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SUMMARY
GENERAL INFORMATION

i

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 programnes 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;
- a proposal with respect to membership rotation in the International
Scientific Advisory Committee of the Association (I.S.A.C.).
The members of the I.S.A.C. met twice. Main topics of their discussions
were the 1976 project reports, the 1977 progress reports (July 1977) and the
programme for 1978.
The institute's personnel council (R 11) met monthly during 1977. 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; the duties of the different working groups within the council;
estimation of the scientific productivity of the Institute (numbers of
publications); introduction 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. A meeting
was organized at the Institute on the behaviour of nitrogen in soils.
Furthermore the Association has been responsible for the organization of the
FAO/IAEA/WHO International Symposium on Preservation of Food by Irradiation
and the FAO/IAEA/WHO Advisory Group Meeting on International Acceptance of
Irradiated Food.
Scientists of the Institute participated in symposia, workshops,
congresses, discussing topics related to their discipline and visited
developing countries for advice and training (see travel reports).
In 1977 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.
Two scientists, J.A. van Veen and F. /an Dorp, in the course of 1977,
presented their Doctoral Thesis, prepared at the Institute.
Much of the programme for 1977 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, EÜLEP);
studies on food irradiation, radiation effects on living and synthetic
materials, liquid waste treatment on the basis of the Cultural 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 cf the "Organisation Internationale de la
Lutte Biologique" (0.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 REPORTS
Introduction
The presentation of the results obtained in 1977 somewhat deviates from
what was usual during former years. This new presentation relates the
programme to the research planning for the Institute over the coming
5-year period.
The main programme aspects and the considered topics are:
- Contamination: study of the behaviour and effects of radioactive and
non-radioactive pollutants in the biosphere. This study includes e.g.
primary radiation effects, the dosimetry of different types of
radiation, aspects of the behaviour of radionuclides and heavy metals
in soils and plants, measures to reduce their effect, methyl bromide
fumigation in greenhouses.
- Plant nutrition-soils. In 1977 the major topics, in this respect were:
energy and nitrogen balances in crops, nitrogen behaviour in soils.
- Properties of crop plants. In section A (nutrient uptake and (re)distribut ion) attention was paid to aspects of the nitrogen nutrition of
plants and to the working out of a set up for plant growth under
completely controlled conditions. In section B genetic and biochemical
aspects of incompatibility as well as of the mutation breeding of
vegetatively propagated crops were considered. A further topic is a
comparative study of the effects of respectively X-rays and fast
neutrons on mutation induction.
- Crop protection and genetic pest control. The induction and application
of chromosomal rearrangements in the onion fly and a spidermite have
been considered.
- Product treatment - disinfection, disinfestation. The two parts of this
programme aspect cover respectively research in the field of food
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irradiation and irradiation of liquid waste for disinfection and physical
conditioning.
- In the final section of the report information is given on external
services of the Institute (mutation breeding mainly of ornamentals,
commercialization of food irradiation, radiation health physics in
laboratories in the region of Wageningen, courses, cooperation in the
fields of radioactive tracer methodology, of instrument development).
RESEARCH
Contamination
The results of the third EULEP X-ray dose intercomparison, organized by
sixteen European institutes studying the late effects of radiation, have
shown progress with regard to accuracy and precision of the X-ray dosimetry.
The results of the dose distribution over a mouse phantom were not
satisfactory.
A start has been made with the development of a system for dosimetry in
partial body irradiation of rats, using LiF and Cap2 dosemeters.
The lyoluminescent materials glutamine and lactose have been studied for
the dose range 250 Gy (25 krad}- 25 kGy (2,5 Mrad). Glutamine proved to be
well suited for high level dosimetry.
No apparent effect of oxygen diffusion induced fading of the optical density
(OD) of 1 mm thick clear HX dosimetry perspex was noted for irradiations
(35 kGy (3.5 Mrad)) of up to 16 hours at k5 °C. The 00-dose relationship
at 312* nm was found to be independent of irradiation temperature up to
45 C for continuous irradiations of less than 20 hours. At 314 nm little
dependence over the first 50 hours on storage temperature after
irradiation has been found. It should be possible to achieve "$-k% precision
at 99% confidence level and 5% absolute accuracy.
It has been found that fast neutron irradiation is much more effective
than X-rays in killing Haplopappus graailis cells and that cells in a
stationary phase of growth are more sensitive than cells in logarithmic
growth. It has been shown that the 201 of Haplopappus graailis cells which
do not develop into colonies on replat ing do not form a special group of
the total cell population. At low doses an increase in plating efficiency
has been found for X-irradiation which might be related to the size of the
cell (colony) at the replating. Biochemical measurements indicate that
there are no iso-enzymes for Phenylalanine ammonium lyase (PAL) activity
in H. graailis, suggesting that only one protein component is formed having
PAL activity, which should be considered in the further investigations
on radiation-dose effect relationship for mutation induction. Two types of
radiation damage have been found in epidermis cells in Saintpaulia leaves.
The repair of sub-lethal damage, determined in fractionation experiments
was found to have a 'half-life' of 1.9 hours. A post irradiation repair
process was found which in normal leaves had a 'half-life' of 18 days.
If leaves were pretreated with 5 Gy (500 rads), 2k h prior to the major
radiation insult (70 Gy (7 krad) a much better and more rapid post
irradiation repair process was found with a 'half-life' of 1,5 days.
A semi in vitro method has been developed which allows only the mutated
(compatible) pollen tubes to grow out of the basal ends of cut styles of
Oenothera organensis. It has been found that fast neutrons are more
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effective than X-rays in inducing flowering delay and pollen abortion.
A good agreement was found between the mutation rate determined by pollen
tube growth and seed set.
An extension of a model proposed by Resnick (J. Theor. Biol. 1976)
for the repair of rad Fat for» induced DNA double strand breaks has led to
a new proposal for the formation of chromosomal aberrations arising from
one double strand break. The extension indicates that repetitive DNA
sequences should play an important role fn the formation of aberrations
which are considered to arise from a reciprocal recombination type of
process.
§§!]§2y2f_
§nd_gïants
The fallout
Cs content over 2 soil profiles has been measured from
1959 on, applying a non-destructive analysis without any chemical
separation. The results were compared to those predicted by the
mathematical model. The agreement was reasonable and the model could be
further improved.
A plutonium analysis technique was tried out on different soils. This
method is based on completely dissolving a sample of 100 g.
With respect to decontamination of agricultural areas after severe nuclear
accidents 1 iterature data on the behaviour of actinides (especially Pu)
in the biosphere suggests that Pu is relatively immobile in soils and that
its uptake by plants is very low. However, Pu availability for plants may
increase with time. For the pathway grass-cow-milk-man, maximum acceptable
deposition levels were calculated. The calculations confirm that '31i,
^ C s , '37Cs, 8 9Sr and 9°Sr constitute the greatest hazard at short term
contamination. The calculations permit a comparison of the contributions
by the various radionuclides on a weighed figure basis. For the pathway
soi 1-plant-food-man an empirical model was developed, to predict the
uptake by plants from a soil with a known concentration of a radionuclide.
The formerly reported discrepancies between uptake of ^frps a n d 137ç s by
plants have been ascertained in an absorption experiment on a synthetic
solid growth substrate, which showed that prior to the interference of
the biological system, differences, which cannot be explained, occur. The
hypothesis of a unique action of the biological system can be rejected
and results point towards physical anomalies occurring at the solid-liquid
interplace at extreme concentration ratios.
A study of the contamination of spinach and tomato plants with "5zn
from nutrient solutions, synthetic substrates and natural soils showed
discrepancies in the contamination pattern according to the root
environment. Accumulation rates are different for various spinach leaves
over short contamination periods and redistribution after this period
primarily occurs from the roots. Seeds and peels of tomato fruits are
important sites of ^5zn accumulation. The 65zn content of the stems
varies considerably depending on the nutrient medium and the age of the
plants. Reduction of the availability of radiocontaminants to plants by
adding complex ing pol yarn!nes leads to a decrease of toxic
effects of a
heavy metal (Cu) and reduced absorption of radio-contaminants (^5Zn).
In nutrient solutions, complexation of the minor elements results in a
decreased uptake of the metals; this decrease is proportional to the
stability constants of the complex (the higher the stability constants,
the higher the reduced uptake). In natural soils, competition with
chelates from the soil organic matter occurs. Here too, the toxic effect
of the heavy metal Cu is strongly reduced by the cumulated effect of

complexation by polyamines and adsorption on soil particles. Root
development is also favourably affected.
Levels of Cd in s o P and plant were calculated after application of Cdcontaîning sewage sludge on arable land or pasture during different
periods.
In a model system (cut stems of Papyrus) anions are primarily transported
with the transpiration stream and show little interaction with the vessel
walls. Cations (Ca-*"1", Cd++, Zn"1"1"! on the contrary are transported by
exchange along the binding sites on or in the walls of the transport
system. The exchange capacity per unit of vessel wall surface has been
determined (2.5 + 5x1(T 8 moles.cm"2 Ca"1"1" or Cd++). This greatly exceeds
the capacity of the surface area available, which demonstrates that most
exchange occurs in the walls rather than on the surface. The transport
characteristics of Ca"1"1", Cd"1"1" and Ag"1"*" could be changed completely by
the addition of EDTA, resulting in an anionic complex. Silver acts as an
antiethylene agent and can thus improve vase life of flowers. It is
normally strongly absorbed by the transport system and does not normally
reach the flowers in time. A short treatment of carnations with the silver
thiosulphate complex, which is transported as an anion complex resulted
in a remarkable improvement. Further evidence was obtained for the uncomplexed xylem transport of cadmium in tomato plants. The major part of
the absorbed cadmium, however, is immobilized in the roots, probably by a
binding to cysteine. The similarity in behaviour of Cd"*"1" and Ca"1"* was
further illustrated by microautoradiographic evidence of Cd-incorporât ion
in calcium-oxalate crystals. Preliminary observations showed that mainly
chloroplasts in mesophyl1 cells of young runner bean plants are affected
by applied toxic concentrations of Cd. The symptoms are similar to those
occurring in senescing leaves.
A mathematical model describing the behaviour of methyl bromide, as well
as the leaching of bromide has been worked out. Coefficients for
decomposition and distribution over the soil phases under various
conditions were measured. Fumigation efficiency is mainly affected by soil
moisture; decomposition of methylbromide by high temperatures. Rather good
agreement was found between computed data on the concentrations of bromide
in the soil profile and results from a greenhouse experiment. Measured
leaching was low compared to the amounts calculated on the basis of the
model. Information on the bromide content of lettuce cultivated on
fumigated soils is also given in the report.
Plant nutrition - soils
on the cycling of N, P and K in agro-ecosystems was concluded by
the final analysis of data on 65 agro-ecosystems. Results were published
in a special issue of the journal 'Agro-ecosystems' containing about 350
pages of information on nutrient pools, pathways between pools, nutrient
balances and compiled data. The further developments of the computer
simulation model, describing the behaviour of nitrogen in soil, focussed
on the submodel for mineralization and immobilization and on the submodel
for denitrification. The mineralization and immobilization submodel
could be improved by taking into account the mineralization of native
organic matter. Experimental work was devoted to the determination of
the biomass in soil. Work on denitrification focussed on the development
of methods to determine N2O and N0 x compounds during denitrification.
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Properties of crop plants
Research on the ionic balance of root to shoot transfer of nitrate and
potassium in young dwarf bean plants showed no stoichiometric coupling
between both elements. Electroneutrality was maintained by all major
organic constituents. During the first four hours after the start of the
uptake almost all absorbed nitrate remained in the roots.
The nitrate uptake pattern of nitrogen-deprived young bean plants showed
an induction phase of 3 to k hours followed by a linear phase. Results of
depletion studies suggested that the nitrate uptake system operates at a
constant rate over a large concentration range (5-100 uM NO,). This
observation does not comply with K,,, values (30-40 uM) obtained using
other methods.
With respect to the relationship between nitrate uptake and nitrate
reductase activity, apparently only part of the uptake system is dependent
on the assimilation activity. Approximately 20% of the total nitrate
reductase activity is found in the roots.
In four long term growth runs with the Experimental Soi 1-PIant-Atmosphere
System (ESPAS) low soil temperature turned out to cause serious
P-deficiency in maize plants. Comparing a cold sensitive and a cold
tolerant maize variety, apparently the effect of low temperature on dark
respiration is stronger in sensitive than in tolerant varieties. Qç (and
Q^Q) values for dark respiration, gross and net photosynthesis were aiso
determined.
In experiments on the Azolla-Anabaena symbiosis, attempts were made to
follow the NH3 transfer (NH, produced by the nitrogenase of Anabaena) to
the host and the site of the nitrogenase activity within the Anabaena
cell by means of tetrazolium salts, which show reducing sites. In field
experiments in Indonesia the influence of external factors such as light
and temperature on the nitrogenase activity of the Azolla-Anabaena
association was determined. As a side effect in the field and laboratory
experiments the harmful effect of pesticides and herbicides on the
occurrence of Azolla and its nitrogen fixation activity was noted.
In some varieties of fieldbeans (Vioia faba (L.)) nitrogen fixation
capacity of the root nodules proved to be rather variable, but there was
a general trend showing lower ^ fixation near the end of the growing
season of the plants. The N£ fixation of the root nodules was hampered by
drought and waterlogging conditions of the soil. A positive correlation
was found between the waterlogging conditions of the soil. A positive
correlation was found between the water content of the root nodules and
N 2 fixation. A large number of strains of Bhizobivm leguminosavum Frank
were isolated from the root nodules of some Vicia faba (L.) varieties
growing at two sites (l.T.A.L. and N.O. Polder) in the Netherlands.
Gene mutations-chromosome manipulation
The results of experiments designed to generate new S-alleles in the
diploid species, Lyaopersieon peruvianum Mill, by inbreeding have shown
that among the inbred progeny analysed up till now, two individuals
appeared to have a new genotype with disturbed reaction, maintaining
both the parental S-alleles. Genetic analyses of the plants regenerated
from in vitro culture of anthers demonstrated the occurrence, at a high
frequency, of allele reversion or back-mutation and, in some individuals,
of a new S-allele different from the two parental S-alleles during
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in vitro growth and differentiation.
Ethyl methane sulphonãté (EMS) treatments of pre-meiotic and meiotic
flower buds in the diploid species, Niaotiana alata Link and Otto failed
to induce mutations at the S-locus. The senescence-induced release of
peroxidases from cytoplasm to cell walls and intercellular spaces in
unpol1inated Niaotiana alata Link and Otto is increased considerably by
pollination. The fact that the morphological features of pollen tubes in
aged styles after cross-compatible poUlTnation and after self-pollination
of flowers at anthesis were similar may indicate that incompatibility
leads to inhibition of pollen tube growth by accelerated ageing of the
stylar tissue. The poll i nation-induced increase in the activity of several
peroxidase isoenzymes in different plants of an inbred progeny of N. alata
Link and Otto (clone OWL) depended on the genetic constitution of the plant
and on an interaction of pollen and style characteristics. The induction
was independent of the S-genotype of the plant. The finding of Pandey
(I967) that each S-allele has its own specific peroxidase isoenzyme bands
could not be confirmed for the pollinated styles.
An in vitro adventitious bud technique seems promising for the
production of solid (non-chimerai) mutants in potato. In vitro procedures
for vegetative propagation have also been developed in begonia and
carnation and large-scale irradiation experiments were started in 1977.
In Muscari and Forsythia development of such techniques is in progress.
Preliminary results with a dithiothreitol (DTT)-pretreatment of leaves of
a diploid Saintpaulia cultivar seem to confirm the results obtained
earlier with Aohimenes, namely a protection against somatic radiation
effects, but neither alteration of the mutation frequency nor of the
mutation spectrum was observed. The irradiation and DTT-pretreatment on
autotetraploid level is in progress. In Arabidopsis, to the contrary,
a DTT-pretreatment to seeds seems to affect the mutation spectrum and the
effect apparently is more pronounced after fast neutrons than after X-rays.
There were significant differences between the mutation spectrum induced
by X-rays and fast neutrons in seeds both of Arabidopsis thaliana and
barley. In Arabidopsis X-rays induce relatively more sterile mutants,
fast neutrons relatively more mutants with round and cordate leaves. In
barley, after X-ray treatment, relatively more eceriferum mutants (waxless
stem) and grass-like dwarfs are obtained than after neutron-irradiation.
Crop protection - genetic control
In the onion fly 26 new translocation strains have been produced following
the irradiation of males with 2 Gy (200 rads) fast neutrons. Included in
these is a male-linked translocation and also several multiple
translocations. Outcrossing of the selected strains has been started to
increase size of the stocks and with one translocation a sib-crossing
has begun. Of the previously isolated translocations several have been
analysed this year:
Tj-female linked- both sexes viable and fertile as adult homozygotes.
Tj^-female linked - both sexes viable and fertile as adult homozygotes.
T35 - autosomal - homozygote eggs lethal.
T/,2 - homozygotes viable as larvae.
Inbreeding of a wild strain has lead to rapid development of inbreeding
depression especially as regards larval and pupal survival. Egg
hatchability was not affected by inbreeding.
Pupal size was shown to have significant effects on various adult
parameters:
- the larger the pupae the higher the adult emergence;
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- there was a positive correlation between pupal length and fecundity
- there was a positive correlation between pupal lenght and female
longevity (normale longevity!
Several Structural Chromosome Mutations(SCM) Unes of the two spotted
spider mite are now available. Male Mating competitiveness was studied in
detail in SCM line 2. tt showed some reduction fn male matfng
competitiveness; this reduction increased with the age of the male mating
group. Nevertheless, it was one of the two out of three lines tested which
were able to replace the wild-type karyotype from an experimental
population, when the initial frequencies of the S.C.M. were at least
O.65. The release of S.C.M.-males at this initial frequency during periods
when SCM females were present in the population, enhanced the population
replacement. Preliminary cytoiogical studies on the type of the S.C.M.,
which were made homozygous during the preceeding years, revealed that
exchange of parts of chromosomes among chromosomes had occurred in some
of the lines studied.
Product treatment-disinfect ion, d is infestât ion
In relation to wholesomeness o." irradiated food products, the adduct
formation between hydrogen peroxide, in amounts as produced upon
irradiation of aqueous solutions, and nucleic acid constituents, was
studied by means of the glucose- and fructose competition test, developed
by Schubert. It has been found that adenine forms a relatively stable
adduct with hydrogen peroxide, based on r íyfunctional hydrogen - binding
between oxygen and nitrogen atoms in the two molecules.
Solutions of nucleic acid bases were irradiated with 2500 and 5000 Gy
(250 and 500 krad) at constant oxygen supply and analyzed for hydrogen
peroxide and nucleic base content. The production of H2O, was linear
with the absorbed dose. Obviously, thymine is more readily destroyed than
adenine. Using the Ames test no mutagenic effect of the irradiation
solutions could be found.
An irradiated (38OO Gy (380 krad)) mixture of four fresh vegetables - leek,
celery, carrot, and cauliflower - was examined for mutagenicity by the
Ames mutagenicity test using four different histidine deficient strains of
Salmonella. Water extracts were prepared from the irradiated and nonirradiated vegetables - a freeze dried extract (FDE) and a boiled extract
(BE). Several problems were overcome in the mutagenfcity testing of a
complex substance such as foods which contains free histidine, different
species of bacteria, and a mixture of low and high molecular weight
chemicals. In addition, an omission in the usual protocols of the Ames
test was eliminated by testing the positive mutagen controls in the
presence and absence of the test samples, thus reducing the possible
incidence of false negatives and false positives. The induction and
expression of mutagenesis by sodium azide and ethidium bromide in TA 100
and TA 98 mutant strains respectively, decreased with increasing amounts
of FDE, while increasing levels of BE 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. No differences were
observed in the antimutagenic action between the irradiated and nonirradiated vegetable extracts. Both the FDE and BE preparations suppressed
the action of a frameshift mutagen, but with a base-pair mutagen, only the
FDE or uncooked vegetable extracts produced suppression.
The solanine contents of three potato varieties (Alpha, Eba, Bintje)
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were not affected by gamma irradiation (doses: 0-3000 Gy (300 krad),
applied at 4 months after harvest and storage at 5"7°C and 90% R.H. or
conditions (10°C and 90% R.H.) during the subsequent storage period
(from 1 up to 125 days}. A method for the analysts of phenolic compounds
in alcoholic potato abstracts was worked out and a study of the positive
inotropic effect of a-solanine in cultured heart cells was started.
The earlier observed heat-sensTtizTng effect of pre-irradTation on
bacterial spores could be affected experimentally by changing the osmotic
activity of the spore cortex. These results were in agreement with the
hypothesis that the sensitizing mechanism of pre-irradiât ion to a
subsequent heat treatment on spores is associated with the role of the
spore cortex in maintaining the heat resistance.
The quality of prepacked endive was better maintained by a combination of
irradiation and packaging in non-perforated polythene bags.
In relation to control of mould infection in fruits and vegetables, the
effect of a combined heat and irradiation treatment on Pénicillium and
Botrytis was studied in vitro. Irradiation or a combined heat-irradiation
treatment strongly reduced the mould and yeast growth in leek during
storage at 0 C over a period of approx. 2 months. Neckrot in dial lots was
considerably reduced by an irradiation dose of 2500 Gy (250 krad); at
4500 Gy (450 krad) tissue injury occurred.
Enzymatic brown discolouration in peeled potatoes could be prevented
to a certain extent by a treatment combining dipping in a 2% KCNS
solution and an irradiation dose of 1000 Gy (100 krad). However, results
of the earlier proposed combination of 0,5% Na2S2C>5 + 500 Gy (50 krad)
were not equalled.

In the analysis of the conditioning action of ionizing radiation on
sewage sludges, several experimental observations were made: relative
ineffectiveness of irradiation on raw sludge as compared to anaerobically
digested sludge; identification of the products from water radiolysis
responsible for the irradiation effects; increase in the concentration of
the total organic carbon in the liquid phase following irradiation;
relative small changes in radiation effectiveness on conditioning beyond
a dose of 100 daGy (100 krad); non-enhancement of irradiation conditioning
by 0-j bubbling compared to N? bubbling. An understanding of the factors
mentioned above lead to more systematic approaches for the improvement
of sludge conditioning by irradiation and to practical and more rapid
means for process control.
Recycling of waste waters and sludges often causes problems associated
with public health aspects. Because ionizing radiation may add a new
dimension to the treatment of liquid wastes, research on environmental
factors influencing the disinfecting power of irradiation was expanded
using Streptococcus faecaiis as test organism. Experimental evidence
indicated that the selected radical anion Br£ in a model system had a
much greater sensitizing effect than oxygen.
External services
As in previous years, many plant breeders inquired about the potential
possibilities of mutation breeding resulting in the start of 12 new
co-operative projects with 8 different vegetatively propagated ornamental
crops.
As a result of earlier projects, 16 mutant cultivars were introduced into

commerce in 1977, in the species Achimenes (k)% Alstroemevia (6),
Begonia (1), Chrysanthemum (k\ and Lilium (1), bringing the total number
of mutant cultivars, resulting from our co-operative programmes, to 78.
A number of rautants of the Chrysanthemum cultivar Horim proved to be
extremely successful. They were released in 1976» but already take up a
substantial part of the total Chrysanthemum-area in The Netherlands and
an increasing area in the surrounding countries.
The attempts toward commercialization of irradiated food led to
acceptance of the irradiation treatment of spices and condiments on a
small scale. A trial sale of irradiated fish fillets was started in
September. Imported irradiated Hungarian paprika, dried onions and SouthAfrican mangoes have been evaluated.
Several courses in the field of radionuclide applications were organized.
Work was performed on: the influence of the refractive index of a sample
on Cerenkov counting efficiencies for 32pf the accuracy of the
bioluminescence determination of adenosine phosphate, the introduction of
micro-computers, improvement of the soil column scanner, replacement of
reactor instrumentation, the development of a liquid nitrogen detector
and on a number of other topics in collaboration with Institutes and
Organizations in Europe.
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Development and improvement in accuracy and, renroducibility of dosimetry
for X—Tay interconrparison. neutron and high l e v e l v—irra^^ation.
K.J. PTJITE, E . I . CHADWICK, V.F. OOSTEEHEERT,
1. Third X-ray dose intercomparison using thermoluminescent dosemeters
The third intercomparison was considered to be essential for a periodical
check on the X-ray dosimetry procedures and for the benefit of the new
groups joining EULEP (European Late Effects Project Group) in the intervening
years. The dosemeters used were read out at the Association Euratom-ITAL and
evaluated in close cooperation with the Radiobiological Institute TNO at
Rijswijk. The results of the third dose intercomparison are given in figure 1,
together with the results of the first two intercomparisons. They have been
presented at the IAEA Symposium on National and International Standardization
of Radiation Dosimetry, Atlanta, December 1977In general progress has been made with regard to accuracy ar.d precision of the
X-ray dosimetry; in two cases discrepancies could be resolved after additional
measurements. With regard to the dose distribution over a mouse phantom the
results are not satisfactory; four out of fifteen participants are still
unable to perform uniform irradiations. The necessity of repeated dose
interccmparisons in cooperative biological research programs is clearly
demonstrated.
2. Partial body X-ray dosimetrv using rat phantoms
In order to study the late effects of radiation partial body X-irradiât ions, are
carried out at at least seven EULEP institutes using rats. During the meeting
of the EULEP Dosimetry Committee in September 1977 it was decided to develop
a system for measuring and comparing the dose and dose distribution in rat
organs (lung, liver).
Mr. M.S. Agrawal, on a four months leave from India, has made a start with these
measurements in the HVL range of 1-3 mm Cu, using Li F jnd CaF2:Mn dosemeters in
an acrylic plastic rat phantom. Pressed cork with a density of 0.3 g.cm"3 is
used as lung equivalent material. The first series of measurements indicates
that irradiations of the phantom on a styrofoam layer in air at a focus distance
of 50 cm and with a field size of 2x4 cm results in a dose distribution of
40-50% in the liver and 20-25% in the lung. The lead shielded part of the
phantom receives a dose from the scattered photons ranging from k to 0.\% of
the dose in the direct beam depending mainly on the distance from the direct
beam.
3- High dose level dosimetry using lyoluminescent materials
Other materials as lactose and glutamine have been tested for their possible use
as lyoluminescent (LL) dosemeters at high dose levels. A higher LL signal was
obtained with lactose and glutamine when the distilled water, used for
dissolution of the samples, was equilibrated with nitrogen or argon gas instead
of with oxygen. With lactose, doses up to 8 kGy (800 krad) could easily be
measured. However, the fading measurements gave i (reproducible results.
With the glutamine samples (Baker, Merck) dose response curves which were
practically linear up to 20 kGy (2 Mrad) have been obtained. The LL signal of
glutamine does not show a fading after storage duri'ng the first 10 2 h after
irradiation. However, the spreading of the data points indicates a total uncertainty of 5-5% (Baker) and 7.k% (Merck). Some experimental factors, as
for instance the variation of the temperature of the distilled water, may
probably contribute to these uncertainties. During storage of 1 0 2 to IO 3 h
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after exposure the LL signal increases slightly to approx. 10$ above the
initial value. The results of these measurements have been presented at
the FAO/IAEA/WHO Symposium on Food Preservation by Irradiation, Uageningen,
November 19774. Peroxide formation with lyoluminescent materials
Using the Ghormley-tri-iodide method the presence of peroxides could be
demonstrated when irradiated glutamine was dissolved in the aqueous iodide
solution. Optical density versus dose curves have been measured and have
been compared with the lyoluminescence versus dose curves using the same
aqueous solution with and without iodide. (ITAL Prelim. Research Report No. 64).
Although the formation of peroxides seems to be part of the chain of reaction
products ultimately leading to the LL signal no complete picture on the
mechanism of lyoluminescence could be obtained as yet.
5. Clear Persgex System - Irradiation at different dose rates and temperatures
1 mm thick samples of three different batches of clear HX Dos imetry perspex
have been irradiated to 15, 25 and 35 kGy (1.5, 2.5 and 3-5 Mrad) at 20, 35
and 45 °C at two dose rates, namely 2 kGy/h (0.2 Mrad/h) and 7-5 kGy/h (0.75 Mrad/h
After irradiation samples from each irradiation treatment were stored at 20,
35 and 45 °C and optical density measurements nade at 395 nm and 3*4 nm at
different times after irradiation. The resuls of these experiments can be
summarized briefly.
1. Even at 45 °C over an irradiation time of 16 h to 35 kGy (3.5 Mrad) there
is no apparent effect of oxygen diffusion induced fading on the optical density.
2. At both dose rates and all temperatures the optical density at 314 nm at 1 h
after irradiation was the same.
3. At 305 nm the change in optical density with time after irradiation is not
only dependent on the storage temperature after irradiation, but also
depends on the temperature and dose rate (or exposure time) during
irradiation. This implies that the conversion of one radical to the other
which causes a shift in the O.D. spectrum also occurs during irradiation
and is temperature dependent.
4. The 0.0. dose relationships at 314 nm of clear perspex is independent of
irradiation temperature up to 45 °C for continuous irradiations of less
than 20 h.
Further measurements at lower dose rates and using fractionated irradiation,
which will approximate more closely conditions in practical commercial
irradiation facilities, are required at temperatures up to 45 °C.
6. The accuracy of the calibration curve of the clear perspex dosemeter
Further experiments on the effect of storage temperature on the radiation
induced optical density of the clear perspex dosameter have been carried out
at -10 °C, 2 °C and 28 °C. The results reveal that the change in 00 at 305 nm
during the first 50 hours of storage is strongly dependent on storage
temperature. This means that although the changes at each temperature are
reproducible, the absolute accuracy with which a dose estimate can be made
using 305 nm may be poor. For instance the 0D at 305 nm 24 hours after
irradiation to 25 kGy (2.5 Mrad) the dose estimate from samples stored at
different temperatures varied from 23-7 to 28.2 kGy (2.37 to 2.83 Mrad, i.e.
i 8.73 error. At 314 nm the dose estimate from the same samples measured
at 1, 4 and 24 hours varied from 25.2 to 26.2 kGy (2.52 to 2.62 Mrad, i.e.
i 1% error (Figure 2 ) . It is concluded that with careful use at 314 nm a
precision of 3~42 at 99fc confidence level (3 standard deviations) and an
eventual accuracy of 5* can be achieved with this dosimetry system in
routine use.

- 3 -

percent deviation with respect to standard dose
2010-

0
-10institute

-201

2

3

5

4

6

7

6

9

10

11

12

13

U

IS

16

17
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- 4 A study of dose effect response and the interrelationship between cell
survival, mutation and chromosomal aberration in plant cells.
Z.H. CHADWICK, E.P. LEENHOUTS, P.A.Th.J. WEHEY, K. SEEE EAH0LÏÏ
I. Hcpíovasçus çraailis (Nutt.) Gray - cell cultures
A. Survival studies.
The recently developed replat ing technique (see annual report 1976) yields
a plating efficiency of 80%. The fate of the remaining cells, that do not
develop into visible colonies, has been studied in order to ascertain whether
they represent any special fraction of the original cell population.
Figure 1 shows the relationship between the volume of the inoculum used in
the replacing step and the plating efficiency. Extrapolation of this relationship indicates that at a volume of 0.75 ml the plating efficiency would be 100%.
In this investigation petri dishes were used which have a diameter of 90 mm.
Due to surface tension problems the minimum volume that can be fully spread
is 1 ml, corresponding to a depth of 0.15 ml. This means that about 20% of
the repiated aggregations will be covered with a layer of soft agar which
probably prevents optimal gas exchange and therefore development into
visible colonies. This result suggests that the colonies covered are those
that do not develop, which implies that the cells that do not develop into
a visible colony do not represent a special group of the population.
The dose effect relationship for survival of free cells has been studied for
two types of cells: from cultures in exponentially and stationary growth
phase; and two types of radiation: fast neutrons and X-rays - The results of
these experiments are shown in figure 2. The following important observations
can be made
- Cells of Baplopappus gracilis are much more sensitive to fast neutrons
than to X-rays.
- Cells from stationarily growing cultures are more sensitive to both X-rays
and fast neutrons than cells from cultures in logarithmic growth phase.
It has been suggested that plant cells in suspension cultures, when in
stationary growth-phase, are arrested in G-1 phase of the cell cycle.
This may explain the greater sensitivity of the plateau-phase cells to
radiation.
- Both X-ray survival curves exhibit at low dose a slight, but significant
increase in colony forming ability. A more detailed study of the dose
response relationship in the low dose range is presented in figure 3A tentative explanation of this "radiation stimulation" effect can be
derived from the observation of Verma and van Huystee (Rad.Res. jj8_, 518-53S,
1971) that the cell diameter after irradiation increases enormously.
In our case an increase of only 10-20% of the diameter of irradiated cells
would be sufficient to raise the plating efficiency from 80% to 100%.
The X-ray survival curve in the low-dose region may therefore be considered
to result from the combination of increased plating efficiency due to
increased cell diameter and radiation induced cell-death.
B. Phenylalanine ammonium lyase (PAL)
The mutability of the locus for phenylalanine ammonium lyase will be used
to investigate the radiation-dose effect relationship for mutation induction.
The experimental concept is as follows:
Irradiated cells are plated and incubated in darkness. The resulting
colonies are colourless. After reaching a suitable dimension they will
be exposed to visible light and a few days later the colonies from nonmutated cells are red as a result of anthocyanine production, the
mutated cells stay colourless. Preliminary work to this approach led to
the following information:

- 5 - In order to exclude radiât ion-induced prevention of anthocyanin
formation other than by PAL-deficiency a method had to be found to
determine biochemically whether PAL-activity is present in white colonies
or not. Several procedures, known from literature have been tried out
and after only slight modifications we are now able to ascertain the
presence of PAL-activity in quantities of callus small enough to be
comparable to colonies.
- Biochemical analysis of the PAL activity in H. gvacïlis cells has been
started in order to investigate whether gr not any iso-enzymes occur
in our cell lines. Preliminary results of Chromatographie analysis
using Sephadex 6 200 do not suggest the existence of more than one
protein component having PAL-activity.
- Entirely successful induction of PAL-activity in colonies, resulting from
free cells after a plating procedure has not yet been achieved. The
explanation is unknown but observations suggest that the concentration
of the growth regulator, 2-^0, in the growth medium has to be changed.
II. Sazntpaulia ionaniha var. Utrecht
The cytolcgical method, developed in 1976, to examine at a single-cell
level the capacity of epidermis cells to regenerate following cutting
and cultivation of SainüpuaZia leaves, has been used to investigate the
repair of radiation induced damage. These cells are in a resting phase,
Gg, at the time of irradiation and during repair.
Two types of repair could be distinguished.
a. Repair of sub-lethal damage. In 1976 an effect of dose rate on the
regeneration was found. A change of the acute irradiation regime (2.5 Gy
(250 r3d)/min) to a lower dose rate of Q.k Gy (kQ rad)/min resulted in
a better regeneration capacity. This change could be ascribed to a
lower value of the quadratic component in the dose-effect relationship,
which might be ascribed to repair of QUA single strand breaks during
irradiation.
A fractionation experiment was designed to determine the time associated
with the repair of sublethal damage. Two doses of 30 Gy (3 krad), each
given within 15 min, were separated by various time intervals up to
8 hours; during the interval the leaves were kept at 20 - 22 °C and in the
dark. The results are shown in figure k and could b° ascribed to the
repair of DNA single strand breaks. The unrepaired fraction is also shown,
and could be described by an exponential function of the average time
between the two fractions with a half life of 1.9 hours.
b. Repair of potentially lethal damage. This type of repair is expected to be
observed when the time between irradiation and cultivation is changed.
A dose of 70 Gy (7 krad) was given and the time between irradiation and
cultivation was varied between 0 and 8 days. The change in regeneration
was only marginal, and when the fraction of unrepaired damage was
described as an exponential function of time between irradiation and
cultivation, a half life of 18 days could be estimated, as shown in
figure 5 ("unstimulated" data).
This repair of potentially lethal damage could be stimulated by a smaîî
dose (5 Gy (500 rad)) given 2h hours before the main dose of 70 Gy (7 krad).
In this case the repair was very much enhanced leading, when analysed, to
a repair half life time of 1.5 days (figure 5, "stimulated" data).
This repair of potentially lethal damage usually is associated with
the repair of DNA double strand breaks and therefore should reveal
itself in change of both the linear and quadratic term of the
radiation effect. Experimental data confirmed this prediction.

