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Lines 15/17 on p. 88 should read: 

'Damage on tomatoes was only observed on seedlings, but, as T. 
tabaci, F. occidentalis does not seem to be a serious threat to 
this crop.' 
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3. DIRECTOR'S REFORT 

E. Kooistra 

Soae general aspects 

In 1986 the international economic relations were characterised by two 
remarkable phenomena: the devaluation of the dollar and the sharp drop 
of the oil price. These facts also had their repercussions on 
glasshouse horticulture, the most conspicuous of these being the strong 
decrease of the natural gas price as determined by the dollar rate and 
the oil price. The price growers had to pay for natural gas was reduced 
from Dfl 0.37 per cubic metre in the first quarter of 1986 to Dfl 0.16 
in the last quarter. Added to the decreasing interest level these facts 
resulted in a slight reduction of the production costs and an increase 
of labour costs in the glasshouse industry. 

In contrast the decreasing dollar exchange rate had an adverse effect 
on the export of Dutch flowers to the united States. 
Generally speaking the price level both in the flower sector and in the 
vegetable sector was not unfavourable during the year under review, 
even though there were considerable differences between the various 
products. The effects of the disaster with the nuclear plant in 
Chernobyl caused a considerable reduction in the consumption of leafy 
vegetables for over a month, and hence a reduction of selling prices. 
The total turnover of glasshouse vegetables maintained its 1985 level, 
whereas cut flowers showed an increase of 2.2% and pot plants an 
increase of 7.2% in comparison to the previous year. 

Research facilities and personnel 

The Government's tendency to economize could be clearly felt also at 
the Glasshouse Crops Research Station. The limited financial means were 
a subject of concern in the field of research equipment while the 
number of staff had to be reduced by 5%. Nonetheless an important step 
could be taken towards improved housing. For years this has been 
extremely poor. In the previous annual report preparations for the 
construction of a new main building with laboratories and of a new 
energy centre were mentioned. In the year under review the construction 
of the buildings could be actually started. The energy centre will be 
equipped with a total energy installation. No financial means were 
available yet for the necessary replacement of outdated glasshouses. 
Several houses, however, were renovated, in particular the glasshouse 
consisting of 24 compartments, designed especially for glasshouse 
climate research. Adjustments were carried out in the heating and 
climate control installation; the light transmission was improved and a 
substrate equipment installed. Furthermore part of the Station's 
premises was ceded for the construction of a new laboratory for the 
routine soil research which is carried out for some time now by the 
BLGG (Laboratory for Soil and Crop Analysis). Almost simultaneously the 
Station's premises could be extended with more than 6,000 m by the 
purchase of an adjacent property. 

The early retirement of ir J. van den Ende, Head of the Soils, Water 
and Nutrition Department, deserves special mention. Ing. C. Sonneveld 
succeeded him. 



Adjustments In capacity and organisation 

The direction in which the development of research should be heading is 
a point of constant debate. Although a 'research view' for the period 
1986-1990 was drawn up in which the research priorities are indicated, 
concrete realisation requires extra effort. As a result also the 
organisation was subjected to close scrutiny, which led to the judgment 
that there should be a closer link between physiological research, and 
horticultural and nutritional research. 
The research for the improvement of the quality of the produce was 
given an even higher place on the list of priorities. Furthermore, due 
to environmental problems becoming more and more manifest, also in the 
glasshouse industry, more accent was given to the development of 
growing methods which do not pollute the environment. 
Theoretically soilless culture enables the control of the growth 
through the root environment. It was therefore also decided to pay more 
attention to root research and enlarge its capacity at the research 
station. Other tasks will be reduced or hived off, such as certain 
parts of the phytopathological research and the study of the 
application of growth regulators. Moreover, a control system for 
potting soil (Regulation of Commercial Potting Soils of the Research 
Station Aalsmeer, Boskoop, Naaldwijk) has been privatised. A private 
foundation took over the activities. 

At the end of the year under review a discussion was started about the 
position of agricultural research in general. The Government aims at a 
state-independent position of the research institutions. 
Wherever possible the research station co-operates with sister 
institutions. The intensive co-operation which came about with several 
fellow glasshouse research stations in the field of automation deserves 
mention. This particularly concerns the development of an information 
model for the glasshouse industry which provides a global description 
of all significant processes and information streams on a nursery. In a 
similar framework the automation of certain parts of advisory work was 
aimed at. 
Also preparatory work was done for the computerization of regional 
research centres within the framework of organised co-operation. 
Finally it is worth mentioning in this context that a broad research 
programme for soilless cultures was developed to which a great number 
of institutes as well as several universities are contributing. 

Some important developments in research 

The Department of Soils, Water and Nutrition devoted much attention to 
the nutrition in soilless cultures. The effects of nutrition on the 
quality of the produce was one of the subjects studied. Not only 
vegetable crops but also certain flower crops such as chrysanthemum, 
carnation and anthurium were studied. In commercial practice the 
acreage of flower crops grown on artificial substrate still remains 
limited whereas ca 50% of the vegetables are now grown on substrate; 
floriculture on substrate therefore deserves an extra impetus from 
research. The Department furthermore continued to work on a basis for 
the computerization of the recommendations for crop nutrition. 

For more than a decade now the control of the glasshouse climate is 
carried out with the help of computers. Glasshouse research received a 
new incentive from a memorandum drawn up to indicate how with the aid 
of physiological, physical and economic models future climate controls 



might work. For this purpose the necessary horticultural knowledge in 
combination with relevant economic index numbers has to be fitted in. 
This makes a multidisciplinary approach necessary which will require 
much effort on the part of researchers in the years to come. 
Already a new strategy has been developed for CO. application in which 
the costs of application and the increases in profit to be gained are 
continuously weighed. Tests indicate that this is a promising strategy. 
Calculations of CO. application in the summer period pointed out that 
it is profitable to apply extra CO. also in this period. CO. enrichment 
in commercial practice during the summer months is as yet limited due 
to the limited heat demand to be met and the small capacities for heat 
storage. 

