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Contractant van de Commissic: Institutc of the Association EURATOM-ITAL,
Wageningen, the Netheriands.

Nummer van het contract: 094-72-1 BIAN

Hoofd van de groepen voor ondcrzoek: Dr.lr. D. de Zeeuw.

Algemeen onderwerp van het contract:

APPLICATIONS OF NUCLEAR METHODS IN AGRICULTURE AND BfOLOGY

~ behaviour of natural «chemical elements and pollutants in soils.

- uptake, transport, accumulation, redistribution of mineral
elements and pollutants in plants.

- mutation breeding, incompatibility, mutagenesis.
~ food irradiation.
- genetic control of insect pests.

- development of nuclear methods for agriculture, environmental and
plant-biological research.

Algemene omschrijving van de uitgevoerde werkzaamheden:

In the soils and plant parts of the 1975 programme, the following topics
were dealt with:

the working out of a preliminary simulation model of the behaviour of
the fumigant methylbromide in soils and first experiments on the uptake
of Br~ by lettuce.

a mathematical model describes the influence of the nutrient concentration
of the solution in the surroundings of a root, of root growth and plant
growth on uptake rates. Appropriate mixtures of synthetic resins,
simulating a soil; became available. Maize plants were grown under
controlled conditions for the purpose of collecting basic data

(1) in relation td the working out of a further improved model and

(2) about rates of growth, transpiration and ion absorption. A two
compartment growth chamber has been built.

further study of various aspects of the kinetics of NHu+ and N03_ uptake
and of the redistribution of N in plants for prfotein filling of seeds.
Uptake of major nutrients is now better understood on the basis of an
improved theoretical model.

preliminary experiments comparing the uptake by spinach of free Cd and of
Cd complexed by a ligand-clay.

Topics of interest for mutation breeding, incompatibility and mutagenesis
research were:

interesting new mutants i.e. in ornamentals by the combination of the
adventitious bud technique and mutation induction by irradiation.

the effect of DTT (dithiothreitol) upon radiosensitivity, mutation
frequency and mutation spectrum, and its interference with the dose-
fractionation effect on radiation resistance in Saintpaulia ionantha
H. Wendl cv. Utrecht.

In Achimenes, autotetraploids produce a much higher mutation frequency
and probably a (much) wider mutation spectrum as compared to the
parental diploid.

further control and improvement of the adventitious bud technique in
Saintpualia and particularly in Chrysanthemum, using in vivo detached
leaves and tn vitro mainly pedicel explants.
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- continuation of the study on the generation of new self-incompatibility

alleles, which in Lycopersicon peruvianwn Mill. and Nicotiana alata Link
et Otto apparently originate in the style or pistil resp. of inbred
populations. In Nicotiana alata Link et Otto the largest nonsatellited
acrocentric chromosome is the S-bearing one.

- further studies concerning the involvement of peroxidase isoenzyme 10

in the rejection of incompatible pollentubes in styles of Nicotiana alata
Link et Otto.

In relation to food-irradiation, the following topics are of interst:

- increase of the radiation resistance of bacterial spores by loading them

with specific metals might be associated with the oxygen effect.
Disulphide bonds in the outer coat of spores play a role in determining
their resistance to combined radiation and heat treatments.

- direct and indirect effects of wateractivity characteristics of different

media on radiation resistance of a Citrobacter species.

- increase of phenolic compounds in fruits and vegetables, as the most

typical response to radiation stress.

- continuation of the study of the technological aspects of the preservation

of e.g. cut endive, cabbage, mangoes, onions, steampeeled potatoes, by
means of ionizing radiation.

- further extension of the practical application of the food irradiation

procedure, paying also attention to legislation, marketability and
international trading.

- study of the reproductive function of Groot Yorkshire sows in relation

to the wholesomeness of irradiated total diets.

Topics in the field of radiation genetics of insect pests were:

- structural chromosome mutations in Hylemya antiqua, Meigen induced

either by X-rays or fast neutrons concerned: X-linked translocations,
pericentric inversions. Besides cytological observations and the crosses
for the production of homozygous lines, experiments were done on
inbreeding, in fieldcages and concerning competition and density effect
among larvae.

- with respect to Tetranychus urticae C.L. Koch research concentrated on

viability of structural chromosome mutations in homozygous conditions,
on re-irradiation of such lines for inducing new complex rearrangements
and release techniques for sterile and substerile insects.

In the methodology part of the programme topics were:

- improvement of the embedding technique of plant material in relation to

microlocalization of soluble substances.

- irradiation treatment of sludge reduces its specific resistance to

filtration, increases the compressibility of the sludge solids.
Laboratory experiments contributed to explaining these effects.

- developments aiming at automation of operation, data collection,

recording and analysis in several experimental set-ups.

-~ measurements of density in granular material in an elevator system,

of moisture transport in cattle-food pellets, on liquid/liquid displacement
from packed beds, of residence time of food in the stomach of a sheep.

- improvement of Cherenkov-counting of B-emitters.

- promotion of nuclear methods, advice, courses, edition of newsletters.
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The programme for 1975 has onée more been carried out in close
cooperation with other scientific institutes and organizations.
Examples of this collaboration are:

- on different aspects of the application programme within working=
groups of the European Society of Nuclear methods in Agriculture
(ESNA) ;

- on pollution, radiocactive and other, with the Biology group at
Ispra and institutes in the Netherlands, Belgium and Germany;

- on mutation breeding (vegetatively propagated crops, protein
improvement, disease resistance) and incompatibility in highér plants
in the Mutation Breeding Contact Group; )

- cooperation to projects concerning the testing of irradiated food,
wholesomeness testing set up by the Organization for Economic
Cooperation and Development (OECD) and the International Atomic
Energy Agency (IAEA). In this respect also collaboration exists with
institutes in the Netherlands, Germany, Denmark, Belgium.

- research on genetic control of insect pests, coordinated in Section Vil|
of the TNO working group "integrated control of Insect Pests' and in
the joint European Working Group of the '""Organisation Internatijonale
de la Lutte Biologique' (0ILB). Cooperation with projects of the

IAEA and of the entomology programme of the Biology Division.
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P.B. 48, Vageningen, The Netherlands.

Board of Governors
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Changes in the Scientific Staff

Ir. P.W.F. de Vrijer left the Institute to accept research duties elsewhere.
Temporary members (post-graduate fellows) responsible for particular aspects
of the programme: ir. M.A. Daelemans, dr. A.W. Spanjers, G. Zurlini, M.Sc.,
dr. E.M. Perea Dallos, dr. T. Luczkiewicz.

Several guest-workers have spent 6 to 12 months at the Institute.
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Resultaten van het project No.

Hoofd van het team en wetenschappelijke medewerkers:

F. van Dorp, M.J. Frissel, P, Poelstra and J. Sinnaeve.
Titel van het project:

The ionic-composition of the soil solution as a function of time and
place, with respect to the ion uptake by plant roots.

Beschrijving van de resultaten:

Data from maize (Zea mays L., cv. Ona) grown on nutrient solution in

gravel (see project No. 6) are used for the simulation of the nutrient
concentration of the solution around the root.

The following terms are used: 1. experimental uptake rates which are

for water calculated from the water consumption and for nutrients from
measured nutrient contents of harvested plants. 2, massflow rates which are
the uptake rates of water multiplied by the concentrations of nutrients in
the solution around the roots, and 3. transfer coefficients which are the
experimental uptake rates of nutrients divided by the computed massflow
rates.

A transfer coefficient larger than 1 indicates that massflow is not sufficient
to match the measured uptake of the plant, so depletion of the nutrient
around the root and diffusion towards the rootsurface will occur; if mass-
flow is larger than the measured uptake, the transfer coefficient will be
less than 1 and accumulation around and diffusion away from the root will
occur.

The simulation model is divided into three submodels for easier handling
and for a more economic use of computer time.

The first submodel (model A) calculates, from observed data, water and
nutrient uptake rates as a function of time. For a first approximation
ion concentrations in the nutrient solution are taken to be constant. The
root environment is not divided into compartments. Fig. 1 shows typical
transfercoefficients for K, Ca, Mg, N and P, The first days the transfer-
coefficients are all larger than unity, because transpiration and thus
massflow are small. After day 25 they become less than unity; when growth
reaches the exponential stage the transfer coefficients of N, P and K are
again larger than unity, whereas those of Ca and Mg remain smaller,

In the second submodel (model B) the rooting medium is divided into 10
equal layers of 7.5 cm thickness. The experimentally determined root
distribution is introduced and the possibility to use root acitivities as a
function of the age of the roots is built in, With the uptake rates of

the total plant, taken from submodel A, uptake rates of water and nutrients
as function of time and depth are calculated. .Uptake of water causes a
decrease of the watercontent in the layers above the watertable, until

a water content is reached below which plants cannot absorb water and
nutrients; watertransport in these layers is supposed to be impossible.

In the layers below the watertable, wateruptake causes a watertransport
from the bottem of the growth cylinder up to the layer where the water is
absorbed. Nutrients move either by convection with the water or by
diffusion following a concentration gradient between the layers. The

latter is here unimportant because of the dimensions of the layers. Four
times a day the growth medium is aerated and the solution in all layers is
homogenized; every second day the nutrient solution is removed. After
homogenization or renewal, all layers are brought to their original water
content. The changes in concentrations caused by uptake of water and nutrients
are calculated for each layer. Massflow rates and transfer coefficients

are calculated. Fig. 2 shows typical data for K. Massflow rates, transfer-
coefficients and concentrations in the layers 1, 3 and 5 (numbered from the
top) are given from day 20 till 22.5. After homogenization (four times a
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Publications - 1975.

SINNAEVE, J., F. VAN DORP, M.J. FRISSEL. Description of a recently
developed phytotron for the study of plant-soil interactions
aiming at an optimal combination of experimental work and
simulation studies. Presented at the Annual ESNA Meeting,
Cadarache, France, September 1975.

SINNAEVE, J., F. VAN DORP. Description of two mixtures of synthetic resins
as a growth substrate medium for the study of plant-soil
interactions., Evaluation of the experimental advantages.
Presented at the Annual ESNA Meeting, Cadarache, France,
September 1975.

SINNAEVE, J., F. VAN DORP. Physicochemical aspects of the plant-soil
relation and of the suppiy of nutrients to the root.
Presented at the Annual Scientific Meeting of the Nederlandse
Bodemkundige Vereniging on the Plant Root and its Environment.
Wageningen, The Netherlands, November 1975. To be published
as an External Report.
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Resultaten van het project No.

Hoofd van het team en wetenschappelijke medewerkers:
H. Siebering, A. Daelemans, M.J. Frissel.

Titel van het project:

Transport of pesticides and herbicides in soils.

Beschrijving van de resultaten:

The subject of investigation is the behaviour of the fumigant methy!

bromide (MB) in soils and its possible influence on plants. This extremely
poisonous compound is usually applied in greenhouse horticulture as a gas

under a soilcover in dosages varying from 50 to 100 g.m'2

After removal of the soilcover the compound may volatilize intc the atmosphere.
The most important decomposition product is Br7,which is easily taken up by
many horticultural crops. Possible pollution of soil and atmosphere by MB

and Br, are of great concern and the present study is meant to obtain a better
insight in the probability of such pollution as well as to study Br uptake

by vegetables (e.g. lettuce).

Behaviour of methyl bromide in soils.

This part of the study aims at the mathematical description of the

interactions of the fumigant with the soilsystem and the working out of

a simulation model! for the transport processes. The following interactions
between fumigant and soilsystem are of interest: adsorption on the solid phase,
dissolution in the aqueous phase, decomposition and chemisorption.

Adsorption measurements carried out at 20°C on an airdried humic sandy soil,
obtained from the Glasshouse Crops Research and Experiment Station at
Naaldwijk resulted in a linear adsorption isotherm over the range of
investigation (up to 35 umol em™3 in the gasphase). The following relation
between the amount of MB adsorbed per gram dry soil (S) and the concentration
in the gasphase per em3 (Cg) was obtained:

S =1.2 Cg

The coefficient 1.2 measures the 'distribution ratio'" K s/g.

The adsorption isotherm is given in fig. 1. Preliminary adsorption
measurements on a peat soil indicated that the distribution ratio may
increase to K s/g = 3.8.

From the vapourpressure of MB at 20°¢ (1816 mbar) and its watersolubility

at 20°C (168 umol.cm=3), the distribution ratio between the gasphase and

the waterphase may be calculated: K w/g = 4.1.

Experiments carried out in demineralized water confirmed this value over

the concentration range of investigation (up to 35 wmol.cm™3 in the gasphase).
The relation between the concentration in the waterphase (C,) and the
concentration in the gasphase (C,) therefore is: Cy, = 4.1 C

However, there are indications tgat the distribution ratio may significantly
increase when considering soilmoisture instead of demineralized water.

At this stage a first order equation, relating the decomposition (P4) to the
amount of fumigant per em3 bulksoil (Q), is used:

Pg = K4.Q

where Kq is a constant, expressed in day'1.

From data, reported in literature, K = 0.05 day-] seemed to be a

reasonable value.
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In a similar way, the following relation between the chemisorption (P.}
and Q may be used:

Pc = Ke.Q.

No data are available to verify this relation; the rate constant K. has
been given the arbitrarily value of 0.005 day".

On this basis the transportrate of MB in soil may be described by the
following equation:

6Q/8t= G(Dp.écg/éx)/éx + P,

where Dp is the diffusion coefficient in the porous medium, which value may
be derived from the diffusion coefficient in air (Dy = 8500 cm? day~1) and
where P is a production term.

Applying the distribution ratios K w/g, K s/g, the bulkdensity p, the volume
fraction gasfilled pores eg and the volume fraction waterfilled pores ey,
the following relation between the amount MB per cm3 soil (Q) and the
concentration in the gasphase (Cg) may be written:

Q = eg.cg+sw.Kw/g.Cg + p.Ks/g.Cq.

The production term P contains a decomposition part Pd and a chemisorption
part Pc: P= =(Pg+Pc)= - (Kg+Kc).Q.

A simulation model may now be developed, based on the models used in the
former studies on bromacil and propyzamide. In this model, tne soilprofile
is divided into compartments of 4 cm thickness; between soilcover and soil-
surface an aircompartment of 4 cm thickness is assumed to exist.

At t = o the dosage is supposed to be present in this compartment.

The soilcover is considered to be impervious to MB, although some
permeability with different covers is reported in the literature. After
removal of the soilcover the concentration in the aircompartment is kept

at zero in the model.

Verification of the model, with respect to the applied mathematical
relations, may be done by comparing its results with an analytical solution.
This requires, of course, a simplification of the system. Assuming all
parameters to be independent of time and position and assuming the dosage
at t = o to be present in the first soilcompartment, the transport equation
may be solved. The transportsystem is defined in detail in table 1.

Table 1 - Charactirization of the transportsystcm of MB in soils, in the
case of mathematical verification. (Dosage = 50 g m=2;
covertime = 2 days)

Dp Kw/g Ks/g Kd Ke €g &y p
(cmZday™1)
depth (0-100 cm) 1000 L L | 0.05 0.005 0.2 0.2 1.2

Figure 2 shows the concentration of MB in the gasphase at different depths
in the soilprofile, two days after the start of the fumigation, both
calculated by the analytical approach and modelcomputation.

The results fit quite well, showing that programme errors were absent,
rather then correctness of the results.

A physical verification of the mode! may be done by comparing its results
with field experiments. A field experiment reported by Drosihn (Diss. 1967,
Technische Hochschule, Hanover), was chosen for this purpose.

A characterization of the system is given in table 2.



— 634 —

Table 2 - Characterization of the transportsystem of MB in soils;
in the case of physical verification. (Dosage = 50 g m2;
covertime = 2 days)

Depth(cm) Op Kw/g Ks/g Kd Ke £g €y o
cm? . day™ ! g cm’3
0 1935 4,1 1.0 0.05 0.005 0.45 0.05  1.15
10 1550 0.38*% 0.06* 1.29
20 840 0.252%0.128*% 1.45
30 665 1.0 0.22* 0.125% 1.5
45 545 0.2 0.215%0.155% 1.51
60 335 0.16* 0.192% 1.56
80 85 : 0.10% 0.235% 1.59
100 35 4.1 0.2  0.05 0.005 0.08% 0.245% 1.62

* reported by Drosihn.

Missing data were estimated.

By tuning adsorption coefficients within a reasonable range, it was tried

to fit the modelresults and field experiments. Concentration-depth profiles,
two days after the start of the fumigation are given in fig. 3.

In the upper 50 cm of the soilprofile there is good agreement. In the

lower zone the results deviate significantly. There are several possible
causes for this deviation such as incorrect presuppositions with the
computation or inaccurate measurement of MB concentrations at the low levels
concerned. However, considering the number of estimates that had to be made
concerning the interaction of MB with the soil, the result of this first
modelcomputation seems reasonable.

Br_uptake by vegetables.

This part aims at the study of Bf'uptake from a disinfected scil.

In the literature uptake of bromide from soil after addition of a bromide
salt was described as a passive process, a linear relationship being found
between bromide concentrations in the plant and in the soil-sclution.
(Kempton R.J. and G.A. Maw: Ann. Appl. Biol., 72, 71-79 (1972}; Chao T.T.:
Agron.J., 52, 595-596 (1966)). _

Therefore the relation between Br uptake from the soil solution in a
disinfected soil and transpiration has to be known under normal growth-
condi tions.

