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SUMMARY
GENERAL INFORMATION
The Governing Board of ITAL met eight times; within the Management
Committee of the Association EURATOM-ITAL informal but frequent contacts
took place.
Important subjects of discussion were:
- the planning of the Association's part in the new 5-year programme
(1976-198O) of the Biology-Medical Research Division and in the k-year
programme (1977-1980) of the Environmental Research Division of DG XII
of the Commission of the European Communities (C.E.C.);
- the participation of the Association in the research programme of
Directorate E of DG VI of the C.E.C.;
- the progress of research at the Institute;
- the personnel situation and budgetary matters, as related to before
mentioned collaboration within the European Community;
- the appointment of a new director of the Association after the departure
ofDr.lr. D.deZeeuw, who is now General Director of Agricultural
Research of the Dutch Ministry of Agriculture and Fisheries.
The members of the International Scientific Advisory Committee (I.S.A.C.)
met twice. The main topics of their discussion were the 1975 annual reports of, both, the Institute's projects and the projects of the collaboration contracts of the Association in France, Germany, Italy, Belgium
and the Netherlands, as well as the 1976 progress reports (July 1976) and
the 1977 programme of the Institute.
The organization, representing the personnel of the Institute (R 11), met
regularly during 1976. This group functions as an advisory body to the
direction on matters of personnel, administration, budget and research.
Important topics of discussion were the future of the Institute in relation
to the new type of partnership with the C.E.C.; the social situation of
personnel recruited on a temporary basis; aspects related to the working
out of appreciation reports on individual members of the whole personnel;
the functioning of the Institute considering various administrative,
service and research aspects; the choice of the new Director.
The work in different research groups has been discussed during monthly
collogues and one discussion day on cadmium behaviour in soils and plants.
The Association's Institute has been responsible for the organization of
- a Workshop on the Use of Ionizing Radiation in Agriculture between
scientists from Israel and from countries of the European Community;
- an international symposium on "Cycling of mineral nutrients in agricultural ecosystems";
- a research coordination meeting of the joint IAEA/FA0 Division on
improvement of vegetatively propagated plants and trr.e crops through
induced mutation;
- a research coordination meeting of this same Division on technological
and economic feasibility of food irradiation.
In 1976 again 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.
Scientists of the Institute participated in symposia, workshops, congresses, considering topics related to their discipline and visited
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developing countries for advice and training (see internal reports).
Four scientists, A.J.G. van Gastel, S.C. van de Geijn, C. Petit and
S. Roest, presented in the course of 1976 their Doctoral Thesis, worked
out jt the Institute.
At the end of the year Dr.lr. J. Sybenga was appointed by the Ministry
of Agriculture and Fisheries as the new Director of the Association.
The programme for 1976 has once more been carried out in cooperation
with other scientific Institutes tnd Organizations in the Netherlands,
the other countries of the European Community and elsewhere in the
world. Some examples of this collaboration are:
- on different aspects of the application of nuclear energy within the
working groups of the European Society of Nuclear methods in Agriculture (ESNA);
- on pollution, radioactive and other, with mainly institutes in the
Netherlands and Germany;
- on radiation effects within the European working group for ilicrodosimetry;
- on standardization of absorbed dose and dose distribution measurements within the European Late Effects Project Group (EULEP);
- within the Cultural Agreement of the Netherlands with several eastern
European countries on topics such as e.g. food irradiation and
liquid waste treatment;
- within projects concerning the testing of irradiated food and wholesomeness, set up by the Organization for Economic Cooperation and
Development (OECD) and the IAEA;
- on genetic control of insect pests, coordinated in the Netherlands
within the working group on "Integrated control of Insect Pests" and
in the joint European working group of the "Organisation Internationale
de la Lutte Biologique" (O.I.L.B.);
- within programmes of the joint IAEA/FA0 Division on e.g.: mutation
breeding of vegetatively propagated crops, dosimetric aspects, ferti1izer efficiency.
RESEARCH
Radiation effects
For the experimental study of the dose-effect relationships in plant
cells two systems are now used: Haplopappus graoilis (Nutt) Gray cell
cultures and Saintpaulia ionantha H. Wendl, cv. Utrecht cells in tissue.
The Haplopappus cells in a suspension medium consisted of 80% single
cells and 20% two-cell aggregations. The plating efficiency has been
improved (60-95%) and a first cell survival-dose relationship was obtained. This system is also well suited for measuring the induction of a
mutant at the PAL-locus and for chromosomal aberration studies.
A premitotic criterium was developed to determine the radiation sensitivity of SaintpauHa cells in tissue. Study of the morphology of the epidermal cells at the bottom of a petiole, after culturing a detached
leave, leads to a quantitative measure of the rate of reactivation of
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cells reaching the first mitosis. Irradiation of the leave reduces the
reactivation capability. The radiation sensitivity of these cells proves
to be dose-rate dependent and has a linear-quadratic relationship with
dose.
In the research dealing with e.g. radiation-induced changes protein
metabolism of pollen, the leucine incorporation has been under investigation during both respiration in humid air and germination in vitro.
For all pollen species, leucine incorporation during respiration in humid
air turned out to be of minor importance. During germination in vitro,
however, large differences exist in the rate of incorporation, the well
developed trinucleate pollen showing low rates compared to the lower
developed, binucieate, types. Treatment with cycloheximide inhibited the
outgrowth of the pollen tubes, only in the case of the lower developed
types. Trinucleate types, therefore, must have been equipped with the
enzymes, necessary to let tube growth proceed, prior to the moment of
dehi scénce.
In an analysis of the synergistic effect of a platinum complex and
ionizing radiation on the induction of cell death in CHO cells, it is
assumed that the synergistic effect is caused by the interaction of a
intra-strand cross-link induced by the platinum complex and a singlestrand break induced by the ionizing radiation. This analysis appeared
to be compatible with the experimental results.
Dos], metry
Lyoluminescence measurements using mannose have been carried out in
photon and fast neutron fields. From the dose response curves the
effectiveness of neutrons in mannose (C6H12O6) was calculated to be 0.34,
O.63 and 0.7-» for fission neutrons, 5 and 15 MeV neutrons, respectively,
relative to e o Co gamma rays. The gamma dose curve was found to be linear
from 5 to 300 rad. The energy dependence for photon energies down to
40 keV was measured.
The dose intercomparison system developed for X rays with an HVL of 0.1
to 3 mm Cu has been tested for extreme climatic conditions. Also a
floating positioning system has been made which enables exposure at a
certain depth in water.
Further studies on the stability of the radiation induced OP in clear
and red perspex have revealed that at 45 U C in vacuum*
- the OD of the red perspex increases at all wavelengths;
- the conversion of one radical species to a second radical species in
clear perspex causes a change in the OD spectrum, lower wavelengths
increase, higher wavelengths decrease;
- unfortunately the "cross-over" wavelength in the OD spectrum rotation
is dose dependent and the storage under vacuum cannot be used at k5 °C
to prolong the time between irradiation and read-out for intercomparison
purposes.

Research was mainly directed towards methodological aspects of mutation
breeding combined with in vitro culture. Chrysanthemum morifolium Ram.
plants were propagated rapidly in vitro through the formation of
adventitious shoots on pedicel explants and the subsequent root formation
of detached shootlets. This procedure proved to be valuable for mutation
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breeding since it resulted in the production of almost exclusively
solid (non-chimeral) mutants after irradiation. In potato, begonia and
carnation, in vitro methods of vegetative propagation are being
developed.
The experiments with Solanum dulcamara L. were discontinued because of
disappointing results, mostly due to the sensitivity to certain insects
while the growth during wintertime is insufficient.
The effect of dithiothreitoi (DTT) upon the mutation spectrum was
studied, using the vegetatively propagated ornamental Aohimenes cv.
Tarantella. Although the protective effect of DTT against the effects of
X-rays and fast neutrons upon survival (of detached leaves) was of the
same order as reported in the literature, no favourable shift in the
mutation spectrum could be observed among the mutant adventitious plantlets.
in a study on the effect of fast neutrons as compared with X-rays upon
the mutation spectrum and mutation frequency in Arabidopsis thaliana L.
(cv. Landsberg "erecta") and Hordeum vulgäre L. (cv. Asse) attention was
also paid to the influence of DTT upon the mutation spectrum.
In this material it is observed that the protective effect of DTT against
radiation indeed depends on the plant material. Here DTT causes a spectrum
shift towards relatively more gene-mutations, even when protection is
poor. The spectrum shift is more pronounced after fast neutrons than
after X-rays.
During 1976 again many plant breeders used the service of the Association,
viz. information about possibilities of mutation breeding and/or
irradiation of plant material. Thirteen new cooperative projects were
started. Several mutants of Chrysanthemum were put on the market as the
result of already existing cooperative projects between commercial plant
breeders and the Association.

F.22íLp.r.§ie.r.y.a£Í2D_!2Y._irr§£!Í§£Í2D
Cells of Esaheriahia aoli and both vegetative cells and spores of Bacillus
subtil is were gamma irradiated in neutral phosphate buffer in the
temperature range of 45 to -196 °C, in the presence of oxygen. The increase of the radiation resistance at cryogenic temperatures is apparently for vegetative cells of B. subtilis approximately two times larger than
for cells of E. coli. The radiation resistance of these cells decreased
gradually from 20 to kS °C. The resistance of B. subtilis spores with a
low manganese content changes very little at irradiation temperatures
varying from 0 to -196 °C. Above 0 °C the radiation resistance of spores
increases, reaching a peak value at 50 to 60 °C. The radioprotection by
manganese disappears at temperatures above 60 °C and this effect is
probably due to the higher heat resistance of spores with a lower manganese content.
Previous results indicate that elimination of vegetative cells by
irradiation is optimal ambient temperature. This principle is applied,Jn
irradiation studies on vegetables and fruit. The microbial contamination
of prepacked vegetables is mainly composed of gram-negative rod-shaped
bacteria, represented by E. coli in above mentioned model study. With an
irradiation dose of 100 krad, being the optimal technological dose for
vegetables, approximate k decimal reductions are obtained.
An important nutritional constituent of vegetables and fruit is vitamin C.
Hence, it is important to study the behaviour of ascorbic acid in relation
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to the radiation enhanced shelf-life of such commodities. Results showed
that total vitamin C content of endive, green cabbage, cauliflower and
leek did not significantly change, but a small reduction was found in
irradiated kale during storage.
A prohibition of the use of the fungicide "Brassicol" prompted a study
to control mould in white cabbage by irradiation. Preliminary results
indicate, that the quality of irradiated cabbage, stored at controlled
atmosphere condition was superior to that kept in regular cold storage.
Combined treatment (irradiation and heat) proves to be more promising
than either treatment alone. In vivo tests with Penioillium are in
progress to determine conditions for optimal effect.
With regard to wholesomeness studies of the food irradiation process a
four years lasting feeding test with feed, processed by irradiation or
heat, on reproductive function of Groot Yorkshire sows was terminated.
Performance data of 3 generations showed clearly a consistent effect
of autoclaved feed on the growth rate of sucklings. The offsprings over
the three generations, receiving supplemental autoclaved solid feed ad
lib. gained about 35% less in weight during the last 12 days of the
lactation period than the piglets to which irradiated or control feed
was administered.
It was decided, that additional studies of the kind, terminated in 1976,
would contribute little more to the vast amount of data at present
available on the wholesomeness of irradiated food. Instead, future
studies should be based on radiochemical data. Along thir, line two
projects were initiated, dealing with radiation induced changes in
naturally occurring toxic compounds during postharvest storage, and
with changes in nucleic acid constituents and their biological activity
in relation to the wholesomeness of irradiated food.
During the period under review an unconditional clearance was granted
to fresh broilers, and wholesome on a provisional basis were considered
prepacked peeled potatoes, shrimps and fish fillets.

§§[!§£Í£-£2Q£r.2l_2£_A.r.£b.r.2E2£LP.iš£5
For Tetranyohns urtiaae it was demonstrated that doses of X-rays of
k krad or greater had a negative influence on male mating competitiveness
so that control by the release of irradiated males would appear not to be
feasible. Consequently, population replacement experiments were studied
as a possible alternative. Under certain conditions it was demonstrated
that lines carrying a homozygous structural chromosome mutation (S.C.M.)
could under certain conditions replace the wild-type line. This gives
the possibility of using the system to introduce beneficial genes.
Parallel computer studies showed that sex ratio and fecundity are the
significant parameters in the process of population replacement.
In Hylemya antiqua a viable homozygous line has not yet been isolated;
nevertheless an intensive study has been concentrated on T16 where
viable homozygous individuals in both sexes have been observed.
New translocations are being continuously produced (28 In total) and
strict selection has been carried out to isolate asymmetrical types.
Two techniques have been used a) irradiation of males with fast neutrons
and b) irradiation of fertilized females.
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For both species life-tables have been constructed; for T» urtiaae á
wild-type line was compared with a homozygous S.C.M. line, no differences
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were apparent. For H. antiqua the effect of two environmental conditions
(constant temperature of 23 °C and alternating day and night temperatures
of 20 and 10 °C respectively) were compared using a laboratory strain
and a wild strain. The net reproductive rate was not different for the
two conditions, however, the capacity for increase of the population was
greater in the constant temperature as a consequence of the shorter
generation line. Alternating temperatures led to a higher survival and
larger pupae, this temperature regime is now routinely used for larval
rearing.
It was attempted using radiation to induce mi tot i c crossing-over in
H. antiqua males carrying an inversion heterozygote in order to try to
isolate a compound chromosome stock. Out of 65 eggs examined only 1
carried a recombinant chromosome.
In both species more sophisticated chromosomal staining techniques are
being developed, for H. antiqua C and G banding have been studied and for
T. urticae preliminary work on G banding seems very encouraging.
Genetic studies
In vitro cultures of anthers and stem internodes of different S-genotypes
of Lyaopersioon peruvianum Mill, used to solve certain self-incompatibility
problems gave regenaration of diploid, tetraploid and cytochimeric (diplotetraploid) plants. The genotypes responded differently with respect to
in vitro cell proliferation and organ regeneration. The data provided
evidence that plants regenerated from calli in vitro may derive not only
from single cells, but also from more than one cell. Several genetic
changes could be detected Jji the incompatibility phenotype of individuals
derived from anther cultures; many of them appeared to result from the
generation of new functional S-alleles. Of the 5** plants regenerated from
the anther cultures, 53 derived from the somatic tissue of the anthers,
while 1 plant seemed to have originated from the microspores.
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In the studies carried out to understand the mechanism by which new Salleles arise in the inbred plants of L. peruvianum Mill, bred in different
genetic backgrounds, the S-genotypes in the pollen and styles of 50 plants
were determined. They were either S-homozygous or heterozygous; some were
male or female sterile, or completely sterile. The data indicated that 5
plants may contain new S-alleles.
The investigations aiming at detecting relationships between trisomy and
the expression of self-incompatibiIity in L. peruvianum Mill, have shown
that the capacity of the trisomics to produce seed upon sei fing resulted
from alterations of the incompatibility phenotype of the style and not
from competitive interaction in the pollen.
The ultrastructure of compatible pollen tubes after gamma irradiation in
L. peruvianum Mill, is similar to the one of self-incompatible tubes,
and therefore it is suggested that cessation of protein synthesis might
also be a result of incompatibility.
In vitro produced haploids and homozygous diploid lines of Eiootiana
alata Link and Otto, are used to study the mechanism of generation of
new S-alleles. Self-pollinations of homozygous diploids gave fruit and
seed-set.
Investigations on the genetic effects of low doses of different types of
radiation on the S-locus have shown that the acute treatments, both with
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fast neutrons and X-rays and at doses from 50 up to 300 rad applied to
pollen mother ceils of N. alata Link and Otto, induced pollen-activity
and styiar-activity part mutations as well as a revertible type of
mutations. For the estimation of the mutation rates, the size of stylar
transmitting tissue and the number of pollen tubes growing through the
transmitting tissue en route to the ovules are important and the number
of pollen grains to be applied on the stigma per pollination should be
based on these criteria.
The pre-meiotic cells were found to be the most sensitive to ethyl methane
sulphonate (EMS) treatments in S. alata Link and Otto. Of the concentrat ion studied, 16 mM was proved to be the optimum to evaluate the mutagenicitv of EMS for inducing constructive mutations.
Treatments with dithiothreitol prior to X-ray irradiation of leaves and
pollen mother cells in N. alata Link and Otto gave considerable improvement in the survival of leaves, plant production and pollen fertility.
In spite of the fact that peroxidase 10 activity is induced during ageing
in both attached and detached styles, compatible pollen tube growth is
retarded only in detached aged styles. This finding seemed, at first sight,
to deny the hypothesis that peroxidase 10 is involved in the inhibition
of pollen tube growth in Niaotiana alata Link and Otto, styles, but other
factors such as the availability of substrate and hydrogen donors or
localization of the enzyme may play a role. Concerning the last possibility
the investigations clearly demonstrated differences between the localization
of peroxidase 10 in attached and detached styles. During ageing of attached
styles there was only a small release of P 10 from the cytoplasm to the
walls and intercellular spaces, whereas 5t was very high in the detached
styles. Assuming the idea, that peroxidase 10 is involved in the inhibition
of pollen tube growth to be correct the results demonstrate that only the
wall and/or intercellular fraction of this isoenzyme is responsible for
the inhibition.
Experiments have been initiated to establish whether electrofocusing can
be used to separate proteins and enzymes from leaves and styles. A good
separation of peroxidase isoenzymes from Lyaopersioon peruvianum Mill,
leaves and N. alata Link and Otto styles was obtained. Furthermore a
method for electrofocusing of stylar esterases was developed.
Chemistry and biology mainly of nitrogen in soils and plants
The computer simulation model describing the behaviour of nitrogen in soil
was tested with data from the literature and of an extensive greenhouse/
field experiment carried out in close cooperation with the Institute for
Soil Fertility, Haren, The Netherlands, it would be concluded that the
main hypotheses concerning the great importance of the carbon-cycle and
the role of the micro-organisms with regard to the nitrogen transformations,
which underly the present description, are correct. However, it also
appeared that among the very large amount of data on nitrogen in soil,
only a very limited number deals with the basis mechanisms of the various
mainly microbiological processes. This observation was stressed by
comparing the simulated results with the results of the greenhouse/field
experiment.
The fit between the simulated and experimentally determined course of
the inorganic nitrogen concentration was good, whereas the one for the
biomass content was significantly affected by the absence of a good
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description in the model of the growth of microbes on native soil organic
matter and the strong effect of drying and rewetting-cycles on the biomass
content.
The cycling of the nutrient elements N, P and K in about 60 agro-ecosystems was studied by preparing nutrient balances. This study was carried out in cooperation with Elsevier Scientific Publishing Comp., the
Royal Netherlands Land Development and Reclamation Comp., INTECOL and
approx. 20 invited scientists.
The consumable nitrogen output of different agro-ecosystems varies
between 1 kg N per ha per year (extensive meat production) to M)0 kg N
per ha per year (intensive hay production). For fertilizer dressings
higher than 100 kg N per year per ha, the consumable output for livestock systems varies between 7>6 and 21,3 % of the input, for arable
systems the output ranges from 3^ to 61%, with many values close to 50%.
Leaching losses vary enormously, 20% being an average estimation. The
good correlation between leaching losses and food production is remarkable, indicating that high fertilization leads to higher losses per
ha, but not to higher losses per unit food produced. The same holds for
losses by volatilization of ammonia and denitrification; however, data
for volatilization and denitrification are less reliable.
Experiments with free-living Ng-fixinq bacteria of the: genus Beijerinckia
and Azotobaoter showed that low oxygen tension favoured the capacity of
nitrogen fixation. Nitrogen fixation in the symbiotic system AzoVla Anabaena showed a dependence of nitrogen fixation on photosynthesis,
since N2~fixation was, however, maintained at a 20-25% level indicating
a cross-feeding of the symbiotic algae by the Azolla plant. Like the
free-living algae the symbiotic algae contained the pigment phycocyanin
indicating that they also possess Photosystem II.
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Experiments with soybean plants (Glyaine max Merr.) showed a better fresh
weight and dry matter production in a C02 enriched atmosphere compared to
control plants without CO2 treatment. Preliminary experiments with fieldbean [Viaia faba I.) varieties on soil plots without combined nitrogen
dressing and at different soil pH levels showed differences in fresh
weight and dry matter production. So far the best production was observed
on the plot with clay soil at soil pH 7.7- Also differences in the root
development in the various varieties were observed.
In all the varieties, on the various soils, root nodules were produced,
but a considerable variation of ^-fixation capacity in the various
nodules of one plant and between plants (and varieties) was observed.
Two long term experiments with maize (Zea mays L. cv. Ona) using either
a sandy soil or a mixture of a weak acid and a weak basic synthetic ion
exchanger resin as growth substrate and aiming at a study of ion uptake
in relation to ion concentration were carried out in the ESPAS (Experimental Soi 1-PIant-Atmosphere System) growth chambers. In the resin
mixture strong variations in pH and phosphorus concentration were observed after 50 days and plants on this mixture showed deficiency symptoms due to non-availability of micronutrients. Inhomogeni t ies in the
soil, caused by the technique of column filling, in some cases brought
about poor growth.
Using the simulation model approach changes in concentration in the root
surroundings, caused by uptake of water and nitrogen by the roots, were
calculated. Results point at a lack of sound knowledge concerning uptake
processes big plant roots in relation to shoot growth, root growth and
root envi ronment.

IX

N i t r a t e uptake by nitrogen-starved bean plants (Phaseolus vulgaria
L.,
cv. Witte Krombek) showed characteristics of substrate-induction. The
uptake-time pattern was found to be independent of concentration and
was s i m i l a r for excised roots and intact plants. Tungstate, an i n h i b i t o r of n i t r a t e reduction, decreased the steady state uptake rate
but not the uptake-time p a t t e r n .
The a c t i v i t y of the key-enzyme in the p l a n t ' s NO3 metabolism, n i t r a t e
reductase, was found to be independent of the medium NO3 level ( 0 , 1 5 mM). The diurnal v a r i a t i o n in enzyme a c t i v i t y and n i t r a t e absorption
was investigated.
Bean plants, grown on N-deficient medium, a f t e r flowering had a lower
harvest index (percentage of t o t a l dry matter recovered in the pods)
than plants grown with normal N-supply. However, r e d i s t r i c u t i o n of N
from the leaves to the pods was not a f f e c t e d .
Behaviour of radioactive and conventional pollutants in s o i l s , sediments
and plants
Data on the 9(^Sr content o f s o i l s obtained from 8 locations in Western
Europe were compared w i t h the " p r e d i c t i o n s " derived from a computer
simulation model worked out 10 years ago. For a few locations agreement
between observations and " p r e d i c t i o n s " was good; deviations most probably may be ascribed to underestimating the rate at which 9 0 Sr ions
are taken up in the clay mineral l a t t i c e . Reliable data f o r t h i s very
slow process are t i l l now lacking; t h i s process is probably also very
important f o r other radiocontaminants, especially the long l i v i n g ones
l i k e Am and Pu. Working out o f techniques to separate such a-emitting
compounds from s o i l is in progress, and a measuring system for otp a r t i c l e s has been developed.
Measurements o f y - r a d i a t i o n in sediments from k locations at the r'hine
r i v e r delta showed the presence of radioactive K, Cs, Ra, Mn, Co and Ce
(Order: decreasing a c t i v i t y ) . This radioactive m a t e r i a l , probably
o r i g i n a t e s , both, from f a l l out and nuclear industry.
The a v a i l a b i l i t y o f radiocontaminants to plants and leaching out to the
ground water can be reduced by complexing them with polyami nes, followed
by adsorption of the complex on alumino s i l i c a t e s . Investigation on the
p o s s i b i l i t i e s o f t h i s method showed that the clay mineral i l l i t e is
responsible for the observed immobilization.
Experimental data concerning a sandy loam showed the influence o f the
organic f r a c t i o n on metal a v a i l a b i l i t y .
The development o f the scheme for decontamination of a g r i c u l t u r a l areas
a f t e r severe nucle?r accidents was focussed on compilation o f e x i s t i n g
knowledge. Two pathways are of prime i n t e r e s t : Forage - cow - milk - man
and s o i l - crop - man. Most procedures aim at reducing the d i r e c t
radiation r i s k from s o i l s . They are:
- Removal of the contaminated s o i l ;
- Deep ploughing;
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- Stabilization of the soil to prevent wind end/or water erosion.
Investigation of the possibilities of each of these procedures is in
progress.
In collaboration with the "Forschungsanstalt für Landwirtschaft" FAL
at Braunschweig (FRG) and the Laboratory of Soils and Fertilizers of
the State Agricultural University at Wageningen leaching of heavy metals
in soils of a 90 year old sewage field of the city of Braunschweig was
studied.
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Zr Cd and Cu were released from the toplayer immediately after the
start of the experiments, using undisturbed soil columns, but this
release reduced gradually to zero under anaerobic conditions. Cr and
Pb did not move, neither under aerobic nor under anaerobic conditions;
Fe and Mn were released only under anaerobic conditions and POif readily
moved under both conditions.
In collaboration with the Dutch "Foundation for Waste Disposal" (SVA
at Amersfoort) an experiment was started to investigate the purifying
capacity of k different soils when contaminated with effluent from a
well controlled refuse dump.
To investigate the fate of the soil fumigant methyl bromide a preliminary
model was developed. At increasing moisture content of the top layer
of the soil the penetration of the soil fumigant to greater depths as
well as the volatilisation after removal of the cover decrease.
Tillage, however, results in extended penetration, but also favours
volatilization.
The uptake by the crop of the most important decomposition product of
methyl bromide, the bromide ion, increases 1inearly with the bromide
concentration in the soil solution, but is less than can be calculated
from the product "soil solution taken up by crop" times "concentration
bromide ions in the soil solution".
In connection with the formerly reported experiments, in which different
uptake of 13I*Cs and 1 3 7 Cs by plants was observed, these discrepancies
could not be confirmed. A systematic effect which reduces the ^ 37 Cs/ 131f Cs
ratio when the activity of * 37 Cs exceeds 50 times that of 13lfCs was
observed. This deviation, however, is too small to explain the one found
in earlier absorption experiments.
With respect to uptake of radiocontaminants by plants efforts were mainly
concentrated on 65 Zn. Contamination of crops after foliar uptake is
neglegible. Transport and accumulation of 6 5 Zn after root uptake, present
a real risk of contamination of the food-chain as one of the major sites
of accumulation is e.g. the fruit of the tomato plant. Autoradiographs
also showed preferential retention of 6i/Zn in the transport vessels of
mature plant parts. In stems the pattern of rate of accumulation remained
rather stable, however, with a pronounced day-night rhythm; developing
leaves and fruit stalks showed a steady increase with different patterns
for successive periods of the day.
Increasing concentrations of course affect Zn uptake but also depress
the Mn content of the roots and enhance their Fe content.
The highest yield was obtained in spinach plants (Spinaaea oLevaoea L.,
cv. Verbeterd Breedblad) at a concentration of k,k x 10"6M Zn in the
root environment.
Cadmium also is readily taken up by the roots and transported to the aerial
parts. A concentration of 5.10"6M Cd in the nutrient solution induces a
decrease of the total chlorophyll content of the leaves of Phaseolus
aoeaineus L. cv. Spanish White, without affecting, however, the chl a/
chl b ratio. The content of carotenoids is much less influenced. Cadmium
induced leaf-yellowing is time-dependent and correlated with the Cd
content.
Methodology
A preiiminary test extending over 9 days showed that wateruptake by bean
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s&eds undergoes a sinusoidal daily variation running parallel to that
of the concomitant geomagnetic activity recorded at Witteveen (the
Netherlands). An experiment lasting for k months, is now in progress
and should answer the question whether or not the observed effects are
due to geophysical factors having their origin in the solar chromospheríc activi ty.
The reuse of waste waters and sludges usually causes hygienic problems.
The effect of ionizing radiation with and without sensitizers on disinfection of liquid wastes was investigated. Gassing with oxygen considerably increased the disinfecting power of the radiation treatment
in both raw sludge and anaerobically digested sludge. Sensitizing by
oxygenation may be very useful in periods of high liquid waste
productions or when the radiation capacity of an isotopic source is
reduced by radioactive decay.
Studies on recycling of liquid waste also dealt with the conditioning
effects of ionizing radiation on differe.it types of sewage sludge in
the presence of absence of oxygen. Experimental evidence indicated
that radiation considerably improved dewatering characteristics of
anaerobically digested sludge but had no effect on raw sludge.
Elutriation reduced but did not eliminate conditioning effects of
radiation. Stationary-state radiolysis experiments and pulse radiolysis
studies lead to a new concept, which permits semi-quantitative
estimation of conditioning effects of ionizing radiation on given
sludges.
Two growth chambers at the Association's laboratory have been equipped
with a complete system for data collection on cassette tape. These
data can be processed with the PDP 11 computer at the laboratory.
In behalf of iow activity y-measureroents, an ant i-compton/semi-conductor system with a special lead shielding has been developed.
For the four-channel surface barrier detector installation a digital
multiplexer system has been built, permitting data collection on
cassette tape.
ATP, ADP and AMP in plants have been determined with the help of
luciferase and a liquid scintillation counter.
A device for irradiation of liquid waste by energetic electrons has
been constructed.
A nondestinctive method for the determination of sedimentation rates of
raw sewage sludge with a double gamma-ray absorption method has been
developed.
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In cooperation with several other institutes the following subjects were
studied:
- the metabolism of lipoproteins in rabbits using labelled compounds;
- the retention time of food in the abomasum of sheep;
- the liquid-liquid displacement in a packed beds extraction apparatus
using conductivity scanning;
- the influence of lead on the growth of bacteria;
- the use of activable elements for tracing the bad smell from poultry
farms.
Consulting services in the area of nuclear treatment of waste waters
were given at the national level to the "Centraal Diergeneeskundig
Instituut" at Lelystad, to High Voltage Engineering EUROPA B.V. at
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Amersfoort and at the international level to the board of a waste water
treatment plant in Switzerland and to a development group in the
Socialist Republic of Romania.
A protocol for the correct assessment of pollution tax charged to the
Association was developed by ITAL in cooperation with RIZA and
implemented.
Several courses have been organized: two general radionuclide courses,
and one health physics course.
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RADIATION
P R I M A R Y

R A D I A T I O N

EFFECTS
E F F E C T S

Development and improvement i n accuracy and r e p r o d u c i b ? 1 i t y o f dos imetry
systems f o r X-ray i n t e r c o m p a r i s o n , neutron and h i g h l e v e l y - i r r a d i a t i o n K . J . PUITE, K.H. CHADWICK, W.F. OOSTERHEERT.
1 . Clear and Red Perspex Systems

In a continuing study o f the s t a b i l i t y of the radiation induced OD in
two d i f f e r e n t batches of clear and one batch of red perspex, an experiment was carried out with post i r r a d i a t i o n storage at k5 °C under
vacuum for a period of 30 days. Samples were irradiated to 1, 1.8, 2.5
and 3.3 Mrad at 20 °C and 0,8 Mrad/h. OD measurements were made at
several wavelengths w i t h i n the radiation induced absorption band. The
results can be summarised b r i e f l y :
a. at a l l wavelengths, 630, 6kO, 650, 660 nm the 01) of the red perspex
increased with storage time at a l l doses;
b. at 1 Mrad the 0D at 32^ nm remained r e l a t i v e l y constant in both
batches of clear perspex;
c. at 1.8 Mrad the 0D at 320 and 318 nm remained r e l a t i v e l y constant;
d. at 2.5 Mrad the 0D at 318 nm remained r e l a t i v e l y constant;
e. At 3-3 Mrad the 0D at 31^ nm in batch I I clear perspex remained rel a t i v e l y constant f o r 15 days before decreasing.
From these results i t may be concluded that when oxygen d i f f u s i o n i n duced fading is excluded the OD spectrum changes with time due to the
conversion of one radical species into a second radical species and that
t h i s conversion occurs at a faster rate at higher temperatures. I t is
unfortunate that the "cross over" wavelength in the spectrum change is
dose dependent at 45"°C in vacuum. A single "cross over" wavelength
would have offered an optimal p o s s i b i l i t y for accurate intercomparison
dos i metry at Mrad doses.
The radiation induced 0D change at a wavelength in the region of 315 nm
gives an accurate and reproducible measure o f radiation dose in the
range 200 krad to 5 Mrad. In laboratory work a standard UV spectrophotometer can be used for these measurements, but in i n d u s t r i a l a p p l i cations such as radiation s t e r i l i z a t i o n of medical products and food
preservation there is need f o r a simpler single purpose instrument.
In the f i r s t prototype a vacuum photocell has been chosen f o r the
measurement unit and a current s t a b i l i z e d 30 W Deuterium lamp as l i g h t
source. Some problems have been encountered in the optimalization of
the optics before the sample. At present an interference f i l t e r having
a transmission peak at 311 nm is being used but other f i l t e r s transm i t t i n g at 31^-315 nm are required.

J
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2. Lyoluminescence studies
A- ÍQ_EtJ2£22_fÍSlSi!5
The light signal which can often be observed when saccharides, after
being irradiated, are dissolved in water has been found to be a measure
of the absorbed dose in these materials. Measurements using this lyo1uminescence (LL) technique have been carried out with mannose
The dose response curve for gamma rays of b U Co for doses above 100 rad
is given in figure 1. The gamma dose has been measured down to 5 rad.
From 5 to 300 rad tha LL signal increases linearly with dose, from 300
rad upwards a slight superi inearity is observed. At 100 krad a maximum
response is obtained.
The energy dependence at Jow photon energies was measured down to kO
keV using 1 mm thick layers of mannose in X-ray beams. The measurements
show good agreement with the theoretical curve based on the ratio of
the mass energy absorption coefficients of mannose and muscle. At an
HVL of a 5 mm Cu (60 keV) the energy dependence (compared to G 0 Co y
rays) amounts to O.89. The thermoluminescent material LiF has an energy
dependence of 1.27 compared to 6 0 Co y rays at this HVL.
The response curves for fission neutrons, 5-3 and 15 MeV neutrons
(figure 1) have been used to evaluate the LL signal per neutron rad in
ICRU muscle tissue relative to 6 0 Co gamma rays. This signal has been
compared with the response expected on the basis of the kerma ratio of
mannose and ICRU tissue for various neutron energies. The data on the
relative effectiveness of neutrons in mannose was found to be 0.3^ +
O.O3 for fission neutrons, 0.63 +. 0.07 for 5.3 MeV neutrons and 0.7?
^ 0 . 0 5 for 15 MeV neutrons.
3. Dose intercomparison system using thermoluminescence
The behaviour of the TLD materials LiF and CaF2:Mn, used in the X-ray
dose intercompari son system (Phys. Med. Biol. 1\_, 216, 1976), together
with CaSO/fiDy, have been tested for extreme climatic conditions. The
results are described in the External Report No.'49 of the Association.
A variation in climatic conditions may lead for the TL powders stored
in open discs to uncertainties of a few per cent. Therefore the capsules should be tightly closed to prevent extreme humidity values in
the powder, while the temperature during storage should not exceed
kO °C. The recently developed dual phosphor system has been discussed
at the Advisory Group Meetingon Intercomparison and Standardization
Procedures in Dosimetry of 6 °Co yradiation and X-rays, I.A.E.A.,
Vienna, December 1976. (External Report No. 52).
During 1976 the third EULEP X-ray dose and dose distribution meeting
has been organized with 17 participants in close cooperation with the
Radiobiological Institute at Rijswijk. The results have not yet been
evaluated.
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Figure 1 - Dose response curves of mannose.
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A study of dose-effect response and the interrelationship between cell
survival, mutation and chromosomal aberration in plant cells K.H. CHADWICK, F.M. ENGELS, H.P. LEENHOUTS, P.A.Th.J. WERRY.
1. HaplopappuB gvacilia (Nutt.) Gray cell cultures
A study of dose-effect relationships for cell survival, PAL-enzyme
mutations and chromosomal aberrations and the interrelation between
these parameters requires the fulfilment of three prerequisites:
a. single cell survival must be correctly and unambiguously determined;
b. the mutation frequency at the PAL-iocus must be correctly measured;
c. the nature and frequency of chromosomal aberration must be correctly
assessed.
Procedures for these topics have to be developed or adapted for Uaplograoilia cell cultures.