In tomato research there was special attention for the study of the 
effects of an alternative day/night temperature regime which confirms 
effects found earlier of low day temperatures combined with high night 
temperatures. 
Another research topic was the factor light which was studied in 
various experiments. Particularly in flower crops there was a renewed 
attention for artificial illumination as photosynthetic lighting. More 
quantitative data will have to be collected before researchers will be 
able to assess if and when, with the current costs, photosynthetic 
lighting is profitable. 

Many studies in the field of plant diseases and pests aimed at a 
reduction of the use of chemical compounds. Biological control of pests 
as well as integrated control received undiminished attention. Within 
the framework of the research of recirculating the nutrient solution in 
substrate systems various disinfestation methods were tested on a 
semi-practical scale to prevent the spread of diseases in recirculation 
systems. Although this type of research has not been rounded off yet 
the first results point out that heating may turn out to be a 
practicable method. 
Of the many quality aspects under investigation russetting in sweet 
pepper and tomato, and sponginess in radish are mentioned in 
particular. An easy solution for these defects was not yet found. 

In the continuing development of management supporting systems the 
information model for glasshouse horticulture mentioned before was seen 
as an important aid. As has been argued, in close co-operation with 
other institutions a global information model was set up. Further 
elaboration still has to take place. It gives a systematic approach of 
entrepreneurship, thus it is expected to form a solid basis for further 
automating a great number of activities. 

Transfer of research results 

More than 200 articles were published in the trade press and 11 
scientific publications appeared in international journals. For a 
proper transfer of research results a good relationship with the 
advisory service is of utmost importance, and therefore this service is 
kept very well informed. Furthermore, recent years saw a strong 
increase in the number of private consultancies in the glasshouse 
industry. Meanwhile the Government has made known its intention to 
privatise the greater part of the state advisory service. The research 
station will adapt its policy so as to serve the industry to the best 
of its capacities also in co-operation with such a privatised advisory 
service. 
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4. DEPARTMENT OF SOILS, HATER AND NUTRITION 

C. Sonneveld 

CHEMISTRY 

Adjustment of procedures for analysing the quality of tomato fruits 
(S.S. de Bes) 

For several years now the Improvement of the taste of Dutch tomatoes 
has been a subject of research. Analytical methods for analysing the 
titrable acid content and the total soluble solid content were 
Introduced In 1982 and applied since then as a supporting service. 
An inter-laboratory test, among Institutes concerned with similar 
subjects, showed a poor agreement among their respective analytical 
results. As soon as these laboratories started to apply more 
corresponding methods an increase in agreement could be observed. This 
established the need for one commonly used method, which was 
subsequently pursued. 
For this purpose some aspects such as freezing and subsequently thawing 
out the fruits, and the method of purification of the pulp were 
studied. The chemical laboratory examined the purification method by 
comparing the analytical results of 4 treatments of 18 samples after 
homogenizing the fresh fruits in a mixer-blender. The applied 
treatments were: 
a. none, i.e. directly analysing the pulp; 
b. single filtration through cheesecloth, without suction; 
c. double filtration through cheesecloth, with suction during the first 

filtration step; 
d. centrifuging for 15 minutes at a speed of ca 17,000 times g. 
Directly analysing the pulp led to a higher titrable acid content 
accompanied by a poorer repeatibility than after filtration or 
centrifuging. 
Although double filtration gave an improved clarity of the extracts it 
did not yield the expected advantages; compared to single filtration 
time saving was only limited. No differences in analytical results were 
obtained with either of these methods. After single filtration a higher 
solid content was found than after direct analysis and centrifuging. 
The acid content was lower than after centrifuging and much lower than 
after direct analysis. Centrifuging the pulp gave the clearest 
extracts, which is important in view of possible future automation of 
the methods. The analytical results showed a decrease In soluble solid 
content versus single filtration only. The acid content appeared to be 
lower than after direct analysing and somewhat higher than after 
filtrating. 
A provisional choice for a method was made on the basis of the highest 
possible practicality, provided automation is feasible and a storing 
procedure is available in order to be able to handle occasional peak 
supplies of samples. Two procedures are suggested for this, viz.: 
I. analyzing fresh fruits after mixing and centrifuging the samples; 
II. identical to method I, but preceded by at least 48 h of freezing at 
-25 C and subsequently thawing out at 20 C for at least 16 h. 
In 1987 these draft methods will be evaluated. 
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Comparison of soil extracts (C. Sonneveld and W. Voogt) 

The analytical data of the soil samples analysed by means of the 1:2 
volume extract (see Annual Report 1985, p. 15) were used for a further 
study of the predictability of the composition of the soil solution. 
Multiplication of the analytical data of the 1:2 volume extract with 
the dilution with respect to the soil solution appeared to increase the 
correlation coefficients for most determinations. However, determining 
the dilution is a laborious operation, which is a drawback for routine 
soil testing. Instead of the dilution it was possible to make use of 
the quantity of field moist soil used in the 1:2 extraction, the 
determination of which is quite simple. 
Thus the correlation coefficients for the relationships between 
analytical data of the 1:2 volume extract and those of the soil 
solution increased to values above 0.90. However, for determinations 
hindered by sparingly soluble salts, like calcium sulphate, the level 
of the correlation coefficients remained between 0.80 and 0.90. 

POLLUTIONS AND TOXICITIES 

Uranium uptake (C. Sonneveld and W. Voogt) 

Tomatoes and lettuce were grown in a nutrient solution to which 
phosphorus was added as phosphoric acid without uranium or as uranium 
containing phosphoric acid (37% solution containing 110 ppm U). The 
quantity of phosphorus added to the nutrient solution was 2 mmol P per 
litre. Consequently the U concentration in the nutrient solution 
enriched with this element was about 0.25 umol per litre. 
Tissue analysis indicated that the roots of tomatoes and lettuce 
contained 0.81 and 0.02 mmol U per kg dry matter. In the shoots of both 
crops no U was found. 

