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3. DIRECTOR’'S REPORT

E. Kooistra

General aspects

During the year under review crucial decisions were taken,
Particularly the decision to merger with the Research Station for
Floriculture in Aalsmeer has far-reaching conseguences. Cther
developments may have fundamental effects as well. Several aspects
will be dwelt on below.

For the second year running a joint research programme with the
Aalsmeer Research Station was set up. Publication of research results
is still done separately, however. In 1993 the actual merger will be
prepared in more detail. It is to be expected that publication matters
will then be integrated. If that will be the case, this issue of the
Naaldwijk annual report will be the last to appear separately and in
this form.

2. Organisational developments

In the previous ammual report mention was made of a number of
developments, which might lead to fundamental changes in the years to
come. For example, in the framework of a change of opinion with
respect to 1its own task, the government aimed at independence of the
agricultural research., This implies that the research is placed 'at a
certain distance’ of the Govermment. In the course of 1992 many
discussions were held on the method with which the research stations
could be incorporated in an independent organisation. Definitive
decisions have as yet not been reached,

Considerable progress, however, has been achieved with the
realization of the planned merger between the research stations
Aalsmeer and Naaldwijk. The starting point was to become one
organisation with one governing body and cne management team, while
the research - for the time being at least - remains to be carried out
on two locations. This led to a merger decision, approved by both
governing bodies. Consequently, the foundation of a single Research
Station for CGlasshouse Vegetables and Floriculture (PGB) was made
possible and a historic moment had been reached. In comsultation
between the financers of the research on the one hand and both
research stations and the regional research centres on the other hand,
it was attempted to put together a new governing body. This was
virtually completed. One of its cliaracteristica is that all links of
the production chain are represented, from starting material up to and
including marketing and trade. Furcthermore, it was decided to appoint
the new governing body alsc as national governing board for the whole
of the applied research for glasshouse vegetables and flericulture,
both of the research stations and the regional experimental centres.
This aiso forms part of an overall reorganisation. In principle with
all those involved it was agreed to reduce the number of regional
experimental centres in the years to come. The national governing body



has an important task in this restructuring, in which it will be
assisted by a restructuring committee,

A& separate discussion was held in the course of 1992 about possible
concentration of applied research for various sectors. A working group
set up for this purpose reported its recommendations on the basis of
common ground shared between various sectors within plant production
and taking into account the scale effects, distance from growing
centres, etc. The recommendations included: a. concentrating
glasshouse vegetables and floriculture together with the <£lower bulb
research in the west of the Netherlands, with the possibility of two
locations; b. maintaining arable farming and field vegetahle
production in Lelystad; and c. a separate, joint lecation for fruit
growing, arbericulture and mushroom research in the middle of the
country.

3. Research

Again, when the research programme was drawn up, the research carried
out at the PTG in Naaldwijk has been adjusted to that carried out at
the Research Station in Aalsmeer. The resezrch projects at both
locations were integrated into one, joint programme, which also
incorporated the research at the Regional Experimental Centres (ROCs).

In general terms the programme of the previous year was continued.
Envirommental problems received much attention, which was apparent
firstly in the wide-ranging programme concerning 'closed production
systems independent of the soil’. Growing systems have been worked on
for freesia, chrysanthemums, radishes and butterhead lettuce.
Furthermore considerable  research  space was allotted to the
optimization of soil grown crops.

The crop protection research has been expanded. Environmental aspects
were given extra attention in this expansion, particularly the
attempts to reduce the emission of chemical pesticides. The biological
control of pests has been extended. Satisfactory results were obtained
with the biological contrel of the South American leafminer in
lettuce. These results indicated that this form of pest control is
possible not only in fruit vegetables but also in leafy vegetables.

Furthermore a major research item was the produce quality. Attention
was not only concentrated on the quality in the production stage, but
also in the postharvest stage. A special place was taken by the study
of the reduction of the nitrate content of various crops. In the
cultivar trials flavour and keeping quality of new cultivars were
established for the first time in the earliest possible stage. This
was made possible by shortening the utility wvalue research.

The energy saving research deserves separate mention. Attempts were
made not only to increase the energy efficiency (the amount of energy
needed per unit of produce) but also toe reduce the total energy
consumption (consumption per unit of area). The latter is expected to
become of great importance in the coming years. Consequently the
energy saving research was again high on the list of priorities.



Several research projects were supported by additional financing so
that the total research capacity could be expanded considerably.

4. Facilities

The research facilities have been enlarged, in particular by the
equipment of several new glasshouses. One of these new glasshouses
consists of 24 small, isolated compartments, for the rearing of pest
organisms and thelr natural enemies. Another new  glasshouse,
consisting of eight compartments, is especially equlpped for salt
accunulation research (of great significance in the recirculation of
the nutrient solution) and for research of closed production systems.
Simultaneously the final phase of a glasshouse construction plan,
drawn up earlier, was being prepared and partly carried out, to
replace  obsolete §1asshouses. The total area involved in this
operation is 6,000 m". The pgovernment and the glasshouse industry
provided funds to realise also the final phase. One of the glasshouses
te be built will be especially equipped for research into application
techniques of pesticides with low emission levels. Another plasshouse
will be equipped for research into improved energy utilization. When
these new glasshouses will be finished the research facilities of the
PTG will be up to date.
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4. DEPARTMENT OF PLANT NUTRITION AND SUBSTRATES

C. Sonneveld

PLANT NUTRITION

Since 1988 studies using the Nutrient Film Technique (NFT) have been
carried out on butterhead lettuce with the intention of reducing the
nitrate content of the heads during the winter months (low light
conditions). A new project with this scope was initiated mid-1991 and
is set to run through to 1996. The first pgoal was set to be the
determination of a growth curve of lettuce in which yield and nitrate
contents are related o irradiation, ambient temperature, carbon
dioxide concentration and relative Thumidity, and nitrogen
concentration of the nutrient solution. Further objectives were to
study the influence on the yield and nitrate content of the plant, of
(a) twice-weekly additions of nitrogen to the nutrient solution and of
(b) wvarying the concentratien of nitrate and other aniens and the use
of various forms of nitrogen.

Nitrate content of lettuce as related to growth (W.H.K. Post and H.
Buitendijk)

In each experiment six treatments were implemented of which only one,
the reference treatment, had a normal concentration of nitrogen in the
nutrient solution. The other treatments had no nitrogen in the
nutrient solution, but an amount of nitrogen calculated to egual the
amount needed to maintalin growth in the followlng days, was added
twice a week, In three treatments either 100%, 85% or 70% of the
calculated amount was added as K+CatMgt+NC,. Two treatments contained a
high concentration of either chloride or 5ulphate and the calculated
amount was added as Ca-NH,NO,. Two cultivars were grown simultaneously
in each nutrient solution. Firther details can be found in Annual
Report 1991, p. 16. The highest yield and nitrate content were found
in the reference treatment. In the other treatments the lack of a
steady supply of nitrogen resulted in lower nitrate levels and even
lower head weights. However, nutrient solutions containing a high
level of chloride (N partially applied as NHA) did respond reasonably
well.

Application of chloride together with NH, was promising and has
since been incorporated in several experiments with excellent results:
the use of NH,Cl has led to a reduction of ca 15% of the nitrate
content of iettuce with equal or better yield and no other adverse
effects,

Nitrate content of lettuce as affected by wvarious nitrogen forms
{W.H.K. Post, A Guines and H. Buitendijk)

In the autumn of 1992 research was started on the influence of
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nitrogen application form on the nitrate content of lettuce grown on
NFT. One of the nitrogen forms used was calclum-preteinate, a protein
enveloping a Ca(NO3) molecule.

In the first experiment the varieties ‘Berlo’ and ‘Kirsten' were
sown on 24 August, planted on 7 September and harvested on 27 October
1992, Planting was done at 25 cm intervals on 10 m *, 12 cm f£flat-
bottomed gutters. Twenty plants were grown per m°, The evapo-
transpiration losses from the recirculating system were replenished
with a seolution containing nitrogen at a standard concentration of
13.6 mmel.1 ~. Each treatment received the same amount of nitrogen,
but wusing different nitrogen compounds. In some cases chloride
replaced part of the nitrogen. The wvarious nitregen compounds are
given in Table 1.