- k-

Research, during the past year, has mainly lead to a satisfactory
method for the assessement of radiation induced cell death in plant
cell suspension cultures.

A- £r2dyction_gf_smg2f-cei2_cuj[turf|
Satisfactory results were finally obtained by filtration of normal
cultures through a series of nylon filters with decreasing mesh-width
(from 88 to 210 um).
This method reproducibly results in suspensions consisting of about
80% single cells, about 20% two-cell aggregations and a negligible
percentage of aggregations containing three or more cells. The growth
characteristics of these "single-cell suspensions" expressed as increase in either dry or fresh weight do not deviate from the untreated
cul tures.

fffÍ£Í
Plating of single cells according to known or adapted methods proved
to be unsuccessful unless the cells were plated at very high concentrations, which made proper scoring of developing colonies impossible. This problem has been overcome by dividing the plating procedure into two stages. Firstly the cells are inoculated at high concentration in a so-called soft agar nutrient medium, which - without
being completely solidified - still causes immobilization of the cells.
In this medium the colonies are allowed to reach the stage of 16 - 64
cells. After dilution with nutrient medium to the proper concentration,
the colonies are repiated (second stage) on agar solidified medium containing feeder cells. This technique yields a plating efficiency of
60 - 95%. The plating efficiency within one experiment is very constant;
between different experiments, however, it is variable for reasons still
unknown.

C • §ÍD9Íf I5SÍ
Figure 2 shows the dose-effect relationship for single-cell survival,
expressed as colony forming ability, after acute X-ray irradiation of a
suspension of single-cells in the log phase. This result demonstrates
nicely the suitability of Haplopappus graailis single-cell cultures for
radiobiological research.
2. Saintpaulia var. Utrecht
Although this work was not included in the original project it has been
developed from the general interest in the action of low doses of
radiation on plant celts. The methodology, by which "interphase" death
in stationary plant cells can be scored after radiation is reported
here because it offers the possibility of studying the effect of low
doses of radiation on this effect in cells which form part of a tissue.
When leaves of Saintpaulia are detached from the plant, cut at the
bottom of the petiole and cultured, a zone of reactivated cells arises
near the bottom of the petiole. It has been found that the zone of the
reactivated epidermal cells on the dorsal face of the petiole of middleold leaves is homogeneous and equal in size. A new morphological criterium for the reactivation process of the epidermal cells has been
found. These cells which show an enlarged nucleus and nucleolus, already
visible in the microscope after 3 days of culture, will go into division,
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Figure 2 - Single cell survival curve for Haplopappus gvaoiVís cells
irradiated with X-rays at 312 rad/min. The2curve has been
fitted using the equation S • exp [5p(aD+6D ]Tf.
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the unreactivated cells will stay for at least 17 days in the G Q phase
of the cell cycle. The reactivated cells reach mitosis at about 5 days
which is the optimum scoring time; the reactivated cells can be determined quantitatively by counting mitotic cells and those with an enlarged nucleus and nucleolus. In strips of the epidermis reactivated
cells are counted in a square (graticule) at a specific magnification
in the microscope and unírradíated leaves show a reactivation of 80 100%.
B. Effeet_of_rad|ation_gn_reactivation
All epidermal cells are in G Q phase prior to reactivation. Petioles
of middle-old leaves have been irradiated with X-rays and the reactivation has been scored after 5 days of cultivation. Three squares
are counted per epidermal strip and five strips from different leaves
are used for each dose point. It has been found that with increasing
doses of radiation fewer cells reactivate, i.e. more cells are prevented from reaching the first mitosis and: suffer a premitotic death.
The results show that the epidermal cells in this multicellular system
behave like single cells and that the effect is reproducible.
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Cell survival studies have been made using reactivation as the criterium
following acute, fractionated and low dose rate irradiation. The results
are shown in figure 3.
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Figure 3 - The dose relationship for premitotic reactivation of epidermal
cells of SaintpcaAlia leaves after X radiation at 250 rad/min
and 40 rad/min and following a pre-irrad i at ion with 500 rad.
The curves have been fitted using the equation
S » exp £p(aD+ßD 2 Q .
It can be concluded that:
a. The curves of acute and fractionated dose experiment (500 rad - Ik h acute series) are not significantly different and can be analysed
using the linear-quadratic dose relationship. <S - exp -p(aD+ßD 2 )).
b. The low dose rate experiment shows less premitotic death, indicating
the repair of sub-lethal lesions. The curve can be fitted using a
smaller value of 3 than in the acute curve.
A post mitotic investigation has been made to study the meristems which
develop from the reactivated cells (survivors) after 14 days of culture.
These results showed that the meristems from the fractionated regime
were larger than those following acute irradiation and lead to the conclusion that the protective effect of a fractionated dose regime which
has been found previously by Broertjes and Ebbens-Groot at the plcnt
level is due to a post-mitotic effect.
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3- Analysis of some results in relation to the molecular theory
Using the model developed in the previous programme the synergistic
effect of a cytotoxic platinum complex has been analysed. Cell survival
curves in CHO cells following treatment with y radiation, with the
platinum complex cis-dichlorobis (cyclopentylamině) platinum (DBCP),
and with the combination of y rays and DBCP were made available b1/
Dr. I. Szumiel and Dr. A.H.W. Nias.
Following a dose D of ionizing radiation cell survival as given by
S = exp -p(aD+ßD 2 ),

(1)

where ctD is the average number of DNA double strand breaks in one
radiation event,
f5D2 is the average number of DNA double strand breaks a r i s i n g
from the combination of two single strand breaks,
and
p is the p r o b a b i l i t y that a double strand break leads to celí
death (see figure k).
The cytotoxic action of DBCP is not known, but i t is known to form
i n t e r - and intra-strand cross-links in DNA molecules. In the analysis
i t is assumed that an inter-strand c r o s s - l i n k , or a combination of two
intra-strand cross-links in the DNA could lead to prevention o f c e l l
divisions (see figure k). Treatment with a concentration Co of DBCP
in the eelJ leads t o :
(kiC o +k2C o 2 ),

(2)

where k]C 0 Is the number o f inter-strand cross-links in the DNA in
the eel 1,
k2C o 2 is the number of combinations of intra-strand cross-links
on two complementary DNA strands,
and
pc
is the p r o b a b i l i t y that a c r o s s - l i n k leads to c e l l death.
The combination of DBCP with radiation leads to synergism, i f radiation
is applied w i t h i n k hours o f the platinum treatment, or platinum w i t h i n
2 hours of the r a d i a t i o n . This e f f e c t can be envisaged as a r i s i n g from
the combination of a single-strand break opposite a single DBCP i n t r a strand cross-link (figure k), leading to a disruption of the two
complementary DNA strands. The p r o b a b i l i t y that t h i s occurs is proportional to the radiation dose D and the DBCP concentration C o , and
is given by eDCo.
I f now a radiation-dose relationship is derived following a DBCP t r e a t ment, survival is given by:
S = exp -p((a+eCo)D+ßD2)

(3)

which d i f f e r s from equation (1) in that an increase in the value of
the term linear with dose D is expected, which is proportional with the
DBCP concentration C o .
The results of the analysis are i l l u s t r a t e d in figures 5, 6 and 7,
where A and B refer to two c e l l - c u l t u r e media with d i f f e r e n t h a l f - l i f e s
of the CBCP complex.
a 1 = a+eCo

(k)

Further, a mechanistic model is developed to explain in more detail the
processes involved in the expression of the cytoiogical damage.
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Figure 4 - Simple schematic representation of the action of radiation,
DBCP and radiation plus DBCP on CHO cells leading to cell
killing, after the molecular theory of cell survival.
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Rad i at ion-induced changes in messenger RNA's and protein synthesis in
relation to pollen viability - F.A. HOEKSTRA.
In relation to research dealing with radiation sensitivity of pollen,
protein metabolism of various pollen species has been under investigation.
Former investigations indicated that among different pollen species large
differences in mitochondrial development exist at dehiscence. Pollen of
Typha is considered to contain only slightly developed mitochondria, as
compared to those of Aster pollen. Niaotiana- and Tradescantia pollen
have intermediately developed mitochondria, related to those of Typha
and Aster, respectively. Asynchronous mitochondrial developments also
suggest differences in related processes such as proteins and RNAsynthesis.
In order to verify this suggestion in the case of protein synthesis,
tritium labelled leucine was either allowed to penetrate into dry pollen
or added to the germination medium. Calculations on the total incorporation of leucine into protein could be performed by followig the
changes in the specific activity of 3 H-leucine. For this purpose, many
measurements on the size of the free leucine pool have been carried out
at the Center for Agrobiological Research (CABO) (collaboration of Mr.
C.R. Vonk) by amino acid analysis. Respirating pollen at 97% RH and 30 °C,
incorporated leucine at a very low rate for all species tested, not
exceeding 0.5 pmoles'mg x minute. This indicates protein synthesis to
play no important role during incubation of pollen in humid conditions.
As an example, the energy required for this protein synthesis was estimated to be 1.9 nmoles ATP/h x mg in the case of Aster. Compared with
an ATP turnover of approx. 1900 nmoles/h x mg, this energy demand is
negligible. Therefore, in Aster other biosyntheses are responsible for
the high ATP turnover, and probably for the rapid decrease of vitality.
The shift from incubation in humid air to incubation in the germination
medium involves drastic changes in biochemical events. Within 15 minutes
of incubation in the medium, respiration of Typha pollen increases from
approx. 70 nmoles 02/h x mg up to J»00 nmoles/h x mg. After 10 minutes,
the leucine incorporation starts at high speed, with an increase in the
rate of at least 25 times. Cycloheximide, an inhibitor of protein synthesis, inhibits the leucine incorporation during both respiration in
humid air and germination in vitro. Outgrowth of the pollen tube is
also prevented, indicating protein synthesis to be of vital importance.
Similar results were obtained with pollen of Nicotiana. Tradescantia
pollen, however, immediately initiated protein synthesis upon incubation
in the germination medium, indicating ribosomes to be at least partly in
the form of polysomes in fresh pollen. Cycloheximide (100 pg/ml) strongly inhibits the leucine incorporation, but outgrowth of pollen tubes is
not prevented. At best, retardance of tube growth could be obtained.
Aster and Chrysanthemum do not incorporate leucine when germinated in
vitro and outgrowth of the short pollen tube is not inhibited by cycloheximide, even at the high concentration of 1 mg/ml.

L

Polysome profiles contribute interesting supplementary data to the incorporation studies. U.V. scans of ribosome extracts of non-germinated
Typha pollen in sucrose gradients did not reveal polysomes. However,
preliminary treatment of the extracts with RNase increased the amount
of material under the 80 S peak. This increase represents approx. 2 ng
polysomal material per mg pollen and is thought to amount approximately
to 0.2% of the total ribosomal material.
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The limited incorporation of leucine during incubation in humid air
might be explained by the presence of these polysomes. A rapid increase
in the amount of pofysomal material is apparent during the first
minutes of germination. Pollen of Niaotiana follows the same pattern of
ribosome assembly upon germination in vitro.
Non-germinated pollen of Tradesaccntia, however, contained many large
polysomes. This is in accordance with the rapid onset of leucine incorporation when pollen was germinated. Tradesaantia poilsn, therefore,
not only contains well developed mitochondria, but also a well
developed polysomal system. Moreover, germination and tube growth are
independent of the early protein synthesis as could be demonstrated by
inhibitor studies.
Aster and Chrysanthemum pollen showed no apparent polysome profile in
the non-germinated condition, but also monosomes and subunits have been
scarcely noticed. RNase experiments demonstrated a small amount of polysomes to be present in the extract. Germination did not cause any change
in the distribution of the different components. Measurements on the
total ribosomal material indicated Aster and Chrysanthemum pollen to
contain approx. 6% of the total ribosomal material found in Typha pollen.
The absence of protein synthesis in germinating Aster and Chrysanthemum
pollen is in agreement with the insensitivity to relatively high concentrations of Cycloheximide (1 mg/ml).
The trinucleate pollen of Aster and Chrysanthemum, therefore, must have
been equipped with the enzymes, necessary to let tube growth proceed
prior to the moment of dehiscence.
No relation could be established between protein synthesis and the development of mitochondrial Electron Transport Chain (Typha). Although
cycloheximide and chloramphenicol inhibited protein synthesis, the development of the ETC normally continued. The concentration of cytochromes, as has been recorded by the low temperature reduced minus
oxidized difference spectrum technique, remained constant during
germination in vitro of Typha pollen. Since cytochromes are composed
of different protein components, the insensitivity of the ETC development to inhibition of protein synthesis is in good agreement with the
fact that no shifts in concentration of cytochromes have been noticed.
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Methodological aspects of mutation breeding - C. BROERTJES, S. ROEST,
G.S. BOKELMANN.
1. Development of in vitro propagation techniques

L

In 1976 the thesis "Flowering and vegetative propagation of pyrethrum
(Chrysanthemum ainerariaefoliian Vis.) in vivo and in vitro" was prepared
(Roest, 1976). One chapter deals with vegetative propagation of pyrethrum
through adventitious shoot formation of capitulum explants in vitro and
subsequent root formation of detached shoots.
Besides, the cultivars Bravo and Super Yellow (figure 8) of Chrysanthemum
morifoliian Ram. were propagated rapidly in vitro through the formation of
adventitious shoots on pedicel explants and root formation of subcuitured
detached shoots (Roest & Bokelmann, 1975a, b ) .
This method appeared to be also applicable for storage; pedicels of the
cultivars Bravo and Super Yellow, which had developed adventitious shoots,
were stored for 12 and 18 months, respectively, at 2 °C, after which
periods subcuitured shoots easily initiated adventitious roots at 20 °C
(Roest S Bokelmann, 1976a).
Histological observations revealed that epidermal cells are involved in
the formation of adventitious shoot meristems. It was demonstrated with
the cultivar Bravo that, after irradiation and through shoot formation
either from pedicel explants in vitro or from detached leaves in vivo, almost exclusively solid (non-chimeral) mutants were produced. These mutants
differed from the original "Bravo" type for instance with respect to colour,
size or form of the flower heads and were selected 7"8 months after irradiation. Rather often more than one identical mutant genotype was found, always
arising from the same irradiated pedicel explant or leaf. It was concluded
that ultimately single (mutated) epidermal cells are involved in the initiation of adventitious shoot apices (Broertjes, Roest & Bokelmann, 1976;
Roest S Bokelmann, 1976b).
Selected mutants were propagated vegetatively through pedicel explants in
vitro or shoot cuttings in vivo. In Chrysanthemum morifoliian the in vitro
method is preferable to the in vivo adventitious bud technique, because it
is the most efficient and rapid method for both vegetative propagation and
mutation breeding.
B.
Rachis explants of the monectochimeric potato clone EM 52 of the cultivar
Desirée were able to regenerate in vitro high numbers of adventitious
shoots on callus. A subculture of the most elongated shoots lead to root
formation and the consequent production of plantlets (Roest & Bokelmann,
1976c). In vitro propagation techniques were also developed for the potato
cultivars Desirée and Bintje, the latter still being one of the most important cultivars in the Netherlands (figure 9 ) .
The application of this method for vegetative propagation and mutation
breeding is hampered by damping off of approx. 50% of the plantlets produced in vitro after transplantation to soil. At present much attention
is paid to improve plantlet survival under in vivo conditions.
In a preliminary experiment with the cultivar Desirée it was observed that
after irradiation and through shoot formation of rachis explants and root
formation of subcultured shoots, some of the plantlets produced were completely mutated with respect to the skin colour of the tubers. In a largescale experiment, started at the end of this year, using irradiated rachis
and leaf-blade explants of the cultivar Desirée, it will be evaluated in
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Figure 8 - Vegetative propagation of Chrysanthemum morifoliim Ram.
cuttivar Super Yellow in vitro.
From left to right:
- pedicel with flower head.
- pedicel segment after excision of the flower head and the
basal stem portion.
- pedicel segment sectioned longitudinally into 2 pedicel
exp1 ants.
- adventitious shoot formation on a pedicel explant, 1i months
after incubation in vitro.
- root formation of a suhcultured detached shoot, 3 weeks
after shoot detachment.
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Figure 9 - Vegetative propagation of Solanum tuberosum L. cultivar
Gintje in vitro.
From l e f t to right:
- compound leaf.
- rachis segment excised from a compound leaf.
- rachis segment sectioned longitudinally into 2 rachis explants.
- adventitious shoot formation through callus on a rachis explant, 2 months after incubation in vitro.
- root formation of 2 subcultured detached shoots, 6 weeks
after shoot detachment.
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1977 whether this method is useful for mutation breeding (in cooperation
with the Department of Plant Breeding, Agricultural University). Attempts
to obtain plantlets from single cells cultivated in vitro of the cul ti var
B intje are in progress.
C. Solanwn^ulaqmqrq^^
(in collaboration with T. Luczkiewicz, Poland).
Solanvm dulcamara L. was selected as a test plant because a haploid,
diploid, tripioid and tetraploid form was available and vegetative
propagation is possible (by cuttings, by adventitious plantlets on
leaves and by in vitro techniques) besides the normal sexual reproduction of the diploid.
Young leaves in vivo, can easily root without hormones and produce
1 - 2 adventitious shoots per leaf 6 weeks after detaching and planting.
However, not all leaves produce shoots. Haploid material roots less
easy and needs IAA or NAA, but does not produce shoots. In vitro propagation is much faster than in vivo, by usi>-g explants of leaf discs,
including part of the midrib, producing shoots after 3 weeks (diploids)
or k weeks (haploids). The application of BA 10~ 6 and IAA 10" 8 seems to
be optimum.
A series of X-ray doses, with or without a pretreatment of the radiationprotective agent dithiothreitol (DTT), was applied, both before in vivo
and in vitro propagation; k krad was lethal, 2.5 - 3 krad seemed to be
optimum. The best OTT concentration and time before irradiation were
0.25% and 2 hours, respectively. In a final experiment survival and the
number of adventitious shoots per surviving leaf was determined, after
the different treatments.
DTT proved to give protection, in vivo as well as in vitro, resulting
in a higher survival of leaves and leaf disc explants, respectively, and
a higher production of adventitious shoots. Irradiation of leaves in
vivo with 2 krad X-rays without a DTT-pretreatment gave k2% surviving
leaves, of which 251 produced shoots, whereas irradiation with 2 krad
X-rays with a DTT-pretreatment gave 60% surviving leaves of which 50%
produced shoots, for instance.
Indications for a similar effect in vitro were found.
Some preliminary in vivo and in vitro work was also carried out with
Helianthus annuus L. Leaves rooted very rapidly but formed only callus,
like in vitro. No regeneration has been obtained, however.
Techjnica_l_ £esearch_di_ff •£u]_tii>es_
Solanum dulcamara, unfortunately, is a less-suited test plant than expected. It does not grow very well in the greenhouse under winterconditions, but the main disadvantage is its extremely high susceptibility to white fly infection and further the small number of
adventitious shoots per surviving leaf is also not attractive. This
holds especially true for the haploid form (with the triploid and tetrapioids we do not have experience). The in vitro propagation, however,
seems to be without problems.
In conclusion, Solanvm dulcamara does not seem to meet our requirements
and the work on it has consequently been discontinued after Dr.
Luczkiewicz returned to Poland.
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D. Beqgniq_x_hiemqlis
The development of an in vitvo adventitious bud technique may be of
great significance for mutation breeding of the triploid (sterile)
Begonia clones Schwabenland and SO]. Vegetative propagation in vitro
was achieved through adventitous shoot formation of petiole and leafblade explants (figure 10) and root formation of subcuitured shoots.
Because of fragility and damping off, however, many plantlets did not
survive after transplantation to soil.
E.
The purpose of this investigation is the production of plantlets from
in vitro cultivated explants of the cultivars Red Ivette, William Sim
and White Sim. So far adventitious shoot formation was not observed
using internodal stem segments. Nodal pedicel segments of flowering
plants (figure 11) and nodal stem segments of vegetative plants,
however, developed high numbers of axillary shoots. The first plantlets were obtained after root formation of subcuitured shoots and
transplantation to soil.
It can be concluded that the in vitro method in Chrysanthemum has
proven to be very successful for both vegetative propagation and
mutation breeding. In potato, begonia and carnation, however, the in
vitro procedure of plantlet production has to be improved before, in
a later stage, the significance will be evaluated for mutation breeding.
2. DTT experiments and the comparison of diploids and autotetraploids
The diploid Ackimenes cv. Tarantella and its autotetraploid form, cv.
Tango, were used to test the phenomenon that autotetraploids can produce extremely high mutation frequencies as compared to diploids. As
has been published (Broertjes, 1976a) the mutation frequency in the
diploid was 1.1% whereas in the tetraploid frequencies as high as k
were observed, following optimum X-ray or fast neutron treatments.
These results were explained on the basis of (drastic) chromosome
aberrations which are not lethal in the tetraploid and have a dominant
expression.
Dithiothreitol (DTT) was applied to the same plant material, prior to
irradiation ith X-rays or fast neutrons, to test its protective effect
against radi ation-induced effects in general, as well as its influence
on the mutation spectrum, i.e. a considerable reduction in the frequency
of chromosome aberrations without affecting the frequency of genemutations. This, indeed, was reported in Arabidopsis by some authors.
In Aohimenes, however, no change in the mutation spectrum could be
observed though the protection against radiation, and more particularly
against X-rays, was of the same order as reported in Arabidopsis.
(Broertjes, 1976b). Saintpaulia, which can be grown throughout the year,
was selected to combine the study of the above mentioned subjects, viz.
the difference in mutation breeding behaviour between diploids and
autotetraploids and the effect of DTT upon mutation frequency and
mutation spectrum. Research in this respect is in progress, but data
are not yet available.
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Figure 10 - Vegetative propagation of Begonia x hiemalis clone SOj
in vitro.
From left to right:
- leaf from which a leaf-blade explant is excised.
- adventitious shoot formation on a leaf-bJade explant,
Zi months after incubation in vitro.
- root formation of a subcultured detached shoot, 3 weeks
after shoot detachment.
- plantlet transplanted to soil.

Figure 11 - Vegetative propagation of Dicmthus caryophyllns cultivar
White Sim in vitro.
From left to right:
- pedicel with flower bud ;md bracts.
- nodal pedicel segment after excision of the flower bud,
the bracts and the basal stem portion.
- nodal pedicel segment sectioned longitudinally into ?
nodal pedicel explants.
- axillary shoot development on a nodal pedicel explant,
3 months after incubation in vitro.
- root formation of 2 subcultured detached shoots, 3 weeks
after shoot detachment.
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The effect of fast neutrons, as compared with X-rays, upon mutation
spectrum and mutation frequency in Arábidopsis ťháliana L. and Hordeum
vulgäre L. - L.M.W. DELLAERT.
In relation to this study attention is also paid to the influence of the
chemical "protector" dithiothreitol (DTT) upon the mutation spectrum.
Sulfhydryl compounds, when present during irradiation, are known to reduce the i n i t i a l damage as referred to the growth of seedlings, the
survival of adult plants, the percentage tt\ s t e r i l i t y and the frequency
of chromosome breakages. I t was also found, a f t e r X-ray irradiation of
cysteamine treated barley (Bordeum vulgäre L.) seeds, that the chlorophyll mutation frequency (M2) remains unchanged or increases slightly.
This might well mean that cysteamine preferentially protects against
chromosome breaks, at least when one assumes Mi-lethality to be mainly
caused by chromosome aberrations, and M2~mutants mainly by gene mutations.
DTT treatment of seeds, prior to irradiation with X-rays or fast neutrons,
has proven to give considerable protection in Arábidopsis and Achimenes.
This is explained on the basis of the prevention and/or the e f f i c i e n t
repair of chromosome breaks. Application of DTT, prior to irradiation,
may give a higher maximum obtainable mutation frequency as well as a
more clear picture of the "point-mutation" (non-drastic) spectrum.
The hypothesis that DTT causes a spectrum shift towards, relatively more
gene-mutations has been tested in Arábidopsis thaVLcma L. (cv. Landsberg"erecta") and in Hordeum vulgäre L. (cv. Asse).
After 5 days on wet filterpaper at 2 °C (to break dormancy) and redrying
on filterpaper (2k h, 2k °C), seeds of Arábidopsis thaliana L. (cv.
Landsberg-"erecta") were submerged in H2O or in 1.2% DTT during 3 h at
22 °C prior to irradiation. After irradiation, seeds were put on p e r l í t e
soaked with a mutational solution and grown under controlled conditions.
From the Mj plants, f r u i t No. 15 was used to apply MüHer's embryo-test,
i . e . , to score the f e r t i l i t y (percentage of ovules f e r t i l i z e d ) , embryonic
lethals (percentage of seeds containing lethal embryos), and chlorophyll
mutants (percentage among non-lethal embryos).
The results are given in table 1. I t is seen that DTT protects seeds
against ionizing radiation effects by reducing the i n i t i a l damage as
referred to ovules per silique, the percentage f e r t i l i t y and the percentage embryonic lethals. The dose reduction factor of DTT is about 2
for the endpoints examined, and is of similar magnitude with fast neutrons
as with X-rays in the dose range studied.
Referring to the chlorophyll mutant percentage, however, the dose
reduction factor of DTT is not constantly 2 in the dose range applied.
The effect of DTT is different after y r a y treatment as compared to
fast neutrons as far as chlorophyll mutant frequency is concerned.
Noticed is that after y-ray-irradiation DTT-pretreatment gives a slight
spectrum shift towards more chlorophyll mutations at lower doses. The
maximum obtainable chlorophyll mutation frequency at a higher dose
being similar with and without pretreatment (figure 12).
After fast neutrons, DTT-pretreatment causes a distinct improvement in
mutation spectrum at higher doses, increasing the ratio between percentage chlorophyll mutants and percentage f e r t i l i t y as well as the ratio
between percentage chlorophyll mutants and percentage embryonic lethals
(figure 13).

Table 1 - Comparison between fast neutrons1 and y-rays2-induced damage in Arabidopsis thaVLuna L. with and
without DTT-pretreatment.
Fast neutrons (krad(H?0))
H20

0

No. of fruits
scored
ovules per
si 1ique
% ovules
fertilized
% Embryonic
lethals

208

2

3*

2

4*

6

287 303 245 254

0

5

6$

H20

12

185 291 255 291 230

0

14

181

187

OTT

32*
234

268

42

0

28

182

180

171

46|
148

654- 84
169

158

74. 2 71.3 70.7 66.1 61.2 78.1 71.1 68.5 65.2 61.7 69.6 69.7 69.0 65.O 62.2 72.8 69.4 66.5 65.4 61.2

95.1 79.2 74.1 64.3 50.4 96.3 80.4 68.4 57.2 43.6 93.6 81.6 78.2 63-9 61.1 94.1 83.3 75.0 71.9 56.4
0.64 3.60 5.89 9.41 12.6 0.69 7.10 6.44 9.96 12.99 0.73 4.18 5.40 7.44 8.82 0.66 3.12 5.48 8.61 9.97

* cnloropny11 0.00 0.60 1.74
mutants
1

Y-ravs (krad)

OTT

dose rate 100 rad (H20)/mtn
dose rate 400 rad/min

•LLii 0.00 0.85 1.55

13,20] 0.02 0.47 3.40 I.94 1.68 0.03

O.92 1.12 1.65 1.63

o
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Tigure 12 - Percentage chlorophyll mutants (per 100 M2 seedlings) after
Y-ray irradiation of Arabidopsis ťháliana seeds.
•
• seeds submerged in H2O during 3 h at 22 °C prior to
irradiation
A—A seeds submerged in 1.2% OTT during 3 h at 22 °C prior
to irradiation.

L

10
12krod(Hp)Nf
Figure 13 - Percentage chlorophyll mutants (per 100 M2 seedlings) after
fast neutron irradiation of Avabidopsis thaliana seeds.
• • seeds submerged in H2O during 3 h at 22 °C prior to
irradiation.
A — A seeds submerged in 1.2% DTT during 3 h at 22 °C prior
to irradiation
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To test the effect of DTT in barley (Hordevm vulgäre L., cv. Asse) a
series of concentrations and pretreatment durations was applied. After
12 h on wet filter paper at 2 °C (to obtain uniform seed moisture percentage) wet barley seeds were submerged in H2O or different concentrations of DTT during 1 to k h prior to irradiation. Seedling height reduction, measured Ik days after sowing, was taken as an indication of
the effect of the different pretreatments.
The maximum permissible DTT concentration and application time was
0.35% during 2 h at 22 °C just prior to irradiation. Higher DTT concentrations and increased application duration are toxic to barley cv.
Asse. The protective effect of 0.35% DTT upon fast neutron and X-rayinduced seedling height reduction was small.
The effect of DTT on the fast neutron and X-ray-induced mutation
spectrum has been studied. A random sample of 5^ Mi plants per treatment was harvested. Ten spikes per plant were sown to score the fertility (expressed as average number of M2 seedlings per spike) and
chlorophyll mutants (percentage among M2 seedlings). The results are
given in table 2. Observed is that DTT does not protect barley cv. Asse
seeds against ionizing radiation effects by reducing the initial damage
as referred to fertility.
The influence of DTT on chlorophyll mutant frequency is similar in barley cv. Asse to the one in Arabidopsis. After X-ray irradiation DTTpretreatment gives a slight increase in percentage chlorophyll mutants
(at comparable level of fertility) in the lower dose range (figure ]k).
After fast neutron irradiation DTT-pretreatment causes a distinct spectrum
shift towards more chlorophyll mutations at higher doses (figure 15).
The results that a) the protective effect of DTT against radiation
effects depends on plant material, b) DTT causes a spectrum shift towards relatively more gene-mutations, also when protection is poor and
c) the spectrum shift is more pronounced after fast neutrons than after
X-rays, suggest that:
- The protection of DTT from ionizing radiation effects by reducing the
initial damage as referred to plant survival, fertility, embryo lethality, is mainly a general effect. DTT acts, depending on plant
material, among others as radical scavenger.
- The spectrum shift towards relatively more gene mutations, is explained
on the basis of the prevention and/or efficient repair of double strand
breaks and the resulting chromosome aberrations. The spectrum shift is
more pronounced after fast neutrons than after X-rays. Postulated is that
after neutron irradiation the maximum of chlorophyll mutant frequency is
mainly caused by chromosome aberrations (of the two-hit type), which are
preventing the expression of the mutation. After X-rays, other factors
(i.e. DNA base damage and physiological damage in the cell) play also an
important role in suppressing the expression of the mutation.

i
Table 2 - Comparison between f a s t neutrons 1 and X-rays 2 induced damage in barley (Bordeum vulgäre
w i t h and without DTT-pretreatment.

Fast neutrons (rad (H20))
H20
0
M1 leaf height % of control 100
Number of spikes scored
494
Seedlings per spike
19.2
% chlorophyll mutants
0.03

150 300
93.2 79.2
496 510
10.2 9.2

DTT
450
73.0
494
5.9

o.63Í"i~7f:[{"1,2*1

0
100
501
18,5
0.00

300 450 600
89.8 78.0 65.3
506 502 491
7.3 5-9 3.1

L., cv. Asse)

X-rays (krad)
OTT

H

2°

0
3
100 92.3
503 501
13.7 14.6
0.03 0.41

6

0
84.8 67.I 100
503 509 504
9.9 10.6 12.2
0.58 O.98 0.08

9

6

9

12

88.5 73-5 64.3
493 505 505
9.5 7.3 6.4
O.73 1.57 0.90
10

v*>
1

dose r a t e 10 rad (H 2 0)/min

2

dose rate 100 rad/min

~1

1-

12 krad X-rays
Figure 14 - Percentage chlorophyll mutants (per 100 M2 seedlings) after
X-ray irradiation of Bordeim vulgäre cv. Asse seeds.
•
• seeds submerged in H2O during 2 h at 22 °C prior to
irradiation
A A seeds submerged in 0.35% DTT during 2 h at 22 C prior
to irradiation.

J , i«r
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600 rad(H2O)Nf

Figure 15 - Percentage chlorophyll mutants (per 100 M2 seedlings) after
fast neutron irradiation of äordeum vulgäre cv. Asse seeds.
•
• seeds submerged in H2O during 2 h at 22 °C prior to
irradiation
A—A seeds submerged in 0.35% DTT during 2 h at 22 °C prior
to irradiation.
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Effect o f temperature on radiation resistance of microorganisms H. STEGEMAN.
Systematic studies were started to the effect of freezing and heating
on the radiation resistance of different microorganisms. For this purpose the dos imetry group has b u i l t a prototype of a climate box, in
which a fixed temperature between -99 °C and +99 °C can be chosen with
the aid of a liquid nitrogen coding system and a heating system. The
data of these experiments are important for the development of a s i mulation model on food preservation by combined treatments.
Cells of Escherichia aoli K 12 NDZ, a gram-negative microorganism and
vegetative cells of Bacillus subtilis ATCC 6633, a gram-positive microorganism were gamma irradiated in M/15 phosphate buffer at pH 7.0, at
a temperature ranoe varying from k5 °C up to -196 °C under aerobic
irradiation conditions.
Figure 16 shows that the D^Q-value ( - decimal reduction dose) of
Escherichia ooli >ncreased at cryogenic irradiation temperatures by a
factor of approx. 2.5 and for Baoillus subtilis by a factor of about 5.
Above 20 °C the Djp-value gradually decreased. The reproducibiiity of
experimental results was less good for solidly frozen samples.