- bromide concentration in soil solution.

Some adsorption measurements and leaching experiments indicated that,

in a humic sandy soil obtained from Naaldwijk, after addition of different
amounts of potassiumbromide (30, 60 ng Bf-g_l) nearly all bromide ions are
in the soil solution.

Column leaching experiments and adsorption-desorption isotherm have to

be done.

Lettuce (Lactuca sativa L. cv. Amanda Plus) was grown in disinfected soil
under controlled climatic conditions (day (14 h) temperature 22°C, night
16°C, relative humidity 65%).

As a result of disinfection and KBr application the concentration of Br in
the soil solution was calculated at 40 ug Brig™l.

Comparing dry weight production, transpiration and Br_uptake at
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different stages during a total growth period of 38 days

(total dry weight 4 g) it was shown that:

1. at the various stages, the amount transpired per g dry matter
produced remains the same: approx. 200 ml per g.d.w.

2. approx. 0,001 mg Br is taken upover ml transpired. This result
compares quite well with literature data.

This preliminary result is in agreement with the existence of a direct
relationship Br~ uptake - transpiration, but has to be confirmed at
various concentration levels of the soil solution,.

Pubiications - 1975.

LEISTRA, M. and M.J. FRISSEL. Computations on the matcrial balance of
pesticides in soil. In “Environmental Quality and Safety',
- George Thieme Verlag, Stuttgart, April 1975.

ROLLAND, J.-P. and M.J. FRISSEL. Leaching of Bam in soil columns and
evaluation of the results by simulation. In "Environmental
Quality and Safety', George Thieme Verlag, Stuttgart, April
1975.
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Resultaten van het project No. 6

Hoofd van het team en wetenschappelijke medewerkers:
J. Sinnaeve, F. van Dorp, M.J. Frissel.

Titel van het project:

lon uptake by intact plants from the soil or from the equilibrium
solution of a synthetic resin. Experimental and simulation approach.

Beschrijving van de resultaten:
a. Study of mixtures of synthetic resins as growth substrates.

The plants (Zea mays L. cv. Ona; Hordeum vulgare L. cv. Aramir; Pisum
sativun L. cv. Allround and Spinacea oleracea L. cv. Winterreus) grown

on resin mixtures X till XVIl (all mediums with and without micronutrients)
have been analysed.

All plants grown on mediums without micronutrients showed deficiency symptoms.
A mixture of a strong acid and a strong base exchanger (mixture XV) gave

very poor results due to a shortage of divalent cations, what could have

been caused by the limited volume of substrate (250 ml for three plants).

The mineral composition of the plants grown on mixture XVI| was near to the one
observed for the reference plants grown on a potting soil. However, direct
comparison of the results is deceiving as, due to slower growth rates on the
resin mixtures, plants harvested at the same age are not in the same stage

of physiological development. Based upon these results, a final experiment
permitting statistical analysis of the results, was set up, using one

litre of substrate per plant. The composition of the mixtures used is

given in table 1. This experiment has led to several definitive conclusions:

- it was definitively proven that a combination of a weak acid and a
strong base exchanger is not suited for long term growth experiments.

- mineral composition and data characterizing the physiological development
of the plants grown on the other mixtures have proven their suitability
as a growth substrate.

- the cation/anion ratio of the plant material was not changed by replacing
part of the weak base exchanger by a strong one. The modification, however,
retarded the growth in a severe way.

- agraperlite as well as silversand can be used as a dilutant. Silversand
stimulates root development when a weak base exchanger is used whilst only
minor differences are observed when the mixture contains a weak as well
as a strong base exchanger.

- analysis of the equilibrium solution and percolation experiments have
shown that fairly low ionic concentrations in the equilibrium solution
can be maintained for several months.

- the sensitivity for iron deficiency can be decreased by using a weak
acid exchanger for the iron.

During the past months, these synthetic substrates have been used to grown
two varieties of Viefa faba L. with very good results. They will be used
now for studies regarding the mineral nutrition of crops.

b. Gravel - nutrient solution experiments with maize.

The long term growth experiment with maize plants {Zea mays L. cv. Ona)
reported last year has been completed with a new experiment over three
months carried out under apparently identical experimental conditions in
a climate controlled growth chamber. Both series of data have been used
for the development of simulation models describing the mineral nutrition
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Table 1 - Composition of the resin mixtures used for the final experiment.
. . Inert me per litre mixture
Mixture | Resin types material Ca [Mg]| K | NO3 | SOy ATHZPOA PH
XX Awl+Bs Agraperlite | 260 30| 40| 120 30 20 6.9
XX Aw1+Bw Agraperlite |260] 30| 40| 120 30 20 6.4
xx1** | Awl+Bw+Bs | Agraperlite |260|30| 40|120| 30 | 20 6.3
XX11 Aw1+Bs Silversand 260 30| 40120 30 20 7.3
XXt Aw1+4Bw Silversand 260 | 30 40 {120 30 20 6.8
XXIV¥* | Awi+BwtBs | Silversand [ 260 |30 | 40 f120| 30 | 20 6.7
& 70% of the anions is adsorbed on the weak base exchanger.
30% of the anions is adsorbed on the strong base exchanger.
P.S. Micro-nutrients added to all mixtures (me per litre mixture)
3.6 me Fe, 1.8 me Mn, 1.8 me Zn, 1.8 me Cu and 1.8 me Mo as Dowex 50 W

(As type)

2.6 me B as Dowex 1 (Bs type).

g (dry weight)
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of the crop (see project 3). Some of the experimental data are
given in figures 1, 2 and 3. Figure 1 gives the increase of the dry
weight of root and shoot as well as the depth penetration of the

roots in successive layers of 7.5 cm thickness. A different rate of
development of the shoot is observed (for each series average values
of two or four observations). The same statement can be made for the
root development and for the rooting intensity in the three upper
layers of the column. Figure 2 indicates, at 80 days, a leaf area for
series 2 being 35% higher than the one observed for series 1. The

most striking difference, however, concernes the transpiration rate:
it exceeds for series 2 by 25% the transpiration rate observed for
series 1 (in all cases it was computed for several plants(at least 4
observations) as a mean value a period of 24 hours). This may indicate
an unnoticed change of the microclimate around the leaves. It is obvious
that a higher transpiration rate combined with a higher leaf area must
result in a higher mineral content of the plants of series 2 what is
confirmed by the data given in figure 3.

Such observations make it very difficult and also very dangerous to
compare two experimental runs. The very few results presented here
emphasize the necessity to control more adequately the experimental
conditions and indicate that a measurement of the metabolic activity of
the plant is a real necessity. This has led us to the development of a
specially designed growth chamber.

c. Development of a two compartment growth chamber.

The quantification of plant responses, i.e. the reaction of a plant towards
a combination of external parameters, requires adequate control and exact
measurement of the climates of roots and shoots. The realization of a
growth chamber fulfilling the imposed criteria was technically difficult and
very time consuming as commercially available equipment answering the purpose
did not exist! The most important characteristics of the developed growth
chambers are:

~ two separated compartments for respectively roots and shoots.

- independent temperature control of both compartments.

- soil columns (depth 75 cm, total volume 4.8 litres) are used.

- double control of the water management over the profile. By one system,
drained soil columns can be used; by the other one a constant water level
between -15 and -70 cm can be maintained.

~ the wind speed in the shoot compartment is very homogeneous and can be
varied between 0,15 and 0.51 m.sec” 1.

- the light intensity is homogeneous all over the shoot compartment and
reaches a maximum level of 61 klux.

~ the consumption or production of carbondioxide can be measured and
concentrations between 200 and 2000 ppm can be maintained.

~ all climatic parameters are semi-continuously recorded by digital multi-
plexing with a selected time step.

With exception of the carbondioxide measuring device, the equipment is
finished and since the end of November, a first experiment with maize
(Zea mays L. cv. Ona) is running.
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Publications - 1975.

SINNAEVE,

SINNAEVE,

SINNAEVE,

J., F. VAN DORP, M.J. FRISSEL. Description of a recently
developed phytotron for the study of plant-soil interactions
aiming at an optimal combination of experimental work and
simulation studies. Presented at the Annual ESNA Meeting,
Cadarache, France, September 1975.

J., F. VAN DORP. Description of two mixtures of synthetic resins
as a growth substrate medium for the study of plant-soil
interactions. Evaluation of the experimental advantages.

Presented at the Annual ESNA Meeting, Cadarache, France, September
1975.

J., F. VAN DORP, Physicochemical aspects of the plant-soil relation
and of the supply of nutrients to the root.

Presented at the Annual Scientific Meeting of the Nederlandse
Bodemkundige Vereniging on the Plant Root and its Environment,
Wageningen, The Netherlands, November 1975. To be published

as an External Report.
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lesul taten van het project No. 7

loofd van het team en wetenschappelijke medewerkers:
i. Verfaillie, Ch. Hanisch ten Cate, H. Breteler.
‘itel van het project:

tudy of the kinetics of ion-uptake by intact plants.

ieschrijving van de resultaten:

.. Theoretical interpretation.

n relation to the previous work on the kinetic analysis of gas and ion
:xchange phenomena in rice plants (Oryza sativa L.) an analytical
ixpression of the rate of apparent photosynthesis (net €O consumption)

n function of the C0y concentration and of the light intensity has been
ntroduced.

he intrinsic effects of the uptake of HyPOL and S04~ ions on the acidity
f the nutrient solution has been calculated in function of the total
oncentration of both ions and of the pH. Theoretical results found and
lotted in figure 1 confirm the experimental observations (1972).

he interferences of the matrix ions of a Hoagland-Arnon | nutrient
olution with the proton uptake from a ternary HPK system (1973) have been
etter described by computing the evolution of molar uptake ratio AH/AP
fter injection of various chemical compounds into the HPK solution

see figure 2).

. Nitrogen uptake.

Usefulness of a gaseous ammonia specific electrode (Orion) for the
determination of NHf concentration. .
Straight standard lipes were obtained when the logarithm of the NHj
concentration (5x107° to 107! M) was plotted against the electrode
potential. The response of the electrode was stable within 15 to 30
seconds, depending on the NHL concentration level in the test solution.
Among the interfering substances were glutamine and volatile amines.
The electrode is suitable for the assay of NH, in nutrient solutions
and, with certain restrictions, also for the analysis of free ammonium
in plant tissue extracts.

Kinetic survey of NHZ uptake by detached roots of maize (Zea mays L.
cv. CIV-2 Prior). .
Calculation of Lhe intake of NHL at steady state from NHLCI solutions
containing 0.05 mMol CaCly per liter, measured by medium depletion with
an NH; electrode, seemed to reveal the existence of a single isotherm
between 5x1076 and 5x1072 M NHZ with a K of approx. 1075 M. At
extremely high and low concentrations the uptake data were very
inaccurate. Experiments will be repeated using !°N tracing in the
?lant. Satisfactory results with emission spectrographic assay for

5N have been obtained with 15NH4C] standards. To obtain a faster and
more reliable preparation of the samples, a new vacuum line is under
construction.

. Assay of adenosine phosphates in plants, using a liquid scintillation
counter.
For the determination of ATP, ADP amd AMP in plant extracts, see report
of project No. 9 of the Radiation Protection programme,

. Ammonium-rubidium uptake interaction in detached roots of maize (Zea
mays L., cv. CIV-2 Prior).
As compared with nitrate nutrition, ammonium nutrition is known to
result in lower K' contents in plants. Short term experiments were
conducted to assess whether NH, affects the uptake of kKt in a different
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way than other alkaline cations, and whether the effects of NHh

on K uptake and of K* on NH uptake are symmetric.
88Rb was used as tracer for RbY which is a suitable substitute for

K" in short term experiments with maize. Working with submerged
detached root systems was allowed, because the contribution of Rb
recovered in the collected vascular exudate to total Rb uptake was
less than 1% ovep a period of 5 hours. Preliminary results show that
the uptake of NHy from 1 mM NHLC1, 0.05 mM CaCl) solution cannot be
reduced by more than 20 to 30% by Rb* concentrations ranging from

1 to 100 mM. None of the other alkaline cations acted in a more
repressive way at 25 mM, the effect of Lit even begun negligible.

Roots from NHﬁ - precultured plants absorbed Rb* only by pure physical-
chemical processes. Cultivation of plants on an N03 containing solution
stimulated the Rb* absorption. Addltlon of NHK to Rbt absorbing roots
reduced the Rb¥ and therefore the K' uptake to zero at 25 mM NHK (figure 3).

v

Redistribution of nitrogen.

Redistribution of nitrogen for protein filling of seeds.

A suitable plant species, having seeds with a high protein content, a
short life cycle, and easily growing in water culture in a climate-
controlled room, has been looked for. The french dwarfbean (Phaseolus
vulgaris L., cv. Witte Krombek) met most of the requirements. lts culture
on nutrient solutions has been improved.

The length, dry weight, nitrogen content (Kjeldahl), nitrate content

(NOE electrode) and protein content (Lowry) of roots, shoots and pods during
the vegetative and generative development of the plant was measured and
the results are given in figure 4, The length of the shoots increased

up to day 35 (flowering). Dry weight, nitrogen and protein contents in
roots and shoots increased up to day 45 (start of seed filling), while
the weight of the pods increased very much after 45 days. This increase
did not take place at the expense of the vegetative parts of the plant.

. Methodological work on protein degrading enzymes.

Optimum conditions for the extraction and the assay of peptidase and
protease acitivities was 7.5 and 7.0 respectively. KCN (0.2 mﬂ)
intensified the ninhydrin colour reaction for the protease activity assay.

Publications - 1975,

BRETELER, H. Carboxylates and the uptake of ammonium by excised

maize roots. Agric.Res.Rep. 837, 1-99 (1975).

VERFAILLIE, G. Nouvelle approche cinétique adaptée & 1'étude des

échanges gazeux et ioniques chez Oryza sativa L. en
aquiculture. Ph.D. thesis, Université Catholigue de Louvain,

(June 1975).
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Resultaten van het project No. 8

Hoofd van het team en wetenschappelijke medewerkers:

J. Sinnaeve, G. Desmet, M.J. Frissel, G.R.M. Verfaillie.
Titel van het project:

lon uptake by roots from dilute solutions.

Beschrijving van de resultaten:
a. Double labelling ion-uptake experiments.

The controversial results obtained in double labelling experiments using
cesium (13%Cs and !'37Cs), an ion not yet present in the plant (see

Annual report 1974), have been further analysed and discussed at various
meetings (e.g. ESNA, Cadarache, September 1975) but the obvious discrepancy
observed could not be explained.

Physical tests (e.g. adsorption experiments on glass, resins or clays;
evaporation with paper strips), tests on the reliability of counting
procedure and the computation routine, and new absorption experiments

with and without blocking of the metabolically linked absorption step

are in the planning stage.

b, Absorption of cadmium by spinach plants.

In collaboration with Prof. A. Cremers from the Catholic University of
Louvain (Belgium) some preliminary experiments regarding the absorption

of free and complexed cadmium by spinach (Spinacea oleracea L. cv.

Verbeterd Breedblad) have been carried out. The stability of some metal
complexes with aluminosilicates and for instance polyamines is raised

by some three to four orders of magnitude. Three plant nutrition treatments
were compared. The first one was an absorption at a free cadmium
concentration of 1075 M; the second one with the same amount of cadmium

but complexed by the ligand-clay; the third one with a free cadmium
concentration of 1.1 x 1075 M during a first period (4 days) followed by

a second period during which the plants were transferred to a cadmium

free nutrient solution containing non-saturated ligand-clay. In the first
treatment, the cadmium concentration in the nutrient solution decreased
from 1.0 x 10°5 M at the start of the experiment to 6.9 x 10-6 M at the end.
In the second experiment the concentration of free cadmium in the solution
was 4.6 x 10'8 M at the start and 7.6 x 10-6 M at the end, indicating a
slow release of cadmium. This explains how the plants of treatment 2
absorbed as much cadmium as those of treatment one. (See table 1).

The most interesting results, however, are those of treatment 3. After

4 days the absorbed amounts of cadmium are comparable to the quantities
observed for the first treatment. At the end of the second period, the
concentrations in root and shoot were reduced by 40 % and 60 %, respectively,
indicating important decontamination of the roots and subsequent
decontamination of the shoot by internal redistribution and continued release.
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Table 1 - Absorption experimenfs with free and complexed cadmium.

Nutrient solution data with reqard to cadmium
Absorption | Cadmium in free Cd | bound Cd free Cd | without Cd
period the plant 1075 M 10°5 M 1.1x1075 H | with ligand-clay
l
4 days ppm Cd in L7k L2k 461 I
- the root [
ppm Cd in 1
the shoot 139 15 15 |
: 1
7 days ppm €d in
the root 458 437 | 168
ppm Cd in | ,
the shoot 148 143 | 66

>ublications - 1975.

‘RISSEL, M.J. Report from coltaborators in a joint project of ESNA.
Some absorption and translocation experiments in tomato plants

Lycopersicon esculentum Mill. cv.

Marette VF to check ths

reliability of radioactive tracing methods as an international
joint project of ESNA., Proc. XIXth Int. Hort. Congress, Warszawa,

1975.