III. Genetic effects of very low doses of X-rays and fast neutrons on
the S-locus of Oenotnera ozganensis
The self-incompatibility system in the monofactoria) gametophytic species,
0. organensia is used for analyses of frequencies of mutations induced .by very
low doses of X-rays and fast neutrons, because a) an extremely large number
of individuals can be analysed rapidly by the seIf-screening mechanism
provided by the style and with the recently developed method of culturing
pollinated cut-styles in vitro; 2) a close correlation exists between the
two methods for determining the mutation rate, i.e. pollen tube growth and
seed-set.
The basic requirements of the semi - in vitro screening method being not
only to allow all the mutated (compatible) pollen tubes to grow out of the
basal ends of the cut-styles into the culture medium, but also to inhibit
all the nun mutated (incompatible) pollen tubes near the stigma, factors
influencing the growth of incompatible and compatible pollen tubes, such as
the nutrient composition of the culture medium, temperature, duration of
incubation and length of cut-styles, were investigated.
Optimum conditions for the screening method are: an incubation temperature
of 31 °C, a 4 h period of post-pollination incubation, 60 mm long cut-styles
and a medium containing calcium at the 300 ppm concentration level.
The irradiation treatments with 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 applied to pre-meiotic
and meiottc buds of 0. ovganensis (S3S4) showed that fast neutron treatments
were more effective than the treatments with X-rays in causing flowering
delay and high percentages of.pollen abortion. The first data suggest a
close agreement between the two methods for estimating the mutation rate.
IV The rejoining of DNA double strand breaks and the formation of chromosomal
aberrations
In the development of the molecular theory of radiation action at this institute
it has been proposed that radiation double strand breaks in the ONA double
helix form the critical lesions which may lead to cell reproductive death,
mutations or chromosomal aberrations. One of the major stumbling blocks to the
general development of the theory has been the difficulty in accounting for
the formation of a reciprocal translocation from one ONA double strand break,
which can be envisaged as a chromatid back-bone break. Recently Resnick (1976,
J. Theor. Biol. 59, 97-106) has proposed a model to explain the repair of
radiation indiced DNA double strand breaks which involves a process of
reciprocal recombination between the damaged double helix and an unaffected
homologous DNA double helix. In this process, the one radiation induced double
strand break leads, via the cells attempt at repair, te a second enzymatically
induced double strand break in the unaffected homologous DNA double helix and
an exchange of the DNA double helices (Fig. 6 ) . In terms of the unineme concept
of chromosome structure, the reciprocal exchange of two DNA double helices is
in fast the reciprocal exchange of two chromatid arms and can lead to the
formation of a reciprocal translocation. Using this exchange of DNA double
helices a result of the repair of a single DNA double strand break it is
possible to describe the majority of chromosomal aberrations found at mitosis.
As this repair process depends on the close association of homologous DNA the
formation of chromosomal aberrations between non-homologous chromosomes is only
possible because the genome of most, if not all, eukaryotic cells contains a
large amount of rapidly reannealing, repetitive and thus closely homologous
DNA sequences. According to this extension of Resnicks1 model the repetitive
DNA should play an important role in the formation of chromosomal aberrations
and will prejudice the location of "break-points" in a non-random way.
This extension of Resnicks1 model leads to a description of the formation of
the majority of chromosomal aberrations found at mitosis from the repair of

- 7one radiation induced-ONA double strand break and removes the major strumbling
block which presented the general development of the molecular theory- The
model as it now stands bears a close resemblance to the exchange theory except
that one lesion is a radiation induced DNA double strand break and the second
lesion is a repair enzymatically induced DNA double strand break.

100
70
o

50

5
H
CM

«H
05

30
20

•H
4»
«i

10
1

2

3

4

5

volume of inoculum (ml)
Figure 1 - The effect of volume of inoculum in Che repiatfng seep on
plating efficiency of Saplovapuus graazlis cells.
After the first plating step the soft agar containing small
aggregations was diluted and divided into portions of 1 ml,
each containing 275 units. Soft agar was added to give final
volumes of 1, 2, 3, *» and 5 ml and the resulting inocula were
replated. After two weeks the visible colonies were counted.
The standard error is indicated by the bars.
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Migration of °®Sv. "*5'Ca and Pa in aoila. Verification of a computer
model on the behavionr of these contaminants in soils of Western Europe.
M.J. FEISSEL, P. POELSTRA, N. VAN DER ELÏÏGT.
In 1977 attention was especially focussed on the transiocatîon of 1 3 7 Cs in
soils. The present counting equipment (see for description project RP 5)
is much more sensitive than the older equipment and provides the possibility
of a non-destructive analysis of 1 3 7 Cs in soil samples (weight 200 - 2000
g)
without any chemical separation. This allowed the determination of the l 3 7 Cs
concentration in a number of samples which were never measured before.
From 2 soil profiles a series of samples (sampled in 5 cm layers) was
available. The oldest series (clay soil near Alkmaar), dates back to 7959;
the other one, from the Albiasserwaard, was started in 1963.
The results of the measurements are shown in the figures 1 - 3 for the soil
from Alkmaar and in figure 4 for the soil from the Alblasserwaard. Together
with the observations, the results of some calculations are presented.
Figures 1 - 2 refer to calculations based on a soca lied residence time model;
in such a model the phenomenon causing the transfer remains undefined.
Figure 3 shows the results of a model based on a mixing of soils by
consumption and excretion of soil by earthworms. (Parameter accounting
for
the redistribution of the top layer over the lower layers » 0.2 y" 1 , see for
details of this model: Simulation accumulation
and tsaching in soils,
M.J. Frissel and P. Reiniger, Pudoc, 1971», pp 31 - 38).
It was not possible until now to decide which of those 2 models describes
the actual situation most accurately. From the figures 1 - 3 it is quite
clear that the residence time model is superior. For the time being it can
be concluded that the residence time for the upper layers is about 10 years
and for the lower layers about 15 years. (As said, the residence time does
not consider particular phenomena, it is in fact the ratio between the hold
up in a certain compartment divided by the transfer rate. Future investigations
will concentrate on the mechanisms which control the Cs-transfer rate).
Figure k shows the results of the Alblasserwaard. The agreement is less good
than for the soil from Alkmaar. This is mainly caused by the low accuracy
with which the density of a soil in the field (swelling soils) can be
measured. It is, however, obvious that also for this soil the residence
time model is superior.
90

Sr measurements are in progress, samples were collected from 6 sites.
For the measurement of Pa see project RP 5.
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- 13 A survey to the concentration of Pu. Am and radioactive metals in
3oils of the Rhine river delta.
P. POELSTEA, N. VAN DER KLÜGT, M.J. PRISSEL.
Analytical techniques for the determination of Pu in soils and sediments are
based on acid leaching of the samples or on completely dissolving the sample
with HF-HNO3.
In both cases tracer is added (236Pu or z<tZ Pu) to measure recovery.
According to Sill (some problems in measuring Pu in the environment,
Health Physics 29, p. 619, 1975) complete equilibrium between soil Pu and
added tracer may not always be reached in the acid leaching method. So we
apply a method recommended by Tamura (Journal of Environmental Quality k,
p. 350, 1975).
This method is used for a 10 gram sample. We require, however, samples of
at least 100 gram, because we wish to determine Pu, originating from fallout
and possible other sources, while Tamura determined Pu on bombing test sites.
So the method had to be adapted in this respect. It exists of k different
operations which have been tried out and tested separately.
a. Extraction and preconditioning of Pu.
Dissolution of 100-300 grams of soil in HF-HNO3 succeeded. Purification of
the solution obtained, necessary to carry out the next operation, could be
performed.
b. Separation of Pu from this solution by an ion exchange.
Pu is retained on Dowex 1x8 resin as a nitrate como lex and afterwards eluated.
Retention and eluation checked by adding tracer (z35Pu). Separation and
recovery appeared to be good.
c. Sample preparation by electrodeposition.
A quantitative deposition could be attained by electrolysis on a stainless
steel dish, acting 2as
counting preparation. This deposition again is checked
by adding tracer ( 3 S Pu). This method is based on that of Irlweck.
d. Measurement of the different Pu-i sotopes by ct-spectrometry.
a-spectrometry
is needed to distinguish between tracer 2 3 s Pu and soil Pu 238
Pu and 2 3 9/2f0 Pu>
For a detection a surface-barrier detector is used with an active area of
600 mm and a resolution of 3^ keV. Counting efficiency is 18% for 2 3 6 Pu.
In order to keep the spectrum stable during the extremely long counting
periods (up to 4000 min), the counting equipment is installed in an airconditioned room and a digital spectrum stabilizer has been incorporated
in the system.
To test the procedure a number of determinations have been carried out on a
clay
and a sandy soil. An example of the results is shown in figure 1.
238
Pu and 239/2ifOPu is posent in significant quantities. Tracer 2 3 6 Pu is
added at operation c. instead of at operation a. (in order to test operation
c. and d.) so that this result is only indicative and not definitive.
After consultation of the Oelta Institute for Hydrobiological Research at
Yerseke (the Netherlands) sampling sites have been selected.
With respect to the working out of appropriate methods for detection of
minute amounts of radioactive metals by low v-analysis a number of available
sediments from the Meuse river have«been used. 9An
example of such an analysis
is shown in figure 2. Present are the nuclides 5 Nb, 95 Zr, 1 0 3 Ru and ^^
which originate from recent Chinese atomic bomb explosions.
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- 16 Immobilization and réduction of the availability of radiocontaminanta
in soils.
?. SMEÜLBERS, J. SIHNAEVE, M.J. FEISSEL, P. POELSTBA, A.BINGOET.
Complexation of the transition metals with tetren (tetraethylenepentamine)
and adsorption on clay minerals results in an extrastabilization of the
complex as compared to the complex in an aqueous solution. In natural
soils, competition between "organic matter chelates" and added polyamines
exists. Figure 1 shows the relative influence of the clay mineral/soil
organic matter ratio on the complexation and subsequent adsorption of
radiocontaminants (e.g. 65 Zn) or heavy metals (e.g. Cu) by polyamines on clays
at different degrees of saturation of the cation exchange complex (C.E.C.).
The low clay mineral content of the Horst sandy loam soil is responsible
for the high concentration of the complex in the soil solution. Because of
higher affinity of the metal for tetren compared with the humic substances
and of the resulting immobilization by the latter, the concentration of the metals
in the soil solution are higher than in the absence of tetren. The right hand
side of the curves in figure 1 shows the beneficial influence of tetren
treatments on the adsorption of Zn** and Cu** ions in clay soils (100Ž Winsum
soil which contains appr. 90£ illite). The results not only depend on the
stability constants (thermodynamic equilibrium), but also kinetic aspects
and the reversibility of the processes play a major role. Therefore the effects
of a) complexation of the metal ions and b) adsorption of the complexés on
alumino-silicates were tackled experimentally in relation to plant uptake
of the metal ions. The former was investigated in nutrient solution and
the latter in natural soils. At the same time, conclusions could be drawn
about possible microelement deficiency by complexation and adsorption.
The influence of complexation of the microelements (Cu, Zn, Mn) in Hoagland
Arnon I nutrient solution on plant growth was tested by successive
complexation of these elements with increasing tetren concentration. Maize
(Zea mays L.) was used as a test plant. Yield, relative growth rate and Cucontent of the different treatments are shown in table 1. The increased
yield and relative growth rate in the tetren treatments (ll-IV) probably
was due to a decreased Cu-uptake by the plant. The microelements are
present in the M-EDTA
form. So the uptake of tetren is smaller compared
with the uptake of the Cu-EDTA
complex. However, the competition of EDTA
as a competitive ligand results in the impossibility to drive the Zn** and
Mn** ions out of the EDTA-complex by increasing the tetren concentration.
Also the different protonated forms of the complex
Cu-tetren H 3 +
Cu-tetren H21**
Zn-tetren h^1**
make it difficult to calculate exactly the equilibrium concentrations of the
complexes, the more so as on aluminosilicates both the stability and
protonation constants will change and hence the influence of the protonated
complexes (increased charge) within the normal pH-range (5.5 - 7) will
increase.
To eliminate the competitive effect of EDTA, foliar application of Fe***
was used, which avoids the need to add EDTA to the nutrient solution. The
tetren concentration was varied so that Cu, Cu + Zn, Cu + Zn + Mn were
complexed respectively. Table 2 shows the Cu and Zn content of the maize
plants. Even at low tetren concentrations (Cu/tetren molar ratio * 1/1.15)
Cu-uptake is strongly reduced. This reduction further increased with

Increasing tetren concentration. Also Zn uptake is reduced but at higher
tetren concentrations (Zn/tetren molar ratio - 1/6Ó).
It nay be concluded that the competitive effect of the pol yami ne (for
complexation) with tne plant root (for uptake) is determined by the free
concentration of the ligand (determined by the ratio ML/M). This is in
agreement with the stability constants.
In natural soils, two aspects will change: a) the competitive adsorption
effect between the trivalent tetren and the divalent metal chelace and
b) the adsorption (extrastabilization). Taking into account Che
demonstrated influence of the soil organic matter/clay mineral ratio,
two soil mixtures (Horst and Winsum) were used in a growth experiment
a) in a ratio 90/10 and b) in a ratio 60/40 (see arrows a and b in fig. Ib).
Tables 3 and 4 report the obtained results. In both soil mixtures, despite
of a high Cu-concentration (450 ppm), the tetren treatments show yields
equal to or higher than the control. Both after pregerminat ion and planting,
as well as by direct germination of the seeds in the contaminated soils,
the beneficial effect of tetren application at a Cu-levei of 450 ppm is
demonstrated. In the contaminated but tetren untreated soils, root
development was drastically restricted and as a consequence the yield
decreased. The Cu-content of the plants grown on the tetren treated
soils is normal (the control is Cu deficient). Although the Cu-concentration
in the soil solution is lower compared to the tetren treatment (arrow a, fig. Ib)
the plant availability of the Cu-soil organic matter complex for uptake
must be high. The lower uptake rate in the case of tetren application is
due to a complexation phenomenon. In the Horst/Winsum 60/40 mixture, the
free equilibrium concentrations show little difference (arrow b, fig. Ib).
In this case, reduced uptake is due to complexation and adsorption of the
Cu-tetren complex.
The results of the reported plant growth experiments on nutrient solutions
and on natural soils indicate a decrease of toxic effects of a heavy
metal (Cu) and a reduced absorption of radiocontaminants (65Zn) as a result
of the cumulated action of complexation and adsorption.
Microbial breakdown of the tetren and metal-tetren chelates was tested
in a preliminary experiment using lhC marked tetren. Addition of easily
biodegradable compounds (dextrose) resulted in an increased breakdown
in the case of Horst soil. After 1 month 0.8% of the total amount of tetren
was broken down in the presence of dextrose whereas only 0,005? decomposed
without nutrient additives. Adsorption (in the case of Winsum soils)
caused a decreased breakdown. A long term incubation experiment of the two
soils considered has been started in order to study the influence of the
type of soil, the nutreint compounds, the degree of occupation and the
humidity of the soil on the breakdown of free tetren and of the metaltetren complexes.
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! • Ory natter yield of 46 days old plants (g), relativa growth
rate (t*')) and Cu contant (ppm) of plants grown on Hoagland
Arnon I nutrbant solution.
Treatment
I without addad tetren
Treatment II tatran 3,5 10* N
Treatment III tatran 8
10~ 7 H
Treatment IV tatran 5
10* s 1

-

Ml

IV

Yield

ifj .9

!

41,/$

37 .9

35 .6

Relativa growch rate

0.167

j

0.209

0.199

0.205

. Treatment
l

Cu-content

1 '1-

age jshoot roots Ishoot roots shoot roots shoot roots
(days) i
11
18

25
32
39
46

I

16
12.6
11
10.4
5.2

79
58
82
31
22

u 8

21

-

J19.1
•12;5

.9
. 2.8

1.5
1.9

72 17.5
39 13.5
17.7 6.2
10 .7 Ü.9
5.7 !1.6
4 .8 < 1.1

44

15.7

51
11

3-9
6

32

5-2
:

3-2 1.08
5-4 0.85
3
1.2

i

2.8
2.7
2.1 ;

Table 2 - Cu and'Zn content (ppm) of the plant dry material: growth experiments
after foliar application of ft***.
Microelements concentrations: Cu 3-1 10* 7 H
Zn 7.6
Hn 31.2
Tetren treatment
without added tetren
treatment II tetren 3.5 10" r «
treatment i
tetren 8
10' 7 N
treatment IV tetren 5
IO" 5 H

Cu
Age
days

11
14
17
20
23
26
30

Content

Treatment 1

Treatment II

Treatment 111

Treatment IV

shoot roots

snoot ! roots

sncot ! roots

snoot roots

14
11
19
19
16
14
16

4 73.5
9 138
3 398
8 284
1 172
185
185

4.7

j 5.6

«.13 !
5.3 !
6.2 i
6 •
4.7 :
3.44

nm
2.56
6 .94
3.4
5

4 .14

6
5.08
S.lB

6.8
5.3
5.95
3-93

:

3-66
3-55
3.67

3-3
1.9
3.2

nm«
•"•

nm*
3.12 m *
2.83- 1-19

!
i
S

3.6

2.1
1.8

1.«

!

1.77

'

5-95

5

2-65

i
i

nm • not measurable.

Zr1
Age
days

11
14

17
20
23
26
30

Content

Treatment 1

Treatment II

T r e a t m e n t III

Treatment IV

snoot roots

shoot 1 roots

shoot roots

snoot roots

223
208
297
206
160

139
215

424
391
697
494
407
539
624

258
268
213
204
214
120
132

331
52a
569
687
300
482
535

232
262

137
204
137
136
130

330
264
468
377
413
474
371

122
117

30
33
S3
33
91

93
78
145
102
113 •

125
112

,
.
;
•

- 9ry aai^-nc íg) of Cfta plants jrowi on rfoi-st/Vínsun 30/10 l o i !
aixtura in r« lati on to as* of -naTz« giants.
A. Cantroi
i . C- (450 91»)
C. Cu-î»trm (1*50 SS"> - J !

act

(says)
| *Z
j 53
' 72

j'*»ei «nidation

Shoot

5r;oc

3.12 2.28 2.4 |
;13.« 8.38 13.<>5! 2.98 1.01 2.02
27.'* 1*.77 27.37J 5.68 1-93 5-02

15 ! 0.051 3.353 3.36
30 ,' 0.55 0.2S
40
1.22 3.52 1.36 I.S3 1.28 1.36

Table <i - Yield (g dut) and Cu content (ppa) of the maize plants grown on Horst/Wlnsua soli Mixture 60/40
In relation to age.
A. Control
B. Cu (450 PP-)
C. Cu-tetren (450 ppw Cu)
Pregennination

Age
(days)

Direct germination
Shoot

Shoot

a

A

c

B

C

dry
Cu
dry
Cu
dry
Cu
dry
Cu
Cu
dry
«eight content weight content weight :ontent weight content weight conten

16
20
23
27
30
34

1.186

).75
1.22

.93
3-98

2
0.2
0.2
0.8
0.8

0.288

4

0.33

14

0.068

0.57

5

0.041

55

0.078

28

0.069

14

0.32

0.58

4

1.216

13
12

0.287

1

0.71

3

2.14

15

1.07

8
6

2.01

2-5
2
0.9

1.41

4

2.09

2.70

4

3.6

1.42

dry
Cu
weight content

death
plants

1.68

20
15
15

2.65

IS

1.25

Roots

23
27
30
34

0.176

0.69

13
10
14

1.3

32

0.545

Determination of the root dry weight was experimentally impossible.

184

O.IS

200

death

0.55

plants

0.65

137
124
124

0.015

0.88

r

to

o

40 ^
Zn lelrtii / Ca
Cu Ittrtn / Ca
Zii/C»
Cu/Ca

50/50

Horsl/WInsum

20

O/HM

HX3/0 „ „

«

»u.w
SO/SO

Hoftí/Wlntum

Figure 1 - Concentration of the metal ions in 25 ml soil solution
per g soil as a function of the ratio of Horst sandy loam
soil and WInsum clay soil.
la) 10% occupation
of the C.E.C. with the M 2 + or
M-tetren 2+ Ions or complexes.
1b) 20% occupation
of the C.E.C. with the M 2 + or
M-tetren 2+ ions or complexes.

0/100

~l
Sefaene for aecontaai^n *•* "" of agricul tarai areas after severe nuclear
«.ccidents.
?. 7AS DOEP, 3 . 3LS73L2), M.J. FRISSEL, P. POELSTSA, A . H33G0ET.
As a follow-up of the introductory work reported at the end of 1976, the
following aspects related to the overall decontamination problem have been
tackled in 1977.
1. 3ehaviour of act in ides (Pu, Am) in the biosphere.
Information from literature is scarce and mainly dealing with Pu. The
solubility of various Pu-compounds (D. Rai, R.J. Serne, J. Environ. Huai. (1977)
ó: 99-95) is low and soluble Pu is strongly adsorbed to soil particles (for
Kd values see P.A. Glover et al. 1976 BNWL-2117, UC-11, UC-70).
These data suggest that in a soil contaminated with Pu, practically all Pu
will stay behind in the surface layers. Transport of Pu in soils, however,
may be increased by biológica! and mechanical mixing. Part of the Pu may
also be present as negative or neutral complexes. Plant uptake of Pu is
very low. There is some (quantitative) evidence from long term experiments,
that the availability of Pu for plants increases with time. Contamination
of plants through foliar uptake of resuspended soil particles will be of
major importance in areas with high resuspensicn rates (T.E. Hakonson,
Health Phys. (1975) 25: 533-588).
2. Calculation of maximum acceptable desosition levels.
The radioactive inventory of four reactor types with different fuel cycles
(PWR-U, PWR-Pu, HTGR, LMF3R, inventories according to J.W. Slomeke at al.
1S71», OHNI.-TM-3S63) were classified in groups according to their benaviour
in the biosphere. In order to limit the necessary calculations, representative
radionuclides out of each group were selected. Radionuclides with a half life •
of less than one day were excluded as were radionuclides which amount to less
than IS of the total activity of the group to which they belong. However,
radionuclides which sre considered as (extremely) dangerous to man, or those
with a high mobility in the biosphere were in any way taken into consideration.
Many investigators have shown that in the first period after contamination
of agricultural land, the pathway grass - cow - milk is the most critical one.
To obtain a reference level a model was developed to calculate the maximum
acceptable deposition levels (H.A.O.) of the selected radionuclides for this
pathway. M.A.O. is defined as the upper deposition limit of the radionuclide (i),
on a pasture without exceeding the ICRP dose limits for the public. The
parameters necessary for the calculation of the M.A.D. were estimated after
an extensive review of literature. Subsequently the Relative Radiological
Risks (R.R.R.) were established by R.R.R.(i) in km 2 * (amount of radionuclide
(i) in the reactor core)/M.A.D.(i). (see table 2 ) .
The calculations confirm that radionuc!ides of group 7 ( l31 l) constitute the
greatest hazard for short term contamination followed by group 3 and 2
(l31tCs, 1 3 7 C s , 8 9 Sr and 9 0 S r ) . It is interesting to note that the lowest
contribution via the pathway grass - cow - milk - man is attributed to group k (z
which includes isotopes as Pu, Am, Np and Cm. Differences between the considered
reactor types are small (see table 2 ) .
These calculations also permit a comparison of the contributions by the
various radionuclides on a weighed figure basis.
For the pathway soil - plant - food - man an empirical model was
developed to predict the uptake by plants from a soil with a known
concentration of a radionuclide. The model is based on the foilowina
hypothesis:
*

- 22 - ehe concentration of a radionuclide in the soil solution is governed
by the distribution coefficient (Kd);
- the uptake of a radionuclide by plants is proportional to the concentration
in the soi 1 solution;
- the plant will absorb the (trace) amounts of radionuclides supplied to the
shoots without selection or discrimination;
- transport of radionuclides to the plant roots is proportional to the water
uptake of the plant;
* the absorbed radionuclides are distributed over various parts of the plant
according to distribution factors.
Based on this model M.A.D. levels will be calculated for the various links
in this pathway.
M.A.D. levels and R.R.R. values will also be used for the evaluation of
decontamination schemes.
Tabla 1 - Classified groups of radionuclides and representative radionuclides, release fractions a f t e r
accident, and the contribution of each group to the total a c t i v i t y in the reactor.
Release fraction Contribution of
total activity
Group
Selected representative radionuclides after maximum
credible accident PUR-U. PWR-Pu
3
1. Tritium
H
7
0.0017 0.0024
13

l3s

137

2. Alkali metals

««Rb,

J. Alkali earth metals

« S r . *>Sr. »*°Ba
90 y> 9ly 9S Z r § 9S Hb J 1 0 U i I M C e >
"•»Ce. l < l 3 Pr, ' " ' H d , »"Pm «"»Pm,
lS6 E u

i. 1 . Rare earth elements
+ V, Zr. Nb

»Cs.

Cs.

233pa> 237„ 238pu
2
* "3Am, «"Co.

4. 2. Actinium series

5

5. (Noble) metal elements

*Mn, « C o ,

s9

Tc.

Cs

239p

lü3

6. Carbon', nitrogen*,
chalcogen-elements +
I n , Tl

'« 7 "Sn, » " S n , I 2 s S n ,
I27mre> l 2 9 » T e , I 3 2 T e

7- Halogens

>"l.

3. Noble gases

«Kr. '«Xe

l25

m

Ru.

Ag

1.33

0.33

5.83

5.26

6.65

4.32

27.«

26.2

28.6

!0.9

0,004'

48.8

46.2

53.7

55.1
11.8

9.56

13,3

0.4

1.23

1.52

1.61

3.36

0.7

2.09

2.31

1.64

4.02

0.9

3.93

4.13

3.36

0,06

HTS R

PWR- Pu

*

km"

9.0

B.S'txlO 7

:

%

k,-»-

LMRjq
km'
X
2.06x!0 7

9.4 xia'

3

e

1.63xlO

15.6

1.07xl0

4.1

5.16x10"

0.5

4.74x10«

4.2

1.1 xiO2 <0.01

5.17xtO 3 < 0 . 0 l

1.04x10 5 «1.01

1.45xlOz <0.0l

5

2.12x106

0.2

2.78x106

0.3

4.42xlOs

0.04

5.41x10«

0.6

6

4.2 xlO 5

0.04

5.00xlO!

9.05

4.88x10 s

0.04

1.24x)06

0.1

7

7.82x10s 74.7

8.18x10« 80.3

6 . 7 4 x l O 8 60.8

7.73xlO8 85.7

l.OSxiO9 100.9

1.02x10- 100.1

1.12xlD 9 00.2

9.01x108 99.9

relative
sercentage
to HTGR
• too

93.8

3.03

Sb. i " S b .