100

-200
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-100

-50

0

50

irradiation temperature (°C)

L

Figure 16 - Effect of temperature on Dio~values of Escherichia aoli
K 12 NDZ (o) and vegetative cells of Baoillus subtilis
ATCC 6633 (x) irradiated in phosphate buffer under aerobic
conditions.
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Spores of Bacillus subtilis ATCC 6633 were gamma irradiated in water ať
radiation temperatures varying from 75 °C up to -196 °C under aerobic
as well as anaerobic conditions. For this study spore-suspensions with
a high and a low manganese content were used to get more information on
the rad ioprotective role of manganese in the spores. Figures 17 and 18
show that the radiation resistance of Bacillus subtilis spores in water
was slightly influenced by irradiation temperatures in the range -196 °C
up to 0 °C; only the radiation resistance of spores with a high
manganese content decreased significantly from -100 °C up to -196 °C
under anaerobic radiation conditions. Above 0 °C the radiation resistance
increased, reaching a peak at 50-60 °C. The radiation-protective role of
manganese in the spore decreased at -196 °C under anaerobic as well as
aerobic irradiation conditions. The radiation-protection by manganese
also disappeared at temperatures above 60 °C and this effect was probably due to the higher hsat resistance of spores with a lower manganese
content.

-200

-150

-100

-50
O
50
100
irradiation temperature (°C)

Figure 17 - Effect of temperature on Djo-values of spores of Bacillus
subtilis ATCC 6633 with a high manganese content (x) and
a low manganese content (o) irradiated in water under
aerobic conditions.
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Figure 18 - Effect of temperature on Djn-values of spores of Baooilua
subtilis ATCC 6633 with a high manganese content (x) and
a low manganese content (o) irradiated in water under
anaerobic conditions.
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Studies on changes in phenolic compounds in irradiated fruit and vegetables and its importance for food hygiene-W.W.A. BERGERS, J.G. VAN KOOIJ.
Vegetables may undergo undesirable increases in naturally occurring
toxic compounds during postharvest storage. Stress conditions such as:
low temperatures, infection by moulds or irritation by chemicals may
stimulate increases in specific chemical compounds in susceptible commodities. The aim of the current investigation is to study possible
changes in some naturally occurring toxicants due to gamma irradiation
and subsequent storage. With reference to an extensive literature study,
it was decided to choose the potato as a testsystem and to investigate
in addition to phenolic compounds changes in the glycoalcaloid solani ne
contents.
ixfiSIÍm§Q£s_wi>th_i r rad^ated_gota toes .
Potatoes of two varieties: Eba and Bintje, which have been stored after
harvest for 3-1» months at 5-7 °C, 90% RH in the dark at the Institute
for Research on Storage and Processing of Agricultural Produce (IBVL),
were irradiated and further stored at ITAL at 10 °C, 90% RH in the dark.
Potatoes were irradiated at 0, 3, 10, 100, 300 krad dose levels of gamma
irradiation and samples were taken till 5 months after the irradiation
treatment. Sprout inhibition was complete in the irradiated potatoes,

- 28 -

except in the with 3 krad irradiated samples, which sprouted just slightly later than the control potatoes. At regular intervals samples were
taken for chemical analysis by slicing the potateas longitudinally and
quick freezing in liquid nitrogen in order to avoid enzymatic reactions
of the phenolic compounds. The frozen samples were packed and stored at
-20 °C until lyophi1ization. Also preliminary experiments were carried
out by illuminating gamma irradiated potatoes in order to influence
solanine biosynthesis.
A methodology for quantitative analysis of solanine from powdered lyophi lized potato tissue has been worked out successfully. The method is
based on the work of J. Sachse and F. Bachmann, (Z. Lebensm. Unters,
and Forsch. 141, 262 (1969)) with some modifications and was checked
with a sample of pure solanine provided by T.J. Fitzpatrick, Research
Chemist, Eastern Regional Research Laboratory, Philadelphya, Pennsylvania. Analysis of the solanine contents of the irradiated potatoes is
in progress and quantitative analysis of phenolic compounds has been
started.
Studies on rad i atIon-induced changes in nucleic acid constituents and
their biological activity in relation to food irradiation J.W.G.M. WILMER, J.G. VAN K00IJ.
During the first three months of the project an extensive literature
study has been done on the effects of gamma irradiation on nucleic acid
constituents (purines, pyriinidines, nucleosides, nucliotides and nucleic
acids), in order to evaluate the possible occurrence of harmful radiolytic products from these components after irradiation of foods.
In aqueous media, the action of ionizing radiation on nucleic acids or
their components is usually indirect and is mediated by the very reactive species produced by the radiolysis of water. Complex chemical
events have been encountered. Generally, purines are more resistant than
pyrimidines to irradiation. At relatively high radiation doses more than
twenty radiolytic products have been found for thymine, cytosine and
uracll. Among these, the thymine-hydroperoxides are very interesting,
particularly cis-6-hydroperoxy-5-hydroxy-5,6-dihydrothymine (T600H)
because of its effect on biological compounds and systems. It reacts
with several nucleic acid components (guamine, cytosine, thymine and
nucleosides), leading to chemical modification of bases and to bond
cleavages. T6O0H also has mutagenic properties. The action on Ames1
histidine mutants of Salmonella thyphimurium indicates that the type of
mutants produced by this agent are substitution rather than frameshift.
The destruction of bases in nucleosides and nucleotides appears to
proceed as readily as that of the simple bases. Analogous to thymine,
hydroperoxides of thymidine and thymidilic acid have been identified.
Radiation damage to DNA includes the attack of radicals on bases (especially thymine) and the breakage of a variety of bonds - the sugarphosphate linkage, the sugar-base hydrogen bonds etc. Recent studies
show that the chemical nature of the radiation damage observed in constituents of DNA can be extrapolated to describe the damage observed
in DNA itself. The effects described above are caused by relatively
high radiation doses, which are usually not applied to the irradiation
of foods. At low radiation doses molecular hydrogen peroxide plays an
important role. It has been found that hydrogen peroxide readily reacts with numerous compounds in biological media to form stable adducts.

L
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Many of these adducts are cytotoxic and mutageni c. The stability depends
on the availability of hydrogen to form a hydrogen-bonded structure
between the peroxide oxygens and hydrogen attached to the bridgehead
atoms, e.g. nitrogen or oxygen.
Preliminary studies of Schubert (pers. communication) suggest adduct
formation between hydrogen peroxide and some nucleic acid bases. It was
decided to investigate the adduct formation between hydrogen peroxide
and nucleic acid constituents by the use of a glucose competition test.
These experiments have been started now... An experimental outline has
been prepared to test the biological activity (growth inhibition,
mutagenicity) of these possibly formed adducts to determine the role,
which they could play upon the irradiation of food.
Chemical and hygienic changes in irradiated food as a basis for adequate
wholesomeness testing - J.G. VAN KOOIJ, H.B. LEVELING.
1. Reproductive function of Groot Yorkshire sows
The study of the effects of irradiated and autoclaved feed on reproductive function were terminated in 1976 according to schedule. The third
generation of sows of the control and the two experimental groups produced the second offspring. Performance data of the F3 a and F3b are recorded in table 3.
The offsprings of the sows on autoclaved feed showed at k$ days a much
lower average weight than the offpsrings of the control and of the irradiated diet groups. This observation was obtained throughout all the
three generations of this reproductive function test. The abnormal still
births of the F-$a control was due to intra-uterine partial resorption.
The growth rates of the Fj a and Fjf, sucklings during the various periods
between two weighings, given in grammes per day, are recorded in table 4.
Results of table k indicate that the piglets on autoclaved feed show a
reduced growth rate at the end of the lactation period. The mean weight
increase per day during the last 12 days of the lactation period is for
the sucklings receiving supplemental solid autoctaved feed ad lib. approx.
35% less than the values obtained for the piglets on irradiated or control
feed.
2. Wholesomeness studies of radappertized ham
The chronic toxicity study is progressing satisfactorily, and no adverse
effects on the test animals of the 5 experimental groups, fed the ham
incorporated diets during the past Ik months were illustrated.
Microbiological investigation of irradiated and non-irradiated prepacked
cut endive - H. STEGEMAN, H. LEVELING, J.G. VAN KOOIJ (in collaboration
with K. Nouchpramool).
The composition of the microflora of prepacked cut endive before and
after irradiation was investigated. It was evident that the flora of the
non-irradiated samples was composed mainly of gram-negative rod-shaped
bacteria belonging either to the Entevobaoteviaoeae family or to the
genus Psendomonas. Also moulds, yeasts, lactobaci11 i, micrococci and
aerobic spores were found. Irradiation at a dose of 100 krad gave a reduction of 3 log cycles in total viable count and practically eliminated
the above mentioned groups. During storage at 12 °C the number of Pseudomonas and Miaroaooous in irradiated endive increased at a faster rate
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Table 3 - Performance data of

Feedgroup

Offspring

Autoclaved
F

3b

3a
F
3b
F

3a
F
3b

81
87

CO

Control

F

Number of
piglets
weaned

CM

1rradiated

Number of young born
births
still
al i ve
grossly
normal
abno rma 1
6
78
80
7

67
76

4

a few

14

Ave rag«3d weight
at birth
at 49 days
grammes
grammes

Pre-wean ing
losses

68

1501

11819

66

1437

12798

13
16.5

54

1306

77

1205

14426
14512

33
11.5

50

1458

25

63

1503

14206
15986

17.1

Table 4 - Growth rates of sucklings of the thiri! generation

Feedgroup

13 thr. 21 days
F
3a
3b

F

237
224
205

CM
CM

\D
CM
CM

6 thr. 12 days
F
F
3a
3b
208
191
185
216
177
177

CO
«CM

Autoelaved
1rradiated
Control

0 thr. 5 days
F
F
3a
3b
150
87
121
142
116
95

22 thr. 36 days
F
F
3a
3b
248
252
284
253
310
305

37 thr. 49 days
F
F
3b
3a
230
294
397
411
384
431

- ^
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than the number of Enterobacteviaceae. Little growth of moulds and
yeasts was observed after k days of storage; the number of aerobic
spores did not increase.
The initial count of Enterobaeteriaaeae was about 105/g. The major
part of the isolated Enterobaoteriaaeae strains belonged probably to
the genus Eruiniae. Before irradiation yellow and white-pigmented
Erwinia bacteria were predominated; in irradiated endive only growth
of yellow-pigmented bacteria was detected. The radiation resistance
of the yellow-pigmented bacteria was higher than that of the whitepigmented bacteria.
For enumeration of Enterobacteriaeeae the method of direct plating on
a selective medium, namely violet red bile dextrose agar, was used.
The effect of the inhibitory constituents of this selective medium on
the recovery of some isolated strains after irradiation was studied.
It was found that direct plating on a selective medium could give
significantly lower survival counts.
Applied aspects of food irradiation to improve food hygiene- D.IS. LANGE RAK.
1. Ascorbic-acid contents in prepacked vegetables
The aim of these experiments was to study the influence of irradiation
and storage on the ascorbic-acid content, the microbiology and the
visual quality of different vegetables. After processing green cabbage
was packed in non-perforated polythene bags of 0.02 mm thickness. The
cabbage was irradiated with doses of 0 and 100 krad and afterwards
stored at 10 °C. In green cabbage the breakdown of L. ascorbic-acid was
very small and not significant in comparison with the non-treated
samples.
Preliminary experiments with cauliflowers, Swedish turnip and leek gave
similar results; only on kale the ascorbic-acid content decreased during
storage. Irradiation with 100 krad reduced the total viable count from
10 6 to 10 2 g' 1 .
In the non-irradiated samples this count increased in 2 days to 108g"1
and visual decay appeared after k days.
The irradiation treatment maintained a better quality (colour) level
and the shelf-life was lengthened till 8 days at 10 °C.
In prepacked endive the total vitamin C content (L. ascorbic-acid + dehydroascorbic-acid) was also estimated, because it was expected that by
irradiation part of the L.ascorbic-acid content might be oxydized to dehydroascorbic acid. This component of vitamin C has also feeding value,
because of its similar biological activities as compared to L.ascorbicacid. Preliminary results indicated that during storage the increase of
dehydroascorbic acid content after an irradiation treatment of 100 krad
was very smal 1.
2. Prepacked soupgreens
Prepacked soupgreens spoil very quickly after processing. In a number of
experiments the influence of irradiation on the shelf-life and quality
has been investigated.
The product was processed in a commercial central packing station and
packed in polystyrene trays and overwrapped with p.v.c. foils.
The composition of the cut soupgreens consisted of the following
components: leek, onion, cauliflower, cellery and carrots in the ratio
of Í» : 1 : 1 : 3 : 1. The product was irradiated with a dose varying from
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O - 300 krad gamma rays and afterwards stored at 10 °C. During storage
microbial count (total viable count, Enterobaoteviaaeae, yeast, fungi
and aerobic spores), colour changes etc. were controlled.
In the wrapped trays the gascomposition was measured with a Mono-Orsat
apparatus.
The product was also organoleptically tested by a small lab./consumer
panel. The colour of the prepacked fresh soupgreens changed little
during storage. At the end of the storage time the colour of the irradiated objects was better than that of the non-irradiated ones.
The initial total viable count was about 10 7 - 10 8 g"1 and increased to
10 8 g~ 1 in 1 day at 10 °C (decay). An irradiation dose of 100 krad reduced this count with 3 - *• decimals.
The Entevobaoteviaoeae count was about 10 6 g~ 1 and increased to 10 8 g" 1 in
2 days. Irradiation reduced this count with k - 5 decimals.
The initial count of yeast in soupgreens was about 10 5 g - 1 and grew to
10 7 g" 1 in k days. A dose of 100 krad gave a reduction of about 2 decimals.
The count of fungi was about 102g~1 and increased in 7 days to 10 3 -10 6 ,
depending on the storage conditions. Irradiation reduced this count with
only 1 - 2 decimals.
The number of aerobic spores (.BaciZlns) was low viz. 10 2 g~ 1 . During
storage this count did not increase. The reduction by 100 krad was less
than 1 decimal.
The visual spoilage and also the souring was obviously delayed by irradiation and thus the storage time was lengthened from 1 till 7 days.
However, the sensory tests proved that after k days the odour and taste
lost in depth, so that the maximum shelf-life at acceptable quality was
k days at 10 °C, instead of 1 days for the control.
The average gascomposition in the wrapped trays was about 5% CO2 and 15%
02.
3. Storage experiments with silverskin onions
In collaboration with the Sprenger Institute and the Foundation of
Dutch Onion Federation an experiment with washed and unwashed (field
crop) silverskin onions was set up under practice circumstances. The
product was irradiated with 0, 10 and 20 krad gamma rays and stored in
a ventilated bulk box (92 cm x 142 cm x 105 cm) at 0 - 2 °C, RH 8k - 3k%.
At various storage intervals a part of the samples was preserved in glassjars. The results proved that the storabil i ty of fresh silverskin onions
was strongly influenced by the ventilation system. A strong ventilation
delayed root formation and sprouting, but promoted a very high loss of
weight (approx. 26%) in the washed product. A small ventialtion in the
bulk promoted, especially in the washed product, mould infection in the
outside tunic of the bulb.
Irradiation doses from a minimum of 10 krad prevented root formation.
The differences, however, between irradiated and non-irradiated objects
were small. The storabil i ty of the field crop was obviously better than
that of the washed product.
The results of the sensory quality test of the preserved products are
given in table 5*
The storage conditions for the fresh product were reflected in the
sensory quality of the preserved silverskin onions. The texture of most
objects was tough and particularly the colour of the washed product was
influenced unfavourably by moulding. The sensory quality of field crop
was higher classified than that of the washed objects. Only the field
crop (unwashed product), irradiated with 10 krad could be stored for kS
days at 0 - 2 °C, without large sensory quality losses.
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Table 5 - The quality of preserved silverskin onions.
Pretreatměnts
Sensory quali ty
doses
storage
colour
in
objects in krad at0-2°C glassjars colour texture taste end judgment
fresh
0
0
9
9
9 very good
9

7
7
7

insufficient
insufficient
good

7

8
9

insufficient
good
insufficient

6

k

6
7

insufficient
insufficient
insufficient

5
3

6

insufficient
insufficient
insufficient

28 days
28 days
28 days

7
7

field crop
field crop
field crop

0
10
20

kS days
kS days
kS days

7
8
7

7
7
5

washed
washed
washed

0
10
20

28 days
28 days
28 days

8
6
6

6
5
5

if

washed
washed
washed

10
20

n

kS days
kS dats
kS days

6

6
k

OO

0
10
20

OO OO

5
8

field crop
field crop
field crop

5
5

k

i»

i»

if

6

if

6

k. Control of storage diseases by irradiation
In collaboration with the Research Station of Outdoor Vegetables at Alkmaar and the Sprenger Institute a preliminary experiment was carried out
with white cabbage to control storage diseases in store rooms.
During storage white cabbage is subject to moulding. These diseases can
be controlled by application of the fungicide "Brassicol", but this
chemical additive has recently been prohibited because of toxic byeffects.
The feasibility of an irradiation treatment was studied in a preliminary
investigation.
White cabbage, variety Danish White, selection Stark Winter was irradiated with 0, 50, 100 and 250 krad gamma rays. Afterwards the product
was stored at a temperature of 0 - 1 °C and also under controlled atmosphere (k% C0 2 , 3% 02, temp. 0 - 1 °C).
After a storage period of ki month this experiment had to be finished
because of a defect in the cooling system of the Controlled Atmosphere
(C.A.) storage. This experiment proved that the C.A. stored product had
a greener colour and less deterioration than the samples from the cold
storage. Besides, it appeared that the mould infection of the C.A.
samples was much lower than in the cold storage product. The C.A. trials
showed no differences between various treatments. In the cold storage
the yeHow colour of the cabbage increased with increasing dose. A dose
of 250 krad caused a small tissue damage. The optimum dose was 50 - 100
krad. The loss of weight in this object was approx. 6% and the waste
varied from 13 to 252. Due to lack of facilFtiěs.It was not possible
to store each lot separately, so that reinfection could not be avoided.
For that reason the influence of irradiation on the mould infection was
not measurable.
The initial
count of mould in the outside leaves of the cabbage was
about 10 2 g - 1 . After storage this count reached approx. 10 s .

5. Combined heat and irradiation treatment to control mould contamination
on fruit
During storage important quantities of fruits are lost by mould development.
Preventive control is possible by spraying with before or dipping after
harvest in fungicides.
The aim of this study was to learn about the possibilities of a combination
of a moderate heat and irradiation treatment as a substitute for
chemicals. A possible advantage of this treatment is that irradiation is
known to delay fruit ripening.
A first experiment with Penioillium in vitro is in progress.
Preliminary results indicate that the D-JQ value forPenicilliwn amounts
to 30 - 35 krad.
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Genetic control of the onion f l y Eylemya antiqua
A.S.

PESTS

(Hei gen) - C. VANHEEMERT,

ROBINSON, G. ZURLINI.

As indicated previously severe d i f f i c u l t i e s had arisen regarding the
quality of the laborabory rearing, specifically larval rearing. As the
quality of the larval rearing can be crucially important for the quality
of the adult, emphasis has been placed on an e f f o r t to maximize larval
q u a l i t y . Using a constant temperature of 23 °C and an alternatimg
temperature of 20 °C (16 h) and 10 °C (8 n) biological parameters were
assessed for two strains of Eylemya antiqua. One strain was recently
brought from the f i e l d (Lombok strain) and the other has been in the
laboratory for in excess of 6 years. The experiments were begun using
100 pairs of f l i e s of each s t r a i n , 50 pairs in each environment. All
the f l i e s were retained until death. Significantly, for the control
strain a high percentage of the single pairs mated; up to 90? in both
alternating and constant temperatures. The Lombok strain was less able
to mate in single pairs. The f l i e s which were used for these experiments
were reared as larvae at the alternating temperature. I t is foreseen
that this improvement in the quality of larval rearing w i l l lead to
successful single pair mating. Some important differences between the two
strains and two environments are illustrated in table 6 .
Table 6 - Effect of alternating and constant temperatures on biological
parameters of two strains of Eylemya antiqua.

Strain Temperature

Life span (days)

?

<**

Total Eggs
/+

Pupal
Size

Ro

Control Alternating 55.13+22.41 36.87+14.90 456.7+161.3 6.98+O.26 42.26
Constant
35-37+17.10 29.59+15.10 357.2+203.2 6.67+O.35 33.47
Lombok Alternating 43.68+26.80 37.44+25.83 426.8+216.8 7.11±0.25 37.29
Constant
33.69+19.76 19-47+15.84 253.4+214.8 6.87+O.36 36.08
As expected adult l i f e span for both strains was significantly longer at
the alternating temperature as was the number of eggs/female. However,
most importantly the pupal size was significantly greater for both stocks
at the alternating temperature; this would indicate that the larval
rearing conditions were superior in alternating temperatures. The disadvantage of the alternating temperature is that i t lengthens the l i f e
cycle (by a factor 1*5), however, the superior quality of the pupae
outweighs this disadvantage. The net reproduction rate (R©) was also
calculated, and for both strains the alternating temperature resulted in
a higher value. The alternating temperature is now routinely used for the
adult and larval environments.
Experiments have also been done to examine the differences between onion
varieties at the two different temperature regimes. I t was found that
onion variety affected significantly larval survival plus confirming the
previous result.that independent of the onion variety the alternating
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temperature produced larger pupae. In other experiments mature larvae
were squashed in water and the resulting liquid was placed on pieces of
onion. First instar larvae were then placed on these pieces of onion.
In a control experiment the pieces of onion were not treated. The developmental time and survival was measured and in the onion conditioned
by the larvae the developmental time was faster and the survival was
better. The presence of microorganisms in the onion seems to be essential
for improvement of quality in the larval mass rearing.
B. Effects_gf_ajiternatmg_and_constant_temBeratures_gn_BgBuliatXon_grgwth
The following experimental design was carried out, using a stock of onion
flies coming from the field and reared for only two generations in the
laboratory (Lombok strain).
1) Three cages with 50 pupae each, reared previously at a constant
temperature (23 °C), were maintained at the same temperature and 75-80%
R.H.
2) Six cages, with 50 pupae each, were placed in a cabinet at alternating
temperatures and humidities (20 °C and 7QZ R.H. during 16 h light, and 10
°C and 80% R.H. during 8 h dark). Three of those cages contained pupae
which had been reared as larvae at a constant temperature (23 °C), the
other three cages contained pupae which had been reared as larvae at
alternating temperatures and humidities. All the nine cages were maintained and checked, throughout the adult life span. The percentage of
pupal emergence was determined. The adult survival and fecundity were
checked every three days in alternating temperatures, and every other day
for constant temperature. These data have been worked out in order to
obtain adult survival and fecundity every other day for both rearing
conditions. Egg fertility was also assessed and its variations were taken
into account in order to determine the overall egg-adult survival for the
corresponding newborn age-class. In separate experiments the larval
survival for alternating and constant temperatures was determined together
with the larval and pupal development times. In table 7 the life cycle
and survival of Bylemya antiqua at constant and alternating temperatures
are summarized. A significantly higher survival from larvae to first oviposit ion was obtained at alternating temperatures. Nine life tables have
been worked out, three for each treatment. The net reproduction rates ( R Q ) ,
i.e. the rate of multiplication in one generation, the mean generation
times in days (Tc) and the daily capacity for increase values (re) obtained
are shown in table 8. The main conclusions can be summarized as follows:
1) the mean net reproduction rates (Ro) for the three treatments were not
significantly different from each other. The alternating temperatures
regimes with larvae reared at constant temperature showed the lowest
mean value of Ro.
2) the mean generation times were shorter at the higher temperature,
3) the mean daily values for the capacity for increase were significantly
different between alternating and constant temperatures regimes, due
to the difference of the mean generation times.

r
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Table 7 - L i f e cycle in days and survival of Hylemya antiqua,
strain) a t constant and alternating temperatures.
Constant
temperature

Alternating
(23 °O temperature (10-20 C)
3.8

2

Egg*
La rvae

17.4
82.2b

10 .5

% Larval survival

72 .4

Pupae

12 .4

% Pupal survival

79 .3

% pre o v i p . period survival
Overall development time to
f i rst oviposition

b

17.5
93.0

3

10

96 9

100.0

Pre o v i p o s i t i o n period

-x- 49

* 33

% Survival from f i r s t instar
larvae to f i r s t o v i p o s i t i o n

(Lombok

55 7 a

76.5a

= the e g g - f e r t i l i t y varies along adult l i f e of the mother.
= significantly different, P < 0.005= significantly different, P < 0.05.
Table 8 - Summary of the population dynamics parameters obtained for
Hylemya antiqua populations reared at different temperatures
regimes.
a

Constant temperature (23 °C)
Cage No. 1
Cage No. II
Cage No. I l l
mean
s t . dev.

Ro

Tc

rc

40.66
50.90
58.36

46.55
43-52
47.37
45.81
2.03

0.0796
0.0903
0.0859
0.0853

49.97a
8.89

0.0054

Alternating temp. (10-20 ° C ) , larvae reared at constant (23°C)
R

Cage No. 1
Cage No. I I
Cage No. I l l
mean
s t . dev.

31.98
38.05
36.19
35.4i a
3.11
Alternating
R

1
Cage No.
II
Cage No.
Cage No. III
mean
St. dev.

L

o

o

58.99
33.73
58.88
47.b"7a

12.90

T

r

c

c

64.65
62.19
62.19
63.01a

0.0536
0.0585
0.0577
0.0566a

1.42

0.0026

temperatures (10-20 °C)
T

c

c
0.0627
0.0566
0.0620
0.0604a
0.0033
from each o t h e r a t t h e 5% l e v e l , by

65.07
62.20
63.29
63.52a
1.45

means n o t s i g n i f i c a n t l y d i f f e r e n t
t h e Student-Neuman-Keuls t e s t .
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Among the planned researches on larval dispersive processes and ability
in searching the host-plant, an experiment on larval preference between
fresh and differently treated onions was carried out. Groups of differently aged larvae of the control strain reared at 23 °C were studied
for their preference between fresh onion pulp and onion pulp in which
the same larvae have grown (conditioned medium). The two types of onion
pulp were then placed into different halves of a glass petri dish,
divided by a plastic partition. The partition was removed and groups of
larvae were placed in the small interface between the two onion typesAfter one hour the fresh onion pulp was removed and the larvae present
counted. There were sixteen combinations of four larval ages (4, 6, 8
and 10 days old) and four ages of onion conditioning (4, 6, 8 and 10
days of conditioning). Every combination was replicated three times.
The four larval ages were chosen taking in consideration the larval
development time of the control strain which is, at 23 °C, about 12.5
days. The pooled data from the replicates for each combination of larval
age and onion conditioning time are shown in table 9Table 9 - Number of Eylemya antiqva larvae present in either fresh onion
pulp (F) or onion pulp conditioned by larvae (C) for different
combinations of larval age and time of medium conditioning.
\l^rval age

4
medium
^^\
conditioning
(days)

8

6

F TOT

C

F

TOT

C

F

10
1

30
24

30

10

40

26
24

10
16

8

20
23
20

4

10

24

0

24
24

4
6

TOT

C

87 15 102

39 9
30 10
17 23

116

52

48
40 20 26
40 12 24

168 82

10

F

TOT

36 28 7
40 26 12
46 13 17
36 9 21

35
38
30
30

TOT

C

76 158 76 57 133

The results were treated as a split-plot design, as groups of larvae of
the same age-class were randomly assigned to the four differently conditioned onions. The results of the statistical analysis are presented
in table 10.
The main conclusions were:
1) The larval preference either for fresh or differently conditioned
onions, varied significantly between and within the larval ages. As
the two error variances (S2 and s 2 ) are very close to each other
(table 10), the heterogeneities between andw i thin larval ages are also
close.
2) Within the combinations tested, the younger the larvae the more the
conditioned onion is preferred, and vice versa.
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Table 10 - Analysis of the results of the experiment on larval preference,
treated as a spí i t - p l o t design.
Source of variation

df

Repli cations
Between larval ages A, larval ages
Error

3
6

Total

11

b, times of
medium cond.
Within larval ages

ign

2

3

Ab interaction« 9

FS

MS

SS

38.582 13.291
5677-22 1892.41

O.368 n.s.
36.08

***

1413.012 471.004

7.28

**

4566.341 507.371
2
1547-177 64^466 - s

7.85

***

2

314.704 §2.451 = S
6030.506

Error

24

Total

36

7526.5297

Ground total

47

I3557.O357

= P < 0.001.

In order to try to maximize the production of trans locations whilst maintaining a low irradiation level for their initial induction, it was decided
to irradiate already fertilized females. In this way two genomes are irradiated simultaneously with a low dose. Fertilized females (+ 10 days old)
were irradiated with 100, 200, 300 and 500 rad X-rays at a dose rate of
100 rad/min. Following irradiation the females were caged individually and
eggs were collected for four weeks. The eggs were divided into four groups,
each group being the egg production/female/week. The fertility (egg
hatchability) of these eggs was measured and the hatched larvae were reared.
Following pupation, the pupae from each group were collected separately
and the emergence rate and the percentage of females was calculated. The
emerged F] adults are mated with control adults and F) individuals producing semi-sterili ty in the eggs are retained and will be examined cytological ly for the presence of chromosomal rearrangements. The results of
the experiment can be seen in table 11. Little can be concluded from the
egg hatch data because the female onion fly will mate more than one time
especially during her later life, consequently in the present experiment
the females will begin to oviposit unfertilized eggs. As these cannot be
differentiated from the eggs carrying a dominant lethal the calculation of
egg hatch does not give critical data for the induction of dominant
lethality. Pupal survival was high for all radiation levels. The percentage
of females was fairly constant for the three lowest radiation levels but
following 500 rad deviations from a 1 : 1 sex ratio were apparent. To the
present time only the first two groups of flies have been testcrossed and
a total of 29 stocks showing semi-sterility have been isolated. These
will now be examined for the presence of trans locations.
The experiment, although it has led to the isolation of many lines, did
not significantly increase the yield of semi-sterile stocks when compared
with only male irradiation. Further, in comparison with the use of fast
neutrons, this irradiation of fertilized females with X-rays is far inferior.
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Table 11 - Effect of radiation on fertilized females of Hylemya antiqua.

Dose
Weeks after
i rradiation
100 rad
200 rad
300 rad
500 rad

Egg Hatch
1st

2nd

3rd

54.7 46.7 40.6
58.2 61.8 59.6
48.3 60.4 58.9
28.2 33.2 47.7

% Females

Pupal Survival

4th

1st

2nd

89.4 92.5
81.9 88.8
54.3 88.9 91.3
54.8 77.8 83-7
54.1
56.8

3rd

4th

1st

2nd

74.3 82.4 50.4 44.3
74.2 85.3 45.8 51.7
86.1 70.6 43.8 53-9
59-6 84.4 38.1 63.9

3rd

No. Fj 's tested (+ vc)

3rd

4th

55.1 96(3) 91(4) 53.1 55.2 36(1) 50(0) 56.4 45.8 63(5) 77(11/ 41.2 34.2 19(4) 26(1) -

-

50.0

4th

1st

2nd

-co

E
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T16 is a reciprocal translocation involving chromosomes and i t was chosen
for inbreeding studies as the exchanged chromosome segments are very
d i f f e r e n t in size so that a l l three karyotypes, the w i l d type, the translocation heterozygote and the translocation homozygote, can be d i f ferentiated c y t o l o g i c a l l y .
Following the f i r s t sib crossing (Fg), the lines showing high s t e r i l i t y
were isolated in the hope that they would include the T/+ x T/+ mat ings.
In one o f these matings homozygous adults were i d e n t i f i e d as males and
females. Unfortunately in t h i s p a r t i c u l a r mating there was not enough
progeny to propagate the l i n e . Therefore other matings from t h i s Fg
generation with about the same level of s t e r i l i t y were i s o l a t e d , the
pupae were bulked and the emerged adults were inbred. Many matings from
this F7 generation have been examined c y t o l o g i c a l l y , however, as yet no
homozygous matings have been isolated. Nevertheless the v i a b i l i t y of
t h i s translocation as a homozygote in both sexes warrants further study.
F" The_ i i ndijctioj2_of_mitotic_crgss2ng_gv i er_] i rt_2rjyersion_heteroz^gotes
During the study o f a p e r i c e n t r i c inversion (ln(3)2) i t appeared that
besides the 2 balanced chromosomes (the normal and inverted one) 2 unbalanced chromosomes occurred as the result o f meiotic crossing-over in
the female. These are complementary and can be considered as compound
chromosomes since the breakpoints are rather close to the centromeres.
I t was decided to i r r a d i a t e normally ach iasmate inversion heterozygous
males to t r y to induce crossing-over and hence to obtain compound
chromosomes. I/+ males were irradiated as pupae with fast neutrons, with
and without oxygen. Various doses at d i f f e r e n t pupal ages were used.
Pupal i r r a d i a t i o n was used as most gonial divisions occur during t h i s
period. Two experiments were carried out and young eggs from test matings
with i r r a d i a t e d I/+ males were analysed c y t o l o g i c a l l y for the presence of
recombinant chromosomes.
Five day old pupae were irradiated with 24, 48 and 96 rad f a s t neutrons,
with and without oxygen. An oxygen e f f e c t on egg hatch could not be
demonstrated and rather large numbers o f eggs were u n f e r t i l i z e d . Of
the f e r t i l i z e d eggs most were normal. In 2 eggs a chromosomal rearrangement or fragments were scored and in one a translocation + fragment was
found.
In the second experiment 1 and 5 day old pupae were i r r a d i a t e d w i t h 24
rad of fast neutrons. Pupal «mergence was 56% and 66% f o r the 1 and 5
day old i r r a d i a t e d pupae respectively. Cytological analysis was d i f f i c u l t
as many eggs were u n f e r t i l i z e d . Out of 65 eggs one type w i t h a recombinant chromosome was observed.
Further investigation is being considered and chemical agents such as
mitomycin C w i l l be used.
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Several new structural chromosome mutations were induced with the use of
fast neutrons. Table 12 gives details of some of these rearrangements.
Further backcrossing of the following stocks was carried out T j , T7 T i g ,
T13, T17, TJ8» T21, T23 and In(6)3 in order to ensure the q u a l i t y of the
stocks. Due to high s t e r i l i t y and to rearing d i f f i c u l t i e s , TJ8 and ).v6)3
were l o s t .
Using T7 a sibcross was carried out and the T/T was shown to be unviable
even during the larval stage; since out of 105 larvae from 16 progenies
52 were +/+ and 53 were T/+ (translocation heterozygotes).
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Table 12 - Rearrangements induced by irradiation with fast neutrons
Trans location
Number
T18
T19
T20
T21
T22
T23
T24
T25
T26
T27
T28
T29
Inversion
ln(3)6

1rradiation
Dose
150
200
200
200
200
200
200
200
100
100
100
200

rad
rad
rad
rad
rad
rad
rad
rad
rad
rad
rad
rad

200 rad

Type of
trans locations

Chromosomes
involved

Fertil i ty

Quadruple
Reciprocal
Triple
Reciprocal
Reciprocal
Reciprocal
Triple
Reciprocal
Reciprocal
Reciprocal
Reciprocal
Reciprocal

2,4,5.6
2,6
4,5.6
4.5
?
5,6
4,5.6
2,3
3,6
4,6
5,6
3.6

31.7 + 2.3
45.6 + 4.2
50.3 + 1.2
74.0
61.7+6.4
54.4 + 4.6
48.1
71.8
71.2 + 2.3
68.1 + 2.3
77.8
49.7 + 3.7

Pericentric

3

57.6 + 1.2

30.3
47.6
55.7
78.7
44.7
54.2
75.5

+ 1.7
+ 3.9
+ 2.7

+ 2.1
+ 2.3

I
Jr

68.0 + 2.3
44.3+6.7
86.0
51.6 + 2.3

r
New staining techniques were developed and C-banding has been obtained.
Besides the primary constrictions no other marks were stained. Therefore investigation of G-banding with the use of trypsin is currently
underway.
Labelling with 3H-thymidine has been carried out on adult males. Incorporation in the nuclei was easy to demonstrate, but the chromosomes
have not yet shown any labelling. Both the stripping film and liquid
emulsion technique were used but the latter was much more suitable
since the emulsion stays at the same position in contrast to the stripping film.
Genetic control of the two spotted spidermite Tetranyckus urtioae (Koch) A.M. FELDMANN
1. Mating competitiveness of irradiated males
Males of Tetranyohus urtiaae were irradiated with k, 8, 2k and 32 krad
X-rays and were then brought in mat ing-competition with unirradiated
males. In all experiments it was observed that the unirradiated males
were more competitive than the irradiated males. This deleterious effect
of radiation on mating competitiveness was statistically very significant
when all experiments were pooled together.
Ageing of the irradiated males also showed a significant reduction in
mating competitiveness within two days after the irradiation treatment.
This drop in mating competitiveness was significant both compared to
0 - 2k h old unirradiated males and to irradiated males of the same age.
2.