"RISSEL, M.J. The above mentioned ESNA report is also published in
Hewsletter of the Indian Soc. for Nuclear Techniques, 1974, 3,
Ly (published March 1975).

VINNAEVE, J. Present state and future perspectives of the ESNA joint project
on double labelling. Proposal of further experiments. Presented
at the Annual ESNA Meeting, Cadarache, September 1975.

fEEN, H., and M.J. FRISSEL. Simulation of hormone transport im petiole
segments of COLEUS. Physiol. plant. 1975, 34, 208-215.
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Resultaten van het project No. 10

Hoofd van het team en wetenschappelijke medewerkers:
C. Broertjes, S. Roest and G.S. Bokeimann.

Titel van het project:

The development of adventitious bud techniques in vivo or in vitro
for mutation breeding.

Beschrijving van de resultaten:

The use of the adventitious bud technique, namely the development of
adventitious plantlets on detached leaves, has proven to be a powerful

tool in mutation breeding because usually a high percentage of solid
mutants is obtained after irradiation of leaves. This has been demonstrated
in a number of crops such as Achimenes, Begonia, Streptocarpus and others,
which aspect of the project is discontinued and replaced by the development
of in vivo and in vitro propagation techniques for mutation breeding (c).

Interesting results were obtained in a few new experiments in which the
effect of DTT (dithiothreitol) upon radiosensitivity, mutation frequency
and mutation spectrum is being studied, using Achimenes as a test plant

(a) (Broertjes). In another experiment with Achimenes it was demonstrated
that autotetraploids indeed produce a much higher mutation frequency and
probably a (much) wider mutation spectrum as compared to the parental
diploid (b) (Broertjes).

The second and increasingly important part of the project (c) (Roest and
Bokelmann) is the development of the method in crops which do not
spontaneously produce adventitious buds. Besides in vivo techniques also
in vitro methods are studied since some of the latter look more and more
promising, either as a tool in plant breeding or as a (fast) propagation
method.

In Chrysanthemum adventitious bud techniques were developed in vivo with
detached leaves and in vitro using explants of flower heads, pedicels and
leaves. In addition, the significance of these methods was evaluated for
mutation breeding. Experiments have just been started to develop adventitious
bud techniques <n vitro for Begonia and the important food crop the potato.

DTT treatment of seeds, prior to irradiation with X-rays or fast neutrons,
has proven to have a protective effect in Arabidopsis. This is explained on
the basis of the prevention and/or the efficient repair of chromosome breaks
and the resulting (gross) chromosome aberrations. This has been tested in
the asexual propagated species Achimenes cv. Cupido. The maximum permissable
DTT concentration and application time was 1% during 2 hours without
irradiation. With subsequent irradiation 0.5% during 2 hours was preferred,
giving the same or even a better protection as compared to 1%. A
considerable protective effect was observed: 4 krad X-rays, being almost
lethal without pretreatment, is comparable with 8 krad X-rays with pre-
treatment, concerning survival.(With fast neutrons this is 1% and 2 krad,
respectively). The mutation frequency was (much) lower with pretreatment.
The final effect was that a pretreatment with DTT decreases the mutation
frequency compared on the basis of production of large rhizomes, which is
correlated with survival of the leaves. The mutation spectrum did not

differ with that of non-pretreated leaves. The results suggest that

a) most mutations, drastic or non-drastic ones, are in fact chromosome
aberrations, b) DTT only reduces the number of aberrations and c) no
conclusions can be drawn whether or not DTT is a general radical scavenger
or preferentially repairs or prevents chromosomal damage.
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b. The diploid cv. Tarantella and its autotetraploid cv. Tango were
used to test the phenomenon (observed earlier in Saintpaulia and
Streptocarpus on a non-significant small scale) that autotetraploids
can produce extremely high mutation frequencies. Leaves of the diploid
“"Tarantella'" were irradiated with a few X-ray and fast neutron doses.
Among 570 adventitious plantlets, produced by these leaves, only 6
mutants were found (1.1%) with slight variations in flower colour and
flower size. One mutant was more distinct, having a compact growth
habit. The low mutation frequency could be explained on the basis
of a relatively low heterozygosity (which will be investigated).
Similar treatments were given to leaves of the tetraploid cv. Tango.
Among 970 adventitious plantlets, so far approx. 300 mutants were found.
A surprisingly high mutation frequency (+ 30%), as compared to the
diploid '""Tarantella'', for which no explanation is at hand at present.
Moreover, a (very) wide mutation spectrum has been observed (dwarfy
plants, probably based upon drastic chromosomal aberrations, but.,also
fairly normal plants with a relatively large variety of different
pink and red-(dish) flower colours).

t. Using pedicel explants of the cultivars Super Yellow and Bravo of
Chrysanthemum morifoliwn Ram. in vitro a very fast propagation could be
achieved. In practice this method attracted attention and two
chrysanthemum nurseries have just started to use this iZn vitro procedure
for vegetative propagation. This method further appeared to be attractive
for storage; pedicels of the cultivars Super Yellow and Bravo could be
stored for at least 15 and 12 months, respectively, at 2°Cc, after which
periods isolated shoots were subcultured and still easily initiated
adventitious roots and consequently complete plantlets at 20°C. In view
of mutation breeding, in a final experiment pedicels of the cv. Bravo
were irradiated with 800 rad X-rays, being approximately the optimum
dose. It was again demonstrated that via an Zn vitro culture almost
exclusively solid (non-chimeral) mutants were produced, with a flower
colour and/or size and form of the flowers differing from the original
"Bravo'' type. In addition, rather often more than one phenotypically
identical solid mutant was found, which always was derived from the
same explant. Consequently, they ultimately originate from a single
mutated cell (Broertjes, Roest and Bokelmann, 1976). The solid nature
of these mutants was confirmed in an experiment in which 5 striking
mutants were propagated asexually in two ways, namely by rooting shoot
cuttings and by propagation in vitro, using pedicel explants.

Plants of both groups were subsequently irradiated with a high dose of
X-rays (2000 rad) and exposed to short day conditions and induced to
flowering. If the mutated plants would be of a periclinal chimeric nature,
after irradiation uncovering of the apex had to be expected and flower
heads of the ''Bravo'' genotype would become visible. In view of the fact
that this phenomenon has never been observed it was proven that via this
in vitro method solid mutants were produced.

The Zn vivo formation of adventitious shoots on detached leaves of cv.
Bravo could be further stimu)ated by a mineral nutrition with KNO3 or
NHyNO3; 25 cc per week per leaf of a solution containing 2 gr/l being
approximately optimal. In a first experiment with irradiated leaves of
cv. Bravo it was determined that the Zn viveo production of adventitious
shoots on detached leaves is not the method of propagation which we are
looking for to be used for mutation breeding, amongst others because a
substantial percentage of chimeral plants was observed.



— 650 —

A final experiment has been started, under more optimum conditions,

in which the significance of this in vivo method will again be
evaluated using approximately 3500 leaves irradiated with 0, 750, 1000
and 1250 rad X-rays. From these leaves about 1000 adventitious shoots
were derived, which were grown up to plants and subsequently induced to
flowering under short day conditions.

In view of the fact that space is limited in the '"short day'" growth
chamber, so far not all 1000 plants did flower yet.

However, it can already be concluded that, in contrast with the first
experiment, almost all mutants, characterized by a different colour, form
or size of the flower heads, were of a solid nature, which phenomenon
was also observed after irradiation of pedicel and leaf explants and
the subsequent Znvitro culture.

Furthermore research has been started with the monectochimeric potato
clone EM 52 of the cultivar Désirée. Preliminary experiments proved to

be rather successful and via adventitious bud and root formation in vitro
the first plantlets were produced, which could be transplanted into soil
and subsequently grown up to plants.

Our experiments with the potato (Solanum tuberosum L.) will be continued
using different explants of several cultivars.

In addition experiments have been started to develop adventitious bud
techniques for the triploid Begonia clones ''Schwabenland'' and ''S0¢'.

So far the first adventitious shoots were produced using different explants
cultivated in vitro.

Publications -~ 1975
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23-31 (1975) (Meeting at Tokai, Japan, 1974).
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morifolium Ram. in vitro. Scientia Hort. 3; 317-330 (1975).

ROEST, S. and G.S. BOKELMANN. Mutatieveredling van Chrysanthemum mortfolium.
Vakblad Bloemisterij (1976)

ROEST, S. and G.S. BOKELMANN. Vegetative propagation of Solanum tuberosum L.
in vitro. Potato Research (1976).
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Resultaten van het project No. 12

Hoofd van het team en wetenschappelijke medewerkers:

A.J.G. van Gastel. ’

Titel van het project:

Induction of self-compatibility in dihaploid Solanum tuberosum L.

Beschrijving van de resultaten:

In 1975 no experimental work has been carried out.
The final report concerning the induction of self-compatibility in dihaploid
Solanwn tubercswm L. is in preparation and will become available in 1976.
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Resultaten van het project No. 13

Hoofd van het team en wetenschappelijke medewerkers:
A.J.G. van Gastel, D. de Nettancourt.

Titel van het project:

Spontaneous and induced mutations at the S-locus: A comparative analysis
on the origin and nature of constructive and negative mutations.

Beschrijving van de resultaten:

The generation of new self-incompatibility alleles.

In order to increase our knowledge on the generation of new S-alleles
experiments were conducted with the aim to distinguish between the
recombination theory and the inactivation-reactivation hypothesis,

both possible explanations for the occurrence of new alleles in
Lycopersicon peruvianum Mill.

The results, which should be considered as very preliminary, because the
testcrosses were not always conclusive, indicate (table 1) that different
S-specificities are present in the inbred progenies. Among these, two are
the parental alleles, S and S2, which are of course expected to be present
in the populations, and the others are S3, Sy, S5, Sg and S7. Hence, it
seems that a plant can give rise to an inbred progeny which is segregating
for several S-alleles. The new specificities were only detected in the
pistil which, in some cases, could be shown to contain simultaneously 5
different specificities. The majority of the plants with the new S-alleles
were analysed to see if these incompatibility relationships did not result
from a single state of sterility. This is not the case because each plant
was normally cross-compatible with tester stocks not carrying the S- )
alleles which had been detected in their styles.

Not a single case of a new specificity was found in the pollen and therefore
it seems that new specificities are'first generated in the pistil.

The crosses, performed on each inbred plant, aimed at testing the hypothesis
on intracistronic crossing-over and the reactivation-inactivation theory
derived from the concept of EDSTRUM concerning the storage of genetical
variability. If S3 (the new specificity originated after inbreeding S152
genotypes) appears from inbred S1S2 plants it would have been demonstrated
that the specificity of a new S-allele depends upon the identity of the
parental alleles and that, crossing-over may be involved in the generation
of a new S-specificity. The appearance of Sg or Sy (this means the
specificity of the L. peruvianum plant used as grandmother) in the inbred
progeny would substantiate the hypothesis on the resurgence of new
specificities which were present in the ancestral clones.

The results obtained showed that S3, Sg and Sy appeared as new specificities
and one might conclude that apparently the two hypotheses were correct.

One must, however, consider the fact that the inbred population, which
normally should have segregated for only S1 and Sy alleles, was found to
contain, in at least some plants, all the S-alleles which could be tested

by the tester stocks.

Hence, one wonders if other new alleles, completely unrelated to the family
history of the inbred population, would not have been found if appropriate
tester stocks had been available for detecting such alleles. The possibility
needs to be verified, but it is tempting to consider the self-incompatible
plant as the carrier of .the complete collection of S-alleles segregating

in the species and to consider inbreeding as the agent for switching on

and off some of these alleles in a particular genetic background.
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Similar results have been obtained with inbred plants of Nicotiana
ilata Link et Otto at our laboratory. On the basis of these studies
it appears, althouch on a prellmlnary basis, that:

new specificities are generated in inbred populations.

- the appearance of these new specificities is at first restricted
to the style and occurs in such a manner that a diploid style can
express more than two alleles of the S-locus.

- this manifestation of polyallelism in diploid styles excludes the
possibility that the results obtained in the present experiment
simply derived from contamination by stray pollen. Such contamination
could possibly explain the occasional appearance of one new
specificity but it can not result into the presence of several new
S-alleles in an inbred population, nor lead to the accumulation of
several different S~alleles, within a single pistil.

» the occurrence of new specificities will pass unnoticed by the ,
experimentator, unless specific attempts with appropriate tester
stocks are made to detect such new alleles.

‘able 1 - S-genotype in the pollen and the style of inbred plants of
Lycopersicon peruvianum Mill. (genotype $:S;).

Genotype in

style pollen no.
5252 525,
SISZ SISZ
5257 SISZ 1
515253 1
51525357 SISZ 1

5253% 5152 !
51525355 SISZ 2
51525354 SISI 1
5152535557 SISI 1
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Publications - 1975

GASTEL, A.J.G. VAN and D. DE NETTANCOURT. The effects of different
mutagens on self-incompatibility in Nicotiana alata Link
and Otto. !|l. Acute irradiations with X-rays ans fast
neutrons. Heredity 34, 381-392 (1975).

GASTEL, A.J.G. VAN and D. DE NETTANCOURT. The sensitivity of the
pollen and stylar component of the self-incompatibility
reaction to chronic gamma irradiation. Radiat.Bot. 15,

(1975).

GASTEL, A.J.G. VAN and D. DE NETTANCOURT. The generation of new
incompatibility alleles. Incompatibility Newsletter 6,

66-69 (1975).

NETTANCOURT, D. DE, M. DEVREUX, F. CARLUCC!O, M. CRESTI, E. PACINt,

G. SARFATTI and A.J.G. VAN GASTEL. Facts and hypotheses on the origin
of S mutations and on the function of the S gene in
Nicotiana alata and Lycopersicon peruvianum. Proc.R.Soc.
Lond.B., 188, 3L5-360 (1975).

GASTEL, A.J.G. VAN. Mutability at the self-incompatbility locus and
identification of the S bearing chromosome in Nicotiana
alata. Ph.D. thesis, Agric. University, Wageningen
(in press).
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lesul taten van het project No. 14

{foofd van het team en wetenschappelijke medewerkers:

A\.J.G. van Gastel, F. Engels, F. Carluccio and D. de Nettancourt,
Titel van het project:

Istablishment of linkage relationships with the S-locus of self-
incompatible plants and identification of the S-bearing chromosome.

Jeschrijving van de resultaten:

identification of the S-bearing chromosome in Nicotiana alata Link et Otto.

The chromosome bearing a given gene can be determined with the help of
trisomic series and by the analysis of segregation ratios in their
yrogenies.

then all the chromosomes can be distinguished morphologically, karyotype
inalysis allows, in combination with the genetic data, identification of
he chromosomes bearing the various genes characterized by their trisomic
inheritance.

lith regard to the identification of the S-bearing chromosome the
situation is, however, more simple. Due to the fact that a style does
ot accept pollen grains with a matched S-allele, aneuploid individuals
vith three different S-alleles will reject three different classes of
ollen grains and can be selected by means of simple testcrosses with
ippropriate homozygous tester clones.

such aneuploid plants with 3 different S-alleles were produced by crosses
yetween a triploid (SaSaSb) and a diploid (ScSd) ¥. alata plant.

\ll individuals which displayed in their styles three different S-
ipecificities were cytologically examined in order to identify the
:hromosome (s) which are present three times.

The idiogram (see Fig. 1) and the armlength ratios for the haploid set

»f N. alata chromosomes have been established by Carluccio et al. (1974).

n Table 1 the results of the karyotype analysis are summarized, taking
nto account the fact that the chromosomes within a group (St and St2;
aty and Satg; My and Mz; M3 and My) can hardly be distinguished.

‘able 1. Karyotype analysis of aneuploid plants which display three
different S-specificities.

chromosomes which are present 3 times
aneuploid St Sat M M
withpthree number of Telo and}or and/ér and}or and;or
PR chromosomes

S-specificities Sty Saty Mo My
C191 A-22 24 x x X x
C191 A-26 23 X X X
C191 A-3 25 X X X X
C191 A-18 22 X x x
C191 A-19 19+1 X
C191 A-30 23 X X X
C191 A-35 20 X
C191 A-42 24 X X X X
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'lant C191 A-19 could have been the most important one because it

nly displayed 19 chromosomes. However, besides three Sat| chromosomes,
1 centric fragment was present in addition to the 19 chromosomes.

vince an S-allele may be situated on such a fragment the results of

:he karyotype analysis can not be used for the identification of the"
»-bearing chromosome. Since in the remaining aneuploids (see Table 1)
:he nonsatellitec acrocentric chromosomes (Stj, Stz) are the only ones
thich are always present three times it can be concluded that one of
hese chromosomes is the S-bearing chromosome.

inalysis of the nonsatellited acrocentric chromosomes of C191 A-22
ndicated that in this plant probably only Sty is present three times.
loreover it appeared that in C19%1 A-26, C191 A-3, CI191 A-18, €191 A-30,
1191 A-35 (see Fig. 2) and C191 A-42 both nonsatellited acrocentric
‘hromosomes were present three times. Therefore it can be concluded
‘hat the largest nonsatellited acrocentric chromosome is the S-bearing
me in Nicotiana alata Link et Otto.

