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3. DIRECTOR'S REPORT

GENERAL SURVEY
Developmentg in glaashouse horticulture

The profitability of the Dutch glasshouse industry did not change
very much in 1985 compared to the preceding year. The price trends
in the various sectors, however, differed considerably. In the first
half of the year the prices for vegetables were high, in the second
half they were much lower. In the cut flower sector the prices for
the different products varied substantially. The highest
profitability was still to be galned 1in the pot plant sector.
Although the costs were still high, of energy in particular, the
prospect of declining fuel prices was breaking.

Most striking in the technical sphere was the continuing change-over
to artificlal substrates, mainly rockwool, especlally in fruit
vegetable crops. In the most important glagshouse district, the
Westland, the change—over was stimulated by the availability of
better irrigation water via the drinking water company. The
developments in the ornamental floriculture lagged behind those in
the vegetable gector in this respect, but there also the interest in
artificial substrates is growing. The total acreage of crops grown
on artificial substrates reached ca 2000 ha at the end of the year.
The increase in the range of vegetable crops which manifested itself
for a number of years in succession, did not continue. Important
reasons for this were the reasonable prices for the main products in
previous years, but also the change-over to substrate growing which
resulted in an increasing specialisation in the main crops.

The developments in the field of informatics continued unabated,
also in the glasshouse industry. Beside the automated process
contrel (glasshouse climate control) integrated systems come into
being generating information to the grower for the daily management
of the nursery and to support him in taking both short and leong term
decisions. In order to coordinate and guide the developments in this
field commercial growers set up an organizationm, viz. the Foundation
for Data Processing in Glasshouse Horticulture (Stichting
Informatieverwerking Tuinbouw, SITU).

Research and other facilities

The year under review was the first year that the 50/50 financing
had a sound basis. The total sum funded did not allow extra
possibilities. The reorganisation of the s0il research was
effectuated with the privatisation of the routine soil research. Its
financial consequences required all due attention.

It was particularly satisfying that financial meang were made
available for the erection of a new main building. For years on end
the housing problem was very oppressive. Now that a definitive
solution Is in store the preparations for the bullding of the new



housing are resolutely being dealt with. A new main building will be
erected in which all research departments will be housed, including
the administrative staff and the laboratories. The Natiomal Advisory
Service for Glasshouse Vegetable and Fruit Crops will also be
accomodated in the new building. The task of this Advisory Service
ig to inform the advisory officers in our country about the research
results.

Apart from the National Advisory Service the Research Station also
accomodates the Reglonal Advisory Service, with a staff of ca 50.
When the new main building will be realised this regional advisory
gervice will be housed in the present main building. Furthermore, a
new laboratory for the routine soil research, to be carried out by
the Laboratory for Soll and Crop Analysis {Laboratorium voor Grond-
en Gewasonderzoek, BLGG), 1s planned on the same precincts. When all
plans will be realised the four services mentioned will not only
have adequate housing, but they will also remain in eachother's
immediate vicinity, which, as a stimulus to mutual cooperation, 1s
highly valued.

Although plans to that effect are in preparation, no new glasshouse
was bullt during the year under review. Keeping the research
facilities up to the required standard by regularly replacing old
glasshouses with new ones is the subject of comstant concern. Some
necessary adaptation, however, could be realised. For example, to
enlarge the possibilities for the research on artificial substrates
necessary installations were built in existing glasshouses.

The number of staff employed slightly decreased as an effect of
government cutbacks. Only the Department of Economics and Management
was extended.

RESEARCH

In 1985 again the direction the research was or gshould be heading
was reflected upon. In agreement with commercial practice it was
concluded that in the coming five years the highest pricrity should
be given to the quality research. Thus, energy saving lost its first
position on the list of priorities. However, as part of the general
pursult of a decrease of the cost price of the products this subject
will continue to receive all due attention as an important research
item. Furthermore, questions around the increase in the range of
vegetable crops and environmental aspects of the production will
remain subjects of investigation. In many cases utilization of the
passibilities in the field of informatics will play an important
role in this research.

The above sets out the lines of action for the research programme in
the coming years. The developments in research discussed below
should be placed against this background.

In the nutrition research progress was made in the formulation of
computer programmes for the nutrition recommendations. The
recommendations drawn up by the computer on the basis of preceding
chemical analyses were consequently tested in commercial practice.
In general they appeared satisfactory. The direction taken with the
automation of the nutrition recommendation therefore offers



perspectives.

The attention given to artificial substrate growing further
increased. Because the switch—over to substrate growing in
commercial practice leads to a far-reaching specialisation on the
nurseries, the growing of alternative crops threatens to lose some
of its prospects. This holds true for lettuce and several
small-scale products. It is a special challenge to research to find
a solution to this problem. The investigations into artifiecial
substrate growing focus om nutrition research with cut flower crops
and the possibilitles of recirculating the nutrient sclution.
Recirculation way remove certain environmental problems and lead to
a more economle use of fertilizers. The main focus of research is on
the practical possibilities for disinfestation of the nutrieant
solution. The waste-disposal connected with growing on artificial
substrates was also worked on but this study has not been rounded
off yet.

As part of the glasshouse climate research the temperature
investigations carried out with tomato in the so—called low water
temperature glasshouse attracted attemtion. Especially the
significance of the temperature sum over a certain period came to
the fore. Day and night temperatures appeared to affect mainly the
longitudinal growth of the plant.

Next to temperature also 0, recelved renewed attention. Research
pointed out that CO, application up to levels of 600-700 ppm i8s very
effective and that ﬁigher values result in only slightly increased
yvields. This 1s of considerable importance now that it has become
clear that 002 application also in the summer months is economically
desirable. Thé problems connected with CO, application in summer,
however, require prolonged investigation.

For cucumber the development of a simulation model for the growth
and production was worked on. Data from the research with €0, levels
and light measurements were used to test the model, and from this a
reasonable agreement emerged. It shows us that this approach may be
useful in a further refinement of the glasshouse climate control. In
the long run it will possibly lead to the connection of a model for
crop growth to a model of farm economics, sc that it can be defined
which measure (extra CO, application, for example) should be taken
at what time and to what extent to reach the most efficient
production.

Research into the glasshouse air composition with 002 application
from the central boiler made clear that the presence of polluting
components may have less desirable consequences. In the outside air
relatively much 02 occurs and a small amount of NO. In the
glasshouse the reVerse appeared to be the case. Too high levels of
NO may result in growth inhibitions. These and other observations
require further research.

In the relation between nutrition and glasshouse climate in which
also energy saving conditions are involved, again the EC of the
nutrient solution appeared to play a dominant role. The influence of
the EC on the quality of the fruit, i.e. not only the keeping
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quality but also the flavour of tomato, for example, appeared to be
very conslderable.

Additional problems in which the quality research was involved
included shrink cracks in tomato and sweet pepper. Only limited
understanding could be gained of the causes of this disorder.
Furthermore, attention was pald to sponginess in radish.

As part of the phytopathological research a new success in the field
of bilological control of pests is worth mentioning. For the first
time a predatory mite (Amblyseius cucumerinus) was used on a large
scale in commercial practice to control thrips in sweet pepper.
Thanks to an intensive guidance this control method was successful
on a large number of nurseries, and thus formed another contribution
to the blological control of pests as can be carried out on a
practical scale. The research into the bilological control of
leafminers and aphide is still in full swing.

Finally the increased interest in the management on glasshouse
nurseries merits particular attention. It was recognized that this
is an important factor in the farm profits. The development in
management information systems as well as the automation of advisory
systems therefore rank high on the list of priorities. In these
investigations the progress in the fleld of informatics {s taken the
best possible advantage of. One of the projects under these terms in
1985 was the automation of the (farm economic) advisory work of the
advisory service. Moreover, a form of business recording for
commercial growers was worked on. A new field of research announces
itself which will require much attention in the coming years, in
close cooperation with for example the organisation mentioned above
(S1TU), which the graowers set up for this purpose.