Cesium uptake of lettuce on nutrient film (J.P.N.L. Roorda van Eysinga, 
A.L. van den Bos and C.W. van Elderen) 

Lettuce plants propagated in soil blocks were grown in a nutrient film 
system. Various quantities of stable Cesium were added to the nutrient 
solution, viz. 0, 0.075, 0.75 and 7.5 umol per litre, applied in the 
form of CsCl. The analyses indicated that the target levels in the 
nutrient solution were fairly well realised; the respective values 
found were 0.02, 0.08, 0.10 and 1.25 umol Cs per litre solution. The 
concentrations found in the crop were 12, 17, 98 and 925 umol Cs per kg 
dry matter, respectively. The relationship between the concentration in 
the nutrient solution and that in the crop appeared to be linear in the 
section studied. 

Bromide injury in carnations (A.L. van den Bos and M. Zevenhoven) 

Carnations were planted in 10-litre containers filled with sandy soil 
(25 umol Br per litre 1:2 extract), 2 standard and 3 spray carnation 
cultivars per container. The carnations were sprinkled with water 
containing 0, 50, 100 or 200 umol Br per litre. The first damage was 
observed 6 weeks after planting out in the standard carnations watered 
with 200 umol Br. Three weeks later also damage occurred in the spray 
carnations. After twelve weeks damage occurred in the plants watered 
with 100 umol Br. Soil tests resulted in the following bromide 
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concentrations in the 1:2 volume extract: 7, 20, 45 and 96 umol, 
respectively. The conclusion is that the occurrence of injury depends 
on the amount of bromide in the soil and in the irrigation water. 
Cultivar susceptibility also comes into it. 

WATER SUPPLY 

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

The study of the variation in water supply and transpiration of a 
tomato crop grown in rockwool was continued (see Annual Report 1985, p. 
14). The measurements were carried out on the same nursery as in 1985. 
Determinations were conducted of the quantity of water supplied and the 
quantity of drainage water of units of 2 plants. This year 48 of such 
units were placed in the glasshouse. Water supply took place by means 
of a trickle irrigation system. The measurements were carried out 
during periods of 5 or 12 days scattered over the growing season. 
The variation in water supply between the emitters of the irrigation 
system, averaged out over the growing season, was ca 10%. The 
difference in the amount of transpiration between plants on the sun 
side of the path and on the shady side was on one particular day 24%. 
On average the difference between sun and shady side was 1% in July to 
11% in September. In the early measurements (March) the residual 
variation of transpiration between the units was 6%, later on 
(September) this was 18%. On the basis of the results collected this 
year and those of last year it can be concluded that the residual 
variation of plants varies between 10 and 25%. 

Clogging of trickle irrigation systems and cleaning methods (S.S. de 
Bes, A.M.M. van der Burg and C. Sonneveld) 

Samples of precipitated material from trickle irrigation systems were 
collected and analysed. The analytical results showed that in all cases 
this material consisted for an important part of organic matter. 
Furthermore, in most samples precipitates of calcium, iron and 
phosphate were found. Sometimes silicon appeared to play a role in the 
emitters becoming clogged. 
A comparison was conducted of different cleaning methods, in which the 
water release of the emitters was measured both before and after the 
cleaning treatment. Initially the coefficient of variance was ca 20%. 
Soaking with a 1.9 g hypochlorine solution for 24 h reduced this 
coefficient to 4%. Soaking for 72 h with a solution of 1% nitric acid 
reduced the coefficient to 7%. Treatment with water under high pressure 
(6 bar) resulted in a reduction of the coefficient of variance to 10%. 

PLANT NUTRITION OF CROPS IN SOIL 

The long term N and K experimental plot (A.L. van den Bos and M. 
Zevenhoven) 

Bouvardia. The bouvardia crop, started in 1984, was terminated at the 
end of April 1986. At the last cut, as in previous cuts, the middle 2 
nitrogen levels (2 and 4 mmol per litre In the 1:2 volume extract) and 
the middle 2 potassium levels (1 and 2 mmol per litre) gave the highest 
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Fig. 1. Three Bouvardia cultivars with K-deficiency 
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extract are recommended. 

Lily. At the end of June lily bulbs were planted out. There were 3 beds 
per plot, 2 with cv. 'Connecticut King' (bulb size 10/12 and 14/16) and 
one bed with cv. 'Star Gazer' (bulb size 12/14). 'Connecticut King' 
plants of the large size showed serious leaf scorch. Plots without 
nitrogen had ca 25% injured plants whilst those with much nitrogen had 
about half as many. The nitrogen in all plots was applied in the form 
of nitrate of lime, so that the favourable effect must be ascribed to 
the calcium ion rather than to the nitrate ion. The yield in number and 
weight of the stems was hardly or not at all affected by the nitrogen 
or potassium levels. The results with 'Star Gazer' were therefore 
remarkable. While the crop showed hardly any variation in colour or 
growth, a somewhat higher nitrogen level (4 mmol N) and a fairly high 
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potassium level (2 mmol K) appeared to produce heavier stems than the 
lower levels. In comparison with 'Connecticut King' 'Star Gazer' seems 
to prefer a rather heavy fertilization. 

Iceberg lettuce. At the beginning of October iceberg lettuce was 
planted out. At the termination of the crop the head weights, averaged 
out over the nitrogen series, were: 270 (0 mmol N ) , 312 (2 mmol N), 319 
(4 mmol N) and 291 (8 mmol N) g per plant. Statistical processing gives 
the quadratic effect: P=0.01. For the potassium series the head weights 
were 214 (0 mmol K ) , 292 (1 mmol K ) , 292 (2 mmol K) and 300 (4 mmol K) 
g per plant. Statistical processing gives for the contrast 
fertilization - no fertilization: P=0.01. The conclusion was drawn that 
iceberg lettuce requires close on 4 mmol N and rather more than 1 mmol 
K per litre 1:2 volume extract. 