Table 1. The concentration (mmol.l_l) of each nitrogen compound in the
nutrient solution, lettuce head weights, nitrate content and rate of

tipburn incidence (harvest 27 October 1992)

Treatment

1 2 3 4 5 6
N-source (mmol/l):
NO3 10.06 12.78 10.06 §.02 10.06 8.02
NH4 0.82 0.82 2.45 2.04 0.82 2.04
Urea 2.72 0 0 2.45 0 0
Caleium-proteinate 0 1] 0 0 2.72 2.45
cL” 0.54 M} 2.45 2.99 0.54 2.99
Fresh weight (g) 292 311 310 319 311 318
Nitrate content
mg/kg FW 3545 1710 3170 3033 3207 2573
Tipburn
{0=no tipburn) 11 15 10 27 18 29

Fresh weight (FW) did not differ significantly. The best result
regarding nitrate content was found using a combination of calcium
proteinate and ammonium chloride (treatment 6), However, the heads
were heavily struck by tipburn. The next best result with regard to
tipburn was found in treatment 3, using 18% NH, and replacing 8% of
the total nitrogen concentration by ¢l . A leaf spray of calcium
proteinate was also applied which resulted in insignificant decreases
of head weight and nitrate content and increased tipburn.

A different cultivar response was also found with respect to
nitrate content and tipburn: 'Berlo’ had a higher nitrate content than
‘Kirsten' (3310 vs 3102 mg N03/kg FW), while 'Kirsten’ had more
tipburn. Weights were similar.

A second, similar, experiment was carried out which also
Incorporated Z molybdenum concentrations: levels of 0.5 and 1.5 umeol/1
were set. The molybdenum had no effect on headweight, nitrate content



or tipburn. The effects of the nitrogen treatments were in line with
those of the previous experiment.

Summarizing the results of the experiments using NFT for lettuce
cultivation it can be concluded that:
- using ammonium chloride at a rate of 20 to 25% of total nitrogen
concentration reduces the nitrate content of lettuce with no adverse
effects;
- we are as yet unable to bring the nitrate comtent of lettuce below
the level of 2500 mg NO3/kg FW in Cetaber;
- dosage of nitrogen at”concentrations no higher than that necessary
to meet the instantaneous requirements of the plant, without loss of
growth, has not yet been achieved;
- the use of calcium proteinate reduces the nitrate content of the
plant. This could possibly also be achieved using other protein based
nitrogenous nutrients.

The influence of low nitrate levels in soil on the nitrate content of
lettuce (W.H.K. Post and H. Buitendijk}

A  study was carried out in five commercial glasshouses from June 1992
until autumn 1992. Based on an assessment of the nitrogen present in
the top 25 om of the soil, an irrigation section in each glasshouse
was supplied with no er little N-fertilizer. A normal fertilization
was applied in an adjacent seckion, The low nitrogen section was
augmented to a level of 11.2 g N.a “, i.e. already present plus an
application at the start or during growth.

It was found to be necessary to take account of the soil type and
the release of nitrogen from organic material. A heavy water
application before transplanting has no specific effect on the nitrate
content of lettuce. However, this may leach nitrogen from the soil and
therefore result in a low nitrogen level at the start of the
cultivation. This in turn would result in a lower nitrate content in
the plant. The results were as follows:

- June harvest: low nitrogen fertilization resulted in 9% weight
decrease and 37% nitrate decrease versus normal fertilization rates,
Average head weight amounted to 217 g while the mnitrate content was
1580 mg/kg FW. The yield reduction corresponds to about two days extra
growth during this pericd. There was no reduction of quality.

- September harvest: low nitrogen fertilization resulted in 10% weight
decrease and l4% nitrate decrease as compared to normal fertilization
rates. Average head weight amounted to 224 g while the nitrate content
was 2730 mgs/kg FW. The yield reduction corresponds to about 4 days
extra growth during this period. There was a slight reduction of
quality in that the leaves were slightly lighter in colour.

Further optimization of low nitrogen fertilization should make it
possible to comply with the government regulation of a maximum of 2500
mg NO,/kg FW during the menths of June, July and August. However, it
does not yet seem possible to achieve this level during May and
September-October. Growers should pay attentlon to their soil type and
the organic matter content to determine the amount of nitrogen to be
added. Furthermore, attention shuld be paid to the amount of nitrogen
available from the sub-soil.
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Effects of air humidicy, Cl/NO3 and SO4 on yield of sweet pepper
(C. de Kreij)

The effect of high humidity, obtained by means of an air
humidification system, was compared with a control without artificial
humidification. The humidification system was switched on when the
three following conditions were fulfillgd: vapour pressure defieit >
0.2 kPa, radiation (outside) > 500 W/m”, glasshouse air temperature >
247C. ND,-levels in the recirculation rockwocl system were 20, 12 and
3 mmol/I, with Cl-levels of 3, 11 and 20, respectively. 50, levels
were 0.5 and 3 mmol/}. The cultivar was ‘Mazurka’, plante& on 5
December, 1991. The experiment was terminated on 24 September, 1992.

Alr humidification had no significant effect on the yield or the
quality. High nitrate levels caused low early yield, Later on, high
and medium nitrate levels resulted in higher yield than low nitrate
{Table 2). Low nitrate stimulated generative growth and consequently
also early yield, but later on low nitrate caused lower yield by
nitrogen deficiency. High sulphate caused 5% lower yield than low
sulphate.

Table 2. Effect of Cl/NO3 on cumulative yleld of first grade sweet
pepper fruits on four dates

No, ¢l Yield, kg/m

28 April 11 May 30 June 24 Sept.
high low 3.0 3.8 9.0 15.5
medium medium 3.2 3.9 8.9 15.4
low high 3.2 4.0 7.6 13.3

Growth of freesia in a recirculation system (A.L. van den Bos}

In the experimental set-up described in the Annual Repert 1990, p. 10,
freesia corms of cv. 'Aladin’ were planted on 17 Qctober 1991, The
freesias flowered in mid-March/April. The corms were lifted on 11 May
1992,

The nutrient solution for freesia was applied_in the following
concentrations: 1.2, 1.9, 2.7, 3.5, 4.3 and 5.1 mS.cm ~. The average
EC wvalues of the drainage water during growth were: 1.8, 3.2, 5.9,
8.1, 9.6 and 10.9 mS. The average leaching fraction varied from 7% in
treatment 1 to 18% in treatment 6,

Highest vields (main stem weight) were obtained iIn sand and
rockwool granules, at a concentration of 1.9 mS. At 1.2 mS8 the yield
was reduced by 3% and at 5.1 by 16%, as compared to 1.9m8. The average
length of the stems was negatively affected by concentrations higher
than 1.2 mS. Averaged over all treatments the freesias grown on
rockwool granules had a significantly lower weight and length than
those grown in sand.

The weight of the corms was negatively affected by concentrations
higher than 1.2 m8. At 1.2 mS the weight was 18.3 g/piece on sand and
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19.8 g on rockwoel granules. At 5.1 mS the weight was 17.2 g and 18.2
g, respectively,

Growth of lettuce In a recirculation system (A.L. van den Bos)

In the two following experiments lettuce (ev. 'Cortina') was grown in
the same set-up as described above.

First experiment.

Planting was done on 2 June 1992 and harvest took place on 2 July. The
nutrient  solutlion for lettuce was applied in, the following
concentrations: 1.3, 2.1, 3.0, 3.8, 4.8 and 3.4 mS.cm ~. The nitrogen
concentrations of the solution were: 5.2, 12.0, 18.3, 24.9, 33,1 and
38.6 mmol per litre. The average ECs of the drainage water during
growth were: 1.2, 2.3, 3.8, 5.4, 7.0 and 8.0 mS. The leaching fraction
was about 26%.

Highest yields were obtained at a concentration of 2.1 m§ (12 mmol
N/1) on sand as well as on rockwool granules. At 1.3 mS (5.2 mmol N)
the yield was reduced by 21%, At 5.4 mS (38.6 mmol N) the yield was
reduced by 37% as compared to 2.1 mS. EC levels higher and lower than
2.1 mS resulted in a higher percentage of dry matter. The percentage
of waste was negatively affected by a concentration higher than 1.3
mS. The lowest nitrate contents in lettuce were found at 1.3 mS and
the highest contents at 5.1 m$, 1495 and 4585 mg NG, per kg fresh
weight, respectively {average results of sand and rockwool granules).