TRANSFER OF RESEARCH RESULTS

In the year under review our researchers publighed 27 sclentific
publications and more than 200 articles in the trade press. One of
the important channels of finformation to the growers is the State
Advisory Service. The National Advisory Service's duty is to inform
(state) advisory officers about new research results. These officers
transfer this knowledge to commercial growers, for example by way of
the growers' study groups.

In recent years the abave situation has been changing considerably.
Beside the State Advisory Service varlous other organisations and
individuals are entering this field. This is caused on the one hand
by an increasing need for informatfon on the part of the grower, on
the other hand by the increasing possibilities for the supply of
information, for example by automation.

The growth of the State Advisory Service could not keep pace with
the increasing needs, so that private companies and individuals took
over part of the information supply. This situation, which began to
take definite shape in the year under review, led to a closer
reflection in research and State Advisory Service. The new
developments should be anticipated as well as possible, the main
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goal always being that the growers should have as much and at the
same time as objective information as possible available. Therefore
it was decided that informative meetings should also be organised
for private consultants and a system was set up in which private
consultants have written information, such as brochures ete., at
their disposal.

The developments observed here will undoubtedly need renewed
attention in the coming years.
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4. DEPARTMENT OF SOILS, WATER AND NUTRITION

J. van den Ende

Water relationships in glasshouse crops (R. de Graaf)

In the framework of this project research was carried out during
the year under review into the water and nutrition distribution
with trickle irrigation in soil crops. The report of this research
was not yet entirely rounded off at the end of 1985. A pumber of
results and conclusions are mentioned below.
The investigations were carried out om 3 heated tomato nurseries
(sandy soil, clay soll and peat soil). During the cropping period
regularly soil samples were taken at a diastance of ¢, 5, 10, 20
and 30 cm from the nozzles, and at a depth of 0-10, 10-20, 20-30
and 30-40 cm, respectively.
It appeared from the results that the set EC value and the
compoeition of the irrigation water, the amount of water applied
(leaching), the type of soll (distribution of moisture) and the
uptake by the crop more or less determined the ccntents of
(nutrient) salts which were registered Iin the soll at a certain
depth and distance. Both within a nursery and between nurseries
great differences occurred between contents of (nutrient) salts
at the various asampling distances and depths. The differences
between the several contents generally Increased in the course of
the cropping period.
The following conclusions can be drawn from the investigations:
- in the course of a cropping period great differences in
{nutrient) salt and moisture content may occur at various
distances from a nozzle and at varlous depths;
- great differences in (nutrient) salt contents may occur within
small intervals;
- so0il type and moisture condition have a clear influence on the
analysis figures of soll samples of various distances and depths;
- especially on sandy soil the local moisture condition of the
soil sampled affected the analysis figures. In the clay soil the
effects of the molsture condition were relatively small. In the
peat s0il no influence of the moisture condition on the analysis
figures could be observed;
-~ when preparing the 1:2 volume extract too dry sandy soll samples
will have to be wetted until field moisture first;
- the movement, accumulation and/or 'condensing' of (nutrient}
salts is not the same for every nutrient salt:

sandy soll: little movement and accumulation over distances of
more than 10 cm. Calcium, nitrate and sodium show the greatest
movement and accumilation;

peat soil: rapid movement and great accumulation over a great
distance. Sulphate, magnesium and calcium in particular show
rapid movement and great accumulation (30 cm). Nitrate,
potassium, sodium and chlorine show a slightly slower movement
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and less accumulation (20 and 30 cm).

clay soll: the movement and accumulation were slightly less
than those in peat soil. Sulphate, calcium, sodium and
chlorine showed the greatest movement and accumulation rate.

In comparison with the other (mutrient) salts magnesium had
slower movement and less accumuiation.
- it is not simple to indicate an optimal sawpling spot because of
the great differences which may occur with trickle frrigation in
so0il. In soils with a more or leas equable moisture condition
{peat soil) the problem is less serious than in a sandy soil with
wet and dry spots.
It ig recommended in any case to take regular samples under the
nozzles and ocassional samples at a certain distance from the
nozzles (10 to 20 cm in gandy and clay saoill, 20 to 30 ecm in peat
s80il) in order to obtain an impression of accummlation and/or
'condensing’. ’
Apart from the dilemma of a proper sampling place it is difficult
to give an appropriate nutrition recommendation on the basis of
the research results obtained; the recommendation will also be
determined by the condition of the crop.

Variation in water supply and transpiration of glasshouse crops
(A. van der Burg and Ph. Hamaker)

A study was conducted of the varlation in water supply and
transpiration of a tomate crop grown in rockwool. Measurements
were carried out of the quantity of water supplied and the
quantity of drainage water on units of 2 plants. Forty-four of
such units were placed in a glasshouse. Water supply took place by
means of a trickle irrigation system. The measurements were
conducted during periods of 12 days scattered over the growing
season.

The variation in water supply between the nozzles of the
irrigation system increased in the course of the season from 5% in
March to 15% in September. A number of factors systematically
affected the transpiration of the plants. The rows of plants of a
path which were in the shade used 18% less water than the rows
which were in the sun. The plants along the sunny side wall of the
glasshouse used 30 to 100% more water than those in the middle of
the glasshouse. The residual variation of tramspiration of the
units was 10-15Z. On this basis it was calculated that the
residual variation of transpiration of plants is ca 15-20%.

SOIL TESTING
Hutrition recommendation (L. Spaans and A.L. van den Bos)

The nutrition recommendation of soil samples from commercial
practice was no longer the responsibility of employees of the
Research Station. It was handed over to employees of the
Laboratory for Soll and Crop Amalysis (BLGG). This tranfer and the
breaking in of new people took a considerable amount of time. The
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computerised nutrition recommendation for cucumbers in rockwool
was rounded off.

In February 1985 the parameters for the automatic additional
nutrition recommendation were finished for the following soil
crops: tomato, sweet pepper, rose, carnation and gerbera. The
additional nutrition recommendations generated by the cowmputer
were tested. By the middle of the year under review also the
parameters for the automatic nutrition recommendation for cucumber
in rockwool were finished.

Compariscn of soil extracts (C. Sonneveld and W. Voogt)

S0il samples from 75 glasshouses were analysed by means of the 1 :
2 volume extract.The data obtained were compared with the
composition of the soil sclution. The soll solution was prepared
by pressing out 30% of the water in field moist soils.

The regression equations and correlation coefficients found for
the relationships between the analytical data of the 1 : 2 volume
extract and the soil solution are presented in Table 1.

Table 1. Regression equations for the relationships between
analytical data of the 1 : 2 volume extract (x) and of
the soil solution (y). Data expressed as mmol/1.

Determination Regression equation Correlation coefficient
NH4 y = 3.23x + 0.05 0.782
K y = 3.38x - 0.80 0.922
Na y = 4.04x — 1.12 0.929
Ca y = 2.53x + 7.86 0.811
Mg y = 3.48x + 1.86 0.876
NO3 vy = 5.09 + 0.14 0.899
c1 y = 6.15x - 2.04 0.952
50 y = 1.47x + B.67 0.779
ned, ¥ = 1.89x - 0.06 0.774
P y = 1.78x - 0.09 0.936
EC y = 3.12x + 0.84 0.886

For most of the determinations close relationships were found. The
differences between the regression coefficients can for the
greater part be explained by adsorption effects and dissolution of
poorly soluble salts.

The determination of nitrite fn scil (S.5. de Bes)

After steaming of the so0il temporarily a coneiderable increase of
the nitrite concentration may occur. In commercial practice there
is the need to be able to fix the most suitable moment for
planting with the aid of soll research. Because conversion of the
nitrite takes place rather rapidly, the most suitable mode of
action for determining the nitrite in soil has been investigated.
Based on the present way of sampling and extraction the speed of
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conversion of NO, 1n particular was studled. It appeared that
after one night already 30% of the nitrite in a so0il sample may be
converted. After several days there is no nitrite left. Cool
storage delays this process but does not prevent it.

It appears that an extract can be kept for a few weeks provided
that it is stored cool. The relfability of the determination
therefore strongly depends on the period between sampling and
extraction. This period should be as brief as possible.