Boron toxicity in chrysanthemum, pakchoy and radish (A.L. van den Bos 
and M. Zevenhoven) 

In concrete troughs filled with sandy soil 0, 1, 2, 4 and 8 g borax per 
square metre was applied. On 17 February 5 chrysanthemum cultivars were 
planted out. After 8 days already the crop showed some damage at the 
highest borax application, and a fortnight later also at the 4 g 
dosage. At the termination of the crop the highest borax application 
resulted in serious B-toxicity, so that growth was severely inhibited. 
At the 4 g dosage toxicity symptoms occurred but hardly or no growth 
inhibition. Two cultivars showed light damage at the lower leaves at 
the 2 g/m level. 
Following on the chrysanthemum crop pakchoy was planted on 13 May. 
Boron toxicity or deficiency symptoms were not observed. Statistical 
processing, however, showed a quadratic effect (P=0.02) on the yield. 
Radish was sown on 17 September. To boost the B-content in the soil 
half the dosages mentioned above were applied. Boron toxicity or 
deficiency could not be observed. No differences in yield were found 
between the various treatments. 

Table 1. Analytical results of soil (1:2 volume extract) and crop tests 

2 
Borax applications (g/m ) 0 1 2 4 8 

B-cont. during chrysanthemum crop (umol B/l) 
B-cont. at end chrysanthemum crop ( 
B-cont. at end pakchoy crop ( 
B-cont. beginning of radish crop ( 
B-cont. at end of radish crop ( 
B-cont. chrysanthemum plants (mmol B/kg 
B-cont. pakchoy plants ( 

The conclusion is drawn that chrysanthemum is susceptible to boron 
toxicity and that pakchoy and radish are not susceptible. 

Nitrogen source for sweet pepper (W. Voogt) 

In an experiment started in 1983 (see Annual Report 1983, p. 20) 
nitrate, ammonia and urea were used as nitrogen forms added to the 
irrigation water for top dressings. The applied quantities of ammonia 
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and urea amounted to 25 and 50£ of the total nitrogen applied. Sweet 
pepper was used as a test crop. 
The yield was not affected by the various nitrogen sources. With 
respect to the quality of the fruits there was a tendency for 
blossom-end rot to be aggravated by ammonium and urea nitrogen and for 
green spots to be reduced by ammonium nitrogen. 

PLANT NUTRITION OF CROPS IN SUBSTRATES 

Specific effects of sodiua chloride on tomatoes grown In nutrient film 
(A.M.M. van der Burg, D. Theune and C. Sonneveld) 

The experiment with different EC values for tomatoes grown in an 
NFT-system was continued, but now with a spring crop instead of last 
year's autumn crop. The treatments were similar to those of the 1985 
experiment (see Annual Report 1985, pp. 21-22). The basic level for 
nutrient supply was 2.2 mS/cm for all nutrients. Higher levels were 
realised by adding nutrient salts or NaCl. In one treatment the 
nutrient solution was replaced once a week. 
Increasing the EC value from 2.2 to 3.7 reduced the marketable yield 
with 5% and an increase to 5.2 reduced the yield with 16%. In 
contradiction with last year's results the weekly replacement reduced 
yield (with 5%) as compared to no replacement. No differences could be 
observed, whether the EC was increased by NaCl or by nutrients. With 
respect to the quality of the fruits it was observed that just as in 
the first experiment higher EC values increased blossom end rot. 
Furthermore the colour and the shelf life were improved and uneven 
colouring and russetting decreased with higher EC values. The fruit 
taste parameters (acid and sugar content) were positively affected but 
less clearly so than in the first experiment. No specific effects of 
NaCl were noticed in this field. 

Effect of the EC on sweet pepper plants propagated In rockwool pots 
(A.C. van den Bos and G.A. Boertje) 

Sweet pepper plants were propagated in dry, normally wet and extra wet 
rockwool pots with the EC of the nutrient solution applied varying from 
1 to 8 mS/cm. The heaviest plants were obtained in the treatment 
irrigated with a nutrient solution with an EC-value of 2.0. With 
regular application of a nutrient solution with EC 8.0 the plant weight 
was 77% lower. Also in the treatments with EC 1.0 and 1.5 the growth 
remained behind. Plant length showed virtually the same results as 
plant weight. The differences in plant weight between the plants 
propagated in extra wet and normally wet pots were small. Propagation 
in dry pots resulted in lower plant weights. 
The conclusion is drawn that in the propagation of sweet pepper plants 
the EC in the pot must be between 4 and 6 mS/cm. This level is obtained 
by regular application of a nutrient solution with EC 2.0. With respect 
to the humidity level of the pots it can be said that propagating in 
'dry' pots adversely affects the growth of the plants. 

Effect of the EC on eggplant propagated in rockwool pots (A.C. van den 
Bos and G.A. Boertje) 

In the propagation of eggplant in rockwool pots the effect of the EC on 
growth and plant quality was investigated. The experiment consisted of 
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7 treatments in which the EC of the nutrient solution applied ranged 
from 1.0 to 8.0 mS/cm. During the propagation period the rockwool pots 
were kept dry, normally wet and extra wet. 
After a propagation period of 9 weeks, counting from the sowing date, 
the plants were measured, cut off and weighed. The plant weight figures 
are presented in the table below. 

Table 2. Plant weight of eggplant propagated in rockwool pots with 
different EC-values 

EC nutrient solution 1.0 1.5 2.0 3.0 4.0 6.0 8.0 av. 

Humidity level pot: 
dry 52.0 63.4 69.9 65.2 52.3 49.6 33.8 55.2 
normally wet 71.3 81.8 83.8 65.2 69.5 53.7 31.8 65.3 
extra wet 72.6 80.9 87.3 92.2 71.1 54.2 43.7 71.3 

average 65.3 74.7 80.4 74.2 64.3 52.5 36.4 63.8 

Best results were obtained with application of a nutrient solution with 
an EC of 2 mS/cm. As the EC increased the plant weight reduced. Plants 
propagated in 'dry' pots remained behind in growth. 