2

Totals

0.0015

1.07

Table 2 - R.R.R.-values for the considered reactor types with a power of
~~~*~
1030 MW(e) and the distribution over the groups of radionucl ides.
PWR-U

0,0044

1.02

0,00«

O.li

>äl|

km"

each group to the
n the reactor ( t )
HTGR
LHFBR

2«*,,,
l06

Ru,

0.5
0,06

maximum credible

91.1

8

8.4

1.35x1O a 12.1

10.5

2.96x10

s

26.6

0.5

S.SIxIC6

0.6

109

2.3

9.68x107 10.7
4.S4xlO6

80.1

0.5

1

- 23 Behaviour of radionuclides in biological and non-biological processes
at very low concentrations.
J. SmBiEVE, M.J. FRISSEL, ÍT. VAN SER KLUGT.

As mentioned in the annual report 1976, information on aberrant behaviour of
different isotopes of the same element in the very low concentration range,
repeatedly reported in literature, couid not be confirmed (contradictory results).
In 1977, an uptake experiment with tomato plants {Lycopersiaon sscuientm Hill,
cv Ma rette VF) grown on a mixture of a weak acid and a weak base ion exchanger
saturated with the nutrient elements was carried out.
Respectively 11, 7, 5, 3 and 1 day before harvesting (plant age 30 days), 20 ml
of a solution containing 2k mg stable cesium, 0.05 uCi 13l*Cs and 25 vCi 1 3 7 Cs
per litre was applied. For some treatments, immediately after addition of the
cesium isotopes, the "equilibrium" solution (further called the isolation sample)
was collected by means of a pipette in the medium connected to a slowly turning
(approx. 2 ml d"1) peristaltic pump. After removal of the shoot at harvest time,
the remaining equilibrium solution (further called the solution sample) was
collected, as well as a sample of the solid substrate (further called the
resin sample). For all samples, the z-ratio, i.e. the ratio of the 1 3 U Cs/ 1 3 7 Cs
ratios in the sample and the reference sample (solution or resin resp.), was
computed. The expected value of the z-ratio at identical behaviour of both
isotopes, is one. According to earlier statistical evaluations, the standard
deviation of the z-ratio (at the extreme concentration ratio of the isotopes used
in the present experiment), may reach some 20%. (Annual reports 1971*, 1976).
A summary of the results is given in table 1. Three major conclusions can be
drawn: 1) Taking into account the poor statistics, the z-ratio for root and shoot
samples generally approaches the expected value, except for the shorter
experimental periods. This confirms previous observations (annual report 197^)The validity of these observed strongly deviating z-ratios, mainly for root
samples, has been checked by counting again a number of samples after a decay
period of more than two times the half life of the 1 3 4 Cs isotope. The recent
results (table 2) confirm the older ones and the observed anomaly still stands.
2) The z-ratio for the first isolation samples (table 1) is also very different
from the expected value. 3) The z-ratios of the solution sample (table 1, first
column) taking the resin sample as a reference, and vice versa (table 1, second
column) again reveal important deviations. The latter conclusions indicate that,
prior to the action of the plant, deviations of the isotopes which
cannot be explained, are observed. This information definitively rejects a
former hypothesis regarding a unique effect of the biological system.
Physical anomalies (adsorption - desorption kinetics? diffusion?) occurring
at the solution - resin interface and/or at the solution - root interface
(uptake aberrations were particularly clear for the root samples) might be
involved. The counting procedure has been checked numerous times but no
artefacts could be traced. In the near future, the possibility of distinct
behaviour of the isotopes at extreme concentration ratios, will be checked,
as far as feasible, by Chromatographie techniques.
To our knowledge, no straight forward explanation of this phenomenon can
be found in the literature. The reported results are of importance for the
evaluation of contamination risks in case of short term exposures and for the
computation of concentration factors in biological organisms.

1
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Tab!« 1 - Computed z-ratios based upon th« sums of th« areas of th«
~ ~ ~ "
605 k«V and 796 keV photopeaks of l3" Cs using th« resin
sample or tha solution sample as a referenca.
Durât ion
exoerimental
period

*'nt

Rasin sa•pie

11

4- 6
6- 8
8-10
10-11

;

resin
solution
shoot
root
sol.day 0246-

:

2
4
6
7

4-5

:

resin
solution
shoot
root

!
x

'
]
!

0.96

i

0.96

i

0.98

:

1.03

i

1

1.94

1.01
0.36
1.06
0.84

1.19
1.03
0.97
«.70
1.03
0.97

resin
soluti on
shoot
root

1

0.97
1.00
2.01
1.00
0.93
0.93

1.06
1.02
1.08
2.21
1.15
0.93
1.21

2-4

3

-

1.17
1.12
1.16
2.32
1.15
1.08
1.07
1.11

',

resin
solution
shoot
root
sol.day 0-2

î

jSolution sample i
0.86

resin
solut on
shoot
root
sol.day 0- 4

7

io using as reference

Sami«
identification

!
i

0.86
0.77
3.97
0.87

:

0.32

••

.

1.08

i

0.92
0.17
1.19

1.10
1.29

'

!

.
X

!

1.14
0.91

I

1

!

x
-

too low activity of the sample.

- Z-ratio of the root samples of treatment A.I {annual report 1974)
and results of new countings.
Stable Cesium concentration of 0.3 mg/l.
Photopeak of
l3k
Cs and date 3.0 5uCi
2.50uCi
of count ina
796 keV
december 1973

Label 1 ina Droceoure
**Cs O.SOuCi iJ -Cs S.OOuCi 1 J "Cs 2.50uCi - 3 -Cs
Cs S.OOuCi 1 3 7 Cs O.SOuCi l 3 7 Cs O.OSuCi 1 3 7 C s

iJ

l37

2.216
2.003
2.093
2.236
1• 999

0.782
0.997
0.289
1.030
0.214
0.713
1.029
0.815
0.439
0.429
0,756
0.977
0.840
0.358
_ 0.977
.109+0.045
m-1.002+0.Oil
m^0.781+O.020
m>0.346+0+038
5-2

1.972
0.997
0.757
0.329
1.901
796 keV
0.218
1.781
0.696
1 913
1.043
0.802
0.462
december 1977
1 883
O.438
1.323
0.769
2 023
_ 1.057
0.366
_ 0.833
m-1 915+0.092 'S-!.024+0.026 m-0.771+0.052 m_0.363+0.097
1 844

605 keV
december 1977

O.744

1.940
O.33O
1.734
1.018
0.707
i 0.216
1.772
; 0.982
0.318
0.467
1.769
0.997
Í 3.791
O.433
_ 1.552
_ 1.049
i _ 0.343
0.358
734+0.109-m«!.3I7+0.328'm»0.7Sl-0.355 m-0.361+0.398

i

1

1
|

i
1
!

1

i
:
;
j

1

- 25 Boot and foliar uptake of radioactive contaminants by crops: their
transport and redistribution towards different niant organs (e.g.
edible parts, reproductive organs).
G. BESMBT, J.-J. BOUKGOIS, S.C. VAS BE GEIJF, J. 2UWAEVE, G.B.M.
VEEPAILLIB, A. RUTGOET.
A. Transport and accumulation of

6S

2n after root uptake

Two crops have been taken into consideration, spinach (Spinaaea olevaaea L.
c.v. "Verbeterd Breedblad") producing an edible vegetative aerial part, and
tomato (Lyaopersiaon esculentian L.), bearing fruits.

2ÍS£lÍ&a£Í22-2Í_f22_2¥SE_I2£i_§
BOššTfa7e_reTat2gn_to_shggt_metabgXisni
Between the root and shoot Zn-content a non-linear relationship exists.
Increasing amounts of Zn taken up by the roots result in an increase of the
Zn-content of the shoots but there a saturation level is reached at appro*.
k îimoles-g-dry wt" 1 .
The distribution of ss Zn in various leaves of 11 days old plants, after
contamination for different periods, is presented in table 1.
From a radiation protection point of view data, after 101 hours of
contamination, are the most interesting: the level of contamination
(uCi-g"1 fr.wt.) is nearly equal in the various leaves. Ouring the first
hours of contamination, cotyles accumulate less o3 Zn than the primary leaves.
This might be due to differences of mass-flow in the transpiration stream,
but also a relation might exist with the metabolic activities of cotyles
and first leaves, roughly measured by the relative growth rates (:J) ,
respectively 0.02 d"1 and 0.27 d~l. The equal contamination level after
101 hours is then the result of "dilution" in the exponentially growing
larger mass of the primary leaves.
Redistribution of 65 Zn to recently developed leaves has been considered in
a preliminary experiment using 7 days old plants contaminated for a period
of 2h h. After this period plants were transferred to a similar nutrient
solution without S5 Zn. First data over a 192 h period after the end of the
contamination show redistribution not only from the root pool, but also
from the cotyles to the younger leaves.

In a series of experiments 65 Zn and Zn accumulation in the shoot was measured
for plants grown after emergence on a nutrient solution of different
composition with respect to Zn, Mn, Mg and Ca. Confirming earlier results,
Zn (65Zn) content of the plant is not affected by Mn-concentrations in the
solution, whereas Mn (stfMn)-accumulâtion only in the roots is reduced by
higher Zn-supply. Analysis of the experiments with varying amounts of Ca
and Mg is in progress.

3 • t!S§§yCi!SeQE.2f _£Ô§.lSê£aS2li£_§S£ivity._gf _the_shggt
As shown above, metabolic activity may be involved in the distribution and
accumulation of radioactive activation-products. This is the more probable as
these radiocontaminants ar& frequently isotopes of essential micronutrients
which are involved in the major enzymatic processes in plants.
Therefore a spectrometer was built which permits in vivo measurement of the
pigment composition of individual leaves. Another apparatus measures
optically the light generated electric potentials as well as the fluorescence.
Using both instruments the possible relation between the energy supply
system, its efficiency and the presence of the radiocontaminants under
consideration may be studied.

1
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k. ygtake_gf_££Zn_bY_tgmato_Bl""_frgm_sg!id_subs-----The annual report 1976 described the absorption, transport and distribution
of 6S2n' in tomato plants after root uptake from nutrient solutions. The
work presented here is focussed on:
(1} similar processes studied with plants grown on a synthetic growth
substrate (intermediate step between nutrient solutions and the complex
situation of soi Is).
(2) first studies on natural soils.

Plants grown on synthetic growth substrates (mixtures of charged ion
exchangers) for several months as required to reach the fruitbearing
stage revealed severe toxicity and/or deficiency symptoms resulting in
retarded growth and necrosis, partially due to drought, in the leaves.
The 65 Zn rad iocontarninant was applied at the substrate's surface; notwithstanding daily water application the major part of the applied contaminant
was immobilized in the upper k cm as shown by autoradiographs. Autoradiographs of the leaves showed extremely high contents of °5Zn at the edges of
the necrose spots.
k.Z .Natucaj. JoHjs
Tomato plants were grown in a natural sandy soil with a stable zinc
concentration of 10 ppm and a fixed ground water level at -35 cm till
initiation of the first fruits (age approximately 10 weeks).
In a first experiment which has to be repeated, three plants, having a
comparable stage of development, were selected and the rooting medium of
plant 1 was contaminated with °5Zn; 12 days later plant 2 and another 10
days later plant 3 were treated. A relatively uniform contamination of the
soil was realized by infiltration of a solution containing 0.75 mCi S5 Zn in
10 mM Ca(N0j)2 in equal amounts at 5 cm depth-spacings. The three plants
were harvested hO days after contamination of plant 1.
The plants were somewhat affected by drought as no water was added at the
soil's surface and capillary rise turned out to be insufficient. Fruit
development, however, was normal. All plant parts (see table 2) were
harvested separately and fresh weight, dry weight and S5 Zn content were
determined. Some of the fruits (see table 3) were subdivided in their
various constituents, others were sectioned at -20 °C for macroautoradiography.
The autoradiographs of the fruits in this preliminary experiment revealed
two important sites of accumulation, namely the seeds and the peel of the
fruit. A high concentration of 6S Zn also was found in the tips of the
sepals. The latter occurred independently of the stage of development as it
was observed in flowerbuds as well as in the remaining sepals of mature
fruits. Autoradiographs of the older leaves and petioles showed an important
accumulation of the rad iocontarninant in or in the vicinity of the vascular
bundles. This high retention was confirmed by the results of the liquid
scintillation counting, the ratio of the 65 Zn content per gram dry weight
(dry wt) of the petiole and the leafblade in some cases being as high as
50. The 6SZn content of different parts of the stem (table 2, nCi/g dry wt.)
varied considerably. Even after a A0 day period of contamination, the content
of the tops was only approximately 5% of the one at the base. Moreover, the
percentage of the total 55 Zn content of the aerial part retained in the lower
15 cm of the stem was 61, 76 and 32% after respectively J»0, 28 and 18 days
of exposure to contamination.
This limited translocation was also confirmed by the high accumulation of
the radiocontaminant in a young shoot at the stem base. These results
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- 27 strongly contrast with those reported previously for plants grown on a
contaminated nutrient solution, where the s 3 Z n content increased from
the base towards the top of the stem, and this already after only 10
days of contamination, although the root content remained, as in the
case of contamination of spinach plants, always higher than the shoot
content. This discrepancy might be explained by the low transpiration
in the present case (drought symptoms) but also emphasizes the importance
of experimentation under conditions comparable to the natural ones. The
relatively high 6 3 Z n content of old and even dry leaves is explained
assuming the leakage of the radiocontaminant to necrotic spots, as
shown before by autoradiography.
The 6 S Z n accumulated in the fruits was 8.3?, 6.3% and 2.1% of the total
amount absorbed by plants for contamination periods of respectively kQ,
23 and 18 days, whereas the fresh weight of the fruits represented 7 0 % ,
66% and 5 7 % of the total fresh weight. In these plants, 100%, 9 5 % and 8 0 %
respectively, of the fresh fruit weight was estimated to be formed during
the contamination period. Some relation may exist between the already
mentioned high retention of the radiocontaminant in the vascular tissue
of the stem and the rather low accumulation of divalent cationic radiocontaminants in developing fruits under the present experimental conditions.
The distribution within the fruit was also studied by liquid scintillation
counting (table 3 ) . Approximately 50% of the total is found in the " s e e d s "
fraction and 15 - 2 0 % in the "peel" fraction (respectively k.S x and 2 x
the mean content of the other fractions). The distribution within the
fruits was hardly influenced by the length of the contamination period,
the size of the fruits, or the moment of their initiation.
One of the fruits was affected by blossom-end rot (caticn desequi1ibrium)
and this part of the fruit showed a 3 l Z n content twice as high as that
found in non aff&cteà tissues. This is thought to be due to the same
phenomenon as mentioned before for the necrotic parts of the leaves and
shows similarity to increased calcium contents in apple tissue affected
by the bitter pit disease (J. Wieneke, private communication).
New absorption experiments based upon a similar experimental approach are
in progress.
B. Transport of divalent cations in the xylem
The transport of some of the important divalent cations takes place by
ion exchange probably in the xylem vessels, and its speed depends strongly
on the amounts supplied. For instance, for cadmium the rate of movement can
be increased by several orders of magnitude, adding appropriate
concentrations of calcium (up to 10 mM) . In addition, cations combined with
chelates forming a negatively charged or neutral complex are transported at
the rate of the bulk transport. This system has been tested for S 5 Z n using
cut stems of papyrus (Cyperus papyrus s p e c ) . Zinc, added as ZnCl2 or
complexed by tetraethylenepentamine was transported by exchange, whereas
the addition of Na2EDTA to a ZnCl2 solution caused a bulk transport at a
much higher velocity (approx. 10 times). A detailed study will be made of
these phenomena which are of considerable importance in the natural
situation as xylem sap contains appreciable amounts of chelating substances.
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Tafel« I - * 4 Zn In various spinach leaves. Uptaka fron a caapleic nutrient solution (3.2 uCi * s Zn per litre)
Period of
contamination
(hours)

uCi * s Zn
g"1 fr.wl.

•ie*n weight
(9 fr.)
first leaves

„Ci " Z n
g"1 fr.wt.

Mean weight
(9 fr.)
second leaves

0.24 • 0.1

2.2xlO-î*2.8xlO-3

too small

3.6x10-^1.2xlO'3

0-37 • 0.1

8.6xl0- 2 i1.UI0- 3

1.2x10-^1.9xlO" 2

0.72 • O.I

1.6x10-'*1.4xl0~3

Mean weight
(9 '<••)

cotyles

0.21 • 0 . 0 8 " 1.!xl0-2+l.8x10"3

S h

lid s s Zn
9"» fr.wt.

C6>
24 h

0 .22 * 0.07

101 h

0 .22 • 0.05

-

(6)
l
2
0.13.• 0.08 1.37«10" + 2»IO"

(9)
,***• 0.02

V - 0.27

figures in brackets are the number of plants in the experiment.
relative growth rate:

95% confidence limits of the mean are indicated.

Table 2 -

6B

Zn content in different parts of the plants: absolute, per g fresh weight (gfr.wt.) and per
g dry weight (g dry wt.)
Plant 1
contamination day 0-40

Organ
nCi/organ nd/gfr.wt.
stem base
(15 cm)

6271

stem
upper part

1009

tops
young
leaves

2.3

294

se.3

517

1309

H.5

IIS

2

old leaves

1744

195

dry leaves

242

flowers
and buds
fruits
TOTAL

103
10.6

465

2939

5089

75-6

626

242

4.9

84.3

10

100

2

2.1

11.8

30.6

11

0.5

3.3

233

1332

64

4.4

282

178

10.1

73-3

25

0.8

6.0

119

698

98.7

120.8

19

1.4

5-7

33

6.4

36.7

2

0.5

2-7

0.5

0.3

1.3

72.5

60.5

6

6.5-

25

3

2.0

8.6

847

4.9

64

841

51

68.3

10361

Plant 3
contamination day 22-40

nCi/
nCi/
nCi
nCi/organ nCi/gfr.wt.
nCi/organ nCI/gfr.wt.
n dry wt.
q drv wt.
-. dry wt.
10052

10

46

Plant 2
contamination day 12-40

2290

194

fruit
stalks

d fr.wt. i
.w

ffmM,äKV

13181

117
5512

0.7

10

- 29 -

T«t>I« 3 - OlftrJ&ution at ' s Zn within the various toatlo fruits (sec t«xt)
Plant 1
Contamination: day 0-40

Plant 2
Contamination: day 12-40

Plant 3
Contamination: day 22-4«

Fraction
ripening frui
3*.7 gfr.wt.

fruit
35.1 gfr.wt.

fruit
40.4 gfr.wt.

fruit
19.5 «Jf>-«-

fruit
39.2 gfr.Ht.

fruit
17.1 qfr.wt.

nCi/

nCi/
nCi/
nCi/
nCi/
nCi/
nCI q dry
nCI q dry wt. nCi q dry wt. nCI q dry wt. nCi q dry Ht.
wt.
0.4
1.2
21
12
0.2
4
30
I.I
23
0-9

Fatal*

nCi a dry wt
2.S
49

Seeds*

80.9

153

70.9

208

100.5

162

53.1

121

22.2

37

4.3

17

Hsrd nucleus

U.2

37

14.0

34

12.1

34

5.0

33

4.0

9

0-7

5

Separation
wall between
compartments

6.2

3S

4.5

35

4.2

35

1.8

iC

1.7

11

0.3

4

Fruit flesh

2*.5

29

51.2

40

79.9

54

13.9

24

5.8

5

1.5

3

Peel

36.3

67

41.5

97

4S.I

89

16.5

59

5-2

11

1.3

8

Part with
blossom end
rot

26.8

84

TOTAL

9l.lt

-

-

91.2

-

-

8.3

-

183.3

-

245.9

"Seeds including the tissue in which they are embedded.
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The contamination of vegetation, surface water and deep aroundwater
(drinking water) by heavy metala unintentionally released into soils.
P. POELSTRA, M.J. PRISSEL, N. VAN DEE KLUGT.
A. Migration of heavy metals in a sewage field.
Undisturbed soil columns, taken from a 90 years old sewage field at
the city of Braunschweig (FRG) are leached with a 0.0244 N salt solution
with a flux of 0.5 cm per 24 hours, both under aerobic and anaerobic
conditions. The effluent of the soil columns is regularly taken and
periodically analysed for Zn, Cd, Cu, Cr, Pb, Fe, Mn, POi,. The experiment
started in March 1976 and was terminated November 1977- Results still
have to be evaluated.
B. A study of the purification capacity of 4 different soils.
Undisturbed soil columns are leached with effluent from an existing well
controlled refuse dump under anaerobic conditions. For each soil type, six
columns are used and treated in the same way; after 2 months leaching
the first column is stopped and cut into slices. After another 2 months
the second column is stopped, etc. Since there were six columns the
experiment lasts exactly one year. A seventh column is used as a control
to obtain the initial distribution over the soil column profile for the
compounds investigated. The effluents from the soil columns are collected
and every 2 months analysed for TOC, pH and a number of compounds. The
soil column slices and the influent (which is the effluent from a refuse
dump) are analysed for the same characteristics and compounds in order to_5
compose material balances. The flux is 1 cm per 24 h, which equals 113 cm
per column per 24 h.
For one soil type - a poor sandy soil - some results have been obtained
so far. It appeared that after 4 months elution time the concentration
of K, Na, Ca, Mg, Cr and Ni in the column effluent equals the
concentration in the column influent. This holds for Zn after 8 months
leaching. From the start of the experiment the Mn concentration is higher
than the influent concentration.
So Mn is extra-reIeased from the column. The concentration of Fe, on the
contrary, is lower in the effluent than in the influent. It is accumulated
in the soil column profile. Sum Fe control: 45500 ppm, after 8 months
leaching: 58325 ppm.
The redox potential (Eh) in the soil column changed from its initial
value of approx. 500 mV gradually to a level of 150 mV at 10 cm depth
from the top soil core and to a level of 200 mV at 25 cm and 60 cm depth
again from the top soil core. The pH in the soil column did not change
during the experiment and remained at its initial level of about 5-5The soil shows a heavy break-through for all the elements mentioned,
its retention capacity is low, even for the heavy metals. Its purifying
capacity for inorganic compounds is negligible.
C. Behaviour of cadmium (Cd) in soils.
One of the most severe contaminations of soil with Cd occurs
by application of sewage sludge.
Proposals for permissible levels are: Keeney (1), ultimate level 10 ppm Cd
or 28 kg Cd per ha; Poletschny (2), ultimate levels: arable land 22 kg Cd
per ha, pastures 5 kg Cd per ha. Proposed annual doses are: Keeney (1) 2.8 kg
per ha; Poletschny (2), arable land 0.22 kg per ha, pastures 0.5 kg per ha.

Th«s« annual doses are set rather arbitrarily, probably because insufficient
data exist on the annual removals. We have studied the leaching of Cd and
have used the results to calculate such annual removals, R. by a multicompartment model.
(1)
!00 (L| + S • T Ï ) (<xi-d;-Ci/iOOO)/(di + $\'<i\)
i
where i * layer index, n * number of compartments, L » drainage,
S • selectivity coefficient (ratio between the actual uptake of an element
and the uptake which can be calculated from the amount of water taken up
by the vegetation times the concentration of that element in that water),
T • transpiration, a • adsorption coefficient, d • soil density, C - cadmium
concentration in soil, 8 - soil moisture.
(Equation 1 is only valid for linear adsorption isotherms. The non-1inear
version as well as the units are omitted here).
An important question is whether a is constant with time; processes, as
ageing of deposits, inclusions in clay mineral lattices, formation and
decompositions of organic complexes may change a considerably in the course
of time. The usual way to determine a is by adsorption measurements, which,
however, consider short term processes only. Leaching experiments and
analysis of the leaching pattern offer possibilities to consider long term
effects. Table 1 shows the results of both types of measurements. Values for
a (of the same soil) may differ by a factor 2; values for different soils may
vary by a factor 4'3. Typical leaching patterns are shown in figures I and 2.
Table 1 - Some values of a.
Soil
Sewage field Braunschweig
aerobe
0-20 cm
aerobe 30-40 cm
aerobe 40-80 cm
anaerobe 0-20 cm
anaerobe 20-80 cm
Clay soil Valburg
Peat soil Schoonebeek

a derived from transport
a derived from
adsorption measurements and leaching experiments
g ml" 1
g ml" 1
0.016

0.030

0.026
0.023
0.0014
0.0031

0.0007
0.0031

Values for the selectivity coefficient S, as such, are not found in the
literature. Estimation from other data gives values between 0.1 and 0.3
although in exceptional cases S may reach a value of 1. The relation between
the concentration factor, a and S is shown in table 2. Data marked with
an asterisk (*) can be rejected on the base of experimental evidence.
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Table 2 - Correlation between the concentration factor (mg Cd kg"1
vity
vegetation (dry matter))/(mg Cd kg'1 soil), the selectiv
coefficient S and a.

a

S • 0.1

a.001

0.02

0.003
0.010
0.030

0.06

S •

S - 1.

0.3

a.2

0.06
0.18
0.6
1.8*

0.2
0.6

0.6
2.*
6.*

Figures 3 and k show some typical results of eq (1), simplified to a onecompartment model (with L - 20 ml y" x , E • 20 ml y " 1 ) , and tolerance levels
according to Pcletschny (2).
Table 3 gives information on Cd levels which can be expected in the
vegetation for the case studies as described in figures 3 and k (calculation
based on oroduction of 10.000 kg dry matter per ha). Note that the Cd levels
are mean levels; neither the redistribution within the crop, nor the crop
variability is considered, they only indicate the trend of future
contaminations.
From these data it can be concluded that better knowledge of a and S is
necessary to carry out planning for the future.
Table 3 ~ Expected Cd levels in vegetation produced on soils to which
sludge or compost is supplied as described in figures 3 " *»•
Values in pom (dry matter). Values in brackets ppm Cd in soil.
Arable land, dose 0.2 kg Cd ha"1 y
Number of years after
application of sludge:
50 year
100 year
200 year

am
0.1
0.1
0.2

Pastures, dose 0.05 kg Cd ha
Number of years after
application of sludge:
50 year
100 year
200 year

a—
0.1
0.2
0.1»

selectivity'coefficisnc » 0.1

0.001
(2.7)
(5.2)

(9• 9)

r.1,

0.003
0.2 (2.6)
0.3 • 9)
0.5 (8.8)

a

0.010
0 .5 (2.*>
0 .8 (*».0)
1 2 (6.2)
a

0.030
a
1 .0 (1 .7)
1.5 (2.5)
1.8 (2• 9)

selectivity coefficient » 0.3

0.001
(2.0)

(3.6)
(6.5)

a ^ 0.303
0 3 (1 .8)
0 5 (3 0)
0.8 I II 5)
\

T

a

—

0.310

0.8 (1 .3)
1.0 (1 .7)
1.1 (1

9)

—

0.030
1.1 (0.6)
1.1 (0.6)
1.1 (0• 6)
a

References
(1) O.R. Keeney and L.M. Walsh. Proc.Int.Conf. on Heavy Metals in the Environment,
Toronto, Canada, Oct. 1975 Vo. II, part. 1, page 400.
(2) Poletschny, personal communication.
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Figure 1 - Calculated and observed distribution of Cd in an undisturbed
soil column. "Rain", supplied via 1a rain-simulator, approx. 1 cm d~l.
Influent concentration 5 mg Cd I" . Dispersion distance 0.3 cm.
a - 0.0031.
Figure 2 - Same as figure 1, but for1 1 S m C d , which was added to trace the
migration of the beginning of the stable Cd-pulse. Dispersion
distance 0.5 cm, a * 0.03.

Figure 3 - Accumulation of Cd on arable land, dose 0.2 kg Cd ha" I y" 1 .
Selectivity coefficient » 0.1.
Figure k - Accumulation of Cd on pastures, dose 0.05 kg Cd ha" 1 y' 1 .
Selectivity coefficient » 0.3

- 34 Long distance transport of anions ana cations In plants
J. SIHHASTZ, ?. 71H DOE?, M.J. PHISSSL, S.C. 7*3 35E GSIJÎT, D.2. KETBL.
The long distance transport of anions and cations has been studied, in a model system
(cut stems of papyrus (Cyperua papyrus) with an intact crown of leaves}. The
mechanism of xylem transport remained essentially unchanged by removal of the roots,
as shown by a comparison of the results obtained with intact plants (tomato) and
derooted plant stems (papyrus). Using three or four semiconductor radiation detectors,
placed along the stem and in some cases at the leaves, information was collected
about the relative behaviour of 3 2 P , s s 2n, l l s m Cd and i : o Ag, in the presence or
absence of chelating substances.
Application of 32P-phosphate for a short period (5 sec «- 2 min) resulted in a 3 2 P labelled pulse moving upward along the stem at a maximum speed of 15 ~ 20 m/h. The
.propagation speed was linearVy related to the transpiration flux, which was measured
gravimetrically. The number of vessels and their size distribution were determined
microscopically. The mean speed of water was in agreement with that of the 32 P-pulse.
Long term supply of 3 2 P (10 - 120 min) showed a very high lateral (irreversible)
accumulation. The amount "lost" laterally per hour can be as high as 2 - 3 times the
amount present in the xylem volume.
The asymmetrical shape of the 3 2 P -pulses passing through the stem after a short
application suggests the presence of a free space around the xylem vessels, which is
in free exchange with the xylem lumen, and causes a delay in the release of the
tracer at the end of the application period. A simulation model, built on this
concept, produced excellent results, but turned out to be false as the bulk water
speed varied considerably in the various xylem vessels, even when they differed
little in diameter. A new model will be developed, incorporating also the measured
variations in speed.

The linear translocation speed e.g. of Cd (at 0.15 mM) can be accelerated up to a
100 times by the addition of calcium (10 mM). Generalizing it can be stated that at
low total divalent cation concentration the linear speed is low (< 0.1 m/h at 0.15
mM), and increases almost proportionally with concentration (^ 10 m/h at 10 mM).
This is consistent with the hypothesis of Chromatographie exchange transport of
divalent cations at negatively charged exchange sites at or in the xylem vessel
walls. The full capacity of this "exchange column" is always used in the upward
transport, leading to the observed concentration dependence of the cation transport.
This is in strong contrast with the situation described above for 32 P,where no .
interactions with the walls occured (mass flow convective stream).
In perfusion experiments with stem segments it could be shown that cadmium ( 115m Cd)
and calcium (If5Ca) have a slightly different affinity for the exchange sites. At
low cadmium concentrations, more Cd is bound to the exchange sites than expected
on basis of the cadmium/calcium ratio in the treatment solution.
The addition of Na2EDTA to a 1 1 5 m C d C l 2 solution causes the formation of Cd E0TA
•complexes which are negatively charged at pH 6-7 (xylem sap in papyrus). Using this
complex, the transport mechanism of cadmium could be changed completely, in this
situation the transportation on characteristics resembled those of phosphorus ( 32 P)
apart from the fact that the lateral losses are very small.
The same phenomenon could be produced with 6 S Zn. Using ZnCl^ and tetren as a
complex ing agent, the transport was changed only slightly compared to Zn"1"*". This
can be explained by the fact that the Zn-tetren complex is a positively charged
complex, and thereby subject to the exchange processes.
Using the differences in transport characteristics between Cd"1""1" (or Ca**) and Cd(or Ca)-EDTA, a procedure has been developed to determine the cation exchange
capacity of the xylem vessels. Supposing the walls of the vessels to be smooth
surfaces, the CEC was measured for different stems and solution concentrations.

- 35 Values ranged from 2-5 up to 5 x 10" 9 moles.cn* 2 (Ca or Cd) independent of
concentration. This is in full agreement with the observed effect of the concentration on the movement. The number of binding sites per unit of vessel wall surface,
(t 5 negative charges/82) suggests that we are dealing with an extended surface,
possibly located inside the porous structure of the vessel walls (apoplast). The
location and characterization of the exchange sites is a point of further study.

The validity of the theoretical model, explaining the mult»phasic shape of Cdabsorption by intact tomato plants presented in earlier reports, Has been verified
in experiments involving exudate sampling. Plants iLuoovevsicum esculentim Mill.,
cv. Moneymaker) were grown on a complete nutrient solution in a greenhouse. The
concentration of Cd in the xylemexudate is only a small fraction of that in the
external solution (approx. 2 x 10" s M as compared to 1Q~* M in the solution;
depending also on the plant size). Free cadmium was determined potentioraetrically,
and total cadmium by labelling with 1 1 S m Cd. Oue to the very low Cd concentration,
the experimental accuracy of the free cadmium determination (and therefore, by
difference,the bound cadmium) is low. Nevertheless, in the exudate, the percentage
of Cd in the free Cd** form could be estimated from the present results to be
between 65 and 100 %. Spectrophotometric analysis of the eluate fractions of Cd
containing exudate from a Chromatographie column (Sephadex G25) did not indicate
the existence of Cd-complexes.
In contrast, the addition of Cd either to solutions of amino-acids, rich in SHgroups (e.g. cystein), or to exudate obtained from plants grown on Cd-free nutrient
solutions, gave rise to the formation of such complexes.
Transport as Cd-protein complexes must be rejected as proteins are not present in
measurable amounts in the exudate.
A possible explanation of the difference between in-vivo (no Cd complexes in exudate'
and in-vitro results (Cd-amino acid complexes) could be the suppression of xylem
transport of am ino acids by Cd, possibly related to the high accumulation of cadmium
(and cadmium-amino-acid and -protein complexes) in the roots. This hypothesis might
be the starting point of an interesting line for further research.
To test the suspected analogy between the transport of cadmium and calcium in
intact plants, tomatoplants were grown on normal nutrient solution (Hoagland-Arnon I
or on solutions of
similar composition in which Ca(N03)2 was reduced to 1/10
of its concentration, the remaining 3/10 being replaced by KNO3. After 8 weeks the
solution was "contaminated" for ten.days with 5 x 10" s M Cd, labelled with X 0 S Cd.
After this period, the labelled solution was removed, and the plants were grown for
ten more days on the initial solution.
Before the start of the contamination period some plants were transferred from the
normal calcium medium to the low concentration one, and vice versa, resulting in a
total of four treatments. Observations were made on the occurence of the calciumoxalate crystals in the various stem tissues under different conditions, on cadmium
uptake, using maçroautoradiographs of leaves, and microautoradiography of parts of
the stems. As the material for microautoradiography had been dehydrated in a normal
alcohol dehydration series, only the insoluble cadmium had remained. Results
concerning this insoluble fraction show a distinct relationship between the level
of calcium nutrition, the occurence of calcium oxalate crystals and the incorporation of cadmium ( 109 Cd) in the crystals and other tissue parts.

In collaboration with Dr. H. Veen of the Centre of Agrobiological Research (CABO)
at Wageningen experiments were started on the transport of silver in cut flowers
(roses, carnations). Besides the well established bactericidal effect of a silver
treatment at the stem base, it has been shown that this ion acts as a potent antiethyl ene agent and thereby improves the longevity of the flowers. Silver, applied
as silver nitrate, moves in carnation stems at a speed of about 3 cm/day (2 mM).

Applying th« principle that reversion of charge improves the mobility of a positive
ion, the movement of Ag(S 2 0 3 )f~ was studied and compared to Ag* and 3ZP-phosphate
movement. The linear speed of the silverthiosulphate complex was directly linked
to the transpiration rate, and amounted to about 2 m/h, orders of magnitude faster
than that of Ag+, and comparable to the speed of 32 P-phosphate. The antiethylene
effect is preserved in this complex, and even a short treatment (some hours,
depending on the transpiration) improves the longevity significantly. Analysis of
the silver content of different flower parts after a 2<) h si Iverthî«sulphate complex
treatment shows a distinct accumulation in the receptacle, possibly associated with
the antiethylene action.
Foliar and root uptake of Zn and Cd in
L. cv. Spanish White) plants.
J.-J. BOÏÏEGOIS

er "bean (Ffiaseolns aoaaingus

Studies were made of the tissue and cellular localization of Cd and its ultrastructural toxicology in leaves of runner beans after uptake of toxic amounts.
Indeed, the toxicity of any substance is always the reflection of phenomena
taking place at the level of the cells and, more particularly, the cell organelles.
There is no reason why this genera! rule should not apply to heavy metals. In the
case of Cd its localization as well as its first site of action in plant cells
remains as yet unknown.
The first observations on ultrastructural cytology were obtained respectively in
Or. Sprey's and Or. Horvat's laboratories (Institut fur Botanik und Mikrobiologie
der KFA JGlich, Germany and Departement de Cytogénétique, Université de Louva in,
Belgium). In an attempt to localize Cd in the cell, samples of Cd containing
tissues (leaves) have been prepared by two different methods, one using the usual
(glutaraldehyde-OsOl,) fixation, the other using a K Sb(OH)g-OsOi, fixation mixture.
The advantage of the latter method is that the pyroantimonate an ion Sb(OH)Z
precipitates almost ail free cations in situ forming an electroopaque deposit.
The deposit can be analysed in a transmission electron microscope equipped with