Development and improvement of physical smalytical methods
(F.M. Leijn-van Dijk)

On behalf of the physical analyses in rockwool 2 methods of
subsampling were compared. Sampling of the rockwool slabs in the
form of cubes or cylinders appears to offer little problems, in
terms of practical feasibility. The humidity characteristics,
however, reveal a tendency towards differences in humidity at.
various moisture tensions especially during rewetting. The reason
for this has not yet been found out.

On behalf of the physical potting soll research the search was on
for a mwethod which' can quickly give a reliable inaight iato the
physical characteristics of potting soll mixtures. This
exclusively concerns a molsture determination at one certain
moisture tension (pF=l.5) for mixtures the components of which are
suf ficiently known. It appeared possible to abbreviate the
duration of analysis from 7 to 4 days by shortening the various
balance adjustments, both at saturating and at applying the
moisture tension. It is however essential that the material does
not contain too many ligneous or fibrous components. For the
physical experiments improvements were carried out in the
equipment. The sand boxes used in adjusting the pF values were
fitted up anew and provided with a layer of gravel around the
drainage system, so that the incidence of stoppages will be
reduced and the balance adjustment favourably affected in terms of
time.

Furthermore the department worked on the realisation of a
collection of prescriptions describing all physical analysis
methods now in use in the laboratory.

CROP ANALYSIS
Expression of plant tissue analysis (C. Sonneveld and W. Voogt)

The investigations into the most adequate way of expression for
crop analysls were continued. Agaln tomatoes were grown at various
K/Ca ratios in the nutrient solution. The crop was sampled at the
moment that both potassium and calcium deficiency occurred. In the
table below the results of the crop analysis are summarized.
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Table 2. The results of the crop analysis; only the extremes are
presented. Contents in mmol/kg dry matter or in mmol/l
press extract

K - dry matter K - press sap K ~ press sap
expressed as dry matter

leaf petiole leaf petiole 1leaf petiole
lowest 202 453 41 46 189 398
highest 1608 2298 182 190 1288 1748

Ca - dry matter Ca — press sap Ca — press sap
expressed as dry matter

leaf petiole leaf petiole leaf petiole
lowest 117 91 0.7 0.1 5 1
highest 727 606 68 22 316 191

It appears that potassium 1s recovered for ca 85-%0% in the press
sap; with low potassium this is sliphtly less. With calcium the
percentage recovered in the press sap depends more strongly on the
content and ranges from 10 to 50%, from low to high calcium,
respectively. With the results of this experiment and of previous
experiments correlation calculations have been carried out. It
appeared that for both elements there is a significant
relationship between the determination on the basis of dry matter
and that on the basis of press sap. For potassium the correlation
is slightly higher but the regression 1s also stronger. For
calcium there ig a rather great negative intercept caused by the
low caleium contents in the press sap with a low calefum level in
the plant. Apparently more calcium is adsorbed in the organic
matter or fixed in insoluble compounds with low calcium than with
high calcium.

Silicon determinations in nutrient golutions and in crops
(5.5. de Bes, C.W. van Elderen and F.M. Leljn-van Dijk)

For the investigations into the effects of 8i in crops on
artificlal substrates the department worked on the realisation of
analysis prescriptions which describe the determination of Si in
nutrient sclutions and in ctops. For the analysis in nutrient
solutions especially the disturbing influence of phophate and to a
lesser degree that of colour was Investigated. Eventually the
silico molybdenum blue method was chosen, a colorimetric
determination which was not disturbed by the phosphate in the
nutrient solution. The sensitivity is far better than the AAS
method while its simplicity will not prohibit a possible automatie
analysis.
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For the crop analysis a prescription applied elsewhere was used,
in which air dry crop is extracted with an extraction solution
consisting of HF 2,3 M, and HCl 1 M. The shaking times may be
critical, depending on the crop. For horticultural crops such as
lettuce, tomato and cucumber a forceful mechanic shaking during at
least 20 hours 1s sufficlent. Measurements in these extracts must
take place without contact with glass, which may be achieved by
working with synthetlec (polythene) bottles, etc. Subsequently the
flame-AAS technique was chosen which, in view of the Si contents
found in certain crops (particularly cucumber) has proven to be
sufficiently sensitive.

Improvement measuring method Na and K (C.W. van Elderen)

The determinations of Na and K in various extracts and destruates
have been carried out for a great number of years by means of atom
emigsion spectrometty with the ald of an air acetylene flame. In
certain cases the Na determination in particular appeared to be at
congiderable disagreement with the results of other laboratories.
In some cases, especlally with high Na concentrations the
variation was +20X. Initially the use of out—-of-date equipment was
thought to be the cause of this. Application of more modern
equipment resulted in a more efficient working method because
direct concentration measurements became possible, but the
agreement with other laboratories did not really improve. After
investigation it appeared that when 0.1% K in the form of KCl is
added to the measuring solutions, systematic variations no longer
accur. Egpecially with samples in which apart from Na many cations
occur, this disturbance has great effect because there was
inequality in the composition of the standard solution as compared
to the samples to be analysed. The standard solutions previously
contained only NaCl whereas in virtually all samples more ions
such as of K, Ca and Mg were the cause that the measuring signal
of an equal amount of Na in the sample i3 relatively higher than
in the standard solution as a consequence of the ionisation
disturbance in the flame. Adding 0.1% K to both standard and
measuring solutions prevents this disturbaunce. With K no such
effect was observed.

RELATION BETIWEEN NUTRITION AND CHEMICAL COMPOSITION QR CROP
QUALITY

Cadmium in lettuce cultivare (J.P.N.L. Roorda van Eysinga and A.L.
van den Bog)

Analytical results became avallable concerning the cadmium content
in lettuce cultivars collected during the winter of 1983-1984. The
material originated from cultivar trials carried out by the
Government Institute for Research on Varieties of Cultivated
Plants (RIVRO) and Research Station Naaldwijk and consisted of 9
{on some trial plots 10) cultivars from 6 nurseries. After
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statistical processing a significant effect appeared both of the
nurseries and of the cultivars on the cadmium content. The average
content per cultivar ranged from 0.04 to 0.08 mg Cd/kg fresh
produce. The results indicate that on a soil with a slightly
raised cadwlum concentration it is possible, by means of cultivar
selection, to grow lettuce with a low cadmium content.

Cadmium in lettuce from commercial murgeriea (J.P.N.L. Roorda wan
Eysinga and A.L. van den Bos)

The investigations inte the cadmium content in lettuce, in
cooperation with the Central Bureau of Horticultural Auctions, was
started in October 1985. Subject of study is the relation between
Cd in soil and in crop. In contrast to the survey carried out
earlier special attention will also be pald to the effect of the
cultivar. Of the first 15 samplies 2 contained more cadmium than is
adwitted according to the preliwminary Dutch norm (0.20 ppm Cd/kg
fresh produce).

Belation between total bromine and bromide svailable to the plant
(J.P.N.L. Roorda van Eysinga and A.L. van den Bos}

The research into the occurrence of bromine in variocus soils and
the degree to which bromlde is liberated by steaming was carried
out again. From 10 locations in South-Hollaund quantities of soil
were collected which after intensive mixing were divided over 5
buckets of 10 1. After contisuous mixing and finally drying 10
small portions of soil were presented to TNQO, department of
Analytical Chemistry, which determined total bromine by means of
electron activating analysis. The contents appeared to range from
16 to 96 mg Br/kg dry soll. On the basis of the dried samples
extraction took place with water 1:5. It appeared that on average
21% of the total bromine 1s soluble in water (spread 1 to 48%). By
steaming the soil from a bucket (10 1) and subsequently leaching
it heavily (with 10 1 water) and by determining bromide in the
leaching water it was calculated that after steaming 29% of the
total bromine can be solved in water (spread 5 to 582).