‘o confirm this conclusion and because the two nonsatellited acro-
.entric chromosomes differ only slightly in their morphology, staining
f the chromosomes of ¥. alata by means of banding techniques has been
nitiated. The results showed that the Giemsa C-banding technique is
‘ery promising and may allow a clear distinction between morphologically
dentical chromosomes in ¥. alata.

Publications - 1975

GASTEL, A.J.G. VAN and F. CARLUCCIO, lIdentification of the S-bearing
chromosome in NZicotiana alata. |ncompatibility Newsletter
6, 87-90 (1975).

GASTEL, A.J.G. VAN. Mutability at the self-incompatibility locus and
identification of the S-bearing chromosome in Nicotiana
alata. Ph.D. thesis, Agric. University, Wageningen (in press).
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Resultaten van het project No. 15

Hoofd van het team en wetenschappelijke medewerkers:
G.M.M. Bredemeijer.

Titel van het project:

Biochemical aspects of self-incompatibility in Lycopersicon peruvianum Mill
and Nicotiana alata Link and Otto.

Beschrijving van de resultaten:

In a previous study it has been suggested that peroxidase isoenzyme 10

in styles of Nicotiana alata might be involved in the rejection of in-
compatible pollen tubes because the tips of these tubes grow in a stylar

part with a high peroxidase 10 activity, whereas compatible tube tips

grow in a part with a very low activity of this isoenzyme. In order to
confirm or reject this hypothesis, the influence of various techniques
available for obtaining a temporary breakdown of the self-incompatibility
reaction on the activity of peroxidase 10 should be studied. During the

past year the effect of bud self-pollination and delayed self-pollination

was studied.

The pollination-induced increase in peroxidase 10 activity, observed in mature
styles, does not take place in immature styles unless the pollinations are
carried out within one day before anthesis. A study of pollen tube growth

and seedset revealed that the incompatibility character increases clearly
during the last day before anthesis. The fact that the shift from compatibility
to incompatibility corresponds to the change in capacity to induce

peroxidase 10 activity after pollination supports the hypothesis of an
involvement of this isoenzyme in the rejection reaction.

Further evidence that peroxidase 10 plays a role in the inhibition of in-
compatible pollen tubes was obtained by studying the influence of the age

of the mature flower on pollen tube growth and pollination-induced increase

in peroxidase 10 activity. The rate of pollen tube growth of incompatible
pollen in aged flowers {(fig. 1; Ak) is, at a first stage of about one and

a half day, + 40% of the growth rate of compatible pollen tubes. Subsequently,
the rate of incompatible pollen tube growth is much more reduced suddenly. In
flowers selfed at anthesis {(fig. 1; Ao) the inhibition during the first 2 days
after pollination is as strong as that observed during the first inhibition
phase (+ 14 day) in flowers selfed at 4 days after anthesis; afterwards the
inhibition of pollen tube growth increases gradually instead of abruptly as
observed in the aged flowers.

Comparison of peroxidase 10 activity in the various segments of styles

selfed at anthesis and 4 days following anthesis (fig. 2) revealed a clear
difference at 31 h after pollination when the two growth curves of in-
compatible pollen tubes (fig. 1) begin to diverge. In segment 2 peroxidase

10 activity is much higher when selfing was carried out 4 days after

anthesis than when selfing was performed on the day of flower opening.

This segment corresponds exactly to the stylar part in which differences in
pollen tube growth are initiated {fig. 1). In the segments 1 peroxidase 10
activity is low in both cases and the rates of pollen tube growth remain
identical. The fact that the two incompatible pollen tube growth curves

in fig. 1 diverge at a moment that the pollen tubes have just entered

stylar parts which differ in peroxidase 10 activity supports the hypothesis
that this isoenzyme is involved in the rejection of incompatible pollen tubes.
This result also demonstrates that the action of peroxidase 10 is not the
only inhibiting principle because incompatible pollen tubes are already
retarded in segment 1 (fig. 1) in which peroxidase 10 activity is very low.

In spite of the fact that both the bud-pollination experiments as well as
the delayed self-pollination experiments revealed a positive correlation
between peroxidase 10 activity and the strength of the rejection reaction one
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asultaten van het project No. 16
oofd van het team en wetenschappelijke medewerkers:

.M.G. Ebbens-Groot, F.M. Engels, C. Broertjes, K.H. Chadwick, H.P. Leen-
outs, K.J. Puite.

itel van het project:

he radiation dose-fractionation effect in Saintpaulia.

eschrijving van de resultaten:
Dose fractionation experiments with detached leaves of Saintpaulia.

eaves of Saintpaulia “onantha H. Wendl. cv. Utrecht develop a higher

adioresistance against a second X-ray dose when exposed to a low

nitial radiation dose, which effect reaches a maximum 8 to 24 h after

he first dose.

oncerning this dose-fractionation effect, the influence of the chemical

protector DTT (dithiothreitol) upon subsequently irradiated leaves,,

as studied. Modification of the dose-fractionation effect by means of

his compound is considered as being helpful for a better understanding

f the dose-fractionation effect. it has been demonstrated, that DTT

ives approx. the same ''protection' against a high X-ray dose as the low

nitial dose of 530 rad does, whereas the combination of these two factors
DTT given just before the second dose) gives some additional '"protections'

hereupon. The modification of the effect of the initial dose by means of

TT has also been investigated, applying DTT-treatments either before/after

he 500 rad treatment or without 500 rad treatment, followed by a series

f (second) doses, 24 h thereafter. Leaves treated with DTT following

he 500 rad irradiation showed a higher radiation resistance against a

econd dose than leaves treated with DTT before this low-dose irradiation.

he comparable DTT-treated and acutely irradiated series and the non DTT-
reated, fractionated series showed nearly equal radiation sensitivities.

hese sensitivities were higher than those found for the treatments with

TT before or oafter the 500 rad dose, followed by a series of second doses.
DTT-treatment, given before the 500 rad irradiation, therefore, seems to

nterfere with the 500 rad-effect, with the result that the 500 rad
rradiation cannot induce the usual amount of ''protection' against a second

high) dose given later-on.

oncerning the research on this part of the project, carried out in the

eriod 1972-1975, a thesis of Mrs. H.M.G. Ebbens-Groot is in preparation.

I. Cytological and morphological investigation on the onset of reactivity
of epidermal cells in detached leaves of Saintpaulia.

he onset of mitotic activity in epidermal cells at the base of the petioles

f detached leaves shows up within 4-5 days of cultivation in water. After

7 days of cultivation, meristems have been formed at the base of the

etiole. These meristems are exactly the same as those found in the

entre of the motherplants producing these leaves. The meristems can be

onsidered as potential plantlets. These adventitious plantlets can be

ounted with the naked eye after 9 weeks of cultivation. It was observed

hat:
the distribution of meristems near the base of the petiolé is not uniform;
the number of epidermal cells, participating in the formation of the
meristems, varies considerably;
the number of meristems, observed after 17 days of cultivation, is twice
as large as the number of plantlets found after 9 weeks of cultivation;

. At increasing age of the leaves a characteristic decrease in the number
of cells, which can be reactivated, has been observed;

. the length of the petiole determines the time needed for reactivation at
the base as well as the size of the region where reactivation takes place;

. within different leaves the region of reactivation may have the same
width around the petiole, but the number of cells in the length of the
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petiole varies with a factor 2-3. This is related to different stages
of cell elongation between the different leaves.

In irradiation experiments (acute or fractionated) we observed, being

aware of the above nentioned facts, that:

1. the number of reactivated epidermal cells increases approximately
2x by low dose irradiation;

2. in both types of experiments a dip in the dose-effect curve was found
at 4,5 krad, which coincides with a visible change in the morphology
of the meristems. In the range 0 - 4,5 krad, very large meristems, and
between 4,5 - 9,0 krad very small meristems are formed.

Such studies on the effects of radiation at cellular and meristematic
level are considerably affected by all factors infiuencing the reactivation
process in epidermal cells and the growth of meristems. Reproducibility
therefore should be improved by minimizing the effects of such factors.

With respect to the preceeding findings it seems necessary to standardize
an area of cell reactivation and meristem formation.
A method has been worked out of wounding the epidermis of detached leaves.
Somewhere between the base of the petiole and the leaveblade, smali holes were
made by glass needles of varying diameter (touching 1 to 30 epidermal cells).
Reactivation, meristem and plantlet formation normally occurred near the
hole. The reactivated area is surrounded exclusively by still inactive Gy
cells. It was, however, found in repeated experiments that the number of
dead cells was not correlated to the number of destroyed cells caused by
the wounding with the glass needle and the reactivated cells were not
homogeneously distributed around the hole, when countings were made after
5 days of cultivation. When the number of reactivated cells was counted at
8 days of cultivation, the first reactivated cells were already dividing
and their original number could only be estimated. Another difficulty was
the injury to the epidermal strip due to the preserce of the holes, at
the time it was made from the petiole. Part of the reactivated cells, in the
surroundings of the hole, remained in fact on the petiol=.
Unicellular wounding of the epidermis may be obtained by shaving off the
epidermal hairs with an electric razor. The hairbase in the epidermis
consists of a number of small cells (in fact originating epidermal cells).
When the hair is shaved off only the base cells of the hair are reactivated.
The groups of base cells are all surrounded by inactive G, cells. The whole
area of the epidermis that has been shaved, is covered with small meristems
after 3 weeks of cultivation. Although these results were very promising we
had to reject this method for the following reasons:
1. Shaving off all epidermal hairs at the same level (very critical)

appeared to be unreproducible.
2. By the shaving action several hairs are broken, causing the base cells

to die.
3. Where the surface of the petiole is touched by the shaving apparatus,

all epidermal cells are reactivated.
L. An important variation in the number of base cells has been found.

At present areas of reactivation on the dorsal face of the petiole, near
the base, where the disturbing influence of most of the factors mentioned
above may be avoided, are considered for investigation.
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esultaten van het project No. 18

oofd van het team en wetenschappeli jke medewerkers:
. Broertjes.

itel van het project:

rganization and coordination of applied mutation breeding.

aschrijving van de resultaten:

aring 1975 many scientists and commercial plant breeders used the
arvice of the Association, namely:
. information about the possibilities of mutation breeding in solving
problems in specific crops.
requests for literature.
irradiation of plant material.

1 cooperative projects between breeders and the Association, 17 new

rogrammes were started, the majority of which with vegetatively

ropagated plants (Anthurium, Chrysanthemum, carnation, Euphorbia fulgens (2x),
1lanchoé, Malvaviscus, Scilla tubergentana, Stephanotus, Sinningia,
treptocarpus, tulip and potato) and 4 with seed propagated species

Jyelamen, Pennisetum (Kenia), wheat and 'megurk'', a crossbreeding

~oduct between melon and gherkin).

1is brings the total number of projects, started since 1959, at 223.

:veral mutants, resulting from some of these projects, were

1itroduced into commerce, such as: Alstroemeria cv. Rosali and cv. Zebra

Ir. Verboom, v.Staaveren, Aalsmeer), Begonia cv. Tiara (Doorenbos and

irper, Dept. of Horticulture, Agric. Univ., Wageningen) and the

wrysanthemum cultivars Blue Winner, Bronze Winner, Coral Winner, White
inner, Yellow Winner and Yellow Fiducia (lr. van der Knaap, Fides, De Lier),
e Winner-types apparently being quite successful.

e Mutation Breeding Contact Group had its annual meeting at Cadarache,
-ance, for the first time jointly with the European Society of Nuclear
ithods in Agriculture (ESNA), in particular with the working group
ipplied Mutagenesis''. This will be repeated every two years, when ZSNA
:ets in a West-European country.

iblications - 1975

\ERTJES, C. Minutes of the meeting of the Mutation Breeding
Contact Group, held at VWageningen, October 1974.
(Ext. Report No. 23 of the Association Euratom-|TAL);
86 pp. (1975).
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Resultaten van het broject Ho. 20

Hoofd van het team en wetenschappelijke medewerkers:
H. Stegeman.

Titel van het project:

The radiation and heat resistance of bacterial spores.

Beschrijving van de resultaten:

Role of metal content in radiation resistance

As mentioned in the annual report 1974 spores of Bacillus subtilis

ATCC 6633 with a high manganese content, obtained by increasing the
manganese content of the sporulation medium or reducing its calcium
content, were more resistant to irradiation. This study has been

continued with spores of the thermophilicstrain Bacillus stearothermophilus
1518R. Spores were produced in a chemically defined liquid sporutation
medium with 1 ppm Ca2+ and 10 ppm Mn2+, 25 ppm Ca2* and 10 ppm MnZ*,

25 ppm Ca?+ and 50 ppm Mn2+, respectively. The heat resistance was
significantly higher for spores formed in media with 1 ppm Ca%* and

10 ppm Mn2+ or 25 ppm Ca2+ and 50 ppm Mn2* than for spores formed in

the other medium. There was no difference in radiation resistance

under anoxic conditions. Under oxic conditions the shoulder of the
survival curve of_spores produced in media with 1 ppm Ca¢* and 10 ppm

Mn2* or 25 ppm Ca2* and 50 ppm Mn2+ was larger.

Different kind of radiosensitizers were used to get more information on
the mechanism of protection and about the localization within the spores
of those metals which were able to increase the resistance to irradiation.
Hydrated spores in water get essentially 99% of their damage from indirect
action via radiolysis products of water (.OH,"H and e” aq).

Under anaerobic conditions the main damaging radical responsible for
indirect action is thought to be the hydroxyl radical. The increase of
radiation resistance of sodium loaded spores was only measured under
aerobic conditions. An increase in hydroxyl radical concentration

- resulted in sensitization to the same degree of sodium loaded and untreated
spores. These results indicate that the protection by loading the spores
with some specific metals might be associated with the oxygen effect. It
was remarkable, in this respect, that also the hydrogen radical increased
the radiation sensitivity of sodium loaded spores; the hydrated electron
seemed to play no significant role. Data about the other kind of
sensitizers and about spores with other properties are not yet available.

Synergistic effect of irradiation and heat (in cooperation with F. Engels).

Bacterial spores are more easily destroyed by heat when they are first
subjected to a sub-lethal dose of gamma radiation. The correlation between
the fonic state of bacterial spores and the synergistic effect, as reported
in annual report 1974, suggest that the sensitizing mechanism of pre-
irradiation is likely located in the spore cortex and associated with the
role of the peptidoglycan polymer in maintaining the heat resistance of the
spore. The aim of this study was to get basic information on the role of
the spore coat in the synergistic effect of a combined radiation and heat
treatment. The disulphide-rich protein, probably located in the outer coat
regions of spores, is important in determining the spore resistance to
enzymes and to lysis with H20,, because spores treated with reagents which
rupture S-S bonds become sensitive to lysozyme and to lysis with H07.

The results of our experiments with mercaptoethanol demonstrate that the
disulphide-rich layer is also important in protecting the spores to the
sensitizing effect of pre-irradiation to subsequent heat treatments. The
mercaptoethanol treatment did not alter the heat resistance of B, subtilis
ATCC 6633 spores in water or in buffer but the sensitizing effect of pre~
irradiation increased markedly (fig. 1).
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Qualitatively similar results were obtained with spores of B.
stearothermophilus NCA 1518R, however, their heat resistance

decreased to a certain extent (table 1). Electron microscopical

examination of thin sectioned spores showed that mercaptoethanol

caused no detactable changes in the coats of B. subtilis spores.
Examination of B. stearothermophilus spores suggested that the
Mercaptoethanol treatment removed the thin outer coat layer (fig. 2a

and b). A possible explanation for the role of disulphide bonds in
determining the spore resistance to a combined radiation and heat

treatment might be that the disulphide can serve as a donor source of
electrons for repairing the peptidogiycan damage caused by ionizing
radiation.

In the literature it was noted that extraction of spores with dithiothreitol
plus sodium taurylsulfate could remove both the inner and the outer coat
without affecting viability or heat resistance. We found with B. subtilis
ATCC 6633 that a first dithiothreitol treatment resulted in partial removal
of the inner coat layer (fig. 3a and b). Further removal of the inner coat
could be obtained by repeating the extraction (fig. 3c). Complete removal
of the spore coat was not achieved. Similar results were obtained with

B. stearothermophilus NCA 1518R. One extraction treatment with dithio-
threitol resulted in the removal of the outer coat and a reduction of the
inner coat (fig. 2c). Further treatments with dithiothreitol affected
strongly the viability of B. stearothermophilus spores.

The heat and radiation resistance of treated B. subtilis spores was
unchanged. The heat-sensitiziation of treated spores by irradiation
increased strongly and was exactly identical to the heat-sensitization for
B. subtilis spores treated with mercaptoethanol. There was no difference

in level of sensitizing between once and thrice treated spores.

The radiation resistance of treated spores of B. stearothermophilus was
also unchanged but the heat resistance in water decreased. The

synergistic effect of irradiation and heat increased remarkably (table 1).
One might expect that a reduction of the coat is responsible for a
stronger attack on the psptidoglycan by the radiolytic products of water.
The difference in heat-sensitization by irradiation between B. subtilis and
B. stearothermophilus might be due to the greater protective role of the
cortex of B, stearothermophilus in maintaining the higher heat resistance of
these spores.