an X-ray-energy dispersion device (EDAX).
Unfortunately, the sections which have been sent, for this purpose, to Dr. Janossy
at the Institute of Biophysics of the Hungarian Academy of Sciences, Szeged, Hungary
for analysis have been destroyed during transportation and no results are available.
According to preliminary
observations in mesophyll cells of 9 days old plants
treated by 5 x 10" s H CdSOi, mainly chloroplasts are affected by the treatment,
while the nucleus, the mitochondria, etc. maintain their integrity quite well.
The symptoms ar« similar to those occurring in senescing leaves (decrease in the
volume of the starch grains and of the grana, increase in size and number of the
plastoglobuli, swelling of the thylakoids etc.), except that small electroopaque
deposits appear at the extremities of the granai thylakoids. These deposits,
resemble those observed by Sabnis et al. (Plant Physiol. kk, 1355-1363, 1969) in
cells of Pisum sativum tendrils. These authors suggest that the lateral edges of
the granai thylakoids are preferential sites for heavy metal deposition. In adult
leaves, Cd probably induces early senescence.
Methylbromide. 30ils and plants
A. PAELEMAHS, M.J. FRISSEL
Main attention was given to a greenhouse experiment using lettuce {Zaotuas. sativc
L., cv. Amanda Plus), in order to investigate the bromide content in the soil and
in the crop after fumigation with methyl bromide, and to study the fanners practice
of leaching the greenhouse soil with water to decrease the bromide content (table 1)
The results were compared with data from a mathematical model describing the
behaviour of methyl bromide in the soil as well as the leaching of bromide.

- 37 A survey of some physical soil characteristics during fumigation is given in taDle 2.
Fumigation was carried out according to the "heated coil (or hot) method" whereoy
cie liquid m«thy! bromide is vapoured by passage through a wanned metal coil and
then led under the covering through plastic piping.
Figures 1 and 2 show the concentration of bromine in the soil after the first
fumigation in the different trial-plots. The humic sandy soil, as far as could
be checked, was never fumigated with methyl bromide before. 8efore fumigation
only 20% of the bromine (probably from fertilizers, pesticides) content in the
top-soil could be characterized as water-soluble zr.ú the amount of bromide in the
total bromine content increased with depth. The increase in concentration of
bromine after fumigation was 0.0W and 0.09* mol/m 2 respectively after fumigation
with 0-53 and 1.05 mol methylbromide/m2, which means a decomposition of about 10%
of the total dose applied. Leaching reduced the concentration of bromine
approximately to the level before fumigation and during crop-growth the concentration
of bromine in the topsoil decreased only slowly.
The amount of bromide and the concentration in the lettuce leaves of the leached
field trials Nr. 3, 7, 11 were higher than those of the untreated plot Nr. 13
(figures 3 and k). Possible reasons for ineffective leaching are the heterogenity
of watergift and the slow diffusion of bromide from the inner part of the soil
clods to the plant roots. The bromide content in the lettuce leaves was also
correlated with the bromine concentration in the toplayer (0 - 20 cm) of the soil
(figure 5 ) . The intercept of the correlation-line represents the amount of bromine
not available for uptake by plants.
With respect to the mathematical model (annual report 1976), the partition
coefficients, K ] / g liquid/gas phase, were determined in the laboratory. They
are
are 4 1 and 6.4 at 20 and 10 °C respectively. The partition coefficient solid phase/
gas phase was approximately linearly correlated to the organic matter content;
the ratio between organic matter/gas phase, K^/g, was 18.k, 10.0 and 4.0 at
10, 20 and 30 °C respectively. The decomposition rate coefficients of the firsorder rate reaction were 0.01, 0.03 and 0.08 for the humic sandy soil of the
field experiment. They were determined in the top-soil at a moisture content
of 0.24 g /g dry soil. Calculations of the diffusion coefficient of methyl
bromide in the soil were made according to two different relations between the
impedance factor and the fraction of gas-filled pores in the disturbed loose
upper-layer and in the undisturbed lower-layers respectively. The relation was
derived from results for H2, O2 and 1,2-dibromoethane measurements in soil, as
they were compiled and discussed by Leistra (1972). The best fit between observed
and calculated results was found using the lowest values of impedance for O2
diffusion in the undisturbed soil layers (figure 6 ) .
Leaching with a 160 mm waterlayer should leach all bromide ions out of the rootzone (figure 7 ) •
A number of computer simulation runs were developed to investigate the influence
of soil moisture content, tillage, dosage, covertime, organic matter content
and temperature on the concentration-time products (CT) of methylbromide as well
as the concentration of bromide at different depths of the soil profile, using
the same coefficients and relations as in the model calculation for the field
experiments. Details on the simulated situations for the two most important
factors, temperature and moisture content, are given in figures 8 and 9.
Situation V2 is the case^of the first fumigation of the field experiment with
I.05 mol methylbromide/m2. The increased moisture content (situation V3) retards
the depth penetration of the rumigant (figure 10). Penetration of the gas into the
-30 cm soil zone is limited by the presence of ehe ground water table. Volatilization
after removal of the soilcover was improved by the lower moisture contents. Eight
days after the start of the fumigation, the volatilization reached 783, 7k% and 13Š
respectively for Vi, V2, V3. The amount of methylbromide remaining at that time
was 11%, 143 and 141.
High soil temperatures increased the decomposition much more than the concentration
of methyl- bromide in the deeper soil layers (figures 11 and 12). The amount of
methyl bromide decomposed eight days after the fumigation was 1%, \\% and \k% of
the dose of methyl bromide, respectively again in the situations Tj, V2 and Tz,
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Treatment bufar» first lettuce crop
Trialplot
Dot« aetftyl bromide appliad I«aching
number
•ol/m*

3
S
• 7
9
11

(

Oosa methyl bromide appliad leaching
m»
•o)/«2

0,53

0

0.53

0

0.53

400

0.S3

400

0.53

0

0

0

1.05

400

0

0

1.05

0

1.05

0

1.05

400

t.05

400

0

0

13

Treatment bafora second lattuca srop

0

•

0

Tabla 2 • Son« physical characteristics of the fumigated soil during first ftnlgation
(A) and second fumigation (8).
Oepth
(on)

Temperatura

A
0

C25

a

20,0

15.0

Sulk
density
g/ei3

Organic setter
content
g/g one.

A and »

A and 8

Volume waterfraetion
e, e n 3 / » 3

10

15.7

12.7

1.02

0,054

0.23

0,22

30

13.4

12.0

1.11

0.044

0.23

0.22

50

11.2

11.0

1,41

0,028

0.27

0.28

70

10.1

11,0

1.51 • ,

0.013

0,33

0,33

—
—
—

O - » en
-O-20CT
»-Men

——

30-SOOB

— — » - T O en

0.37
0,34
0,20
0.09

0.38
0.3S
0.19
0,09
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Figure 1 - Concentration of bromine in the soil (ordinate in umol/g dry soil).
Values are averages of measurements for trial-plots number
1 and 5 (a)
and 3 (b). Fumigation with 0.53 <nol methyl bromide/m2 took place on
4-9-'76; leaching during the period from 13-9 up to Î7-9-'76 and
plant growth between 20-9 and 26-11-'76.
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Figure 2 - Concentration of bromine in the soil in trial-plot number 7 (a) and 11 2 (b)
(ordinate in timol/g dry soil). Fumigation with 1.05 mol methyl bromide/m took place on 4-9-'76, leaching during the period from 13~9 up to 17~9~'76
and plant growth between 20-9 and 26-11-'76-
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Figure 3 - Amount of bromide (a) (mmol/head of lettuce) and concentration (b) in
the leaves (umol/g fresh leaf) during the first crop growth (plantingdate 20-9-'76) on different trial plots. Pretreatment of the trial-plots
are given in table 1.
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81
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Amount of bromide (a) (mmol/head of lettuce) and concentration (b) in
the leaves (umol/g fresh leaf) during the second crop growth (plantingdate 17-T2-'76) on different trial plots. Pretreatment of the trial-plot
plots
are given in table 1.
concentration of bromidt
pmol/g frniiltif
ISO

concentration of brcmin«(pmol/g.drysoil)

Figure 5 " Relation between concentration of bromide in the fresh leaf of lettuce
and bromine concentration in the top layer (0 - 20 cm) of the soil profile
on different trial-plots. (kQ g and 120 g fresh head of lettuce was reached
after 29 days (a) and A3 days (b) of growth respectively.
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Figure 6 - Results of calculations with the model after the first fumigation with
U 0 5 mol "methyl, bromide/m 2 and measured values of the concentration of
bromide (ordinate, depth below the soil surface in cm) t days after
fumigation.
a) concentration of methyl bromide in the gasphase in umol/cm 3
3
b) concentration-time product in the liquid phase in
c) concentration of bromide in umol/g
depth in soil(cmj_
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Figure 7 - Measured concentrations of bromide in the soil 6 days after fumigation
with 1.05 mol methyl bromide/m2, without leaching.
Computed concentrations of bromide are given 6 days after fumigation
without (L • 0 mm) and with leaching with a 6 mm waterlayer (L •= 6 mm)
and 12 days- after fumigation with leaching respectively with a 7k mm
and 160 mm waterlayer.
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Figure 8 - Definition of total porosity, soil moisture profiles and soil level
without tillage in simulated cases of soil fumigation with methyl
bromide. V"2 is the case of first fumigation with 1.05 mol methyl
bromide/m2 in the field experiment "(see Figure 6 ) .
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Figure 9 - Temperature (7) at different depths beîow the soil surface in simulated
cases of soil fumigation with methyl bromide.
V2 is the case of first
fumigation with 1.05 mol methyl bromide/m 2 2 and T 2 the case of second
rumigation with 1.05 mol methyl bromide/m of the field experiment
(see Figure 6 ) .
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Figure 10- Computed concentrations of methyl bromide in the gas phase at different
depths m the soil as affected by the soil moisture content, resoectîvely
1, 2, k and 8 days after application. Covertime « 2 days, the moisture
content in the upperlayer is in the cases V,, V 2 and V 3 0,25, 0,23 and
S
0,30 respectively (see Table 1 and Figure 8 ) .
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Figureil - Computed concentration of methyl bromide in the gas phase at different
depths in the soil, 1 and 2 days after application. The soil
temperature at the soil surface is 7, 20 and 25 °C in the cases Ti, V2
and "ty respectively (see Figure 9 ) .
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Figure 1 2 - Computed concentrations of Br" at" different depths in the soil, 8 days
after application of methyl bromide. The temperature at the soil
surface is 7, 20 and 25 °C in the cases T,, V 2 and Ti, respectively
(see also Figure 9 ) .

P L A N T
« O D 2 L S - C T

5 Ü î H I ! 1 O 5 : 5 0 I LS

C L S S - 3 I 0 L 0 G Y

O ?

H I T B O G E 5

Svaltiation of energy ana nitrogen balances of different agro-ecosTateas.
M.J. FSISSEL
The results of the project have been published under the title "Cycling of mineral
nutrients in agro-ecosystems" in Agro-Ecosystems, December 1977, edited by the
scientist in charge of the project. The book version published by Elsevier
(same title and editor) is scheduled March 1978. The manuscript contains 350 pages
of information on nutrient pools, pathways between pools, nutrient balances
and compiled data. Three representative figures appear below.
type of agricultural system
ext.mmt production
„ ext. arable «arming
«5

„ e x t dairy (arming

S

1

livestock port
mixed (seifsustaining) larming
arable port

int. meat production

int dairy lormitvj
' int. mixed «arming

horticulture

int. arable (arming

20

40

60

80

100

120

140

160

180

400

nitrogen output of agricultural systems (kg/ha)
Figure 1 - Agro-ecosystems grouped according to type of farming and nitrogen output.
Each dot represents an agro-ecosystem; similar systems are connected by
lines. The vertical axis is a measure for the intensity of the system.
Extensive systems are near the top, intensive systems near the horizontal
axis.
The horizontal axis shows the nitrogen output of the systems in consumable
products (meat, milk, grain, hay, but not straw; for forests wood carried
off was taken into account}.
The mixed seifsustaining systems are split in their arable and livestock
parts. (Because the ratio arable land/pasture land is not equal to 1, the
output „of the farm as a whole is not equal to the arithmetic mean of both
parts).
The system on the extreme right side is a hay producing farm in Southern
France, its output is M)0 kg N per ha per year.
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Figure 2 - The output of consumable nitrogen (definition see fig. 1) versus the
farm input of nitrogen of arable systems. Each symbol represents an agroecosystem; the shapes of the symbols indicate the different authors (which
are indicated in the original manuscript). The farm input includes
nitrogen in fertilizers, manure, rain and also biologically fixed nitrogen,
but not mineralization.
The full lines connect points with equal efficiency (100 x farm output/
farm input). The dotted lines connect points with equal
absolute losses.
It appears that up to farm inputs of 150 kg N ha^y" 1 , the output
efficiencies are often1 close to the 66% efficiency line. For outputs
above 150 kg N ha'^y' , the inputs are scattered around the 50%
efficiency line, indicating slightly lower efficiencies at higher farm
inputs.
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Figure 3 - The ratio of leached N/consumable output N versus the farm input
(definitions see figs. 1 and 2 ) . Circles: arable systems, diamonds:
livestock
systems. Closed symbols: nitrogen fixation above 35 kg N
ha'^y 1 , open symbols: nitrogen fixation below 35 kg N ha" 1 y~ 1 .
With the construction of this figure it was tried to find an answer to
the question whether the amount of nitrogen leached, when expressed per
quantity of food produced, is a function of the farm input or not.
However, a relation could not be ascertained, although the figure
certainly does not support the idea that high fertilizer dressing
leads to high fertilizer losses when these losses are expressed per
quantity of food produced. (The nitrogen losses per ha are related
to the farm input indeed, this correlation is not shown).
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Behaviour of nitrogen in aoil emphasizing Iosse3 of nitrogen from the
nitrogen cycle: Computer simulation model«
J.A. 7AIT VEEH, M.J. FRISSEL
Research reported here has for an important part been carried out by J.A. van Veen
during the first period of his stay at the Saskatchewan Institute of Pedology
(Prof. E.A. Paul) University of Saskatchewan, Saskatoon, Canada.
Development of simulation models
The submodel of mineralization and immobilization appears to be the most important
submodel of the N-model with respect to the understanding of the effect of microbes
on the N-cycle in soil. Because the version of the submodel developed thus far did
not include soil organic matter as substrate for microbes serious discrepancies
showed up between the experimentally determined and simulated inorganic nitrogen
concentration and biomass (see Annual Report 1976).
Taking into account the soil organic matter as substrate (see figure 1) improved
the fit between the predicted inorganic nitrogen concentration and the experimentally
determined one for a sandy soil amended with straw (10.4 g/kg dry soil) and N
(7-5 ppm (NHÍ,)2 SOi(" N ) significantly (see figure 3 ) .
For better understanding of the effect of different forms of cultivation on the
soi? organic matter content (especially related to the Saskatchewan situation)
on a long term base, a computer simulation model is developed of which a "box and
arrow" diagram.is shown in figure 2.
Biomass determinations
A. Four dyes were tested for their use as microbial stains for routine biomass
determinations in soil. The dyes were Fluoresceine isothiocyanate (FITC),
Acridin Orange (AO), water soluble Ani tine Blue (AB), Mg-1-Ani1ine-8-NaphtaleneSuifonic Acid (Mg-ANS). All of these showed an excellent staining of isolated
microbes.
Fluorescence-background with FITC was minimal compared to the other dyes. This
makes the use of Acridin Orange especially doubtful.
8. Previous experiments with FITC and water soluble AB as staining agents of bacteria
and fungi in soil respectively showed the presence of large, mostly spherical
"objects" in microscopic preparations of soil samples. Although highly probable,
it was not sure that they were micro-organisms. In fact they might be artefacts
resulting from an improper staining technique.
To see whether these "objects" respond to biological treatments, thus obtaining
more evidence that they are micro-organisms, substrate was added to soil
(3 mg glucose-C, 0.17 mg NH4NO3-N and 0.05 mg KH2P0i,-P per g dry soil).
The treated soil + control were incubated at room temperature and moisture was
kept at field capacity-level for k8 h. At 0, 5, 2k and k8 h samples were taken.
Four smears were made per sample and stained with FITC. Per smear 20 fields
were counted. The experiment was carried out in duplicate. The fluorescent
objects seen under the microscope were divided into two groups, 1 arqe, with
a diameter of > 3 wm or in case of rods with length > k urn and diameter > 1.5 urn,
and small with smaller size. The average number of both groups per field, the
average biomass (assuming we are dealing here with microbes) per gram soil and the
ratio in mass between the two groups against time are given in table 1.
There was a very significant response of the large ones to substrate addition
contrasted with the small ones, which is reflected in the decrease of the ratio
of the mass of small and large ones. In a second experiment (see table 2 ) , the
effect of fumigation with CHCI3 on the large objects found in the first experiment
was determined. Substrate in the same concentrations as in the first experiment
was added to the soil, and thereafter soil + substrate and control were preincubated
for Ik h.

In a third treatment fungal spores (Pénicillium sp.) *ere added. One part of the
soil • substrate, soil + spores and control was fumigated with CHCI3 during 2k h,
trie other part was not. After 2k h of fumigation, CHCI3 vapour was removed, the
fumigated soíls.were reinrjculated with 1 g untreated soil, and incubation was
continued for 72 h. The large objects as well as the fungal spores appeared to
be very sensitive to CHCI3 in contrast with the small ones. Decrease in the number
of spores in the control without fumigation is caused by germination of the spores.
These results gave further evidence that the large objects were micro-organisms.
The small objects are generally considered to be bacteria which is in full
out what kind of
agreement with what is known about their size. In order to find ou
organisms the large ones are, recovery experiments were carried out with the
most probable organisms, fungal spores and yeasts. In such experiments the
percentage of a known number of organisms added to the soil recovered after
staining with a certain dye, in this case FITC was determined. Therefore three^
treatments were used: soils + organisms, organisms only, and soils only, each in
four replicates. Smears were made directly after addition of the organisms
to the soil. The soil used was a sandy soil. The fungal spores were spores of
Pénicillium fréquentons, Pénicillium sp. and Aspergilius sydoui; other organisms
were Rkoostcx^li: and Cryptococcus albidus. The recovery R was calculated
according to
.

Nsoil+org. - Nsoil
Norg.
and N
where Nsoîl-rorg., Nsoil
org. ars the numbers of organisms found aftsr the
thrse treatments respectively.
The recoveries of four of the five organisms are given in table 3.
For Crypzococzus cloiaus the recovery experiment has still to be carried out.
Recovery was complete, as shown. The percentages higher than 100S are caused
by a much better distribution of spores and yeasts in the soil
than in the treatment "organisms only" in which they most times were grouped
together.
The reason of the difference in the effect of fumigation on the Isrge and small
organisms still has to be analysed. This is of great importance for evaluation
of the frequently used CHClj-fumigation technique for determination of soil
biomass.
For converting numbers of organisms into dry weight of microbes, it is generally
accepted that the specific gravity of microbes is 1.1 and that the water content
is 80%. Earlier experiments here, however, showed that this is not always true
and that the real value of the microbial density depends on the growth conditions.
In recent experiments different microbes, three fungi, three bacteria and two yeasts
were grown on agar plates, in shake cultures, and at 1/3, 3 and 15 atm. suction.
Preliminary results show that indeed the apparent density can differ very much from
the generally accepted density of 1.1.
m

Table 1 - Effect of substrate on the number and biomass of small and large objects and their interrelationship
versus time.
Biomass*(mq/q soil)
Numbers per field
Control
Soli + Substrate
Control
Time Soil + Substrate
(h) Small
Larqe Small Larqe Small
La rqe Small Larqe
2
2
0.62
0
18
0.98
0.59 0.98
19
2
2
0.72 0.98
0.98
22
0.85
5 26
11
2I| 20
0.65
0.75 1.47
3
5.39
23
48 26
12
2
21
5.88
0.67 0.98
0.85

Ratio (SraalI/Larae)
Soil + Substrate
Control
Number
Biomass Number Biomass
9.0
0.60
9.5
0.63
13.0
0.86
11.0
0.73
1.8
0.12
7.7
0.51
2.1
0.14
0.68
10.5

Note *: For conversion to biomass the number per field is mlltiplied by 1.48489 x 1 0 s to get numbers per g soil
For conversion from numbers per g to mg per g soil the volume of small objects was taken to be I um 3

- 49 Tjbl« 2 - Effect of fuwigatlon with CHCI3 on small and large objects in soils to which substrata is added and
fungal spores, compared to control soils without additions versus time after fumigation.
81omass""(mq/q soil)
Numbers oer field
Soil + Spores
Control
rime SoiI+Subst So i 1»Spores Cont ro1 Soil + Substrate
.
+
+
•
•
4(h)' •
M
S
L
S
L
L
S
S
L
S
L
L
SL
0 II 7 13 14 7 8 9 7 17 2 17 2 O.36 3.43 0.42 6.86 0.23 3-92 0.29 3.43 0.46 0.98 0.56 0.98
24 5 2 12 9 12 2 10 2 10 3 14 2 0.49 O.98 0.39 4.41 0.39 O.98 0.33 O.98 0.33 l-*7 0.46 0.98
30 20 1 16 7 15 1 10 1 18 1 12 1 0.65 O.49 G.52 3.43 O.49 O.49 0.33 0.49 0.59 O.49 0.39 0.49
72 21 1 10 3 190.5 12 1 19 1 10 2 0.85 O.49 0.33 1.47 0.62 0.24 0.39 0.33 0.62 0.49 0.33 0.98
Note: • + means: fumigated with
- means: not fumigated with ČHCI3
M S - small objects
L • large objects
N - number per field
8 - biomass
•*•: Sec Table 1.

Continuation Table 2:
Ratio Small/L a roe
Time Soil + Substrate
Soil + Soores
*
+
(h)
H
N s
a H s N 3
N
0 1.6 0.1 0.3 a.06 0 9 0.06 1.3 0.08 7
24 7.5 0•5 1.3 0.09 6 0.4 5 0.3* 3-3
30 20 1.32 2.3 0• 15 5 1.0 TO 0.67 13
72 Î1 1.73 3-3 0.22 33 2.6 12 I.18 19

Taole

N
H
0.47 8.5 0.57
a.22 7 0.47
j .2 12
0.3
1.3 5 0.37

3 * Recovery of fungal spores and yeasts after staining with F1TC
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Figure 1 - Scheme of the second version of the submodel of mineralization and
immobiIization.
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Figure 2 - Scheme of the long-term carbonturnover model.
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Figure 3 " Calculated and experimentally determined course of inorganic N concentration
after addition of straw 10.k g/kg dry soil and nitrogen, 7.5 mg (NHit)2 SO^-N/
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nitrogen nutrition of slants in relation to the accumulation of amiao
acida and proteins in several plant parts.
H. BESTSLSH, Ch.H. ESiTISCH TEN CATE
I. Ionic balance of root-shoot nitrate transfer in dwarf bean plants (FkessoZus

vulacris)

The 0ijkshoorn-3en Zioni model about potassium recycling in higher plants proposed
a stoichiometric coupling between the upward transport of nitrate and potassium,
and therefore a 1:1 ratio of these ions in the xylem sap.
Phaseolus vulgczpis grown in media with different NO3 : K* ratios, however, only
rarely showed equimolar concentrations of the two ions in the bleeding sap. Ratios
between 0.2 and 11 were observed and the ratios between concentrations of the ions
in the exudate and in the external solution were positively correlated.
An analysis of the major inorganic constituents of the exudate revealed an ionic
balance that requires negligible amounts of charges from organic molecules.
2. Distribution of nitrogen
Bean seedlings were grown on a basal medium (BM), containing all nutrients except
nitrogen during 10 days. At the beginning of the experiment i 5 N was added in the
form of K- 5 NC3, and the distribution of the label over the nitrogen depleted plants
during the first six hours was determined (figure 1 ) .
After four hours of nitrate nutrition 9 8 % o f the absorbed nitrate accumulated in
the roots. After six hours the amount of l 5 N detected in the aerial parts, mainly
the primary leaves, increased up to 20% (table 1 ) . The amino acid corn position of
the bleeding sap, collected during the first six hours of nitrate nutrition, was
not influenced by the nitrate nutrition (table 2 ) . These results indicate that the
added nitrate is transferred to the shoot mainly in the form of nitrate.
3. Some characteristics of nitrate uptake by dwarf bean roots
The nitrate uptake consists of an induction phase of 3 - k hours after which a
steady state is reached (Ann. Report 1976, figure 4 0 ) . It is now shown that
nitrate uptake during the first 15 hours is not compensated by OH"-release
(figure 2 ) .
Depletion studies showed that the nitrate uptake system operated at constant rats
over a wide concentration range (5"100 y M NO3). Similar experiments with maize
(Zea mays I. Marcross) revealed that the uptake rate was constant between 18 and
50 u M a n d gradually decreasing below l8uM. 80th findings indicate that, under the
experimental conditions adopted, the Michaelis constants for NO3 uptake calculated
by many authors, including ourselves (30-40 v»), are overestimates or do not bear '
relationship to depletion experiments.
In contrast the chloride uptake showed a different pattern.
Dwarf beans absorbed chloride ( 3S C1) at a constant rate between 22 and 38 uM and
at a lower, but also constant, rate between (at least) 7 and 22 uM (figure 3 ) .
The rapid change in absorption rate is probably accounted for by a phase transition
(true discontinuity) at 22 uM, that may be part of a single multiphasic isotherm
The duration or the lag phase for steady state nitrate uptake was found to be
independent of the presence of nitrite orammonium ions in the plants or of
nitrate assimilation. Evidence was gathered for the involvement of both protein
synthesis and root respiration in the induction of linear phase nitrate transport.
k. Some characteristics of nitrate reductase activity
Nitrate reductase activity (NRA) in primary leaves of bean plants, grown on a
nutrient solution with 5 mM NO3 or without NO3 showed in general a rhythmicity.
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figure 3 9 ) . However, root NRA reacned a constant level 12 hours after the start of
nitrate aDolication. An astonishing high levei of NRA was found in leaves of bean
plants grown on a necium without nitrate (figure 4, table 3 ) . T h e origin of this
leve' was studied. It appeared to be enzymatic as the initial nitrate reducing
activity NRA cisppeared after a heat treatment at 100 °C during 5 m i n u t e s .
A pretreatment of 17 hours with tungstate (inhibitor of NR) decreased the initial
rate of NO3 reduction by QQ%, whereas the induction of NRA by NO3 was completely
inh i b i ted.
Distribution of NRA in bean plants during their growth till seedfîlling on a
complete nutrient solution showed a gradient of NRA from primary leaves to the
trifoliate leaves (figure 5 A ) . In roots NRA increased with root weight
continuously. The 202 of total NRA, present in roots was constant during the
growth period (figure 5 3 ) .
• Comparison of the nitrate uptake or transport and nitrate reductase activity, NTA

and NRA rësôT

'

"

~

The relationship was studied with the aid of inhibitors. The nitrate
uptake rate
in the linear phase is considered as the nitrate transport act ; vity. It has already
been demonstrated that tungstate inhibits root NRA completely, whereas NTA is
only inhibited up to 60% (Ann. Report 1976, table 3 0 ) . Inhibitors of protein
synthesis and respiration inhibit NTA and NRA nearly completely suggesting that
protein synthesis and a normal energy economy are needed for both processes
(table 4 ) . These results indicate that only part of the NTA system is dependent
on the NRA.
Table 1 - Distribution of l 5 N over tops and roots of nitrogen depleted dwarf bean
plants in the course of nitrate uptake experiment. Nitrate added as
K iS M03 (96.5 at Î) 0.1 «M « t • 0.
Time (h)

:

IS

N at excess %

Toos
0.00
0.01
0.01
3.49

0
2
4
6

' Roots
0.00
0.6S
1.41
3.03

amol
Toos
0.0
0.1
0.4
11.3

l5

N per g OHR

Roots Plants
0.0
0.0
10.7
10.3
19.S
20.0
48.4
60.2

% Of ^ N
in tops
0
1
2
23

Table 2 - Free amino acids in exudate of 10 days old dwarf bean plants, grown on a
basal medium at ! « 3 1 IN {3M+NO3) or NO (3M) nitrate was added, and
during the following 6 hours exudate was collected.
3M - NO3

Sum

3*17

Alanine
Glycine
Val ine
Threonine

45
76
178
93

Serine '
Leucine
Isaleucine
Prol ine
Asparag ine (NH2)
Glutami ne (NH2)
Phenylalanine
Lysine
Tyros ine
Argin ine

106
105
312

51

3153 u«

55
53
177
76
66
96
288
96

1765

1608

153
315
30

158
46
297
23

11)6

104

1)2

- Effect of a <7 a pretreataent »icn tungstat» on the Initial NRA and
índuesíon af SRA sy NO3 (5 rtn) in leaf-disks
!

t

! nM WajwOt,

i «
:

13-3^2-9
11.3 * 2-3
5ó;2.l
2.8 i 1.8

3.1
i

;

10

fable

9--00 { ! litiail
l
nnel lOJ-disk*'- n~ 1 i control

15.30 (induction)
nmol .VOJ • d i s * " ? - n " !

! % control

1 '°0

1

100

17.5 - l.S
17-1 * 3 - *

i

97

9-3 • 3-1
l.Z i 1.1

i

5*

!

'3

i

37

i

<>2

1

.21

- ifftcz af inhibitors and excision or ringing in :!ic presence and
aosenc« or sucrose on cite .11 tract rranssor: tczivizy (HTA) and nieracc
<*educcase aczivicy (NRA) in :ii» roots of N-seslecsd dwarr bean plants.
.IRA is aaccrmined á h ar:er addition of 0.1 nn nitrate. NTA and NRA ars
expressed as a percentage of tfeir values in control plants.
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I
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i K M 3 (100 u.M)
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I
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I Excised
+ 25 sucrose
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I Oarti

1
Î0

73
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Figure 1 - Distribution ofl5N in dwarf bean plants in relation to time after
application of 0.1 mM K l ^NOj (56,5 at %) at t = 0.
Bean plants were first grown on a basic medium without nitrogen
during 10 days.
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Figure 2 - Time course of n i t r a t e uptake and OH" release by 10 day old dwarf
bean plants. At t = 0 5 mM n i t r a t e was added.
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Figure 3 - Time course of chloride absorption by bean roots. The numbers
adjoining the plot refer to the chloride concentration. Initial
concentration was kO yrt. To increase the depletion rate, the solution
volume was decreased with 10 ml at the times indicated (x).
Initial volume was 100 m l .
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Figure k - Time course of NRA in primary leaves and roots. Bean plants were
grown during 10 days on a basic medium without nitrate.
At 9:00 5 mM NO3 was added to the medium.
Figure 5 - A. NRA in leaves and roots during the growth of bean plants on a
complete nutrient solution.
B. Total NRA in bean plants and the percentage of NRA in roots of
total NRA.
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- 57 31 trogen la gcs-systeas aad 'aioehesical cycles.
J.E. 3SC2ING
Attenocs were mace to ootain an insight in the pathway of molecular nitrogen after
fixation by tne plant-algae association in AzoZZa. Ammonia produced by the nitrogenase
fixation reaction is sound to glutamate or g lutam i ne by the action of the enzyme
glutaminate syntnetase. Two kinds of assay methods were used, the Biosynthesis assay
{Glutamate •*• NH3 + ATP) and the Transferase assay (Glutamate + hydroxylamine). The
main problem was the preparation of plant breis from active algae. The assays
(using a number of buffers and treatments) gave so far low or negligible activity.
for comparison sake, assays with call-free alga I extracts produced by means of X-press
were also performed with free-living blue green algae {Arabaenz cyZinan.cs. Leram.),
but also in this case no activity could be measured.
In other tests the nitrogenase activity of ehe Anabaena azollae Strasburger symbiont
was measured after separation from the host. Using several methods such as
cellulysin treatment, a sieve method or gradient centrifugation, etc. yielded
only algal cells with very low activity. Apparently the association between plant and
algal cells is very intrinsic and the removal of one component gives a sudden loss
of activity.
With the aid of tetrazolium salts the reducing capacity of heterocysts and
vegetative cells of the Azolla endophyte (Ajiabaena czollze Strasburger) was assayed.
Using C-Ik the photosynthetic capacity of some symbiontic blue-green slgae
and its relation to nitrogen fixation was determined. These experiments have
not yet been concluded.
During a stay in Indonesia from July to December 1977 the nitrogen-fixing capacity
and the influence of external conditions on the nitrogen fixation of the AzoZZc.
symbiosis was assessed. The experimental results obtained are not yet worked out. As
preliminary result can only be mentioned that the occurrence of AzzZZz has markedly
been reduced in the irrigated rice field, probably by the application of herbicides,
pesticides and other organochlorine compounds in rice cultivation. Due to interest
from Indonesian side to this pollution problem related to the nitrogen status of rice
soils an evaluation was nade of the total biocycle in rice fields

Mutation and selection of Hhizobium strains.
J.E. 3SCEIÎÎG
As mentioned elsewhere a large number of Rhi.zdbi.vm leçuir.z.nosayjr, Frank strains were
isolated from root nodules of Vide fobs (L.). These strains were randomly picked
from the isolation medium. No selection was made for any morphological or
physiological characteristic. Testing these strains for nitrogen-fixing capacity
under controlled conditions proved to be difficult, because nodulation was absent
or sporadic in sterile Vicia feba seedlings" growing in agar media or water culture.
Since radiosteri1ization (alreaoy 200 krad was sufficient) was effective to
sterilize soils for Rkizobium, future experiments will be done with these radiosteri 1 i zed soils.
No experiments were done to change the genotype, of Shizobiw, itself by mutagenic
agents or radiation.

- sa Ccntri'stitisns zs breeding for essential sai.no acids and high protein
cog test in Zurosean slants (leguaes) by selection of aore efficient
3 trains of Hhizo'oiua.
J.H. 3 E C Z U S
Field bean ("ida fata I.) varieties wers sown in small experimental plots
( 6 x 6 meter) with different soils present at ITAL.
During the summer of 1977 each week, growth characteristics, length, flower and pod
bearing parts of the stem, number of pods, number of seeds, number of root nodules
and fresh and dry weight of shoot, root, pods, seed and nodules of three varieties
of Vida fsba: Wierbcon C.8., Minica and Maxime under different experimental
soil conditions, clay soil (pH 7.3), dark humous soi.l (pH 5.6) and sandy soil
(pH 6.9) are determined.
Although the experimental data have not yet been fully worked out, it can be said
that nodulation and growth of the Tiaia plants was better in the alcaline clay soil.
This result can partly be caused by the better waterholding capacity of the clay
soil, which was favourable for the plant in the dry spells during the summer of
1977.
Furthermore, nitrogen percentages and yields of the plant were determined, but
these figures are not yet available.
C2H2 (N2) reduction of Vicia fdba root nodules was measured in detached root
nodules during the growth period of the plant and of plants standing under
different environmental conditions (soil type, pK soil).
The C2H2 reduction values were rather variable. No correlation could be found
between the time of the day (photosynthesis material available) and C2H2 reduction
capacity. However, the general trend was obvious that the Z^A^ reduction of the