Second experiment.

Planting was done on 10 September and harvest took place on 2 November
1992. The nutrient solution for lettuce was applied at nearly the same
concentrations as mentioned above. This was also the case with the
nitrogen concentrations. The average ECs of the drainage water during
growth were: 1.2, 2.1, 3.6, 4.9, 6.6 and 7.4 mS. The leaching fraction
was about 29%.

Highest yields were again obtained at a concentration of 2.1 m§
(10.5 mmol N/1) on sand as well as on rockwool granules. At 1.2 mS
{5.9 mmol N) the yield was reduced by 27% and at 5.8 m5 (44.2 mmol N)
by 24% as compared to 2,1 m5, EC levels other than 2.1 mS resulted in
a higher percentage of dry matter. Higher EC levels increased the
percentage of waste. The lowest nitrate contents were found at 1.2 mS
and the highest at 5.8 mS, 1781 and 5118 mg NG, per kg fresh weight
{averaged over sand and rockwool granules), respectively.

NO3/81 ratios with beefsteak tomatoes (W. Voogt)

In previous experiments with tomatoes, with reduced NO, and increased
€l in the root enviromment, an increase in Ca uptake Wwas found, which
resulted in less blossom-end rot (BER) and increased incidence of geld
specks. In order to get more information on this effect, experiments
were carried out with a wide range of NO,/Cl ratiocs, with NO, ranging
from 17 to 2 and Cl from 3 to 20 mmol/l} as target values in the root
environment, Parallel treatments were conducted with a reduced
N-supply, 80 and 60%, respectively, as compared to the treatment with
2 mmol/l NO, as target wvalue. A spring and an autumn crop were
cultivated wi%h beefsteak tomatoes (ev. ‘Switch'’}.
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The yield was on average 26 kg/m2 in the spring crop and 9 kg/m2 in
the autumn crop, with no significant yield differences between the
treatments with the NO,/Cl ratios. The treatments with reduced
N-supply resulted in yieid decreases of 9% and 40% at the 80% and 60%
treatments, respectively. In the spring crop, there was a slight
incidence of BER, which was not significantly different between the
treatments. In the autumn crop, the incidence of BER decreszsed
significantly from 8.6% (by weight) at high N0, to 1.8% at the lowest
N03 level. In the treatment with reduced N-supp}y, BER was only 0.5%.
The average gold speck index increased into the same direction which
caused a slight decrease in shelf 1life with increasing Cl
concentrations. The Ca contents in young fully grown laminae increased
from 590 to 600, and in fruits from 31 to 36 mmol/kg dry matter, from
the highest to the lowest NO, treatment., The Cl contents in young
laminae increased from 160 to 600 in the same direction, whilst the
total N-content decreased from 2700 to 2300 mmol/kg dry matter. The
uptake of NO,, expressed as wuptake concentration, decreased only
slightly from 8.8 te 6.1 mmol/l, whilst Cl increased from 0.5 to 2.2
mmol/1.

These investigations have resulted in a change in the guide values
of the nutrition of tomatoes. In the root environment the target value
for Cl has been set at 7.5 mmol/l and in the nutrient soluticn added
Cl has been intreoduced at levels of 0.5 and 2.0 mmel/1l for clased and
free drainage systems, respectively.

Stability of iron chelates (W. Voogt)

The stability of Fe-HEEDTA, Fe-DTPA and Fe-EDDHA was investigated in
nutrient solutions with different pH levels, ranging from 5.5 to 7.3.
With increasing pH, the Fe concentration was reduced with all three
chelate types. Wilth HEEDTA the Fe concentration was reduced with 50%
and 75% 1in 50 and 100 days, respectively. For DTPA and EDDHA the
reduction was on average 25 and 50% over the same period.
Nevertheless, Fe-HEEDTA seemed to be more stable than in earlier
investigations (see Anmual Report 1979, p. 26). Consequently, it can
be used in nutrient solutions.

PH and iron chelate with roses (W. Voogt)

At high pH levels in the root environment chlorosis Is found to be a
serious problem with roses in soilless culture, which is probably due
to instability of the Fe-chelate type used. In an experiment it was
tested whether the chlorosis could be reduced by using Fe-EDDHA
instead of Fe-DTPA. Both chelate types were tested at three pH levels:
7, 5.8 and 4.3, with the cultivars 'Kiss' and ‘Eskimo’. To reach the
target values for the pH, 0.2, 0.8 and 1.2 mmol/]1 NH,, respectively
was added to the nutrient solution. The target value for Fe was 30
umol/l. For DIPA, 22, 14 and 10 umel Fe/l was added, respectively, and
for EDDHA 16, 15 and 13 umol/l. Severe chlorosis occurred at the pH
level of 7, with both chelate types and in beth cultivars.

Tissue analysis showed a reduced Fe content at the highest pH level
for DTPA, whilst for EDDHA the contents were only slightly affected.
The manganese contents also were lower at the high pH level, however,
for EDDHA these were extremely low. The Zn contents were reduced too,



for both chelates to the same extent. It seems, therefore, that the
chlorosis occurring at the high pH levels is caused by iron deficiency
with DTPA and by manganese deficiency with EDDHA. The experiment will
be continued until May 1993.

Effects of NH4 on chlorosis and yield of cucumber, gerbera and roses
(W. Voogt)

Several small experiments were carried out in order to distinguish
between the effects of pH reduction in the root environment, by using
acids or NH,. Cucumber, gerbera and rose plants were grown for 12
weeks in water culture. Target values for the pH were 7, 6, 5 and 4,
without NHQ in the nutrient solution and two pH levels of 5 and 4, to
which NH,  was added at 2.0 - 2.5 mmol/l for the cucumber plants and
1-1.5 mmo%/l for the rose and gerbera plants. All three crops showed a
reduction irn chlorosis incidence with lower pH. For gerbera and rose
this reduction was stronger at the NH, treatments. The vyield of
cucumber was mnot affected. For gerbera and rose the yield incresased
with decreasing pH.

Plate 1. The groundwater is sampled with tubes at various depths
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Water and mineral relationships on a glasshouse holding with radish in
soil (W. Voogt and C. Bloemhard)}

The policy of the government is that the emission of nutrients to the
environment be reduced in the coming years. In this framework,
investigations were started on the in- and outputs of minerals on
several holdings in commercial practice. On one holding, with
year-round radish, data were collected of as many in- and output items
as possible, in order to obtain an accurate water and nutrient
balance. As input items, the amounts of water and fertilizers and the
mineral contents of the water were recorded. As output items the crop
exported from the glasshouse and the amounts of drainage water were
recorded. Both items were sampled proportionally and the amounts of
minerals determined. Additional data were collected on the ground
water level and on the mineral contents in the soil in the layers 0 -
25, 25 - 50 and 50 - 75 cm and in the ground water at depths of (.85,
1.40, 1.90 and 2.50 m. The amount of denitrification and
N-mineralization is estlmated by random tests. Gollection of the data
started in May 1992 and will be continued during 1993. In the period
from May to December, the total input was 330, 670 and 15 kg/ha for N,
K and P respectively. The output by the crop was 200, 290 and 51 kg/ha
and the output via the drainage system was 81, 290 and 6 kg/ha for N,
K and P, respectively. However, the drainage water partly consists of
surface water seeping into the drainage tubes, so the real output of
minerals through the drainage system is smaller. Accaording ta the
random test, denitrification and mineralization are of minor
importance. In the continuation of the investigation, the water
balance of the system will be quantified mere accurately, by
observations of the evapotranspiration of radish crops.

The effects of S1 application on cucumber during a short cropping
period {C. Bloemhard;

Cucumbers were grown from September to November., Si was added as
potassium metasilicate. The concentration was 0, G.75 or 1.5 mmol/l.
In some treatments with 1.5 mmol/]l the concentration decreased to 0.75
mmol/1 after 2, 4 or B weeks. The yield was higher in the treatments
with 8Si. The fruits of the treatments without Si had no bloom at all.
In the treatment with 0.75 mmol/l Si most of the time the fruits had
no bloom. After reducing Si from 1.5 to 0.75 at the end the bloom
almost disappeared. The treatments with Si showed a reduced incidence
of mildew.