Life-tables

L i f e - t a b l e s were made for both the wild-type l i n e and f o r a l i n e , homozygous for a Structural Chromosome Mutation (abbreviated as S.C.M.).
The " I n t r i n s i c Rate of Increase" - r - at 28 °C, 702 R.H. and 16 hours l i g h t
on a 2k hours cycle, was 0.125 for the S . C M . - l i n e and 0.119 for the w i l d type. Thus the presence of an S.C.M. in the karyotype of T3 wtioae was
in the tested l i n e not associated with a reduction of r.
3. Population replacement by a l i n e homozygous f o r a Structural Chromosome
Mutation
Population replacement experiments were performed on beanplants in 3
r e p l i c a t e s , using equal numbers of f e r t i l i z e d females, homozygous f o r an
S.C.M. and females, having the normal karyotype and homozygous f o r the
recessive eyecolour mutation " a l b i n o " . "Albino" was chosen, because in
other experiments i t was demonstrated that this l i n e has a lower fitness
than the wild-type l i n e . Within 6 generations, k out o f the 7 d i f f e r e n t
- t r u c t u r a l chromosome mutations were occurring in the d i f f e r e n t populations
at very high frequencies whereas the a l b i n o - a i l e l e showed very low f r e quencies. The estimation of the frequency o f the S.C.M. in the population
was performed by sampling 20 v i r g i n females from the d i f f e r e n t populations.
A sample of haploid eggs was sampled for each of those females and subsequently those females were mated to a male, which was derived from the
S.C.M.-line which was involved in the population replacement experiment.
The sampled females being semisterile were assumed to be heterozygous for
an S.C.M. Sampled females being homozygous for an S.C.M. were f u l l y
f e r t i l e themselves and produced also f e r t i l e Fj-females. But females,
homozygous for the w i l d type chromosome configuration were characterized
by being themselves f e r t i l e and producing s e m i f e r t i l e Fi-females. The
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frequencies of the structural chromosome mutations among the karyotypes
of the sampled females are shown in table 13.
Table 13 - The frequency of structural chromosome mutations among the
karyotypes of females, which were sampled in the sixth
generation after initiation of the different population replacement experiments (see text for explanation).
Number of
experiment
1
2
total
3
4
5
total

6
7
8
total

9
10
11
total
12
13
14
total
15
16
17
total
18
19
20
total

Type of S.C.M?line
31
31
31
304
304
304
304
11
11
11
202
202
202
202
140
140
140
140
2
2
2
2
17
17
17
17

Number of females in
the different classes
1
2
3
2
0
17
16
2
0
4
0
33
12
0
7
6
0
13
9
7
3
29
25
3
2
0
17
1
7
12
0
17
3
46
12
1
1
0
13
0
5
12
0
3
13
0
38
9
2
6
6
10
1
9
1
8
7
10
23
17
2
0
13
2
0
18
1
11
0
42
0
5
11
0
3
0
12
1
0
0
17
40
4
0

Frequency of
S.C.M.8
0.947
0.944
0.946
0.684
0.842
0.658
0.728
0.947
0.775
0.980
0.881
0.035
0.147
0.094
0.096
0.357
0.275
0.688
0.430
0.933
0.950
0.958
0.947
0.923
0.966
1.000
0.955

Classes: 1) females, homozygous for the S.C.M.
2) females heterozygous for the S.C.M.
3) females with the wild type karyotype
Structural Chromosome Mutation.
In other experiments 7 other S.C.M.-lines were tested against the wildtype line, without the recessive albino-gene. In these experiments only
one S.C.M. reached a high frequency within eleven generations. The other

structural chromosome mutations were almost extincted from the experimental populations (see table '\k).
Table ^k - Percentage of Structural Chromosome Mutations among the genotypes of females sampled during the eleventh generation after
initiation of the population replacement experiment, in which
different lines, homozygous for a Structural Chromosome
Mutation, were used. For further explanation see text and
legend of table 13Type of S.C.M.line

Number of females in
the di fferent classes
1
2
3

21
22
23
total

47
47
47

10

J»

7
11

7

47

28

r

Frequency of
S.C.M.

15

2

1711
1711
1711

0
0
0

0
2
3

11
11»

0.789
0.000
0.077
0.088

total

1711

0

5

42

0.053

CM CM CM

0.857
0.700
0.813

-»

1»

0
1
1

lAsO

Number of
experiment

17

27
28
29

57
57
57

0
0
0

0
1
2

11
7
8

0.000
0.063
0.100

total

57

0

3

26

0.052

30
31
32

66
66
66
66
75
75
75

0
0
0

0
0
0

16
13

0.000
0.000
0.000

0

0

0
0
0

0
1

13

75

0

8

36

81
81
81
81
49
49
49

0
0
0

1

11

7

9

1

11»

0

9

34

0
0

1
1

17
12

0

2

29

total
33
34
35
total
36
37
38
total
39
40
total

7

15
kk
9

0.000
0.219
0.000
0.033
0.091
0.0l»2
0.219
0.033
0.105
0.028
0.039
0.032

The lines which show the best characteristics for population replacement
are being maintained in the laboratory. From the results, given in table
13, it was decided to test the S.C.M.-lines No. 31, 304, 2 and 17 further
in population replacement experiments in which wild-type both for karyotype and eyecolour, is involved. Table ^k shows that S.C.M.-line No. k7
is very promising for genetic control purposes.

L
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k. Computer simulation studies of population replacement by S.CM.-lines
Computer simulation studies of population replacement experiments were
started in collaboration with Ir. M. Satelis of the Agricultural University of Wagen ingen. These studies 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. The line which produces relatively more males has a
higher probability for becoming fixed in the population. The mating
competitiveness of the males of the S.C.M.-line is also a very important
characteristic but a reduction in mating competitiveness can be compensated to a certain extent by a higher production of males. Other studied
parameters are: initial release ratio, sequential release of S.C.M.males, level of hybrid sterility and fecundity of both the S.C.M.-line
and of the wild-type line.
For all these parameters both measured and assumed values are used and
the interaction of these values on population replacement will be studied
in a number of computer runs.
Especially the deleterious effects of radiation on male mating competitiveness led to the decision to stop the work on the development of the Sterile
Male Technique. All effort has to be concentrated on the possibility to
replace mul ti resistant greenhouse populations by a population which is
either sensitive to the usual acaricides or has a temperature sensitive
mutation. The experiments have shown that some lines, homozygous for a
Structural Chromosome Mutation, when mixed in a 1 : 1 ratio with wildtype material, can replace the wild-type population within a short time
under laboratory conditions. It is worthwhile to study the possibility
of this approach under greenhouse conditions.
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GENETICAL ASPECTS OF SELF-INCOMPATIBILITY IN HIGHER PLANTS
Spontaneous and induced mutations at the S-locus: a comparative analysis
on the nature and origin of constructive (generation of new S-alleles)
and negative (genetic losses) mutations - K. SREE RAMULU, A.J.G. VAN GASTEL,
M. DEVREUX, D. DE NETTANCOURT.

Genetic analyses were made of plants regenerated from in vitro cultures of
anthers and stem internodes in different self-incompatible genotypes of
Lyaopersiaon peruviamm Mill. The tri-partite self-incompatibi1 i ty locus
was used as a marker gene to detect the mutagenic effects of in vitro
growth and differentiation, and to define the origin of plants regenerated
in vitro from the anther cultures. Among the 81 regenerated plants analysed
there were dipioids, tetraploids and cytochemeric plants (table 15)>
Table 15 - Frequency and type of plants analysed in different S-genotypes
o f Lyoopersiaon
peruviantm
Mill.
Number of plants analysed under each type
Genotypes

Diploids
(2n-2n-2n)

i

Cytochimeras
>n-2n-2n
2n-4fi-4n

Tetraploids
('•n-'tn-'tn)

Total

Anther culture
32

5

1

0

38

3

3

0

10

16

PŽO-S^

0

1

0

7

8

F9-SÍJS5

9

2

0

8

19

11

1

25

81

9-SiS 3
F13-S 12 S 13
Stem cul ture

Total

The plants derived from stem internode cultures expressed the S-phenotype
which was to be expected from the genotype of the material used. In contrast, several genetic changes could be detected in the incompatibility
phenotype of the individuals regenerated from the anther cultures. Selfpollinations and test-crosses of the diploid plants derived from anther
cultures and the progeny analyses showed that some of these modifications
appear to result from the generation of new functional S-alleles. The new
specificities were functional, in the f i r s t generation, in the pollen and
style, or in the pollen only, and active in the next generation in both
pol len and style.
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Some diploid plants showed temporary changes at the S-locus resulting in
the breakdown of self-incompatibi1 i ty in the f i r s t generation. One tetraploid, also derived from anther cultures, was self-incompatible; test-

crosses and fluorescent microscopy observations indicated that the
tetraploid had the S-homozygous (tetraplex) condition.
The genetic analyses revealed that, of the 54 plants regenerated from
the anther cultures, 53 derived from the somatic tissue of anthers,
while 1 plant seemed to have originated from the microspore.

2|tY_l_gcus£_i>nyestigatj_ons_|n_the_liow_dgse_raj3ge
Experiments involving acute treatments with fast neutrons and X-rays
(low doses studied: 50-300 rad) applied to pollen mother cells of
Eicotiana alata Link and Otto have shown that several types of genetic
changes were recovered at S-locus, namely pollen-activity part mutations
displaying centric fragments or no fragments, s t y l a r - a c t i v i t y part and
revertible mutations. However, radiation treatments did not generate
constructive mutation i . e . , heritable transformation of the s p e c i f i c i t y
of a given a l l e l e into another s p e c i f i c i t y . In this aspect radiation
induced processes appear to d i f f e r from those taking place spontaneously when the external {in vitro culture) or the internal (inbreeding)
environment is modified; in vitro culture and inbreeding generated
constructive mutations at S-locus. Further materials are prepared for
experiments to estimate fast neutron- and X-ray-induced mutation f r e quancies at very low doses, 20 rad and below, their transmissibi1 i ty
and phenotypic manifestation. Analyses show that for estimation of
mutation rates at very low doses, the size of stylar transmitting
tissue functioning as the medium through which pollen tubes grow en
route to the ovules, area of receptive surface of stigma, number of
pollen grains deposited in single layer on the receptive area of stigma
and pollen tube diameter are important.

In the studies carried out to understand the mechanism by which new s e l f incompatibility alleles arise in the inbred plants of Lyaopersicon peruvianvm M i l l , the data were collected after back-crosses with the mother
clone and after test-crosses to determine the S-genotype in pollen and
style of inbred progenies from sel fed S-| S2 stocks bred in different
genetic backgrounds. Altogether 43 progeny plants of the S1S2 genotype,
derived from S1S2XS4S5 and 12 plants from SjS2, derived from S1S2XS6S7
were analysed (tables 16 and 17). Among the 43 plants, S-genotypes in
pollen and style of 38 plants were determined. The results of crosses
with the tester-stocks as well as the self-pollinations and back-crosses
to the mother clone indicate that the other 5 plants may contain new Salleles other than the parental alleles S1 and S 2 .

Radiation treatments have so far not induced any constructive mutations
at the self-incompatibility locus i . e . , the heritable transformation of
the specificity of a given a l l e l e into another s p e c i f i c i t y . Such
mutations have, however, occurred spontaneously among the inbred
progenies and in plants regenerated from in vitro cultures (see above).
The treatments with ethyl methane sulphonate (EMS) have been proven to
be several times more e f f i c i e n t in inducing point mutations than treatments with ionizing radiations. Therefore, experiments were conducted
with EMS to evaluate i t s mutagenicity, and more particularly to recover

Table 16 - S-genotype in the pollen and style of inbred progenies of
the SjS2 genotype derived from crosses S}S2xS/,Sij of LycopersiQon peruvCanum

Mill.

Genotype in
style

pol len

Number
of
plants
22

S-| S 2

S

S-| S-]

SIST

1»

hh

ďsterile

3

ďsteri le

1

hh

1S2

o sterile

S

1S1

o sterile

S

S

o sterile

o*sterile

3
if

1 2

1

1

Tab 1e 17 - S-genotype in the pollen and style of inbred progenies of
the S-jS2 genotype derived from crosses SiS2xSgSy of Lyaopersieon peruviamm M i l l .
Genotype in
style

po)len

Number

of
plants
8

S2S2

1S2
S2S2

S1S1

Si Si

1

S

1S2

S

3

constructive mutations at the S-locus of Niaotianu alata Link and Otto
by applying treatments at 16, Ik and 32 mM during 2*» h to flower buds
by the "tongue-slit" method as applied by Röbbe]en in Arabidopsis thaliana. Of the three stages treated, pre-meiotic cells appeared to be
the most sensitive followed by meiotic and post-meiotic cells as
assessed from percentage pollen abortion. The treatments at 32 and
2k mM concentrations not only resulted in a high percentage pollen
abortion, but also proved to be highly toxic in inducing pre-mature
flower dropping and inhibition of bud development. Hence, i t appears
that the concentration of 16 mM would be the optimum one to evaluate
the mutageni c i t y of EMS.

Gamma ray treatments at various doses were applied to flowers after
cross-compatible pollinations (SjS^xS^S^) and sel f-incompatible
pollinations (S^ St,xSj Si,). After 200 krad treatment (highest dose) on
cross-pollinated flowers a high percentage of pollen became non-viable,
and tube growth of a l l the germinated pollen was inhibited before half

- 50 -

length of the style. Observations on the ultrastructural aspects revealed that the pollen tubes were destroyed by a precise degradation
process which led to the disappearance of the inner w a l l , lysis of the
tube, accumulation of several b i p a r t i t e particles and alteration of the
endopiasmic ret i cul um into a whorl of concentric c i r c l e s . These results
indicated that the high dose of gamma rays probably interferes with
protein synthesis. The ultrastructural aspects of compatible pollen
tubes after gamma irradiation were similar to those of self-incompat i b l e tubes and therefore i t is suggested that cessation of protein
synthesis might be a result also of incompatibility.
Observations after treatment with 200 krad gamma rays on flowers a f t e r
self-incompatible pollination (SJS^XSIS/J) showed that gamma irradiation
affects the self-incompatibility reaction.
Effects_of_X;r§Y_iirraditatxgn_iin_cgmbi,natign_wipth_DTT_gretreatmeQts-on
Experiments in this respect were carried out to induce more point
mutations, and particularly constructive mutations as well as morphological mutants which are linked to S-gene with the aim of f a c i l i t a t i n g
early detection of incompatibility genotypes for plant breeding purposes.
Furthermore, the purpose was to ascertain i f OTT can increase pollenpart mutations, not accompanied by centric fragments. Treatments were
applied to detached .leaves (adventitious bud technique) and to pollen
mother cells by Röbbe!en's tongue-slit method.
The treatments with DTT at 0.2, Q.k and 0.8% concentrations prior to
X-ray irradiation of leaves at 0.5 " 2.5 krad gave a considerable improvement in the survival of leaves ana plantlet production.
For PMC treatment, DTT at concentrations 0.03, 0.12 and 0.48% was applied
by tongue-slit method followed by X-ray irradiation at 0.8 krad. The pretreatments with DTT gave protection against X-ray induced pollen abortion
and caused an increase in the seed-set. Among the progenies some morphological mutants and pollen-part mutants were recovered.
Use_of_doubied—hagj[gi_ds_fgr_the_s tudY_gn_the-rnechanjpsm_of_>generat,ion_of
Two hypotheses are available for explaining the mechanism by which new
S-alleles are generated after inbreeding: recombination or activation
followed by inactivation. The production of inbred lines from doubledhaploid forms and eventually the use of homozygous lines directly as pureline varieties in the s e l f - f e r t i l i z e d crops or as inbred lines in the production of hybrids is well known. The anther culture produced haploid and
the double-haploids derived from stem internode culture of the..haploid in
Niaotiana alata Link and Otto were used to study the fate of incompatib i l i t y system suddenly placed in a complete homozygous background. Selfpollinations of the doubled-haploids gave f r u i t and seed-set from which
a large progeny was grown. Analyses are being made to ascertain i f any
new S-alleles are generated in the doubled-haploids. In addition, a t tempts were made to obtain haploids by pollen irradiation; several abnormal plants were obtained after irradiation.
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Establishment of linkage relationships with the S-locus of self-incomp a t i b l e plants and i d e n t i f i c a t i o n of the S-bearing chromosome in Lyoopersicon

pemvianum Mi 11. - K. SREE RAMULU, F. CARLUCCIO, D. DE NETTANCOURT,

M. DEVREUX.
In the course o f investigations aiming at producing trisomics in the w i l d
tomato species Lyaopersiaon peruvianum M i l l , and at detecting r e l a t i o n ships between trisomy and the expression of s e l f - c o m p a t i b i l i t y , t r i p l o i d d i p l o i d crosses yielded 71 diploids (60%) and k~J aneuploids (kQ%).
Among the aneuploids three self-compatible trisomics were detected (table
18). Since the self-incompatibi1ity is expected, from the competition
theory, to break down in the pollen grains containing two d i f f e r e n t S;
a l l e l e s , i t should be possible to detect r a p i d l y , upon sei f i n g , the t r i somic for the S-locus and to i d e n t i f y , thereafter the chromosome bearing
the self-incompatibi1 i ty gene. As the action of each individual S-allele
remains independent in the s t y l e , the presence of three d i f f e r e n t Sa l l e l e s in the self-compatible trisomics suspected to carry three Sbearing chromosomes can, in theory, be confirmed by means of appropriate
crosses with d i p l o i d tester stocks used as staminate partners.
Table 18 - Frequency of plants with d i f f e r e n t chromosome numbers among
the progenies derived from crosses between t r i p l o i d and d i p l o i d
S-genotypes
Cross
T r i p l o i d x F9~S/,S5
F9-S4S5

x triploid

T r i p l o i d x F12-S 1 0 S n
F^-SJQS^

Chromosome numbers
26
27
28

2k

25

13

6

5

k

2

8

5

i»

48

2

3
18

x triploid

2

T r i p l o i d x F13-S 12 S 13

10

FU-S^S^ x triploid

1»

OOó-S^ x t r i p l o i d

1

1

10—S|Si, x t r i p l o i d

20

3

1

Total

71

22

Ht

1

3

1

7

3

1

1

The extra chromosome was i d e n t i f i e d in three self-compatible trisomic
plants through somatic and pachytene chromosome morphology. One o f these
plants was trisomic f o r chromosome 1 while the other two were trisomic
for chromosome 3. In these trisomics, a p o s i t i v e c o r r e l a t i o n was found
between chromosome length and t r i v a l e n t formation, but no relationship
between chromosome length and frequency o f laggards was observed. The
average frequency of transmission was 2.8% in trisomic f o r chromosome 1
and 8.6% in trisomic for chromosome 3> Karyotype analyses and observations
on morphological characteristics of trisomics revealed that 7 were parent
type and 1 a d i f f e r e n t type (table 19).

L

- 52 -

Table 19 - Transmission frequency of the extra chromosome in the progeny
of trisomics derived from selfing and from crosses between
the trisomics and the diploid clone in Lyaopersieon peruvianum Mill.
Frequency and type of progenies
Trisomics

Diploids

Tri somics
Parental type
Other type

Total

2n+1 sel fed

Trip!o-1

15

Triplo-3

38

0

0

0

1

5

(2n+1) o x 2n

Triplo-1

18

1

0

1

Triplo-3

33

2

0

2

104

7

1

8

Total

A series of test-crosses revealed that the capacity o f the trisomics to
produce seed upon s e l f i n g always resulted from a l t e r a t i o n s o f the i n c o m p a t i b i l i t y phenotype o f the s t y l e and not from competitive i n t e r a c t i o n
in the p o l l e n . Progeny analyses snowed that the s e l f - c o m p a t i b i l i t y features
of the trisomics were not transmitted from one generation to the next one.
BIOCHEMICAL ASPECTS OF SELF-INCOMPATIBILITY IN HIGHER PLANTS
Biochemical research on s e l f - i n c o m p a t i b i l i ty in Niaotiana

alata

Link and

Otto. - G.M.M. BREDEMEIJER.
After p o l l i n a t i o n o f Niootiana alata styles a wave o f peroxidase i s o enzyme 10 arises j u s t below the stigma and is then transmitted to the
basal end o f the s t y l e at a rate which is independent o f the fact whether
the s t y l e is s e l f - or c r o s s - p o l l i n a t e d . In s e l f - p o l l i n a t e d styles pollen
tube growth is retarded by the incompatibility reaction so that the front
of the peroxidase 10 wave is able to pass the growing pollen tube t i p s .
Consequently incompatible pollen tubes grow in a part o f the s t y l e «hich
contains a substantial amount o f peroxidase 10. Compatible pollen tube
t i p s , on the other hand, grow in a s t y l a r part with a very low a c t i v i t y
of peroxidase 10 because the growth rate o f these tubes is higher than
the speed of the peroxidase 10 wave (Bredemeijer and Blaas, 1975). Based
on these findings and on the fact that the peroxidase 10 wave i s not i n duced upon s e l f - p o l l i n a t i o n o f immature styles (bud-pollination) which
are not able to r e j e c t incompatible pollen tubes, i t was suggested that
peroxidase 10 might p a r t i c i p a t e in the rejection o f incompatible pollen
tubes (Bredemeijer and Blaas, 1975; Bredemeijer, 1976).
In flowers pollinated at anthesis peroxidase 10 can not influence compatible pollen tube growth because, as stated above, the tube t i p s grow
in advance of the peroxidase 10 wave.
However, with the increasing age of the flower, the transmission speed
of the pol 1 i nation-induced peroxidase 10 wave also increases so t h a t , at
a certain s t y l a r age, t h i s speed is high enough to pass the growing pollen
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tube tips. Finally, peroxidase 10 is induced even in the unpollinated
style as a consequence of senescence.
Such aged styles, therefore, were very much JUÍtable to study the influence of peroxidase 10 on compatible pollen tube growth and to
establish whether the general decrease in the growth of compatible
pollen tubes during stylar senescence is due to the action of peroxidase 10.
In all previous studies stylar extracts contained cytoplasmic, ionically wall bound and intercellular peroxidases. Since it is well known
that in ageing tissues peroxidases are released from the cytoplasm to
cell walls and intercellular spaces, we extended our comparative studies
to include both the cytoplasmic fraction and the wall and intercellular
fraction.
The experiments carried out. during the past year demonstrated that the •
growth of compatible pollen tubes was retarded in detached styles,
especially when the style was aged during 7 days at 15 °C before pollination. In the aged styles, the pollen tube growth was completely
stopped 3 days after pollination and the morphological features of these
tubes observed under the fluorescence microscope were similar to those
of incompatible pollen tubes in the styles of self-pollinated flowers
ai anthesis (strong callose deposition and swollen tube tips).
When the styles remain attached to the flower, ageing during 7 days has
no influence on the growth rate of compatible pollen tubes.
The problem was thus to find out whether the difference between compatible pollen tube growth in the attached and detached styles was correlated with differences in peroxidase 10 activity.
Comparison of peroxidase 10 activity in various stylar segments of
attached and detached styles which were incubated during 7 days at 15 °C
revealed a clear difference. In all segments peroxidase 10 activity was
higher when the styles were detached from the flowers. Apparently, the
senescence-induced peroxidase 10 wave was accelerated when the style
was detached from the flower.
To investigate possible differences between the localization of peroxidase 10 in attached and detached styles, an in situ extraction of walls
and intercellular spaces by centrifugation after vacuum infiltration was
carried out.
The intercellular fluid fraction obtained by vacuum infiltration of
stylar sections contained all the protoplast peroxidase isoenzymes except
the slow moving No. 1, 3 and k (figure 19).
Most of the peroxidase activity in the intercellular fluid was due to
isoenzymes 10 and 16 in the attached styles and 10 and \\ in the detached
styles. It was also clear that the relative amount of a specific peroxidase isoenzyme present in the intercellular fluid differs very much for
various isoenzymes, e.g. peroxidase Isoenzyme 16 occurs at a relatively
high concentration in the fluid fraction. The data given in table 20 show
that 3-9 and 9.1% of the total amount of the isoenzyme was present in the
intercellular fluid respectively from attached and detached styles. In
absolute amounts the fluid from detached styles had a 9 times higher
concentration of peroxidase 10 when compared to that in the attached
styles.
In spite of the fact that peroxidase 10 activity is induced in both
attached and detached styles, compatible pollen tube growth is retarded
only in the latter. This finding seems, at first sight, to deny the
hypothesis that peroxidase 10 is involved in the inhibition of pollen
tube growth. It is, however, possible that other factors such as
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Figure 19 - Peroxidase isoenzyme patterns of the cellular and intercellular fluid fraction from aged styles.
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Table 20 - Total activity of peroxidase isoenzyme 10 and of gIucose-6phosphate dehydrogenase in the intercellular fluid from 32
aged styles and in the residual cell material. Peroxidase
10 activity is expressed as peak area (mm2) after reflection
writing of gel-photographs. G-6-PDH activity is expressed as
change in absorbance at 3^0 nm during 10 min at 25 °C. Data
are the average of 3 ~ 5 experiments.
G-6-PDH

Peroxidase 10
Attached
styles

Detached
styles

Attached
styles

81080

284790

0.951

3290

28650

0.020

Cellular f r a c t i o n
amount present/32 styles
Intercellular fluid.
amount present/32 styles
percentage of t o t a l amount

3.9

9.1

2.1

availability of substrate and hydrogen donors or localization of the
enzyme play a role. Concerning the last possibility, the 1976 results
clearly demonstrate differences between the localization of peroxidase
10 in attached and detached styles. During ageing of attached styles
there was only a small release of peroxidase 10 from the cytoplasm to
the walls and intercellular spaces, whereas it was very large in the
detached styles. At the time the aged styles were pollinated, the intercellular fluid from detached styles contained a 9-fold amount of peroxidase 10 as compared to the fluid from attached styles. Assuming that
peroxidase 10 is involved in the inhibition of pollen tube growth, the
present results demonstrate that only the wall and/or intercellular
fraction of this isoenzyme is responsible for the inhibition.
Early detection of incompatibility genotypes for plant breeding purposes
Experiments have been initiated to establish whether electrofocusing can
be used to separate proteins and enzymes from the leaves of Lycopersicon
pevuviamm
Mill, and Nieotiana alata Link and Otto and from N. alata
styles in order to find S-specific differences. Concerning peroxidase, a
good separation of the isoenzymes from L. peomvianum leaves and N. alata
styles was obtained. Furthermore, a method for electrofocusing of esterases from N. ai-ata styles was developed. Comparison of the proteins and
isoenzymes in different S-genotypes will be carried out as soon as
sufficient plant material is available.
Removal of reproductive barriers in higher plants
Nicotiana langsdovffi (Weinm.) seeds obtained from Pandey were sown.
In the future pollen from these plants will be used for interspecific
crosses with Niaotiana alata in order to study the role of. peroxidases
in interspecific incompatibility.
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S O I L - P L A H T
C H E M I S T R Y

SOILS

AND

S T U D I E S

A N O B I O L O G Y

O F

N I T R O G E N

I N

PLANTS

The general programme comprises studies on the evaluation of energy and
nitrogen balances of different agroecosysterns (M.J. Frissel and J.A. van
Veen), biological nitrogen fixation in ecological agroecosysterns and i t s
relation to pro Hein production of European plants (J.H. Becking), and
the uptake and distribution of nitrogen in crops (H. Breteler, Ch.H.
Hän i sch ten Cate, F. van Dorp, J. Sinnaeve) and some related studies on
similar topics (G. Desmet, S.C. van de Geijn).
Cycling of nitrogen in soil - J.A. VAN VEEN, M.J. FRISSEL.
A model on nitrogen behaviour in soils has to be compared both with experiments described in the literature and with greenhouse and/or f i e l d
experiments which, in the present case, were carried out i n cooperation
with the Institute for Soil F e r t i l i t y at Haren.
Testing of a model on the basis of results from literature is usually
hampered by lack of adequate data. In our approach of the problem, we
were confronted with the following d i f f i c u l t i e s in the various submodels:
A

- Nit

From a quantitative as well as from a qualitative point of view nitrification appears to be the best described process of the nitrogen cycle
in soil. Nevertheless a bad fit is obtained between simulated and experimental results generally found in literature using values of the
maximum specific growth rate and the initial number of organisms determined in soil nitrification studies.
Values of these parameters determined in aquatic systems generally much
better fit the model, as shown in figures 20 and 21 for optimum conditions.
Figure 20
Computed nitrification pattern
after application of 100 ppm
Data for the model are derived
from 1iterature.

*, x—x NO2", 0-0 NO3"
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10
time (days)
Figure 21 - Experimentally determined nitrification (after Pham, 197*0
see further figure 20.

Comparison of simulated and experimental results given in literature
shows that with the present submodel the effects of temperature and pH
are correctly simulated (see figure 22 the computed effect of the pH on
the volatilization of surface applied ammonia at 25 °C).

pH«

Figure 22
Computed effect of the pH on the
volatilization of ammonia as
percentage of the ion.

5

w
time (days)

These results are in agreement with those published by Mills et al.t
(Agron. J . 66: 355-358, 197*0, who found a loss of up to \7% NH3-N
in the pH-range of up to 7.2 and approx. 63% in the range of 8.0 up
to 8.5 over a period of 7 days.
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In literature no quantitative data have been found. For parameter sens i t i v i t y analysis the effect of fixation on the n i t r i f i c a t i o n of added
NH/j+ is shown in figure 23«
200

Figure 23 - Computed effect of the fixation capacity of the soil on
the nitrification of 200 ppm NH^-N.
x-x fixation capacity = 50 ppm;
o-o = 100 ppm; •-• = 150 ppm; Ar-A = 200 ppm; A-A = 1*00 ppm

Because of lack of adequate data comparison with experiments described
in literature has to be limited to only a few cases, in which a rather
good fit is obtained, as shown in figures 2k - 26.
Figure 2k

no

L

Computed effect of temperature on
immobilization and mineralization
of nitrogen:
o—o 25 °C continuous;
•-• 15 °C continuous;
x—x decreasing temperature from 30 °C
(at day 0 °C) till 15 °C (day 50
°C) and 10 °C (day 125 °C);
V—v" increasing temperature from 10 °C
(day 0 °C) till 15 °C (day 50 °C)
and 30 °C (day 125 °C);
— course of the inorganic nitrogen
concentration at 2k °C found by
Nommik (Acta Agric. Scand. 12:
81-94, 1962).
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Figure 25 - Computed effect of growth rate of the biomass, RGRBMH,
on the decomposition rate cellulose in comparison with
experimental results from literature.
o-o RGRBMH = 0.1; •-• RGRBMH = 0.05; x-x RGRBMH
= 0.075;
A-A RGRBMH = 0.2; k-k RGRBMH = 0.3- All (day" 1 ).
I —.— Decomposition found by Waksman and Gerretsen (Ecology,
12: 33-60, 1931).
II ... Decomposition rate found by Guha Sircař et al. Ind. J.
Agric. Sei. 10: 119-151, 19^0).