Table 1 - Effect of pretreatment on heat sensitization of B. stearothermophilu:
1518R spores by irradiation.

heat resistance without | heat resistance with
ore-irradiation pre-irradiation (100 krad)
E

pretreatment

. X _ .
untreated control D1150C = 7 min DI1SOC = 5 min

me rcaptoethanol-

urea DIOSOC =18 min DIDSOC = 2 min
dithiothreitol- . _ .
SLsS DIOSOC =18 min DSSOC =5 min

*Value calculated from the linear part of the survival curve.
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Resultaten van het project No. 21

Hoofd van het team en wetenschappelijke medewerkers:
J.G. van Kooij, H.B. Leveling.

Titel van het project:

The .influence of environmental factors on the radiation resistance of
microorganisms. The influence of the wateractivity of the medium.

Beschrijving van de resultaten:

A number of products have been used for a study of the wateractivity effects
on the radiation resistance of a Citrobacter species.

The incorporation of the test microorganism into media of different water-
activity was done in several ways. Citrobacter was allowed to grow in
compost of A, = 0.99. The CZtrobacter enriched seed culture was either
directly transferred to dry, sterile compost (cf. Figure 1, compost direct),
or first lyophilized and then transferred to compost (cf. Figure 1, compost
lyophilized). Conditioning of the inoculated samples of compost to different
moisture contents (corresponding with different A, vaiues) was done by
adding and thoroughly mixing of pre-calculated amounts of sterile water.
Fishmeal as well as compost were inoculated with a suspension of (itrobacter;
during mixing a pre-determined amount of sterile water was added, and
finally the samples of fishmeal and compost were conditioned to different

A, values above saturated salt solutions. Samples prepared in this way are
indicated in Figure 1 by ""Fishmeal' and ''Compost''. Furthermore, the radio-
resistance of Citrobacter species was determined in mixtures of glycerol-
phosphate-buffer of different A,, denominated in Figure 1 'Glycerol'.

The Dig-values in krad of Citrobacter species, obtained from several samples
of irradiated media at various A, values are depicted in Figure 1.

Some interesting remarks can be drawn from the graphs. For the solid media
the radio-resistance of (itrobacter reaches a maximum in the range of A,
values between 0.4 and 0.7. For "‘compost lyophilized' the maximum was
shifted towards a higher Ay. Recovery of a smaller number of viable cells
at comparable Ay values under the condition where lyophilized cells are
used, does not necessarily reflect a cellular characteristic but rather
the influence of a stress effect. For solid media the radioresistance of
Citrobacter decreases in the lower range of A, values. Recovery of viable
cells from compost media is always smaller than from fishmeal, which most
probably can be ascribed to a much higher protective effect on the
bacteria present in a protein rich medium.

The ''glycercl'' graph is quite different from the solid media graphs. The
lowest Dyg is found if the glycerol/water mixture does not contain any or
only small zmounts of glycerol and the highest protective effect is
obtained in the absence of water. A second but much lower maximum in the
Dyg value was found at Ay value of approx. 0.7. The different graphs reflect
the radiochemical effects related to indirect and direct effects of
fonizing radiation. In case of higher Ay values corresponding with larger
amounts of available water the indirect effects are superior; in the lower
range of A, values the indirect effects predominate, but at the same time
protection of bacterial cells becomes operative, the magnitude of which
depends on the chemical composition of the medium.
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Resultaten van het project No. 22

Hoofd van het team en wetenschappelijke medewerkers:
W.W.A. Bergers. .
Titel van het project:

Radiation and heat effects on enzymes.

Beschrijving van de resultaten:

An extensive literature study was completed on the effect of gamma
irradiation on enzymes in living plant tissues with regard to the bio-
chemical changes, that occur in fresh fruit and vegetables during
storage after irradiation. In order to evaluate the changes in
irradiated vegetable foods a comparison was made with the biochemical
changes under general storage and under stress conditions.

The effect of gamma irradiation in biochemical activities induced in
fruit and vegetables during subsequent storage, generally declines
progressively from metabolically active to senescent plant tissues,
(e.g. climacteric fruits near the climacteric maximum, fully ripe
fruits and senescent leafy plant organs).

The induced biochemical activities in metabolically more active plant
tissues may introduce, after irradiation, either ''favourable' effects,
such as sprout inhibition and ripening delay, or stress effects
proportionally to the doses applied. This induced stress by gamma
irradiation disrupts normal metabolism and has many features in common
with storage conditions causing stress, e.g. chilling injury and
ethylene. They probably have in common that cellular membranes and
hormone regulated enzyme systems are damaged. !Increase of phenolic
compounds is the most typical response to radiation stress in fruit and
vegetables and this increase is mediated by the induction of the key
enzyme in phenolic biosynthesis: Phenyl Ammonia Lyase (P.A.L.).

The extent of increase in phenolic compounds needs further investigation
for two reasons: (1) increase of phenolic compounds affects quality of
commodities with regard to discolourations and changes in taste,

(2) increase of phenolic compounds raises the problem of naturally
occurring toxic compounds in vegetable foodstuffs.

It was decided to study the effect of radiation stress on those
vegetable foodsystems, in which the amount of naturally occurring toxic
compounds is known to be influenced by environmental stresses and an
experimental outline has been prepared for studies on changes in phenolic
compounds and solanine in the potato.

Publications - 1975.

BERGERS, W.W.A. Physical and biochemical changes of fresh fruit and
vegetables during storage and the effect of gamma irradiation.
External Report No. 41, Association Euratom-ITAL, December 1975.
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Resultaten van het project No. 24 )
Hoofd van het team en wetenschappelijke medewerkers:
J.G. van Kooij, H.G. Heins, D.Is. Langerak.
Titel van het project:

Coordination of food irradiation research.

Beschrijving van de resultaten:

1. Studies to promote practical application of food irradiation.

A category || petition for the irradiation of ''peeled potatoes'' was
rEquested in order to enable a study of irradiated peeled potatoes on
pilot plant scale.

In close cooperation with the Institute for Poultry Research ''Het
Spelderholt'' additional microbiological information on the occurrence
of pathogens in poultry became available. These data, in fact, were
requested by the Ministry of Health and Environmental Hygiene in order
to effectuate clearance in category Ill of irradiated chicken. A
request for unlimited sale has been petiticned, and the possibility for
unlimited sale of irradiated chicken is expected early 1976.

Category |l clearances for the irradiation of fillets of round and flat
fish as well as for the irradiation of cooked, benzoic acid treated
shrimps have been requested.

The National Health Council has appointed a Working Party upon request of
the Committee of food irradiation and the Committee of toxicology of the
Health Council. The terms of reference of the Working Party are:

- to review the acceptability of food irradiation with doses up to
300 krad as a preservation process without demanding complete
wholesomeness testing of each individual product;

- to review the acceptability of the general clearance of food, irradiated
with doses up to 50 krad without demanding any additional wholesomeness
testing.

This concept shifts from wholesomeness testing of individual irradiated
foodstuffs towards more broadly based testing procedures, which would

allow extrapolation of data to foods having common basic chemical constituents.
The ESNA Food Irradiation Working Group has proposed to organize in Spring

1976 in the Netherlands an international meeting on procedures for clearances
of a number of irradiated food products of common interest in member

countries of ESNA. This meeting will be held under auspices of the dutch
General Inspection for foodproducts of the Ministry of Health and

Environmental Hygiene.

2. Development of food irradiation outside the Association's Institute.

Upon advice of the iInstitute for Fishery Products TNO a working group was
formed to elaborate on the possibilities of a practical application of the
irradiation of fillets of flat and round fish, and of shrimps.

The Institute for Processing and Storage of Agricultural Products has
evaluated the data on low energy electron-beam irradiation of potatoes

with the result that electron irradiation does not prevent sprouting
satisfactorily, and the problem of after cooking discoloration can not

be solved by this technique. It was decided to prepare a proposal for further
studies on the mechanism, responsible for the after cooking discoloration

in irradiated potatoes.

The strength of the gamma-source of the Pilot Plant for food lIrradiation was
increased up to 180.000 Curies 50Co, and the 6 box-transport system was
changed into a 5 box system.
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Publications - 1975.

ANON.

ANON.

ANON.

ANON.

HEINS,

HEINS,

HEINS,

Toelatingsaanvrage voor het bestralen en in de handel brengen
van beperkte hoeveelheden (categorie 1) voorverpakte geschilde
aardappelen. April 1975.

Toelatingsaanvrage voor het bestralen en in de handel brengen
van onbeperkte hoeveelheden drooggeslachte kuikens (categorie 111).
May 1975.

Toelatingsaanvrage voor het bestralen en in de handel brengen
van beperkte hoeveelheden schol en kabeljauwfilets (categorie II).
November 1975.

Toelatingsaanvrage voor het bestralen en in de handel brengen
van beperkte hoeveelheden garnalen (categorie I1). November 1975.

H.G. Bestraling van uien onder praktijkomstandigheden ter verbetering
van de houdbaarheid. Rapport van de evaluatiecommissie voor de be-
straling van uien. lIssued by the Stichting Nederlandse Uien-Federatie.

H.G. The technological evaluation of a sea-borne trial shipment of
irradiated onions from Thailand. Association EURATOM-I1TAL, external
report Nr. 22.

H.G. Praktijkafzet van bestraalde verse slachtkuikens, in samenwerking
met vijf institutionele grootverbruikers. Association EURATOM-ITAL,
external report Nr. 35.

LANGERAK, D.IS, H.G. HEINS, M.H. NAQV!, G.A.A. DAMEN and R. HOVESTAD.

HEINS,

Quality evaluation of irradiated mangoes after sea-borne trial
shipment from South Africa. Association EURATOM-ITAL, external
report Nr. 36.

H.G. Die Anwendung von Gammabestrahlung in der Praxis zur Verbesserung
der Haltbarkeit von Zwiebeln. Die industrielle Obst- und Gemiise-
verwertung 60 (1975) 674-677.
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25

Hoofd van het team en wetenschappelijke medewerkers:

J.G. van Kooij, H.B. Leveling.

Titel van het project:

Coordination of research in the field of wholesomeness of irradiated food.

Beschrijving van de resultaten:

1. Reproductive function of Groot Yorkshire sows.

The study of the effects of irradiated and autoclaved feed on reproductive
function were continued during 1975 on schedule. The Fy sows produced their
second offspring, and the F; animals produced F3;.

Preliminary performance data of both offpsrings are recorded in table 1.

Table 1 ~ Reproductive function of sows

Feed |{Gene- Number of young born| Number of {Mean piglet weight |Pre-weaning
group {ration Viable[Still births | piglets {atbirth at 49 days| losses
weaned %
Auto- F2p 91 3 69 1520 13451 23
claved | F3, 78 6 68 1501 11982 13
Irra- | Fyp 90 5 71 1351 15430 31
diated | F3, 81 2 54 1306 15206 33
Controll Fap 82 11 4o 1439 15357 51
F3a 67 4 50 1458 14324 24

The Fy sows had been during the total experimental period of approx. 21
months on the respective diets. The total amount of test diets supplied to
the Fy animals during this period amounted to about 1300 kg per animal.

From clinical observations made during the experimental period no
disturbances were observed in the health of the animals of the two
experimental groups, that might be attributable to the feeding of irradiated
or autoclaved feed. The high percentage pre-weaning loss of the F2p litter
of the Control group is due to the Aujeszky disease.
The growth rates of the F5 and Fj, sucklings during the various periods
between two weighings are recorded in grammes per day in table 2.

Table 2 - Growth rates of F; generation

Feed |0 thr.5 days|6 thr.12 days| 13 thr.21 days|22 thr.36 days|37 thr.49 days
group | F2a | Fap | F2a | F2b Faa | Fap F2a | Fap F2a | Fab
Auto-

claved 169 | 158 238 | 218 214 215 264 250 379 319
Irra-

biated| 160 | 172 | 237 | 190 238 | 244 235 | 282 478 | 418
Lontro] 175 127 232 201 223 211 261 211 Lok 446

The results of foregoing table clearly indicate a reduced growth rate of the
piglets at the end of the lactation period for the feedgroup "‘autoclaved''.
The mean weight-increase per day during the period of 37 through 49 days

is about 20% less than the values obtained for the feedgroups 'Irradiated"
and '"Control"
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2. Wholesomeness studies of radappertized ham.

This chronic toxicity study involves the feeding of ham incorporated
into the standard diets of rats. Ham and lean meat was obtained from
pigs fattened on control, irradiated and autoclaved feed. This
toxicity test is progressing satisfactorily, and no adverse effects
on the test animals of the 5 experimental groups, fed the ham
incorporated diets, during the past 14 months were illustrated.

Publications - 1975

KOOIJ, J.G. VAN. Toxicologisch onderzoek van geautoclaveerd en bestraald
dieet bij varkens. Motivatie en protocol van de voedings-
experimenten. External Report No. 25.

KOO1J, J.G. VAN. Semi-chronisch toxiciteitsonderzoek van geauto-
claveerd en bestraald dieet bij varkens. Deel 1: de groei
van de proefdieren. External Report No. 27.
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Resul taten van het project MNo. 26
Hoofd van het team en wetenschappeli jke medewerkers:
D.ls. Langerak, M.H. Naqvi, H.G. Heins.
Titel van het project:

‘Preservation of fruits and vegetables by means of ionizing radiation.

Beschrijving van de resultaten:

1. Prepacked cut endive

The influence of packing (02 and CO; contents) and irradiation on the
keeping quality has been investigated.

After processing the product was packed in perforated and non-perforated
polythene bags of 0.02 and 0.065 mm thickness for varying the 02 and CO2
contents. The irradiation dose amounted to 0 and 100 krad. During various
storage intervals, some of the quality parameters such as microbial count,
colour changes, market quality and ascorbid acid (Vit. C) contents were
studied. With a radiation dose of 100 krad the shelf-life of the packed
endive in non-perforated bags was extended for 3 - 4 days.

There was some destruction of ascorbid acid immediately after irradiation,
but the difference in the unirradiated and irradiated samples disappeared
during the subsequent storage period. During storage a connection between
the quality deterioration and the decrease of ascorbic acid contents was
found. Low 0z content improved the colour (less oxidation of the
polyphenols) and the market quality of the irradiated product.

2. Prepacked cut yellow cabbage

Prepacked yellow cabbage discolours and spoils quickly after processing
(cutting). The influence of such factors as packing (€02 and 02 content)
and irradiation on the quality has been investigated. After processing the
product was packed in polythene bags. The gascomposition in the bags was
regulated by using: a) different foilthickness, b) various numbers of
perforations, c) various diameters of the perforations.

The cabbage was irradiated with doses of 0, 50 and 100 krad gammarays. During
storage the following parameters were studied: the quality (colour changes,
desiccation, decay), the total viable count, the Enterobacteriaceae and the
ascorbic acid contents.

The product was also tested organoleptically by a laboratory/consumer
panel. These experiments showed that the colour of the non-irradiated
product was better in non-perforated bags (low 0z-content) than in
perforated bags (high 07 content). However, in the non-perforated and non-
irradiated bags fermentation (souring) occurred caused by a too low 02
content and a too high microbial count. With the irradiated product no
discolouration occurred both in perforated and non-perforated bags.
According to microbiological examinations, a dose of 50 krad reduced the
total viable count with 3 ~ 4 decimals. A dose of 100 krad gave a reduction
of 4 - 6 decimals. The Enterobacteriaceae were reduced with 3 decimals at
50 krad. A dose of 100 krad eliminated these organisms almost entirely

(< log 1.4 g™1).

The influence of irradiation on the visible decay was obvious. The shelf-
life was increased with 75 - 100% in comparison to the control.

Considering the influence of cutting, packing, irradiation and storage
intervals on the ascorbic acid contents, the largest loss was caused by
cutting. There was some destruction of ascorbic acid immediately after
irradiation, but the difference with the non-irradiated samples disappeared
after 2 days. During storage the ascorbic acid content in the non-
irradiated samples decreased more rapidly than in the irradiated samples.
This reduction of ascorbic acid runs parallel tu the quality deterioration.
Sensoric tests showed that an irradiation dose of 50 krad is the most
appropriate.
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3. Colour tests

Up till now the quality evaluation of prepacked vegetables has been
carried out by subjective estimation, according to quality instructions.
A more objective method has now been developed by means of an Agtron-
colourmeter.

The aim of this part of the project was to establish a relationship
between the subjective (visual) and the objective measurements (colour-
meter) and to study whether the colourmeter can distinguish between the
influence of different treatments on quaiity.

With chicory {homogeneous product) an obvious relationship was found
between subjective and objective measurements. The influence of the
different treatments on the quality could also be distinguished by the
colourmeter. Experiments with endive (heterogeneous product) up till now
did not confirm these results.

4, Quality evaluation of treated mangoes

The aim cf this experiment was to check the possibility to export mangoes
by ship from South Africa to Europe and to evaluate the quality during
storage at ambient temperature after arrival. The mangoes were harvested
in an unripe state and afterwards treated as follows: a) non-irradiated,
b) 75 krad gammarays, c) treated with a fungicide + 75 krad. The product
was packed in cardboard boxes for transport (16 days at about 10°C).
During storage at approx. 20°C some of the quality parameters such as
appearance, texture and decay were studied. The product was also tested
organoleptically by a laboratory and a consumer panel. The mangoes started
to ripen only 5 days after arrival. The ripening was not only delayed by
irradiation, but optimum ripening never occurred. Especially by the
treatment fugicide + 75 krad - the spoilage was strongly delayed and in
consequence the keeping time was increased from 6 till 12 days.