Manganese content in rockwool grown tomatoes and cucumbers during the 
growing period (H. Sonneveld-van Buchem) 

In nutrient solutions in rockwool slabs often low manganese 
concentrations are found, whilst the manganese contents in the leaves 
are sufficient or, for some crops, even too high. To collect 
information about the pattern of manganese concentrations in rockwool 
slabs and in the plants, an experiment was carried out with tomatoes 
and cucumbers on 2 commercial nurseries. The manganese concentrations 
in rockwool slabs varied between 2.4 and 12.0 umol per litre for the 
tomatoes and between 4.3 and 18.0 umol/1 for the cucumbers. The 
manganese concentrations in the plant tissues varied strongly. In old 
tomato leaves contents were found between 1.8 and 6.1 mmol/kg dry 
matter and in young leaves between 0.8 and 2.7 mmol/kg. For cucumbers 
the contents of old and young leaves varied between 5.5 and 7.0, and 
2.5 and 3.7, respectively. Plant sap analysis of tomatoes indicated 
that ca 50% of the total manganese was found in the plant sap; for 
cucumbers this was only about 5%. 

Effect of different EC-levels on yield and quality of Anthurium 
andreanua in polyphenol foaa granulate (D. Theune) 

In an experiment with Anthurium andreanum grown in granulated 
polyphenol foam the effect of the EC-value on production and quality 
was studied. The EC-values compared were 0.5, 1.3, 2.1, 3.0 and 4.0 
mS/cm in the root environment. After a growing period of one year it 
was concluded that the yield decreases at EC-values higher than 1.3. 
This yield decrease was caused by a lower number of flowers as well as 
by a lower weight per flower. 
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EC-values for sweet pepper (Y. Ruyzenaars) 

In an experiment with sweet peppers in rockwool EC-values between 1.5 
and 7.0 mS/cm were maintained in the slabs. The total yield was reduced 
at values above 5.0. The number of fruits with blossom-end rot 
increased linearly from 2% at an EC-value of 1.5 mS/cm to 20% at a 
value of 7.0 mS/cm. 

Salinity effects in lettuce (W. Voogt and C. Sonneveld) 

Lettuce was grown in a recirculating nutrient solution at 2 EC-levels, 
viz. 2.3 and 3.1 mS/cm. The cultivars used were 'Bistro' and 'Nanda'; 
the former is very susceptible to tipburn whilst the latter is not. 
The EC-levels in part of the treatments were obtained by the addition 
of nutrient salts, and in the other treatments by the addition of 
nutrients and sodium chloride. 
The results showed that neither the various EC-levels nor the different 
compositions of the nutrient solution affected head weight. The 
composition of the nutrient solution did not influence the incidence of 
tipburn either. The EC-level, however, strongly affected the appearance 
of tipburn. No tipburn could be observed with an EC of 2.3 mS/cm 
whereas the incidence at a value of 3.1 was 16% with the cv. 'Nanda' 
and 45% with the cv. 'Bistro'. 

Silicon for cucuabers (W. Voogt) 

In an experiment with rockwool grown cucumbers the application of 
silicon was studied. Quantities between 0 and 4 mmol per litre nutrient 
solution were supplied. Yields of the treatments with silicon 
application were about 15% higher than those of the treatments without 
silicon addition. Concentrations of ca 0.5 mmol/1 seemed to be 
sufficient; higher concentrations did not result in a further increase 
of the yield. In the young leaves silicon contents were found between 
50 and 500 mmol/kg dry matter. 

EC-values for carnations (C. Sonneveld) 

Carnations were grown in rockwool with different EC-values in the 
slabs. The cultivars compared were 'White Sim' and 'Tanga'. The 
experiment was started in September 1985 and the yield is calculated 
over the period until November 1986. 
In 3 treatments the EC-values were maintained continuously on a level 
of 2, 4 or 6 mS/cm, respectively. In 3 other treatments high levels 
were maintained during winter and a level of 2.0 mS/cm during summer. 
The results point out that a continuous high level of 6.0 mS/cm reduced 
the yield of both cultivars. With an EC-level of 4.0 mS/cm this was 
also the case with cv. 'Tanga'. The high values during winter did not 
significantly affect the yields. The experiment will be continued in 
1987. 

Phosphate for cucumbers grown in rockwool (C. Sonneveld and W. Voogt) 

Various phosphate levels in the nutrient solution were applied to 
cucumbers in rockwool. The amounts of phosphate in the nutrient 
solution supplied ranged between 0.5 and 2.0 mmol/1. The cultivar 
'Milllo' was used for its resistance to powdery mildew and its 
susceptibility to genetic necrosis. Former experiments (see Annual 
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Report 1985, p. 22) indicated that high phosphate applications enhanced 
this necrosis. 
The information about necrosis generated by this experiment, however, 
was insufficient. The disorder tends to crop up only under poor light 
conditions. During the period the cucumbers were grown, in the autumn 
of 1985, the weather was unusually bright so that hardly any necrosis 
could be observed. 
Phosphate applications below 1 mmol per litre nutrient solution 
appeared to reduce the yield. Higher applications did not increase the 
yield. 

Cation interactions with eggplant (W. Voogt and C. Sonneveld) 

In 1986 research was started in which interactions of various cations 
were investigated. The experimental set-up makes comparison of 12 
nutrient solutions possible. The crops are grown in substrate with a 
recirculating nutrient solution. In the year under review eggplants 
were grown in rockwool. 
Three magnesium levels in the root environment were compared at 4 
potassium-calcium ratios. Tissue analysis pointed out that eggplant 
tends to stabilize the uptake of potassium at 1,000-1,200 mmol/kg dry 
matter. Potassium contents in the root environment below 4 mmol/1 
nutrient solution reduced the uptake. Calcium is taken up in quantities 
of ca 600 mmol/kg dry matter in the young fully grown leaves. In the 
older leaves the quantities of calcium found were about 1,200 mmol/kg 
dry matter. The uptake of magnesium varied strongly with the supply of 
this element, and also with the K/Ca ratio. The highest (2:1) as well 
as the lowest K/Ca ratio (1:4) increased the magnesium uptake.The 
magnesium contents varied between 50 and 80 mmol/kg dry matter. The 
yield was not affected by the different cation ratios. 