Figure 26
Computed effect of the value of the
maximum specific growth rate on (hemi)'.celluiose on the decomposition of organic
matter (see figure 25) comparison with
experiments results from literature
I: decomposition of wheat straw (Jansson,
Kungl. Lantbr. Ann. 2k: 101-361, 1958);
I I : decomposition of oat straw (Waksman
and Gerretsen, Ecology 12: 33-60, 1931);
I I I : decomposition of rice straw (Guha
Sircar et at. Ind. J . Agric. Sei. 10:
119-151, 1940).
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A good description of the growth of the biomass and of the decomposition
of (hetni)-cellulose particularly is important in relation to mineralization and immobilization of nitrogen after the addition of organic matter
to the soi i.
The description of denitrification until now has been hypothetical.
Attempts have been made here to describe the behaviour of oxygen in non
water logged soils in order to determine anaerobic zones where denitrification might occur. Therefore, the number of air-filled pores per unit
soil volume is calculated on the basis of the soil water content.
Transport of oxygen and NOj" from the pores into the surrounding soil is
considered as being the result of diffusion due to concentration
gradients. Consumption of oxygen and nitrate in the absence of oxygen is
assumed to be due to microbial activity as calculated in the submodel
for mineralization and immobilization. Because of the hypothetical
character of the present submodel simulated results are not yet fully
reported.
For further testing of the model a combined greenhouse field experiment
was carried out. The same sandy soil was used in two experiments considering the following treatments:
barley straw + nitrogen ( N H ^ S O ^ ) , only straw, nitrogen, and a control.
In the .greenhouse experiment total inorganic nitrogen and biomass were
determined in relation to time. The experiment was carried out in
Mitscherlich-pots with 5 kg soil (dry weight), at 25 °C, and a water
content of 60% WHC. In the field experiment total inorganic nitrogen, biomass and Cl" (in order to determine transport phenomena) were determined
in relation to time and depth (up to 1 m ) . For simulation of the greenhouse experiment only the submodel for mineralization and immobilization
is used. Values of parameters not determined in the experiments were derived from data in the literature. Curve fitting was not applied. The
simulated results fit rather well with the experimentally determined ones
as shown in figures 27 and 28.
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Figure 27 - The inorganic nitrogen content versus the time of the pot
experiments. On the left: experimental values, on the right:
simulated values (N • nitrogen fertilizer only, 0 » blank,
S • straw only, NS * nitrogen fertilizer and straw).
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Figure 28 - The biomass versus the time of the pot experiments. On
the left: experimental values, on the right: simulated
values. For symbols see figure 27.
Differences mainly concern the delay period in the re-mineralization of
previously immobilized nitrogen and the pattern of the biomass content
during the latter experimental period. They are probably caused by the
absence in the model of an adequate description of the growth of
microbes on other soil organic carbon sources than the added organic
matter. Simulation of the field experiment was carried out using the
submodels for nitrification, ammonia-volatilization, mineralization and
immobilization. Transport of N0V* was calculated on the basis of data
from the Cl" movement through the soil. For simulation of the processes
as in relation to depth the soil was divided into layers. Values of the
parameters were experimentally determined or derived from literature;
the values of the parameters ob the submodel for mineralization and immobilization were similar to those used for simulating the greenhouse
experiment.
The simulated inorganic nitrogen concentration curve fits the experimentally determined one well as shown in figure 29.
Because during this experiment hot, dry periods occurred so-called
"drying and re-wetting" cycles may have significantly affected the biomass content. Since neither this aspect nor the growth of microbes on
native soil organic matter is included on the model there is not a good
fit with respect to the biomass content as shown by figure 30.
The predictive value of the present model is not yet good enough to be
used in agricultural practice. However, its value for studying the Ncycie in soil seems to be proven e.g. by clarifying relationships
between the processes of the N-cycie in a quantitative way as well as
by showing up gaps in our knowledge on the behaviour of nitrogen in
soil. In the future attention will have to be paid to N-fixation, the
effect of plants on the N-cycle, the improvement of the description of
the growth of microbes on native soil organic matter and to denitrification. Experimentally emphasis should be on the effect of moisture
and temperature and on developing adequate methods for measuring denitrification in the field. Developing adequate methods for, quantitative
measurements in soil-microbiology is, in any way, a must for the future.
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Figure 29 - The inorganic nitrogen content as function of time and depth (field experiment).
Above: experimental values, below: simulated values (N = nitrogen fertilizer only,
0 = blank, S * straw only, NS = nitrogen fertilizer and straw).
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Figure 30 - The biomass as function of time and depth (field experiment). Above: experimental values,
below: simulated values. For symbols see figure 29.

Evaluation of energy and nitrogen balances of different aqro-ecosystems •
M.J. FRISSEL.
In June of this year a small symposium was organized on the premises of
Elsevier Scientific Publishing Company. It was sponsored by the Royal
Netherlands Land Development and Reclamation Society (Heidemij) and the
International Association for Ecology. The Association EURATOM-ITAL
took care of the scientific secretariat. The invited participants were
asked to prepare review papers on the cycling of mineral nutrients in
agricultural ecosystems, generally covering the geographical region and
language area to which they belonged. Schemes according to which
nutrient balances had to be prepared were distributed in advance. The
separate reviews were compiled into one integrated general review.
At first it appeared to be difficult to classify the different agroecosystems, using criteria which are generally used in ecology (rainfall, evapotranspiration, temperature). Another classification, in which
the type of the production system was teken as a criterium resulted in
a useful scheme, which is shown in figure 31.
type of agricultural system

***"•

•xt.m«ot production
. . « t . dairy terming

„ «xt. erabl* terming
r n - i , forestry

Hwsteck port
mixtd Csaifsustsining) farming
arobi* port
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*

*

*

*

Int dciry Tormina

int. oresia farming

40

60

80

100
120
140
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180
nitrogen output of agrieulturcl systems (kg/na)

Figure 31 - The output of agricultural production systems, expressed
as kg nitrogen per ha per year. The black dots represent
agro-ecosystems investigated, the curves connect similar
systems.
It appears that especially the consumable nitrogen output varies
enormously for the different agro-ecosystems. These differences considerably inflec the classification based on customary environmental
criteria.
Although for local situations the quantities of nitrogen which are
leached per ha are of importance, this does not apply to the nitroaen
losses of an extended regio. In this case the nitrogen losses per kg
of consumable product are much more meaningful. Figure 32 shows nitrogen
losses per ha; table 21 shows the losses expressed per kg of consumable
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product. The table includes a very short indication of the agro-ecosystem.
nitrogen leached, kg per ha
40

tar this area sea (ig. 46b

40

SO

120

160

nitrogen.farm input.fixed ritrogen exciuded.kg per ha

Figure 32a - The leaching of nitrogen versus the farm input, fixed
nitrogen excluded, input range 0-180 kg N per ha.
Closed symbols: nitrogen fixation is greater than 35 kg
per ha. Open systems: nitrogen fixation less than 35 kg
per ha or unknown. (The curve indicates a leaching of
20%; this curve is not based on the data points). The
shapes of the symbols indicate the participants of the
symposium, who made the data available.
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Same as figure 32a, input range 120 - 800 kg N per ha.
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Table 21 - Indices for nitrogen losses.
System

Volatile*"
Total
Input by Consumable Ratio L e a c h i n 9 ftatio P r o d u c t s
N-input N-fixation N-output
Cons.output
Cons.output
Livestock systems

Shrub steppe (Monte), Argentine
5- 5
Steppe and semi desert, Patagonia
k. 7
Dutch mixed livestock farm (l800), livestock part 103
High elevation moreland, sheep, UK
17
Traditional h i l l sheep farming, UK
20
Improved h i l l sheep farming, h i l l grassland part
17
Sheep on semi arid israelian pastures
10
Improved hill-sheep farming, paddocks + h i l l
grasslands
22
Subterranean clover pastures, Australia
65
Improved hi 11-sheep farming, paddock part
25
Shrub and tree savannes, central B r a z i l , livestock
part
66
Shrub and tree savannes, central B r a z i l , livestock
part
17. 2
Intensive sheep farming, grass and clover, UK
303
Dutch dairy-farm, clay (1937)
13*t
French dairy farm
Dutch dairy farm, clay (1937), use of suppl. feed 153
Intensive sheepfarming on grass only, UK
353
Grazed blue grass, western North Carolina
178
Dutch dairy farm, clay soil with f e r t . + supplem.
feed 672
Dutch dairy farm, clay, f e r t i l i z e r s and much suppl.
feed 783

2.5

0.1»

0

2.2
80

0.6

0

10

1
1
1

5
3
3

5
5

1.3
2

2
-

9

10

65
15

3
5.8
8

6
3
62
-

1
0 .1»

0.7
-

9

25

11

0 .1

2

8

13
17
19
20
2»»
26

0.5

38

0
1 .8
0 .6
0 .5
0•5
-

-

72

0 .5

3

-

115

0 .5

2

150
120
120
10
-

0.1

3
3
0.5
3

Arable and horticul tural systems
Tropical and subtropical arable farming, small farm
system
hi
Wheat, central Kanzas
kO
French intensive arable farm, irrigated beans
59

-

34.1

0

36
36

0 .11
1 .3

.15

0.59
0-1*1
—
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Table'21 - continued
System

Volatile*
Total
Input by Consumable Ratin L e a c h i " 9 Ratio Products
N-input N-fixation N-output
Cons.output
Cons.output

Shrub and tree savannes, central B r a z i l , arable
part
57
Dutch mixed livestock farm (1800), arable part
7**
Winter wheat, UK
120
Cotton, California
179
Irish potatoes, Maine
172
Intensive arable farm, semi arid area, I s r a e l ,
high u t i l i z a t i o n
100
Citrus, apple, pear, peach, grape, perssimon, Japan 229
Tropical and sub tropical arable farming,
plantation system, S. America
106
Corn for grain, northern Indiana
122
Soybean for grain, n.e. Arkansas
133
Paddy rice, Japan
178
Shrub and tree savannes, central B r a z i l , arable
part
119
Dutch arable farm, crop rotation, beet tops
ploughed in
319
Tea plants, Japan
313
Vegetables, mean of 10 leading types of Japan
285
Dutch arable farm, clay, crop rotation, beet tops
carried o f f
346
Forage crop, gramineae-legume mixture, Japan
185
Denitrification + ammonia losses.

31

43.9
49
77
79
80

-

81
82

-

-

0.74

0.37

123

84
85

4o

96

0.06
0.18
0.11
0.21

0.19
0.12
0.17
0.73

18

113

0.01

0.15
0.56
0.22
0.19
0.43
0.11

5
5
20

90

0.10
0.13
1.05
0.80

-

126

20
20

137
162

0.46
0.64
0.47

0
80

166
175

0.35
0.36

0.07
0.41
0.23
0.25
0.09
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From table 21 it appears that the losses of the extensive system (expressed per kg consumable product) are slightly higher than from intensive systems. Data for high nitrogen-fixing systems and potassium
show the same trend.
Nitrogen in ecosystems and biochemical cycles - J.H. BECKING.
In experiments with free-living nitrogen fixers Drs. M. Perea Dal los
(Post-doctorate IAEA-fellow from Bolivia) studied the nitrogen fixation
capacity and ni trogen-fixation efficiency of some tropical strains of
Beijerinckia and Azotobaoter. In these experiments washed cells of the
latter bacteria were exposed to an atmosphere containing acetylene. As
well known acetylene is able to replace N£ in the nitrogenase system
and it has the advantage of easier detection (gaschromatography). The
interesting result was obtained that there was more N2 fixation (i.e.
C2H2 reduction) anaerobica11y than aerobically (figure 33)-

20-
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.ca
o anaerobic
A aerobic

So
£ 8-
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30
Figure 33 -
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60

90

120 minutes

2 2 2
fixation of Beijevinakia indiaa strain Rio/Brazil
tested under aerobic (air) and anaerobic (N2) conditions.
Acetylene concentration approx. 10% (vol/vol); 10-day-old
bacteria cells; temperature 27 ° C
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This outcome was very interesting for the evaluation of the possible
role of Beijértnöfeia in irrigated rice soils, where anaerobic conditions
prevail. When we did, however, some experiments on this effect ourself,
we could not substantiate the above-mentioned observation. It was
nevertheless found that by technical imperfections the first experiments
were not done under strict anaerobic conditions, but only at low oxygen
pressure. This prompted us to start a research on the effect of low
oxygen pressure on nitrogen fixation.
Beijevinekia cells suspended in nitrogen-free mineral medium were exposed in 39 ml serum bottles containing 10 ml bacteria suspension to
normal atmosphere (21 vol. % O2) and to low oxygen pressures (10 and 5
vol. % O2). The suspensions contained in average 4.2 - 4.3-• 1 0 1 0 Beigerinokia cells per 10 ml medium. In these experiments it was observed
that 21 vol. % O2 (normal air) was more favourable for nitrogen fixation
than the lower oxygen levels (10 and 5 vol. % O2) (figure 34).

35

undiluted
6-day-old culture
30-

2 25O

jf 201
4»

15-

8
,0 2 1 % o 2

135
180 (min)
45
90
Figure 34 - N2(C2H2)-fixation of 6-day-old Beis'evinakia indioa (strain 1)
cells in resuspended fresh medium in relation to initial
oxygen tension of the atmosphere. Experiment in serum
flasks of 39 ml containing 10 ml cell suspension; bacteria
number: 4.3 • 1O:o ceils/10 ml; C2H2 concentration: 8.5 vol.
% in air.

L

r

- 70 -

This outcome was, however, due to the high cell density of the suspensions
used. With a 6-fold dilution of the original bacteria suspensions bringing
the cell concentration to 0.7«10 10 cells per 10 ml, the lower oxygen
levels (5 and 10 vol. % O2) gave distinctly more nitrogen fixation than
the application of 21 vol. % O2 (figure 35).
35-
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dilution 1:6
6-day-old culture
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Figure 35 - N2(C2H2)-fixation of 6-day-old Bei.3evinek.ia indioa (strain 1)
cells in relation to initial oxygen tension bf the atmosphere.
The original bacteria suspension was diluted 6 times.
Experimental conditions the same as figure 3**; bacteria
number (after dilution 1 : 6) 0.7 • 10 r ° cells/10 ml;
C2H2 concentration 8.0 vol. % in air.
During the experiment the oxygen levels could not be monitored and
regulated since such facilities were not available. If this could be
done more precise information on the optimal level of O2 for nitrogen
fixation certainty can be obtained. So far it can only be concluded
that an appreciable reduction of O2 pressure below normal pressure is
favourable for nitrogen fixation and it is likely that a similar process
nitrogen fixation can be enhanced in waterlogged soils showing reduced
O2 pressure.
With regard to symbiotic nitrogen fixation in Asolla, experiments were
conducted on the energy requirements for N2 fixation. In the dark there
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is about a if-time reduction in

400-

fixation activity (figure 36)

Azolla pinnata
(whole plants)
14.000 lux

•a
s

200-

dark

100-

120

150
minutes

Figure 36 - £ ( 2 2 fixation of Azolla pinnata plants with illumination
(14,000 lux) and in the dark.

L

This residual nitrogen fixation is further investigated in experiments
with 2 Azolla species: Azolla pinnata R.Br. and Azolla oaroliana Willd.
For a 12-hour dark period (as normal in the tropics) the N2(C2H2)
fixation drop to a level of about 20% in A. pinnata and 25% in A. aaroliniana (figures 37 and 38). This outcome is very important in point of
view of agriculture as this association, often occurring in wet rice
fields, apparently can also fix substantial amounts of N2 during the
dark period probably by cross-feeding of carbohydrates by the Azolla
plant to the Anabaena. The kind of substances involved in this crossfeeding will be analysed and if possible characterized. No progress is
made in the investigation of the energy relations in photosynthesis of
the Azolla plant, because no infra-red CO2 analyser for measuring CO2
concentrations and therefore photosynthesis rates in Azolla was
available.
In cooperation with Dr. M. Oonze (KEMA, Arnhem) the photosynthetic
reactions in Anabaena azollae, the algal symbiont inside the leaf chamber
of the Azolla plant, was examined. With spectrophotometrical methods the
phycocyanin content of the living algal cells was determined. In freeliving nitrogen-fixing algae (e.g. Anabaena cylindrica Lemm.) the phycocyanin is mainly connected with photosystem II. It was observed in
Anabaena azollae of Azolla pinnata R.Br. that the phycocyanin was mainly
present in the heterocysts and not in the vegetative cells, indicating
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the role of heterocysts in the nitrogen-fixation process. However, in
the endophyte of two other AzoZla species examined (A. aaroZiniccna
Wl 1 Id, and A. filiculoides Lam.) phycocyanin was also present in the
vegetative cells. This difference of phycocyanin behaviour is now
in further study.
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Figure 37 - N2ÍC2H2) fixation activity of Azolla pirmata plants during
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Figure 38 - N2ÍC2H2) fixation activity of Azolla aaroliniana plants
during a 24-hour dark period.
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Contribution to the protein content of European plants by symbiotic
nitrogen fixation - J.tf. BECKING.
The energy aspects of nitrogen fixation were studied by the effect of
CO2 enrichment of the atmosphere on the growth and nitrogen fixation
of soybean, Glyxine max Merr., plants. Soybean plants were grown for
9 weeks in climate chambers under controlled environmental conditions
with the following special treatments: a) seeds Mo-treated, b) seeds
Mo-treated and inoculated, c) seeds Mo-treated and CO2 enrichment of
the atmosphere, d) seeds Mo-treated, inoculated and CO2 enrichment
of atmosphere. The soils used for the pots contained sufficient
Rhizobium Qccportiowi (Kirchner) Buchanan germs (from previous years)
to insure also in the non-inoculated treatments root-nodule development. For these four treatments the following yields were measured:
1) 898, b) 1298, c) 150^, and d) 1610 mg fresh wt per plant (mean of
k replicates) (Experiments conducted by K. Shi vashankar, India).
These results indicate that CO2 enrichment of the atmosphere increases N2-fixation with 67% (compare c/a) and 2k% (compare d/b).

r
In small experimental plots (6 x 6 m) in field experiments, the growth
and production of nine varieties of the broadbean, Vida faba L., were
tested in various soil types and different pH values. These soils were
never dressed with combined nitrogen for several years, but received
annually a dressing of phosphate (superphosphate), potassium (K2S0lf)
and for obtaining different soil pH values, the sandy soils received
in addition a dressing of 15, 30 or 60 kg lime (CaCO.3) per plot. Moreover, one of these plots was dressed solely with stable manure. Growth
and organic matter production of the Vida faba plants was under these
conditions completely dependent on nitrogen fixation by the plant's
symbiosis (root nodules) with Rhizobium bacteria. Vegetative production
of the plant is therefore a measurement for nitrogen fixation. The
amount of nitrogen fixed is governed by the genome of the plant, but
also its capacity to form the association and the effectiveness of the
Rh.zzdbi.vm bacteria Involved.
Nine varieties of Vida fába L. were used in the experiments: Minica,
Beryl, Maxime, Maris Bead, Maris Beagle, Suprifin, Wierboon C.B., Mansholt Wierboon, and Sving. Seeds of the varieties were kindly placed at
our disposal by the S.V.P. (Foundation for Agricultural Plant Breeding)
through Ing. R.J. Heringa and by the C.A.B.O. (Centre for Agrobiological
Research) through Dr.Ir. G. Dantuma.
As first parameter, the total length of the plant, the number of leaves
and the number of seed pods were estimated. It was observed that these
characteristics differed considerably between the varieties, but also
with one variety on the various soil types. The best growth of each
variety was obtained in the clay soil. This result may not only be
caused by the higher fertility of the clay soil compared to the sandy
soil, but to a large extent may have been induced by their very good
waterholding capacity, which played a prominent role in the very dry
summer of 1976. The next best result was obtained in the sandy soil
supplemented with stable manure and appreciably lower growth was
obtained in the plots with the sandy soil, irrespectively of the time
level (pH 5.8 - 7-7). Although the experimental series was rather small
and more extensive experiments are still needed, it appears that Vida
faba is, with regard to the establishment of the symbiosis and the
effectiveness of the symbiosis, rather tolerant in a wide pH range.
In another experiment the yields of the varieties were measured as
fresh weight and dry weight and these yields were subdivided into the
upper (aerial) parts, roots and root nodules of the plant. Also in this
case the experimental series was rather small and these parameters were
only measured in a few (2-3) representative plants per row representing
one variety.
Therefore, no standard deviation could be calculated and the results
obtained have only indicative value to screen the growth of the nine
varieties. With a few elected varieties in a subsequent experimental
series more thorough experiments can be conducted.
In these yield experiments special attention was paid to the root
development in relation to the upper parts of the plant as the root
nodules develop on the root system and they are the primary site of
nitrogen fixation. In plant breeding experiments often the main
emphasis is on seed production (protein production) and the development of the root system is neglected.
In table 22 the fresh weight and dry matter yields of seven varieties
of Vida faba are given for the growth on the clay plot (pH 7-7) after
a growing period of about four months. As evident the aerial production
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Table 22 - Yields of seven varieties of Vioia faba L. grown on clay soil (pH 7.7) for 4 months.
(Sown 15 June, harvested 15 October 1976).

VIC JA FABA
variety

Fresh weight
a
Upper Roots Nodules
parts

Minica
Wierboon C.B.

134.5
303.2

Beryl
Maxime
Maris Bead
Maris Beagle
Sv ing

337.0
191.6
207.7
187.8
266.7

21.1
30.1
36.3
35.2
30.1
18.3
25.5

1.0

2.7
1.0

1.4
2.0
1.1

2.9

Dry weight
Fresh weight
Dry weight
a
%
i
%
Upper Roots Nodules
Nodules/
Roots/
Nodules/
Roots/
parts
Upper parts
roots
Upper parts
roots
25.3
65.9
62.0
33.1
36.6
29.9
52.1

4.3
5.4
9.3
8.8
5.4
3.7
6.5

0.23
0.62
0.22
0.32
0.44
0.25
0.98

15.6

4.7

9.9

9.7

9.0
2.8
4.0
6.6
6.0

17.0
8.2
15.0
26.6
14.8
12.4

9.6

11.4

12.5

10.8
18.4
14.5

5.3
11.5

2.4
3.6
8.1
6.8
15.1
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(photosynthesis) of the varieties Wierboon C.B., Beryl and Sving is
larger than that of the other varieties. The dry weight values of
these three varieties compared to the other varieties confirm these
results. Taking, however, the ratio (or percentage) roots/upper parts,
then in particular the varieties Minica and Maxime give the highest
values (16 and 18% roots relative to shoots). In this respect it would
be profitable for plant breeders to include this parameter of root
development (related to root nodule production) in their breeding
schemes.
In table 23 the fresh weight and dry weight yields of eight varieties
of Vioia faba are given for a sandy soil provided with 60 kg lime per
plot. In this case the yields of the aerial part of the varieties
Minica and Wierboon C.B. are more or less equal and curious enough the
ratio roots/upper parts is far more constant in all the varieties. As
both in table 22 and table 23 can be seen, the nodule fresh weight
related to the fresh weight roots usually varies between 2 - 6 %
(exceptionally from 2 up to 8-9?).
In table 2k a relative measure for the water content of the various
parts of one Vioia faba variety, "Maris Beagle", is given for the
various soil plots. As evident from the ratio fresh weight/dry weight
the water content of the upper parts is significantly (using the
standard deviation) higher (range 6.2 - 9.3) than that of the roots
and nodules (range ^.O - 5-3). There is no significant difference in
water content between roots and nodules.
Protein production in European legumes by selection of Rhizobium
strains - J.H. BECKING.
Nitrogen fixation in legume symbiosis is accomplished by RM.zdbi.im
bacteria living in association with the plant in a particular
structure (root nodule) formed by the interaction of the bacterium
with the plant. Inside the root nodule the Rhizobium bacteria undergo
morphological and physiological changes becoming so-called bacteroids.
The nitrogen fixation capacity of bacteroids outside the host is very
feeble, and special conditions are required to measure it to some extent.
Nitrogen fixation can, however, be measured quite easily in excised root
nodules. Recently, also nitrogen fixation activity could be detected in
free-living Rhizobium in vitro, but the nitrogen fixation activity,
which only could be measured after the addition of special carbon
sources and a nitrogen source, and at low oxygen pressure, is only very
low compared to the activity of Rhizobium inside the plant.
So far all mutants of Rhizobivm strains obtained by radiation or mutagenic
agents have been screened for alterations in the antibiotic resistance
pattern, but not for differences in nitrogen-fixing capacity. Up to now
there is no manner for nitrogen fixation on which mutants can be screened.
A direct marker for screening for nitrogen-fixing activity will be a
great break-through in mutation breeding of Rhisobium.
Some experiments were carried out to select from a large natural
population of Rhizobivm mutants for the most favourable nitrogen fixation
activity. This was performed by measuring with the acetylene reduction
test the nitrogen-fixing activity of detached Vioia faba root nodules.
A high nitrogen fixation capacity of the root nodules per g of fresh
nodule tissue (the so-called specific activity) would indicate a more
efficient Rhizobium strain. A large number of experiments were done
with single excised root nodules developed on various varieties of the
Broad Bean, Vioia faba L.
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Table 23 - Yields of eight varieties of Vioia faba L. grown on a sandy soil provided with lime (60 kg/36 m 2 ,
pH 7.7) during a growth period of about 17 weeks. (Sown 15 June, harvested 9 October 1976).

VICIA FABA
variety

Fresh weight
a
Upper
Roots Nodules
parts

Dry weight
a
Upper

Z
Roots/
Upper parts

Nodules/
roots

8.6

0.18
0.44

14.9
13.6

7-9
5.5

20.3

2.1

19.7

16.3
16.2
14.8

5.1

25.Ó

4.5
4.2

7.1

18.0

4.1

I69.6
199.0
162.6
190.2

27.7
32.3

1.4
0.9

42.3
49.2
25.4
35.6

24.1

1.0

25.O ' 4.8

20.8

1.4

26.8

4.0

0.27
0.20
0.20
O.36

Manshol t Wierboon 188.5
Sving
207.6

33.1
40.4

0.4

32.3
37.7

8.9
8.8

0.05
0.17

Wierboon C.B.

321.0

Beryl
Maxime
Maris Bead
Maris Beagle

2.4

0.7

9.7
6.5
6.4

%
Roots/
Upper parts

%

Nodules

3.0

256.3

Dry weight

Roots

38.2
43.8

Minica

Fresh weight

10.9
17.6

6.7
1.3

19.2
14.9
27.6

19.5

1.7

23.3

Nodules/
roots

3.1
4.2
9.0
0.6
1.9
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Table 24 - Ratio fresh weight/dry weight in the various parts of Vicia
faba variety Maris Beagle a f t e r a growth period of 13 weeks.
(Sown 15 June, harvested 13 September 1976).

Upper parts
(g)

r loL

Clay soi 1
Black organic soil
Sandy soi 1 wi th stable
Sandv soi 1 wi th 15 kg
Sandy soi 1 with 30 kg
Sandy soi 1 wi th 60 kg

manure
1 i me
1 i me
1 i me

Roots
(g)

6.20 + 0.73 5.00 + 0.08
6.70 + 0.11 5-29 + 0.24
7.07 + 0.91 5.22 + 1.12
7.17 + 0.14 4.51 + 1.00

Nodules
(g)
4.58
4.92
4.74
3.90

_+ 0.40
+ 0.29
+ 0.83
+ 0.52

7-35 + 0.25 4.87 + 1.03 4.73 + 0.70
9.32 + 5.21

5.20 + 0.17 4.13 + 0.67

As shown in table 25, where experiments with three Broad Bean v a r i e t i e s
are given, there is a great v a r i a b i l i t y in the n i t r o g e n - f i x i n g capacity
of root nodules with a single Vicia faba v a r i e t y . This v a r i a t i o n may be
due to an age e f f e c t of the root nodule (not a l l root nodules have the
same age), or a season e f f e c t , but i t may also be influenced by the age
and physiological stage of the p l a n t .
Further experiments w i l l be necessary to see whether t h i s method can be
used f o r screening f o r more e f f i c i e n t n i t r o g e n - f i x i n g mutants o f symbiotic
Rhizobiion.
Table 25 - N2(C2H2) f i x a t i o n a c t i v i t i e s of excised root nodulss o f various
v a r i e t i e s o f Vida faba in various samples and at various dates
(in brackets)
Vicia faba
variety

nmoles C2H4 in 60 min g fresh weight nodule tissue

Maris Beagle

8800 (30/8), 43OO (4/10), 3000 (27/10), 570 (27/10),
100 (27/10).

Wierboon C.B.

1200 (30/8), 2100 (4/10), 530 (27/10), 200 (27/10),
49 (27/10).

Maxime

12600 (4/10), 2600 (13/10), 2100 (13/10), 560 (13/10),
1190 (17/10), 740 (27/10), 130 (27/10).

Date 3O/8 means 30 August, 1976.
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Nitrogen behaviour in plants - H. BRETELER, Ch.H. HÄN I SCH TEN CATE,
F. VAN DORP, J. SINNAEVE, G. DESMET, S.C. VAN DE GEIJN.
1. Uptake and distribution of nitrogen in crops
Although nitrate ions have drastic effects on the production and
chemical composition of crops, little is known about their absorption
by the roots of higher plants. For instance, the relationship between
absorption and subsequent assimilation is still obscure.
Effect of nitrate concentration on the assimilation of nitrate and the
partition of nitrogen in bean plants [Phaseolus vulgaris L., cv. Witte
Krombek).
Bean plants were grown on a complete nutrient solution (CNS, 5 mM NO3)
and a similar solution with lower (1 mM) nitrate content during different growth phases (table 26). The first period (I) of 26 days before
flowering, the second period (II) of Ik days during flowering, and the
third period of 36 days (III) from seedfilling till seedripening.
Table 26 deals with the effect of the treatments on dry matter yield
and harvest index and table 27 with nitrogen content and nitrogen
partition. In the 5 mM treatment NO3 was never depleted for more than
50%, while complete exhaustion sometimes occurred in 1 mM treatments.
Shortage of inorganic N during one of the last two growth phases decreased the dry matter production and dry weight of the pods, whereas
by nitrogen shortage during phase III the harvest index was only affected. Nitrogen contents of whole plants and pods are decreased by low
N supply during the last two phases. In contrast to the harvest index,
the percentage of absorbed nitrogen recovered in the pods is not influ iced by low nitrate levels in the medium. The results suggest that
nitrogen shortage decreases the photosynthetic capacity of the plants
rather than affecting the "sink" activity of the pods for nitrogen.
Table 26 - The effect of different nitrogen regimes on the dry weight of
plants, the number of pods per plant, the dry weight of pods
per plant and the dry weight of pods as percentage of total
dry matter (harvest index).
Treatment
Dry weight plant Pods/plant Dry weight pods Harvest Index
1 II III
(q per plant)
(g)
(*)
kk
26
20
5 5
5
45
28
20
5 1
5
kS
ko
22
5 5
1
32
15
kS
18
11
5 1
1
31
37
1 1
1
26
10
Ik
39
18
1 5
1
45
Ik
ko
18
18
1 1
5
33
55
30
1 5
5
57
27
48
LSD n
9
8
6.6
Main effect of N level
Period 1
NS
NS
NS
NS
Period II
*
*
NS
NS
Period lit
*
*
*
NS
Significant at 1% level (*), or not significant (NS).
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Table 27 - The effect of different nitrogen regimes on the amount of
nitrogen per plant and per pod, nitrogen in pods as percentage of total nitrogen in the plants, and the nitrogen
contents of leaves and pods.
Treatment
mg N/plant mg N in pods N in pods as mg N/g leaf mg N/g pod
I II III
(Der plant) % of total N
32.6
26.2
640
1350
47
5 5
5
54
31.4
1150
615
24.3
5 1
5
860
14.1
23.8
5 5
1
375
43
14.2
24.1
550
48
275
5 1
1
1 1
1
500
240
16.4
23.9
49
870
440
14.6
24.1
51
1 5
1
870
520
62
22.8
28.5
1 1
5
31.2
1620
845
52
24.9
1 5
5
340
LSD \%
180
3.8
3.6
Main effects> of N level
Period 1
NS
NS
NS
NS
NS
Period 11
*
*
NS
NS
NS
Period II1
*
*
NS
*
*
The effect of the nitrate concentration in the nutrient solution on the
nitrate reductase activity in leaves, pods and roots of bean plants was
investigated. Nitrate reductase activity (NRA) was assayed by an in vivo
method, according to Radin. Nitrate supply did not influence the NRA of
leaves and pods (table 28). This result was confirmed by an experiment in
which bean plants were grown for 1 week with different nitrage concentrations (table 29). NRA or leaves from plants grown in 0.1 or 5 mM NO3 media
did not differ. NRA of the root system was also independent of the nitrate
concentration, except at 0.1 mM where complete exhaustion of the nitrate
occurred. The results indicate that NRA depends on the presence of nitrate
and not on its concentration in the medium, provided that there is at least
O.3 mM present.
Table 28 - In vivo NRA of leaves and pods of 60 days old bean plants grown
in solutions with 5 or 1 mM NO3. Activity in nmoles NO2.h~l.g~1
or disc" 1 .

8
1
6
2

1
20
26
14
36

5
2

33 + 7
7+U

5 mM
Young, still expanding leaf
Adult leaf
Senescing leaf
Pods (<5 cm), per gram
Pods (5-10 cm), per gram
Pods (iC-15 cm), per gram

24 +
30 +
12 +
40 +
30 +
6 +

mM
+ 4
+ 4
+ 4
+ 4

r
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Table 29 - NRA in primary leaves and roots of bean plants grown for 1
week at different n i t r a t e concentrations, at 9AM and 3PM.
NRA nmoles NOjj.h^.disc" 1 or g root" 1

9 AM
Leaves

0 .1 mM NO3

0.5
1

5
Roots

46.0 +
52• 3+

2.2

6.9
64.7 + 14.1
5.6
51 .2 +

3 PM
9.1
50.8 +

68.9 + 12.7
59.7 + 11.7
47.7 + 12.0
649 + 168

0 .1

471

0 .5
1

1367

+ 252

1278

+ 63

1194

+ 173

1134

+ 235

5

1033

+ 114

1198

+ 256

+

95

In the framework of nitrate uptake studies (see below) we noticed that
N-starved bean plants grown for 6 h on 100 pM NO, medium contain a
rather constant and reproducible NRA. These values represent only 20 30% of the enzyme activity after 24 h growth on a 5 mM NO3 medium
(cf. table 29). The question how the NRA of the different organs develops
in the course of time and how the diurnal cycles of enzyme activity and
nitrate uptake interact is now in study.
Figure 39 gives preliminary results of a 24 h experiment with plants precultured for 1 week on a 5 mM NO3 medium.
NRA of the roots hardly varied throughout a diurnal cycle, whereas the
activity of nitrate reductsse in the primary leaves was low at 1 PM and
in the middle of the dark period. Nitrate uptake was accelerated at 5 PM
and at the start of the dark period. At 3 PM the uptake rate fell to a
very low level. The metabolic nitrate pool in the plants was probably
large enough to sustain high levels of NRA independent of externally
supplied NO3.
2. Uptake and translocation of nitrate in bean plants
After germination in perlite, bean plants were grown for 10 days on a
N-free basal medium (A-plants) or consecutively for 7 days on a complete
nutrient solution (5 mM NO3) and for 7 days on the basal medium (B-plants).
The plants (non-nodulated) were subjected to 6 h uptake experiments in
media comprising basal medium and 100 11N (CaiNOj^. After a lag phase
of 3 - 4 hours both types of plants reached a constant uptake rate
(figure 40) of about 7 (A) and 20 (B) yeq NO3.IT1 .g(DM) root"1.
The linear phase persists for at least 7 hours. Removal of the aerial
parts did neither affect the uptake pattern nor the linear phase transport
rate of B-plants, but steady state nitrate transport into A-plants was
considerably decreased.
About 1% of the absorbed nitrate was recovered unmetabolized in the
bleeding sap. This is consonant with the absence of appreciable nitrate
accumulation in the tops of A-plants. However, in B-plants nitrate
accumulated in the primary leaves, stems and petioles, and to a lesser
extent in the trifoliate leaves. Both types of plants showed considerable
nitrate accumulation in the roots.
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Figure 39 - Nitrate uptake and nitrate reductase activity in primary
leav«5 and roots of bean plants during a Ik h cycle on a
5 mM nitrate solution.
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nitrate uptake
peqNOJ/g DMR
100
80-

60 •
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Figure kO - Time pattern of nitrate transport into A- and B-plcnts.
DMR * dry matter of the roots.
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In vivo NRA of primary leaves (A) and of primary and trifoliate leaves
(B) did not increase during the first 6 h of nitrate nutrition (figure
41).
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100-

/

exp. 3

r

400H
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nmoles NO 2 -h '-disc
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nmoles NC^- h"'«g FWR"1 o—•

Figure

- Nitrate reductase activity during the first 6 h of nitrate
uptake. Experiments 1 and 2: A-plants, Experiments 3 and h:
B-plants.
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Nitrate assimilation in the roots increased with time and tended to reach
a plateau after 3 - k h. The concomittant attainment of a high assimilation
potential in the roots and a constant uptake velocity suggest an assimilation-linked induction phase. Tungstate inhibition of de novo nitrate
reductase synthesis revealed that lack of inducible NRA does not impede
the achievement of the linear phase of nitrate transport. Nitrate reduction contributes for probably not more than kO% to the steady state
uptake rate (table 30).