NUTRITION WITH MACRQO ELEMENTS

Nitrcgen source and crop growth (W. Voogt and C. Sonneveld)

In an experiment started in 1983 (see Annual Report 1983, p. 20
and 1984, p. 14) nitrate, ammonfum and urea were compared as
nitrogen forms to add to irrigation water for top dressings. The
quantities of ammonium and nitrogen used were 25 and 50% of the
total nitrogen applied. In 1383 gerbera and chrysanthemum were
grown as experimental crops. With gerbera high ammonium
application reduced chlorosis in the leaves and tended to result
in a better yleld. The application of urea did not show such
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effects. With chrysanthemum no differences in appearance and
flower weights were noticed.

Nitrogen and potassium experiment with Bouvardia (J.P.N.L. Roorda
van Eysinga and A.L. van den Bos)

The Bouvardia crop started in 1984 on the long term N and K
fertilization field, was continued. The first harvest perlod was
in the second half of April and in May, the second in the last
half of July and in August, and the third began at the end of
Octeber. For the last period no yield data were collected because,
as in December 1984, severe leaf scorch occurred. The cause of
this is air pollution by burning fire cutside the glasshouse or a
too high CO2 concentration within the glasshouse. The erop's
response to the nutrition levels was less clear in spring than {n
summer. In April-May the level of 2 mmol N/1 1:2 extract appeared
to be slightly better with respect to productiom. 0-N however
yielded the heaviest stems. In summer O-N and the field with the
heavieat fertilization (8 mmol N/1l) clearly remained behind. With
the potassium levels the differences in summer were also more
pronounced. 0-K and the heaviest fertilized object (4 mmol K/1)
remained behind in production, and 0-X in particular also in
quality. With a final harvest in the apring of 1986 the experiment
will be terminated.

Nitrogeu nutrition experiment with Guernsey lily (Nerine)
(J.P.N.L. Roorda van Eysinga and A.L van den Bos}

In contrast to what was expected the Guernsey lily crop of a
nitrogen nutrition experiment carried out in a commercial nursery
in 1984, was not lifted (see Annual Report 1984, p. 15). The
fields were therefore split in two, and in the year under review
half of all the plots received a top dressing of 4 kg nitrate of
lime per are, the other half did not receive any top dressing. In
October the flowers were harvested. This year no difference at all
between the 2 treatments could be observed. The heavy
fertilization in 1984 (12 kg ANL/are as base dressing and 10 kg
nitrate of lime/are as top dressing) which then had an adverse
effect, appeared to have slightly ifmproved the quality in the year
under review. Because, however, the total number of flowers in
both years was greatest on the unfertilized plots it was concluded
that Guernsey 1lily needs only light nitrogen nutritiom. As target
value 2 mmol N/1 1:2 volume extract is recommended.

The cause of (not) flowering of Guernsey 1lily (J.P.N.L. Roorda van
Eysinga and L. Bost-Spitters)

The fact that in forcing Guernsey lily some bulbs produce leaves
but no flowers constitutes a great problem. In some batches only
half of the bulbs comes to flowering. A growers' atudy group
collected bulbs from 6 batches of plants which had flowered and of
plants which bad not. Chemical fnvestigation of these bulbs showed



that bulbs which had flowered had a lower dry matter content and
contained more calcium than bulbs from the same batch which had
not flowered. Although 1t 1s possible that the cause of these
differences is the (not) flowering of the bulbs and not the other
way around, it was concluded that future research should be
directed towards control of the moizture content and calcium
uptake, including a generous and regular moisture supply of the
crop.

GROWING SUBSTRATES

Cation ratios for lettuce grown in recirculating water
(C. Sonneveld and W. Voogt)

In 3 experiments with lettuce grown in recirculating water
attention was paid to the application of different cations to the
nutrient solution. In the first experiment various K/Ca ratios
were compared at 2 Mg levels. In the second and third experiment
speclal attention was paid to the application of potassium.

No significant differences were found between head weights
resulting from a wide range of K/Ca ratios compared. Only at very
low K contents, below 1.0 mmol/l, a reduced head weight was
noticed. With respect to tipburn ne differences were found for the
various K/Ca ratios.

The K content of the lettuce was hardly affected by the different
cation ratics in the recirculating nutrient solution. Only at K
contents in the nutrient solution below 2 mmol/l the uptake of K
was reduced. The uptake of Ca and Mg was clearly affected over a
wider range of concentrations of these elements in the
recircalating solution.

IHA application for rockwool grown tomatoes {(W. Voogt and C.
Sonneveld)

In an experiment with tomatoes on rockwool 3 quantities of
ammonium nitrogen in the nutrient solution were compared at 2 Ca
levels. For NH, 0, 0.75 and 1.5 mmol/l were compared and for Ca
2.5 and 3.5 mmol/1l. The yield was not significantly affected by
the different treatments. The colour of the leaves was favourably
affected by the application of NH& nitrogen. Without NHQ nitrogen
plants showed more chlorotic leaves than with NH, application.
This can be explained by the lower pH value of the root
environment which results from NH4 addition.

Specific effecta of sodium chloride on towatoes grown in nutrient
film (A.M.M. van der Burg, D. Theune and C. Sonneveld)

Tomatoes were grown in a nutrient film technique system at
different_fc levels. The standard level for nutrient supply was
2.2 mS.em ~ for all nutrients. Higher levels of the EC were
realised by addition of nutrient solution or by addition of NaCl.
In one treatment the nutrient sclution was replaced once a week.
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Increasing the EC value from 2.2 to 3.7 reduced the’ marketable
yvield with 32 and an Iincrease to 5.2 reduced the yield with 6%.
The weekly replacement increased the yield with 8% compared to:no
replacement. No differences occurred between increased EC values
by NaCl or nutrients.

With respect to the quality of the fruits it was found that higher
EC values increased blossom end rot. Furthermore the colour and
the shelf life were improved, the contents of acids and of sugar
increased and the incidence of russetting decreased with higher EC
values. No specific effects of NaCl were noticed in this field.

Ammonium and calcium for cucusbers growm in rockwool
(Y. Ruyzenaars and C. Sonneveld)

Cucumbers were grown in rockwool at 2 Ca levels and 3 NH, levels
in the nutrient solution. A low caleciuwm supply without ammonium
addition caused severe chlorosis symptoms in the leaves which
resembled iron deficlency symptoms. A calcium supply in the
nutrient solution for cucumbers of 35% of the cations and an
ammonium supply of 10% of the nitrogen seemed to be the optimum
concentrations. A somewhat higher ammonium supply, however, did
not reduce yleld. If necessary for control of the pH, ammonium
addition up to 15X of the nitrogen 1s acceptable.

$1i and P levels in the nutrient sclutfon for rockwool grown
cucumberg (C. Sonneveld and W. Voogt)

Cucumbers were grown im rockwool with 3 S1i levels at 2 P levels in
the nutrient solution. Two cultivars were used, namely 'Lucinde’
and 'Millio'. The latter 1s reslstant against powdery mildew and
sensitive to genetic necrosis. 5i was added te the nutriemt
solution in quantities of 0, 0.5 and 1.0 mmol/l and P in
quantities of 0.5 and 1.25 mmol/l.

The low P application reduced ylelds with ca 10%Z. The necrosis of
ev. 'Millio' was strongly affected by the P level. In the
beginning of the growing period no necrosis was noticed at the low
level in comparison with moderate symptoms at the high level.
Later only slight necrosis was found at the low P level. Si did
not show differences In yleld and necrosis. However, with the
highest Si application the young leaves contained 500 mmol Si/kg
dry matter and the old leaves 1000 mmol/kg. Without application
contents of 90 mmol/kg were found.

51 level in the mutrieant solution for dwarf beans (C. Sonneveld
and W. Voogt)

In an experiment with dwarf beans grown in rockwool the
application of 51 was studied. Concentrations in the nutrient
solution between 0 and 4.0 were compared.

Without Si application a content of 20 mmol Si per kg dry matter
was found as compared to 400 mmol/kg at an application of &
umol/l. Differences i{n yield could not be observed.
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NH, applicstion for sweet peppers in recirculating water (W. Voogt
ané C. Sonneveld)

In an experiment with sweet pepper in a recirculating nutrient
solution 3 quantities of NH,-N were compared at 2 Ca levels. For
¥, 0, 0.75 and 1.5 mmol/]l were inserted and for Ca 3.0 and 3.5
mmol /1.