The effects of Si-application on roses in rockwool (W. Voogt)

An experiment was conducted in commercial practice with roses grown in
rockwool treated with and without Si in the nutrient selutions. On
average 0.75 mmol S5i/1 was applied, resulting in 1.6 mmol Si/l in the
root environment. From May 1991 to March 1992 the yield was recorded.
The results showed that the 5i application increased the number of
stems harvested with 10.2% (p=0.09), whilst the averape stem weight
decreased from 39.8 till 37.9 g. Based on his experience, the grower
had the impression that less powdery mildew appeared in the Si-treated
plots. The results led to the application of Si in the nutrient
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recommendation system for roses grown in sollless culture.

Checking the computerised programme for the fertigation of rose and
cucumber with reuse of drainage water (C. Bloemhard)

In an investigation in commercial practice the accuracy of the
programme for the recommendation of nutrient selutions for rose and
cucurber was examined. Data were collected of the nutrlent contents of
the added nutrient solution, the solution in the root environment and
of the drainage water as well as the results of the analyses of young
leaves. For cucumber the analytical data showed a balance between
supply and wuptake. Probably, for rose the supply of ammonium,
magnesium and nitrate should increase, while the guide wvalue for
potassium should decrease. The collecting of the data will be
continued next year. On the basis of these data the nutrient solutien
for rose and cucumber will be adjusted.

The influence of pH and plaht load on the uptake of boron of sweet
pepper (C. Bloemhard)

Analyses of leaves showed a low boron content already in the early
part (weeks 14-16) of the growing period. Probably the uptake was
influenced by the pH and plant load. In an experiment with three pH
levels (4.5, 5.5 and 6.5), a decrease of plant load and two different
concentrations of boron in the root enviromment (20 and 60 umol/1)
were compared. In contrast to other results the analyses of the leaves
did not show any difference between the treatments in the uptake of
boron.

Checking the computerised programme for the fertigation of gypsophilla
(C. Bloemhard)

In an experiment in commercial practicé the accuracy of the programme
for the recommendation of nutrient solution was examined. The results
of the analyses of the added nutrient seclution, the nutrient solution
in the recot environment and the contents of the drainage water were
collected as well as the results of the analyses of young and old
leaves. The level of Ca, P and Mg in the standard nutrient solution
should be increased, while that of K should be considerably decreased.
It is, however, possible that there is a connection between the uptake
of Ca, K and Mg and the ratio of these elements in the solution added.
The interaction between these elements will be examined in 1993.

Checking the computerised programme for the fertigation of tomato with
reuse of drainage water (C. Bloemhard)

The accuracy was examined of the programme for the recommendation of
nutrient solutions for tomato in commercial practice as well as of a
model for adjustment of the nutrients K, Ca and Mg in relation with
the cluster flowering. Results indicated that the guide value in the
root enviromment for NG, could be decreased. The adjustments for Ca
and Mg in practice compare with the model, CUnly the adjustment of K
went to a higer level and had to be continued a lomger period. There
also was a high uptake of P between the eighth and twelfth flowering
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cluster. Probably the P level in the model will be adjusted.

NITRATE IN GREENHOUSE CROFS
Nitrate content of lettuce grown in soll (A.L. van den Bos)

Four nurseries were monitored to investipgate whether the wuptake of
soil nitrogen could be reduced by applying nitrogen according to plant
requirement. The experiment took place in the peried 13 October - 11
February. At the start of the experiment nitrogen levels had to be
lower than 1 mmol N/litre 1:2 volume extract in the low nitrogen plot.
In this part of the greenhouses (low nitrogen) no nitrogen was applieg
at the start. During growth no more nitrogen than 1.12 kg per 100 n

was applied. In another part of each greenhouse (normal nitrogen)
nitrogen application was done according to the grower's view. In Table
3 the nitrogen contents in the soil, net head weights and nitrate
contents of the lettuce are given.

Table 3. Nitrogemn contents in s0il (mmol N per litre 1:2

voluem-extract), net head welghts (g) and nitrate contents (mg per kg
fresh weight) in lettuce after harvest

Low nitrogen Normal nitrogen
Nursery harvest N-scil head weight NO, N-sail head weight No,
date
1 19/12 2.1 219 4331 2.9 416 4200
2 16/01 1.5 203 4178 2.3 203 4321
3 21,01 0.9 209 4239 2.4 230 4524
4 11/02 1.9 203 4631 3.4 224 3903

Under all sorts of circymstances during the growth no more than 0.56
kg to 0.87 kg N per 100 m" could be 2given by sprinkler irrigatien,
instead of 1.12 kg N per 100 m". The net head weights In the low
nitregen plot were sometimes a little lower than those in the normal
nitrogen plot. The nitrate concentrations of the lettuce were nearly
similar, except for those of nursery 4. The conclusion is that when
there is a low N level in the soll at the start and nitrogen (nitrate
fertilizer) is applied according to plant requirement the nitrate
level in lettuce will not be reduced.

Influence of chloride on nitrate content in lettuce (A.L. wvan den Bos)

In water culture the nitrate content in lettuce can be reduced by
application of chloride. In the autumn and winter of 1991/1992 an
experiment was carried out to investigate the effect of chloride on
the nitrate content of lettuce grown in soil. The experiment took
place at the Regional Research Centre Breda (period 10 CGctober - 18
December; 31 October - 28 January} and Westmaas {(period 31 October -
13 February). At the start of the experiment the nitrogen levels were
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lower than 0.5 mmol N/litre 1:2 volume-extract,

The treatments were as follows:

A. At the start and during the growth no nitrogen and chloride were
applied. 9

B. At the start and during the growth no nitrogen + 4 kg C1/100 m”~ (at
the start) were applied. 9

C. At the start and during the growth no nitrogen + 8 kg C1/100 m” (at
the start) were applied. 2

D. At the start 1.12 kg N/100 »~ was applied and no chloride.

E. At the start 1.12 kg N and 4 kg C1/100 m, were applied.

F. At the start 1.12 kg N and 8 kg C1/100 m~ were applied,

G. At the start no nitrogen and chloride were applied, during the
growth four times 0,28 kg N was applied.

With the application of chloride KC1, CaCl,.2H,0 and MgCl, .6H,0 were
used in the weight ratio 1:1:0.5, The nitrite Content of lettuce grown
in soil could be reduced by application of chloride. The reduction was
about 10%. At a low nitrogen level (lower than 1 mmol N per litre 1:2
volume extract) & kg Cl was sufficient. An increasing N-level required
a higher chloride dosage. Chloride increased the EC, which led to
1Ecreased tipburn. At Westmaas, & high dosage of chloride (8 kg/100
m '} had a negative influence on yield. The combination of a low
N-level at the start and applying NH,NO, during the growth led to a
lower vield and a higher nitrate level in lettuce.

WATER QUALITY AND WATER SUPFLY

Specific effects of sodium chloride on gerbera grown in a closed
system (A.M.M. van der Burg)

The experiment with gerbera in a closed system with 2 EC and 3 NaCl
levels {see Annual Report 1991, p. 17) was finished in May 1992. Two
cultivars were grown, namely ‘Terrafame’ and 'Delphi’. The treatments
described in the previous report were iontinued. In the rockwool slabs
the EC levels were 2.25 and 4.5 ms:im' and the NaCl levels were < 3,
8 and 12, and < 3, 12, 24 mmol.l for both EC levels, respectively.
Just as in the first part of the crop the treatments had no effect on
the number of flowers. NaCl, however, dld decrease the number of
so-called "winterflowers®. The highest EC levels decreased the average
flower weight with 4%. After a poor start the cv. 'Delphi’ showed good
growth in the last months of the crop. The flower production of this
cultivar showed mno significant variations in flower number although
there was a tendency towards a lower production at high NaCl. There
was also a tendency to shorter stems when both the EC and NaCl levels
were raised.

The uptake of Na and Cl was investigated by tissue analysis. The

adsorption of ev. 'Terrafame’ in the treatment with 2.25 m§ and 12
mmol NaCl for Na and Cl was 0.9 and 3.6 mmol per litre water absorbed.
For the cv. 'Delphi’ these levels were 1.0 and 2.0 mmol per litre,
respectively.