Table 30 - Effect of sodium tungstate concentration on in vivo NRA of
roots and linear phase nitrate uptake rate of A-plants.
Na2W0/, (mM)

NRA Roots

NO3 uptake rate

0 (control)

1001

100%

72
17
9

62

0.05
0.5
15

59
63

The lag phase in nitrate uptake is not shortened or passed over by the
addition of nitrite or ammonium, which are the first reaction products
in the nitrate assimilation pathway (figure 42). Pretreatment for 16 h
with 100 uM NHi,Cl or NaN0 2 was also ineffective. The preliminary conclusion is that under the prevailing experimental conditions, the apparent induction of nitrate transport and the onset of nitrate reduction
occur in the subaerial parts of the bean plant. Steady state uptake of
nitrate ions is only partly related to their metabolic conversion and
the induction of the linear phase obviously requires the synthesis of
an other substance than the enzyme nitrate reductase.

L

The upward translocation of nitrate in higher plants is believed to be
stoichiometricaiiy coupled to K + transport. This supposition was checked
for bean plants. In an experiment with fixed K+ (1 mM) and varying NO3
levels (0.5 - 10 mM) in the nutrient solution, the nitrate content of
the exudate increased with a rise in ambient nitrate (figure 43). NO3/K+
ratios approaching unity (0.93 - 1.16) were only found at a medium
NO3/K+ ratio of 10, between 8 and 48 h after decapitation.
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Figure kl - Nitrate and nitrite absorption in the absence and presence
—S
of each other. Both nitrate and nitr.te were added at zero
time at a concentration of 100 uM to A-plants.
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Figure 43 - Nitrate content in the bleeding sap as a function of time
at several medium NOj levels. Contents plotted in the middle
of a period in which the exudate was collected. NO3: 1 mm ( • ) ,
5 mM (o) and 10 mM (x).
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A similar experiment was done at 10 mM NO3 and 0 - 25 mM K + . The N y +
ratios of the vascular exudate are presented in table 31. Obviously K
and NO3 are not always transported interdependently to the shoot, because
both very high (> 10) and very low (< 0.3) nitrate/potassium ratios were
observed. The content of inorganic ions in the bleeding sap is now
analysed and an ionic balance will be constructed to reveal whether
nitrate transfer in the xylem requires charges of organic molecules, e.g.
carboxylates or ami no acids.
Table 31 - Effect of N03/K+ ratio in the medium on NOj/K+ ratio in vascular
excudate of bean plants.
N05/K+ medium
(mM)
10/ 0
10/ 1
10/ 5
10/10
10/25

Time after decapitation (h)
8-21*
2k - 32
32 - kB
kB - 56
10.8
7.7
3.2
0.6
0.5

3.0
2.7
1.5
0.6
O.k

3.6
4.0
2.0
O.k
0.3

2.5
2.3
0.9
0.7
0.3

3- Ammonium-potassium uptake interaction
The uptake of K + ( 86 Rb + ) by detached maize roots has been reported to be
positively correlated with the carboxylate content of the roots. Ammonium
nutrition, when compared with nitrate nutrition, results in lower concentrations of potassium and carboxylates in plants. In short-term experiments,
the NHj - Rb + uptake antagonism was studied to assess 3 possible role of
carboxylates.
Transport of NHÍ from 1 mM solutions
into roots was inhibited by 20-30% in
the presence of 1-100 mM Rb + , and 25 mM Na + , K + and Cs + , given 2 h before
the N H J uptake rate was measured.
The absorption rate of Rb + from 1 mM solutions decreased with increasing
ammonium levels, added +under steady state conditions, and reached zero level
at about 25 mM NHj. Rb absorption was resumed after
removal of ammonium
from the medium (figure kk). Addition of 25 mM Cs + or K + also stopped
rubidium entry. The results indicate that the short-term effect of NHj on
Rb + transport is non-specific and not related to changes in the carboxylate
pool, caused by the assimilation of NHz, ions.

L

k. Effect of cadmium on nitrate assimilation in spinach leaves
Cadmium concentrations, exceeding 10"6M, added to a cell-free extract of
spinach leaves inhibit nitrate reductase
activity. The Cd concentration,
causing 50% inhibition was 2.10~l*M. When Cd was added to spinach leaf
segments by vacuum infiltration, no inhibition of NRA was detected,
possibly because Cd did not enter the leaf cells. Cd is known to be
absorbed by plant roots and transported to the leaves. Therefore
spinach
plants were grown on a nutrient solution to which 2.10"6M Cd was added
on the 10th day of growth. During the following 10 days the increase in
fresh weight and the NRA of leaf extracts were determined (figure 45a, b ) .
Cd caused a retarded growth whereas the NRA per fresh weight was not
changed by Cd. Previous experiments have shown considerable Cd accumulation in the leaf tissue under these conditions. These findings suggest
that retarded growth is not a result of an inhibition of nitrate reduction
by Cd.
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Figure kk - Rubidium uptake in the absence, the presence and after
removal of 2k mM NH^CI.
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Figure 45a - In vitro nitrate reductase activity in spinach leaves.
10-day old plants were transferred to a nutrient solution
with or without 2.10"6M Cd.
Figure 45b - Increase in fresh weight of spinach leaves. The same plants
as above.
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Nitrogen uptake in relation to the availability of macro-nutrients J. SINNAEVE.
Two long term experiments with maize {Zea mays L. cv. Ona) have been
carried out in the ESPAS (Experimental Soil Plant Atmosphere System)
growth chambers. Two growth media, a sandy soil and a mixture of a weak
acid and a weak basic synthetic ion-exchanger resin with agraperlite
have been used.
The climatic conditions are described in figure 46. It was not yet
possible to measure CO2 consumption by the plants. The watertable was
set at kO cm below surface for the experiment with the resin mixture
and at 65 cm for the sandy soil. Four times a week h mm water (ca. 25
ml per plant) was given as rain in 8 minutes. Regularly plants were
harvested and analysed. Figure k7 gives the dry weight, leaf area and
transpiration as function of time. Figure kS shows the composition of
the plants. From the resin mixture equilibrium solution was extracted
during plant growth, at a rate of 5 nil per 2k hours. The ion concentration in this solution started rather high and diminished during the
growth of the maize (see figure k3). Attention is called to the rate
of change in pH and phosphorus concentration around day 50.
Plants did not grow very well neither on the resin mixtures nor on the
sandy soil. In the resin-mixtures this was probably due to the insufficient availability of micronutrients. In the sandy soil ínhomogenities in the soil, caused by the technique of column filling, brought
about the poor growth. At this moment experiments are carried out to
improve the technique of filling the columns. Results from experiments
with the ESPAS growth chambers will be used for simulation models to
evaluate the influence of plant growth (as function of climate) and
nitrogen concentration in the soil solution on nitrogen uptake.
Availability of nitrogen in the rooting zone - F. VAN DORP.
To describe the continuously changing nitrogen availability, simulation
models were developed. With these models changes in concentration in the
root surroundings caused by uptake of water and nitrogen by the roots can
be calculated. As input data for simulation results from long term
experiments with maize on nutrient solutions in gravel and with maize
on synthetic ionexchange resins were used. The characteristics of the
simulation models are described in table 32. In figure 50 an example
of the changing N-concentration and N-uptake rates is shown. Uptake
was calculated from the root activity (calculated with model RG1B) multiplied by the M-concentrat ion around the roots. Water transport to the
roots caused by wateruptake by the roots was in this period not sufficient to deliver the absorbed amount of nitrogen to the roots, so
the N-concentration was sinking, as well as the N-uptake rate. After
renewal of the nutrient solution (as was done in the real experiment)
the initial concentration was restored, which was only partly restored
after homogenisation.
Some conclusions from the experiment and the simulation are:
1. For large simulation models describing uptake by the processes in
the plant and its environment, especially sound knowledge about
uptake processes by plant roots as function of the shoot growth
(influenced by climatic conditions), as a function of the root
system and the root growth, and as a function of the root environment are lacking.
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Figure 46 - Climate conditions realized in the ESPAS growth chambers using a sandy soil and a mixture of resins.
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maize growth and transpiration
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Figure k7 - Dry weight, leaf area and transpiration in relation to the
growth of maize (Zea mays 1. cv. Ona) on a mixture of resins
and a sanay soil.
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Figure A8 - Mineral composition of the maize plants (Zea mays L. cv.
Ona) in relation to their growth.
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Figure fr9 - Ion concentration and pH of the equilibrium solution of
the resin mixture.

Table 32 - Main characteristics of the simulation models describing nutrient and water uptake by a growing rootsystem of maize.
Model

Hypotheses, the effects
of which are calculated

Models for uptake from nutrient solution in gravel
RG1A
- roots are only 10, 25 or 100 days active
RG1AB
- as RG1AB
RG1B

RG1C and RG1CS - as RG1AB
- uptake of nutrients is controlled by root
activity
- day night rhythms exist for water uptake
RG1MS
- as RG1C
Models for the uptake from synthetic ion exchanqe resins
RG2A
- as RG1C
All models

The main parameters calculated in function of time

- uptake rates of water and nutrients
- uptake rates per unit active roots
- uptake rates per unit active roots as function
of the depth in the rooting zone
- change in concentrations as function of thedepth
- root activity as function of the depth
- change in concentrations ss function of the
depth

- change in concentrations around one root as
function of the distance to the root
- uptake rates of water and nutrients
- mass flow rates
- transfercoefficients

Root activity: nutrient uptake rate per absorbing root surface area = root activity x nutrient concentration
** Mass flow rate = water uptake rate x nutrient concentration
Transfer coefficient = nutrient uptake rate/mass flow rate
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Figure 50 - a. N uptake rate by maize from nutrient solution in gravel
calculated with model RGtCS from day 34 to 38.
b. N concentration calculated with model RG1CS on 3 different depth.
drawn lines: water uptake rate during night and day the same,
dotted lines: water uptake rate during night is 1/10 of the
one during day (total water uptake per day the
same as for drawn line).
v
: homogenisation of the nutrient solution
M
: renewal of the nutrient solution.
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2. As long as this kr :. i edge is lacking, changes around the roots
caused by uptake can be calculated: If (1) data are available about
the dimensions of the root system, about the amounts of nutrients
in the plant and the transpiration for a whole growing season, it
is possible to calculate with (2) simulation models (containing a
number of hypotheses) (3) the concentration in the root surroundings
as function of time. Even when the results CO are conform to the
experimental results this does not mean that the hypotheses in the
model are correct. The agreement can be the result of the combination of hypotheses.
3- Simulation without a large amount of accurate measurements is senseless.
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1. Radioactive contaminants
Migration of

90

Sr,

137

Cs and Pu in s o i l s . V e r i f i c a t i o n of a computer

model on the behaviour of these radiocontaminants in s o i l s of Western
Europe - M.J. FRISSEL, P. POELSTRA,. N. VAN DER KLUGT.
About 10 years ago a computer simulation model was derived to describe
the behaviour of 90 Sr in s o i l s . This model is a pure simulation model,
which only takes into account parameters with a specific physical, chemical or biological meining; s t a t i s t i c a l l y determined correlation factors are absent. Since then, measurements were carried out as to the
accumulation and migration of 90 Sr in 8 locations (we lost a few f i e l d s
by floods, highway construction and c i t y development) over a depth of
9 - 3 O cm. Figure 51 shows a comparison between the calculation (curves,
derived from the simulation model) and the actual observations (datapoints) .
On the l e f t hand side of the graphs for separate soils data apply to the
layers 0 - 5 cm, 5 - 1 0 cm, 15 cm (represented by — and +;
and * ;
...... and x respectively); on the right hand side to the layers 15 - 20 cm,
20 - 25 cm and 25 - 30 cm (represented by — and +; — and * ;
and x
respecti vely).
Evaluating the results i t should be realized that the observations are
carried out on normally grazed permanent pastures, a l l agro-technical
measures (except ploughing) are carried out by the farmer in the usual
way. For a few locations there is a reasonable agreement between observations and calculations, for other locations, good agreement 'z
lacking. Closer examination of the graphs shows that these discrepancies
were already present at the time the model was developed; at that time
i t was, however, not yet possible to decide whether these discrepancies
were caused by at random fluctuation or that they were systematic. The
l a t t e r appears to be the case. The discrepancies must probably be
ascribed to the poor estimates of the rate at which 90 Sr is taken up
within the soil minerals. This process is a very slow process and could
therefore not be measured with laboratory experiments, nor with short
term f i e l d experiments. As such, the project is successful because i t
w i l l , after further analysis of the data, provide information on the
behaviour of radiocontaminants in s o i l , which can not be determined in
another way. Comparison between sampling data for 137Cs and results
calculated from the model is in progress.
A survey to the concentration of Pu, Am ana radioactive metals in soils .
of the Rhine river delta - P. POELSTRA, N. VAN DER KLUGT, M.J. FRISSEL.'
Complicated separation techniques have to be applied to separate aemitting compounds from s o i l . Large quantities of soil - up to 1000
grams - are needed to obtain detectable amounts of this ot-emitting
material. Its isolation requires total dissolution of the soil to be
analysed. Research on this methodology took an important part of the
a c t i v i t y within the project in 1976.
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Development of the measuring system for a-particies is in progress. 11.
consists of a 600 mm 2 silicon surface-barrier detector, operated in a
vacuum chamber. It will be connected to a recently developed computerized
pulse height analysis system.
For gamma-ray spectroscopy currently two Lithium drifted Germanium
(Ge(Li)) detectors are in use. The one of 80 cm 3 is mainly used for the
measurement of large soil or sediment samples in a Marinel1i-type sample
holder, which has been developed in three sizes (for samples ranging from
800 to 1500 gram dry matter). Efficiency calibration schemes have been
carried out, taking into account also density distribution profiles.
In order to lower the detection limits substantially, the second Ge(Li)
detector of 132 cm 3 has been surrounded by a large Nal (TL) detector
anu'us, which, when operated in ant i-co incidence mode, suppresses the
compton contribution in the high-resolut ion spectra by a factor of approx.
10 in the 1100 keV region. The complete detector set-up will be placed
in a massive shield of 10 cm thick old lead. The system will be fully
operational in May 1977.
The low y detection set-up has been used for Y"spectorscopy on river
sediment samples from 4 different locations. The results are shown in
table 33, row I. This measurement was repeated at the same locations
after 3 months, row II in table 33.
Table 33 ~ yeroitting nuclides in river sediments (pCi per gram)

Nucl i d e ^ ^ \ ^

K
Mn
Co

18,0

(*

E!

A
1

II'

14,9

1
16 ,4

II

1

16,5 17,1
1,04 0,37

D
11

1

11

18, 7 22 ,0

15 ,9

1,72

0,91

0 ,69

0,75

0,48

0,67

-

0, 65
-

Co

1,35

0,83

0 ,44
0 ,95

0,82

0,89

o,71

Cs
Cs

1,88

0,86

1,06

1,24

4,25

1,29
2,81

3,11

3, 11

Ce

-

-

-

0, 55

Ra

3,01

1,47
1,84
3,26
0 ,47
1,57 2 ,03

1,31

0 09
1 ,03

o,81
o,94

2,87 2,54 6 ,76 4,41

(-: not detected)
These first results clearly show contamination of the river with radioactive material, probably originating from fallout as well as from
nuclear industry.
Immobilization and reduction of the availability of radiocontaminants in
soils - J. SINNAEVE, M.J. FRISSEL, P. POELSTRA, A. RINGOET, F. SMEULDERS.
The use of polyamines, e.g. tetren in solution, to reduce the availability
of radiocontaminants for plant uptake and percolation to the groundwater
is based on the formation of stable complexes with some transition metals
(e.g. Zn, Fe). Such complexes obtain extra-stabilization when adsorbed on
alumino-si1icates. The size of the immobilized fraction of the metals will
depend on the concentration of the ligand and the metal, the type of clay
mineral, pH, etc.
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The fictive ionexchange reaction of the complex in solution with the
adsorbed cation and ligand is represented by:

+ ML1"* + nL
(1)
n
Application of the thermodyr.amic formalism of exchange, results in the
definition of the synergistic effect, i.e. the extra-stability of the
adsorbed complex as compared to the complexation of an ion in solution:
+ nL + ML"*

(L)n

syn

MLm+

(2)

„mT

wherein — = adsorbed f r a c t i o n .
For the experimental work, use has been made of a homovalent reference
ion (B), not forming a complex with the ligand.
The reactions are:
om+
B

aq

B

m++
aq

Ml
ML

m+

aq

B
aq

MLm+with K(L)
n

(3)

B

M

(4)

aq

aq

Earlier experimental evidence seems to indicate that (7-)
K (D

L

equals 1.

By determining the r a t i o -JT
an experimental measure of the theoretical
extrastabi1ization (K ) is obtained.
Experimental work was performed with a pure clay fraction ( i l l i t e ,
characteristic clay mineral of most West-European agricultural s o i l s ) ,
and two natural s o i l s , a sandy loam (Horst, the Netherlands) and a clay
soil (Winsum, the Netherlands). Complete physica-chemical characterization
of the i l l i t e and soils has been realized. The experimental lata are given
as adsorption isotherms or Kiel land plots (the natural logarithm of the
stoechiometric equilibrium constant as a function of the adsorbed fraction)
Figure 52 shows the Kiel land plot of Zn-tetren and for comparison Cutetren on i l l i t e . Figure 53 presents the adsorption isotherms of both
complexes on Winsum clay and Horst sandy loam.
Comparison of figures 52 and 53 leads to the conclusion that the clay
mineral i l l i t e is responsible for the immobilization of the complexed
transition metals. The e x t r a - s t a b i l i z a t i o n on Winsum i l l i t e is approx.
120 and 270 for respectively Zn- and Cu-tetren. The value depends on the
fraction adsorbed as a percentage of total C.E.C. After an i n i t i a l i n crease, In KQ decreases strongly with increasing adsorbed fractions.
For practical use, the lowest fractions are the most important. I n creasing the molar tetren-metal ratio results in decreasing both the
efficiency (fraction of metal adsorbed in function of equilibrium
concentration) as well as the extrastabi1ization. The f i r s t aspect can
be considered in terms of equilibrium between the t r i v a l e n t tetren
(pH 6) and the bivalent complex but more experimental evidence is
needed to explain the second item. Also the fact that only up to a
maximum of 15% of the C.E.C. could be saturated with the complex needs
further experimental work.
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absorbed fraction
Figure 52 - Kiel land plot of Cu-tetren and Zn-tetren on i 1 l i t e .
Represents the natural logarithm of the stoechimetric
equilibrium constant as a function of the adsorbed
fraction related to total C.E.C.
tet ren Zn
tetren - Ca
a
same i n i t i a l Cu
concentration but different
molar tetren-metal ratios ( . . ) .
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Figure 53 - Adsorption isotherms of Cu - t e t r e n and Zn - t e t r e n on
natural s o i l s . Represents the equi1ibriurn concentration
o f the metat complex as a function o f the quantity adsorbed.
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In normal soils factors as type, quantity and granulometric composition
of the clay mineral, the organic fraction, the type of exchangeable
cations, the humidity of the soil, the pH, the soil-plant interaction,
the microbial activity, etc. modify the results.
The experimental data obtained for Zn and Cu on the Winsum clay soil,
are similar (figure 53). Up to 25% of the C.E.C. can be occupied with
the complex resulting in low equilibrium concentrations of the metal,
thus reducing the availability of the metals for plant ..r'iake and for
percolation to the groundw^ter. Other experiments with normal soils
demonstrated the importance of the molar tetren-metal ratio which
necessitates the measurement of the metal concentrations present.
Experimental data on Horst soil (finure 53) show the influence of
lower clay content and the relatively increased impact of the organic
fraction on metal availability. Certain components (humic and ful vie
acids) also have the capacity of adsorbing cations. The competition
between these adsorbing sites, the sites on the claymineral present
and mutual effects of adsorption and desorption are decisive factors
for practical use of the method in this type of soils. As destabilization of the complex occurs at lower pH, a pH of approx. 5 or higher,
depending on the stabi Iizationconstant, must be maintained.
The reported results show the possible interest of the use of chelating
polyamines (spec, tetren) rendering radioactive metals (e.g. 65 Zn) less
available in soils. Research on the problems related to the mineral
nutrition of crops growing on treated soils and on the long-term
microbial stability of the complexes, is in progress.
Scheme for decontamination of agricultural areas after severe nuclear
accidents - F. VAN DORP, M.J. FRISSEL, A. RINGOET, A. DE RUYTER,
J.F. STOUTJESDIJK.
During this first year of the programme attention has mainly been paid
to compilation of the present knowledge.
According to the "Reactor Safety Study" (WASH-1400, 1975) of the United
States Nuclear Regulatory Commission up to 90% of the Xe and Kr, up to
70% I, up to k0% Cs, Rb, Te, Sb, Ru, Rh, Co, Mo, and Tc, 5% Ba and Sr
and 0.3% of the lanthanides in the reactor could be released into the
atmosphere after an accident in a nuclear facility. After deposition
on agricultural land two main pathways to man can be distinguished:
Forage-cow-mi Ik-man and soi 1-crop-man. For the first month after an
accident the contribution to the risks for man of iodine via the milk
are the most important. The pathway and the transfer coefficients are
well known and measures to prevent the radioactive iodine to reach man
can be taken (Staatsblad van het Koninkrijk der Nederlanden 138 (1976);
Alarmregel ingen Kernenergiecentrales, Directoraat Generaal MH/SS (1976)),
After the decay of the iodine, other radioactive isotopes become more
important. From the amounts deposited on the soil and the transfer
coefficients via the different pathways to man the relative risk of the
different isotopes can be calculated. Especially for the transuranium
nuclides resuspension of contaminated soil into the air and deposition
on plants and inhalation by man and animals may be important.
When agricultural land is contaminated, several procedures are possible
to reduce the radiation risk. Most measures are intended to reduce the
direct radiation from the soil. Such procedures are:
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- Removal of the contaminated soil;
- Deep plough i 09;
- Stabilization of the soil to prevent erosion by wind and/or water.
They have tremendous consequences for agriculture. Removal of the contaminated soil means removal of the top soil and thus removal of the
major part of the chemical and physical fertility of the soil, Deep
ploughing brings the fertile topsoil into a deeper layer. On the one
hand the result may be that shallow rooting plants may absorb less
radiopollutants, on the other hand the crop may develop roots in the
layers containing the fertility as well as the radiopollutants, and so
a reduction of the contamination of the crop may turn out to be impossible.
Stabilization of the soil against erosion is possible with chemicals
(e.g. Portland cement, ferrous sulfate, sodium silicate, polyester
coating resins) but may increase the availability for plants of the
contaminants. (H. Nishita, R.M. Houg, Soil Sei. (1976) 121: 135-145).
To reduce the availability of radioisotopes for plants the soil may be
leached e.g. with CaCl2 to remove Sr. Because Sr is less mobile than
the nutrients N and K and some mir.ronutrients, the fertility is also
leached out. In all procedures application of large amounts of fertilizers will be necessary. This may reduce the amount of radiopol Iutants
re)ative to the amount of available nutrients.
Depending on tn«. procedure of decontamination, up to 90 - 95% of the
radioactive pollutants may be removed from the land. If this does not
reduce the level of contamination sufficiently, the land will have to
be abandoned for agriculture for longer periods.
Work on estimation of the relative risks of various radioactive
isotopes in relation to the time elapsed since the accident is in progress. These risks are calculated from the amounts available in various
nuclear facilities and from their transfer rates through agro-ecosystems to man. This calculation will lead to a list of isotopes which
have to be monitored in the successive periods after an accident.
At a later stage, the relation between decontamination efforts and
agricultural consequences of the different procedures for decontamination
will be studied with the aid of mathematical models.
Behaviour of radionuciides in biological and non biological processes
at very low concentrations - G.R.M. VERFAILLIP, J. SINNAEVE, M.J. FRISSEL,
N. VAN DER KLUGT, S.C. VAN DE GEIJN.
The purpose of the three cesium double labelling experiments in 1976
was to determine whether an absorption step linked to the metabolism
in any way influenced the appearance of the previously observed
"apparent discrimination" between two radioisotopes of cecium. Tomato
plants {Lyoopersieon esoulentum Mill, cv. Marette VF) were grown as
described elsewhere. During the experimental
period, the nutrient
solution was labelled with 0.05 yCi m C s and 2.5 uCi 1 3 7 Cs and 3 mg
stable cesium (all quantities per liter) was added. In order to control
the metabolically linked absorption, the root temperature, during the
absorption period, was kept at respectively 22, 12 and 2 °C for the
three experiments. After 150, 300, 450 and 600 minutes, two plants
were
131
harvested,
separated
in
roots,
stems
and
leaves,
and
ashed.
The
*Cs
and 1 3 7 Cs activity was determined by counting with a german i urn-1 ithi urn
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d r i f t e d detector (resolution of 2.1 keV at the 1.33 MeV peak of 6CCo)
connected to a 4096 multichannel analyser. The peak areas were computed
by Gaussian f i t t i n g and base-line correction using the same modified
"GASPAN" f i t t i n g procedure as formerly.
The results were corrected for decay and the z - r a t i o ( 13l+ Cs/ 137 Cs r a t i o
in the plant material divided by the 13i *Cs/ 137 Cs ratio in the solution)
was computed using the different photoelectric peaks of 13l*Cs (table 34),
Table 34 - Computed z-ratios for the different plant organs (R = root,
S = stem, L = leaves) based on the area of the two 131*Cs
peaks or their sum. Mean values of 8 replications within one
treatment.

Temperature

°C
22 °C
12 °C
2 °C
mean values

Plant
organ

Computed z-ratios based on the13ltCs photopeaks
605 keV
796 keV
605 + 796 keV

R
S
L
R
S
L
R
S

0.983
0.986
1.020
1.028
1.011

R
S
L

1.004 + 0.030
0.997 +" 0.023
1.013 + 0.023

1.002 + 0.019
0.993 + 0.013
1.002 + 0.008
+
+
+
+
+

0.029
0.029
0.014
0.026
0.021

1.019
0.996
1.004
1.000
1.013
1.095
1.006
1.004

+
+
+
+
+
+
+
+

0.040
0.014
0.022
0.026
0.026
0.052
0.017
0.058

1.006 + 0.028
1.004 + 0.035
1.039 + 0-065

1.009
3.994
1.002
(3.989
(3.996
1.049
1.019
1.008

+
+
^
+
+
+
+
+

0.019
0.007
0.014
0.025
0.026
0.016
0.022
0.036

.006 + 0.024
.000 + 0.024
.025 + 0.027

Two z-ratios, both based on the area of the 796 keV peak of 13l *Cs, differed
by more than 10% from the expected value (z = 1 ) , whilst the z-ratio based
on the 605 keV peak is equal to 1. According to earlier statistical
evaluations, the standard deviations of all computed z-ratios may reach
6 or even 8%. This leads to the conclusion that the results obtained are
not significantly different from 1 and the hypothesis of "apparent discrimination" must be rejected.
Graphical study of the measured and computed peaks did not reveal important
differences (less than 0.5% between both areas (counts) and less than 5%
for normalized areas (counts per minute) after base line correction). The
results reported, definitively reject the acceptance of a discrimination
due to the influence of the plant, but do not explain formerly reported
discrepancies for which no explanation could yet be found. Some samples
of former experiments will be recounted to ascertain the origin of the
observed aberrations.
B. Non-^bigioglcaJ. asgects
The response of ehe gamma spectrometer toward various 137 Cs/ 13I *Cs activity
and concentration ratios in the absence of any physical, chemical or
biological effects has been tested.1 3Six
mill filters samples of a solution
containing 250 nCi of a mixture of 7 Cs and131fCs have been prepared and
analysed by gamma spectrometry with the same assembly as that used for the
biological tests with tomato plants. The matrix of the solution corresponds to that of the nutrient solution with the exception that the stable
** carrier concentration and the pH were respectively brought to 0.5 mM
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and 1 in order to reduce adsorption of the radioactive tracers during
the preparation of the samples. The activity ratio of both isotopes
varied in geometric sequence ranging from 13" 2 * 5 to 13 2 - 5 (1.6*»x10"3
to 609.3) by exponential increments of 0.5. For each of the 11 ratios,
k replicates have been prepared and analysed. The logarithmic base 13
being equal to the ratio A i3tt CsA 137 Cs of the decay constants, the
activity series can be exactly superposed to a similar concentration
series ranging from 13" 1 ' 5 to 1 3 3 ' 5 (0.021 to 7921). The accuracy of
the prepared ratios has been warranted by preparing all mixtures by
weighing on one analytical balance instead of using the conventional
less accurate volumetric technique.
The counting times were adjusted in order to keep the coefficients of
variation affecting the measured activities of the isotope present at
the lowest counting level below 2%. In the analysis of the spectrometric response, the activity of m C s has been calculated separately
on the base o f 5 combinations o f the 605 keV, 796 keV and 802 keV
p h o t o e l e c t r i c peaks.
The deviations o f the measured a c t i v i t y r a t i o s from the prepared ones,
expressed in percentage o f the t h e o r e t i c a l values are represented in
f i g u r e 5^-
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It is concluded that a systematic effect exists which reduces the 1 3 7 Cs/
*Cs ratio when the activity of 1 3 7 Cs exceeds 50 times that of 13ltCs.
Theobserved deviations, however, cannot explain the formerly reported
biological effects. Moreover, the radioactive concentration effect
(RICE) suggested by some authors could not even be explained as the
isotope present at the lowest activity or concentration is not systematically advantaged. Indeed, when 1 3 7 Cs is at the lowest content, the
effect on the ratio is reversed, although to a smaller extent. Analysing
the spectra for the activities of the individual isotopes, the deviation
of the measured isotopic ratios from the calculated ones could not be
interpreted as a peak to base line counting artifact. Indeed, the
measured activities of 131*Cs were equal whether calculated at the 605
keV or 796 keV peaks, although the former has a peak to base area ratio
35-5 times lower than the last one (0.24 for 605 keV against 8.5 for
796 keV).
Data on discrimination between different isotopes of the same element,
as obtained during the past years, according to these results on nonbiological and biological material, have to be considered carefully. An
explanation of the observed discrepancies has to be found. These observations also stress the necessity of careful use and interpretation of
experiments on and with radioactive tracers.
131

Root and foliar uptake of radioactive contaminants by crops, their transport and redistribution towards different plant organs (e.g. edible parts,
reproductive organs) - J.-J. B0URG0IS, H. BRETELER, G. DESMET, S. VAN DE
GEIJN, Ch.H. HÄNISCH TEN CATE, J. SINNAEVE, G.R.M. VERFAILLIE.
Depending on their usefulness for the solution of different aspects of the
problem stated in this project, different plant models have been used.
A-

JiT§GSBort_and_accumu2ation_gf_ffZn_after_rgot_uptake

Ten weeks old tomato plants (Lyeopevsioon esoulentum Mill., cv. Moneymaker)
grown on nutrient solution (Hoagland-Arnon I) under standard conditions
have been used for the study of 65 Zn uptake and transport (after fruit
setting).
During the absorption period the time course of the tracer content was
followed using semiconductor radiation detectors and at the end of the
experiment the different organs were harvested and prepared for gammacounting or autoradiography.
The most important sites of accumulation at the end of the experiment
are the roots and the fruits, the latter still having a "concentration
factor" being about half the one of the roots (table 35). This illustrates
the danger of a contamination at this stage of development of the crop.
For all plant organs the amount of 65 Zn accumulated, however, considerably
varies with the degree of maturation at harvest time (table 36). This was
also illustrated by the autoradiographs which furthermore showed that
in the more mature plant parts the 6'5Zn was preferentially retained in
the transport vessels.
The speed of the initial movement of 6S Zn in the stem, as measured with
semiconductor detectors was high (more than 1 m/h) compared to e.g.
cadmium (0.3 - 0.6 m/h).
The time course of the "rates of increase" of the 65 Zn content of different plant parts considerably varies (figure 55)• For the seven days
of the measurement the rata of accumulation in the stem remained rather
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constant, being twice as high for the day as for the night, in contrast,
for developing leaves and fruit stalks the rates of accumulation steadily
increase without any sign of saturation. For the successive periods of
the day, however, important differences in rates of accumulation were
observed (figure 55). Gamma counting (tables 35 and 36) and semiconductor
detector measurements thus showed that developing organs (vegetative or
generative) are preferential accumulation sites of 6 ^Zn.
To verify the possible influence of complexation on the transport of 6 5 Zn
in plants, a simpler system has been used (cut stems of a papyrus plant,
Cyperus spec, about 80 cm long, with an intact corolla of leaves). Upward
transport measurements of either 6 5 Zn as ZnCl2. or complexed by titraethylene pentamine (tetren, log K = 15.1) or by ethylene diamine tetra
acetate (EDTA, log K = 16.3) in a half strength nutrient solution showed
similar rates of movement of Zn + + and the positively charged Zn-tetren
(1-2 m/h). The uncharged Zn-EDTA moved at a speed comparable to the one
observed for phosphate (5-10 m/h). The former type of transport might be
compatible with a Chromatographie exchange transport and the latter with
a bulk transport in the transpiration flux.
Table 35 " Distribution of

65

% of total
fresh weight
19.8

roots
stem

17.4
22
36

petioles
1 eaves

Zn over different plant organs.
% of total
dry weight
12
20.3
17.4

47

flowers + buds

0.34

0.54

fruits (4)

4.0

3-2

Table 36 -

% of total
Zn content
46.6

% "Zn
% dry weight
3.88

6.2

0.31
0.94

65

16.3
23.7

0.50

0.5
6.6

0.93
2.06

65

Zn content (in pCi per gram dry material) in plant organs of
different ages.