With low Ca yileld was 10X higher than with kigh Ca. Blossom-end
rot was significantly aggravated by low Ca and green spot by high
Ca.

K-Ca supply for melons grown in recirculating water (W. Voogt and
C. Sonneveld)

Melons were grown in a recirculating nutrient solution at 2 K/Ca
ratios, viz. 1.6 and 2.9. These ratios were elther changed or not
changed to a ¥/Ca ratio of 4.8, depending on the growing stage.
The various treatments did not show differemces 1o yield and
quality of the fruits.

Effect of the EC of recirculating nutrieat solutions on production
and sugar conteot of melon (J.P.N.L. Roorda van Eysinga and A.L.
van den Bos)

Melons were grown in a recirculating nutrient solution. The
nutrient solutions were composed of identical A and B stock
solutions but differed in EC. By applying extra high ECs it was
attempted to grow fruits with a high sugar content. Two cultivars
were uged, 'Haon' aad 'Galia'. 'Galia' showed a more Lrregular
response than 'Haon' and had a few deviating plants so that the
results of that cultivar are less reliablf. With 'Haon' the
average fruit weight at high EC (8 mS/cm ~) was lower (448
g/plece) than with EC & mS (643 g/plece). The sugar content in
both treatments was ca 11.8%. Maintaining a high EC at_the
beginning of the cropplng period and a low EC (2 mS/em ~) from the
beginning of harvest yielded fruits of on average 587 g with 11.3%
sugar. The conclusion {5 that growing melons on nutrient solution
is very well possible. Malntaining an EC of upwards of 4 mS gives
a smaller fruit, hence a lower yield, and a sugar_gontent which
differs little from a crop in an EC of ca 3 mS.cm . The results
were published in the trade press.

P and B concentrations in the nutrient solution for rockwool
groum spray carnatioms (D. Theune and C. Sonneveld)

Two cultivars of spray carnations were grown in rockwool at
different pH values and B concentrations. The pH values maintained
in the autrient solutfon were 5.5 and 6.5 and the B concentrations
10, 40 and 70 umol.l .

Both cultiva;i showed B deficlency symptoms at a B concentration
of 10 umol.l . Higher B applications increased the number of
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stems and, for cv. 'Barbara’ also the weight per flower. For cv.
'Silvery Pink' the weight per flower was hardly affected. The
total welght of the flowers increased with ca 20X with the highest
B application. Cv 'Barbara' showed a favourable response to the
high pH value, in contrast to ¢v 'Silvery Pink'. The vase life of
¢cv ‘Barbara’ was adversely affected by a low B supply.

PLANT NUTRITION AND GLASSHOUSE CLIMATE

Experiments in the energy glasshouse (Y. Ruyzenaars and C.
Sonneveld)

In spring tomatces were grown in the energy glasshouse on rockwool
at 2 temperatures in the root environment, 2 EC levels and 3 K/Ca
ratios. Four glasshouse climates were maintained with different
humidities.

In January symptoms of calcium deficiency in the leaves appeared.
Later some magnesium deficiency was found. Both deficiency
symptoms were aggravated by a high humidity. The magnesium
deficiency, however, was also aggravated by am EC value of 3.5 as
compared te a value of 2.53.

Furthermore the higher EC level improved the shelflife, increased
the acid content and the sugar content of the fruits. EC level 3.5
resulted in a 6% lower yield than EC level 2.5. The K/Ca ratios
did not have any effect on yileld or quality, which also holds good
for the different temperatures in the root environment.

In autumn beefsteak tomatoes were grown in the energy glasshouse.
Three magnesium levels in the nutrient solution were combined with
4 EC regimes. The various EC regimes were realised by ilncreasing
the level from 3 to 5 or 8 in the second part of the growing
period as compared to a constant level of 3.

The highest magneasium application slightly increased the incidence
of blossom—end rot. An increase of the EC level in the second part
of the growing period decreased blossom-end rot. This is in
contradiction with other findings. Magnesium deficlency was
reduced by the application of a higher magnesium content in the
nutrient solution and it was Increased by raised EC values. An
increase of the EC level at the beginning of harvest reduced the
yield with 7%. A raised EC level later on restricted the yield
decrease. The increased EC levels resulted in a better quality of
the fruits because of higher acid and sugar contents and a longer
shelf life.
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5. DEPARTMENT OF PHYSIOLOGY

P.J.A.L. de Lint

THE EFFECTS OF ENVIRONMENTAL FACTORS ON GROWTH AND DEVELOPMENT OF
GLASSHOUSE CROPS

The effects of the number of shoots and root sets per plant on
growth and production of towato (D. Klapwi jk)

In January an experiment was started with tomato cv. 'Calypso’
(sowing date 22 October 1984). The plants were grown in 10 1
containers filled with a light and coarse peat mixture.
Differences were made in the number of additional shoots per
plant at different places along the maln stem. On other plants
additional root sets were obtained by placing containers
alongslide the main stem. Plants were wider apart than normal and
plant density was increased by the extra shoots formed near the
8th, 13th or 18th truss. The cropping period lasted until
November 1985. The yleld per truss was recorded. The leaves
between each 2 trusses were weighed separately, as was the stem.
Fortnightly measurements were carried out of leaf length and
fruit diameter. Only a small part of the data have been processed
as vet.
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The normal plants with one shoot and a single root set yielded 15
kg. Plants with 3 additional shoots produced 21 kg and plants
with 3 additional root sets 20 kg per plant. The size of the
fruits in these 2 treatments varled considerably. Oun the plants
with 4 shoots the average fruit weight was 62 g, whilst it was 87
g on the plants with &4 root sets. The number of fruits per plant
was 343 and 230, respectively. Leaf weight per plant with &
shoots was 2.92 kg, 1i.e. 130 g per kg fruit. On plants with 4
root sets 2.66 kg of leaves were found, f.e. 132 g per kg fruit.
The amount of leaves seems to be of great importance in relation
to the total fruit production per plant.

Growth of tomato and cucumber seedliogs the first few days after
emergence (S.A. Tooze)

Seeds of tomato (cv. TAbunda') and cucumber (cv. 'Uniflora D')
were sown several times throughout the summer. Upon emergence (&4
days for cucumber and 5 days for tomato) data were collected on
the increase in fresh and dry weight and leaf area. The
experiments lasted from 1 to 5 days after emergence. The growth
percentage per day varied per experiment depending on the
experimental conditions. The growth perceantage one day after
emergence was quite high for the fresh welight and leaf area
(160-241% for fresh welght and 332-440% for leaf area with
cucumber and 113-180X for freah weight and 223-349% for leaf area
with tomate). After the first day the fresh weight growth
percentage decreased. The dry welght growth percentage was low
one day after emergence and in several experiments actually
decreased (92-106% with cucumber and 84-132% with tomato). After
the first day the growth percentage for dry weight increased. By
the fifth day the growth percentages for fresh and dry weight and
leaf area were approximately the same.

The percentage dry matter was quite high on the first day (15-35%
for cucumber and 12-16% for tomato). Because the dry weight
increased at a slower rate than fresh weight immediately
following emergence the percentage dry matter quickly decreased.
By the fourth day the percentage dry matter was 6.5% for cucumber
and 7.7% for tomato-.

The seedlings show an enormous dry matter dilution during the
first few days after emergence. This means that the growth curves
for fresh weight and leaf areas have a much steeper slope in this
perfod. For dry weight the curve slope remains fairly constant
fot the entire exponential growth phase. The slopes (RGR) for
fresh weight and leaf area are therefore also greater than dry
weight during the first days after emergence. After this period
the RGR values are similar. This means that when a growth
analysis is based on fresh weight the first few days after
emergence should not be included in the growth curve. Data
collected after this period will result in RGR values which are
similar to those for dry weight.
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Effect of season on growth and leaf initiation im young
chrysanthemoms under long day conditioms (D. Klapwijk and C.F.M.
Wubben)

In 1984 work has been started on plantings, regularly distributed
in time, of rooted chrysanthemum cuttings both under natural
radiation and with a long day regime. As soon as the plants have
established well they are pinched. One of the developing shoots
is maintained to collect data on vegetative growth rate and leaf
initiation rate. This experiment has been continued in 1983 and
will be terminated in 1986. The results will be presented in the
Annual Report 1986.