Interaction between P and Mg with tomatoes (W. Voogt and C. Sonneveld) 

Tomatoes were grown in rockwool with P-levels between 0.25 and 1.5 mmol 
and Mg-levels between 0.5 and 1.5 mmol per liter nutrient solution. Low 
phosphorus applications strongly reduced yields. Also magnesium 
deficiency lowers fruit yield, particularly in the case of high 
phosphorus applications. Tissue analysis showed that magnesium uptake 
was clearly affected by the phosphorus supply (see Figure 2). 
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Fig. 2. Mg-contents of leaves as affected by P-supply 
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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 

Effect of season on growth and leaf initiation in young chrysanthemums 
under long day conditions (D. Klapwijk and C.F.M. Wubben) 

Thirty successive batches of rooted chrysanthemum cuttings, cv. 'Bright 
Yellow May Shoesmith', were grown year round under long day and 
commercial growing conditions, between April 1984 and April 1986. The 
plants were pinched at approximately 5 leaves, the pinching date was 
the beginning of each experiment. From each cutting the most uniform 
shoot was maintained and allowed to grow to ca 20 g fresh weight. 
During this growth period 6-9 samples were taken at regular intervals. 
Growth rates of chrysantheam compared to other crops. For the fresh 
weight interval from 1 to 10 g the chrysanthemum showed an average 
growth rate of 25% per day during the summer period from April to 
August. In tomato it was 40% from March to August. Carnation showed a 
maximum growth rate of 8% in the middle of the summer. Minimum growth 
rates of chrysanthemum and tomato were the same, viz. 8% around the 
shortest day where minimum relative growth rate of carnation was ca 2% 
per day. 

Seasonal effects on fresh weight. Between late April and mid-August the 
relative growth rate of chrysanthemum was constantly 25%. After that 
period growth rate decreased linearly to 17% in the middle of the 
winter and increased linearly again till April. The decreasing light 
efficiency during summer may probably be explained by differences in 
leaf area ratio (cm /plant weight) and specific leaf area (cm /leaf 
weight), but these data have not been collected. 
Seasonal effects on leaf initiation. The rates of leaf initiation 
throughout the season shows the same pattern as for fresh weight growth 
rates. From April till August the initiation rate was constantly 1.0 
leaf per day. The winter minimum was 0.3 leaf per day. The seasonal 
effects on fresh weight growth rates and leaf initiation rates in 
chrysanthemum are very similar throughout the year. This leads to the 
conclusion that shoot weight for a certain number of leaves 
(internodes) must be more or less constant. The result is that the 
number of initiated leaves at 10 g fresh weight Is constant over the 
whole year. It varied between 28 and 30 microscopically visible leaves 
without any seasonal pattern. The winter leaves, however, may have a 
greater weight/area ratio, but these have not been collected. 
Seasonal effects on plant length. During the period from the end of 
April to mid-August the average length at 30 leaves (microscopically 
counted), was ca 18 cm. The length increased to 40 cm in the middle of 
the winter and decreased to 18 cm again in spring. During the winter 
period the stem length for an equal number of internodes increased to 
more than double the length of the summer. So the plants grew much 
taller in winter. 
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Incidence of blossom end rot in tomato after replacement of the main 
stem by a side shoot (D. Klapwijk) 

Under commercial conditions it was noticed that blossom end rot (BER) 
occurred much more often in plants of which the heads were replaced by 
a side shoot. This phenomenon was simulated in an experiment. The top 
of the main shoot was removed at different stages. It was done when the 
5th truss flowered and the plants grew rather vigorously. The side 
shoot below the 5th truss was allowed to take over the role of the main 
shoot. No or very little BER occurred. When it was done at later stages 
with more fruit on the plant and at weaker growth, the replacing shoot 
showed BER and sometimes calcium deficiency. When all side shoots were 
removed and a new shoot could only develop from an adventitious bud 
this shoot was almost killed by calcium deficiency and very severe BER. 
Later on all shoots developed more or less normal leaves and fruits. 
Control plants did not suffer from BER. The cause of the trouble may be 
that the connection of xylem and phloem of the main stem and the side 
shoot is rather poor in the beginning and is improving afterwards. 

EFFECTS OF LIGHT INTERCEPTION AND SUPPLEMENTARY LIGHT 

The effect of light reduction on the growth of young cucumber plants 
(S.A. Tooze) 