root nodules decreased during the growth period of the plant from about 60 nmolas
i
C2H^-h"
-g fresh wt" i in June to 8 nmoles C^H^-h'^-g fresh wt~- iin August.
2^
Available soil moisture proved to be an important factor governing the C2H2
reducing capacity of the root nodules. The C2H2 reducing capacity was reduced to
20% of the maximum values by waterlogging as well as by drought. A positive
correlation was found between the water content of the root nodules and the
C2H2 reduction capacity.
From experimental fields at the ITAL, but also from soils of the N.O. Polder
aj-mmber of^Rhizcbium Izguminosa^jm Frank strains were isolated from root nodules
of Vicia fcba plants growing at these sites. In the isolation no selection was
made for particular strains, colonies were randomly picked from the agar plates.
The Bkizobi.ua. strains were purified by subseauent transfers on suitable medium.
Up to now reinfection tests with the pure strains and sterile 'Haia fdba seedlinas
growing on agar or in water culture were unsuccessful. Apparently agar or a water
culture is not a suitable medium to effect nodulation in Vicia fába. For this reason
experiments were performed with soils. To obtain Rhizobzum-free soils use was made
°f heat.treatment and radiosteri1ization. Normal river sand (usually containina
Rhizobium) and soils of the experimental fields in the N.O. Polder on which previousK
Vida faha had been grown were used. The heat treatment was 105 °C and the radiation
doses were 200, 400 and 6OO krad. All heat treated soils and even a treatment of 200
krad proved to kill all available Hkizobium cells in the soil, whereas the untreated
soils showed abundant nodulation (10 nodules/plant in river sand, 30-50 nodules/olant
in N.O. Polder soil).
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with the S
J. S I X U 2 7 3 , ?. VA5 30B2, M.J. FRISS3L, S.C. TA3 BB GSIJH, D.H. KSTBL
A m,;.:ber of technological and methodological problems was solved. The major problems,
of approor iate column fill ing in order to avoid profile rupture and to obtain
regularly distributed root development, e.g. minimized wall effects, has been solved
satisfactorily. The growth chambers were rendered air tight and the infra-red
measurements of the concentration changes of carbon dioxide in the plant atmosphere
were started. Four iong term growth experiments with maize (Zea mays L. cv. Ona),
covering a period of two and a half month each, were carried out. The climatic
conditions for the shoot were the same in the four experiments, but different soil
temperatures were imposed (figure 1 ) . Low soil temperatures caused severe phosphate
deficiency symptoms and retarded growth. The phosphate fertilization level of
experiment 4 was therefore four times higher than the one of experiment 3Measurements of net photosynthesis and total respiration were performed during short
periods hashed in figure 1).
During the experiments, the temperatures at different depths in the soil columns
were recorded using a dumy
column similarly treated and provided with six thermocouples (figure 2 ) . The top soil layer is warmed up by the total irradiance and the
highest temperature is reached at the end of the period of highest light intensity
(19H00). The influence of irradiance is also visualized by the temperature evolution at the measuring points 2 and 3» whereas points 4 and 5 reflect the programmed
temperature regime of the root compartment. Below the groundwater level, the
temperature is lower and changes more slowly than in the bulk soil, due to a
higher heat conductivity and a slightly lower external temperature at the bottom of
the cylinder department. The measured temperature gradients are very similar to
those measured under natural conditions as reported in the literature.
The experimental data are being prepared now in view of their use for testing
simulation models on plant-soil interactions. As a function of age of the crop,
the following relationships are being computed: yield of root and shoot, root-shoot
ratio, leaf area, total transpiration, net photosynthesis, respiration, net photosynthesis per unit leaf surface, root development, root penetration, mineral
composition of root and shoot.
In collaboration with Dr. Miedema (Foundation for Agricultural Plant Breeding
(SVP, Wageningen)), the course of photosynthesis and respiration of two maize hybrids,
a cold tolerant flint maize (F) and a cold sensitive dent maize (D), were studied
(table 1). Leaf stages and leaf areas illustrate the plant development during the
experiment. For both hybrids, the leaf área increased between 21 and 45 days by a
factor of 17. In the same- period, the net photosynthetic rate increased also,
indicating a rise of photosynthetic efficiency during seedling development. The Q,5
values of gross photosynthesis and particularly of net photosynthesis (table 2)
tend to decrease with plant development suggesting a decreased sensitivity to low
temperatures with plant development. At 5 - 10°C, dark respiration of hybrid D,
especially in the seedling stage, may be more sensitive to low temperature than
that of hybrid F (Q5 values of respectively 3-22 and 1.86). Above 10°C, both
hybrids show similar patterns of temperature response (figure 3 ) . A longer exposure
to low temperatures (5/10°C) resulted in a reduction of the rate of net photosynthesis whereas dark respiration was little affected (table 1, days 27-29 and
41-42). At 15°C, no decrease was observed and the increase at 20°C probably was due
to increased leaf areas. The tyo values for dark respiration (table 3) clearly
suggest a biochemical rate limiting factor; Q.1(j values for gross and net photosynthesis are lower but still within the range for biochemical processes.
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(days)

Leaf
stage

laa* area
Cd. 2 )

• 0 F
«

21

3.6

25
26

27

10

33
34

5

6 6

43
44
45

13.1

13.0

20.2

18.8

5
5

28.5

10

15

8 8 (jl.2

Age

Temp.

(days)

change

-

24-25

rise

26-27
27-28
29-30
30-31
32-33

fall
fall

teap. synthesis
Img COj.h' 1 )

F

0

F

D

F

0

so

21

29
9

29
57
35
45
70
63

34
26
41
54
62

130
95
59
63
108
198

116
79
43
47
84
156

20

15
IS
20
20
10
10
10
15
15
15
20
20

20
15
10

10

15.
20

12
12

15
15
30

58
SB
93

49
42
70

70
70

64
57

27
80
66
49 47
40 37
27 26
59 51
73
52
86 77
147 128

120

100

197
96
77
68
135
150
163
292
415

149
81
72
56

242

221

484
532
380
336
512
815

408
459
313
263
335
588

117

49
37
4l

76
77
77
145
173

63
34
35
30
62
60

65
111

134

289

232

214
141
141

162
112
116

255
419

230
329

773
746
521
477
76?
1234

113
112
142
23? .

355

640
621
425
399
615
917

52.8

c

'i("»te conditions, leaf stage, leaf area, respiration and photosynthesis
of the two maize hyorids.

respi ration 8h-10h
5-10°C
IO-15°C

Dark

Dark

F

Table 2.

67
66
39

15
10
52.0

1

39-40
40-41
42-43
43-44

41

15
10
10
15
15

7 7

25
36
37

29

S
5

8.1

5

38
39
40
41
42

8.1

Dark raspiraCross phototion (day teap.) synthesis
1
(•g COj.lT 1 }
(•g c Oj.lT )

Net photo-

4.1

10
10
15
15

28
29
30
31
32

Oay

D

F

0

4

23
24

Oark respiration
(night t e « . )
(•g CO..h*»)

Nignt
»••P(OC)

1.86

F

D

10-1S°C
F
D

0

1.63
1.69

1.03
1.72

1.63
1.56

1.31
1.32

fall
rise

fall

1.61

1.37

1.47

rise

1.71

Net photosynthesis

Gross photosynthesis

10-15°C
F

D

10-15°C
F

0

1.96

1.99

2.02

1.43
1.61

1.46
1.54

3.22
1.85

2.07

2.19

1.52
1.81

1.45
1.98

1.40

1.47

1.52

1.36

rise

fall

respiration. 0-2h

1.84
1.79

rise

1.86

1.83

Qj values of both hybrids.

Plant activity

Temperature range (°C)

«10

Dark respiration, night temp.

5-10

3.02

Dark respiration, night temp.

10 - 15

2.67

Dark respiration, day temp.

10 - 15

2.86

Gross photosynthesis

10 - 15

2.28

Net photosynthesis

10 - 15

2.07

values of both hybrids
between days 39 and 44.

1

parameter iperfodj times

I exp.1

dtpth(cm)

S""l ••
3
l

HjQIcvtl 22'

75—
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Figure I - Climatic conditions for the growth experiment!. Dashed time periods
Indicate metsurements of changes of carbon deoxida concentration.

08 ' 10 " 12 ' 14 ' 16 ' 18 20 ' 22 M 02 04 OaOb tim«
Figure 2 - Temperature courses In a soil column. The temperature regime Of the
shoot compartment was 23/l3°C. The temperature regime of the root
compartment was 22/l9°C for a) and I2/9°C for b).
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Figure 3 - Rates of photosynthesis and respiration of maize plants (39 to
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Studies O P the self-incompatibility gene of higher plants for understanding the processes involved in the generation of functional alleles
and for improving methods in mutation breeding.
K. SHEE RAMULÏÏ
In order to induce new S-alleles and to understand the mechanism of their generation,
analyses have been carried out on plants derived after inbreeding and on plants
regenerated from in vitro cultures of anthers in Lycopersicon pevuviamm
Mill. Both
methods have been shown to induce new variation in Incompatibility specificity.
In addition, attempts were made to induce new S-alleles after treatments with ethyl
methane sulphonate (EMS) in Maotiana alata Link et Otto.
1. Spontaneous mutations in L. Deruviamm

Mill.

a. Ana]^sis_gf_DÍants_derived_after_inbreeçnng: Out of 55 progeny plants obtained after
inbreeding of SjŠ^ stocks, which have been bred in different genetic backgrounds,
50 had in their pollen and styles only the parental S-alleles, namely Si and S2 in
homozygous or heterozygous condition. The other 5 progeny plants were characterized
by poor flower production and pollen dehiscence. In these plants the pollen genotype
was Si Si or SiS2- As concerned the S-genotype in their styles, the data collected
on seed-set together with fluorescent microscopy analyses showed that in two plants,
namely plants 4-1 and 11-6 all the crosses were incompatible. In all the crosscombinations, as observed by U.V. microscope on pollen tube growth in the style,
a thick bundle of pollen tubes grew from beneath the stigma which gradually became
thin, and finally almost all the pollen tubes were inhibited at about half length
of the style; the fruit and seed yields were very low.
From these data it appears that there is a general inhibition in the plants. The
alleles Sj and S2 are probably not modified; new genotype(s) with disturbed
reaction appeared.
b

- ÔG§Iï§ls_gf_Biants_regenerated_from_in_yj*ro_çuliture_gf_anthers: Among the 5 cytochimeric (5n-2n-2n; earlier observation! plants and~3*2~dTpïoTd~plants, derived
from the anther cultures in S T S3, 1 cytochimera and 3 diploids gave fruits and
seeds upon self-pollination. The progeny tests, however, showed that the selfcompatibility character was not transmitted to the progeny. Hence, the observed
fruit and seed-set were probably due to revertible mutations or pseudo-compatibility.
The tests of self-pollinations and back-crosses to the mother clone (9-S1S3) showed
that among the other in uitro-derived plants, 1 cytochimera and 13 diploids were
cross-compatible as male partners with the mother clone. Two diploid plants gave
fruit and seed-set upon self-pol1ination aTidafter back-crossing as pollen parents
to the mother clone. These data ind_i_cate_that the plants may contain some new
S-allele other than the parental alleles Si and S3. Progeny tests were performed
to ascertain: i) the transmissibility of the new specificity from one generation
to the next; ii) its functional behaviour in pollen and style; iii) its capacity
to segregate as a single genetic factor allelic to the S-locus.
Altogether 3^- individuals from the crosses, mother clone (Si S3) x in üiérc-derived
plants, all being the first back-cross progeny and 17 individuals from the second
back-cross progeny i.e. the plants of the crosses of first back-cross progeny with
the mother clone were self-pollinated, and crossed to the mother clone and to the
tester-stocks in two-ways to determine the S-genotypes in pollen and styles. For
confirmation of the S-genotypes detected, a dial lei test was also performed on
randomly taken progeny plants from each type of cross.
It can be seen from the data shown in table 1, that almost all the progeny plants
contained the S2 allele (which was different from the parental alleles) in
homozygous condition, or together with S3 in pollen or styles.
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The mother clone 9-S)S3 used for anther cultures was derived from another clone,
0O6-SjS2- The allele S3, originated spontaneously after inbreeding of OO6-S1S2,
was detected by de Nettancourt who constructed two clones, namely 137- S2S3 and
9-S1S3. In these clones there has never been any reversion of S3 to S2- The results
that a high frequency of the plants regenerated from in vitro cultures contained
S2 allele demonstrate the occurrence of allele reversion or back-mutation during
in vitro growth and differentiation.
Further, the data presented in table 1 indicated the presence of some new S-allele
in the styles of four individuals of first and second back-cross progenies.
2. Induced mutations in N. alata Link et Otto
ííy£ã9SGÍ£ÍS^.2f_=!í§: T n e treatments were given to pre-meiotîc and meiotic buds of
ÕWL-S2S3 by the~"tongue-sl it" method with freshly prepared solutions of 16 mM, 2k mM
and 32 mM EMS in phosphate buffer pH 7 for 2k h at 22 °C. An analysis of EMS solutions
immediately after termination of the treatments revealed no alteration in the level
of pH. In the control plants the treatment with phosphate buffer (pH 7) alone did not
cause any adverse effects.
The highest concentration, 32 mM EMS caused very high pollen sterility, almost 100 per
cent in some plants. Further, there was a great delay in flowering and many flower
buds dropped prematurely. Also several flower buds did not show further development.
Therefore, the treatments with 32 mM EMS were discontinued.
The other two concentrations, 16 mM and 2VmM caused no extreme adverse effects,
except the induction of pollen abortion and some delay in flowering. The percentage
sterility following treatments of pre-meiotic buds was approximately two times to
that found after treatments of the meiotic buds. These results suggest that the premeiotic calls (close to prophase I) are more sensitive than the meiotic cells.
Further, the data showed that the higher concentration, 2k mM caused a percentage
pollen sterility twice that induced by 16 mM.
The results of the crosses of untreated S2S3 0 with the pollen from the treated
S2S3 d'are shown in table 2. It can be seen tnat a total of klk pollinations from
the EMS treated series gave only one fruit that contained viable seeds.
Part of the progeny plants tested indicated that the seeds obtained were due to
pseudo-compatibility. These results suggest that the treatments with EMS failed
to induce mutations at S-locus in N. alata Link et Otto.
To ascertain the mutagenicity of the given treatments 0 6 mM and 2*» mM EMS) with
respect to the induction of chlorophyll seedling mutations, attempts were made to
analyse the first and second progenies, which refer to Mi and M2 generations
respectively, of untreated S6S7 ç x treated S2S3 and untreated S2S3 o. x treated S2S3.
Analyses in the M-j show that no dominant type of chlorophyll mutations were recovered
after EMS treatments. Analyses in the M2 are underway to ascertain the occurrence
of chlorophyll récessives.
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Tapie i - S-genotype in p o l l e n and s t y l e o f the progeny p l a n t s o b t a i n e d f r o n the
c r o s s e s , mother clone (9-5753} x in y i s w - d e r î v e d p l a n t s in
Z y i
L
Mill.
i Number o f
[progeny p l a n t s

O r i g i n of the progeny
Mother clone x P l a n t 2 *

S-genotype
Stvie

o"sterile

1

hh

<S s t e r i l e

s2s3

s2s3

S2S2

S2S2

1

hh

S

3
3

S2S3

S2S3

•

Mother clone x P l a n t

15

<f s t e r i l e

1

'

5,S3

1

S,3 2

3

hh
\hh

S3S3 or S3SX ] 3233 or S3S3

1

hh
S 2 S 3 o r 3333 I
! S 2 3- 2

• đ*steriie
: 32s2

o sterile

I

i S3S3 or S3SX

!

iS

3

I

Ò* steri !e

s2s3

z
!
l

Plant 2 x Mother clone

3

!s 2 s 2

6

I
(Mother clone x Plant 17) x Mother clone

; hh

1

! S2S3
! S2S2
Î S2S3

1

(Mother clone x Plant 22) x «other clone

3S3

S2S2

S2S2

1

Mother clone x P l a n t -16

Pollen

S2S3

:

1

1

1

I
i
i

,' hh

I
1
I

! S3S3 or S3SX

3

!s 2 s 3

S2S2

:'d* Steri le

|

I

S 3 S 3 o r S 3 S X ; S 2S or S3S3 |
3

2

o" steri Ie

1

S2S3

;

a* sterile

i

S x : new S-allele
Table 2 - Fruit and seed yields after crosses of untreated S 2 S 3 owith tne pollen from
EMS-treated S2S3 d" in Siaatiara alata Link et Otto.
.
I Treatmentsi

i

I

Control

, No. of pollinations No. of fruits! No. of seedsi No. of
Pollen source | made on untreated
formed
! developed
[plants

Pre-meiotic buds
Meiotic buds

16 nM SMS Pre-meiotic buds
Meiotic buds

24 nM EMS Pre-meiotic buds
Meiotic buds

iS2S3 2

.

65
77

a

!

0

1

1

0

0

!0<t

1

135

85

2

3

112

1

2

.13

I a

I °
i

a

i

17

:

1

0

<

i a

;
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Biochemical research on self-incompatibility in Nicotiana alata Link
and. Otto.
G.M.M. BRBSEMBIJSR, P. H0E2STHA
1. Extracellular stylar peroxidases in Nicotiana alata
The senescence-induced release of certain stylar peroxidase isoenzymes from the
cytoplasm to wall and intercellular spaces in the unpol1inated flowers is increased considerably by pollination. The incompatible pollen tubes grow in a
stylar part containing wall peroxidases and possibly intercellular peroxidases.
The fact that the morphological features of pollen tubes after cross-compatible
pollination of aged styles and those of the pollen tubes after self-pollination
of flowers at anthesis were similar may suggest that incompatibility leads to
inhibition of pollen tube growth by accelerated ageing of the stylar tissue.
2. Pol 1 inat ion-induced stylar peroxidase activity in various plants of an inbred
progeny of N. alata
The pol 1 inat ion-induced increase in the activity of a number of peroxidase isoenzymes in N. alata styles exhibited quantitative and qualitative differences
among the various plants of an inbred progeny. As concerned the peroxidase 10,
which might be involved in the inhibition of incompatible pollen tube growth
the results show that the rate of induction of this isoenryme was not the same
in all the inbred plants. The rate of induction of peroxidase 10 apparently
depends on various factors: firstly, on the genetic constitution of the style
because the pollination of different plants with the same type of pollen
resulted in a varied activity of peroxidase 10. Secondly the induction rate is
influenced by an interaction of pollen and style characteristics. In certain
plants the increase in peroxidase 10 activity was very small after pollination
with a certain type of pollen, whereas pollination with another type of pollen
resulted in a considerable increase in peroxidase 10 activity. The differences
in peroxidase induction were not related to the S-genotypes.
3. Detection of incompatibility genotypes
Comparison of peroxidase isoenzyme patterns of the styles of various S-genotypes of N. alata by means of electrofocusing failed because of problems with
the method.
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 starch gel
electrophoresis of the peroxidase isoenzymes from pollinated styléTi Tt is~
possible that the relation between S-genotype and peroxidase isoenzyme
composition as found by Pandey is a non-specific one, i.e. peroxidase coding
by closely linked genes, but not by the S-locus itself. If this is true, it
is possible that such a non-specific relation does not exist in the clones
used in our experiments.

The experiments carried out during the first half of 1977 have
demonstrated that the senescence-i-nduced release of stylar peroxidase
isoenzymes in unpol1inated flowers was increased considerably by
pollination so that incompatible pollen tubes had to qrow in a stylar
part containing wall and intercellular peroxidases. The fact that the
morphological features of pollen tubes after cross-compatible
pollination of aged styles and after self-pollination of flowers at
anthesis are similar may indicate that incompatibility leads to
inhibition of pollen tube growth by accelerated ageing of the stylar
tissue.

- 67 Concerning the early detection of incompatibility genotypes it can be
mentioned that separation of peroxidase isoenzymes from plants with
different S-alleles by means of electrofocusing has been started in July;
the S genotypes of the plants have been determined.
11. 5ad2at|gn;]nduçed_çh§nggs_iin_rnessenger_RNA^s_and_grgteiin_SYnthesis

liÍÍIÍ
Earlier, it has been pointed out that pollen of plants, belonging to
different plant families, dehisce at different stages or organelle
development. These differences were supposed to determine the radiation
sensitivity. Since it was the intention to derive a Ph.D. thesis from
this scientific work, to be published in several papers, completion was
required by some additional experiments.
First of all, cytochrome contents in developing mitochondria of
germinating pollen of Typha latifolia L. had to be measured.
Information concerning the techniques has been gained at the laboratory
of enzymoiogy of Prof. A. Goffeau, Louvain-la-Neuve. Also the very
skilful help of Mr. G.L. Jupijn enabled the measurements at low
temperature (77 °K), of difference spectra of crude homogenates,
having passed through a precooled French pressure cell.
No important changes in cytochrome quality and quantity could be
detected during mitochondria) development, indicating the cytochromes
to be present at dehiscence of the pollen already. Typha pollen
mitochondria differ from other plant mitochondria with respect to the
abundance of a specific type of cytochrome c, showing a peak at the
same position as cytochrome ci found in animal mitochondria. In
contrast, other pollen mitochondria, isolated from Aster tripolium L.
and Cosmos bipinnatus Cav. contained large quantities of only the
normal cytochrome c.
An investigation to know whether protein synthesis of cytoplasmaticor organelle-nature is involved in the development of the Electron
Transport Chain (ETC) of Typha pollen mitochondria, required
application of several inhibitors of protein synthesis.
Although
100 ug/ml cycloheximide completely abolished the incorporation
of 3H-leucine, as well as the outgrowth of the pollen tubes, the
development of the mitochondria proceeded without being disturbed.
Development of the ETC in Typha pollen mitochondria, therefore, does
not depend on cytoplasmatic protein synthesis.
Experiments with D(-)threo ehioramphenicol showed similar results
in relation to organelle protein synthesis. Level's up to 1 mg/ml
did not harm mitochondrial development. Ethidium bromide, an
inhibitor of mitochondria! DNA synthesis, also had no effect upon
the rate of respiration and ETC development. An assembly of
mitochondria during germination of Typha pollen is suggested,
rather than de-novo synthesis of components.
Electron micrographs have been taken of mitochondria isolated at
different stages of ETC development, with the help of Dr. F.H.
Engels. Very clear differences have been noticed between low and
highly developed mitochondria concerning their structural
organization and accumulation of electron-dense material in the
membranes. Previously, the techniques of fixation, post-fixation
and staining of the isolated mitochondria was modified, to enable
the observation of details in the membranes.
The effects of cytochrome c and antimycin A on mitochondrial
respiration have been studied polarographically with an oxygen
electrode, NADH being the substrate. These experiments can be
considered supplementary in relation to other oxygen electrode
studies. Specific details are not presented here.
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•Methodological aspects of mutation breeding.
C. BR02RTJES, S. ROEST, G.S. BOKELMAHN
1. Development of in vitro propagation techniques

In chrysanthemum attention was paid to the aspect of in vive and in vitro
propagation of seedlings (homohistonts) and sports (periciinal chimeras,
in which generally the outer layer (Li) of the three groups of cell layers of
which a plant consists, is genetically different from the two inner layers
(L2 and L3)). Both seedlings and sports were propagated true to type through
shoot cuttings in vivo. As expected, the genetic integrity of seedlings proved
to be satisfactory after propagation through shoot formation in vitro.' No true
type in vitro propagation of sports can be expected, since histological
observations have revealed that adventitious shoot apices emerge from the
epidermal cell layer (L)) of in vitro cultivated pedicel expiants. Two of the
four sports responded in a different way to the photoperiod: plants propagated
through shoot formation in vitro flowered sooner or later, respectively, than
the corresponding group of plants which were propagated through shoot cuttings
in vivo. In the other two sports tested no morphological differences were
observed between plants propagated through shoot cuttings in vivo and through
shoot formation on pedicel expiants in vitro. The absence of visible morphological
differences between plants of both groups, however, does not exclude the
existence of cytological or histological differences.

in a cooperative project with the Department of Plant Breeding (IVP) of the
Agricultural University, a large-scale experiment was started at the end of 1976.
Rachis, petiole and leaflet-blade expiants of the potato cultivar Désirée were
irradiated with different doses of X-rays. The in vitro procedure of vegetative
propagation through adventitious shoot formation, resulted in the production of
3167 plantlets at ITAL, which were transferred to IVP during the first half of
1977. At IVP 298O plantlets survived, which were grown to maturity and
evaluated for the mutation breeding aspect during the second half of 1977.
Preliminary observations with regard to morphological characteristics of upper
and lower plant parts (such as plant height, colour, form and size of the leaves
and tubers) were encouraging. The genetic integrity of plants- derived from in
vizvo cultivated unirradiated expiants seems satisfactory and a high percentage
of the mutants produced from in vitro cultivated irradiated expiants look solid
(non-chimera 1). Plants at IVP, however, were not grown simultaneously and, hence,
it was sometimes difficult to determine whether certain differences were of a
phenotypic or genotypic nature. The tubers of these 298O plants were harvested
and will be planted simultaneously in order to arrive at a final evaluation of
the mutation breeding aspect in 1978.
Experiments carried out with in vitro cultivated expiants of monohaploid potato
lines from IVP lead to plantlet production and the first successful transplantation
to soil. A first cytological analysis at IVP revealed that some of the plantlets
were spontaneously diploidized (homozygous diploids).

c.
Vegetative propagation in vitro was achieved through adventitious shoot formation
of leaf-blade expiants and root formation of subcultured single shoots. Due to
fragility and damping off, however, difficulties arose with respect to single
shoot isolation and plantlet survival after transfer to soil. Avoiding the
subculture of single shoots may be of importance for both vegetative propagation
and mutation breeding.
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According to this procedure leaf-blade explants, excised from in vivo grown stock
plants, are irradiated and cultured in vitro for adventitious shoot formation.
Subsequently, leaf-blade expiants, derived from in vitro produced adventitious
shoots, are subcuitured for adventitious shoot formation and the production of
plantlets.
After irradiation and the in vitro culture of leaf-bJade explants, non-mutated
or completely mutated adventitious shoots may be expected. A subculture of leafblade expiants, excised from in vitro produced non-mutated or completely mutated
adventitious shoots, gives rise to the production of adventitious shoots, which
within one tube are either non-mutated or identically mutated. Hence, it is not
necessary to subculture single adventitious shoots for isolation of the mutants,
but to transplant complete subcultured expiants or large units of a given subcultured expiant. In this way losses due to fragility and damping off are reduced
and a better plantiet survival is obtained after transfer to soil.
In a large-s.:ale experiment with the begonia clones Schwabenland Red and SOi, leafblade expiants were irradiated with different doses of X-rays in the first half
of 1977, in order to produce, following the forementioned procedure, one or two
thousand plantlets, which will be cultivated in vivo and examined for mutation
induction in 1978.
In the past attempts to develop an in vitro adventitious bud technique in
carnation were unsuccessful. At present a successful procedure of in vitro
propagation is available through the multiple development of axillary and
terminal shoot tios, developing on excised stem segments. After the determination
of the radiosensitivity, stem segments of six cultivars, bearing axillary and
terminal vegetative shoot tips, were irradiated with different doses of X-rays
at the end of 1977- !n cooperation with the Institute of Horticultural Plant
Breeding (IVT) at Wageningen, one or two thousand plantlets will be produced
at ITAL during the first half of 1978, and then transferred to IVT for further
cultivation and evaluation of the mutation breeding aspect.
Preliminary experiments showed the ability of subcultured leaf-blade expiants
of !4useori for adventitious shoot production. After root formation of isolated
shoots, the first plantlets were produced and successfully transplanted to soil.
Attempts to develop in Forsythia an in vivo adventitious bud technique or to
induce adventitious shoot formation on in vitro cultured expiants, derived
from stock plants growing outside, have failed. Thereupon, young vegetative
bu^s were prepared and cultured in vitro for shoot development in spring 1977.
Recently the first adventitious shoots were produced on subcultured leaf-blade
expiants, derived from in vitro developed shoots.
2. DTT experiments and the comparison of diploids and autotetrapioids
To investigate the effect of a treatment with dithiothreitol (DTT) prior to
irradiation of Saintpaulia leaves, the diploid cultivar Eva was used. Series of
•X-ray or fast neutron doses were given, with or without a OTT-pretreatment and the
effect was measured in terms of survival of the leaves, production of adventitious
plantlets (average number per leaf) and mutation frequency, while it was tried to
describe the mutation spectrum.
Preliminary results seem to confirm those obtained earlier with the diploid Achimenes
cultivar Tarantella, in the sense that (a) OTT protects against radiation, which
permits a higher dose to pretreated leaves, (b) but, however, at the same time the
mutation frequency is decreased and (c) the mutation spectrum is not improved, as
far as this can be concluded from the relatively small-scale experiments.
The results will be compared with those of the autotetrapioid "Eva" (obtained after
colchicîna treatment of leaves of the diploid cv. Eva). Sofar, a series of X-ray
as well as fast neutron doses have been given, but the results are not yet
available.

- 70 Tho effect o£ fast neatrona. as coasared vitã X-ra?3. •aron autation
aad antation frscnegc? is rtJgg&JggJ'ts ihalicrA. (L-) ~»
and Eovdsvnt -juîçszv L . in ralation to evaluation of tha 3A3N~reactor
L.M.V. SELU3EI
I. Induction of viable mutants in
After 5 days on wet filter paper at 2 °C (to break dormancy) and redrying on filterpaper (24 h, 2k °C), seeds of Arobidopsis thoUcma. L. (cv. Landsberg "erecta" were
submerged in H2O or in \.2% dithiothreitol (DTT), during 3 h at 22 °C prior to
irradiation. A series of X-ray and fast neutron doses are applied, which induce
comparable chlorophyll mutant frequencies.
The Mi plants were grown under controlled conditions. From a random sample of ,1j plants»
silique number 5 was used to apply HOI 1er1s embryo test« i.e. to score the fertility
and embryonic lethality.
For ,11 progeny testing, one fertile pod above silique number 15 was harvested per plant.
Equal numbers of seeds are sown per Mg line (n»12). M2-Iines, which segregated for
viable mutants were harvested.
Irradiation induced embryonic lethality and sterility are closely correlated in
Ársòidozsis. But the mutant frequency is independent of the sterility and embryonic
lethality within each treatment (Mesken and Van der Veen, 1968). Selection of fertile
Ml-poćs decreases the occurrence of unwanted sterility and embryonic lethality in the »2When the mutagenic efficiencies of different mutagens, different doses or various
treatment methods are to be compared, mutation frequency scores which allow a correct
estimation of the mutation rate per allai« are the most inclusive, since they are
applicable to all levels of comparison, i.e. within species (or cultivar} and among
species (or cultivar) and higher taxoncmic boundaries.
Por scoring mutation frequency in self-polIinating disomic plants, the f-2 plant method
(M2?), where the percentage of mutant M2 plants in the entire M2 population is adoptee
as the index of mutation frequency (Gaul, 1957), has come into general use. The M2?
method is independent on Mj-progeny size, and is independent on the number of sectors
(• initial cells in the embryo making up the generative tissue of the inflorescence),
if there is no viability difference between mutated and non-mutated sectors. The
sampling variation for the M2P method is, however, dependent on Mj sector size. The best
estimate of the M2 mutation frequency will be obtained, when M2~lines of equal size,
originating from a singe! cell are tested
The number of initial cells in the embryo of Arsòidovsis seed out of which tha main
inflorescence is formed is maxima? three in cv. Landsberg "erecta". Mutagenic
treatment of seeds thus results in the formation of chimeric inflorescences.
''
Oiplontic drift causes a decrease of chimeriVin towards the top of the inflorescence
in Ansbidopsis. fy-progenies derived from one silique above silique number 15 are
in general genetically homogeneous.
II. The effect of fast neutrons, as compared with X-rays, upon mutation spectrum
and mutation frequency in Arab-idavsis shaVicsna..
= — — — — — — — — —
fn the M2 the effect of the irradiation treatment is measured in terms of mutation
frequency. The viable mutants are grouped in distinct morphological classes, in order
to describe the mutation spec;rum.
It was attempted to test if the distribution of the viable mutants over the different
mutant classes is dependent on irradiation dose, irradiation source and DTT treatment.
Preliminary results, comparing the fast neutron to the X-ray induced mutation spectrum,
«how non equaî distribution over the mutant classes. An Xz test for heterogeneity,
comparing the spectra, gave X 2 • 32,3329 (d.f.U), which is highly significant (p < 0.01).
Thus there is good evidence that the distribution of mutants is dependent on
radiation source (table l ) . Mutants with round and cordate leaves were more frequently
induced by fast neutrons than by X-rays (the mutation frequency was 0.6 versus 0.34 %),
sterile mutants were more often induced by X-rays than by fast neutrons (the mutation
frequency was 1.01 versus 0.4S2).
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It seems that DTT has an influence on mutation spectrum. The X 2 test for heterogeneity
between the mutation spectra induced by resp. X-rays and fast neutrons, with OTT pretreatntent prior to irradiation and without OTT pretreatment, gave
x
V r a y • 20.6416 (d.f.-14, 0.20 < p < 0.10) and X 2 fast neutron - 22.9986 {d.f.-13,
0.05 < ? < 0.02). Thus the OTT effect upon mutation spectrum is more pronounced after
fast neutron treatment than after X-rays (table 2 ) .
The number of mutants found per mutant cla:>s per dose are still too small to compare
the mutation spectra between irradiation doses.
Taoie ' • Data on Numoer of X-ray and fast neutron induced mutants in Axbiãsoait
!

Mutant, class

k>jmber induced witn
fast neutrons
X-rays

2

i Long hypocotyl
Leaf-stalk short or absent

Glabrous leaves

13
12
13
12
21
14
1

Long leaf-stalk

3

Twisted leaves

0

Rounded * cordate leaves
! Lanceolate leaves
; Serrate leaves
Oblong • 1 inear leaves
Curly leaves

3
7

thzliarc.

Total

X*

5

0.2292

'20

1.6353

38

5-5609
0.0168

26
12

4

25
16

19

40

5

19

0
10
1

1

0.9723

13.

3-9698

l
14

0.3449

!

4.0142

1.0233

!

6
3
35

10

'3

3.9698

19

4.3016

'

Eceriferum

*

9

54
13

2.0670

,

Others

5

7

12

1 Total
i No. M 2

! 144

Deviant flower morphology
Deviant silique morphology
Sterile

8

3-7785
0.0516

'

j 3481

plants tested

.

!

140

|

3831

!

;

284

0.3921

32.3323

1

í

:

i

* 32.3329 (d.f. 14) - highly significant p < 0.01.
Table 2 - Oata on number of X-ray and fast neutron Induced mutants in Araôzãspsis
thalùma, with and without 1.2$ dithiothreitol (OTT) treatment prior to
irradiation.

Number induced]
;
with
iTotalj

Mutant class

Number induced
with
Total
Neutrons Neutrons
, + OTT