Seasonal effects on the growth, flower initiation and flowering
of spray carnations (D. Klapwijk and C.F.M. Wubben)

The collection of data on seasonal effects on growth, flower
initiation and flowering of spray carnation (see Annual Report
1981, p. 36; 1983, p. 36 and 1984, p. 29) has been terminated in
November 1984. Carnation plants cv. 'West Pink' were stopped and
only one of the developing shoots was maintained. The plants were
cultivated under commercial growing conditions. Between September
1982 and July 1984 32 plantings were used for the collection of
data on vegetative growth in order to make it possible to compare
the data on the slow growing carnation and those on tomato, which
was the quickest c¢rop tested. The demand for data on the effects
of natural daylengths on flower initiation was another reason for
using carnation as a test plant. Finally data on flowering of
spray carnation were collected to be able to compare the results
with data from the literature.

Vegetative growth. The relative growth rate of the different
batches of plants was strongly affected by the season. The
minimum growth rate in the middle of the winter was less than 2%
daily. The growth rate increased linearly to 9% in the middle of
the summer and decreased in the same way to 2% again. The leaf
initiation rate showed the same year round pattern. The
mid-winter rate was 0.09 leaf pair/day, the mid-summer maximum
was 0.24. The seasonal effect on extenslon growth of the
vegetative stem was the same as on vegetative growth and leaf
initiation, with a mid-winter minimum of 0.1 cm/day and a summer
maximum of 0.5 cm/day. Obviously the season affected these
phenomena by means of the amount of radiation energy.

Growth rates of spray carnation are extremely low. The maximum
growth rate of carnation in summer is even lower than the
mid-winter minimum of tomato.

Flower inpitiation. Flower initiation was observed by means of a
microscope. It is noticeable by changes in the shape of the top
meristenm. At cell level, however, flower initiation must have
taken place 2 to 3 weeks earlier. When the plants were stopped
between 10 March and 10 July they needed approximately 70 days to
show microscopically visible flower initiation. When plants were
stopped after 10 July the period before flower initiation
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increased to 180 days (stopping on 1 October). Plants stopped
between 1 October and 1 March all showed flower initiation on 7
May, if at least 18 leaf pairs per shoot had been initiated. This
implies a change to the generative phase at about mid-April.
Thus, under Dutch conditions the critical daylength for spray
carnations will be approximately 13 hours. It is also possible to
determine the woment of flower initiatfion from the leaf
initiation curve, by marking the date when the last leaf pair is
initiated. The last leaf pair may be derived from countings of
leaf pairs at flowering time. A third possibility to determine
the time of flower imitiation, even non-destructively, iz by
frequent measurement of stem extension. As soon as the flower has
been initiated the extension growth increases at least twofold.
The number of leaf pairs on a flowering shoot, including the
small ones at the base and the last ones under the calyx, is
during summer at least 18, with an average of ca 1%. Stopping
carnation plants after 10 July gradually increased the number of
leaf pairs to a maximum of ca 24 leaf pairs when plants were
stopped around 1 October.

Flowering. The period between flower initiation and flowering was
algo determined. The minimum period necessary in summer was 30
days which increased linearly to 90 days in the middle of the
winter. The pattern was the same as for vegetative growth, so it
decreased linearly again to 30 daye in summer. The conclusion may
be that flower growth in spray carmation is a vegetative process
which is not specifically affected by daylength. The critical
daylength of 13 hours for flower initiation causes a high
production peak around 10 July because the period between
microscopically visible flower Iinitiation on 7 May and flowering
i3 ca 6 weeks. The total perliod between stopping and flowering
averaged 110 days when stopping took place between 10 March and
10 July. Later stopping caused a linear increase to a maximum of
240 days in plants stopped around 1 October. These data are
fairly well in agreement with the data on total growing period
from stopping to flowering as presented in different year round
sets of data in 6 literature references from 5 different
countries: the Netherlands, Western Germany, United Kingdom,
United States (2) and Korea.

Comparison spray/standard carmation. Twice during the experiment
a comparison was made between spray carnation and standard
carnation {cv. 'White Sim'), the one with a very short, the other
with a very long period between stopping and flowering. The
results showed no important differences between the 2 cultivars.
Probably therefore there is no objection to applying these data
both to spray and to standard carnation. This conclusion is
sustained by the results from the literature, which all concern
standard carnation but nevertheless fit in very well with the
results of spray carnation.

Digscussion. Growth rates of spray carnation are extremely low,
therefore genetic improvement of the spray carnation seems to be
very urgent. The critical daylength under Dutch growing
conditions is 13 hours but no flower initiation takes place if



leas than 18 leaf pairs are initiated in the shoot. It seems
worthwhile to apply daylength extension to 24 hours in March and
April rather than in January. On the other hand the effect of a
24 hours' daylength may go beyond the results of this study, in
which only natural daylengths were used.

It must be possible to postpone flower initiation in young
carnation plants during summer by shortening the daylength to
less than 13 hours.

The data on spray carnations of the same type as the cultivar
'Weat Pink' may be applicable to the group of the Sim sports, but
the newer cultivars may possibly react differently to the same
daylengths.

EFFECTS OF LIGHT INTERCEPTION AND SUPPLEMENTARY LIGHT

Effects of light reduction and supplementary light on the growth
and development of young cucumber plants (S.A. Tooze)

In the year under review the investigation of the influence of
light reduction and supplementary lighting on the growth of
cucumber plants were continued with a series of 10 experiments.
In the early spring 2 experiments were carried out with different
layers of Agryl {p-17) shading cloth which was suspended above
the tops of the plants during the day. In the same experiments
high pressure sodium lamps (250 W) were used which burned during
daylight hours when radiation levels wevre higher than 20 J/cwm2.
In the summer experiments were conducted to determine how plants
would grow when shading was used only above certain radiation
levels. From April to September experiments were conducted in
which the plants were shaded either for the whole day or only
when certain setpoint radiation levela were reached. In the
autumn 1t was intended to measure growth close to the light
compensation point. A heavier shading cloth was used in a greater
number of layers to ca 703 light reduction. Supplementary
lighting during daylight hours was also used. Because of the
extremely long growth periods from emergence to 10 g fresh weight
with the low light levels, the growth periods were split in two.
The experiments were started with plants weighing 0.0l and 1.0 g
fresh weight. The experiments were terminated at the moment the
larger plants reached a fresh weight of 10 g. The experimental
data from these experiments are still being analyzed. A
discussion of the results will be presented in the next annual
report.

Effects of light reduction on the growth of young Schefflera
arboricola plants during the summer (S-A. Tooze)

Schefflera plants were potted up on 8 June. After 10 days the
plants were distributed over the experimental plots. The &
treatments were 1 and 4 layers of Agryl shading cloth (p-17) that
was suspended above the plant tops during the day, and 1 layer of
Agryl shading cloth which was suspended above the plants when
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outdoor radiation exceeded 200, 100 or 50 J/cmzlh. There were 3
replications per treatment. The first sample was taken on the
first day of the experiment. After this the samples were spread
over a growth period of 57 days. The plants were removed just
beneath the cotyledons and the fresh and dry weight was
determined. On 3 sampling dates the total leaf area was also
determined.