On the basis of these results, in March a second trial was started,
concentrating on the specific sensitivity of different cultivars. In
this trial 4 cultivars were planted; 'Premier’, ‘Rosamunde’, ‘Darling’
and 'Delphi'. The treatments were < 3, 8, 12 and 16 mmol NaCl per
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litre. Because of disease problems the crop was terminated in July. In
this short period none of the cultivars showed any significant
differences in production or quality.

In August a new trial with the cvs ’‘Rosamunde ‘and 'Tamara’ was
started. The treatments were the same as in the second trial, viz. <
3, 8, 12 and 16 mmol NaCl per litre. High NaCl resulted in a reduced
number of flowers and a lower flower weight in the ¢v. 'Rosamunde’.
The differences, however, until harvest date 31 December were not
significant.

Prevention of clogging of trickle irrigation systems (A.M.M. van der
Burg)

In 1991 the effects of several agents on the clogging of trickle
irrigation systems were studied on a commerclal nursery. This year in
a heated cucumber and an autumn tomato crop the crop develeopment and
production were studied when adding agents to the irrigation system.
The agents inveolved have a specific effect en clogging. Hypochlorine
is a strong oxidator and decomposes bacteria. 'Aldo’ and 'Limox'
contain hydrogen peroxide and decompose organic compounds 1like algae
and bacteria. ‘Freeflow’ is a so-called scale inhibitor and prevents
preciplitation of salts in nutrient solutions. With the exception of
'Freeflow' the agents were applied three times a week In an amount of
0.5 1 per plant. Apart from the control there were two treatments with
hypochlorine in a concentration of 5.7 and 19.7 ppm free chlorine.
*Aldo’ was applied in two treatments in a concentration of 300 and 900
pp. In the sixth treatment ‘Limox' was added in a concentration of
200 ppm. The two treatments with ’Aldc’' were combined with 'Freeflow’.
In these twe treatments f‘Freeflow' was applied continuously in a
concentration of 20 and 60 ppm. In the trial with cucumbers none of
the treatments showed any differences in crop developnent or in
production or fruit quality. In the tomato crop high hypochlorine
resulted in damage on the leaves and a significant decrease of
production of 13%. The damage was possibly caused by chlorate which is
found 1in hypochlorine in a cencentration of §.6%. In the last week of
the tomato crop the concentrations of 'Aldo’ and ’‘Limox’ were raised.
The roots of the plants which received 'Aldo’' in a concentration of
3000 ppm showed a brown colour. This was even more pronounced at the
9000 ppm level. When the 'Limox’ concentration was raised to 4000 ppm
the plants became slack. When the stems were cut the vascular bundles
showed a brown colour.

The effect of lowering the pH and adding ‘Limox’ to water to algae
(A.M.M. van der Burg)

In six 153 1 containers algae were grown. In containers 2, 3 and 4 the
pH was lowered to and maintained at 3.5, 3.0 and 2.5, respectively. In
containers 5 and 6 'Limox' was added once in concentrations of 60 and
30C ppm, respectively. Lowering the pH reduced the growth of the algae
but did not stop it. One day after adding 'Limox’ to containers 5 and
& all the algae were killed. The water in both containers was fairly
clear. Only limited growth of algae was observed after 12 and 16 days,
respectively.



Effects of spatially differing salinity iIn the root environment
(W.H.K. Post and H. Buitendijk)

The aim of this research 1is to study the response of fruiting
vegetables in a split-rvoot environment to distinetly different total
salt levels within their rooting volume. This study was initiated at
the beginning of 1992, using cucumbers.

The first experiment was discontinued due to excessive leakage. The
second experiment ran from & April te 6 August. The cucumbers, cv.
'Ventura', were grown on twoe slabs of rockwool, each 7.5 % 7.5 * 100
cm and placed in a separate gutter, with the gutters positioned
touching each other. The plants were placed straddling the gutters
such that they could root in both slabs. Each gutter of the pair of
gutters in a plot was supplied with its own nutrient solution. In this
manner the plants could be supplied with nutrient solutlions of two
different concentrations at the same time. The EC values maintained in
the root enviromment are given in Table 4. The main elements were
given in proportions corresponding te standard practices, while the
trace elements were given at the standard concentration.

The yields are also shown in Table 4. Treatments 3 and 6, set to
an EC of 6+6 and 6+3 mS/cm, respectively, gave the lowest yield. Thus
it seems that an average EC greater than 4.5 mS/em gives a lower
production. Moreover, it seems unnecessary to strive towards a
homogeneous total salt concentration in a rockwool slab.

Table 4. Total salt concentration (mS/cm) in the recilrculating

solution and the accumulated yield in kg/m"™, 4 May 1992 to & August
199z,

Treatment
1 2 s . 5 6
BC-left 075 3.0 e0 075 075 3.0
EC-right 0.75 3.0 6.0 3.0 6.0 6.0
Yield kg/m2 30.6 29.7 23.3 30.8 31.6 26.9

Interaction between sodium and potassium, calcium and magnesium with
sweet peppers (W.H.K. Post and H, Bultendijk)

This study was focused on reduclng or eliminating the adverse effects
of sodium (Na) on sweet pepper, by varying the concentrations and/or
proportions of potassium (K), calcium {(€a) and magnesium (Mg) in the
recirculating nutrient solution while maintaining a high Na
concentration, In all treatments the EC was maintained at 3.0 mS/cm.
Therefore, as a consequence of the high Na concentration, the sum of
the other cations was distinctly lower than in the reference
treatment.

Sweet  pepper, cv, ‘Mazurka’, was grown  because of its
susceptibility to Na-inflicted disorders and because 1t absorbs
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virtually no sodium from the nutrient solution. This causes the Na
level in the recirculating solution to accumulate much quicker than it
would with other commercial creps. The crop was grown on rockwool. The
experiment ran from 5 December 1991 to 29 September 1992. Since
February, 12 mmol Na/l was maintained in 5 treatments with varying K,
Ca and Mg concentrations. These were compared with a reference
treatment which was maintained at a level of 3 mmol Na/l and standard
K, Ca and Mg concentrations (see Table 5). The fruit was harvested
once a week and graded. Shelflife was found to be the same in all
treatments. The sodium effect was studied in the comparison between
treatments 1 and 2. Here the proportions of K, Ca and Mg were equal.
Furthermore, the premise that an adapted proportion of cations in the
nutrient solution would decrease the adverse effects of sodium was
studied from two approaches: by wvarying the Ca concentrations and
maintaining the K/Mg proportion (treatments 2, 3 and 6)and vice versa
(treatments 3, 4 and 5). The anions were equal in all treatments,
i.e.: NO_ =19, H_ PC,=l, 50,=3.5 and Cl=3.5 mmol/l

Sodium &éffect: Treatment 1 with low sodium gave the highest total and
first class yield compared to treatment 2 (see Table 6). This was
caused mainly by the higher average fruit weight in treatment 1.
Calcium effect (given a high sedium level): Within these three
treatments, the highest Ca level gave the lowest total productioen.
However, the yield of first class fruit and the average first class
fruit weight was equal in all treatments. The amount of blossom-end
rot varied but could not be logically associated with the nutrient
levels.

Effect of potassium/magnesium proportion (given a high sodium level):
A solution with similar K and Mg concentrations (mmol/l) resulted in
the lowest total yield of these three treatments. However, the yield
of first class fruit was highest. This inversion was due to the large
number of fruit with blossom-end rot in treatments & and 5. The leaf
and fruit analyses indicated that this large amount of blessom-end rot
was probably due to a relative excess of K compared to Ca and Mg.

With respect to taste treatment é was found to be best. Treatment 3
was unsatisfactory in many taste aspects,

In conclusion it may be stated that if, with sweet peppers, a third
of the nutrient cations are replaced by sodium, then that will lead to
loss of production, Sodium excess leads to a lower fruit weight and
less fruit per m". A high sodium concentration does not lead to more
blossom-end rot

Table 3. Sweet pepper. Cation concentration (mmol/l) in the root
environment. EC=3 mS/cm
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Table 6. Sweet pepper. Yield (kg/mz) and average fruit weight (g) per
quality class

Sodium effect

1 17.9 iz2.1 1,3 135 137
2 16.7 10.9 1.4 131 134
Calcium effect .
2 16.7 10.9 1.4 131 134
5 16.6 10.3 3.3 119 132
6 15.4 10.8 0.9 133 134
Potassium/magnesium effect
3 15.2 10.6 0.9 133 134
5 16.6 10.3 3.3 119 132
4 le.1 16.1 3.4 120 133

L) &Losiﬁm

End g8

CHEMTSTRY

Comparison of water, ammonium acetate and DTPA to assess the
avallability of manganese in peat substrate (C. de Kreij)

An experiment was conducted to assess the suitability of three
extractants, water (press extract and 1:1.5 volume extract}), 0.5 M
ammonium acetate (NH, OAc) and 0.005 M DTPA for determining plant
available manganese ?Mn) in peat substrates. Chrysanthemum was used as
a test crop. Substrates were selected for differences in Mn content:
moss peat with 0, 15 and 30% Mn rich clay. The three substrates with
each four levels of Mn addition were compared.