X-rays i X-rays i
1+ OTT I

Glabrous leaves

2
13
12
13
12
21
14
1

Long leaf-stalk

3

.1

4

0.4712

Twisted leaves

0
6

3
7
7

3

4.1536

13
10

0.7574

S

12

20

3912 j

3.2346

10
59

2

12

6 3667 ;

27

5 9304 ;

17
4

Long hypocotyl
Leaf-stalk short or absent
Rounded + cordate leaves
Lanceolate leaves
Serrate leaves
Oblong and Iinear leaves
Curly leaves

Deviant flower morphology
Sterile

|

3
35

Eceriferun

1

4

Deviant si 1 ; que morphology S

Others
i Total
NO. «2 plants tested

5

144
3481

0
12

7

2
25
19

0.2024

17

30

2.6737

7

19

0.2024

17
9

38
23

0.1225

0

12
I

1.4444

3
7

3

7

6

13

.2460

39

65

.2714

15

27

.0637

7

11

.4977

19

22

41

.0063

0.0744

5

11

16

.5894

1

0.7223

0
10
1

0

0

6

16

5

6

0.3776

47 ; 5.1937

26
12

0.0233

9
7

1 104

• 2 4 8'20.6416

140

! 2827

i

!

3 ; 0.9881

í

Zxz (X-rays) - 20.6416-0.20 < p < 0.10
ÏX 2 (Nf.)
• 22.9986-0.05 < p <

9
;

(d.f. 14)
(d.f. 13)

3S3.1

8

'•

.0477

5472
2134 ;

! 26 ' 1.5958 |
11

1.2252

1 5 8 ;298

22.5986

j 3405

1
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I. The induction of viable mutants in Hordeum

vulaare

After presoaking on wet filter paper at 2 °C for 12 h, seeds of barley (cv. Asse)
were submerged in H2O or 0.35* OTT, during 2 h at 22 °C prior to irradiation. A series
of X-ray and fast neutron doses were applied, which induce similar seedling height
reduction. The M^-plants were grown in the greenhouse during the summer of 1976.
A random sample of Mj-plants was harvested (54 plants per treatment). Ten spikes per
plant were sown to score the fertility and chlorophyll mutant frequency. Fast neutron
and X-ray treatments, which induce comparable chlorophyll frequencies were selected
for M2 testing. From these treatments all Mj-plants {+ 600 plants per treatment) were
harvested. Of each M^-plant, the spikes containing at least 10 seeds were sown in T977In the M2 the viable mutants were selected and the M2-Iines (»progeny of one spike),
which segregated for viable mutants were harvested.
The chlorophyll mutant frequency between lines with 1 - 1 0 M£-plants and lines with
10 or more ^ - p l a n t s were compared. The two sample rank test (Wilcoxon) was applied
to test the null hypothesis, i.e. the differences in family size produce no detectable
differences in mutation frequency. Ranking is considered as a non-parametric method
for random samples of measurements which do not conform to the usual models. All
observations in both groups, family size 1 - 10 and family size > 10, are put into
a single array. Ranks are then assigned to the combined arrays. Finally, the smaller
sum of ranks, T, determines significance. Small values of T cause rejection (this
sum is referred to table A10, Snedecor and Cochran, 1967, p. 5 5 5 ) .
Table 3a - The chlorophyll mutant frequency in barley in small (1-10) and large (> 10)
spike progenies, found after mutigenic treatment
ram. size
1 - 10
> 10

Mutant frequency x
0 .84
1.17

1.64
1.87

1 .80
2 02

1-31
1.62

1-32
2.08

0-2

2 04
97

1.62
1.54

2.67
1.88

1-91
2.09

Í

I
i

Tapie 3b - Rank assigned to the mutant frequency, feuno in barley in small (1 - 10)
and Urge {> 10) spike progenies after mutagenic treatment
Farn. size
- 10
> 10

Rank number
1
2

3 !

it

5i

3

í

3 ; 7
9 ; 10

8 ; 11 i
12 ' 13 !

14 ! 17
IS ! 16

17

i

68
85

i

The sum of the n^=9 rank numbers in the group that has the smaller sum (fam. size 1-10)
is 68. Since T is more than T 0.05 * 63 (with nj=n2*9), the null hypothesis is not
rejected.
This means that there is no reason to expect an effect of selection for fertility on
mutant frequency.
In Sorâeum vulgäre the preformed Mj-spikes may consist of one to six genetically
heterozygous sectors, depending on the irradiation treatment. Spikes formed later
are non chimeric. A differentiation between primarily and secondarily formed spikes
based on time of appearance and flowering time was not possible due to uniformity in
emerging of the spikes in barley cv. Asse. Only the first spike could be distinguished
from later ones. Differentiation based on number of flowers per spike is too laberious
to be done for all Mj-plants. Tests based on number of plants per f^-line and the
mutant segregation ratio in the JI2-Iines did not lead to a good estimate of the
number of sectors per M-j-spike (K) involved in each treatment, when more than three
sectors were involved per Tine.
_
The advantage of obtaining an unbiased estimate of K is that:
A. The revised Mj-spike method (Yamaguchi, 1961), in which mutation frequency is
calculated based on the number of segregating Mj-spike lines, revised to reduce
the systematic error of the conventional Mi-spike method, will give a good
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for scoring compared so the »i pi ant-method, where not only mutant number and
non-mutant plants in the segregating rç-Hnes must be counted but also the total
number of N2 plants.
If 7 is known the influence of the selection variables a, 3, and y may be estimated,
a - relative survival rate of M2 mutants compared to normal ones.
mutated
3: - relative multiplication a b i l i t y of the germ-line c e l l s carrying
genes compared to normal cells belonging to the same primordium.
Y; • relative f e r t i l i z a t i o n a b i l i t y of the gametes having
mutated genes.

aecause no estimation of the number of sectors could be made, the Hi? method was used
for scoring the mutation frequency. When we want to relate the M2 mutant frequency to
the mutation rate per allele, we must realize that the estimate (and its variance)
is dependent on the selection variables, and is only correct when a » 3 J » Y J * '
(Yonezawa and Yamagata 1975).
In the »2? method, the routine statistical procedure for estimation of the sampling
variation cannot be used. Since mutants do not emerge independently, but in groups,
in separate lines, Frydenberg (1963) and Keideng (1970) suggested a method, in which
sampling variation of scores is based on the size and number of clusters. The assumptions
made are only properly applicable whan no M2 line includes more than one mutation
cluster. This is not generally acceptable. It will be attempted to develop
improvements of the procedure. This is the reason that no tests of significance on the
mutation frequency are given in this report.
In order to compare the effect of fast neutrons to that of X-rays upon mutation
spectrum in Eordsvm vulgäre cv. Asse, the induced viable mutants were grouped in
distinct morphological classes. A x 2 test for heterogeneity, comparing the spectra,
gave xZ " ^3-1057 (d.f.=7), which is highly significant (p < 0.001). Thus there
is good evidence that the distribution of mutants is dependent on radiation source,
(table k).
It should be noted that in the seevifsntm group only mutants with waxless stem, with
or without waxless leaves and spikes could be clearly distinguished in the field.
These mutants were relative more frequently induced by X-rays than by fast neutrons.
Table k - Oaea on number of fast neutron and X-ray induced mutants in Sordsum vulgäre
cv. Asse
1

Mutant class

1

Number
X-rays

nducsd with
fast neutrons

Total

I
:

X2

\ Sterile

kZ

22

6k

' Sreviaristatum

23

12

35

33

T9
0

52

1.5193

kS
42

' 18.2007

Srectoides
Eetriferum
Grass clump
. Dwarf

45
40

2

11.8339
2.9761

56

33

49
26

17
22

48

6.7933

Total

314

127

441

43.1057

No. «2 plants tested .

47289

18952

Chlorina
Others

z

Zx • 43.IO57 (d.f.-7) p < 0.001

89
66 '

0.9708
0.5140

0.2976
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Introduction
The research during the last year has been described under two headings.
A. Genetics and Cytology: the production of rearrangements, their properties and
homozygous viability, their behaviour in populations and the development of new
cytological techniques to study them.
6. General Biology, under which are included, inbreeding effects, pupal size effects
and insecticide susceptibility studies.
Although described under two headings there is an intimate connection between the
1 ines of research and members of the team contributed to all aspects.
A. Genetics and Cytology
neutrons
To the present time 26 new trans locations have been recovered from this irradiation
procedure (table 2 ) . However, many Fj's eould not be tested as they did not leave
enough progeny. However, of the selected lines, which did leave enough progeny, the
ratio of cytologically examined lines to lines having a translocation was very nearly
one, i.e. all lines selected for reduced fertility had in fact a translocation. A male
linked translocation has also been isolated. This will be an extremely rare occurrence
as the Y-chromosome comprises only 2-3% of the chromosome length. As expected, the
multiple trans locations in general exhibit the lowest fertility. Not all the
translocations produced are useful as some are symmetrical, nevertheless it is considered
that sufficient lines have been produced following this irradiation procedure to
implement the further programme. Outcrossing of the selected lines has been started
and with T53 a sib-crossing programme has begun.

2. Homgz^ggiing^of_îli_ÎIèi_l35_iQa_îà2
- In an earlier attempt T 1 was isolated as a homozygous stock but unfortunately this
stock was lost. Due to its X-linkage a new inbreeding program was warranted. T] (3~X)
was crossed with the white eye stock in order to combine the visible marker with the
translocation (the white eye locus is located on chromosome 3 ) . Males heterozygous
for the translocation and the colourfactor (coupling phase) were mated with white
eye females and subsequently the red eye progeny (all T/+) was inbred. Now we are
underway with further sibcrosses to isolate TT+X+Y x TT+2X.
- Following the observation that T16 homozygotes are viable both as adult females
and males a large inbreeding programme has been started. Following a first sibcrossing 2 mat ings out of 23 were identified as including homozygotes in their
progeny i.e. they were matings between translocation hétérozygotes. A further 7
mat ings out of the 23 had a very high percentage of hétérozygotes in the progeny.
A total of 158 larvae was analysed cytologically of which k3% were NN, 56% TN, \% TT.
Both these groups of mating types have been retained and further inbreeding is
underway. In sibcross F-j0 out of 6- crosses two contained a homozygote in their
progeny (larvae). In the F n only one progeny with a TT larva was observed. In
spite of this result we are continuing with this translocation because it is
asymmetric and both sexes £re able to produce viable gametes when homozygous.
- T35, a very asymmetrical translocation, has been backerossed for a few generations
against two different control series. A difference of approximately 203 in
sterility was observed of which the origin has to be studied. Inbreeding has started
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of both T35 lines. Unfortunately in both lines of which many progenies were scored
no TT could be found not. even in the larval stage. In testcrosses a high frequency
of normal karyotypes compared to translocation hétérozygotes was observed, 17:*»»
while 2 duplication/deficiency types were observed. In a total of 6 sibcrosses,
with avoidance of inbreeding a ratio of 14 NN : 15 TN : 8 d u p l / d e f types was
found.
These data indicate that TN is less viable and the dupl./dif. type 22 6 66 is only
slightly deficient (i.e. the breakpoint in chromosome 2 is rather distal).
These deficient types were scored especially at younger larval stages.
- T42 is a translocation between 2 1 and 3 1 - Larvae of a sibcross (Flj) were analysed.
Contamination must have occurred because it appeared that a small porportion of
the parents were T43. Seventeen progenies of which 6 larvae or more were analysed
had no TT larvae and a total of 50 NN : 64 TN was scored. Two of these could have
been from TN x TN crossing due to the high TN/NN ratio. Thirteen progenies had
Ti,2 + T43 or T43 larvae. A double hétérozygote was found as well. All these were
discarded. In ten progenies we have observed TT larvae. A total of 6 NN : 24 TN : 10 TT
was scored. Of these ten crosses w e can be sure that both parents were heterozygous
for TÍ»2- Thus at the same time as the isolation of TT the Tl»2 stock has been
pu r i f i ed.
For genetic control purposes a Y-lînked translocation can be exploited. Combined
with, for example, a conditional lethal gene, a system can be built such that by
supplying a certain condition (temperature, insecticide) all females die and an all
T/+ male population remains to be released. Provisional cytological analysis of a
few adult males from a semisterile father indicated that we were dealing with a
sex-linked trans location. That it must be a.Y-!inked and not an X-linked trans location
could be concluded from: (I) in the case of an X-linked translocation T/+ fathers
cannot give T/+ sons; (2) all the sons of the T/+ father were T/+ and the daughters +/+.
The interchange is most probably between the short arm of chromosome 2 and the "long"
arm of the Y-chromosome.
Progress has been made in three new techniques for better identification of the
chromosomes of the onion fly. G-banding could be obtained with the use of trypsin
followed by Giemsa staining. In spite of some variation in the banding pattern,
analysis of the distribution of the stained dots can now be carried out.
A start was made on the investigation of some tissues of adult flies and pupae
in order to study poiytene chromosomes. Malpighian tubes, blind sacks, foodpads,
haltères and trichogen/tormogen cells were investigated. These last cell types
found at the base of some big thorax hairs of approximately 6 day old pupae were
suitable. Poiytene chromosomes, reasonably untangled, were observed and further
analysis will be carried out in cooperation with a German cytologist.
Labelling with tritiated thymidine was applied to females to label the embryos,
males and larvae. It seems that incorporation in the chromosomes in males takes
a few days and the output of labelled chromosomes was very low. Only one male
showed labelled chromosomes after 6 days. A negative result was also obtained
for labelling eggs. Analysis of larval brain cells showed some positive result
two hours after injection.

5- 222ylâ£i2Q_£§9S_Sîy§iSS_w|th_a_çhromgsgme__[nversiîon
Two different populations have been followed without any "manipulation" and data
are now available for three generations. One population was started with 100%
•inversion heterozygous flies (males and females) which were heterozygous for the
eyecolour (red). It is evident that the inversion frequency goes down rapidly
from 100% in generation GQ to 3**% in G3 and will disappear due to a strong
selective disadvantage.

Concurrently the fertility goes up as expected. In another case a population with
inversion heterozygous females and normal males was started. The inversion
frequency went down from 50% in GQ to 7* in Gj. The mutant strain "white eye" is
weaker than the red eyed wild type for most biological parameters, except for
the pupation. The results of this experiment are important for the evaluation
of the use of structural chromosome mutations for genetic control purposes.
3. General Biology
Previous data (Ann. Rep. 1976) indicated that strong inbreeding of the laboratory
strain had no effect on many population parameters such as egg hatch and larval
and pupal survival. It was decided to see if a newly colonized strain would behave
in the same way using exactly the same mating scheme, i.e. full sibmating. Five
lines have be^n studied for three generations of inbreeding. The results are
shown in table 1 where it can be seen that inbreeding had no effect on egg hatch,
however, larval and especially pupal survival showed strong inbreeding depression.
Due to low pupal survival and a distorted sex-ratio in favour of males, line E
could not be reared for the third generation. These results are in strong contrast
to those of previous experiments with the laboratory strain and they indicate
that the laboratory strain has lost much of its genetic variability. This provides
once more example of the probable deleterious effect that laboratory colonization can
have on the fitness of 3. antiqua.
2. §ffsçt_of_guDa2_|ize_on_severa2_adul_t_garameters
By allowing larvae to feed for different periods, 5 different size classes of
pupae were produced < 5.dk mm; 5-7 " 5>99 mm; 6.0 - 6.29 mm; 6.3 - 6.59 mm and
> 6.6 mm. Using flies coming from these different size classes adult longevity,
fecundity and fertility were measured together with egg length and wing length.
The results shown in table 3 lead to the following conclusions. Adult emergence
is significantly influenced by pupal length i.e. the longer the pupae the higher
the emergence. Relatively more males emerged from smaller pupae and more females
from the largar pupae. This is a consequence of the difference in larval minimum
weight between the sexes i.e. in order to pupate a female larva has to obtain a
bigger weight. Therefore of a sample of pupae from a particular feeding period the
larger pupae would tend to be females.
The fecundity as measured by the total number of eggs/cage was significantly
different among the pupal length classes, the maximum was _at size 6.0 - 6.29 mm.
Adult longevity showed a difference between the sexes i.e. for females there was a
significant relationship between pupal length and longevity, but this was absent for
males. The maximum female longevity was again at size class 6.0 - 6.29 mm.
The fact that small males can live as long as large males would suggest that a
size criterion for the "quality" of released flies is not sufficient. Experiments
are underway to check this hypothesis.
3• §ffeçt_on_eggsLof_storage_at_2_°Ç
To establish the low (2 °C) temperature effect on eggs an experiment was carried out
with timed eggs of 1, 2, 5» 12, 2k and kS hours of age (23 °C) on wet filter paper.
After these periods each item was stored at 2 °C for 0, 2, 3» 5, 2k, 72 and }kk hours.
.Each treatment had 50 eggs collected randomly from a large fly population. The egg
hatch of each item was measured after 3 days (at 29 °C).
In no treatment was a significant decrease of hatching observed except for young
eggs of 1-2 hours which were placed immediately at 2 °C and kept there for longer
than 72 hours.
With this information we now know that eggs routinely stored at 2 °C for 2 days
after having reached an average age of ± 2k hours, hatch normally.
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After consultation with the laboratory for research of insecticides in Wageningen
an experiment with Oieldrin was started. A rather simple method was developed to
test the susceptibi1ity/resi stance of males and females of a control series.
Doses up to 400 ug per tube with 10 flies, 1 day old were used. All males were
killed by about 100 ug after 24 hours. Females are more resistant than males
and 653 was killed by 400 ug. Experiments with higher and lower dosages of
Dieldrin will be carried out to establish a dose-response relationship. Other
insecticides and fly stocks will also be tested. Subsequently progenies of
single pair mat ings and their parents will be tested to investiage if a pure
susceptib.le versus resistant line can be isolated.
5. §ex_rat2g_;_deve2ggmente2_sgeed
An experiment was carried out to establish the difference in developmental speed
of males and females. It was shown that in each of the three developmental stages
studied (embryo, larva en pupa} males develop quicker than females. Selection
to obtain a majority of males can be carried out by a progressive selection at
each metamorphosis by continuing with the fastest group. T h e quickest line
yielded 80S males and the slowest line 283 males. The possible use of this
manipulation will be studied for release of insects with a distorted sex ratio.

Tabla 1 - Effeet of full-sib inbreeding on some fitness parameters of a wild strain

of Sylsnya amiqua.
Fitness
Parameters

Lines

A

3
100.0
35.6
8ft. 3
32.0
66.0
63.0
100.0
35.9
Ó7.2
74.3
48.6 •
82.1
91.1 ' 37.0
53.2
52.0
39.8
23-9

% Egg Hatch
% Larval Survival
% Pupal Survival

M

* Egg Hatch
* Larval Survival
% Pupal Survival
% Egg Hatch

III

% Larval Survival
* Pupal Survival

c

0

30.2
66.1
74.5
97.4
50.8
66.1
50.2
45.9
25.9

97.4
38.0
38.0
30.2
49-3
62.2

É

:
'
!
!
'
;

32.7 ,
63.0 ;
30.0
36.2
37.6
52.7

92.3
4ft.7
37.5

* Distribution of fertility on Fj males and females descended from
3. antiqua males irradiated with 2 Gy (0.2 krad) fast neutrons

o

Fertility
' Class
; Interval

i loo -30
1 39.3-80
! 73.3-70
•

No.

Fi

101
IS
8

% F,

ö»

Translocations found
(data until 31-12-77)

111
2

62.7
'• 1 1 . 2
i 4.3 T65

63.3-60

10

i 6.2 T72 T63 T6S

53.9-50
49.9-40
39.3-30
29.3-20
13.3-10
3.9- 0.
Total Fi's

3
10

Í 1.3
6.2

tasttd

7
4
0
0
tfiî
IO 1

No Ft

7
8
8
3
3
3

T71

T67 T68 T70
4.3 T66* T64*
2.5
0.0
0.0

1

I
* Fi 1 s so far tested
yielding Transloeations

6.2S

•

i.«

IH/

% F,

.

> Trans locations rouna
(data until 31-12-77)

i
75.5
1.4 T53
|
4.8 T55
,
1
5.4 T5. TS2 T W * T60 T6I • 1
5.4 T47 T48 T50 T57 659 T62
i
2.0 TS4 Tl»3« T56
J
2.0
!
2.0 T58*
1

0.7
0.7
* F|'s so far tested
yielding trans locations
11.6%

'multiple translocation

- 78 -

Tjala 3 - Influenca of pupal size on certain adult parameters in Hijltmija
Pupal length classes ( • • :

« 5.69

6.0 - 6.29

: 5-7 - 5-99

6.3 - 6.59

> 6.6
228

, NO. at pupaa

4*9

168 •

219

297

! No. of adults

353
78 .62

• 36

192

256

195

80 .95

87 -É7

86.20

85.53

X emergence
No. o f oo and oY*

190 68

163

Pupal development tlae
(days) (A)
S.E.

68 85

107 113

11 .05

11 .22

0 039

143 123

0 .051

0 .0*7

72

11.20

11 .55

11.35
0.036

0.035

Mean total no. of eggs/
caga (n)

301

255 .00(2)

S.E.

121 16

»97 .00

161 72

210.1$

323.25

7 75

7 .00

6 00

6.00

6.33

NlniMm prcovipositlon
period (days) (S)
S.E.
A*

» (days)

0 .00

0 00

0.00

0.58

18 05

17 S5

17.20

17.68

Î

oo

o

10.24

ss

9.07

15.96

0.237
3.652

0. 591 0.371
3. 764 3-905

0.72S 0.272
4.068 4.076

n

50

50

38

S.S.

0.J2S

0 . 027 0.025

Mean egg length*
(on x 10 2 )(n-50)
S.E.

110. 01»
0 . ao4

7.51

ob'

9. 55

;' Mean wing length (CM)

1067.33(3)

1 50

8.15

S.E.

906.75 (M

18. 97
dò'

Mean adult l i f e span
(days)

1183 •00(3)

38

50

0.022 0.022
a

109. 77

0. 447

6V

55

«•

cg

7.60

12.70

7.65

15.65

0.702 0.207

0.632 0.275

4.Í82 4.212

4.376 4.285

4.432

50

50

50

50

0.021 0.022

114. û8

b<:

0 . 964

41

0.024 0.018

0.496

0.016

112.14"

114.27e

0.740

0.558

Heins followed by the same letters are not significantly different at 5% level.

Genetic control of the two spotteá s-pidermite Tstranuahzis vcrz-iace
A.M. PSLDMAHir
Age dependent mating competitiveness of males of line 2, homozvgous for a Structural
Chromosome Mutation (S.C.M.)-.
Experiments on male mating competitiveness showed that males of line 2 have a competitiveness value, which is not significantly different (0.5 * P * 0.1) from that of males of
the wild-type strain. Studies of mating competitiveness of X-ray irradiated males had
revealed a significant decrease in competitiveness during ageing (Ann. Rep. Association
EURATOM-ITAL, 1976). This raises problems when the released males are supposed to have
a long term effect on the reduction of population growth of a multivoltine species
with overlapping generations. Thus experiments on the effect of ageing on mating
competitiveness specifically of males of S.C.M.-1ine No. 2, were necessary. The design
of these experiments has been described elsewhere (Entomol. exp. s appl., p. 182-191,
1977). The results are given in table 1. The following conclusions were drawn. While
separate experiments on male mating competitiveness involving males of equal age of
S.C.M. No. 2 and of wild type males did not yield significant differences (0.7 > p > 0.1),
the summation of all experiments involving competition among males of equal age did
(p « 0.027). The x 2 "value increases with the age difference between S.C.M.-males and
wild-type males suggesting that ageing of the S.C.M.-males might have a negative effect
on male mating competitiveness. This trend.is, however, far from significant.

L
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II. Population replacement by a line homozyqous for a Structural Chromosome Mutation.
The lines which showed the best results in the population replacement experiments
(Ann. Rep. 1976) were further studied. In the experiments performed in 1977» these
three lines (S.C.M.-lines No. 17, No. 11 and No. 2) were tested in their ability to
replace a wild type karyotype from an experimental population. The population replacement experiments were performed in three replicates on beanplants on which homozygous
S.CM.-females and wild type females, inseminated by males of their own genotypes,
were released in different ratios i.e. 10 : 10, 13 : 7 and 16 : 4 respectively.
The percentages of the S.C.M. in the experimental populations in relation to the length
of the time after initiation of the experiments are shown in figure 1.
From this figure the following conclusions were derived.
1. None of the three lines show fixation of the S.C.M. at a 10 : 10 release ratio.
There was a clear trend towards extermination of the S.C.M. from the populations
at least in the lines 11 and 2.
Equilibrium was observed in one population using line 17. In the two other
populations involving line 17, a decrease in the percentage of the S.C.M. appeared.
2. Release ratio of 13 : 7 of S.C.M.-females to wild type females: There was an
increase of the S.C.M. of line 17 above 90% in 2 populations, over 18 generations
after the initiation of the experiment. Of the populations involving line 2 a sample
from one population taken 18 generations after initiation of the experiment
contained only females, homozygous for the S.C.M. The percentage of the S.C.M. in
the other populations of line 2 oscillated around 503 in the successive generations
in one population while in the other population a downward trend of the percentage
of the S.C.M. was observed.
In the populations involving line 11, no increase of the percentage of the S.C.M.
was observed. In 2 populations the percentage of the S.C.M. oscillated around
503 and in the other populations a decrease of the percentage of the S.C.M.
occurred during successive generations.
3. At an initial release ratio of 16 S.C.M.-females to k wild type females it was
noted that when fixation of the S.C.M. took place, this process of fixation was
faster than at the 13 : 7 release ratio. Fixation at the 16 : 4 release ratio
lasted at least 14 generations in one population involving line 17 and also for
two populations involving line 2. At the 13 : 7 release ratio the time for fixation
is at least 18 generations.
From the data presented in figure 1 it is concluded that both for line 2 and for
line 17 an initial frequency of at least 0.650 of the S.C.M. is required for
creating the possibility of fixation of the S.C.M. and extermination of the wild
type genotype. An initial frequency of 0.800 of the S.C.M. of line 11 is too low
for fixation of this S.C.M.
III. Population replacement and sex-ratio.
Computer simulation studies of population replacement experiments indicated that
one of the parameters which are very important In determining the direction in which
the S.C.M. is driven in the population, i.e. fixation or extinction is the ratio in
which males and females are produced by both the S.C.M.-line and the wild type line.
An experiment was started on population replacement involving the release of both
females and males of an S.C.M.-line in order to increase artificially the sex-ratio
of the S.C.M.-line at the start of the experiment.
The experiment was performed with S.C.M.-line No. 2 and designed as described under I!
with the following alteration. On the 7th, 9th and 11th day after the start of the
experiment 100 males of the S.C.M.-line were released on each plant. This number of
100 males and the day on which they were released in the populations were derived from
computer simulation studies of the process of population replacement, which were
performed by M. Sabelis at the Agricultural University at Wageningen (the Netherlands).
The experiments on line 2 described under section II, without male release at days 7,
9 and 11, served as controls.
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Figure 2 shows that at the 16 : k release ratio of S.C.M. females to wild type females,
the three replicates revealed an increase in frequency of the S.C.M. leading to
fixation. In the corresponding controls only 2 of the 3 populations demonstrated an
increase in frequency of the S.C.M. At the 13 : 7 release ratio, 2 populations showed
fixation of the S.C.M. while one population demonstrated an equilibrium situation.
The differences with the corresponding controls are: 1. the process of fixation is
faster; b. extermination of the S.C.M. does not occur when S.C.M. males are released.
In the comparable controls only 1 population showed fixation while the other two
colonies showed a decrease of the S.C.M. with time. At the 10 : 10 release ratios
no effect of male release was perceptible. All three populations showed extinction
of the S.C.M.
The general conclusion of this experiment is that the release of S.C.M.-males has an
important effect on the realization of fixation of the S.C.M. when the initial release
ratio of S.C.M.-females and wild-type females is close to the point where equilibrium
of the S.C.M. exists.
IV. Cytology.
Cleavage divisions in eggs of a number of S.C.M.-lines were cytologically studied.
These preliminary studies confirmed the earlier observations that the haploid wild
type karyotype consists of three chromosomes which differ in length. In order to
compare the various S.C.M.-karyotypes
with each other and with the wild type, the
relative surfaces (in m m 2 ) of each chromosome, related to the total surface of the
three chromosomes, were established from photographs of the prophase chromosomes of
the 2nd up to the 8th cleavage division of haploid eggs. These studies yielded
significant size differences; in S.C.M.-line No. 2 the largest chromosome is bigger
and the smallest chromosome is smaller than comparable wild type chromosomes.
Suggestive evidence was obtained that S.C.M.-line 206, having a low general fitness,
has the normal set of 3 chromosomes together with a fragment.

Table 1 - Effect of age on mating competitiveness of males of a line homozygous for a
Structural Chromosome Mutation (S.C.M.j.
First 2 columns: age in days of S.C.M. and wild-type males respectively.
Third and fourth columns: number of females mated by wild type or 5.CM.-males
respectively. Fifth and sixth columns: G-va lue (cf. Sokal 2 Sv Rohlf, Biometry,
1969) for homogeneity among replicates. Seventh column: x * »'u«s on
differences between mating types with associated p-value in eighth column.
Competitiveness-value of the S.C.N. males in last column.
Age of males involved Number of females
in mating competition mated to (sum of
15 replicates):
S.C.M.

w.t.

I
2
2

1
1

2

3

3

3

1

S.C.M.
males

69
65
59
65
72

Replicated test of
goodness of fi"t
(df-14)

w.t.
males

54
51
49
49
52

Í
14.927 n.s.
14.603 n .s.
14.500 n.s.
15.485 n.s.
16.534 n .5.

X 2 -test on
difference
in mating
type frequencies
X2
1.329
1.690
0.926
2.246
3.574

Experiments with equal ages pooled: GH - 44.912 n.s. (df-44) G - 4.884

-

-?

0. 176
. 0. 194
0. 664
0. 134
0. 059

Č
0 .373
0 .870
0 .907
0 .367
0 .839

0. 027 0 .881

a

12

a i
3 Î2 *5
a
numcer of g*nersticns

"igure 1 - Three different lines (No. 2, 11 and 17) homo2ygous for a structural
cnromosome mutation were tested in experimental pooulations (overlapping
generations or. beanplants) against standards in three different initia!
release ratios, i.e. 10 : T07 13 : 7 and 16 : k. On different time intervals
after initiation of tne experiment (time interval expressed as numper of
generations; 1 generation: S.^days), the frequency of tne structural
cnromosome mutation in a population was determined from a sample of 20
females.

1 i

I I to U « li ti 20 22 24 26 o " j 4 6 I 10 12 U 16 11 20 22 2< 26 0*"2 i

6 I 10 12 U 16 11 20 22 24 26 21

'igore 2 * The process of pooulation reslacement at three initial release ratios of
16 : 's 13 : 7 and 10 : 10 Structural Chromosome Mutation females (line 2)
and wild type females respectively. Horizontal: number of generations
(8.<i days per generation); vertically: frequency of the S.C..1. in
population. Arrows on horizontal axis: moment of release of 100 S.C.M.males in each population. Dashed curves: process of population replacement
wncn no males are released (ef. fig. 1, line 2 ) .
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Wholesomeness testing of irradiated food based on radiation-chemical
change3 and short-term in vitro biological studies•
J.G. 7AH SOOU, J.V.G.M. WILMER, H.B. LSVELHTG.
Part A. Radiât ion-induced changes in nucleic acid constituents and their biological
activity
1. The interaction_of_hvdrgoen_gergx2de_w£çi]_nuçJie-iS_i£Íd_S2QSíiSHSGSã
In cooperation with Professor Schubert (Hope College, Holland, U.S.A.) the adduct
formation between hydrogen peroxide in amounts as produced by irradiation of aqueous
solutions and nucleic aciJ constituents was studied by means of the glucose- and
fructose-competicion test. This method utilizes the fact that the sugar (fructose
or glucose) reacts with hydrogen peroxide at rates controlled by mass action. The
reduction of hydrogen peroxide is dependent on temperature and initial peroxide
and sugar concentrations, as determined by periodical analyses for H2O2.
Two spectrophotometric methods to measure low concentrations of H2O2 were therefore
checked on thei rsensitivity.
Figure 1 shows the effect of glucose and fructose on the rate of disappearance
of H2O2 at 37 °C. The results indica.te that fructose reacts faster with H2O2 than
glucose.
Subsequently, peroxide-adduct formation on nucleic acid bases and núcleosides was
investigated under the following standard conditions: 0.05 £ sugar (glucose or
fructose), 5.0 x 10"1* H hydrogen peroxide, 0.05 £, phosphata~buffer (pH = 7.0) and
0.01 H (or lower) nucleic acid were incubated at 37 °C in a waterbath. All
operations were carried out under sterile conditions with filter-sterilized solutions.
Periodically, samples were withdrawn aseptically and analysed for hydrogen peroxide.
The half-time of the H2O2 decomposition was determined graphically.
Figure 2 shows, for example, the glucose-competition procedure wich adenine.
Because the reproduce bi I ity of the experiments was not good, all data were
normalized using the half-time of ehe H2O2 decomposition in the sugar solution without
test-compound as an internal standard.
The so obtained K-values are defined as:
Half-time of H2O2 decomposition in a solution of sugar and test-compound
Half-time of H2O2 decomposition in a solution of sugar
Table 1 shows the K-values of the nucleic acid bases (several concentrations)
and the nucleosides (0.01 £ ) in the glucose- and fructose competition test.
The results suggest that there is a scrong adduct, formed between H2O2 and adenine
(high K-value), while Che adduct between H2O2 and chymine
is less strong. Cytosine and uracil are not considered to form an adduct with H2O2
(low K-values). Generally, the nucleosides follow the same order as the bases, but
the K-values are smaller, because the ribose part: in these components also reacts
with hydrogen peroxide (K < 1 ) .
Table 2 shows the K-values in the fructose-competicion test. They are considerably
lower than the values obtained in the glucose-competition (see table 1). This can
be due to the faster reaction between fructose and h^Q^- It is not yet completely
understood why cytosine seems to form a more stable adduct than thymine under chese
circumstances.
From these results it may be concluded that hydrogen peroxide forms a relatively
stable adduct with adenine, based on polyfunctional hydrogen-binding between oxygen
and nitrogen atoms in the two molecules (see figure 3 ) .
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2 • Gamma_j, r rad^î at|on_gf„nucte jc_ac,i debases
Irradiation at ambient temperature of solutions of nucleic acid bases (in 0.05 H
phosphate buffer, pH - 7) was done with a 60Co-gamna source at a dose rate or
8700 6y (870 krad)/h with continuous passing of oxygen through the solution. Two
doses were given, 2500 and 5000 Gy (250 and 500 icrad). After each dose samples were
withdrawn and analysed spectrophotometrically for H2O2 and nucleic acid base content.
The results for adenine and thymine have been summarized in the tables 3 and *.
iSey S o w tha? the production ïf »fcOz is linear with the absorbed dose Obviously, thym.n,
is more destroyed than adenine. Sj(-Thy>i«*) - 3,9; G(-Adenme) - '»85)j; The
destruction of adenine is not quite linear with the dose. This is probably due to
reconstitution reactions which take place in the irradiated adenine soJutson.
The irradiated solutions have been investigated on their mutagemcity in the snortterm Ames-test (see under 3 ) •
3. Hutagen^cïtY_test]ng_of_irrad,îated_soiutXons_of_nuçJ,eXç_açid_bases
The-short-term Ames test which is very useful for the detection and characterization
of mutagenic agents, is applied to the irradiated solutions of adenine and thymine.