The sensoric tests of the laboratory panel showed that the different
treatments did not influence the odour, taste and consistence; only the
flesh of the non-irradiated fruits was yellower and uniformer than those
of the irradiated fruits. The consumer panel preferred the treatment
fungicide + 75 krad, probably as a result of the better appearance (less
decay). This experiment has shown that transport by ship of treated mangoes
is possible, provided the temperature during the transport allows a
complete ripening (> 10°C).

5. Storage silverskin onions

During storage the quality of silverskin onions deteriorates quickly by
microbiological spoilage, rootformation and sprouting. The aim of this
experiment was to lengthen the storability of fresh onions intended for
processing by means of the combination irradiation-cooling. The silverskin
onions were irradiated with 0, 10 and 250 krad and stored at 2° and 10°C
respectively.

The results showed that storage at 2°C was better than at 10°C. The
storability was strongly influenced by the ventilation system in the
cooling room. An irradiation dose of 10 krad prevented root formation and
delayed sprouting. An irradiation dose of 250 krad unfavourably influenced
the quality of the fresh and preserved product.

Storage at 10°C and an irradiation dose of 10 krad improved slightly the
quality of the preserved product; but at 2°C no improvement was found as
compared to the non-irradiated product.

With an optimum ventilation system silverskin onions could be stored for
35 days at 2°C and, in combination with 10 krad, for 19 days at 10°C.
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6. Storage of seed onions

In the past sprout inhibition was obtained by doses of 1 - 4 krad
gammarays, when applied within four weeks after harvest. However, this
period is too short for processing the whole yield in an economic way.

It was shown that the dormancy could be lengthened by storage at 0 - 2%,
starting immediately after harvest. The effectiveness of gamma nrradlat|on
remained the same, even after a six weeks' period at that temperature.

7. Irradiation of steam-peeled potatoes

Previous experiments showed that the shelf-life of mechanically peeled
potatoes could be extended by the combination of sulphite dipping

(0,5% Na3$205) and irradiation (50 krad).

However, results with steam-peeled potatoes were less favourable due to
Ystarch bleeding'' induced by the peeling treatment. The shelf life of
non-irradiated steam-peeled potatoes was 1 - 2 days at 10°C; of the
irradiated samples at most 3 days. ’

Publications - 1975.

LANGERAK, D.I1S. The influence of irradiation and packaging on the
keeping quality of prepacked cut endive, chicory and onions.
Acta Alimentaria 4 (2), 123-138 (1975)

TANAKA, Y. and D.IS. LANGERAK. Effect of gamma-radiation on quality
and enzyme activities of prepacked chicory.
Journal of Food Technology 10, 415-425 (1975).

LANGERAK, D.1S. The influence of irradiation and packaging on the
keeping quality of prepacked peeled potatoes and asparagus.
New Preservation Methods 5a, 67-69 (1974).

LANGERAK, D.1S., W. ROL, J.L. KOERT, H.G. HEINS. Bewaarproef van onge-
schilde zilveruitjes met behulp van straling en koeling.
External Report No. 29 Association Euratom-I|TAL (1974/1975).

HOVESTAD, R. and D.1S. LANGERAK. De invioed van straling op de houdkaar-
heid van voorverpakte gesneden andijvie behandeld onder
praktijkomstandigheden. Seizoen 1974. External Report No. 33,
Association Euratom-|TAL.

LANGERAK, D.1S., H.G. HEINS, M.H. NAQVI, G.A.A. DAMEN, R. HOVESTAD.
Quality evaluation of irradiated mangoes after sea-borne trial
shipment from South Africa. External Report No. 36, Association
Euratom- I TAL.

LANGERAK, D.1!S., R. HOVESTAD, G.A.A. DAMEN. invloed van de kombinatie
sulfitering en bestraling op de houdbaarheid-van voorverpakte
stoomgeschilde aardappelen, behandeld onder praktijkomstandig-
heden. Seizoen 1975. External Report (interim) No. 39.
Association Euratom-|TAL.
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Resul taten van het project No. 27

Hoofd van het team en wetenschappelijke medewerkers:
C. van Heemert, A.S. Robinson and G. Zurlini.

Titel van het project:

Genetic control of the onion fly Hylemya antiqua (Heigen) by structural
chromosome mutations.

Beschrijving van de resultaten:

X-linked Translocations.

The complex X-linked translocation has been studied for 2 years.

Numerical non-disjunction occurs at meiosis in transiocation heterozygous
females (TN). In this way translocation trisomic individuals (TN+X} were
obtained which carried an additional sex-chromosome. Several other
aneuploids were obtained but they were sterile. Since a normal X-linked
translocation cannot be obtained as a homozygous stock (TT males do not
exist) a sibcross was started with TN+X flies instead of TN flies. After

a few generations of sibcrossing a translocation homozygous stock was
obtained with two extra sex-chromosomes (see Fig. 1). The females are
TT+2X and the males TT+X+Y. Although the homozygous stock has some sterility
we think that-this unique stock provides the opportunity for starting
population studies in laboratory cages and in field cages to establish its
genetic control potential.

Pericentric Inversion.

Research on the pericentric inversion In (3)2, was carried out for several
reasons. Firstly, it was necessary to know the relationship between semi-
sterility and unbalanced embryonic karyotypes. Semi-sterility, as found in
testcrosses of inversion heterozygous (IN) females, is the consequence of
crossing-over in the inversion loop. Males have no crossing-over, so there
is no sterility. Many eggs (approx. 600) 10 h old were analysed cytologically.
Four different types occur of which two are balanced NN and IN and two
unbalanced IN and SN. Of these types only SN, which has a large deficiency,
dies before hatching. The percentage of SN types (23%) is in good agreement
with the percentage of sterility (26%). The IN type which carries as long
duplication probably dies very early in the larval stage.

Secondly somatic chromosome pairing has been studied in eggs by analysing
seven different karyotypes which occur after crossing IN x IN. The main
conclusion was that besides the centromere the telomeres have an important
function during mitotic prophase.

Thirdly, after interpreting the meiotic segregation data obtained after
testcrosses and sibcrosses it was possible to conclude that non-random-
disjunction occurs. Probably due to dragging of a long cross-over chromated
with the normal or inverted chromated during anaphase !; this type of
meiotic drive has been found elsewhere.

Fourthly, the isolation of a compound strain was considered starting with
this inversion stock. One of the possible apporaches for genetic control
is crossing IN females with IN males irradiated with X-rays.

Finally we were able to locate chromosomally the white eye marker of the
strain we received from Canada. By using the pericentric inversicn it was
established that the eye colour marker is on the long arm of chromosome 3.
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A Giemsa banding technique has been started in order to make possible
the differentiation of different chromosomes in normal and rearranged
karyotypes and to establish the breakpoint positions. The first banding
has been seen and we hope to refine the technique soon.

New Chromosomal Rearrangement Stocks.

Following irradiation of Hylemya antiqua males (7 days old) F1, were
test-crossed and 8 semi-sterile stocks were produced (see Annual Report
1974}, In 7 of these stocks new translocations have been identified and
preliminary work has begun on the assessment of some of their genetical
properties. Three of the stocks have been given to B. Vosselman (Dept.
Genetics, Agric. University, Wageningen) who is attempting to make them
homozygous. Using cytological and fertility data two of the remaining
translocations have been subjected to preliminary inbreeding.

Following a dose of 150 rad of fast neutrons a unique and potentially

very useful rearrangement has been identified. It is a quadruple
translocation in which four chromosome pairs are involved in a cyclic
rearrangement. A cyclic triple translocation was already found previously.
This stock is highly sterile but has enough residual fertility to be reared.
Further, a paracentric inversion has now tentatively been identified in
material originating from fast neutron irradiation. These preliminary
results indicate that fast neutrons might be extremely useful for the
induction of useful chromosomal rearrangements.

Induction of Dominant Lethals by Fast Neutrons.

Using identical experimental techniques as for X-rays (Annual Report 1973)
the effect of fast neutrons on mature sperm has been studied. As expected
fast neutrons are much more efficient in the production of dominant lethals
by a factor of 3-4. The male sterilizing dose for X-rays is 3.0 krad, for
fast neutrons it is 0.8 krad.

By using a standard level of dominant lethality for X-rays and fast neutrons
the efficiency will be compared in the production of chromosomal re-
arrangements suitable for genetic control. Using the progeny descended

from sub-steriiizing doses of fast neutrons a programme of test-crossing

has already been started on a large scale.

The Effect of Strong Inbreeding on a Control Stock.

Eight lines have been studied which have been propagated by single females
at each generation. The females had been mated with these ribs. The
following biological parameters have been measured at each generation:

1. mating frequency; 2. fertility; 3. larval survival; 4. pupal emergence.
The results of inbreeding on fertility can be seen in Fig. 2. A general
trend can be discerned in that there is a gradual reduction in fertility.
Also the range of the fertilities increases with the generations. The
parental fertilities represent the values of the individual females used to
start the 8 lines. The fertilities in the following generations represent
the mean fertility of daughters descended from a single inbred female.

A similar picture emerges from the other parameters measured, i.e. a gradual
reduction of the value of th: parameters without any major effects. It

can be concluded that the inbreeding necessary for the production of homozygous
rearrangements is not a serious obstacle. Further, two of the inbred lines
have been given to G. Zurlini for population dynamics studies.

Field Experiments.

Releases of a translocation heterozygous stock and sterile insects were
made into separate field cages in a ratio 1:1 with control insects. There
was also a control cage. There was a significant improvement in the field
cage environment, compared with 1974 (see Annual Report) and in all these
cages a second generation was produced. The fertilities in the field cages
at the first generation were Control - 96%; Translocation cage - 76%;
Sterile insect cage - 80%.
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Sampling for diapause pupae in November 13975 yielded the following
results. Five samples were taken from each cage and the pupae extracted
by washing. {n the control cage 17 pupae were recovered and in the
translocation cage 12 pupae. No pupae could be found in the sterile
insect cage.
Conclusions a) the technique of a field cage environment has now been
successfully developed.
b) the translocation can maintain itself under field conditions.

Homozygosing of T6.

Many homozygous T6 adult males have been identified by cytology.
Difficulties in preparation prevent the same criteria being applied to
females and the assumption was made that the homozygous female was

also viable in the adult stage. However, following matings between
homozygotes and heterozygotes the sex ratio in the progeny was severely
distorted in favour of the males; in fact there were 2 x as many males

as females. This might indicate that the homozygous females die before ’
becoming adults. This was a single observation so confirmation is necessary.

Experiments on competition and density effect among larvae.

A relatively large mortality is observed during the larval stage of the
onion fly under present laboratory rearing conditions. In preliminary
experiments started this year on competition for food and density effect
among larvae of H. antiqua (Meigen):

- the existence of a density dependent relationship was confirmed;

- survival was rised to 73% at a level of 1.5 g onion pulp available per
larva, the same picture can be seen for the mean dry weight of pupae,
but also quality of food seems important;

- at the lowest densities (food < 0.2 g per larva) competition for food
among larvae can compensate for the changes in density caused by other
disturding factors: that is intraspecific competition can have a
stabilizing effect on a population acting as a regulatory factor of
density;

- the different levels of competition did not seem to affect significantly
the mean development time of larvae: pupae appear 9-11 days after the
larvae hatched. The larvae which remain after this time do not appear
to develop to pupae.
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Publications - 1975

HEEMERT, C.

ROBINSON,

HEEMERT,

HEEMERT,

HEEMERT,

VAN and K.J.A. WIJNANDS-STAB. Radiation induced semi-
sterility for genetic control purposes in the onion fly,
Hylemya antiqua (Meigen). I1. Induction, isolation and
cytogenetic analysis of new chromosomal rearrancements.
Theor. Appl. Genetics 45: 349-354 (1975).
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Resultaten van het project No. 29

Hoofd van het team en wetenschappelijke medewerkers:
A.M. Feldmann and P.W.F. de Vrijer.

Titel van het project:

Genetical and radiobiological studies on the twospotted spidermite
Tetranychus urticae C.L. Koch, in relation to genetic control.

Beschrijving van de resultaten:
I.1. The induction of structural chromosome mutations.

Out of 184 Fi-females, derived from 1,5 krad X-ray irradiated males

mated to untreated females, 71 were heterozygous for an S.C.M.

The percentage of 38,6 of S.C.M.-heterozygotes is low compared to the
percentage published earlier (60,8, Feldmann, 1974). Also the observed
percentage of Fj females heterozygous for recessive lethals (40,2

compared to 86,3), of steriles (31,6 to 19,1) of infecunds (14,4 to 23,6)
and normals (25,5 to 3,4) differ significantly from earlier values. These
differences can be explained by a difference in the experimental technique.

It was attempted to isolate homozygotes from 69 of the 71 S.C.M.-
heterozygotes, but 42 were lost during outcrossing, before inbreeding was
started. Of the remaining 27 lines only 9 could be reared in a homozygous
condition. The percentage of viable homozygotes is 33, which is significantly
lower (p < 0,001) than the expectation of 80,3% based on earlier results.
This expectation was based on the frequency with which recessive lethals

were associated with S.C.M.'s in heterozygous conditions. |t is very probable
that factors such as synthetic Jethality, small-duplications.and deficiencies
finally determine the viability of an S.C.M. in a homozygous condition.

The distribution of semisterile Fi-females, according to the survival of
their haploid- and diploid progeny, is not significantly different from

the one in earlier experiments (Gadj = 1.817; X% 5(1) = 3.841).

l.2. Re-irradiation of a line, homozygous for a Structural Chromosome
Mutation, in order to isolate new complex rearrangements.

A stable line, homozygous for an S.C.M.,induced by 200 rad X-rays in mature
sperm, was chosen. Before starting the actual experiment on the induction
of new S.C.M.'s in this line, preliminary experiments were set up in order
to study the genetical effects of X-rays in this line (17ATT).

The percentage of dominant lethals, induced in mature sperm of 17ATT, by
1.5 krad X-rays, was 23,1% + 2,4% and differed not significantly from the
percentage of dominant lethals which was induced by 1,5 krad X-rays in
mature sperm of wildtype males (25,7% + 7,3%). Also.striking was the
resemblance of the fertility pattern of the Fi-females (i.e. the survival-
percentages of the haploid- and diploid progenies of individual Fi-females)
from 1.5 krad X-rays irradiated parental 17ATT males with those of
irradiated parental wildtype males. After irradiation the males were mated
to virgin females of the same origin.

In order to have an idea about the height of the intersterility of new
S.C.M.'s induced in 17ATT, with the wildtype material, semisterile virgin
F1-females, derived from irradiated 17ATT males, were outcrossed to un-
treated wildtype males. The female progeny from the outcross was assumed
to be either heterozygous for the 17ATT-S.C.M. or a new multiple
rearrangement, associated with a high level of sterility, and wildtype.
However, the sterility-levels of those females were rather homogeneous and
not much different from the sterility of females heterozygous for wildtype
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and the S.C.M. of 17ATT. Furthermore, about 6% of the females were
normally fertile! The preliminary conclusion is that irradiation of
a line, homozygous for an S.C.M. does not lead, in general to the
formation of more complex rearrangements, associated with higher
intersterility..The second conclusion is that reversion of the S.C.M.
to the wildtype reconfiguration is induced by ionizing radiation:
This reversion is much less frequent in unirradiated lines.
Nevertheless, three new lines, homozygous for an S.C.M., induced by
1,5 krad X-rays in 17ATT-males, are isolated. It was observed that
the level of intersterility of these new lines with either 17ATT or
the wildtype was the same, with exception of one line. This line
showed higher intersterility with wildtype.

1l. Sterile- or Substerile lnsect Release Technic (abbreviated resp. as
S.1.R.T., S.S.I1.R.T.).

Males of Tetranychus urticae Koch were treated with sterilizing (24 krad)
or substerilizing (4 krad) doses of X-rays. Experimental methods were
developed to measure the mating competitiveness (m.c.) of these males,
using an albino pigment mutation as a marker.

In general the use of the albino strain in the experiments on MC proved

to be very successful. The reproducability of some experiments turned

out to be remarkable high. However, there is still little information

as to the extent to which the results are comparable to those obtained

in experiments using the wildtype strain only.

trradiation with 4 krad X-rays did not show any significant influence

on the MC of male wildtype spidermites, compared to the 0 krad series.

A dose of 24 krad X-rays demonstrated a significant decrease.

Ageing effects in 0 krad and 4 krad series were similar. The MC remained
constant during the first five days, or even increased a little, after
which it decreased, but onthe twelfth day it was still at 2/3 of its
original level.

The ratio of virgin teneral females to mature males in a population is
essentially not identical with what is called in general ''sex ratio'.
Especially when the fact is considered that MC after five days is still

as high as on the first day, it is obvious that the actual '"mating ratio"
is rather in favour of the males.

As to the effect of mite density on MC it is demonstrated that the
densities tested had no significant influence. Possibly higher densities
are able to influence MC but it can be doubted if such densities are still
relevant to genetic control, because when those densities occur control

of spidermites has already failed.