Mn in the water extracts correlated well with the Mn in the plant.
Poor correlations of Mn-NH, OAc and Mn-DTPA versus Mn in the plant were
found, due to the fact that the clay increased the Mn-DTPA and
Mn-NH,OAc but not Mn in plants. The clay contained Mn-oxides which
were not available to plants. Only the water-extracts could be used to
assess the availability of Mn.

Methods for controlling chemical guality of substrates (C. de Kreij)

Substrates not only have to be safe for pood plant growth, but they
also may not contain slements in concentrations which after uptake by
the plant cause problems for human health. Methods were developed to
control quality of substrates. Water and 0.5 M ammonium acetate
{buffered at pH 4.65) were used as extractants. Substrates were also
nilled and extracted with NH OAc. Extraction fluid was added until the
amount of fluid was three times the amount of water held at a pressure
head of -10 cm. In the extraction fluid the following analyses were
done: EC, pH, NH4, K, Na, Ca, NO,, C1, 50,, HCO,, P, Fe, Mn, B, Cu, F,
Cd, Mo and Si. Some samples of ekpanded c%ay de%ivered high amounts of
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saluble Ca, SO Na, Fe, Mn and B.

x
Effect of humic substance, detergent and pH on growth of chrysanthemum
(C. de Kreij)

In trials with chrysanthemum on root spraying systems it was found
that cuttings in small peat plugs showed better growth than in
rockwool plugs. It was assumed that the better growth was due to
humic substances., In a trial in 1991 no positive effect of humic
substances could be found except with Biofix-Gro 1liquid (see Annual
Report 1991, pp. 20-21). The better growth was probably caused by the
lower pH, caused by application of this substance or by a better water
absorption. To test this supposition, an experiment was conducted with
six treatments. Two pH levels {pH 4.0 and 6.0) were compared with a
cont;il treatment, addition of 750 mg.l = Biofix-Gra liquid, or 250
mg.1 Tween-80 (a detergent), Cultivars ‘Reagan’, ’'Refla’ and
'Funshine’ were used. The experiment lasted from 5 August until 7
October. No positive effect of humic substance and detergent could be
found on fresh weight of plants. Low pH gave a fresh weight of 52.4
and high pH of 48.3 g per plant {significant at p < 0.001). So low pH
had a positive effect on growth. Normally in peat (even in plugs) pH
is lower than in rockwool. Consequently the growth improvement in peat
can be explained by the lower pH.

Improvement of the determination of molybdenum and copper in dried
plant material (V.M.J. Arkesteijn and C.W. van Elderen)

The determination of molybdenum and copper in plant material was
carried out by flame-atomic absorption spectrometry after different
dissolution methods. Because of the very low concentration levels of
these elements we had to work just above the detection limits of the
spectrometer, so it was difficult to obtain correct results. With a
new AA-spectrometer equipped with Zeeman background correction and
integrated L’vov platform in the furnace lower detection limits can be
obtained. Several combinations of microwave dissolution were tested,
directly fellowed by measurements with the AA-spectrometer. After
optimizing both methods the results of 20 plant samples, analysed in
duplicate, were compared with the results obtained with the former
method. A good linear relation was found between the old and new
method with a correlation coefficient of 0.982 for molybdenum and
0.939 for copper. In view of the low values of these elements this
result was very acceptable. The developed methods meet the desired
reliability standards, but special attention should be paid to avoid
high blank wvalues, Furthermore the method has provemn to be fast and
the dissolution method also has the advantage of being applicable to
other micreo-elements.

A laboratory improvement for the determination of aluminium in dried
plant material (V.J.M. Arkesteijn and C.W. van Elderen)

The determination of aluminium in plant material was carried out by
colorimetry after reaction with Eriochrome Cyanine-R. The microwave
dissolution did not work well probably due te incomplete release of
aluminium from the matrix. Ancther method was tested, a wet digestion
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with concentrated HNO,/HClC, /H,50,, in combination with flame atomic

absorption spectrome%ry. freér "optimizing the method, a detection
limit of 0.05 mM aluminium in the, measurement solution was found,
corresponding with 1.0 mmol.kg dry matter. To test the method 12

samples from the analytical plant exchange program were measured in
duplicate. The results of our method were compared with the median of
the other laboratories. Apart from the well known analytical problems
with the determination of aluminium we found a linear relation with a
correlation coefficient of 0.976. So the new method 1is =satisfactory
with respect to reliability. It also has the advantages of speed and a
much lower demand of chemicals.

Influence of sugar on the determination of nitrate (C.W. wvan Elderen
and C.P. Binda)

Leaf sprays on lettuce with a sucrose solution were used as a possible
method to reduce the nitrate content of the heads. Some tests were
carried out to check the analytical method for nitrate determination
for possible influence of sugar. Nitrate was measured by an
auto-analyser system based on reduction to nitrite by means of a
copper/cadmium celumn. Nitrite, after reaction to a red-coloured
diazo-campound, was measured colorimetrically. To two standard
solutions of nitrate, 20 and 40 mM, different amounts of sucrose were
added. Only the highest addition, 10 g sucrose per litre, gave a
signal reduction of 3%. Sprayed in practical concentrations a maximum
of 0.5 g sucrose per 1litre is to be expected. Consequently, the
influence of sucrose on the determination of nitrate seems to be
negligible.

Effects of flugsand on micro elements in nutrient solutions {C.W. van
Elderen and C.P. Binda)

The effects of flugsand on micro elements in nutrient sclutions were
studied over a period of 16 weeks at room temperature, with special
attention to adsorption and desorption processes. An amount of
flugsand was mixed at a 1:1 ({v/v) ratio with a standard nutrient
solution. Each week small volume was sampled for determination of
iron, manganese, zinc and copper. In this period a little decrease of
iron could be observed, first a doubling of the amount of zine but
later on a decrease, a strong and immedlate decrease of manganese and
a strong increase, three times the added concentration, of copper.
After this period the rest of the nutrient solution was acidified to
pH 4.0 which had no effect on the concentration of the micrec elements.
After addition of acid to pH 2.0 a strong increase of iron (2%), zinc
(6*) and manganese (40*} was observed. Instead of these effects the
copper content decreased to the original concentration which is very
remarkable. Research on this subject will be continued in 1993,

SUBSTRATES AND GROWING SYSTEMS
Growth of aster in different root environments (J.A. Kipp)

With the equipment used in previous years to conduct trials with
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chrysanthemum, an experiment was carried out with aster. Again the
yields on many different growing media were compared: mineral and
organic substrates and different types of hydroponics. For all
treatments peat blocks were used as cutting medium.

The media with a high water holding capacity gave higher plant
weights than the treatments with lower water contents, even In the
media with low air contents: the highest production was obtained in
the aerated permanent flow system, the lowest in the expanded clay and
the broken lava. From these results it may be concluded that for aster
the water content of the growing medium is more important than the
oxygen supply. This might be attributed to the lower root respiration
of aster compared to chrysanthemum. To <check whether the roots
suffered from oxygen deficiency, two root parameters were determined,
which are generally accepted as indicators of oxygen deficiency in the
root environment: air-filled root porosity and the activity of alcohol
dehydrogenase (ADH). Although both parameters were very low compared
to other crops, indications were found that in the poorly aerated.
media oxygen deficiency had occurred,.