Table 3. The measured average daily light totals from the
treatments, the ¥ light reduction in relation to the
control and the growth analyses for the period 18 July
to 18 September

Treatmont Average Xlight Relaciva Rat
daily light reduction fn Groweh Race Assimilation BSpscific leat Growth parfod
totala relation te {RGR) Rate (NAR) area (SLA) to 10 g frash we.
{MJ/a fday) the control (g/z/day) (gfcm /day) cm /g (days)

controls 5.98 - 0.0787 0,392 193 54.9

1 layer ehading (during day) &.26 29 0.0830 0.405 a3 52.0

4 layer shading {(duriog day) 2.65 56 0.0787 0. 349 241 53.9

1 layer > 200 Jfcm_/hr. 5.43 9 6.0822 0.413 158 52.3

1 layer > 100 J/cm /hr. &.51 25 0.0824 0.411 206 51.0

1 layer > 50 Jfem /hr 4.35 27 0.0851 0.400 209 51.3

The control and 4 layers shading cloth during the day have the
lowest RGR and NAR values. One layer 'shading cloth > 50 J/em®/h
has the highest RGR. The difference in the growth periodzto 10 g
fresh weight for the control and 1 layer shade > 50 J/em“/h is
3.6 days or 6.6%. The SLA increases with iancreasing light
reductfon. Four layers of shading durimg the day results in ca
25% more leaf area per g leaf than the control. The lewer RGR
from the control 1s mostly the result of a low NAR. This is an
indication that the control plants had a light excess during the
experiment. The RGR from the most heavily shaded plants was
partly compensated for by a high SLA (leaf percentage)-

It appears from this experiment that the control plants up to 10
g fresh weight grew more poorly than the plants under shadingz
during the summer. Plants with one layer of shading > 50 J/em /h
had the higheat RGR. Plants in a later growth stage or higher
plant density would probably show stress from light excess
because there would be a considerable light reduction from the
plants themselves {(crop effect).

Abnormalities on tomato caused by high 002 concentration (N. van
Berkel)

The effects of the ambient CO, concentration (ca 350 ppm) and an
elevated CO, concentration (ca 2500 ppm) were compared on,young
tomato plan%a in 12 plastic clad cabinets (conteat ca 1l m™).
Plants were propagated during 4 to 6 weeks in 2.7 liter pots
filled with potting soll. Subsequently they were cultivated in



the cabinets until they reached a length of ca 1 m. There were 16
plants per cabimet. Four batches of plants were used which were
placed into the cabinets on 4 December, 21 February, 2 September
and 8 October. After 3-5 weeks they were removed from the
cabinets.

In the batches of 21 February and 2 September a gradual yellowing
took place between the vefns and along the leaf margins,
sometimes followed by necrosia. The damage occurred on the top
leaflets of just full-grown leaves. The position of these leaves
was Just benmeath a flower cluster of which the first buds started
flowering. Most necrosis occurred on leaflets most intensively
exposed to sunshine. The relative humidity Iin the cabinets was
high (ca 90%) and temperatures went beyond 30°C on sunny days.
The top leaflets, prone to necrosis, are the first to wilt in
times of water stress and the last to become turgescent again
after rewatering.

Chemical analysis of the leaflets showed that the top leaflets
had the lowest Ca content, the adjacent pair of leaflets had a
higher content and the highest Ca content was found in the
leaflets closest to the tomato stem. Ca sprayings (0.04 M) three
times a week did not prevent the gradual yellowing and necrosis
of the top leaflets.

Plants at the high CO2 concentration guttate more intensively,
had more stem top necrosis and only in the 8 October batch showed
an increase of stuanted growth of the plant tops (bending or
splitting of the stem, smaller leaves with deviating forms).

All the phenomena described above seem to be related to water
balance effects, possihly caused by a decreased opening of the
stomates.

Further leaf injury occurred in the last batch of plants on the
oldest leaves 1n the form of chlorophyll breakdown followed by
dying off of the leaflets or the entire leaf. The symptoms are
identical to those seen on nurseries using CO2 from combustion
gases during the winter months.

THE APPLICATION OF GROWTH REGULATORS TG GLASSHOUSE CROPS

Damage to tomato fruits by Ethrel solutions with low pH values
{W. van Ravestijn)

If basin water (with a sometimes low pH} is used to prepare
Ethrel solutions to accelerate the ripening of tomatoes,
occasionally damage to fruits may occur. In a preliminary
experiment the effect was studied of pH 4 and 2 in Ethrel
solutions (0.5 ml/1 Ethrel = 240 mg/l ethephon) with 0.5 ml/1
Agral as surfactant. As control untreated plants were used, or
plants sprayed with an Ethrel solution of the same composition
exclusively prepared with mains water.

In the control treatments no damage occurred. The decreased pH
values resulted in 25% (pH=4) and 44X (pH=2) damaged fruits,
respectively.
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Labour saving in cherry tomate harvesting by chemical means
(W. van Ravesti jn)

In order to save harvesting labour the possibility was studied to
harvest cherry tomatces 1n trusses. To this purpose all trusses
were stapped cn 12 frults (see also Annual Report 1984, p. 32).
By a combination of smearing the truss stems with silver
thiosulphate and applying Ethrel 70 to 78% of the fruits in one
truss ripen simultaneously. In untreated trusses this is not yet
44%. Future research will concentrate especially on the
intensification of these effects and the use of alternatives for
silver thiosulphate.

The effect of Ethrel on red colouring and quality of autumm sweet
pepper (W. van Ravestijn)

On 6 November sweet peppers were sprayed with 0.5, 1 or 2 ml/l1
Ethrel (240, 480 or 960 mg/l a.i., respectively) or the stems
were smeared with 250 ml/1 Ethrel. To all solutions 0.1% Agral
was added as surfactant. At harvest on 19 November the control
plants ylelded 60 to 65% red fruits, the plants sprayed with
Ethrel yielded 80 to 90X (no concentration effects) and those
smeared ylelded ¢a 7 to 5% red fruits. The keeping quality (10
days' storage at 20°C and 90% R.H.) did not seem to be adversely
affected by Ethrel.

Improvement of the sugar content of melon by means of growth
regulators (W. van Ravestiin)

Two experiments were carried out (see also Annual Report 1983, p.
43). In the main experiment silver thiosulphate (Ag , 0, 52, 104
and 208 ml/l) was used separately and in combinations with Ethrel
to, prevent a too strong delay of harvest.

Ag applied in isolation results in an average delay of harvest
of 3 to 4.5 days as compared to the control, and the sugar
conteni slightly Iincreased (max. 0.8%). There were no effects of
the Ag concentraticn.

The combination treatments did not give harvest delay or a higher
sugar content. +

In a preliminary trial apart from Ag (14 mg.l), also
benzyladenine (100 mg/l) and amylase {10, 100, 1000 mg/l) were
compared. Besides a combination of Ag and amylass was applied (7
and 50 mg/l, respectively). In this experiment Ag (14 mg/l)
delayed harvest for on average 6 days and increased the sugar
content with 1.25%. The other treatments were not effective.

Imptovement of the rootffoliage ratio in radish with growth
regulatoras (W. van Ravestiin)

The research started in 1984 (see Annual Report 1984, p. 33) was
continued in the year under review. Radish plants, cv. 'Helro',
were sown In pots on 21 November 1984 and 13 February 1985. Two
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weeks after sowing spraylngs were carried out with CCC
(chlormequat, 600 mg/l a.i.), Alar {daminozide, 2000, 800, 400
and 200 mg/l a.i.) or Ethrel (ethephon, 96, 38, 19, 9.5 mg/l
a.1.), or fumigations were carrled out with ca 1 ppm ethylene
during 24 h. Alar (800 mg/1) and Ethrel (38 mg/l) were alsc
applied 1, 3 or 4 weeks after sowing. The plants were treated
once at the most. In the first sowlng not one treatment lmproved
the root/foliage ratio without yield reduction. In the secend
sowing CCC (600 mg/l) as well as Alar (200 mg/l) and Ethrel {96
wg/l) improved the root/foliage ratio and inmcreased the root
yield. In both experiments the planting distance may have been
too small.

Improvesent of the yield of broccoli with growth regulators
(W. van Ravestijn)

Broccoll plants, cv. 'Oktal', were sprayed on 13 March, 3 April
or 24 April with 0O, 50 or 100 mg/l BA (benzyladenine). The low
concentration (50 mg/l) sprayed on 24 April resulted in more
lateral heads of equal size than the control. The harvest of
these lateral heads was not later than in the untreated
experiment.