The potexperiments have shown that, under simplified and optimum
conditions, wildtype males are very well able to penetrate into the

albino population. It should be stressed here that there is no evidence
that the used strains showed any form of assortive mating, which is
something to be prepared for when practical application is considered.
Although it is to early to give a conclusive judgement on the applicability
of S.I1.R.T. or S.5.1.R.T. for spidermite control, both methods revealed
possibly critical aspects to which more attention has to be given.
Irradiation with 24 krad X-rays causes a significant lowering of male MC,
which can only be compensated by higher release ratios.

Irradiation with 4 krad X-rays has no demonstrable effect on male MC, but
the fact has to be considered that the female Fy-progeny, although sterile,
still causes feeding damage.

For both methods an adequate release programme has to be developed, in
which the right release ratio is combined with the right release frequency
in order to achieve optimal spidermite control.

Consequently the next step in this project has to be the realization of pot-
experiments where different release ratios and frequencies are analysed under
more practiaal conditions.



— 687 —

Publicaties - 1975.

FELDMANN, A. Induction of Structural Chromosome Mutations in Males and
Females of Tetranychus urticae Koch (Acarina:Tetranychidae).
, IAEA, Vienna 1975, STI/PUB/377, pp. U37-L46.

FELDMANN, A.M. Contribution to the ESNA/I0OBC Working group on Genetical
Methods of Pest Control. The impact of repair of radiation-
induced effects in sperm on the applicability of the delayed
sterility method for the control of Tetranychus urticae.

FELDMANN, A.M. Contribution to the Contact Group of Radioentomology of
Euratom. Preliminary Experiments on the Sterile Male Method with
Tetranychus urticae.



— 688 —

Resultaten van het project No. 30

Hoofd van het team en wetenschappelijke medewerkers:
S.C. van de Geijn, G.P. Mix, G. Sauer.

Titel van het project:

Measurement and localization of biological processes at tissue, cellular
and subcellular level.

Beschrijving van de resultaten:
1. Preparation of plant material for microlocalization of diffusible substance

Emphasis has been put on the procedure for embedding of tissue from tomato
stems after dehydration. Epon, an epon-araldite mixture and Spurr's low
viscosity resin have been tested. Epon turned out to be too viscous for

a good infiltration, whereas the epon-araldite mixture used here, remains
after polymerization too soft, compared to the lignified material of the
tomato stem. In this respect the properties of Spurr's low viscosity resin
are much better. The influence of several parameters on the quality of this
resin have been tested to allow the choice of a good procedure for the
processing. Propylene oxide has been rejected as an infiltration medium,

as small amounts, remaining behind, may cause an excessive shrinkage. The
quality of the polymerized resin was shown to be very sensitive to water.
Even small amounts, taken up from the air if exposed for a short time have
a rather deteriorating effect. Therefore, all manipulations have to be done
in dried air, using aceton as an infiltration medium.

Room temperature dehydration produced reproducible results. For a sample
size of 3 x 1 x 1 mm infiltration is good.

Dehydration at low temperature, either by freeze-drying at -60°C or by
freeze-substitution at -80°C in aceton, apparently resulted in samples which
were not comparable to those obtained by room-temperature dehydration.

The difrerence persisted even after prolonged soaking in aceton at room
temperature. Such samples kept in general floating in aceton and embedding
resin for long periods. The quality of the polymerization did not allow a
good sectioning at the ultramicrotome even if infiltration seemed to be good.
Different procedures are tested to overcome this problem. For Spurr's low
viscosity resin infiltration is improved markedly if the embedding mixture
is used without accelerator, and the pressure is lowered intermittently.
The accelerator is applied later as a drop to the samples which are blotted
first with filterpaper.

Best results were obtained by increasing the concentration of the resin

in aceton stepwise from 1:1 till 6:1, followed by a very slow evaporation
of the remaining aceton, applying a slight vacuum while keeping the samples
submerged continuously by a grating.

The aceton-step after dehydration at low temperature is justified by the
results of tests of washing out of cadmium and phosphorus. It could be
shown that washing out from dry material, obtained by freeze-drying or
freeze-substitution, is negligible.

Different sample preparation techniques for micro-autoradiography of 115M¢d,
109¢d and 32P have been compared as to washing out. Roomtemperature
dehydration, especially after fixation of the tissue by glutaraldehyde

and 0s0y caused a very high loss of radioactivity (up to 70%). After
freeze-drying and freeze-substitution in aceton between 95 and 99.7% of

the activity was retained in the samples. Some preliminary tests were

done for.micro-autoradiography to obtain an estimation of the distribution
of radicactivity in a transsection of a tomato stem from frozen fresh
sections.
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X-ray and stripping film were exposed at -300C. The grains of the X-ray
film are too coarse to reach a good resolution. Contamination of the
fresh sections by the knife limits the reliability of this procedure.
Plant material labelled with 103Cd was prepared by soaking small pieces
in a labelled buffer solution. After roomtemperature dehydration the
material was embedded in Spurr's low viscosity resin. A good micro-
autoradiogram can be obtained in about three weeks using liquid emulsion
(K5) and 2 um thick sections if the activity is of the order of 5 uCi/g
dry weight of material.

The freeze-drying equipment has been improved essentially by the
installation of an infra-red heating source. In this way differences

in the temperature cf the copper sample holder and the plantmaterial
itself (up to 25°C) can be avoided.

2. In vivo measurement of the distribution of B-emitting tracers.

The methods for the Zn vivo determination of the localization and
distribution of radionuclides in plant material by spectrometry of the
emerging B-radiation described in former reports, have been adapted to the
spectrum of 115M ¢d (Epax = 1630 keV). To reduce computation time, and

to allow some statistical evaluation of the results, the calculation
procedure has been reconsidered and based on a ''Stepwise regression'' method.
This approach involves the sequential insertion of the most significant
contribution to the spectrum into the regression.

The method in its ultimate form has been described in more detail in a
publication, and a biological application is reported in the project No. 6
of the Radiation Protection programme.

Publications - 1975.

GEIJN, S.C. VAN DE, CH. PETIT. A non-destructive determination of the
internal distribution of cadmium (115Mcd) in the stem of a
tomatoplant (Lycopersicon esculentum Mill. cv. Moneymaker)
by the analysis of the externally measured beta-spectrum.
ESNA Newsletter on the application of nuclear methods in
biology and agriculture. No. 5, Dec. 1975.

GEIJN, S.C. VAN DE. A non-destructive determination of the depth
distribution profile of a radionuclide by analysis of its
beta-spectrum.

Nucl. Instr. and Meth. submitted for publication.
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Resultaten' van het project No. 31

Hoofd van het team en wetenschappelijke medewerkers:
A.F. Groneman.

Titel van het project:

Recycling of liquid waste.

Beschrijving van de resultaten:

Measurements of the specific resistance to filtration indicated that
irradiated sludge will drain at a considerably faster rate than un-
treated anaerobic digested sludge. Typical results are presented in
table 1. A dose of 100 krad at an average dose-rate of 62 krad per
hour had already reduced the specific resistance of the sludges from
Geiselbullach and Starnberg works by 44% and 61%, respectively.

Table 1 - Effect of radiation dose on the specific resistance and
compressibility of sludges from Geiselbullach and Starnberg
works, irradiated at the pilot plant.

Radiation Geiselbullach Starnberg
dose specific® | coefficient of [specific* |coefficient of
resistance | compressibility |resistance |compressibility
krad sec?/g sec?/g
0 22.8x109 0.59 18.0x109 0.84
100 12.8x109 0.80 7.0x109 1.34
200 15.6x10° 0.73 6.0x10° 1.14
300 12.5x109 0.79 5.6x10° 1.20

*Measurements of the specific resistances were performed at a pressure
of 500 g/cm?.

The rate of diminution of the specific resistance decreased with increasing
dose. !rradiation treatments also changed the sensitivity of the sludges
to pressure. Compressibility of the sludge solids from Geiselbullach and
Starnberg increased the most at a dose of 100 krad (36% and 60%,
respectively). Apparently a dose of 100 krad induced changes in the
structure of the flocks in the sludges resulting in better drainable and
more compressible flocks.

However, it is essential to know how long the conditioning effect of the
irradiation treatment is effective in practice. A conditioning effect for
a short time would be of advantage for mechanical dewatering only, whereas
permanent conditioning effects would also be of advantage for dewatering
on drying beds. Experimental results plotted if fig. 1 indicate that the
irradiation treatment had reduced the average specific resistance of

25 x 10° sec?/g to an average value of 10 x 10° sec?/g and that effect

was sustained over 20 days.

Especially noteworthy is that the filtrate from the irradiated sludge was
substantially higher in chemical oxygen demand (COD) than was the filtrate
from untreated sludges. In the sludges from Geiselbullach and Starnberg
the COD values of the filtrates increased proportionally with the
radiation dose from 462 mg 02/1 and 290 mg 02/1 to 1305 mg 02/1 and 827 mg
02/1, respectively, by a dose of 300 krad in the pilot plant. Similar
increases in COD were measured in filtrates of sludges irradiated in the
laboratory experiments.
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Fig. 1 - Effect of time after the irradiation treatment on the
specific resistance of sludge from Geiselbullach waste
water trzatment plant.

Total organic carbon concentrations, however, increased to a much
smaller extent, indicating that by the interaction of gamma

irradiation with sludge, substances were detached from the sludge
flocks. These substances were primarily oxidizable compounds and
derived from organic matter. They had a significant lower initial
oxygen content than the compounds normally dissolved in the sludge
solution. Chemical studies indicated that irradiation of anaerobic
stabilized sludge produces inorganic carbon (carbonates and bi-
carbonates) and NH3, but irradiation had no consistent effect on

the protein content of the sludge solution.

From the experimental evidence obtained sofar one can conclude that
radiolysis of some organic substance occurred during the irradiation

of sludges in the laboratory as well as in the pilot plant. These
radiolytic organic products have properties similar to synthetic
polymers. They reduce the net negative electrostatic charge of colloidal
sludge particles and also enhance the formation of larger flocks with

a loose structure and thus improve the dewatering properties. Flocks
with a loose structure are more compressible, which is reflected by

an increase of the coefficient of compressibility. Detailed discussions
of results summarized above were presented at a conference of the
international Atomic Energy Agency in March 1975.

The Technical University of Munich joined the scientific cooperation
programme of the Association Euratom-ITAL with the Bayerische Landes-
anstalt fiir Bodenkultur und Pflanzenbau. Research of the staff of this
university confirmed the conclusions published earlier.

This lead to significant technical changes in the large experimental
irradiation pilot plant near Munich that is used for disinfection of
sewage sludge. A new impeller pump has been installed in the pilot plant
to reduce negative effects of pumping on the dewatering characteristics
of sludge. Also changes in the design of the pilot plant are considered
and are reported in more detail elsewhere.



— 692 —

Publications - 1975.

GRONEMAN,

GRONEMAN,

GRONEMAN,

GRONEMAN,

GRONEMAN,

GROMEMAN,

A.F. International Symposium on the Use of High-Level
Radiation in Waste Treatment - Status and Prospects.
Munich, Internal Report No. 161, HMarch 17-21, (1975).

A.F. Consulting services in the area of nuclear treatments
of waste water in Switzerland. External Report No. 32 (1975).

A.F. Effects of gamma radiation at pilot plant level as
compared to effects of pasteurization on the dewatering of
sewage sludges. |AEA-SM-194/608. Proceedings of the
International Symposium on the Use of High-Level Radiation
In Waste Treatment - Status and Prospects. International
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at the VIth Annual Meeting of ESNA, Cadarache, France,
September 1975.
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External Report (in press).
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Resultaten van het project No. 32

Hoofd van het team en wetenschappelijke medewerkers:
J.F. Stoutjesdijk, W.F. Pieters.

Titel van het project:

The propagation of nuclear methods in biology and agriculture.

Beschrijving van de resultaten:
1. Courses.
.1 General Radionuclide course.

A general Radionuclide course was organized from February 24 till
March 14, 1975 for 23 participants.

.2 Health Physics course.

For the second time a Health Physics course was organized in cooperation
with the Health Physics Department of the Association. The course was
given from April 7 till April 18, 1975 with 16 participants.

The course was concluded with an official examination on May 6, 1975
under auspices of the Ministry of Health and Environmental Protection
and of the Ministry of Social Affairs.

Of the participants 15 took part in the examination and also two
participants of the ITAL=course of 1974. Of these 17 candidates only
two failed the examination.

.3 Liquid Scintillation courses.

Two Liquid Scintillation courses have been organized from November 24
till December 19, 1975 with 13 and 12 participants respectively.
Among them were two guestworkers from Kenya and Columbia, respectively.

2. Evaluation of radiological techniques.

.1 The use of wavelength shifters in Cherenkov counting of 32P.

32p often has to be determined in solutions of strong acids, obtained

by destruction of the sample by those acids or by dissolving the residue
of an ashed sample in acid. The use of wavelength shifters has the
advantage of higher counting efficiencies, but it proved that HCI-
solutions up till a normality of about 0.1 produced a strong quenching
of the two investigated wavelength shifters 4-methylumbelliferone (MU)
and aesculin (Ae). HpS0, gave the same result with Ae in solutions with
more than 20% of HyS04, but with HU the counting efficiency increased
{see Annual report 1974). A nearly constant counting efficiency was
found between 50 and 90% of H2504. For solutions with Hy504-concentrations
between 20 and 50% a mixture of MU and Ae might give more stable
counting efficiencies; in fig. 1 the results of a 1:1 mixture of MU and
Ae are shown to be intermediate between the results of the two pure
wavelength shifters.

Both wavelength shifters gave stable countrates for one week in
solutions up to 90% of H2S04 v/v.

.2 Quench correction methods for Cherenkov-counting 32P with wavelength
shifters.

Counting efficiencies in Cherenkov counting are influenced by colour
quenching and if wavelengthshifters are used, also by chemical
quenchers. We have investigated if corrections for these two kinds of
quenchers can be applied with the sample channels ratio (SCR) method.
As chemical quenchers formic and acetic acid and hygrogenperoxide were
used and as colourquenchers nitric acid and methylorgange.

The results are given in fig. 2.
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The results are given in fig. 2 and this figure shows that with the
SCR-method corrections for chemical and colour quenching can be applied
with the help of the same calibration curve. Also for solutions with
10% of HpS04 the same curve is valid. However, with more concentrated
H2S04 solutions, in HCl-solutions and also for HCl and H2S04 solutions
with aesculin as wavelength shifter different calibration curves should
be used.

3. Cooperation with other institutes.

.1 Cooperation with mr. A. de Jong, Department of Animal Physiology,
Agricultural University, Wageningen about the quantitative determination
of 355 in proteins with liquid scintillation counting. The wet destruction
method of Mahin and Lofberg with HC104 + Hy02 (1 h at 60-80°C) gave better
results than total combustion or solution in alkali.

.2 Orientating discussion with mr. W.N.J. van Gelder, Foundation for
Agricultural Plant Breeding, Wageningen (SVP) about a quantitative
determination of solanine in potatoes with an isotope dilution method with
the help of 3H-labelled compounds.

.3 Orientating discussion with drs. K.K. van Hellemond, Foundation ILOB,
Centre for Animal Nutrition Research, Wageningen, about the use of a 3H-
labelled anthelminticum in cows.

As no suitable cow-house was available, it was impossible to carry out the
experiments.

.4 Orientating discussions with dr. A. Fuchs and two students, Department of
Technical Biology, Technological University of Delft, about the use of
tracers for studying the effect of the temperature of surface water on the
toxicity of certain compounds {e.g. Hg, Cd) for algae.

.5 Orientating discussions with Mrs. ir. M. Jansen-Jurkovicova (Department
of Viro}ogz, Agricultural University of Wageningen) about the use of
tracers ( 1251) in the study of virus-DNA in two different insects
(Adoxophyes orana F.R. and Barathra brassicae L.).

.6 Orientating discussions with ir. P. Doelman (National Institute for Nature
Management, Arnhem) about the use of 210pb in studies about the uptake of
lead by bacteria. The experiments will start in January, 1976.

.7 Many advices about radiological measuring equipment and methods were given.
L. Work for committees.
.1 Work for C.C.R.X.

For the Coordination Commission for the Measurements of Radioactivity and
Xenobiotic Materials the annual report 1974 was prepared. As technical
secretary for radioactivity | was a member of a commission of the Dutch
Health Council to prepare safety standards for the biosphere after nuclear
accidents and also of another commission of this Council to prepare an advice
about the consequences for the population of the installation of nuclear
reactors for energy production.

In the same function | have participated in the preparation of alarmschemes
for the nuclear reactors at Dodewaard and Petten.

.2 Work for L.A.C.

As a member of the Agricultural Advisory Board for Environmental Pollutants
of the Ministry of Agriculture and Fisheries two meetings of this Board were
attended.

5. Publication of a Newsletter.

In May the fourth issue of the Newsletter on the JApplication of Nuclear methods
in Biology and Agriculture was published and in December the fifth issue with
seven and eleven contributions respectively.
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Publications - 1975.

- Newsletter on the application of nuclear methods in Biology and
agriculture No. 4.