The effects of alr and water distribution on cucumber in glasswool
(R.C. Kaarsemaker)

In two cucumber crops three glasswool substrates of 7.5 cm height were
combined with two irrigation frequencies. Substrates A and B had small
pores, substrate C had big pores, To modify the root distribution a
glass film was placed in substrate B at 2.5 cm from the bottom of the
substrate. A dosage of 200 ml was given after evaporation of 50 and
150 ml at the high and low irrigation frequency, respectively. In the
first crop no differences were found between water contents of the
treatments. In the second crep the low irrigation was insufficient to
compensate for the evaporation of the plants, the substrates dried
out, In this crop the water content in substrate C was 15% lower than
the other substrates for both irrigation frequencies.

In both crops the substrates with small pores gave higher yields
than the substrate with big pores, even at: the high irrigation
frequency. In the second crop the number of fruits was higher for
substrate B with glass film, but the weight did not increase.

The Llow irrigation frequency in the first crop gave the highest
yield. In the second crop the low irrigation pgave yield reduction
caused by a lack of water in some periods. After the second culture
the root distribution was determined. In glasswool A a regular root
distribution was found. Substrate B had a regular root distribution
with an accumulation of roots arcund the glass film. In glasswool C
many roots were at the bottom of the slab, higher in the slab the root
density decreased.

Provisional guidelines for peat used as long term substrate (J.B.G.M,
Verhagen)

After a great number of screen analyses of several peat types
{Sphagnum moss peat, white peat, brown peat) from several origins a
strong correlation appeared to exist between the amount of fine
particles smaller than 2 mm and the air content (at -10 cm pressure
head). The peat materials were dried for 48 hours at 40°C before
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screening. In this way all peat samples were comparable. The figures
are relative because of the shrinkage due to drying, but they still
present a good correlation with the air content.

A decreasing content of particles < 1 mm (as dried material) showed
an increasing air conmtent. Besides this, the fraction 1-2 mm showed an
effect on air centents above 20%. For long term use it is important to
start with an air content of at least 253% (by volume at -10 cm
pressure head). Thus the air content will stay high enough over years,
even under some loss of structure. White and brown peat started at
31%, showed a stabilisation at 25% after 3 months which it kept for
nearly 2 vyears. Finer particles break down more easily than coarse
ones. In peat substrates for long term use most of the particles
should be over 5 mm. The aims of the crop place a restriction on the
size of the blggest particles. To obtain the air content of 25% the
amounts of particles under 2 mm must stay under certain levels.
Provisional guidelines in summary:

1. The air content at -10 cm pressure head must be at least 25% by
volume

2. Most of the material must be formed by particles > 5 mm

3. The content of particles 0-1 mm may not exceed 10% by weight as
dried material and the content of particles 0-2 mm (which includes the
fraction 0-1 mm) may not exceed 20% by welght as dried material.

Cut chrysanthemum on peat substrates In a closed growing system
(J.B.G.M. Verhagen)

Chrysanthemum 1is wvery sensitive to copper deficiency. Especially on
white and brown peat copper will be adsorbed strongly on the organic
matter, after which it is partly unavailable fer plant growth.
Chrysanthemums need a certain amount of copper at the moment when they
change from vegetative to generative growth, Copper deficiency gives a
disturbed hormonal balance. Due to this imbalance the plant shows a
lush growth with serious delay of flower-bud formation. To aveid this
copper deficiency a base fertilization of the peat is necessary. This
base fertilization can be done with 1 kg P.G. mix. Besides this base
fertilization the cepper level of the nutrient sglution given must be
maintained at a level between 1 and 2 micromol.l ~.

As a continuation of the trials started in 1991, one trial was
carried out in which three gradations of Irish wmoss peat (0-10 mm,
6-12 mm, 25-40 mm) and two ways of water distribution (ebb and flow,
trickle irrigation) were compared, The trial was carried out in the
period May - July. Trickle irrigation showed better results than
ebb/flow, At harvest time plants grown on all peat grades were heavier
than the same peat grades under ebb/flow. The highest plant weights
were found on 25-40 mm/trickle irrigation, The explanation of these
differences is to be found in the early period of cropping. Young
plants, grown in compressed peat blocks, were placed on the substrate
surface. Especially on finer peat grades and on the ebb/flow system
this compressed peat block remained very wet. Air contents in the
blocks became very low and with high radiation conditions young plants
came under stress which caused die back of the root tips. The
differences appearing at the start of a chrysanthemum crop caused
significant weight loss at harvest time.

In the next experiment the ebb/flow treatments were changed for
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three other peat types under trickle irrigation (coarse Swedish
sphagnum moss peat, coarse Finnish fuel peat and a mixture of Irish
moss peat 6-12 mm (75%) + Irish fuel peat 6-12 mm (25%)). This trial
was carried out in the period September-December. Plants on Swedish
sphagnum peat showed the best results and those on the Irish moss peat
0-10 mm the worst. Plants in the other treatments did not show
variation. The 1low plant weights on 0-10 mm Irish moss peat were
caused by a bad start due to the compressed peat block, the same
problem as in the first experiment. The high plant weights on the
Swedish peat were probably caused by the fact that the peat was fresh,
Also in other experiments a very lush growth appezared in the first
crop on this peat type. This experiment will be continued with the
treatments described in 1993,

Influence of steam sterilisation on peat  substrates {J.B.G.M.
Verhagen)

The effect of steam sterilisation, and the possible interaction of
steam sterilisation with root growth, were studied in a minor, 6-month
experiment. The following peat materials were used: Swedish sphagnum
moss peat, Lrish moss peat, Finnish fuel peat, Irish fuel peat. The
treatments were composed of two factors: steaming (steaming and not
steaming) and root growth {(planted and non-planted). All materials
were used In a fine and a coarse fraction. Half of all materials were
steam sterilised for 3 hours at 120 C. The materials were applied in
pots (1 litre, B cm high) which were placed on & flooded bench system.
The plants were irrigated twice a day with a water layer of 3 cm.
During two periods of 13 weeks chrysanthemums were grown on the
materials,

After this period steam sterilisation appeared to have no effect on
the physical structure of the peat substrates used. Neither was there
any interaction with root growth. Root growth in itself showed a
decrease of the air space {at -10 cm pressure head) of a few percents
by volume.

Development of physical analysis for growing media (G. Wever and M.H.
Hertogh-Pon)

Fifty samples of peat based growing media were examined with the new
physical method (cylinder-plunger method, see Annual Report 1950, pp.
21-223, the 1ISHS reference method and the method currently in use
(compressing 10 kPa}. The results of the three methods were closely
related. The methods were also related to the densities achieved in
practice with different crops, potting techniques and ways of growing.
The results of the three methaods are related te the densities in
practice and not one single method can be indicated which showed the
best overall results.

An ISHS-meeting was held about physical methods. In a ring analysis
5 samples of peat substrates were compared with 2 metheds on 4
laboratories. The 2 methods compared were: the double ring method
(ISHS reference method) and a cylinder plunger method. The results of
the methods were comparable, the reproducibility was the same. Because
there is more experience with the double ring method this method was



- 30 -

decided to be the standard, The method is also preposed to the CEN
{Comite Europeen de Normalisation, seoil improvers and growing medig)
as a FEuropean standard. In 1992 another ring analysis was performed
because the method was enly tested for peat substrates. In this ring
analysis composted bark, perlite, rockwool granules, compost (bio),
wood fibre and peat {control} were tested. The results showed a
moderate agreement. In future a regularly returning ring analysis will
be necessary.

Because of the normalisation within the CEN a working group
"Inorganic growing media" is formed by the Research Station where
producers and traders of substrates are vrepresented. Thus they can
discuss normalisation for the CEN on European and national levels,
Normalisatien and certification is a major tople, invelving
requirements for physical parameters. Therefore a lot of work is being
done on a system of valuation for these parameters. At the moment this
work is still in progress. Details will be reported later.

Development of a bioassay on components of artificial substrates (G.
Wever and M.H, Bertogh-Pon)

Many different materials are used as components of artificial
substrates and potting composts. The routine chemical analysis
supplies information with respect to fertilization but does not detect
any possible harmful substances, The intention of the bioassay is
still the same as in 1989 (see Annual Report 1989, pp. 21). In 1990 a
number of factors of the biocassay were improved and in 1991 and 1992
several products were tested: sawdust, green compost, composted and
uncomposted bark. The results of the biocassay were satisfactory but
some technical disturbances occurred and the number of repetitions was
small. By changing the schedule of the test the technical disturbances
were avoided. To test the new schedule 4 materials were tested: wood
fibre of market boxes (fresh), fresh mixture of wood fibre (market
boxes and wood chips), composted wood fibre (with a small proportion
of fresh material) and uncomposted pine bark. The test was conducted
in a climate chamber and in a glasshouse.