Leaves
old
med i um age
young

65

Zn content
0.59
1.13
2.23

Petioles
old
med i um age
young

65

Zn content
1.55

Stem

65

Zn content

base

0.43

top

1.36

2.58
2.93

Kinetic runs with intact tomato plants in water culture have shown that
e.g. cadmium radionuciides taken up were bound in the roots in the form
of organic compounds having properties similar to those of metal loth ionein
found in animal tissues. Assuming that the radionuciides of heavy metals
might be transported in the form of the resulting complex, a theoretical
model has been worked out which could explain the mul t i phasic shape of
the absorption isotherms actually observed for the root-uptake of the
corresponding radiocontaminants by intact plants.
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Figure 55 - Time course of the rate of increase of 65Zn in stem,
f r u i t stalk and leaves in the morning, afternoon and
night.
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B. Fonar
L_. _cyi_Sgan i_sh
This research has been undertaken to estimate possible redistribution of
65
Zn, a well known activation product of nuclear power plants, in crops
after foliar contamination. Cd is also considered because this element
and Zn are geochemical comparisons and also because Cd could interfere
with the Zn metabolism in the plants.
Three experiments have been done:
a. The distal half of the central foliole of the first tri foliated leaf
of a 22 days old plant was dipped in a 65 ZnCl2 solution (0.2 pCi/ml
65
Z n + + ; [Žn+"3 = k,d \\), while semi-conductor detectors were placed:
1) at the petiole of the treated leaf, 2) at the shoot 5 and 16 cm
below the petiole of the treated leaf and 3) 3 cm above the petiole
of the treated leaf. The countrate was then recorded at each site
during 2k h. No detector response due to a migration of 6 5 Zn was observed. Moreover, y-spectrometry countings of detached and digested
plant organs showed that only 0.5% of the activity present in the
immerged part of the foliole has moved towards the petiole.
b. Even at higher concentrations (5 uCi/ml 6 5 Z n + + ; [Ž n+ t] =
after a 6 days run no detector response could be found.

1i

*5 yM) and

c. When 1 1 5 m Cd (5 pCi/ml H 5 m C d + + f [cd+^] = 20 pM) was applied, a migration
of activity could be detected only after k days and, in this case, a
severe necrosis of the treated area, extending along the veins, did
occur.
65

Zn and 1 1 5 m Cd, although apparently absorbed (toxicity symptoms for Cd),
are not redistributed in bean leaves. These elements, immediately after
their penetration, are probably bound in the cuticle and the cell wall in
non translocable complexes. Our results correspond quite closely with those
of other authors (e.g. Levi, 1968).
_foj_low_i_n£ £oot_uj>tak£
After having contaminated the nutrient solution with 5 x 10~5ř1 Cd"1"1"
labelled with 0.23 mCi/1 1 1 5 m C d , the activity of the tracer has been
followed with semi-conductor detectors during several days, at various
sites on 16-days old plants grown on the solution. The translocation of
Cd was very rapid, being already detected in the petiole of the nonprimary leaf after only 1 hour. The translocation to higher parts was
less marked at the beginning but increased after *»0 hours. The translocation pattern with time is given in figure 56.
Toxi_coJ_ojjy_o_f _Cd_ij
a. Visual symptoms.
Phaseolus eoceineus L. is more sensitive to Cd than other species
(e.g. tomato, spinach). At 10 r 6 ř1Cd + + in the root medium, toxicity symptoms are observed: occurrence of brown (this pigment apparently is extractable in organic solvents) spots along stems and petioles.
At 5.10"6ř1, the tri foliated leaves begin to curl after a 6 days treatment, and when applied at 10"6i1, a drastic change in the water status
of the plant occurs, already after the first day (general wilting).
b. Action on photosynthetic pigments
The influence of Cd (5.10~6ř1 CdSťty in the root medium) on the total
chlorophylls/carotenoids ratio in 15 days old plants is summarized in
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figuře 57. A highly significant (level 0.1%) decrease of the ratio
could be detected by covariance analysis showing that the metabolism
of chlorophylls is more sensitive to Cd poisoning than the metabolism
of carotenoids.

O
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3

6.
Time, days

ratio of Bhaseolus
Figure 57 - Time course of the leaf
coccvnew
new L.
L. plants
plat
:controls; o—o:+5.10" 6 £ CdSOi,; PL:primary leaves;
NPL: non primary leaves.

Cd acts simultaneously and similarly on chlorophyll a and chlorophyll
b metabolism. This is confirmed by the product moment correlation
coefficients between chl a+b content in leaves and Cd concentration
in leaves or roots. They are negatively correlated (? = -O.A60;
P (-0.151 < ? < -0.688) = O.95.
These data suggest also that the root Cd concentration through its
effect on the Cd-concentration in the leaves (r = 0.801;
P (O.572 <_ r _< 0.914) = O.99) plays a role in affecting the chl a+b
content in the leaves.

c.
Aiming at knowing the dependency of 6 5 Zn and 5I+Mn uptake on the age of
plants and on their nutritional status, growth characteristics and ion
accumulation capacities have been better defined. Spinach plants
{Spinacea oleraeea L. cv. Verbeterd Breedblad) have been used, growing
on a nutrient solution, according to Steiner.
Considering the effect of different Zn concentrations on growth (increase
of fresh weight, FW) and growth rate a maximum yield was obtained after
36 days at approx. Á, 4 10~6M Zn. Calculations of the relative growth
rate u

Iv
show an influence of different Zn concentrations on the exponential
growth phase of the plants. This growth phase lasts for approximately
17 days. After this growth phase the differences in y disappear and in
the linear growth phase (from day 25) the relative growth rates become
statistically undistinguishable for all Zn concentrations considered
(figure 58).
From experiments considering the relation between the accumulation of
radiocontaminants and the composition of the nutrient medium, with
emphasis on micronutrients, it became clear that:
- Zn-content in roots and shoots of the spinach plant increases with the
Zn concentration in the root medium.
- In the various Zn treatments, the Mn content of the root decreases;
uptake, however, in the shoot is not affected.
- Fe-content of the root increases; again the shoot content is not influenced by the Zn treatment.
- There is no statistical evidence for a Zn-Cu interaction.
Besides an accumulation in the edible plant parts of 6 5 Zn, which constitutes a health hazard, its interaction with essential micronutrients
for crop yield has to be considered.
2. Conventional pollutants
The contamination of vegetation, surface water and deep groundwater
(drinking water) by heavy metals unintentionally released into soils P. POELSTRA, M.J. FRISSEL, N. VAN DER KLUGT, J.A. VAN VEEN.
In collaboration with the "Forschungsanstalt für Landwirtschaft" FAL
at Braunschweig (F.R.G.) and the Laboratory of Soils and Fertilizers of
the State Agricultural University at Wageningen an experiment was set up
to investigate the behaviour of heavy metals in undisturbed soil columns
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Figure 58 - Influence of the Zn concentration on relative growth rate
(u) in the exponential (o-o) and the linear (o-a) growth
phases.
taken from the 90 years old sewage field at the city of Braunschweig.
The soils of this sewage field accumulated rather high amounts of heavy
metals in the course of this period.
Using the Association's soil column installation which permits leaching
experiments under controlled conditions, undisturbed soil columns from
this sewage field are leached with a 0.0244 N chloride solution of Ca-NaK in a 3:1:1 ratio (in me) with a flux of 0.5 cm per 2k hours. The effluent of the columns is then periodically analysed for Zn, Cd, Cu, Cr,
Pb, Fe, Mn and P0/».
Soil columns of different length, e.g. 30 cm and 60 cm, are used for the
purpose of reaching equilibrium conditions after various periods. Both
aerobic and anaerobic conditions were created and the set-up of all treatments was in duplicate.
The experiment is in progress now for 9 months, the results are presented
in figure 59.
Zn, Cd and Cu are released immediately after the start of the experiment,
but this release is reduced gradually under anaerobic conditions. During
the intermediate phase between aerobic and anaerobic conditions in the soil
columns these elements are immobilized. Lr and Pb are not released, neither
under aerobic nor under anaerobic conditions and are well fixed in these
soi Is. Fe and Mn are mobi 1 i zed under anaerobic conditions only, P0i» is readily
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Figure 59 - Leaching studies in undisturbed soil columns from the
sewage field at Braunschweig (F.R.G.). Graphs show the
concentration of Cd, Zn, Cu, Fe, Mn and PO4 in the soil
column effluent in relation, to time; Cr and Pb could
not be detected in the effluent. Experiments carried
out under aerobic and anaerobic conditions, on soilcolumns of different length - 30 cm and 80 cm.
Eh and pH values in the soil column are shown on the
first graph.
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leached from the columns and shows only slight differences in concentration when leached out either under aerobic or anaerobic conditions.
The redox potential in the columns, measured at a depth of 10 cm from
the soil surface varies from its initial value of approx. 400 mV to
800 mV under aerobic conditions, whereas it drops to approx.-120 mV
under anaerobic conditions. The pH in the columns, measured at the
same depth varies from its initial value of 5-5 to 5-1 and to 6.2
respectively.
Furthermore Zn and Cd migration studies have been made on undisturbed
soil columns taken from the sewage field at Braunschweig (F.R.G.).
The top soil is labelled with 6 5 Zn and 1 1 5 m C d respectively (both yemitters). Leaching is done with a chloride solution of 0.0244 N of
Ca-Na-K in a ratio of 3:1:1 (in me) with 100 ppm Zn or 5 ppm Cd. The
flux is 1 cm per 2k hours. Both Zn and Cd migrate over the soil profile,
Zn moves much faster under aerobic than under anaerobic conditions; for
Cd no difference was observed.
B.
§tudy._of_the_guri£|cation_caBac£ty_of_di£ferent_sgi.is
In collaboration with the Dutch "Foundation for Waste Disposal" an
experiment was started to investigate the purifying capacity of k different soils when leached with effluent from a well controlled refuse
dump. Effluent from this refuse dump is collected under anaerobic
conditions and the Association's soil column installation is used to
leach undisturbed soil columns under anaerobic conditions with this
effluent, (flux 1 cm per 2k hours). Six columns are used per soil type,
and every 2 months one column is cut into 5 cm slices in order to locate
the accumulation as a function of time. Breakthrough curves (= concentration in effluent as a function of time) are made, for which are determined T0C, pH, conductivity, K, Na, Ca, Mg, Fe, Mn, Zn, Ni, Cr, Cl,
HCO3, total N, total P, total S. The same datr are collected from the
soil column slices and from the soil column influent (which is the
refuse dump affluent) in order to compose material balances of the
components mentioned. The experiment is in progress oaw for 3 months.
Transport of methyl bromide and its decomposition products in soils and
plants - A. DAELEMANS, H. SIEBERING, M.J. FRISSEL.
Pollution of soil, atmosphere and crops by methyl bromide (MB) and its
more important decomposition product Br" are of great concern to public
health authorities.

A* Ir§n.s.5o.r.£-2£-!De.£b,Y.i!2r.o.!!)Ís!e.-Í!]-i2Íis.
Last year general information on methylbromide behaviour in soils was
reported and a preliminary simulation model was worked out.
This year the influence of soil moisture content, tillage, dosage and
cover time on the concentration-time products (CT) of MB was studied
at different depths in the soil, in series of computer simulation runs.
Five particular but realistic situations were considered, information
is given in table 37 while further details are shown in figure 60.
The soil profile was divided into three layers: an upper layer of 30 cm
thickness; an intermediate layer of 30 cm and a lower layer of kO cm.
In three situations (A], A2 and A3) increasing soi) moisture content in
the upper layer was considered. In Bi and B2 respectively the cover time
and the dosage were different. Tillage (situation C) was assumed to
result in an increase of soil surface level with k cm, accompanied by an
increase in porosity and a decrease in bulk density.

r
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Table 37 - Details on simulated situations of soil fumigation with
methyl bromide.
situation

Dosage
limol •cm"2

Covertime
(day)

Volume fraction of
water in top layer

Total porosity
at soil layer

Ai
A2

50
50

2

0.10

0.50

2

0.20

0.50

A

2

3

0.30
0.20

0.50

Bi
B2

50
50
75

2

0.20

0.50

C

50

2

0.20

0.565

3

0.50

depth (cm)
A1

I
A2l

20-

i-4

406O

rri

1

80-1

ioo

A3«

C'

0.1

02

03

soilmofsture profiles
— • soilsurface level
after tillage
total porosity

0.4

0.5
0.6 Q7
vol ume fraction

Figure 60 - Characteristics on the simulated situations. Total porosity
and soil moisture profiles in the different soil layers.
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In all simulated situations the partition coefficient interphase: gasphase (KJÍ) was 4.1; the partition coefficient solid phase: waterphase
(K§) was 0.4 in the upper layer; 0.2 in the intermediate layer and 0.1
in the lower layer. Bulk density ab was 1.2 in the upper layer, 1.3 in
the intermediate layer, and increased from 1.3 to 1.5 in the lower
layer. The rate constants for conversion and fixation of MB were 0.05
and 0.005 day" 1 , respectively.
Results concerning the diffusion of MB in situations A^, A2 and A3 are
given in figure 61 for 1, 2, 4, 8 days after the start of the fumigation.
It is clearly shown that increased moisture content retards in depth
penetration of the fumigant.
Penetration of the gas into the -1 m soil zone is limited by the
presence of the ground water table.
Gas diffusion of any importance will only be possible when concentration
gradients become large enough to compensate for the low diffusion coefficient. This is shown for the dryer situation A] at t = 4 days, where
the concentration gradient at 80 cm below soil surface has become rather
steep, resulting in this situation and 4 days later in a further transport of the gas to 90 cm depth.
Volat'1ization after removal of the soil cover was improved by the
lower moisture contents. Eight days after the start of the fumigation
the volatilization amounted to 74%, 69% and 65% and the amounts of MB
remaining at that time were 8%, 11% and 15% for respectively situations
Ai, A2 and A3.
Concentration-time products at 40 cm depth and for the period f MTI 0 to
8 days after treatment are given in figure 62.
Tillage before fumigation (situation C) resulted in increased concentration-time products during the first days of the treatment; 8 days
after its application this effect was reversed and CT-products decreased.
Longer cover time as well as higher dosage (from
50 up to 75 ymol-cm" 2 ,
2
respectively equivalent to 47-5 and 71.25 g m~ ) lead to a considerable
increase in the CT-products. Increasing soil moisture unfavourably influences CT-products in the intermediate layer.
B.
In order to obtain a better insight in results of uptake experiments
from disinfected soils, as mentioned in the literature, transpiration
and bromide uptake from different soils were studied.
Pots were filled with a humous sand, a clay or a peat soil. A year ago
the soils were disinfected with methylbromide and the total bromide
contents were 13 ppm B2~/g dry soil in the humous sand, 27 ppm in the
clay soil and 30 ppm in the peat soil respectively. The bulk densities
were respectively 1.2, 1 and 0.75 g/cm3.
Soils were at field capacity and water was added after a decrease of 2%
in the volumetric water percentage.
Lettuce (Laetuaa sativa L.. cv. Amanda Plus) was grown under controlled
climatic conditions (temperature day 22 °C, 15 °C night; light: approx.
16.000 lux for 12 hours, relative humidity approx. 70%)
Preliminary experiments have shown that, as expected, availability of
bromide for plant uptake is mainly correlated with the watersoluble
fraction in the various soils.
This fraction was 10, 15 and 12 ppm in the disinfected humous sand,
clay and peat soil respectively.
By adding an excess of KBr to the same soils the water soluble fraction
of Br" increases linearly with the amount added while no adsorption onto
the soil phase occurs.
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Figure 6i - Concentration of methylbromide at different depths in the soil profile, 1, 2, k and 8 days
after treatment. The soil cover was removed 2 days after treatment.
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Figure 62 - Concentration-time products in the waterphase at kQ cm below soil surface at different times after
application of methylbromide.
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Before sowing and after harvest the water soluble amount of bromide was
determined and the average concentration of the bromide ions in the soil
solution calculated.
From data on the overall transpiration during growth (35 days) and on
the bromide concentration in the shoot at harvest ( + 3 g dry weight)
Transpiration Stream Concentration Factors (TSCF) may be calculated
quantity of bromide in shoots per ml water transpired
TSCF quantity of bromide per ml of soil solution
The TSCF values were respectively for the humous sand, the clay and peat
soils 0.175, 0.4 and 0.33The amount of bromide taken up in the shoot, however, increases linearly with the increased concentration in the s o u solution, at least in
the concentration range investigated: 20 - 200 ppm Br".
These results suggest that the root system constitutes an important
barrier to uptake of Br" in the aerial part.
As bromide availability of recently added Br" was not affected by adsorption to various soil components, the observed differences are probably due to variation of the root development or of their activity in
the soils considered here.
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M E T H O D O L O G Y

Rhythmical variations in water uptake by bean seeds. A preliminary
test - G. VERFAILLIE.
During last twenty years, it has been shown that pervasive geophysical
environmental factors were influencing many biological activities and
played a role in the exogeneous causes of the biological clock (Brown,
F.A., Symp. Quant. Biol. Cold Spring Harbor, 2, 57-71, 1960; Brown, F.
A. and Chow, C.S. Biol. Bull. 145, 265-278, 1973; Brown, F.A., Webb,
H.M. and Bennett, M.F., Amer. J. Physiol. 195, 237-243, 1958; Lang, H.
J. Math. Phys. Kl. 8, 30-34, 1972). Among these factors, electrostatic,
magnetic r»nd electromagnetic fields are involved. The effects concern
the whole field of biological activities as, for instance, the sedimentation of erythrocytes, the flaking number of the human blood serum,
the growth of bacteria, yeast and plants, plant and animal physiology,
human psychology and neurology, genetic mutations, epidemics and the
occurrence of cardiovascular diseases.
The rhythmical fluctuations observed are often correlated to geophysical
phenomena having their origin in the solar chromospheric activity
(Berg, H. Solar terestrische Beziehung in Meteorologie und Biologie.
Leipzig, 1957; Gnevyshev, M.N. and O P , A.I. Ed. NAUKA (Sciences) Moscow,
1971; Petersen, W.F., Springfield 1947; Piccardi, G. American Lecture
Serie, Charles C. Thomas, Springfield, 1962; Takata, M. Archiv, für
Meteor. Geoph. und Bioklim. 2B, 486, 1951; Verfaillie, G. int. J. Biometeor. Vol. 13.2, 113-121, 1969; Verfaillie, G. Euro spectra Vol. 8, 4,
106-111, 1969; Verfaillie, G. De Syllabus, Nederland, 15e jaargang, 7,
209-214, 1976; Vering, F. Presses Académiques Européennes, p. 177, I960).
In 1969» the author found a strong and highly significant negative correlation between the P indices of Piccardi retated to solar activity and
the growth rate of rice seedlings as well as the coefficient of variation
affecting it.
To investigate more objectively such influences as well as their mechanisms, an easy test was needed which could integrate the exogeneous geophysical environmental factors influencing the rhythmicity of biological
activities. The water uptake by bean seeds, already experimented by F.A.
Brown and C.S. Chow in 1973» has been chosen as a simple process fulfilling these requirements. Indeed, uptake measurements are made on stable
experimental material and can easily be repeated after short periods of
time dealing with sufficiently large samples to control the statistics
of the observed effects.
B.
Before starting a 4 months continuous experiment, a preliminary test
has been run for 9 days to determine the best routine handlings and to
ascertain the existence of the expected effects, mainly of a daily
variation which is a necessary criterion for any geophysical effect
having an extra-terrestrial origin. This run started on July 26 at
00.00 GMT and ended on August 3 at 24.00 GMT. The 3-hourly K indices of
geomagnetic activity recorded during the same period at Witteveen have
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been kindly furnished by Dr. van Sabben, director of the geophysical
research department at the Koninklijk NederJands Meteorologisch Instituut of De Bi lt. These indices converted in a^ indices of gamma
units constitute the data to investigate the correlation existing
between the water uptake rate of the bean seeds and the geomagnetic
activity. They have been preferred to the previously used P indices
of the chemical test of Piccardi because of their universal availability, because they are no subject to criticism and recognized to
reflect the effects of the solar chromospheric activity on the ionosphere of the earth.
Among several bean species experimented with Phaseolus coaoineus L.
cv. Spanish White has given the best results, (t had the highest
rate of water uptake with the smallest variability. The seeds used
were taken from a batch already collected for the later long term experiment that is presently carried out.
The experimental set-up comprises:
- A tight closed dark storage chamber for 70 kg dry bean seeds wherein the circulating air is kept at 303 relative humidity by bubbling
through a washing bottle filled with a saturated NaCl solution.
- Two wooden cabinets containing each one a perspex immersion cell in
which a basket made of plastic mesh is dipped and continuously moved
up and down. The cabinets are identical except that one (cell 2) is
surrounded by a 0.1 mm thick copper grounded shielding plate which
partly screens off the effects of external geophysical stimuli at
least in the case of the chemical tests (Piccardi, 1962). They are
carefully calorifugated with cork. The water circulating through
both immersion cells in parallel is kept at 30 °C +_ 0.05 °C by means
of an electric thermos tatic bath equipped with a circulating pump.
- Two sets of 20 numbered 30 ml polyethylene snap-cap containers to
enclose each one a couple of bean seeds during their immersion. The
containers are perforated all around with holes 6 mm in diameter to
assure a free water circulation in the seeds surrouno'ngs during
their immersion.
- An electrically driven centrifugating holder for blotting off 20
filled containers at the same time.
- A Mettler P 120 balance.
- An electronic digital clock adjusted every day to the official GMT
time.
Every 3 hours, 20 couples of dry bean seeds taken at random from the
conditioned storage chamber are weighed to a t 2.5 mg maximum error and
put into one set of containers subdivided into 2 lots of 10. The lots
are then put into the baskets and dipped into the corresponding immersion cells replacing by the way similar lots having been plunged
during the 3 preceding hours. Dividing the bean seeds into 2 lots of
10 couples allows the determination of the copper shielding effect as
well as the knowledge of the variance affecting both treatments. The
baskets are exchanged every round GMT hour being a multiple of 3,
from 00.00 GMT to 24.00 GMT. Immediately after exchange, the baskets
coming out are quickly shaken to squeeze out the excess of free water
and emptied on blotting paper, the 20 containers are then centrifugated
at the same time during exactly 1 minute to assure a reproducible external drying of the wet seeds. Each couple of wet seeds is then weighed
again noting the time elapsed since its removal from the immersion cell.
This allows the subsequent calculation of a correction for evaporation

r
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during the handlings. A statistical correction for a possible human
failure is also secured by noting the name of the operator. The whole
data first written on- preprinted forms, one for each 3~hourly blocktime, is later on punched on computer cards.

After the end of whole test, the data is computed in the following sequential order:
- Calculation of the percentage water taken up by each couple of bean
seeds (Z values) after correction for evaporation during the handlings based on a time linear regression of the uncorrected Z values.
- Elimination of al1 Z values significantly deviating from the overall
mean at the probability level P 0.01. This mainly discards abnormally
low Z values obtained for starved seeds.
- Calculation of the daily variations for both treatments taken separately by grouping the data for the various 3~hourly blocktimes.
- Calculation of the interdiurnal fluctuations by grouping the data
according to the consecutive whole days. Later on, for the long term
experiment, the period analysis will be applied to determine the expected solar rotation period affecting the water uptake.
- Calculation of the shielding effect by grouping the data according to
both treatments, i.e. Z-j for the unshielded treatment and Z2 for the
shielded one.
E. Resy2 ts_of _ the_p_ retinu na ry__ tes t
a. Corrections.
- No inter-operator human effect could be detected at the p r o b a b i l i t y
level P 0.20. No correction has been applied.
- Time linear regression did not give a regression c o e f f i c i e n t s i g n i f i c a n t l y d i f f e r e n t from zero ( t = 0.025 for 18 d . f . ) .
No correction for evaporation could be applied.
b. S t a t i s t i c a l sample d i s t r i b u t i o n of a l l Z values.
For a sample of 144O values, the d i s t r i b u t i o n is nearly normal and
s l i g h t l y skewed to the l e f t (figure 63, where the histogram is represented together with the best f i t t i n g normal curve). The gauss i an
parameters of the d i s t r i b u t i o n are:
- before rejection of abnormal Z values:
Mean 1 = 83.79%

Stand, dev. Sz = 15-33%.

- a f t e r rejection of abnormal Z values at the level of P 0 . 0 1 :
Mean 1 = 84.69%

Stand, dev. S2 = 13-57%.

c. Shielding effects.
Pooling all Z values according to both separate treatments, the global
shielding effect AZ was found to be:
A7 = 7

2

- 1\ = -0.51%

but this value is not significant, the probability of null hypothesis
being Po - 0.24.
However, when Z values presenting positive and negative shielding
effects are taken into account separately, for each class, the effect
becomes very highly significant. Indeed, for the 72 blocktime means
(9 days x 8 blocktimes),
33 show a positive shielding effect
A"Ž - í».72% with Po < 0.0005
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Figure 63 - Distribution of the Z values. Histogram and best fitting normal curve.
A and B: cut off values for rejection of abnormal Z values at the probability level P = 0.01
(shaded area).
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39 show a negative shielding effect
A T = -k.87% with P o < 0.0005.
Moreover, the shielding effects remain still significant when the Z
values are in relation to the 9 consecutive days for which:
4 days with positive shielding effect:
AT = 1.89% with P o = 0.05

and

5 days with negative shielding effect:
AŽ = -2.42% with P o = 0.005.
d. Daily variations.
In both shielded and unshielded immersion cells, the water uptake
rate undergoes very highly significant sinusoTdal daily variations
running parallel to each other. The parallelism shown in figure 64
may be expressed by the correlation coefficient r and its probability
of null hypothesis:
r = 0.72 with P o = 0.02.
The variance of the uptake rates Z, namely the square of their
standard deviation S|, is also affected by the daily variation but
only in the case of the unshielded immersion (figure 6 5 ) . To the
contrary of what should be expected, the daily variation of the
variance S| is in phase opposition with that of the uptake rate Z
i tsel f (f igure 6 6 ) . Indeed, for random measurements of a quantity Z, the
variance S^ of the same measurements should be proportional to the
square of the quantity Z 2 and thus vary in the same sense as Z.
The negative correlation coefficient between uptake rate and its
variance is (for unshielded conditions only):
r = -O.67 with P O = 0.036.
e.'" Correlation with geomagnetic activity.
A strong and very highly significant negative correlation exists between the geomagnetic activity ak and the water uptake rate Z (figure
67). The correlation coefficients and their probabilities of null hypothesis are:
for unshielded conditions,
r = -O.96 with P O « 0.0005
for shielded conditions,
r = -0.84 with P o = 0.004.
A positive correlation also exists for the variance of the uptake
rate but is significant only in the absence of shielding:
r = +O.67 with P O = 0.04.
F. Conclusions
The rate tf water uptake by bean seeds and its variance undergo highly
significant daily variations (earth rotation effect) although they were
measured at constant temperature within +_ 0.05 °C and in darkness.
Parallelism between two simultaneous series of uptake together with the
strong correlation with the concomitant geomagnetic activity confirm
that biological activity and variability are influenced by geophysical
environmental factors of extra-terrestrial origin which are likely to
the solar chromospheric activity.
These preliminary results pi aided in favour of carrying out a more
refined experiment extending continuously over 4 months which is presently running. From this long term experiment, not only a much improved
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Figure 66 - Phase opposition between the daily variations of the water uptake (Z) and its variance (S|)
Correlation coefficient: r = -0.67 with P o = 0.036.
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Figure 67 - Strong and highly significant engative correlation between the daily variations of the water
uptake (Z) and concomitant a^ indices of geomagnetic activity. Scale for a^ inverted to put the
correlation in better evidence.
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statistical accuracy is expected but also the determination of the
interdaily fluctuations and of the possible solar rotation effect
having a circa monthly recurrency period. Indeed, such effects could
not be determined and even detected on data extending only over 9
consecutive days.
Nuclear methods in the recyclinp of liquid waste - A.F. GRONEMAN.
Separation of solids from liquids is a costly and paramount operation
in the processes applied in treating sewage waste waters. Therefore the
effects of gamma irradiation on dewatering characteristics of different
sludge types used in agriculture were investigated and results were
presented and discussed in detail at a CEC meeting in 1976.
The specific resistance to filtration was selected to describe the dewatering characteristics. This quantitative measure of filterability
has a sound theoretical basis and has been shown to be closely related
both to the performance of drum filters and filter presses as well as
to the bed yield expressed in dry weight of solids per area per year
as Hftable sludge. Sludge dewatering improves as the specific resistance decreases.
Results of experimental determinations of the specific resistance to
filtration at 500 g/cm2 are presented in figure 68.
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Figure 68 - Effects of irradiation dose on the specific resistance to
filtration of anaerobically digested sludge and raw sludge
with and without oxygen.
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From figure 68 it is seen that gamma irradiation had conditioning effects on the anaerobically digested sludge from Zeist, which was gassed either with nitrogen or with oxygen, at a rate of 10 liters of gas
per minute. Gamma irradiation drastically reduced the specific resistance from 31 and 33 units to 50% of its initial value at 300 krad
and to about 30% of its initial value at 500 krad. The largest decrease
of the specific resistance occurred in the first 100 to 200 krad indicating that the rate of conditioning of gamma radiation decreased
with increasing dose. These results are consistent with the results of
laboratory and pilot plant experiments reported earlier in 1975> using
anaerobically digested sludge from Geiselbullach in Germany. Oxygenation did not enhance the conditioning effects of irradiation relative
to nitrogenation.
Thickened raw sludge from a Pasfeer oxidation ditch behaved differently. First, this type of unstabilized sludge dewatered to a much better
extent as ,rdicated by a low specific resistance of 6 units in the
oxygenated sludge. Second, gamma irradiation had no effect on this
well dewatering raw sludge. The increase of the specific resistance
above 200 krad is probably due to the longer oxygen bubbling time,
which was proportional to the irradiation time in this experiment. As
reported elsewhere in detail, shearing forces due to stirring or bubbling impaired structures of sludge flocks. As a result of bubbling
the dewatering properties deteriorated to some extent above a dose of
200 krad. Gassing with N» as compared to 02 gassing increased the
specific resistance of raw sludge as indicated by a specific resistance
of 17 units at 0 krad. In the case of nitrogenation, gamma radiation
had a distinct conditioning effect and reduced the specific resistance
from 17 units to 11 units at 200 krad, a reduction of 35%. Above a dose
of 200 krad the conditioning effect was partially counteracted by the
longer bubbling period in this experiment.
Obviously, anaerobic conditions in a nitrogen atmosphere increased the
specific resistance relative to O2 and in this case the conditioning
effect of gamma radiation became apparent. These results are interesting
mainly from a research point of view, but have little practical implications at this stage. The experimental evidence indicates that the
conditioning effect of gamma irradiation depends on the type of sludge.
An observation with important practical implications is that pasteurization at 70 °C for 30 minutes drastically deteriorated the dewatering
properties in both sludges, as indicated by the seriously increased
specific resistance to filtration.
Elutriation experiments were performed in order to ascertain the derivation of organic compounds from the sludge flocks. Elutriation was
basically a washing process in which the sludge was mixed with water
and then allowed to settle until the initial concentration of suspended
solids was reached. As a result, colloidal matter and fines were washed
away and the improved dewatering characteristics were reflected by a
pronounced decrease of the specific resistance as shown in figure 69.
No decrease of the specific resistance was obtained at dilution factors
larger than k. Therefore sludge, elutriated by a factor k, was prepared
and the effect of irradiation on this elutriated sludge was compared
with the effect on non-elutriated sludge.
Elutriation partially reduced the specific resistance, as can be observed in figure 70. Gamma radiation, however, still had a conditioning
effect on the sludge as shown by the decreasing specific resistance of
elutriated sludge with increasing dose.
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Figure 69 - Effects of elutriation on the specific resistance of anaerobicaliy degested sludge.
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Figure 70 - Effects of irradiation dose and elutriation on the specific
resistance of anaerobica11y digested sludge.
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Apparently, conditioning compounds that were detached by irradiation
from sludge particles were not fully washable. A dose of 300 krad
reduced the specific resistance of non-elutriated sludge from 36 units
down to 12 units, which is less than the 18 units of the elutriated
non-irradiated sludge.
These results suggest that irradiation and elutriation improved the dewatering properties of sludge to above the same degree. Presumably
both treatments improved the structure of the sludge mass to a point
where another factor begins to govern the dewatering properties as
reflected by the specific resistance to filtration.
Experimental evidence indicated that gamma irradiation detached organic
substances from the sludge flocks resulting in a decrease of the specific resistance and an increase in the Total Organic Carbon (TOC) and
the Chemical Oxygen Demand (COO) in the filtrates. As reported in more
detail elsewhere in 1976 the most striking aspect of these results is
that the largest rate of conditioning of gamma radiation coicided with
the largest rate of increase of the content of TOC, which explains the
closely associated increase in COD. It is anticipated to examine this
phenomenon in more detail and to explore its practical implications in
the near future.
Radical scavenging experiments and pulse radiolysis studies lead to a
new concept supported by results, which permit semi-quantitative
estimation a priori of the effects of ionizing radiation on given
sludges and which will be reported in detail elsewhere.
Conditioning effects of gamma irradiation in sludges were confirmed by
cooperative research efforts performed by the Technical University of
Munich.
Disinfection of waste waters and sludges for recycling - A.F. GRONEMAN,
H. STEGEMAN, W.F. OOSTERHEERT.