Improvement of the root/foliage ratio inm carrot (W. van
Ravestijn)

Also with carrot it was attempted to improve the root/follage
ratio. Carrot plants, cv. 'Zoete Amsterdamse Bak', sown on 5
December 1984, were sprayed on 13 March 1985 with 0.25, 0.50 or
1.00 ml/1 Ethrel (120, 240 and 480 mg/l ethephon, respectively).
They were harvested on 1 May. The highest concentration appeared
to be the most effective. The root weight increased with 7%, as
compated to the control. The roaot/foliage ratio was 30% higher
than in the uatreated experiment. The lower concentrations
resulted in yield reduction but they also improved the
root/foliage ratio with ca 10%, compared to the untreated
carrots.

Breaking the dormancy in freesias (W. van Ravestijn)

Freesla corms were prepared for 0, 4, 8, 12 or 16 weeks, after
which they were treated with thlourea (500 or 1000 mg/l) or with
SAN 9789 (12.5 to 200 mg/l). Neither of these treatments resulted
in dormancy breaking (see also Annual Report 1983, p. 43).

Vegetative propagation in vitro of Agparagus setaceus
{W. van Ravestiijn)

The research concentrates on improving the root formation because
this hinders an effective vegetative propagation (see alsc Annual
Report 1984, p. 33). + -5
Effect of silver thiocsulphate (Ag ). Concentrations of 0, 2.10
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to 2.1072 mg/l Ag+ in the nutrient medium were compared. The
explants were placed either directly on the media with Ag or
after 8 weeks on a Ag -free medium. Direct placement on a medium
with Ag did not result in root formgtion. Transplanting after 8
weeks to a medium with or without Ag yielded some root
formation. There were no apparent effects of the various Ag
concentrations.

Effect of the temperature and a light or dark period. After 8
weeks' propagation the explants were transplanted (or not) to a
controlled environment of 10 or 30°C in continuous darkness
(during 2 or 3 weeks)} or in contimuous light (during 2, 3, &4 or 6
weeks, and after transplantation also during 8 weeks).
Transplantation, 30°C and continuous light improved the root
formation.

POLLINATION, FRUIT SET AND FRUIT DEVELOPMENT IN GLASSHOUSE CROPS
The use of bees as pollinatorg of tomato (W. van Ravestijn)

A cowmparison was made between vibrating and not vibrating {(with
the exception of the first truss) in 3 compartments, oune where
beesa were placed, ome where no bees were placed and one where
bees were placed which were stimulated by feeding them with
sugared water. The bees were placed in the glasshouse when some
flowers of the first truss were in bloom (week 8).

The bees flew the tomato flowers from week 8 to week 15 with an
optimim in week ll. Feeding sugared water stimulated the bees in
visiting the flowers. Not vibrating yilelds a lower early
production as compared to vibrating, especlally in the
compartment without bees. With respect to the total production in
welght the advantage of vibrating above not vibrating is 13, 5
and 0%, respectively, when no bees are used, when not stim:lated
bees are used and when stimulated bees are used.

PHYSIOLOGICAL DISORDERS
Tipburn in Chinege cabbage (N. van Berkel)

Following on last year's research (see Annual Report 1984, p. 34)
it was again studied whether in a glasshouse with a well closing
mobile screen and with airtight double walls tipburn in Chinese
cabbage could be prevented. The screen was closed only during the
night. There were 2 compartments. Each was provided for half the
surface area with a thermal screen, the other half had no screen.
There_yere 3 EC levels of the irrigation water, 1.5, 3.0 and 4.5
mS.cm . Furthermore the effect of 3 Ca sprayings per week with
Ca{NO,), 0.04 M was recorded. The cultivar used was 'WR Green
60", planted on 26 February, harvested on 16 and 18 April, after
a rapid growth with a temperature regime of ca 20% by day and
15% by night. Only in the screened compartments the plants
guttated early in the morning, the strongest with irrigation
water of EC 1.5 wS, slightly less with irrigation water of 3.0
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mS, and least with 4.5 wS. In the screened compartments much less
tipburn occurred than in the unscreened ones. With an EC level of
1.5 mS all 18 plants remsined free from tipburm, with 3.0 mS 15
plants and with 4.5 w8 2 plants, in the screened compartments, as
opposed to 7, 0 and O plants respectively, in the unscreened
compartments. Moreover, plants with tipburn from the screened
compartments always had less injured leaves than plants from the
unscreened compartments. More leaves with tipburn means that the
symptoms begin in a leaf lower down the plant and stop at a leaf
higher up the plant.

Spraying Ca—nitrate did not result in a reduction of the number
of plants with tipburn, but it did reduce the number of injured
leaves drastically.

Analysing the Ca content of the heart leaves (leaves shorter than
10 cm) demonstrated that the content strongly increased with 1.3
mS, somewhat less with 3.0 mS and least with 4.5 mS8, 1f at night
a screen was used.

Spraying Ca nitrate resulted in a small increase of the Ca
content with all EC levels but was insufficient to prevent
tipburn.

The uge of a thermal screen is an effective means to control
tipburn, whereas, judging from our research, spraying Ca unitrate,
at least with higher temperatures, is not.

This investigation did not yield any new insights and will not be
continued.

EFFECTS OF GLASSHOUSE AIR QUALITY ON CROP YIELDS

Concentrations of N0, HOZ, s0,, 03 and CO, in glagghouge air
(H.G. Wolting* and N. van Berﬁel)

During the year under review on many days measurements were
carried out of the contents of NO, NO,, 80,, Oy and CO, and the
results were filed in a measuring sta%ion. The main ais was to
make an inventory of what kind of contents of the gases mentioned
may occur in a glasshouse 1if €0, is applied from a central
boiler. Siuce the strong Incresse of the fuel prices in 1979 the
glasshouses are more and more insulated te save energy so that
the exchange between glasshouse and outside air is greatly
reduced with closed ventilators. Moreover the use of CO, has
grown considerably in recent years. Research pointed oug that it
is desirable to apply CO, as long as possible, both per 24 hours
and per season. Even 1if %he ventilators are open it 1s advisable
to apply COZ because the air exchange is too small to keep up
with the CO, consumption of the crop.

If the flue gases of the boiller installation are used for CO
application, the CO, entering the glasshouse is accompanied %y
nitrogen oxides (NO"and NO,, together referred to as NO_). These
gases are formed by combus%ion of the atmospheric nitroﬁen in the
burner flame. Concentrations of over 0.3-0.4 ppm of nitrogen

*) Research Institute for Plant Protection, Wageningen
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oxides may result in growth inhibition and thus counteract the
positive effect of CO,.

Apart from this HOX pollution caused by the grower himself, the
air in the South Holland Glass District is polluted with nitrogen
oxides (NO_), ozone (0,) and sulphur dioxide (50,), from
industry, Fraffic and ig cities. With open ventilators these
gases can penetrate the glasshouse.

The measurements were carried out in 2 airtight glasshouse
compartments (see Annual Report 1984, p. 37) in one of which CO2
was applied from a central boiler inatallation.

The most lmportant results were:?

- In well insulated glasshouses with closed ventilators the
effect of atmospheric pollution from outside is negligible.

- With CO, applicatfon to high values {(over 1500 ppm), with
closed ventilators, the NO content may exceed injurious threshold
values. The NO contents are about 4 times as high as the N02
contents.

= With CO, application with open ventilators the €O, content
drops to nearly the level of the outside air. All Na present is
converted to NO2 when 0, 1s avallable in the outside air, after
which the O, level in tge glasshouse Increases to 20-60X of the
outside air value. When no CD, is applied the O, level reaches a
value of 40-80% of the outsidé air, whereas the 50, and NO,
content follow the level of the outside air.

In 1986 a study will be conducted at the Research Station in
which the effect of the NO_ from flue gases for CO2 enrichment
will be fnvegtigated on growth and quality of a setisitive crop
like tomato. Also the effects of NOZ’ 03, 802 {which penetrate
the glasshouse from outside through” the open”ventilators) in
combination with the NO_ from the flue gases used for COZ
enrichment, will be stulied.