Before doing this, hydrogen peroxide, adenine, thymine and combinations of these
bases with hydrogen peroxide have been tested with the strain TA 100 (a base-pair
mutant of Salmonella iypkúmarium).
_
Figure k shows that the number of His* revertants is linear with the amount or H 2 0 2
up to 100 ug/plata. This amount is not yet to be considered as mutagenic.
Above 100 ug/plata, H 2 02 inhibits the growth of the bacteria. Adenine itself has
no mutagenic effect. The number of revertants is within the range of the spontaneous
values (for the strain TA 100: 150-200 revertants per plate).
The combinations of adenine U 0 0 ag/plata) with different amounts of hydrogen
peroxide (5 - 200 yg/plate) give a number of ravertants, which is comparable with
the number caused by the amounts of hydrogen peroxide.
The results of the Ames test applied to thymine and to combinations of thymine and
hydrogen peroxide are identical to the results for adenine shown in figure 4.
Figure 5 and 6 show the effect of the irradiated adenine and thymine solutions.
Different volumes of the irradiated solutions are incorporated: they give a number
of revertants within the range of the spontaneous values for this strain. In these
experiments, NaNj (a'base-pair mutant causing mutagen) has been used as a positive
control. It is obvious that the irradiated solutions have no mutagenic effect.

Tab I« 1 - Glucose-conpetition test with nucleic acid bases (several concentrations)
and nucleosides (0.01 H ) .
Testcompound

K-valu« (0.01 » ) "

Adenin«

11.7 + 1.9

Thynin«

t.O + 0.3

Cytosina

2.2 * 0.S

Uraeil

1.6 + 0.3

Adenosine

6.0 * 0.1

Thyraidin«

3.0 * 0.1

Cycldin«

Î . 2 * 0.S

Uridin«

l.î» * 0.1

X-valu« (0.005 n)

5-5
1.7
1.2

*Mein values • S.O. of at least !» exocrioients.

K-value (0.331 n}j

4.1
1.2
1

t u « wiai nucleic acid sa««» (8.91 rt) «id nusiaosiea»

-JOi« 2 .

(0.31 *)
'«scsaaeouna
Aomin«
Thynin«
CytosiiM
Uraeii

<-v«lu«
5.4 - 1.3
1.3 * 0.1

3.9 * 0.2
1.6 * 0.3

Wanosina
Thyaidifl«
Cytidinc
Uridliw

4.0 * 0.3
1.6*0.*
2.7 * 0.«
US • 0.2

Ganu irradiation e* advnin*
9e*« (Gy)

Adanii« (og/a 1)

0

1.52
1.*5
KM

2500
5000

Ta6l«

San» rrrsô iasicn of
Ses« (Gy)

. i Aoanina
renainina
100.0
35.5
32.6

> t Radialys«

i 7-*

0.58x>0*3j
1.11xlO-3i

iïymin c

< Thyain«

X iUdiolys« ; HJOS («)

lag/ •1)

0

•

l.SS

25S0
5000

i
i

1.37
1.26

100.a
51.3
8t.0

:

8.6
16.0

:

i BSP i

Part 3. Mutaaenicîtv testing of irradiated food bv the Ames test
Detection anc characterization of mutagenic agents can be approached most effectively
by using a battery of short-term screening methods for carcinogenie/mutagenic
activity. The high correlation between carcinogenic and mutagenic activity
revealed by short-term mutagenicity tests, indicates that positive results may signal
potential carcinogenic risk to man. The short-term Ames test is the most widely
used, and possesses the highest percentage of correct predictions for carcinogen!city.
In our work the Amest test is applied to a mixture of four fresh vegetables in the
following proportions: leak (57?), celery (28%), carrot
(7-55). and cauliflower (7.55).
Irradiation at ambient temperature was done with a 50Co-gamma source at a dose rate
of 1,5 Gy/min, and an absorbed dose of 38- kGy (380 krad) with a max/min ratio of
.1.05. From the irradiated and un irradiated samples of vegetable mixtures two
types of extracts were prepared, viz. a freeze dried extract (FOE) and s boiled
extract (SE). Incorporation of FOE and BE in the basal medium of the Ames test
may have inhibitory or stimulating effects on the cell growth of the bacterial
tester strains. It was found that the growth rate of TA 100 {one to the used tester
strains) decreased with increasing amounts of FOE in the incubating medium, but its
growth is stimulated to a certain extent in the presence of BE. Histidine has an effect
on the number of spontaneous revertants of the bacterial tester strains. The free
histidine level in FOE and BE is 0.5 g/mg and 55 g/ml respectiveïy. The effect of
two concentrations of FOE and 3E on the number of revertants is given in table 5.
The increasing number of revertants for TA 100 is most probably due to the increasing
amounts of nistidine. The results of this table also indicate that the extracts co
not exhibit-a mutagenic effect in the standard plate test of Ames. To minimize
or if possible to exclude false negatives (as well as false positives) we applied
diagnostic mutagens to verify whether t.ie diagnostic mutagen is expressed in the
presence of the test samples - a critical step which has profound implications for the
predictive reliability of the Ames test.
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Results so far obtained indicated, that the induction and expression of mutagenesis
by two diagnostic mutagens in TA TOO and TA 98 is decreased with increasing amounts
of FOE, but increasing levels of 8E were only effective in suppressing the number
of revertants of strain TA 98, induced by one of the used diagnostic mutagens, name3y
ethidium bromide. We did not observe a different response with regard to the antimutagenic effect of the extracts between the test samples obtained from un irradiated
and irradiated vegetables. A typical result of the suppression of a mutagenic agent
is demonstrated in figure 7. Our conclusion so far is, that four different waterextracts, prepared from boiled or uncokked, irradiated or un irradiated fresh
vegetables, did not exhibit a mutagenic activity in the Ames test.
Table 5 - Effect of extracts prepared froai vegetable Mixtures on the nuaber of
revenants of TA 100 and TA 38.
a'
Total revertants/place
Test
Tea tancer i a l
!
strain
Amount/plate
3E-0
8E-380
|
FOE-380
FOE-0
TA 100

20 ag
40 ag

TA 38

134
200

532

9.2 ml

153

159

0.4 m\

«75

165

ZO mg

16

40 ng

13

1

32
27

j
32
26

3.2 ml
0.4 al

23

i

* Values arc averages af tnree res I i ca u s
Values of ssontaneous revenants are: 112 -or TA '00 and ZS rar

central

Figure 1
Effect of glucose and fructose on the rate of d isapoearende of HjO2 at 37 °C
I n i t i a l concentration of HjOj: 5.9x10*" M In a 0.35 * pnosphatc buffer
(pH-7.0).
•

control

a

with glucose (0.05 »)

e

with fructose (C.05 n)
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Figure 2
at 37 °C in the
Effect of »denin« on the rate of disappearance of
glucose-competition test.
-Initial concentrations of components are: glucose 0.05 M; hydrogen peroxide
5.3x10-* fj; phosphate buffer 0.05 £ (pH - 7-0).
e • control (only glucose)
a • adenine (0.01 M)

O—H

Figura 3
Proposed cheaicai form of the adduct between HjOj and adenine.

His* revenants

Figure

Mg/plale

-20
Ames test witn strain TA 100
m
« Adenine
g

Q

H-jO?

a

a

Adenine (200 ug) * different amounts of

Revertants minus :tie soontaneous values are slotted against the amount
of test material.
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SO

100

150

200

pi/plaie

Figure 5
Anes test wish strain TA 100
a
a NaNj (c - 2.5 ug/nl)
*
3

•
9

Ad«nin« (e » 1.52 œg/mil, irradiated witn 2500 Gy (250 krad)
Adenine (c • 1.52 mg/ml), irradiated with 5000 Cy (500 kras)
His4* revenants

300
250
200
150 S"
100 i-

20 -

/
— ^

-20

Figure 6

50

100

150

200

250 300
Ml 1 plat«

-AO -

Ames test with strain TA 100
a

a

N1N3 (e • 2.5 ug/ml)

»

«

Thymine (c « 1.5 rag/nl), irradiated with 2500 Sy (250 krad)

•

n

Thymine (c • 1.5 mg/ml), irradiated with 5000 Gy (SOO krad)
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1250

freeze dried extract (FOE)
TA 98
«

boiled extract (BE)
TA 96

51000
a.
ai

a>
"E 750
o
"5
•£ 500
a
300
100
0

Figure 7

25
5 0
1
2.5
jjg Ethidium bromide/plate

Comeined or interactive effects. Response of ethidiun brcnide to varying
amounts of vegetaele extracts. Amounts of extract per plate are
indicated in tne figure. 25 ul S-9/olate was aooiied.
Reversants.minus the ssontanecus values arc plotted against amounts of
rautagen.

Studies on changes in phenolic compounds in irradiated fruit and
vegetables and its importance for food hygiene.
V.W.A. BERGERS, J.G. 7AU ZOOIJ
During postharvest storage, naturally occurring toxic compounds in foodstuffs of
vegetable origin, may undergo changes. Specific toxic compounds may be induced
in certain vegetables due to stress conditions during storage. Such conditions
may result from low temperatures (chilling injury), infection by moulds, certain
chemical compounds, etc'. Their impact on overall toxicity in food is not yet clear.
An outstanding example of existing confusion are the contradictory results from
several independent experiments set up on the base of a hypothesis of Renwick
(Brit. J. prsv. Soc. Med. (1972), 26, 67), that the occurrence of teratogenic
malformations in man could be correlated with consumption of blighted potatoes.
Gamma irradiation of foodstuffs, with the purpose of increasing storage life of
fresh commodities by inhibition of sprouting or influencing ripening, may also
affect metabolic changes, depending on dose, and on physiological state at the
moment of irradiation.
In our investigation the possible effects of radiation stress in irradiated
potatoes is studied. Specific compounds in potatoes are chosen as target compounds
viz. the alkaloid solanine and the phenolic compounds chlorogenic acid and
scopoiine.
Results from storage experiments during two seasons indicate no significant changes
of solanine contents in three potato varieties (Alpha, Bintje and EBA) irradiated
at various dose levels: 0 - 3000 Gy (0-300 krad) and sampled during subsequent
storage. The results for Alpha and Bintje are represented in table 1. The potatoes
in these experiments were stored at 5 " 7 °C and 90% R.H. till k months after
harvest, being the time of irradiation, and stored subsequently at 10 °C and 90% R.H.
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A method for biochemical analysis of phenolic compounds in freeze-dried and fresh
potato samples was developed starting from alcoholic extracts. The phenolic compounds
in the very complex mixtures of alcohol soluble potato constituents (besides target
compounds amino acids, lipids, flavones, alkaloids, etc.) could be analysed
qualitatively by TIC on cellulose after removal of fats with petroleum ether.
The UV spectra of these extracts were found useful for estimating the concents of
phenolic compounds.
Toxicological investigation of the positive inotropic effect of potato glycoalkaloids in cultured heart cells was initiated in cooperation with the
Toxicological Department of the Agricultural University at Wageningen.
Table » A: Solanln« contents of Irradiated Blntjc potatoes during subsequent storage
Storage days after gjmiia Irradiation
t - 1 d

t • *

0 Gy
(0 krad)

i*.7 a) (1. 7 3 ) b ) 12.0

100 Gy
(10 krad)

13.9

(0.53)

500 Gy
(50 krad)

14,6

(1 .19)

3000 Gy
(300 krad)

16,3

(0.72)

d

0.**>

t - 7 d'

t - 1* d

t • 32 d

19.2 (0.71) 13.* (0.61) l%.7 (1.31)

t - 7* d

to.C

(1.6t)

t • 125 d

c) ..

-

16.3 (1.87) 18.2 (1.17) 12.9 (1.68) 11.2 (1.90) 12.3 (1,89) 17,0 (2.19)

8.* (2.20)
10,1

(3.52)

IS.« (1.87) 12.6 (0.61) 15,6
1*.3 (0,40) 13.3

(O.W

(3.5 ) 10.* (1.03)

11.2 (3.2 )

9.0

16.5 (2.1)1)

(2.87) 17,7 (3.3D

a) solanine contents (measured as total glycoalkaloid) from 10 symmetrical quarters of potatoes in ag/100 g
freeze-dried tissue, b) standard deviation of triplicate chemical analysis, c) discarded because of
severe sproucing.
«
Table X B; Solanine contents of irradiated Alpha potatoes during subsequent storage
Storage days after gamma irradiation
t • 1d
I) Gy
(0 krad)

a.0*>

t - 4d

t <• 7 d

t • ltd

t >• 32 d

t - 7* d

(0,68) b)

5.7

6,1 (1.18) U.O (2.25) 7.2 (I.*?) S,9 (0,21) 8,* (1 .3D

100 Gy
(10 krad)

10.2

(1.0«

500 Gy
(50 krad)

13,5

(0,80)

3000 Gy
(300 krad)

5.7

(0,26)

(0,62)

7.8

(1.1*)

6.9

(1.23) 8 .9 (0.!*)

11.S (0.40) |4,8 (0,91) 3.3 (0.75)

9.8

(2.18) 16.2

(0.6".) 9.6

(1.9*)

7.2 (0.82)

t »

«5

d

c;

8,5 (0.23)

98

(0,29) 8.6 (1 05)

8,0 (l ,80)

69

(0.*7) 3,0 (2 03)

7.3

(I 46)

a), b) and c) see above.

Studies concerning complementary effects of irradiation and other
preservation techniques on micro-organisms for improvement of food
hygiene.
H . STBGEMAH
The heat resistance of bacterial endospores is thought to result from dehydration
of the spore protoplast. Recently a new hypothesis on the mechanism of this
dehydration was suggested by Gould and Oring (Nature, 258 (1975): ^02-405):
the spore cortex keeps the enclosed spore protoplast in a relatively dehydrated
state by osmosis and not by mechanical pressure. As reported earlier we found
that the sensitizing mechanism of pre-irradiât ion to a subsequent heat treatment
on spores is also associated with the role of the spore cortex in maintaining the
heat resistance of the spore. We therefore tested our hypothesis on the
synergistic effect in relation to the new concept of an expanded csmoregulatory
cortex by treating Bacillus subtilis spores in ways that are expected to affect
the osmotic activity of the cortex.

1
Spores of Bacillus subiilis were treated with urea plus dithiothreitol so that
the coats became permeable to cations. These spores can then be made heat
sensitive by suspension in solutions of salts of mult ivalent cations. The multivalent cations replace the normal univalent ions in the spore cortex and the loss
of univalent ions causes a decrease in osmotic pressure in the cortex. The spores
with this modified coat were washed well with water, irradiated, then heated in
water or k M CaCl2- The survival curves (figure 1A and 18) show that the heatsensitizing effect of pre-irradiât ion could be reduced experimentally by lowering
the osmotic activity of the cortex. The heat resistance of these spores could be
re-established by suspending them in solutions of sucrose sufficiently concentrated
to reimpose, by osmosis, dehydration on the partly rehydrated spore protoplast.
Figure 1C shows that under these experimental conditions the synergistic effect of
a combined radiation and heat treatment could not be re-established. The above
results were in agreement with our hypothesis that radiât ion-induced chain breaks
in the cortex polymer are responsible for the heat-sensitizing effect of preirradiation.
The synergistic effect on untreated spores with coats impermeable to mult iva lent
cations could not be completely reduced by osmotic dehydration in solutions of
sucrose. It may be that the penetration of sucrose by non-modified coats is insufficient.
Results on the use of selective radical an ions to sensitize micro-organisms to
radiation are reported elsewhere.

85 *C

10010-

75 *C

85 'C

•x

Č H
> 0.1-j
0.010.001-
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30 45
60
heating time (min)

Figure 1 - The heat-sensitizing effect of pre-irradiât ion with 0 krad (•),
100 krad (x) and 150 krad (A) on coat-modified spores of Bacillus
subtilis ATCC 6633 heated in: A. water; B. k M CaCl2 and C. k M
CaCl2 plus 2.8 M sucrose.
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D.Is. LilTGERAE

I. Quality maintenance of prepacked endive by a combination of irradiation and
packaging
The aim of these experiments was to study the influence of irradiation, packaging
and storage on the quality of cut endive with special attention to the Total Vitamin
C (L. Ascorbic acid + L. Dehydroascorbic acid) content.
The product was packed in polythene bags (thickness: 0.02 mm) without and with 4
perforations of 2 mm diameter and then subsequently irradiated with 0 and I kGy
(100 krad) gamma rays.
. .
The cut endive was stored at 10 °C and periodically tested on colour, odour,
decay and gascomposition in the polythene bags. The endive was microbiologicalty
inspected by the Total Viable Count (P.C.A.). The Ascorbic acid (AA) content was
measured spectrophotometrically by means of the reagent Oichlorophinol indopheno!
at a wavelength of 520 nm.
For the estimation of the Total Vitamin C contents Dehydroascorbic acid (DHAA)
was first reduced to AA with H2S, according to the method of Zonneveld.
The O2 consent in the perforated bags was approximately 15 to 16«, while this
percentage in the non-perforated bags was only 1 to 2%. The CO2 percentages in the
two types of packaging were k to 63 and 6 to 11$ respectively.
The initia! Total Viable Count was 10 6 to tO 7 g"1 commodity and increased in the
non-treated control up to I0 3 g"1 in a couple of days at 10 °C. The product was also
visibly spoiled in approx. three days.
Irradiation at I kGy (100 krad) reduced the Total Viable Count with 3 to k decimals,
resulting in a storabiiity of seven days.
Figure 1 shows that the Vitamin C content decreases rather rapidly in the first
two days.
The Vitamin C retention in the non-perforated bags was higher than in the perforated bags
Irradiation in perforated bags causes some extra Vitamin C loss at the beginning,
however, this decrease levels off later on.
In the non-perforated bags the extra loss of Citamin C was not significant.
The percentage DHAA in the Total Vitamin C content increased up to more than 50%
of the Total Vitamin C content, one day after cutting, probably by an enhanced
oxidation of AA in the damaged cells. After two days a restoration of the OHAA
content occurred.
_
_ i
DHAA i d
50*
perforated and
During storage the percentage DHAA increased again to 50* only in
non-irradiated samples; this was possibly due to biochemical and microbiological
decay (figure 2 ) .
In the non-perforated bags the discolouration was delayed clearly by tne low C£ and
high CO2 content. However, in the perforated bags the discolouration appeared
already after one day due to the high O2 content. Apparently, a relation exists
between the discolouration of endive, the O2 and the Vitamin C content in the
packaging.
The visual decay and the off-flavour of the commodity were delayed considerably
by an irradiation treatment of I kGy (100 krad)
2. Combined heat and irradiation treatment to control mould contamination in fruit
(collaooration Hovescad) ~
~
~
~
'
"
Experiments combining moderate heat and irradiation treatments as a substitute for
chemicals; were continued. In the frame of the in vitro experiments the following
topics were studied:
- Cultivation of the spore suspension (methodology).
Boiryiia aimevaa, Fsniaillium ssgansum and PsnieilZiwt bveviccmsGstum were
incubated on Czapek Oox Agar Medium (modified) and on Potato Dextrose Ag3r
(pH 3.8). Incubation on Czapek Dox Agar Medium was satisfactory for ?sniai~i.VU&i
but not for 3otrytis. Far this fungus a special medium (1 1 Campbell's V-3juic=
10 g dextrose with Z% agar) was developed.
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- Estimation of the optimum condition for mould spore inactivation.
For Pénicillium and 3otruii3 spores ia oiiro the effects of the following factors
on the survival were studied: irradiation dose, temperature, duration of heat
treatment, combination of heat and irradiation. Experiments showed that 3azzyi£s
was more resistant to irradiation than Pénicillium; for Botrytis a dose over
2 kGy (200 krad) was necessary for a slight inactivation, while for Pénicillium
a 0 1 0 value (decimal reduction dose) was already reached with 270 Gy (27 krad)
(figure 3)-

Pénicillium was more resistant to heat than 3otryiis. Pénicillium esscavsum. and
Pénicillium orevicompactum spores were inactivated at a temperature over ^5 and
50 °C, respectively,"while Sotrytis spores were already inactivated at temperatures
> kO oc. (figure k).
To inactivate the spores a heating time of approx- 7-5 min was necessary.
A doubling of the heating time enhances the effect but not linearly. Combined
heat and irradiation treatments (8 min l»8 °C + irradiation and reverse) result
in a considerable synergistic effect.
With Pénicillium this effect lowered the DJQ value from 270 Gy (27 krad)
(irradiation treatment) to 190 and 160 Gy (19 and 16 krad), respectively for the
two different combined treatments (see figure 5 ) - The sequence heat + irradiation
gave a larger synergistic effect than the reverse.
3- Preliminary irradiation and storage experiment of fresh leak
In May and June winterleek is stored' in cooling rooms to overlap a period without
supply.
The best results are obtained at -1 °C. However, during and after thawing the
product deteriorates very rapidly due to decay.
In the present experiment irradiation was combined with storage at 0 °C. The fresh
ieek-was packed in open boxes or In non-perforated polythene bags (preventing
yellowing and desiccation) and afterwards irradiated with 0, 1 or 2 kGy (0, 100
or 200 krad) gamma rays.
?arz of the object was also pretrestsd in water at ^5 °C during 5 siin to improve
the control of mould decay.
During storage the product was evaluated on quality, gas composition and microbiology.
Gasmeasurements proved that the gascomposition in the polythene bags was very
variable due to leakage.
It appeared from the microbiological analyses that the initial contamination of
leek was high (see table 1). The irradiation treatments of 1 and 2 Gy (100 and
200 krad) reduced the total viable count with 3 to h decimals respectively.
For moulds and yeasts this reduction was lower viz. 1.5 to 3 decimals, depending
on the irradiation dose.
The cumulative effect of a combined treatment (waterdipping + irradiation) was
most pronounced on the moulds and yeasts.
During the first k weeks of the storage period an irradiation or a combined
treatment had a favourable effect on the storability of leek. Later on the
difference between the treated and non-treated samples was levelled off by an
increase of the total viable count and the number of yeasts, probably favoured by
the high humidity in the polythene bags. Packaging in polythene bags prevented
discolouration, desiccation and reduced the loss of weight in leek (see table 1).
The combined treatment offers perspectives with regard to the enhanced inactivatiors
of microorganisms. However, in relation to the quality, the high moisture content
in the product after the waterdipping is still a problem (softening of the tissue).
A combined treatment with warm air instead of a warm waterdipping will be studied
in the future.
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4. The effect of NaBr and KCNS on the colour of oeeied potatoes
The effect of irradiation on some enzymes can be enhanced by sensitizers e.g.
NaBr or KCNS in an N20-saturated environment.
To prevent enzymatic discolouration on peeled potatoes, experiments were carried
out at various NaBr and KCNS concentrations, pH's and irradiation doses. Colour assessment showed that the discolouration was delayed at a 23 KCNS concentration,
saturated with N2O and an irradiation dose of 1 kGy (100 krad). However, the
best results were still obtained by the earlier proposed 0.53 Na2S2<)5 + 500 Gy (50 krad'
treatment.
5. Preliminary research to control 3otrytÎ3 aalaâa (neckrot) in challots by means of
irradiation
Hitherto neckrot in challots and onions was controlled by a fungicide treatment
(benomyl) of the seeds. However, the last years, the percentage neckrot in these
commodities increased to more than 252 during storage, because Sotzytis aalada
probably became resistant to the fungicide benomyl.
To study the effect of an irradiation treatment on neckrot, challots were irradiated
with 0, 2.5 and 4.5 kGy (3, 250 and 450 krad) and stored at ambient temperature
and an R.H. of approx. 503. After a storage per'od of 2 months observation showed
that a dose of 4.5 kGy (450 krad) caused tissue injury;(the product was soft and waxy).
A dose of 2.5 kGy (250 krad) did not give this effect and the neckrot infection was
reduced by 1903 in comparison with the control. The non-irradiated samples showed
an internal browning estimated at 503. In the irradiated samples this browning
percentage was reduced to 53.
Further research for an estimation of the optimum dose will be necessary.

Table 1 - Influence of packaging, wacerdipping and irradiation in the Microbiological
' changes and the weightloss of leek after a storage period of 0, 3 and 7 weeks
ae 0 °C.
Oose
(Sy (krad)
9
0
0
0
0
0
i (too)
1 (100)
1 (100)
2 (290)
2 (200)

Treatment

Average Mcignt
Average loq count of 2 sanoles oer baa
loss of 3 bags
Total viable court]
Moulds
Yeasts
in »
0
0
7
3
3
7 0
7
7

non-packed
packed - H 2 0
packed + HjO
non-packed
packed • H2O
packed + HjO
non-packed
packed - H 2 0

7.6
7.1

8.3
7.3

8.7
9.1

4.2
3.3

4.6
S.I

7-2
8.0

2.S 2.6 <•. I 2.6 S.S 6.0
<l.4 <l.7 «3.a 1.5 4.3 6.3

3.3

3-0

S.3

-•0.8 <l.7 <2.0

- H2O a without waterdipping
+ H2O • with waterdipping (45 °C).

3-9 <t.S 3.7 4.0
2.8 3.2 3.3 2.8

«1.9 4.7
4.2 5-4

1.3 3.6

5-9

9.3
0,7
3.5
12.2
0.7
0.5
12.0
i.«>

!
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fr«sh product

4
5
6
7
storage time (days)

Figure 1 - Influence of irradiation and perforation on the Vitamin C content in
prepacked endive stored at 10 °C ((+) - perforated, (-) - non-perforated)
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Figure 2 - Influence of irradiation and perforation on the Oehydroascorbic acid
content in prepacked endive stored at 10 °C ((+) • perforated, (-) * nonperforated) .
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Figure 3 - Influence of gamma radiation on the survival of various fungi spores,
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Figure k - Influence of heat treatment (10 min) on the survival of various fungi spore*;.
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Figure 5 - Influence of irradiation and combined treatment (8 min k8 °C + irradiation
and reverse) on the survival of PenidlZiurn brsvicanspactwn spores. •
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Nuclear methods in the recycling of liquid waste«
A.F. GR0NEMAN
it has been shown that relatively small radiation doses (100 - 300 daGy) can:
(1) improve the sedimentation and dewatering properties of sewage sludge,
(2) simultaneously reduce the levels of pathogenic bacteria, (3) decompose noxious
compounds and CO reduce offensive odors. Since the volume of material in this part
of the treatment system is only one to two percent of the total waste water volume,
the radiation source requirements are reduced correspondingly.
Research efforts were continued in order to identify the actions of ionizing
radiation on the conditioning of sewage sludges, from which a model could be
developed leading to improvements in the process through clarification of several
experimental observations and considerations such as: (1) the relative ineffectiveness
of irradiation on raw sludge as compared to aneerobically digested sludge, (2)
identification of the products from water radiolysis responsible for the irradiation
effects, (3) the increase in the concentration of the total organic carbon (TOC) of
the liquid phase following irradiation, CO the relatively small changes in radiation
effectiveness on conditioning beyond a c>se of 100 daGy and (5) non-enhancement of
irradiation conditioning by O2 bubbling compared to N2 bubbling.

An understanding of ehe above mentioned factors leads to more systemacic approaches
for the improvement of sludge conditioning by irradiation as, for example, in the
employment of lower radiation doses, and in practical and more rapid means for process
controlThe specific resistance to filtration was selected Co evaluate the effects of
ionizing radiation on the dewatering characteristics of sludges. Sludge dewatering
improves as the specific resistance decreases. Results of experimental determinations
of the specific resistance are presented in figure 1. It is seen that radiation
conditioned the anaerobically digested sludge from Zeist, drastically reducing the
specific resistance from approximately 18 units to 7 units or kQ% of its initial
value at a dose of 300 daGy. The largesc decrease of the specific resistance
occurred in the first 100 daGy, and subsequently Che extent of conditioning decreased
but at a lower rate. Figure 1 also shows that gamma irradiation had no effect on raw
sludge from 3ennekom. Similar results were obtained when raw sludge from Zeist was
irradiated.
In order to identify the radical or radicals responsible for the conditioning action
of irradiation, series of experiments were carried out to measure Che effect on Che
specific resistance of different scavengers over a range of concentrations. The
results suggest that the oxidizing OH radical and not the reducing radicals eaq and
H is the principle one producing the conditioning effect.
Gravitational separation of solids from suspensions by sedimentation is an important
process in the treatment of waste waters. To determine whether the effects of gamma
irradiation on segmentation of sludge are also induced by OH radicals a series of
settling experiments was performed. Settling curves constructed from results of
settling tests on un irradiated control samples could be divided into four parts, e.g.
the lag zone, the rapid subsidence zone, the transition zone, and the compression
zone. The improved settling of the sludge caused by the 300 daGy irradiation treatment was due mainly to the almost total elimination of the lag zone in which the
attenuation of the turbulence in the settling column, the flocculation of solids,
and the establishment of channels through the subsiding mass through which
displaced liquid can rise to the liquid-solids interface takes place.
In the presence of an adequate concentration of an OH scavenger, 0.35 M butanol,
for example, the effect of gamma irradiation on the settling rate was eliminated.
The addition of butanol by itself had no significant effect on the settling rate
of anaerobically digested sludge.
Exploratory series of pulse radiolysis investigations on the liquid phases of raw
and digested sludge were performed, the purpose of which was to determine their
relative OH scavenging ability. Since we are dealing with a heterogeneous,
chemically ill-defined system, a new procedure for carrying out the pulse radiolysis
experiments had to be developed, especially because of the opacity of the
suspensions. It was found that useful data could be obtained when the solid content
of the sludge suspensions did not exceed about 0.1% by dry weight of solids (0.0. =
0.5 in a 2 cm cell) at 500 nm. The relative OH scavenging power of the sewage
sludge centrifugants (6900 g for 30 minutes) was determined by a competitive procedure,
using the intense transient absorption (ejgg * J.I x IO3 M"1 cm"1) produced by the
(CNS)^ radical an ion formed from CNS" upon OH scavenging. The (CNS)| radical has a
characteristic sharp absorption peak at .480-500 nm, and is relatively long-lived.
Figure 2 shows a typical oscillogram for 5 x 10 M CNS* in N2O saturated
centrifugant of anaerobically digested sludge (from Zeist), which was irradiated
at a dose of 300 daGy.
In a typical experiment carried out in the presence of N2O, the reduction in the
optical density (0.0.) of the (CNS)2 radical as a result of competition for OH by
the solutes in raw (Bennekom) and digested (Zeist) sludge was determined. At a
dose of 2.k daGy per pulse, for example, the 0.0. of the (CNS)2 radical in water
(O.D. » O.I9 in a 2 cm cell) was reduced to 0.10 in the Zeist centrifugant
(1.08 g of dry solids/litre). These results provide confirmation that the OH

scavenging power of the liquid phase of raw sludge was greater than that of the
anaerobically digested liquid phase as anticipated from the TOC and solids and
the relatively small or negligible effect on the specific resistance (figure 1).
To a first approximation the competition for OH from the inorganic carbon components
namely carbonates and bicarbonates can be neglected, because of their relatively
low rate constants and, considering their concentration, the resulting small
scavenging power (=2 x 10 6 ).

^AiMwroBicjily dlguttd sludg*
from

ico
2C0
Radiation dose (krcd)

300

Figure 1 - Effects of 60Co-gamma irradiation on the specific resistance to
filtration of anaerobically digested sludge and raw sludge each
containing 2 per cent by weight of suspended solids.

Figure 2 - Growth and decay of CNS absorption in centrifugam
digested sludge, which was irradiated at a dose of
500 nm. Ordinate: 16.6? change in transmission per
Abscissa: 20 usecond per large division. Radiation
of 550 nsecond duration.

of an anaerobically
300 daGy. Wavelength:
large division.
dose: 5.3 daGy/pulse
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A.?. GROHEMUi, £. STSSSJÎilT, V.F. OOSTSEE3SET
Recycling waste waters and sludges often causes problems associated with public
health aspects or the control of excessive biological growth. Ionizing radiation
nay add a new dimension to the disinfection and treatment of waste waters and
sludges.
Research on environmental factors influencing the disinfecting power of irradiation
was expanded using a Faecal streotococcal group as test organism. This group was
found to be more resistant to gamma irradiation than the Col i form group in
thickened raw sludge (Annual report 1976). In cooperation with Or. J. Schubert,
Hope College, Michigan, USA, investigations were performed which were focused on
the exploration of the use of selected radical an ions (e.g. Br2 and (CMSjf) as
both, specific "probes" and irradiation sensitizers. The use of selected radical
anions as "probes" to detect radiosensitive sites crucial in the inactivation of
Streptococcus faecalia is associated with the property of these anions, unlike the
OH radical, to react only with a few amino acids. Oepending on the pH they may even
react specifically with only one amino acid. This property is also a reason for the
effectiveness of some radical anions as sensitizers.
Results of experiments with Streptococcus fzecdis in 1/15 M phosphate buffer at pH 7
are presented in Figure I.
They show that the sensitization by Br2 in an N 2 0 saturated environment was promising,
being strong and much greater than the oxygen effect. 3rJ is already effective as a
sensitizer at a concentration of approximately 7x!0~3 NaBr in the used model system.
The radical anion (CNS)2 did not affect the radiation resistance of Streptococcus
fzeoalis at pH 7.
Radical anions, X2 sre formed by the reaction of an inorganic ion, X", such as Br
and CVS", witn the radiolytically formed hydroxyl radical in a nitrous oxide
saturated solution, as follows:
X" + OH * X- + OH"
X- + X" * X2"
Under these conditions all hydrated electrons are scavenged by N 2 0 and the OH yield
is essentially doubled by the reaction:
e" aq + N 2 0 + H20 * 0H-+ OH" + N 2
The radiation resistance of Streptococcus faecalis expressed in Oig values under the
mentioned experimental conditions are summarized in table 1.

Tabl« I - Effects of «chanol, on OH scavenger, on ci?« sensicization of SSrtpzsesasu3
faaaalia by th« radical anion SrJ
System
NîO
NjO/0. 1H NaBr
«chanol
SjO/0.IM Na3r/ZM «chanol
•1 Sray • 100 rad

Reacting radicals OH) valu« S55 confidence interval
OH
H»
8rj daGy C» krad)
daGy (- krad)
OH

».
HHH-

-

»3.2
1.3
48.2
47.7

J7.5 0.9 41.S 37.3-

21.2
2.<*
57.S
64.5
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A 15 fold increase of the rate of radiation inactivation was obtained in the presence
of O.ïM NaBr, reducing the D)Q value from 19.2 daGy to 1.3 daGy per log cycle.
When OH radicals were scabenged by 2M ethanol, the rate of radiation inactivac ion
was decreased to 48.2 daGy.
The addition of O.I H NaSr did not alter significantly the Djg values because no Brf
radicals anions were formed since OH radicals were effectively scavenged with
ethanol.
It will be explored if this simple and effective rational on radiation inactivation
can be applied in the disinfection of waste waters and sludges.
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£0
Oes« icaCy)

Figure 1 - Survival curves of Streptococcus faecalis

in I/IS H phosphate buffer at

pH 7.0 irradiated in N20 ( o ) , O2 ( i ) , N20+0.1 » NaBr ( • ) , N20+G.G1 H NaBr (x)
. and N20+0.001 M NaBr ( o ) .
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Ce ordination of natation breeding in vegetatively raonagated
C. 3E0BETJ3S
During 1977 again several scientists and commercial plant breeders made use of the
service of the Association by informing about the possibilities of mutation breeding
to solve specific problems in their crop(s) of interest and to have material
irradiated if it was decided to start a mutation breeding project.
Twelve new projects were started, all concerning vegetatively propagated ornamentals,
viz. Chrysanthemum (3x), Cupressus, Cyperus, Gemera (2x), Pelargonium, Sirtnirsgia
(Gloxinia), Streptoaarpus and tulip (2x). Ten projects were started with Outch
breeders and two with German ones. This brings the total number of projects, started
since 1959, to 248.
Several mutants, resulting from some of these cooperative projects or from our
own research, were introduced into commerce, such as the Achimenes cultivars
Cinderella, Flamingo, Lollipop and Pink Attraction, the Alsiroemeria cultivars
Capitol, Fanfare, Result, Trident, Valiant and Zenith, the Begonia, mutant cultivar
Hoblanche, the Chrysanthemum cultivars Blue Star, Bright Star, 9ronze Star and
Coral Star and the Lilium cultivar Mies 8ouvjman.
The total number of commercial radiât ion-induced mutants of vegetatively prooagated
crops that ara known in the world literature, so far, is 146 (Table 1). Of these