To improve the detection limit four replicates were carried out.
Only one level of pH was used because 2 pH levels did nmot contribute.
At the same time the extraction cylinders were uncoupled since the
connection caused many technical disturbances. The ‘woodfibre' mixture
was not examined with the bioassay.

In the glasshouse, mixtures with peat were tested to obtain an
indication of the relation between bicassay and results in practice.
0f the four substrates four mixtures were made (0, 25, 50 and 100%)
with white peat. Two different irrigation systems were used: flooded
benches and trickle irrigation. Tomato was used_§s test crop, planted
as seedlings in 1 1 pots. Some nutrients (1 kg.m gg-mix) ware added
and the mixtures were limed with 4, 3, 2, 2 kg.m dolokal, for the
four substrates respectively.

For the biocassay the extract of bark was steeped in 1lye (KOH)
because the pH was too 1low (4.3). Wood fibre (boxes)} did not need
modification of pH. Composted wood fibre had te be acidified because
the pH was too high (7.8). At the end of the bicassay the plants on
the extract of wood fibre (boxes) showed N and P deficiency and bark
and composted wood fibre Fe and Mn deficiency caused by a high pH. In
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the bioassay all materials resulted in growth reduction of all creps
and reduced germination because of the high pH and a low N level
caused by N-fixation. The establishment of phytotoxic materials was
therefore not possible. During the bioassay the pH in the extract
increased.

After three weeks the tomato plants in the glasshouse showed a
strong growth reduction for the 100% wood fibre products and bark. For
bark this was caused by a difficult start because bark has a low
waterholding capacity. The 50% wood fibre (fresh mixture) and the 50%
bark-peat mixture resulted in a slight growth reduction. After 6 weeks
the effects became clearer. The wood fibre (100%) and bark show much
growth reduction partly or completely caused by a low N-content. All
the other mixtures show a growth reduction in compariscn with peat,
with the mixture with 25% of composted wood fibre as the only
exception.

The reszults in the glasshouse and in the biocassay show a clear
resemblence in growth reduction. Effects of phytotoxic compounds
cannot be measured for these types of materials in this type of test
because of the nitrogen fixation. A solution of this problem could be
adding the nutrients after the extraction, The levelling of pH at the
start of the biocassay seems less useful. When wood fibre and bark are
used problems are to be expected due te N-fixatien.

Germination and growth on different growing media (G. Wever, M.
Martorell {University of Barcelona, Spain) and M.H. Hertogh-Pon)

In nurseries many systems and growing media can be used for
propagation of crops., In an experiment different systems and media
were tested.

In the experiment three irrigation methods were used: sprinkling,
flooded benches and a constant level of water, The experiment was
conducted in the autumn of 1991 and nutrient solution was applied once
a day, The plants were propagated in seed boxes (6 ocm high) with
draingge holes and in polystyrene trays with 240 cells and a volume of
15 em” per cell (3 cm high). Onion and radish were the test crops
because they are sensitive to the physical characteristics of the
growing medium. The germination if radish was menitored after 2 and 2
weeks and of onion after 4 weeks. The following pgrowing media were
tested: peat, coconut dust and mixtures of peat with perlite,
composted pine bark and cork.

The irrigation method Iinfluenced the water-air ratio of the growing
media, The air content of all substrates under the sprinkling
irrigation was the highest and under the constant water level the
lowest. The germination was lower at the constant water level and
between the two other methods no significant difference was found. In
contrast to the germination the growth was better at the constant
water level, compared to the other irrigation methods. It seems that
for germination a high air content combined with a high water content
is essentizl, whereas for growth high water content is particularly
favourable.

No differences were found between the trays and seed boxes although
the root volume was different. The mixtures with a high concentration
of cork showed growth reduction. The germination on the cork mixtures
was alse poor. The differences were not caused by variations In air
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content but might be caused by phytotoxicity. It is known that bark
products, such as cork, contain phytotoxic substances. Therefore,
these materials should be composted sufficiently. Peat, peat-perlite
and cocomut dust proved te be good substrates for propagation. The
differences in air content did not affect the growth. In this
experiment products with a low air content, such as frozen black peat,
were not examined.

Infrared thermal imaging measurements (G. Wever)

In co-operation with MERA Benelux a test was carried out tracing
self-heating of peat with the help of infrared thermal imaging
measurements. This technique measures the temperature with the help of
an infrared camera and the resulting differences are shown on a screen
by different colours. Only the surface temperature is measured. In a
factory where potting composts are mixed it was impessible to measure
the temperature in the stockpile but places with heat production could
be traced.

Mechanical properties of substrates (G. Wever and E. Eymar {(University
of Madrid, Spain))

In co-operation with the Agricultural University in Wageningen, the
compressibility of substrates by machines and the effects of
cultivation techniques on the physical properties of substrates were
measured. At the same time research was started on techniques to
measure firmness, hardness, elasticity and cohesion of substrates with
the help of a texture analyser (Instron). A start was made with
measuring the mechanical properties of different types of pressed pots
and rockwool pots. For these pots a test procedure is made in which
hardness, cohesion and adhesion are measured. These properties were
measured with different plunger types and at different moisture
contents. The test procedure was useful but has to be optimized.

T.D.R. measurements for substrates (G. Wever and J.A., Kipp)

Time Domain Reflectometry (TDR) is a new technique for direct
measurement of the water content of substrates., At the moment this
technique is already successfully used for soils. The practicability
for substrates was checked with two different TDR systems in eight
substrates with wvarious water contents, In most substrates the
technique showed good results but apparently the equipment had to be
set for every type of substrate. The method seems less wuseful for
substrates with low water contents., For research purposes the
technique is promising.
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5. DEPARTMENT OF HORTICULTURE AND GLASSHOUSE CLIMATE

G.W.H. Welles

TOMATO

Screening of the utility value of tomato cultivars of the Roma-type
(K. Buitelaar and L.T. Engelaan-Hekken)

The elongated Roma-tomatoes are being grown in Southern Europe for
processing purposes. In recent years these tomatoes are increasingly
marketed for fresh consumption. In an experiment five Roma-cultivars
were compared with the round cultivar ‘Pronto’. On 14 July the plants
were planted out on rockwool. The fruits of all Roma-cultivars showed
very serlous blossom-end rot, had a shorter shelf 1life and had a
poorer flavour than ’‘Pronto’. Particularly mealiness appeared to he a
very frequent problem In all cultivars. The yield was not determined.
Replication of the experiment in an early heated crop is desirabdle.

The effect of plant age of the tomato on the keeping quality at 8%c
(K. Buitelaar and L.T. Engelaan-Hokken)

Previous research (see Annual Report 1990, p. 26 and 1991, p. 29)
indicated that storing large tomato plants adversely affected the
vield. In a new experiment plantlets were stored two weeks after
sowing at 8%c for 0, 1, 2, 3, 5 and 7 weeks. Furthermore 5 weeks old
plants were stored for 10 weeks at 8 C. The sowing dates were chosen
in such a way that at planting out on 28 January plants in all
treatments were of the same size. The plantlets stored for 5 and 7
weeks were on 3 June to a small but insignificant degree behind in
production as compared to the unstored plapts. Of the large stored
plants at that date the yield was 3 kg.m ° lower than of the unstored
plants (p < 0.001). It is therefore possible to store plantlets in a
seed tray for at most 3 weeks at 8 C. The research will be terminated
in 1993.

Modelling development and dry matter distribution of tomato (A.N.M. de
Koning)

1. Fruit development.

Fruit development rate depends largely on temperature, However, the
impact of the temperature effect varies during fruit development.
Young and old fruits appeared to be more szensitive than half-mature
fruits. The szensitivity curve can be described by a third order
polynomial of fruit developmental stage.

2, Potential fruit growth.

The growth curve of a fruit grown at unlimited assimilate supply
(potential growth) can be described by a Gompertz growth function.
Except for the maximum attainable size, the shape of the curve is
similar for round and beefsteak tomato.