- Newsletter on the application of nuclear methods in Biology and
agriculture No. 5.
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Resultaten van het project No. 33

Hoofd van het team en wetenschappelijke medewerkers:
J.G. de Swart, J.F. Stoutjesdi jk.

Titel van het project:

Development of nuclear techniques and related instrumentation for
biological and agricultural research.

Beschrijving van de resultaten:

The items 1 and 2 of this report are dealing with work directly related
to the Association's programme. The items 3, 4, 5 and 6 are related to
work carried out in cooperation with institutes outside the Association.

1. Calender Clock module.

An experiment has been started to check the possibility of using the radio
signals of the Western German radio station DCF 77 for time of the day and
day of the year registration in our data collection system. All this
information is in pulse-code transmitted within every distinct minute. As
a result, an apparatus able to decode this information, will be self-
correcting in case of disturbances like e.g. power failure. A working
prototype was built and tested under conditions of practical use.

In environments with a high electrical noise-level, the signal disturbance
on the antenna-system was too high to guarantee reliable operation of the
clock module. As a result a reliable quartz clock, especially adapted

to this problem, has to be built.

2. Data collection systems.

A double data collection system is required for registration of the parameters
of the growth chamber system of project No. 6.

Each data collector will register the following measurements on a magnetic
cassette tape:

3 channels temperature; 1 channel air humidity; 1 channel light intensity;

2 channels air velocity; 4 channels CO; concentration; 1 channel time of

the day; 1 channel day of the year.

3. Density measurements of granular material! in an elevator system.
(Cooperation with Ir. D.J. van Zuilichem, Department of Food Science,
Agricultural University, Wageningen).

Experiments were extended by measurements ¢f the density of the flowing
material, especially in the acceleration traject, with the help of a
y~absorption technique.

As a y-source 1.85 GBq (50 mCi) of 137Cs has been used. The influence of
several conveying variables, among which specific loading and air velocities,
were studied. The total pressure drop has been split up in three components.
A calculation procedure of the hold up for various transport conditions was
proposed. The velocity distribution was compared with the density
distribution. The oscillating behaviour of a pneumatic transport installation
can now be described with a mass-vibration model. Bode and Nyquist diagrams were
derived from the particle velocity distributions along the ducts, from

which the intrinsic frequencies are determined.

4, Measurement of moisture transport in cattle-food pellets.
(Cooperation with Ir. D.J. van Zuilichem, Department of Food Science,
Agricultural University, Wageningen).

Water redistribution, immediately after processing cattle-food pellets, is
expected to be a cause for changes in their mechanical strength. This leads
to the demand for a method for determining the moisture conditions in these
pellets.
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Because of the small dimensions (8 3 10 mm diameter and 20 mm length)

a high precision detector-source combination has been realized for
applying low energetic y-ray absorption techniques to this problem.

The preliminary tests have been carried out and the results are in good
agreement with the expectations. Experimental runs are planned for the
beginning of 1976.

5. Measurement on liquid/liquid displacement from packed beds via positron
annihilation scanning techniques.
(Cooperation with Ir. J. Spaninks,
Department of Food Science, Agricultural University, Wageningen).

Displacement of a liquid from a packed bed by a second liquid, gives in
general an irreqgular liquid-liquid surface separation front. Breakthrough
of the second liquid will occur under different circumstances. In order

to study the influence of the various parameters on the displacement
process, a tracer technique will be applied to determine the shape of the
liquid-liquid surface. To obtain the required accuracy the measurement
with a single collimated detector will not be satisfactory, because of the
poor relation between collimation-angle and efficiency. Considerable
improvement was expected by adopting the positron annihilation technique in
which an (improved) localization of the tracer is performed by a two-
detector combination working in coincidence.

After preliminary tests, the required amount of radioactivity proved to

be in the order of some curies. For safety reasons an alternative method,
using conductivity scanning will be investigated.

6.. Determination of the residence time of food in the stomach of a sheep
by a localization technique with a positron emitter.
(Cooperation with Ir. J. van Bruchem, Department of Animal Physiology,
Agricultural University, Wageningen).

It is possible to measure the residence time of food in the abomasum of
sheep after a single shot of radioactive food into this-‘stomach, if the
passage of the labelled material through the duodenum can be observed.
This can be done by a localization technique with a positron emitter

with two detectors in coincidence to detect the two annihilation quanta

of 0.51 MeV emitted in opposite direction by the radionuclide.

An advantage of this- method is the low background, as in practice it is
not possible to apply heavy lead absorbers at the normally living animal,
The commonly used Nal(T1) scintillation detectors are too large for an

in vivo detection of the labelled food in a bypass of the duodenum outside
the animal and that is why the response was measured of small Geiger-Muller
counting tubes {(length 2 c¢m, diameter 0.5 cm). However, in preliminary
experiments the counting efficiency of these detectors was found to be
only about 2% of that of a normal scintillation detector, so it is not

yet certain if these G.M.-tubes are suitable for this purpose.

7. Indexation durable goods.

In behalf of the indexation system for durable goods at the Agricultural
University of Wageningen, assistance has been given to class the nuclear
installation and related instrumentation part.

8. Data-way systems - COALA.

As a result of the membership of the Commission Automatization of
Laboratory Apparatus (COALA) several advices have been given concerning
data collection systems and computer coupled instrumentation.



— 699 —

Publications - 1975.

CHALLA, H., P.A.M. HOPMANS, J.G. DE SWART. A critical study of
B~gauging for water content variation measurement in plant
leaves. Newsletter on the Application of Nuclear Methods in
Biology and Agriculture No. 4, p. 9 (1975).

ZUILICHEM, D.J. VAN, H.B.G. ALLERSMA, VW. STOLP, J.G. DE SWART.
Local densities and instabilities in a vertical conveying
system. Paper to be presented at the 3rd International Conf.
on the Pneumatic Transport of Solids in Pipes, Bath 0.K.).

April 1976.

’
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- Contractant de la Commission : Université Louis Pasteur - Faculté de
Médecine ~ Laboratoire de Biophysique des Rayonnements et de M&thodologie
11, rue Humann, 67000 Strasbourg.

- N° du Contrat : SC 001-094-72-1 BIAN
- Chef du groupe de recherche : R.V. RECHENMANN

- Théme général du Contrat : Development of high-efficiency and high-reso-
lution ionographic methods - Applicationsto autoradiographic problems.

A study has been undertaken on the applicability of the activation
treatment for electron microscopic photographic emulsions. The first expe-
rimental results let appear the possibility to enhance considerably the

response of this type of recording systems.

An autoradiographic study on the incorporation of '“C~thymidine in iso-
lated nerve nuclei of adult rat brains is under way. An optimal methodology
has been formulated. Preliminary experiments already allowed to conclude
that DNA precursors are incorporated significantly in part of the neuronal
nuclecli, in extra nucleolar parts of neuronal nuclei and also in glial

cells.

Publications : WINTZERITH M., WITTENDORP E., ITTEL M.E., RECHENMANN R.V. and
MANDEL P. Track-autoradiographic study of nucleolar DNA synthesis in adult
rat liver. Expt. Cell Res., 1975, 91, 279.

RECHENMANN R.V. and WITTENDORP E. Quelques applications de la photographie
corpusculaire en microscopie électronique. J1. Microsc. Biol. Cell, 1975,
23, 20a.

WINTZERITH M., WITTENDORP E., RECHENMANN R.V. and MANDEL P. Track-autoradio-
graphic study on nuclear and nucleolar DNA synthesis in adult rat tissues.
Fourth European Nucleolar Workshop, Varna-Bulgaria, 1975 sept. 15-20.

RECHENMANN R.V. and WITTENDORP E. Basical physical aspects of development of
emulsions. Journées d'Etudes sur les Techniques de Radioautographie, Paris,
Saclay, oct. 1975; Jl. Microsc. Biol. Cell (in preparation).

WINTZERITH M., WITTENDORP E., MANDEL P. and RECHENMANN R.V. Nuclear and Nu~
cleolar DNA synthesis in adult rat brain - A track-autoradiographic study
(in preparation).
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RESULTATS DU PROJET N°I

- Chef du projet et collaborateurs scientifiques : R.V. RECHENMANN, E.
WITTENDORP and B. SENGER.

- Titre du projet : Development of high-efficiency and high-resolution
ionographic methods ~ Applications to autoradiographic problems.

During the year 1975, the studies on ionographic methodology and on
autoradiographic applications in the Life Sciences have been continued,
emphasis being led on the improvement of the electron microscope observation

stage of the ionographic procedure.

A. FORMULATION OF ACTIVATION PROCEDURES FOR E.M. PHOTOGRAPHIC RECORDING
SYSTEMS.

E.M. observations and subsequent photographic recordings of specimens

(biological section, macromolecules, autoradiogramm, etc...) are often ham
pered by the fact that the electrons crossing the preparations cause radia-
tion damage. The development of high sensitive recording systems might be
one of the solutions to overcome, at least partially, this problem. We have
already shown elsewhere ( 1,2 ), that in the case of nuclear emulsions the
activated development procedures always resulted in a strong increase of
the recording efficiency. The adaptation of these procedures to E.M. photo-
graphic layers should lead to the obtention of satisfying micrographs with
good or even improved contrast for a much smaller number of electrons effec
tively crossing the preparations, if compared with the results obtained by

means of usual E.M. procedures.

In a preliminary stage of our study we have submitted the E.M. photo-
graphic emulsions considered (Kodak Electron Image Plates, Agfa-Gevaert
Scientia) to our standard procedure for nuclear emulsions ( 2 ).

The sensitive layers have been partly exposed to a !“C source, the mean
energy of the B particles emitted by this isotope (~ 50 keV) laying within
‘the energy region of the electrons applied in Electron Microscopy.

On figure la, b, ¢, d are represented the corresponding fog-corrected
density development-time curves. It can be seen that for the different deve-
lopers used (Kodak HRP, DI9, Amidol, Ferro-oxalate solutions), the activa-
tion procedure results effectively always in a significant enhancement of

the signal as well as of the signal/noise ratio.
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The increase of the fog observed on the preparations submitted to an
activated treatment is partly due to the fact that the corresponding commer-
cial plates had recorded radiation background (cosmic rays, ambiant acti-
vity) which has been intensified by the activation.

’

It can also be noticed in the case of the Kodak E.I.P. emulsion that at
the maximum of the signal/nmoise curve the activated development enhances the
response of this detector by a factor of 10. These preliminary studies al-
ready lead to the conclusion that the so-called "nuclear” developers decrease
the evolution of the general fog, if compared with the results obtained by

means of the reducing solutions advised by the manufacturers.

A systematic study has been undertaken in order to formulate a specific
procedure resulting not only in an enhancement of the signal/noise ratio,

but also in an improvement of the electron micrographs.

B. AUTORADIOGRAPHY QF ISOLATED NUCLEI OF NERVE CELLS.
In collaboration with M. WINTZERITH and P. MANDEL (Centre de Neurochi-

mie du CNRS - Strasbourg), the autoradiographic study on the nucleolar DNA

synthesis in adult rat nerve cells has been continued.

It appeared at the light of systematic experiments that the procedure
described in previous papers and reports ( 3 ) could be applied in its main
lines to this study. Adult Wistar rats (200-250g) recieved 25 pCi or 50 uCi
of methyl[IQC]thymidine (55.3 mCi/mM 162, CEA, France) intercisternally 4h
before sacrifice. The nuclei were prepared by the classical method of Chau-
veau et al. in hypertonic sucrose. The isolated nuclei were smeared on mor-
danced gelatin coated slides and fixed in formalin. The preparations were
afterwards submitted to the activated autoradiographic process.

The scanning of the autoradiograms led to the following observations :
1) A significant number of neuronal and glial nuclei showed a low !“C—thymi-
dine incorporation. 2) Some of the neuronal nuclei showed unambiguous labe-
ling in their nucleolus (Fig. 2). 3) In another fraction of the neuronal
nuclei '“C tracks were located in the chromosomal compartment (Fig. 3). 4)
Part of the glial cells were weakly labeled (Fig. 4). 5) As might be expec—

ted a small number of heavely labeled glial nuclei was counted (Fig. 5).
Quantitative determinations by track counting are under way.

REFERENCES : 1) RECHENMANN R.V. Proc. 7th Int. Coll. Corpusc. Phot. and Vi-
sual Solid Detectors (Barcelona, 1970), 559-EUR. N°4688e, 1971. 2) RECHENMANN
R.V. and WITTENDORP E. J1. of Microscopy, 1972, Vol. 96, 227. 3) WINTZERITH
M., WITTENDORP E., ITTEL M.E., RECHENMANN R.V.and MANDEL P. C.R. Acad. Sc.
Paris (24 sept. 1973), t. 277, Série D, 1033; RECHENMANN R.V. and WITTENDORP
E. Annual Report 1973, EUR. 5138 d-e-f-i-n, 609; Annual Report Association
EURATOM-Ital, EUR. N°® 5226; WINTZERITH M., WITTENDORP E., ITTEL M.E., RECHEN-
MANN R.V. and MANDEL P. Expt. Cell Res., 1975, 91, 279.
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Contractant Katholieke Universiteit Nijmegen (The Nether—

lands). Dr. C.J.M. Aarts, director of the

Faculty of Sciences

Contract Number ] S.C. 002 - 094 - 72 - 1 BIA.N.

Head of the Research Team Prof.Dr. H.F. Linskens

General subject of contract Radiation biochemistry of pollen and styles

of Incompatible Plants

General description of Part of the research carried out with several
Research clones of self-incompatible Petunia hybrida

IT.

I1I.

Iv.

v.

L. plants is directed towards the non-

irradiated situation in order to understand
the effect of irradiation. On the other hand
radiation is used to solve problems related

to the non-irradiated situation.

Influence of X-ray irradiation of pollen and styles on enzyme
activity during progamic phase (Precf.Dr. H.F. Linskens, Drs. L. Gi-

lissen).

Influence of X-rays on the activity of glucan synthetase in Golgi
vesicles isolated from in vitro growing pollen tubes (Prof.Dr. H.F.

Linskens, Drs. J. Helsper, Drs. L. Gilissen).

Effects of X-rays and different relative humidities on pollen
germination including electron spin resonance (E.S.R.) measurements.

(Drs. L. Gilissen and student).

Inherent biological influences on pollen tube growth in vivo: auto-
stimulation, phase I and II of the incompatibility reaction, age of
the style being pollinated (Drs. L. Gilissen).

Effects of X-ray irradiation of pollen and styles on pollen tube
growth, the incompatibility reaction (phase I),seed set and seed

germination (Drs. L. Gilissen).

Influence of X-ray irradiated compatible pollen tubes on incompatible



— 708 —

pollen tubes growing in the same style (Drs. L. Gilissen and student).

VII. Activation of the ovary upon pollination (Prof.Dr. H.F. Linskens and
Drs. J. Deurenberg).

VIII.Influence of compatible and incompatible pollination on changes in
enzyme activities in the ovary during progamic phase (Drs. J. Deuren—

berg).

IX. Recognition of fast-moving substances in the style atter pollination

with radioactive labelled pollen (Drs. J. Deurenberg).

X. Molecular biological aspects of the incompatibility reaction (Drs. 7.

van der Donk),

XI. Electrophysiology of the style in relation to the incompatibility
reaction (Prof.Dr. H.F. Linskens and Drs. A. Spanjers).

XII. Relationship between pollination and flower wilting (Drs. L. Gilissen).
XIIl.Incompatibility in myxomycetes (Drs. Je Schrauwen).

Results of project no., S.C. 002 - 094 - 72 = 1 BIA N

Head of the team A Prof.Dr. H.F. Linskens

Scientists Drs. J. Deurenberg
Drs. J. van der Donk
Drs. L. Gilissen
Drs. J. Schrauwen

Drs. A. Spanjers

‘Ia Influence of X-ray irradiation of pollen and styles on enzyme activity

during progamic phase (Drs. L. Gilissen).

Changes in activity during progamic phase of the following enzymes

have been tested by hand methods:

1e G.0.T. (L-aspartate 2-oxyglutarate amino—transferase) because of
its intermedial function between carbohydrate and amino-acid

metabolism. After pollination a decrease in specific enzyme
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activity took place, which appeared ito occur earlier in cross—
pollinated, than in self-pollinated styles.

2. Pectinase, because of its possible role in pollen tube growth by

’ solving the pectin in the mid-layer of the conducting tissue of

the style. A hand method assay is in preparation.

3. B—=Glucosidase, because of its function during wilting and the
relation which exists between pollination and wilting, and
radiation and wilting,

4. Acid phosphatase, because of the differences which could be

expected on the basis of literature data in styles after cross-
and self-pollination., However, no change in specific enzyme

activity was observed after cross— and self-pollination.

G.0.Te~ and G.P.T.-assay by auto-—analysis failed in contrast to assays of
paranitrophenyl-substrate splitting enzymes, like X- and B-glucosidase,
f—~galactosidase and acid phosphatase. It appeared that a mistake was made
in the hand-method assay of B-glucosidase. No activity was found with
either the auto-analysator or the corrected hand method. Also no activity
of B~galactosidase was obtained.

After pollination an increase and after high dose irradiation a decrease
of x—glucosidase activity in styles took place, while no change in acid
phosphatase could be observed.

This type of experiments will be continued,

II. Influence of X-rays on the activity of glucan synthetase in Golgi-
vesicl