In 1984 and 1985 a series of experiments were done to determine the 
effect of light reduction and supplementary light on the growth of 
young cucumber plants. This research was carried out in relation to 
energy conservation measures which often result in light loss in the 
glasshouse. The experiments were conducted in 24 plots (1.56 m ) spread 
out over a glasshouse surface. Above each plot hung a movable frame 
from which either screens or lamps could be suspended. The light levels 
were created by hanging one or more layers of shade cloth or high 
pressure sodium lamps from the frame. The shade cloth was present 
during the daylight hours. In the summer some plots were shaded only 
when outside radiation levels exceeded certain setpoints (usually 200, 
100 and 50 J/cm /h). In the winter the supplementary lighting was only 
present when radiation levels exceeded the setpoint (usually 20 
J/cm /h). The experiments lasted from emergence until the seedlings 
reached a fresh weight of 10 g. The light intensity was constantly 
measured in each plot. The growth analysis is compared to measured 
average daily light totals. A further description of the experimental 
set up can be found in the Annual Reports of 1984 (p. 35-36) and 1985 
(p. 29). Compared with the average daily light totals the relative 
growth rates (RGR) of the control plants (natural light) increased by a 
factor of 3 from winter to summer while the light levels increased by a 
factor of 15. The fresh and dry weight RGR curves were highly similar 
throughout the year while the leaf area curves were lower during the 
summer months. This is probably due to the adaptation of leaf thickness 
to increasing light intensity. Light saturation occurred around 4 
MJ/m /day which is comparable to the light situation existing at the 
end of March and the end of August in the Netherlands. Young plants did 
not react to light increases between these two dates. Per experiment 
the RGR values of the shaded plants were lower than the control. But 
when all shade treatment RGR values were set out in a curve with the 
daily light totals the curve deviated from the control curve at the low 
light levels. At similar light totals the shaded plant RGR values were 
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higher than unshaded. This is probably due to the manner in which the 
light totals are reached. Through shading the light peaks which are 
apparently poorly utilized, are reduced. Shading above radiation 
setpoints resulted in RGR curves which were similar to those with 
shading during the entire day. For individual experiments the 
supplementary lighting resulted in RGR values which were higher than 
the control. When compared at similar light levels, however, the 
control RGR values were slightly higher. Here again it is probably the 
manner of supplying the additional lighting which gave these results. 
Apparently the extra light given in the middle of the day in the winter 
was less efficiently used than light spread out over a longer period of 
time as would be the case of control plants with similar light levels. 
The RGR is the product of the net assimilation rate (NAR) and the leaf 
area ratio (LAR). The shade treatment RGR appeared to be especially 
influenced by the NAR which was higher than the control at the same 
light levels. The supplementary light treatment RGR on the other hand 
appeared to be influenced by the LAR which was lower than the control 
at the same light levels. With all treatments there was a definite 
increase in specific leaf weight (leaf thickness) with increasing light 
levels. This adjustment of leaf thickness limits the increase in RGR 
with increasing light levels. 

The effect of light reduction on the growth and production of tomato 
(S.A. Tooze) 

The same experimental set up as described in the section above was used 
for two experiments with tomato transplants in 1986 to determine the 
effect of light reduction on production of tomatoes. Large light 
reduction percentages of 28, 40, 60% were used to determine the range 
at which production differences could be reliably measured. There were 
6 replications of each treatment. Green netting was suspended around 
each plot to simulate the light reduction which normally exists in a 
crop situation. The net 'grew' upwards with the crop. Light 
interception measurements inside the net and in the middle of a tomato 
crop showed good agreement. 
The tomato harvesting was limited to the first 4 clusters because under 
commercial conditions the weekly production increases until about week 
4 or more after which it decreases. The plants were not topped so that 
fruit setting-continued beyond the 4th cluster. The plant spacing was 
2.14 plants/m plots. 
The growth period from the 1st to the 10th cluster was approximately 60 
days for all treatments. Plant height was influenced by light reduction 
and increased by 21 and 16% with the heaviest shade level in 
experiments 1 and 2. In table 3 the cumulative production per plant is 
given for the first 4 clusters for the different treatments. In the 
same table is given the percentage decrease in relation to the control 
and the percentage decrease based on 1% light decrease. The initial 
results show that 1% light reduction results in a production decrease 
which varies from 0.4 to 0.6%. This is considerably lower than the 
generally used rule of thumb which states that 1% more or less light is 
equal to 1% production. These two experiments were carried out during 
the lighter part of the year. It is reasonable to expect that 
production will be more adversely affected in the winter months. In 
1987 these experiments will be continued starting with an experiment in 
the first week of January. In this experiment lower light interception 
percentages will be used to ensure a good fruit setting during the dark 
winter months. 
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Table 3. The cumulative production per plant, % decrease in 
relationship to the control and the calculated % decrease in 
production per 1% light reduction 

experiment 1 

total production (g/plant) 
% decrease 
% decrease/1% light reduction 

experiment 2 

total production (g/plant) 
% decrease 
% decrease/1% light reduction 

% light reduction 

0 28 40 60 

1969 1728 1608 1234 
12 18 38 
0.43 0.45 0.63 

1895 1668 1429 1226 
12 25 35 
0.48 0.62 0.59 

THE APPLICATION OF GROWTH REGULATORS TO GLASSHOUSE CROPS 

Iaproveaent of the setting of early Melons (W. van Ravestijn) 

Planting out took place on 14 February 1986 (cv. 'Ogen'). During 
flowering which started on 5 March a beehive was located in the 
glasshouse compartment. Neither spraying 37.5 mg/1 a.i. ß N0A or 100 
mg/1 a.i. GA-, nor removing the corollas improved the setting, because 
due to bee pollination the setting was good already. The experiment was 
terminated prematurely. It seems more advisable in an early crop to 
improve the fruit size than to stimulate the setting. 

The effect of Ethrel and Tomatotone on the production of early 
courgette (W. van Ravestijn) 

In this experiment it was attempted on the one hand to improve the 
early harvest by advanced induction of female flowering with Ethrel and 
on the other hand to save labour by applying manual pollination 6 times 
a week (as a standard method) or pollinating 4 times a week and 
treating flowering flowers and flowers which had just finished 
flowering with Tomatotone once a week (on Monday) (see also Annual 
Report 1984, p. 33). Although Ethrel gave many female flower buds (3.5 
times as many as untreated) this did not result in a better production. 
Tomatotone (50 ml/l=100mg/l a.i. 4 CPA) gives less setting than 
pollination and increases the risk of malformed fruits and plants. 

Ethrel sprayings to improve the late production of autumn sweet pepper 
(W. van Ravestijn) 

In a late sweet pepper crop (planted mid-June) it was attempted to 
improve the late harvest (financially attractive) at the expense of the 
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early production. To this purpose on 3 points in time (24 June, 4 and 
16 July) 3 concentrations of Ethrel (60, 120 and 240 mg/1 a.i. 
ethephon) were sprayed. The control plants were left untreated. 
On average the Ethrel sprayings reduced the early harvest with almost 
40%, improved the late harvest with 9% and reduced the total production 
with 12%. The most promising treatments are the first and second 
spraying in combination with the 2 lowest concentrations. 