mutants 16 were obtained and commercialized by the Association and 52 by commercial
plant breeders as the result of cooperative programmes with us. in addition 2 onion
mutant cultivars resulted from a cooperative project.
The figures in Table 1 reflect the growing interest in mutation breeding during
the past decade, which resulted into relatively fast increasing numbers of cemme.-cia'
mutants,^particularly of ornamentals.

Table 1 - Commercial mutants of various vegetatively propagated crops (December, 1377)
Total number Total number o f commercia1 mutants in the period
before I960

1960-1970

1970-1977

Ornamentals
Tuber and bulb crops
Pot plants
Cue flowers
Garden plants
Woody plants

27
«8
54
2
1

2

12

12
41
42
2
I

3

6

13

7

F r u i t crops
9
1
1

t i t

Tempérât« tree f r u i t s
Small f r u i t s
Tropical f r u i t s

1
1

Other crops
Peopcrmint
Potato
Totals

2
1

-

-

2
1

146

2

36

108
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One project has been very successful and serves, at present, as an almost classical
example of the potential value of mutation breeding. It concerns the induction of
flower colour mutants in the pinkish-white flowering Chryscntheman cultivar Horim.
This cultivar happens to be a cross-breeding product with a very good crop under
Dutch winter conditions. Within 2 years (1975-1976) several flower colour mutants
were produced without altering its outstanding characteristics. One of the mutants,
a light pink flowering one, even proved to be better than the originei cultivar.
Upon re-irradiât ion it produced a dark pink mutant which again was improved in
respect to yield and quality of the cut flowers. The latter cultivar (cv. Mikrop)
is re-irradiated again to produce flower colour mutations.
At present the spontaneous and radiât ion-induced mutants of the above mentioned
cv. Horim are grown on a very large scale. Percentages as high as 60 are even
mentioned, which would mean that a few hunderd million plants of it are produced
and grown, this season, (in The Netherlands approx. 550-106 Chrysanthemum plants are
produced yearly).
It needs no explanation that this example has considerably stimulated the interest
in mutation breeding of Chxvjsanthemum as well as of other crops.

Commercialization of food irradiation for preservation purposes.
E.G. HEINS, S.Is. LAUGERAE
Soices and condiments
A range of irradiated spices and herbs was evaluated by an internationally operating
industry. The positive results have led to the managing directors' decision to have
this technology applied, whenever needed. This development may increase the total
quantity that is treated by the Pilot Plant annually, by order of the home trade,
and which amounted to 7 tons in 1977.
A second shipment of irradiated Hungarian paprika was distributed among Dutch experts,
on request of the Central Food Research Institute in Budapest. The first consignment
did not permit a correct estimation of the buyer's preference, since the initial
quality of the commodity before irradiation turned out to have been insufficient.
A second experiment learned that some negative influence of irradiation on the sensory
features may be possible. However, some experts stated that such effects may also
occur after an ethylsne oxide treatment. The differences between irradiated and
control samples appeared to be marginal to some participants, and in one case the
irradiated paprika scored highest.
Quality evaluation of irradiated South African mangoes
After the initial small trial shipment in 1975, the Atomic Board of South Africa
sent a large shipment of mangoes this year. This shipment was evaluated, after 25
days transport, on arrival, and during the following period of sale, using
representative samples kept at ITAL. The applied combined treatment of hct water
with fungicide dipping, followed by 0,75 kGy (75 krad) gamma irradiation proved to
be very effective. But this experiment also showed that both the initiai quality
and the shipping temperature are most important for obtaining satisfactory results.
It was understood lately, that the progress of this project is seriously hampered
now, by the negative attitude of South African mango exporters, who have met salesresistance in Europe with regard to the irradiated produce.
The import of dried Hungarian onions
Successful assistance was given in introducing this commodity to the Dutch industry.
This product, made from irradiated and stored fresh onions, was presented to an
important industrial' consumer by a Dutch trading-firm specialized among other things
in Hungarian spices and condiments. A quantity of 900 kg was sold, representing
approximately 10.000 kg of the original fresh material.
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International shipment of irradiated onions
As the French government has issued an unconditional approval of irradiated onions,
a trial shipment became interesting. Qne of the most important Outen merchants had
a shipment of 50 tons irradiated by the Pilot Plant and exported to France.
Detailed results are not yet available.
Trial sale of irradiated fish fillets
In order to secure the continuity of the planned trial sale, the restricted clearance
was extended to a total quantity of 25 tons of fillets of plaice, cod, haddock,
whiting and coal fish. The marketing of these products was started in September by
a major national wholesale company, delivering to institutional buyers. So far, a
.quantity of 5 tons was sold during this experiment, that is also supervised by the
Institute for Fishery Products TNO.
Development, improvement and •oromotion of applications of nuclear and
related •oh.TSical and chemical methods in biology and agriculture.
J.F. ST0UTJ3SDIJK, J.G. DE SVAHT, G. SAUER, W.P. OOSÎESRHEERT, A.ï1.
GROHEMAIT, M.J. ERISSSL.
1. Courses
î . l General Radîcnuclide course.
From 10 t i l l 23 January a General Sadicnucliće course has Seen organizes wi-h
TS participants of when four members of ehe IT.AL-personnèl.
1.2 Liquid ScintiHation courses
From February Ik c i l ! March I I , two Liquid Scinci 1 latîon coursas of each ;wo
weeks were organized with 13 and Ik participants respectively.
1.3 Health Physics course.
In cooperation with the Health Physics Department a Health Physics course of
two weeks was organized between March 28 and April 22 with Ik participants.
The course was concluded on May 6, 1977 with an official examination unćsr ausoïcs
of the Ministry of Health and Environmental Protection and of the Ministry of
Social Affairs.^ Of the 2*» participants of the course 22 took part in the
examination, of whom I** with success. Of four other candidatas, who had failed
the examination in 1976 at ITAL or in Nijmegen, only one passed :ne examination.
On December 9, an official examination was organized, in which six of the
candidates took part, who had.failed the examination in May. Five of them were
successful this time.
\.k Special short Radionuclide course.
From 15 till 19 August a special Radionuclide course was organized for 25 students
of the Dr. Struycken Institute at Breda, a school for analysts. In five days
fifteen radiological experiments were performed.
2. Evaluation of radiological techniques.
2.1 Cerenkov counting of 3 2 P in solutions of high refractive ind-x
The refractive index of a solution determines the threshold energy of a 3-partic!Inlra!e- « f i 0 " , °« C a r ! n k o v ™ " « l o n : for water with n - Î, 332 this threshold'
energy ,, 263 keV By «ad ing e.g. saccharose to the solution the refractive index
*
Vnt e d a n d £ h e c n r e s n o 1 5 » energy is lowered. However, it was found that
tl y ° * " c c h a r o s a solution (n = 1,38), the counting efficiency had droosed
to 35?. (In water it was kj%).
An explanation rcay be that the higher density of this solution (d » 1,127 g/ml )
causes a smaller path length in the solution adn thus less Cerankov light.
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determination of ATP, ADP, and AMP in plants with the firefly luciferin""•" lue if erase enzyme system and a liquid scintillation counter (F. Hoekstra
and H. Breteler).
The accuracy of the method of ATP determination with a liquid scintillation
counter has been evaluated. Coefficients of variability turned out to vary
from 2 to A per cent at a lower limit of detection of about 1Q~ 13 mol ATP
per analysis. Triplicate counting is, therefore, advised, as well as
alternately counting of the sample, and sample plus internal standardAccording to the importance of errors, more attention should be paid to
replicated extraction, rather than to repeated counting with appropriate
application of the method of propagation of errors, the adenylate Energy
Charge (E.C.) had a standard deviation of the mean of approx. 0,04 E.C. units
at three replicated extractions.
2.3 Tracing of aerosols from poultry farm stacks.
(Cooperation with ir. P.I. Haartsen of the Institute of Agricultural Engineering
(IMAG) at Wageningen).
In April a visit was paid by Haartsen, Pieters and Stoutjesdijk to Dr. W. Kuhn
of the Institut für Strahlenbotanik in Hanover (F.R.G.), who has much experience
with the technique of activable tracers and their dispersion in air. A problem
is the collection of air samples: it can be performed with an Anderson collector,
but this rather expensive apparatus (costs about DM 6000,-, inclusive pump),
limits the number of sampling places.
Experiments were carried out at the Association's Institute with dysprosium (Dy)
as activable tracer and with stationary sample collectors. Filter paper proved
-to be too voluminous. Then glass plates coated with vaseline, were tried out.
One ml of a solution of Dy in 1% HC1 was distributed homogeneously over a
coated glass plate of 20 x 20 cm2. After drying the plate was wiped two.times
with swabs of cotton-wool and a third time with a swab moistened with ethanol.
The three swabs were put into plastic capsules, dried and irradiated in the ITAL
nuclear reactor. The activated samples were measured with the aid of a Ge-Li
semiconductor detector in combination with a 512 channels analyser. It was
found that the 95 keV peak in the pulse height spectrum of 1 6 5 Dy was
completely masked by a contamination with 2l*Na, originating from the sodium
present in the cotton wool and Kleenex tissues used for wiping off the glass
plates. It was also found that the height of the peaks in the pulse height
spectrum was not proportional to the irradiated amount of Dy, which was
probably caused by adsorption of the Dy onto the glass walls of the dilution
flasks. Very small quantities of Dy2n3 were weighted directly in another
experiment and irradiated without adding cotton wool or Kleenex tissues.
An amount of 1 mg of Dy^Os could easily be detected one day after irradiation
(half life of 16:>Dy 2,4 hj.
2.4 Micro processors
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, ITAL bought an Intel M.D.S. 800 microcomputer
development system. Interfacing of several peripheral devices has been
realized and practical application of the first micro-computers has been started.
2.5 Soil column scanner I
As a result of the increased accuracy demands for scanner positioning, the
oldest soil column scanner has been modified. The scan drive is now controlled
by digital electronic circuitry and is completely interchangeable with the
driving system of the dual beam soilcolumn scanner, so that both scanners
may be connected to the same instrumentation.
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£.6 Reactor instrumentation
As a result of the age of the old electronic instrumentation (electronic tube
system) and the limited availability of spare parts, replacement of the old
electronics by more modern, commonly used modules has been started. The
replacement has already been effectuated for the start channel.
2.7 Liquid Nitrogen detector
To avoid damage of the very expensive Ge(Li) detectors by warming up due to
shortage of liquid nitrogen, the development of an alarmsystem is in progress.
3- Cooperation with other institutes.
3.1 Cooperation with ir. A.G.v.d.Put and Mrs. P. Bosnian of the Department of
Physical and Colloid Chemistry of the Agricultural University of Wageningen
about the adsorption of negative ions on the negative particles in acolloidal latex solution. Experiments were performed with 3 S C1 in which the
irreversible adsorption of Ci'ions could be determined, which was not possible
with other methods at Cl"concentrâtions lower than 10~ 3 mol/1.
3.2 Cooperation with Dr. W. Norde and Mrs. P. Bosman of the Department of Physical
and Colloid Chemistry of the Agricultural University of Wageningen about the
uptake of cations during the adsorption of human plasma albumin (HPA) on
latex particles as a function of pH.
Experiments were performed with 2 2 N a + as a model. On the base of this model
the charge effects în the innermost and the outermost region of the HPA-latex
system resulting from the transfer of ions to or from the solution phase, were
calculated.
It was expected that a net uptake of cations (Na+) from the solution into the
region adjacent to the polystyrene surface occurs, whereas in the outermost
region of the adsorbed HPA layer there is a net increase in the binding of anions.
Adsorption of 2 2 N a + could be determined, which was not possible with other
methods at Na + concentrations lower than I0~ 3 mol/1.
3.3 Cooperation with drs. A. Bissei ing of the Department of Molecular Biology of the
Agricultural University of Wageningen about the uptake of Fe by pea plants
(Pisum gati'jum L.). (Cooperation with S.v.d.Geijn).
The plants were infected by Rhizobium legiasrùnosarum, the root nodules were
collected and the produced haem was determined with the help of 3 3 Fe. The
depression of haem synthesis by the addition of NH4NO3 was studied.
l.k Cooperation with Mrs. Dr. L.P.M. Timmermans, Ir. H.W.J. Stroband and G.J. de Graaff
of the Department of Experimental Animal Morphology and Cell Biology cf the
Agricultural University of Wageningen about the absorption of oleic acid by the
intestinal epithelium of the grass carp (Ctenopharygodon iáella). Experiments
were performed with oleic acid labelled with 3 H and by investigating pieces of
the intestines. The place of incorporation in the fish was determined by autoradiography and liquid scintillation counting.
3.5 Cooperation with Drs. H.W.J. Stroband, J. Gebbinck and R. van Oosterom of the
Department of Experimental Animal Morphology and Cell Biology of the
Agricultural University of Wageningen about the influence of a mitogenic
compound (phytohaem-agglutinin, PHA) on the production of lymphocytes in fish.
Experiments are being performed in which lymphocytes are cultivated and
treated with PHA. The uptake of the 3H-Iabelled product by the cells, as a
measure of the production of lymphocytes, will be determined by micro-autoradiography at a later stage.
3.6 Cooperation with Ir. J. van Bruchem of the Department of Animal Physiology of the
Agricultural University of Wageningen on the determination of the retention time
of food in the abomasum of sheep by a localization technique with soft Y emitters.
This investigation was started in 1976 and it mainly concerned the use of positron
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emitters for this purpose.
Experiments using small G.M.-counters (length 2 cm, diameter 0,5 cm) in
coincidence gave unsatisfactory results due to the low counting efficiency
of the GM tubes for the annihilation radiation of 0,51 MeV. The coincidence
count-rate is proportional to the square of the counting efficiency of the
GM tubes.
Larger GM tubes (length 4 cm, diameter 1,5 cm) did not give much better results.
By counting the pulses of the two GM tubes not in coincidence but in a summation
mode, acceptable results have been obtained in preliminary experiments on a
dummy sheep.
Optimal ization of this technique has been performed by selection of suitable
radionuclides in respect of radiation energy, radiotoxicity and memory effects
in the canule, connected with the" a borna s um of the sheep. 5 Co has given
promising results, again in the dummy sheep, and in vivo experiments with this
nuclide have been planned for 1978.
3.7 Research on behalf of Mr. Ing. E.W. Hendrikx of the "Concerndienst Research
en Octrooien" of DSM on the conditioning effects of gamma irradiation on DSM'
sludge.
DSM is building a new waste water treatment plant of a capacity of one million
population equivalents. At the moment DSM is investigating different methods
for dewatering and disposal of its sludge. The conditioning effects of gamma
irradiation on DSM sludge were determined and results reported.
3.8 Cooperation with the Department of Physics and Meteorology of the Agricultural
University at Wageningen about the moisture distribution and dry bulk density of silica systems.
By means of the double beam scanner and a computer programme for a PDP 11
computer, the variations in dry bulk density and in moisture were determined
in different silica systems.
3.9 Cooperation with Ir. W.B. Hoogmoed of the Department of Agricultural Engineering
of the University at Wageningen about moisture profiles in seedbeds.
Moisture profiles and variations in dry bulk density of seedbeds were determined
by means of the double beam scanner and a computer programme for a PDP 11
computer.
3.10 Cooperation with Ir. F.W.A.M. Rijnart of Consulting Engineers Witteveen and Bos,
Deventer, about disinfection of municipal sludges by means of ionizing radiation.
A technological and economic feasibility study on disinfection of municipal
sludges in the Netherlands was initiated.
3.11 Consultative services on the use of ionizing radiation in waste water treatment
and other problems.
Consultative services in the area of nuclear treatment of liquid wastes infected
with viruses were given to "Centraal Diergeneeskundig Instituut" at Lelystad.
The inactivation effects of gamma irradiation in a heterogeneous system with
approximately k% suspended solids were determined and D values were approximately
6 kßy/log unit (0,6 Mrad).
3.12 The liquid waste load of the Association Euratom-ITAL was determined during
three -weeks through the year in order to assess the correct amount of
pollutiontax, to be charged to the Institute for 1977.
k. Work for committees, which make use of the available methodological knowledge.
kA

For the Coordinating Committee for the Monitoring of Radioactivity and
Xenobiotic substances (CCRX) the annual report for radioactive substances 1976
was prepared. As the technical secretary for radioactivity Stoutjesdijk has
participated in the activities of committees of the Health Council which are
studying the conseqeunces for the population of the installation of nuclear
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reactors and a note from the Government about standards for the pollution of the
environment. ("Nota Milieuhygiënische Normen 1976").
In the same 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.
k.2 Frissel, Van Dorp, Poelstra and Stoutjesdijk have been appointed members of a
subcommittee of the Interdepartmental Committee for Nue lea- Energy, which studies
the possibilities of storing highly radioactive waste water from nuclear reactors
in salt formations.
4.3 De Swart is a member of the Committee "Automatization of Laboratory Apparatus
(COALA). Several advices have been given concerning advanced data handling
installations.
k.k As a member of an FAO/UNEP committee on "Environmental Criteria for Assessment
of the Effects of Pollution on Agriculture, Forestry and Fisheries", Groneman
attended intersec.etariat meetings in Rome and contributed to the compilation
of an FAO/UNEP Monograph on this subject.
k.5 As a member of an ÍAEA committee on "Radiosensitivity of Pathogenic Microorganisms in Sewage and Wastas" Groneman attended technical meetings at the
University of Uppsala and contributed to the compilation of an IAEA report
dealing with this subject.
5. Work in behalf of the European Society for Nuclear Methods in Agriculture (ESNA)
and other Organizations.
5.1 In May the eighth issue of Che "Newsletter on the Application of Nuclear Methods
in Methodology and Agriculture" was puolished. In the future the Newsletter will
be sent only to members of ESNA.
5.2 The organization of the annual meeting of ESNA hold, in Uppsala, Sweden from
August 23 through September Tst.
P.M. van Nierop, Secretary and Or. A.F. Groneman, Or. M.J. Frissel, Ir. J.G. van
Kooij, Chairmen of different working groups have been directly involved in this
organization.
5.3 An ESNA working committee meeting on the "Utilization Potential of the FissionProduct Cs-137 for Recycling Municipal and Agricultural Wastes" was organized and
chaired by Dr. A.F. Groneman at Wageningen on November 2*»th during the IAEA/FA0/
WHO Symposium.
5.4 One issue (No. 8) of the "Incompatibility" Newsletter has also been published
(Bredemeijer, Ramulu).

-

Bažiation

108 -

protection

E . P . LEENHOÏÏTS, P . E . DIGÎTOM

The Radiation Protection Service group of the Association EURATOM-ITAL,
authorized by the "Stralingsbeschermingscommissie Wageningen", performs the
technical safety control of the work with radionuc!ides and ionizing radiation in the agricultural institutes and laboratories at Wageningen and its
surroundings.
Since 1975 this control is also authorized by the Ministry of Health and
Environmental Hygiene giving the commission a general licence to take care
of the radiation protection in all the laboratories of the Ministry of Agriculture and Fisheries at Wagen Ingen.
The main activities of the group were:

In the agricultural complex Wageningen the number of workers controlled with
a filmbadge dosismeter was 338; 163 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.

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

Cr

10
7
*»
8

H

15 mCi

11Sm c d
51

3

mCi
mCi
mCi
mCi

32p
Rb
35 S
8s

65

Zn

14
15
Ikk
15
199
18

mCi
mCi
mCi
mCi
mCi
mCi

Approximately 85% of these radionuclides were used outside the Association's
Institute.
The radioactive waste was collected by the group and treated by the Association's
waste department. A total of 10*t mCi of liquid waste was discharged to the river
Rhine. Solid destructable waste was transported this year in one transport
carrier to Mol in Belgium.
5§í!Í§£io.!í_§n.d._Eií!Ío,§Ç.£Í§Y.§_iyr.Y.§Y§
were performed on a regular schedule and en request. Special attention was paid
to experiments with animals and to the handling of l a > — quantities of 33> and 3 5 S .
A

.ss.istançe_and_adyiçe

was given in case of difficult and dangerous experiments. Special attention was
paid to the transport and loading of an additional amount of s 0 C o for the gamma
source of the Pilot Plant for Food Irradiation, bringing the total activity to
220.000 Ci.
The Managing Board of the Agricultural University was advised on the design of
some radionuclide laboratories and the possibility of concentrating such units
for scientists of different groups. No radiation accidents occurred which
needed medical attention. A few persons working with large amounts of HT0 have
been controlled for internal contamination by urine analysis, but no positive
results were recorded.
In cooperation with physicians and the local authorities a set of instructions
was written on the handling of radiological accidents.
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in Agriculture. Wageningen 22-24 March 1976.
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PETIT, C M . and S.C. VAN DE GEIJN. In vivo measurement of cadmium ( ll5m Cd)
transport and accumulation! in the stems of intact tomato plants (Lyeopevsicon esculentim, Hill.). I. Long distance transport and local accumulation.
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X-rays, December 1976, Technical Report Series IAEA, Vienna.
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March 1976, The Netherlands.
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STEGEMAN, H. De bacteriespore. In: Sporevormende bactérien in voedingsmiddelen. Pudoc.
WERRY, P.A.TH.J. and K.M. STOFFELSEN. Conditions for a high plating
efficiency of free cell suspensions of Haplopappus graailis (Nutt) Gray. T.A.G.
ZOETELIEF, J., J.J. BROERSE and K.J. PUITE. The need for repeated intercomparisons and standardization of X-ray dosimetry for the coordination of
late effects research in Europe. Proc. Int. Symp. on National and International Standardization of Radiation Dosimetry, IAEA, Atlanta, December
1977.
ZURLINI, G. and A.S. ROBINSON. Genetic control of Hylemya antiqua III.
Differences in pupation ability between two strains of Hylemya antiqua.
Res. Popn. Ecol.
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Lectures
BECKING, J.H. Biologische stikstofbinding presented at a Nitrogen Seminar,
Wageningen.
BRETELER, H. Uptake of nitrate by bean roots presented at a Nitrogen Seminar,
Wageningen.
BRETELER, H. Nitrate uptake by Phaseolus vulgaris presented at a Plant Physiological Colloquium Agricultural University, Wageningen.
BRETELER, H. Absorption, assimilation and distribution of nitrogen by the dwarf
bean plant, presented at the Working Group Biological Nitrogen Cycle.
BRETELER, H. Kinetics of nitrate uptake by dwarf bean presented at the Foundation
for biophysical studies.
BRETELER, H. Relationships between the uptake and the reduction of nitrate.
Presented at a Seminar at the University of Bergen, Norway.
BRETELER, H. Aufnahme und metabolisierung von anorganisches Stickstoff bei Kulturpflanzen. Presented at the Landtag Landwirtschaftliche Forschung, Achen, Germany.
BROERTJES, C. Artificially induced mutations in fruit trees. Presented at a
Symposium on Clonal Variation in apple and pear, organized by the International
Society of Horticultural Sciences, Renesse.
BREDEMEIJER, G.M.M. Veranderingen in de peroxidase activiteit in Niaotiana alata
stijlen onder invloed van bestuiving. Presented at a meeting of the BION group
"Bevruchtingsonderzoek bij planten", Wageningen.
FELDMANN, A.M. and M. SABELIS. Genetic control in Tetranyahus itrtiaae. Presented
at a Workinggroup TNO Eenjarige Gewassen, Aalsmeer.
FRISSEL, M.J. De stikstof kringloop in landbouwsystemen. Presented at a Nitrogen
Seminar, Wageningen.
FRISSEL, M.J. Agro-ecosystems and modelling. Presented at the IAEA/FAO/GSF coordination research meeting on nitrogen residues, Vienna.
GEIJN, S.C. VAN DE. In vivo meting van transport en accumulatie van verschillende
elementen in plantenstengels (met name 3 2 P, 6 5 Zn en 1 1 5 m C d ) . Presented at the
Department of Plant Physiological University, Wageningen.
GEIJN, S.C. VAN DE. Detection and spectrometry of ß-rays: a non-destructive
determination of long distance transport mechanisms and lateral transfer of
different tracers (e.g. 3 2 P, U 5 m C d , 6 5 Z n ) . Presented at the Institut für Strahlenbotanik der Gesellschaft für Strahlen- und Umweltforschung, Hannover.
GEIJN, S.C. VAN DE. Long distance transport of anions and cations in the xylem
and the role of chelating agents. Presented at the Laboratoire de Physiologie
Végéta 1e, U.C.L., Louva i n-1a-Neuve.
GEIJN, S.C. VAN DE. Ion transport in the xylem and the determination of the
cation exchange capacity (CEC) of the transport system. Presented at the Harvard
University, Petersham, MA,
- at the Dept. Land, Air and Water Resources, Soils and Plant Nutrition Section,
University of California, Davis.
- at the Dept. Horticulture, University of Wisconsin, Madison.
- Michigan State University, MSU-ERDA Plant Research Laboratory, East Lansing.
GEIJN, S.C. VAN DE. Beta-spectrometric localization of transport and distribution
processes in intact plant stems. Presented at Illrd Int. Conf. on Nuclear Methods
in Environmental and Energy Research, Colombia, October 10-13.
- Dept. Biomédical Engineering and Medical Physics, University of Wisconsin,
Mad i son.
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GRONEMAN, A.F. Microbiological and chemical aspects of sludge irradiation.
Presented at the IAEA Technical Committee Meeting on Radiosensitivity of
Pathogenic Microorganisms in Sewage and 'Vastes, Uppsala, Sweden.
GRONEMAN, A.F. Environmental Research Programs in the Netherlands and Basic
Concepts with ongoing Research Activities of the Association EURATOM-ITAL.
Presented at the Second Intersecretariat Meeting, FAO Headquarters Rome, on
"Environmental criteria for assessment of the effects of pollution on agriculture, forestry and fisheries".
HflNISCH TEN CATE, CH.H. Redistribution of N and reduction of nitrate in Phaseolus
vulgarÍ3. ITAL "Nitrogen seminar".
MANISCH TEN CATE, CH.H. Nitrate assimilation and redistribution of nitrogen in
Phaseolns vulgaris. Plant physiological colloquium, Agricultural University,
Wageningen.
HSNISCH TEN CATE, CH.H. Uptake and assimilation of nitrate by dwarfbean. Working
group on genetical-physiological research in higher plants.
HEEMERT, C. VAN. Radiation induced chromosomal mutations for insect control.
Presented at the 6th Chrom, conference, Helsinki, August.
LANGERAK, D.IS. Food Irradiation. Presented at the University of Agriculture,
Wageningen, section Foodtechnology.
ROEST, S. Vegetative propagation in vitro and its significance for mutation
breeding. Presented at the International Symposium Tissue Culture for Horticultural Purposes, Gent, Belgium.
ROEST, S. Weefselkweek van de Chrysant. Presented at the Algemene Vergadering
Afdeling Chrysanten van de Nederlandse Algemene Keuringsdienst voor Siergewassen,
Naaldwijk.
SABELIS, M. and A.M. FELDMANN. Simulatie van het proces van populatievervanging
en verificatie aan experimentele resultaten. Colloquium gehouden voor de Werkgroep Theoretische Teeltkunde van de Landbouw Hogeschool te Wageningen,
Oktober 1977SREE RAMULU, K. Genetic changes in Lyaopersiaum peruvianvm plants regenerated
from in vitro culture of stem internodes and anthers. Presented at a meeting of
the group "Bevruchtingsonderzoek bij planten", Wageningen.
STEGEMAN, H. De bacteriespore: structuur, vorming, kieming en resistentie.
Presented at a Symposium: "Sporevormende bactérien in voedingsmiddelen",
Wageningen.
VEEN, J.A. VAN. Computer simulation of nitrogen behaviour in soil. Kearny
Foundation Workshop, Lake Arrowhead, Cal. U.S.A.
VEEN, J.A. VAN. Mathematical modelling of microbiological processes in soils.
Univ. of Cal., Davis, U.S.A.
ZURLINI, G. Some aspects of population biology of H. antiqua in relation to
genetic control. Ferrara, Italy.
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1 9 7 7

V i s i t to IAEA üosimetry Section, Harwell,
26-29 November 1976

No.

190 -

No.

191 - J . G . VAN KOOIJ

Participation in the First International
Congress on Enaineering and Food. 9~13 August
1976, Boston, USA
V i s i t to the U.S. Army Natick Research and
Development Command, 13-18 August 1976

No.

192 - W.W.A. BERGERS

Report of a v i s i t to the Central Food Research
I n s t i t u t e at Budapest
10-14 November 1976

No.

193 - J . SCHUBERT

Report of a v i s i t to the University of Graz
and the Food Preservation Section, Joint
FAO/IAEA Div. of Atomic Energy in Agriculture
and the I n s t i t u t e of Biology of the Austrian
Atomic Energy Organization, Seibersdorf.
4-6 February, 1977-

No.

194 - M . J .

Report Kearny Foundation Retreat Workshop,
California. 31-1-1977 - 4-2-1977-

FRISSEL

No. 195 - L. DELLAERT

Vers lag van een werkbezoek aan:
- Dept. of Genetics, Gesellschaft für
Strahienforschung - Grünbach, B.R.D.
- Sveriges Uts'àdesfôrenïng - Svalof, Zweden
Jul i 1976.

No. 196 - J.G. VAN KOOIJ

Report on a v i s i t to the Central Food Research
I n s t i t u t e , Budapest. Febr. 16-19, 1977.

No. 197 - J.G. DE SWART
D.J. VAN ZUILICHEM

V i s i t to the Third International Conference on
the Pneumatic Transport of Solids in Pipes.
University of Bath, U.K. 7~9 April 1976.

No. 198 - P. POELSTRA

Study group on behaviour of radionuclides and
levels of i r r a d i a t i o n : transfer of plutonium
in the environment.
Cadarache, CEN, 7-10 March 1977.

No. 199 - W.F. PIETERS

Vers lag van het bezoek aan het I n s t i t u t für
Strahlenbotanik te Hannover op k en 5 a p r i l
1977 door i r . J.F. Stoutjesdijk, W.F. Pieters
en i r . P . I . Haartsen (IMAG).

No. 200 - H. BRETELER

EFRAC working party on membrane ATP ases.
Bruges (Belgium) 30-4 and 1-5, 1977-

No. 201 - K.H. CHADWICK
P.A.TH.J. WERRY

Contact Group Meeting on Genetic Effects.
Biology Division of the C.E.C. Copenhagen,
28-30 March 1977.

No. 202 - K.H. CHAOWICK

V i s i t to Johnson-Johnson Second Symposium on
Radiation S t e r i l i z a t i o n of Medical Products.
25-28 April 1977 and the IAEA Panel on High
Dose Standardization and Intercomparison,
29-30 April 1977, held in Vienna.
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No. 203 - J.H. BECKING

Report of a visit to the Institut für Strahlenund Unweitforschung Hannover 24-26 January 1977.

No. 204 - M.J. FRISSEL

Report on the third FAO/IAEA/GSF research
coordination meeting on agricultural nitrogen
residues with particular reference to their
conservation as fertilizers and behaviour as
potential pollutants.
22-27 May 1977, Vienna.

No. 205 - F. VAN DORP

Workshop on risk analysis and geologic modelling
in relation to the disposal of radioactive waste
into geological formations.
Ispra, 23-27 May 1977.

No. 206 - J. SINNAEVE

Report of the visit to the Arbeitsgruppe Radioagronomie (ARA) of the Kernforschunqsanlage
(KFA), Jul ich, Germany.

No. 207 " K.J. PUITE

- Fourth Ihtemat iona1 Congress of the International
Radiation Protection Association (IRPA), Paris
24-30 April.
- Third Symposium on Neutron Dosimetry in Biology
and Medicine, Neuherberg/München, 23-27 May 1977.

No. 208 - C. VAN HEEMERT

Vers lag van de 6e internationale chromosoom
conferentie. Helsinki, 29-31 augustus 1977.

No. 209 - S.C. V.D. GEIJN

Report of the visit to the Institut für Strahlenbotanik of the Gesellschaft fur Strahlen- und
Umweltforschung, Hannover 23-24 May 1977.

No. 210 - P.A.TH.J. WERRY
S. R0EST

International Symposium on Tissue Culture for
Horticultural Pusposes. University of Gent
Faculty of Agricultural Sciences,
Laboratory for Horticultural Sciences, Belgium
Sept. 6-9, 1977.

No. 211 - D.IS. LANGERAK
H. STEGEMAN

Report on a visit to the Central Food Research
Institute at Budapest, 20-26 June 1977.

No. 212 - K.H. CHADWICK
H.P. LEENHOUTS

Visit to the Institute for Cancer Research,
Department of Physics, Sutton and the VI11th
L.H. Gray Memorial Conference on Hypoxie cell
sensitizers in Radiobiology and Radiotherapy,
Cambridge, England. Sept. 1-9, 1977-

No. 213 - H.P. LEENHOUTS

Meeting of the European Dosimetry Group of the
Biology Division of the European Community at
Fontenay-aux-Roses, 6 and 7 October 1977.

No. 214 - K.H. CHADWICK
A.M. FELDMANN
H.P. LEENHOUTS
P.A.TH.J. WERRY

XVIIIth Annual Meeting of the European Society
for Radiation Biology, Liège, Belgium
17-19 October 1977-

No. 215 - A. RINGOET

Some information on the meeting "^H in the
environment", at Harwell, 29~30 November 1977.

No. 216 - A.S. ROBINSON

Report of Working Group on Genetical Methods
of Pest Control (affiliated to I0BC/WPRS and
ESNA) Uppsala, Sweden 29 Aug.-2 Sept. 1977.
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No. 217 - K.H. CHADWICK

Impressions of the lAEA/FAO/WHO Symposium on
Food Preservation by Irradiation
Wageningen, 21-25 November 1977.
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No.

53 - O . I S . LANGERAK
J . P . STRAATSMA
G . A . A . DAMEN

Invioed van s t r a l i n g op de houdbaarheid en
k w a l i t e i t van voorverpakte soepgroente,
bewaard b i j 10°C (seizoen 1976)

No.

5^ - A . F . GRONEMAN

Report of the f i r s t i n t e r - s e c r e t a r i a t meeting
on "Environmental c r i t e r i a for assessment
o f the effects o f poiution on a g r i c u l t u r e ,
forestry and f i s h e r i e s " at FAO Headquarters.
Rome, 28 and 29 October 1976.

No. 55 - J.F. STOUTJESDIJK

Eenheid in de eenheden.

No. 56 - H.G. HEINS
D. IS. LANGERAK

Praktijkproef met bestraalde, voorverpakte
gesneden a n d i j v i e .

No. 57 - P.A.Th.J. WERRY
F.M. ENGELS
A.W. SPANJERS

Radi at i on-induced Telomere-involved Chromosome
Rearrangements in Haplopappus g r a c i l i s .

No. 58 - D.IS. LANGERAK

Nota voor de technologische begeleiding van
uienbestraling in de p r a k t i j k .

No. 59 - H.G. HEINS
D. IS. LANGERAK

Quality evaluation of irradiated mangoes from
South A f r i c a , a f t e r a sea-borne t r i a l shipment
on commercial scale.

No. 60 - S.C. VAN DE GE U N

P u b l î k a t i e - a k t î v ï t e i t e n vanuit het ITAL
in de période van 1-1-1965 t o t 31-12-1976.

No. 60-E S.C. VAN DE GE U N

Publication output o f ITAL f o r the period
1.1.65 to 31.12.76.

No. 61 - D. RINTJEMA

Dosimetrie resultaten van de ^Co-bron na
herlading j u l i 1977.

No. 62 - P. DE VRUER
A.M. FELDMANN

Mating competitiveness o f male two-spotted
spîdermite, Tetranyckus urticae Koch (Acari,
Tetranychidae).
Effects of X-ray induced p a r t i a l and f u l l
s t e r i l i t y , ageing and numerical aspects.

No. 63 - P.A.TH.J. WERRY

ChromosoomtranspIantat ie in Planten.
Van losse opmerking t o t concrete projektbeschrijving.

No. 61* - J.C. BOOGAARD
(stagiaire H.T.S.
Dordrecht, afd.
Fysische Techniek)

Onderzoek naar de reactieproducten, welke
u i t e i n d e l i j k leiden tot het lyoluminescentiesignaal.

No. 65 - A.F. GRONEMAN

Invioed van ° Co gamma-straling op de ontwatering van DSM-slib.
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