L

The reuse of waste waters and sludge usually causes problems associated
with hygienic aspects or the control of excessive biological growth.
Ionizing radiation can be applied for the disinfection of waste waters
and s1udges.
This programme started with the investigation of the role of gasses in
sludge as a modifying factor for the disinfection efficiency of
radiation. As indicators of bacterial kill efficiency the microbiological
indicators of pollution, the E. aoli and Coliform group, and the Faecal
streptococaal group were employed. The most probable number method
(M.P.N.) was used for counting the organisms. Tests for the Coliform
group were carried out by inoculation in lactose broth and confirmed in
brilliant green bile broth tubes. E. ooli were confirmed on the ability
to produce gas and indole at kk °C. The Faeaal streptoaocoal group was
identified by first inoculating into azide dextrose broth and then confirming the positive results by inoculating into ethyl violet azide
broth.
Disinfecting effects of gamma radiation and the interaction of gasses
on the disinfecting efficiency are reflected by the data presented in
table 38 and table 39.
The E. aoli and CoVifovm group were practically inactivated at a dose
of 100 krad in anaerobic digested sludges (table 38) and at a dose of
200 krad in thickened raw sludge (table 39)• A dose of 300 krad appears
to be adequate for control of these organisms. The Faecal streptoaoaaal
group, however, was more resistant to gamma radiation, especially in the
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thickened raw sludge (table 39).
Table 38 - Effect of gases on the bacterial reduction by gamma radiation in anaerobic stabilized sludge from Zeist.

Organism

E. coli

CoHform
group

Faecál
streptoeoecal
group

Radiation
dose
(krad)

Orqanisms survivinq per 100 ml of sample
wi thout
saturated
saturated
gassing
by N2 gas
by 02 gas

0
50
100
200

1.1 x 105
4
<1
<1

1.3 x 105

0
50
100
200

1.4 x 105 '
7
<1
<1

1.3 x 105

0
50
100
180
300

1.3
3.5
4.6
3-5

x
x
x
x

105
101*
103
102

<1
<1

30
<1

1.3 x 105
1.3 x 102
<1
7.9 x 105
3-3 x 102
45

1.3 x 105

1.1 x 105

5.4 x 101*
9.2 x 103
2.4 x 103

3.5 x lO1*
1.6 x 104
2.3 x 103

Table 39 - Effect of gases on the bacterial reduction by gamma radiation in thickened raw sludges from Bennekom.

Organism

E. co VL

CoHform
group

Radiation
dose
(krad)

Organisms survivinq per 100
saturated
saturated
by 02 gas
by N2 gas

WI thout

gas's ing

0
50
100
200

1.1 X 107
2.2 x 10"
<1

2.4 x 107
5.4 x 106
2.4 x 105

4.8 x 106
3-5 x 106
9.2 x 10s

-

5

2

0
50
100
200

7

4.0 x 10
4.8 x 10"
<1

-

300
Faecal
streptococcal
group

ml of sample

0

50
100
200
300

9.2
7.0
9.2
2.2
3-5

x
x
x
x
x

7

10
107
10e
10s
10"

8

9.2 x 10
2.4 x 107
2.4 x 105

9.2 x 108
2.4 x 107
9.2 x 105

26

49

<1
9-2 x-107

2

7

5.4 x 10
9.2 x 10 77
5.4 x 10e
3.5 x 10

7.0 x 107
9-2 x 107

2.4 x
5.4 x
9.4 x

107
10 7
106

Gassing with oxygen considerably increased the disinfecting power of
the radiation treatment in both sludges. In anaerobic stabilized sludge
the effect of radiation increased to such extent that Faecal streptococci were not detected anymore in sludge samples exposed at a dose of
300 krad.
No important differences have been observed between samples and gases
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with nitrogen and non-gassed samples.
The positive effect of O7 on the disinfecting power of radiation is
important as a way to increase the capacity of a plant. Gassing with
oxygen may be very useful in periods of high sludge production or
when the radiation capacity of an isotopic source is reduced by
radioactive decay.

- 138 -

P R A C T I C A L

A P P L I C A T I O N S ,
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Organization and coordination of applied mutation breedinq - C. BROERTJES.
During 1976 again many scientists or commercial plant breeders used the
service of the Association, namely:
1. information about the possibilities of mutation breeding in solving
problems in specific crops;
2. requests for literature;
3. irradiation of plant material.
In cooperative projects between breeders and the Association, 13 new
programmes were started, such as apple (Dr. Lacey, Long Ashton, Bristol),
Hevea, potato as well as the ornamentals Alstroemeria (2x), Chrysanthemum
(3x), Gerbera, Kalanchoe, Lilium, Uerine and tulip.
This brings the total number of projects, started since 1959, at 236.
Several mutants, resulting from these projects, were introduced into
commerce, such as the Chrysanthemum cultivars Microp, Middelry and Mi lava
(flower colour mutants of a sport of cv. Horim), Westland Blue, Westland
Bright and Westland Bronze (flower colour mutants of cv. Westland NU as
well as Blue Charmette, Bronze Charmette and Dark Oriette, being flower
colour mutants of cv. Charmette and cv. Oriette, respectively. In all
cases these results were obtained within 1.5 year after the irradiation
with 1.75 rad X-rays of rooted cuttings of the (pink flowering) mother
cultivar. This again demonstrates the usefulness of rad i at ion-induced
commercial mutant production.
The Mutation Breeding Contact Group failed to have its annual meeting
at Long Ashton, Bristol, England, mainly because of shortage of travel
funds.
Promoting commercialization of irradiated foods - H.G. HEINS, D.IS.
LANGERAK.
Assistance was given to the preparation of a petition aiming at extension
of the existing restricted clearance for the radicidation of vegetable
powdered batter-mix to components of animal protein. Unconditional
clearance was obtained for the radurization of cooled broilers, as well
as restricted approvals of the irradiation and marketing of 10 tons of
peeled potatoes, 5 tons of shrimps and 10 tons of fish fillets (cod
and plaice). A trial shipment to West-Germany of 1 ton of onions is
under preparation now, in order to initiate the governmental clearing
procedure in the Federal Republic of Germany. In this connection the
lack of internationally accepted clearances has to be emphasized. As a
result, even the national introduction of irradiated onions is being
held up, and the home practising of spice radicidation is hampered.
A second and larger market trial with irradiated broilers is in preparation. Planned trial sales of some other commodities were postponed.
In the last quarter of the year, the irradiation of prepacked cut
endive was evaluated in practice in cooperation with a wholesale dealer
of vegetables and fruits. The results were very promising, since it
could be shown that the shelf-life is doubled by this technique. The
follow-up is a modest start of trial sales.
As restricted clearances were obtained for irradiated shrimps and
fillets of cod and plaice, and the collaboration of trade and industry
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has been secured, all attention will now be focussed on the preparation
of the market trials.
An internationally operating industry, trading among other things in
flavours, evaluated a range of irradiated spices and condiments. Their
technologists were very satisfied with the results and they reported
accordingly to the managing directors.
In the field of foods for human consumption, the radicidation of spices
has fully been commercialized. In 1976 a quantity of 10 tons has been
treated by the Pilot Plant for Food Irradiation.
On behalf of the Central Food Research Institute in Budapest, Dutch
wholesale dealers were requested to inspect samples of irradiated
Hungarian paprika. This evaluation was carried out by 16 experts from
5 Dutch firms. It was concluded that the poor results had but little
to do with the applied irradiation and were mainly due to the quality
of the product prior to this treatment. A second shipment has now
been received, for investigation by the same experts. A second (trial)
shipment of irradiated mangoes from South Africa is under discussion
with the experts involved.
No technological investigations were carried out on request from outside.
Development and improvement of nuclear and related physical and chemical
methods in biology and agriculture - J.F. STOUTJESDIJK, J.G. DE SWART.
1. Courses
From February 16 till March 5, and from November 29 till December 17,
general Radionuciide courses have been organized with 36 participants,
of whom six members of the ITAL-personnel and one guestworker at ITAL
from Kenya.
This course has been organized from March 29 till April 9 with 23
participants, of whom two members of the ITAL-personnel and one guestworker at ITAL from Kenya. The course was concluded on May 7 with an
official examination under auspices of the Ministry of Health and
Environmental Protection. Of the participants 22 out of the 23 took part
in this examination, of whom 16 with success.
2. Development of methods and apparature
Two growing chambers have been equipped with a complete data collection
system for the measurement of temperature, air velocity, humidity, C0£
concentrations in different air streams, time and date. All these data
are registered on magnetic cassette tape for processing with the PDP/11
computer of the Association's Institute.

B» £2D§£iy£5Í2D_2£_3_Br29E3u!5§E!§_BaGěí_Í2E_íb§_!í5El£o!PBytěr system
In behalf of the PDP computer a programmer's panel, including a number
of register displays, has been built in order to increase the use of
the software development.

L

i—J

-

1ifO

-

C. SB§ciai_egu_i gment_fgr_the_anti;CgrnBtgn_sh2e],ding_sys tem
For the new anti Compton shielding system for the low level semi-conductor y-detector, additional special equipment has been developed,
viz.:
a. The shielding, consisting of an inner 5 cm thick compartment of at
least 175 a old lead and an outer part of 5 cm thick of commercial
lead. The steel construction has been made partly of approximately
80 a old steel originating from an old war-ship. The assembly
includes f a c i l i t i e s for accurate detector movements and adjustments
into and out of the anti-Compton shield. The total weight of the
shielding is about 2500 kg.
b. Digital dead-time meters.
For optimal experiment guidance, two quad modules have been
developed for application to the A.D.C.'s of the computer/measuring
system.
c. Digital rate meters.

For checking the real pulse rates in different parts of the installation, four dual countrate meters with five decades each, have been
developed.
The four-channel surface barrier detector system, operating with analog
registration via paper recorders, has been equipped with a d i g i t a l multi
plexer system, including timers and clock modules. This system has been
designed by ITAL as no commercial system meets the f l e x i b i l i t y requirements. The data are registered on magnetic cassette tape for processing
with the PDP computer.

(collaboration F. Hoekstra and H. Breteler).
Experimental conditions for the conversion of AMP and ADP into ATP and
determinations of the latter by bioluminescence have been thoroughly
examined. Prescriptions are available and special attention has been paid
to the accuracy of the Aden/late Energy Charge data
z ATP + i ADP v
V
ATP + ADP + AMP'

(collaboration A.F. Groneman).
The gamma ray attenuation method is an accurate and most convenient
technique for the nondestructive measurement of dry bulk density and
moisture content of certain systems. Preliminary sedimentation experiments
with raw sewage sludge were performed in large sedimentation columns. The
increase in the concentration of solids and decrease of the water content
were measured simultaneously with a double beam scanner in the zone of
hindered settling, in the transition zone, and in the zone of compression.
A programme for a PDP/11 computer was developed to decode the measurements registered on tape and to calculate different parameters.

r
G. Research_on_the_uti l_i_zation_of_igni.zing_radi,at]_gn_as_a_treatrnent_of
1 igyid waste_m_recycie_Brocesses_]in_fogd_and_agricuJ[tura|_industr^es
An experimental device for irradiation of l i q u i d waste by high energetic
electrons at semi-technical level was designed and b u i l t .
A cooperation with an i n s t i t u t e in food research and a f i r m , active in
food industry, was i n i t i a t e d in order to incorporate and evaluate this
advanced method in recycle processes in food technology (collaboration
A.F. Groneman and H. Stegeman).
3. Cooperation with other institutes
A.

Cgogeration_with_Mrsi_2r;_Mi_Stasse;WoUhuis_and_Mri_G;H:.Mi_Ke22er
of_the_DeBartment_gf_Human_Nutr£tign_gf_the_Agricul_turai_yniyersity

Methods have been developed for the study of the metabolism of lipoproteins in rabbits with the help of cholesterol labelled with 3H and l£fC
and of lipoproteins labelled with 1 2 5 I and 1 3 1 I . After separation of
the l i p i d s and the proteins the I-isotopes were counted with a one
channel y~spectrometer and 3H and lkC were determined by l i q u i d s c i n t i l lation counting.
B. Coogeration with I r . J . van Bruchem_of_the 2e.Ear.!!meDt_of An i maj_ Phy_siolggy_gf_the_Agricuiturai_Un [versi, ty_gf_Wagenmgen_gn_the_determinatign
of_tl2e_retention_ti^_of_fogd_iin_the_abgmasu[ni_gf_s5ieeg_by_a_l^ocaXizatign
í§9bQÍ9y§_VÍÍí!]_£bě_B25Í£r2Q_i!rÍ££ěr-fíI5i!
Experiments with 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.
GM tubes (length k cm, diameter 1.5 cm) did not give much better r e s u l t s .
I t was found that the 0.51 MeV radiation was hardly detected and that the
response of the counters was mainly due to the Ni-X rays of 7.5 keV, produced in 15% of the des integrations of 6 l t Cu.
By counting the pulses of the two GM tubes not in coincidence but in a
summation mode, acceptable results have been obtained in a preliminary
experiment in a dummy sheep.
C. CggBeratign_w|th_|r i _P i J_ 1 _Haartsen_and_j i r i _A i A i _Jgngebreur_gf_the
the_trac^ng_gf_the_bad_smel_l_

L

A method is necessary for evaluating the effects of increasing the height
of the stacks or of the application of purifying measures. A potential
method is the use of an activable element, which can be dispersed with
the ventilation air stream. For this method several elements are suitable
e.g. In, Co and especially Dy with a very high cross section for
activation by thermal neutrons.
Preliminary experiments were performed tc determine the necessary
amounts of Co and Dy, which should be dispersed with the ventilation air.
The method with Dy is more sensitive than with Co, however, the half-life
of the activation product of Dy ( 1 6 5 Dy) is rather short (139 min) in
comparison with the half-life of the activation product of Co

J
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( 60 Co: Ti = 5.3 a ) , so the q u a l i t a t i v e determination of 165 0y by ycounting after the activation requires a careful planning.
Furthermore, experiments are being performed for producing stable
aerosols with CoSCty, which experiments have not yet been terminated.
D. CooBeratign_with_J_ri_Ji_Sganmks_of_the_Degartment_of_Fgod_Science
In experiments with the positron emitter 6 5 C u for the study of the displacement of a liquid from a packed bed extraction apparatus by a
second liquid, the required amount of radioactivity proved to be too
high for application in practice. Good results were obtained with conductivity scanning. However, with direct current, corrosion effects due
to electropolarization and ion transport in the used salt solutions,
occurred. The experiments are continued with the use of alternating
current with good results. A scanner has been realized for automatic
collection of the data of the hundred measurement electrodes in the
extraction apparatus. The basic instrument in this scanner is the
standard ITAL-designed digital multiplexer.
E. CooBerati_gn_with_i[ri PÍQ§£í£y£§_£2r_ÍÍa£yrěJía
9r.2y£b_r.§£S_2£_2a.££š£Ía
Experiments were performed with Arthrobaater globuliformis
grown in a
nutrient broth with 2 1 0 Pb. The amount of the * 10 Pb in the protoplasma
of the bacteria was determined by measurements with a one channel yspectrometer.
F.

Ccggerati_gn_wi_tli_^ri_AiGi._yan_de_Put_and_Mrsi_Pi_Sgsman_gf_the
D§Bar£m§Q£_2Í_Eby.§Í£§I_3í!£Lf.2ll2ÍíiLP.!]
yQÍy.§rii£Y._2f_ya9šQÍQ9§G_3!í2yí_£bě_§2

£b5_Df9i£Í5í§_E§l£Í£l§S_ÍD_§_£2lÍ2Í^§í
Experiments with 36C1 have been planned.
G- 52DšyÍ£f£iy§_S?ryÍ£SS_2Q_£bf_i!if_2f_Í
£r§a£m§D£_§D^.2£b§r_B£2Ši§!Sš
a. A follow up of consulting services in the area of nuclear treatment
of waste water in Switzerland was given by Groneman. Results of
i r r a d i a t i o n experiments performed at the Swiss Federal Research
Station of Arboriculture, V i t i c u l t u r e and Horticulture in Wa'denswi 11
were inspected and the interpretation made available for the board
of the waste water treatment plant Rohrholz and t h e i r design-engineer.
b. Details of a consultative work-visit of a Dutch delegation to the
Socialist Republic of Romania were worked out and on agreement on
s c i e n t i f i c and technical cooperation in the f i e l d of peaceful a p p l i cation of nuclear energy in agriculture and forestry was implemented
by Groneman and Oosterheert.
c. (Collaboration Oosterheert, Dirkse, Stegeman, Groneman). Consultative
services in the area of nuclear treatment of l i q u i d wastes infected
with viruses were given to the "Centraal Diergeneeskundig I n s t i t u u t "
at Lelystad. A technical and economic f e a s i b i l i t y study was performed
on the l i q u i d waste handling of this i n s t i t u t e . Preliminary experi-
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mental results on the inactivation of viruses indicated that the
D-values ranged between 181 krad/log unit to 625 krad/log unit in
a phosphate buffer solution. Further experimentation w i l l be performed to determine the inactivation effects of gamma i r r a d i a t i o n
in a heterogeneous system with approximately 10% dry matter.
d. The l i q u i d waste load of the Association EURATOM-ITAL was determined (collaboration Den Hartog) in order to assess the correct
amount of pollution tax charged to the i n s t i t u t e for 1976. These
a c t i v i t i e s were performed according the protocol developed by
ITAL in cooperation with RIZA.
e. In concert with High Voltage Engineering Europa B.V., Amersfoort,
Oosterheert and Groneman have been investigating the technical and
economic f e a s i b i l i t y of the application of high energetic electrons
in waste water treatment plants in the Netherlands.
k. Publication of Newsletters
J.F. STOUTJESDIJK.
In May the sixth issue of the Newsletter was published and in November
the seventh issue with six and f i f t e e n contributions respectively.
B

- 9n._ÍDS2mB§£ÍSÍ!Í£y. " A.J.G. VAN GASTEL, G.M.M. BREDEMEIJER.
Number 7 of this Newsletter was distributed in 1976.
5. Work for committees
A

- Work_fgr_COALA - J.G. DE SWART.
For the coordination of the electronic equipment several institutes at
Wageningen have formed a Committee Automatization of Laboratory Apparatus (COALA); the p o s s i b i l i t y of f i t t i n g in this committee in the
structure of the National Council for Agricultural Research (NRLO) is
now considered.
iCiR.yw - J.F. STOUTJESDIJK.
For the Coordination Committee for the Monitoring of Radioactive and
Xenobiotic Substances (C.C.R.X.) the annual! report for radioactive
substances 1975 was prepared. As technical secretary for radioactivity
of this Committee Stoutjesdijk is a member of a committee of the Dutch
Health Council to study the critical remarks which had been made about
the advice of the Health Council about the consequences for the
population of the installation of nuclear reactors.
J F

- - STOUTJESDIJK.

As a member of the Dutch Interdepartmental Committee for Nuclear Energy,
instituted for the study of the removal of highly radioactive waste
from nuclear reactors, several meetings were attended.
This has led to a cooperation between ITAL and the Energy Research
Centre Netherlands (ECN) about the calculations of the amount of radioactive material which may eventually reach the biosphere after disposal
in salt formations.

r
Radio Protection - H.P. LEENHOUTS, P.H. DIGNUM.
The Radiation Protection Service group of the Association EURATOM-ITAL,
authorized by the "Stralingsbeschermingscommissie Wagen ingen", performs
the technical control of the work with radionuciides 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 Wageningen.
The main activities of the group were:
The_f i_
In the agricultural complex Wageningen the number of workers controlled
with a filmbadge dosismeter was 317; 190 of them were employed by the
Association including guests and temporary workers. Most of them (313)
received a dose less than the minimum detectable dose of 0.5 rem/year.
The filmbadges of only four workers indicated a significant dose.
The dose over 1975 for these workers was more than 0.5 rem but less
than 1 rem.
The_ transgort_and_d£strj_but_i,on_of _rad2,oact2ye_materj_a1_s
The transport and distribution of radioactive materials in the working
area of the group were done as usual. The most frequently required nuclides were:

llf

c
«Ca
15
rocd
"Cr
137
Cs

20 mCi
10 mCi
2 mCi

3H

70 mCi

k mCi
3 mCi

131j
32p
86
Rb
35S
S5
Zn

32 mCi
15 mCi

382 mCi
5 mCi
159 mCi
20 mCi

Approximately nine tenth of these radionuciides 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 162 mCi of liquid waste was
discharged to the river Rhine. No solid not destructable waste was
transported this year.

were performed on a regular schedule and on request. Special attention
was paid to experiments with animals and to the handling of large
quantities of 3 2 P and 3 5 S .

was given in case of difficult or dangerous experiments. Special attention was paid to the transport and loading of an additional amount
of approximately 198.000 Ci 6 0 C o for the gamma source of the medical
sterilization facility of Gammaster, Ede (total activity 758.000 Ci).
No radiation accidents occurred which needed medical attention.
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features of aneuploids and of self-compatible trisomics. T.A.G.
SIEBERING, H. and M. LEISTRA. Computer simulation of fumigant behaviour
in soil. Chapter in "Soil Sanitation" to be published by Elsevier.
STEGEMAN, H., D.A.A. MOSSEL and W. PILNÍK. Studies on the sensitizing
mechanism of pre-irradiation to a subsequent heat treatment on bacterial
spores. In "Spore Research 1976", Academic Press, London.
VEEN, J.A. VAN. The behaviour of nitrogen in soil. A computer simulation
model. Ph.D. Thesis, Vrije Universiteit, Amsterdam.
VERFAILLIE, G.R.M. A theoretical model for the kinetics of uptake of
heavy metal-ions by intact plants. International Symposium on Transmembrane Ionic Exchanges in Plants. Rouen and Paris 5-12 July, 1976.
ZURLINI, G. and A.S. ROBINSON. Competition for food among Eylemya
antiqua larvae in relation to genetic control. Proc. of the Workshop
EC-Israel on the Use of Ionizing Radiation in Agriculture, Wageningen,
March 1976.
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I N T E R N A L

N o . 1 7 4 - A . RINGOET

No. 175 - H. STEGEMAN

L

R E P O R T S

1 9 7 6

Symposium on the "Use of Ionizing
Radiation in Agriculture"
Visit to Israel for preliminary planning
of the meeting.
26 to 28 October 1975.
Report on the Spore Group Meeting,
Leeds, December 16-19, 1975, and
a v i s i t to Colworth House.

No. 176 - K.H. CHADWICK
P.A.TH.J. WERRY

V i s i t to Euratom Genetics Group Project
Meeting, London 19-21 November and to
The Gray Laboratory, Mount Vernon Hospital,
London, 18 November and to
Marsh Engineering, Reading and G i l l e t t e Ltd.
Reading, 17th November and
The National Physical Laboratory, Teddington,
24th November.

No. 177 - P.A.TH.J. WERRY

International Society for Research in
Frontiers of Medicine (IGEGM).
Working group DNA-repair and Late Effects
3rd Annual Meeting, Vienna, 1975-

No. 178 - J.G. VAN KOOIJ

Report on v i s i t s t o :
International Atomic Energy Agency, Vienna,
Central Food Research I n s t i t u t e , Budapest,
I n s t i t u t für Biochemie, Universität Graz,
Austria. 7 - 1 3 March 1976.

No. 179 - C. BROERTJES

International Symposium on F l o r i c u l t u r e ,
Plant Breeding and Genetics, East Lansing,
Michigan, U.S.A., August 4-6, 1976.

No. 180 - J.H. BECKING

Report of experts meeting O.E.CD. for the
preparation of a cooperative research
project on "The improvement of nitrogen
f i x a t i o n for plant production".

No. 181 - J.H. BECKING

Report of the E.E.C. meeting of the
Working Group "Genetic and Phytotechny of
Legume and Oil Plants", Padova," I t a l y ,
16 - 18 March 1976.

No. 182 - C. BROERTJES
A. RINGOET

Research Coordination Meeting on Improvement
of Vegetatively Propagated Crops and Tree
Crops through Induced Mutations.
Wageningen, 1 7 - 2 1 May, 1976.

No. 183 - H.P. LEENHOUTS

The F i r s t Information Seminar on the
European Personal Dosimeter Intercomparison
Programme.
B e r l i n , 21 - 23 June 1976.
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No. I8*f - G.S. BOKELMANN

Werkbezoek aan West Duitsland
26 - 30 augustus 1976.
Technische Universität Hannover:
Institut für Angewandte Genetik,
Institut für Zierpflanzenbau.
Max Planck Institut für Züchtungsforschung - Köln.

No. 185 - K.H. CHADWICK
K.J. PUITE
F.M. Engels

1. Visit to Dr. K.V. Ettinger, Aberdeen
on 28 September 1976.
2. Visit to Dr. J.R.K. Savage, Harwell
on 28 September 1976.
3. Meeting of the European Dosimetry
Group, 29 September - 1 October, 1976,
Harwell.

No. 186 - F.M. ENGELS

Visit to members of the scientific staff
at the
Paterson Laboratories
Christie Hospital
Holt Radium Institute, Manchester,
August 31 - September 2, 1976.

No. 187 - J. SINNAEVE

Report on
EPPO/IOBC
in Modern
Paris, 12

No. 188 - H.G. HEINS

FAO/IAEA Research Coordination Meeting on
Technological and Economic Feasibility of
Food Irradiation.
k - 8 October 1976, Wagen ingen.

No. 189 - H.P. LEENHOUTS
P.A.TH.J. WERRY

Report of a visit to the Institute for
Nuclear Physics at Krakow (Poland).
1 it - 19 November 1976.

the participation of the Joint
Conference on Systems Modelling
Crop Protection.
- 14 October 1976.
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E X T E R N A L
No. 41 - W.W.A. BERGERS

No. 42 - W.F. OOSTERHEERT
A.F. GRONEMAN
No. 43 - J.G. VAN KOOIJ
H.B. LEVEL IHG
No. 44 - K. N0UCHPRAM00L

No. 45 - A. DEN HARTOG
A.F. GRONEMAN
No. 46 - G.A.A. DAMEN
D.IS. LANGERAK
R. H0VESTAD
M.H. NAQVI
No. 47 - C. BROERTJES
No. 48 - D. IS. LANGERAK
W. ROL
0. WIERSMA
J.L. KOERT
No. 48a- D. IS. LANGERAK
G.A.A. DAMEN
M.H. NAQVI
R. H0VESTAD
No. 49 - K.J. PUITE

R E P O R T S 1 9 7 6
Review on physiological and biochemical
changes in fresh fruit and vegetables
during storage and the effect of gamma
i rradiation.
Report of a visit to the Socialist
Republic of Romania, 15 ~ 18 December
1975.
Invloed van bestraald of geautoclaveerd
voer op de reproductie van 6root Yorkshire
värkens.

Deel 1: Generatie Fi a en
Microbiological investigation of
irradiated and non-irradiated prepacked
cut endive.
Experimented facil iteiten en de verdeling
van het dosistempo in de bestralingsruimte
van het Proefbedrijf voor Voedselbestraling.
Invloed van verpakking en bestraling op de
houdbaarheid en kwalitett van gesneden gele
savooiekool bewaard bij ca. 10 °C. Seizoen
1975.
Meeting of the Mutation Breeding Contact
Group, Cadarache, September 9-12, 1975.
Bewaarproef van ongeschilde zilveruitjes
met behulp van straling en koeling onder
praktijkornstand igheden 1975/1976.

Invloed van verpakking en bestraling op de
kwaliteit en ascorbinezuurgehal te van gesneden andijvie bewaard bij 10 °C. Seizoen
1974/1975Development of an intercomparison system,
based on theromoluminescence measurements,
for absorbed dose and radiation quality
using X-ray beams with an HVL of 0.1 to
3.0 mm Cu.
Final Report Technical Contract 1516/RI/TC.
No. 50 - D. RINTJEMA
Dosimetrie resultaten van PROVO 6 0 Co bron,
Wagen ingen.
No. 51 - W.T.C. BEKKING
Bepaling
fysische
pg
y
pparameters van de Philips
6
(stagiaire HTS Dordrecht) röntgenbuis, type MCN 160.
No. 52 - K.J. PUITE
The i n s t i t u t e ' s contribution to the extension
of the Joint FAO/IAEA dose intercomparison
D.L.J.M. CREBOLDER
service for conventional X-rays.
Advisory Group Meeting 6 - 1 0 December 1976,
Vienna.
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A P P E N D I X
S T A F F

II

O F T H E A S S O C I A T I O N
ITAL

E U R A T O M -

I N S T I T U T E

RADIATION EFFECTS
W.W.A. Bergers, Miss M.A.E. van Berkel, Miss G.S. Bökel mann, W.J. van
den Brink, W.R.R. ten Broeke, Mrs. H.E. Broeks-Doorn, C. Broertjes,
K.H. Chadwick, O.L.J.M. Crebolder, G.A.A. Damen, Mrs. L.M.W. DamenDel laert, F.M. Engels, A.M. Feldmann, A.F. Groneman, A. den Hartog,
C. van Heemert, H.G. Heins, R. Hovestad, G.J. Jupijn, J.G. van Kooij,
D.ls. Langerak, H.P. Leenhouts, H.B. Leveling, K.J. Puite, D. Rintjema,
A.S. Robinson, S. Roest, G.C. Schelling, H. Stegeman, K.M. Stoffelsen,
P.A.Th.J. Werry, J.W.G.M. Wilmer.
GENETIC STUDIES
J . B l a a s , G.M.M. Bredemeijer, P. D i j k h u i s , A . J . G . van G a s t e l , Mrs. W.J.
Rus-Gootjes, K. Sree Ramulu.
SOIL-PLANT STUDIES
Miss E. van Balen, D.W. Bannink, J . H . Becking, G. Bloem, Mrs. P. Bosmanvan Dulm. H. B r e t e l e r , G.M Desmet, W.G. D i r k s e , F. van Dorp, M.J. F r i s s e l ,
J.H. van G i n k e l , Miss Ch.tí. riiViisch ten Cate, F.A. Hoekstra, M.J.H. Jansen,
D.H. K e t e l , W.A. van Lienden, P.M. de Munk, S . J . Nagengast, R.M.J. Pennders,
P. P o e l s t r a , G. Sauer, H. S i e b e r i n g , J . Sinnaeve, T.W. S t r u b b e , J . A . van
Veen, G.R.M. V e r f a i l l i e , E.T.A. Zwemmer.
METHODOLOGY
R.M. Bouma, S.C. van de G e i j n , N. G r i f f i o e n , J.C. Huisman, C . H . J . Keijman,
N. van der K l u g t , F. de Koning, W.F. P i e t e r s , H.W. Roelofsen, J.W. R u i s c h ,
J . F . S t o u t j e s d i j k , J.G. de Swart.
SERVICES AND ADMINISTRATION
G.W.Th. A l b e r s , J.C. Baars, G. van Beek, H. B e i j e r , C. Bongaards, Miss
H. van B r a k e l , Mrs. G.A. Brinkman-van Manen, C M . Brouwer, Miss M.W.H.
Coenen, K.H. van D e l l e n , C.H. D e i j s , P.H. Dignum, S. van D i j k , H. D i r k s e ,
E.J.H. D r i e v e r , M. D r o s t , W.R. den Dünnen, J . E g b e r t s , J . F . E i k e l e n s t a m ,
W. Elands, H.G. E l b e r s , J . M . van El d í k , Mrs. M.J. ' t H a r t - V e r s t e e g ,
J . F . Heufkens, G. van den Heuvel, B. H e i j e , Mrs. S. Hogen E s c h - S n i j d e r s ,
J.W.H. Hoksbergen, H. Jager, W. Jansen, D.J. van K l e e f , A. Kooyman, H.L.
Lenderink, J . L o o i j e n , Mrs. W.M. van Marion-Noorlander, C. van de Peppel,
J . J . Ronk, P. van Roon, T.G. R o z i j n , P. S c h i p h u i s , J . van S c h o t h o r s t ,
J . Schouten, H.J. Sonies, J.M.M. Stempher, J . J . Tempel, Mrs. J.A.
V a l d i v i e s o - H a a c k , W.Th. Vermaten, A.P. de V r i e s , B. Wenting, J . H . de
W i n k e l , A.W.H.C.F.M. W o l f s .
DIRECTION

P.H. van Nierop (secretary), W.F. Oosterheert, A. Ringoet, D. de Zeeuw.
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GUESTWORKERS
J.-J. Bourgois (Belgium)
A. Daelemans (Belgium)
T.S. Dhadialla (Kenya)
Mrs. K.M.G. Ebbens-Groot
T. Luczkiewicz (Poland)
M.H. Naqvi (Pakistan)
K. Nouchpramool (Thailand)
B. Onwuka
Miss E.M. Perea Dal los (Columbia)

C. Petit (Belgium)
A. de Ruyter (Ministry of Agriculture and Fisheries, The Hague)
F.H.G. Smeulders (Belgium)
Y. Tanaka (Japan)
G. Zurlini (Italy)

-
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S C I E N T I F I C
I T A L

- Centrum voor A g r o b i o l o g i sch Onderzoek
Wagen i n g e n , T h e N e t h e r l a n d s :
DANTUMA, G.

BY

I N S T I T U T E S

W O R K I N G - G R O U P S

(CABO),

- Stichting voor PIan tenverede 1 ing (SVP),
Wagen ingen, The Netherlands:
HERINGA,'R.J.
- Instituut voor Bewaring en Verwerking van Landbouwprodukten (IBVL),
Wagen ingen, The Netherlands:
ES, A. VAN
- Instituut voor Mechanisatie, Arbeid en Gebouwen (IMAG),
Wageningen, The Netherlands:
HAARTSEN, P.I.
JONGEBREUR, A.A.
- Rijksinstituut voor Natuurbeheer,
Arnhem, The Netherlands:
DOELMAN, P.
HAANSTRA, L.
- Vakgroep Entomologie, Landbouwhogeschool,
Wageningen, The Netherlands:
SABELIS, M.
- Vakgroep Levensmiddelentechnologie, Landbouwhogeschool,
Wagen ingen, The Netherlands:
ZU I LICHÉM, D.J. VAN
SPAN INKS, J.
- Vakgroep Fysiologie der Dieren, Landbouwhogeschool,
Wagen ingen, The Netherlands:
BRUCHEM, J. VAN
- Vakgroep Humane Voeding, Landbouwhogeschool,
Wagen ingen, The Netherlands:
STASSE-WOLTHUIS, Mrs. M.
KELLER, G.H.M.
- Vakgroep Fysische en Kolloidchemie, Landbouwhogeschool,
Wageningen, The Netherlands:
PUT, A.G. VAN DER
BOSMAN-VAN DULM, Mrs. P.
- C.N.E.N. Laboratorio per la Applicazioni dell'Energia Nucleare in
Agricoltura,
Casaccia, Italy:
DEVREUX, M.
CARLUCCIO, F.
- C.E.E., DG XII, Biologie,
Brussels, Belgium:
NETTANCOURT, D. DE

L