Improvement of the late setting of autumn sweet pepper with the aid of 
a growth regulator (W. van Ravestijn) 

The aim of this experiment is to improve the late production by means 
of improving the late setting. To this purpose 9 combinations of 3 
spraying dates (21 and 30 August, 9 September) and 3 Tomatotone 
concentrations (0.625, 1.25 and 2.5 ml/1 = 1.25, 2.5 and 5 mg/1, 
respectively, 4 chlorphenoxyacetic acid) were carried out as plant 
sprayings as compared to unsprayed plants. 
The poor growth in the glasshouse, due to low temperature, made it 
impossible to get a proper picture of the possibilities of Tomatotone. 
In this experiment Tomatotone advanced harvest at the cost of the total 
production. 

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

This experiment is a continuation of the one conducted in 1985 (see 
Annual Report 1985, p. 33). Sowing took place in week 4, spraying in 
week 12, 14 and 16 with 2 ml/1 Ethrel (=960 mg/1 a.i.). In week 14 also 
sprayings with 1 ml/1 (=480 mg/1 a.i.) and'4 ml/1 Ethrel (=1920 mg/1 
a.i.) were carried out. 
The earliest spraying (week 12) and the lowest concentration (480 mg/1 
a.i.) yielded a better root/foliage ratio than untreated without 
production loss of roots. 

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

This experiment is a continuation of the one carried out in 1985 (see 
Annual Report 1985, p. 33). BA (benzyladenine, 25, 50 and 100 mg/1) was 
sprayed just before the first harvest and after the harvest of the main 
heads. In all cases BA improved the yield (6 to 15%). The best results 
on average came from the medium concentration (50 mg/1 BA) and the 
earliest spraying. 
As an exploratory experiment also the effects of Promalin and GA, were 
investigated. Promalin reduced the production level whereas GA, 
adversely affected the quality. 

Improvement of the sugar content of melon by delay of ripening (W. van 
Ravestijn) 

It was attempted to improve the sugar content of melons by removing the 
corolla during flowering, by spraying GA, 100 mg/1 (in the 3rd or 5th 
week after the beginning of flowering) or an alternative of silver 
thiosulphate (5th week) on the young fruits. Removal of the corolla 
increased the sugar content with 0.5% as compared to untreated. GA, and 
the alternative of silver thiosulphate resulted in a still smaller 
improvement of the sugar content (see also Annual Report 1985, p. 32). 
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Truss harvest in cherry tomatoes (W. van Ravestijn) 

To save harvesting labour the investigations of harvesting cherry 
tomatoes in trusses were continued (see also Annual Report 1985, p. 
32). The effect was studied of spraying CCC on the flowering trusses, 
of spraying Tomatotone on the last flowers in the truss, and of 
spraying Ethrel on the fruits at the beginning of ripening. All trusses 
were pruned at 15 flowers. Of all treatments only Ethrel resulted in 
synchronization of the ripening, but it also increases the risk of 
fruit fall. 
In another experiment the production loss caused by truss pruning and 
truss harvest was studied. Also the effect of an alternative of silver 
thiosulphate (separately or in combination with Ethrel) was 
investigated. Truss pruning in combination with truss harvest gives 66% 
yield loss and as a consequence the average fruit weight increases with 
34%. In view of these adverse effects this experiment will be 
discontinued for the present. 

Vegetative propagation of Asparagus setaceus (W. van Ravestijn) 

After sprout formation part of the plants were transplanted to a root 
inducing medium to which was added 0, 1, 2 or 4 mg/1 2.4 D. The 
expiants were left on the root inducing medium for 3, 7 or 14 days, 
after which they were transplanted to a root forming substrate. 
The various 2.4 D concentrations did not influence the lateral shoot 
formation. Root formation has not yet occurred, but for this the 
expiants' cultivation period is still too short. 

The effect of tetrahydrocortison (THC) and Indolebutyric acid (ISA) on 
the root formation of chrysanthemum in winter (W. van Ravestijn) 

To improve the root formation in winter the effect was studied of IBA, 
0.0, 0.2 and 0.4 weight %, separately or combined with 0, 20 and 40 
mg/1 THC. Solutions were used exclusively. The cuttings (ca 2 cm) were 
dipped in these solutions or they were stood in them for 5 or 10 
minutes. Two cultivars were used ('Cassa' and 'Regoltime'). IBA gives 
overdosing symptoms, especially with 'Cassa'. THC advances root 
formation. The research will be continued (with lower IBA 
concentrations and the same THC concentrations). 

The effect of GA-, applied via the roots on the production of cucumbers 
(W. van Ravestijn) 

The aim was to realize an equable higher production by preventing an 
excess of female flowers. The cucumbers were planted in rockwool. 
During 8 weeks once a week 2.5 or 10 mg GA, per plant was applied via 
the roots. GA, resulted in a lower production (6-7%) in comparison with 
untreated. The average fruit weight was not affected. 

POLLINATION, FRUIT SET AND FRUIT DEVELOPMENT IN GLASSHOUSE CROPS 

Germination of courgette pollen (W. van Ravestijn) 

In connection with the research into storage of pollen it was attempted 
to find a simple method to express the vitality of courgette pollen in 
a figure. 
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The sixfold germination experiments were carried out on 5 different 
places. The germination took place in Van Tieghem-cells. The 
germination medium consisted of 5 different saccharose concentrations 
(between 5 and 25%) to all of which 300 mg/1 Ca(N0,)„.4H,0 and 100 mg/1 
H,B03 were added. J l l 

Although the highest sugar concentration (25%) resulted in the best 
germination (49%) the effect of the concentration is not apparent; this 
will be further investigated next year. 

Storage of courgette pollen (W. van Ravestijn) 

In order to be able to set off periods with pollen shortage it was 
investigated whether courgette pollen can be stored for a longer period 
(September 1985 - June 1986). 
In plastic bags pollen or male flowers were kept in a deepfreeze unit. 
As a preliminary experiment the effect of 'drying' with silica gel was 
investigated. Compared to fresh pollen (100%) stored pollen results in 
an average estimated production decrease of 38 to 83%. In this 
experiment the storage of flowers had better results than the storage 
of pollen. The effect of drying with silica gel was favourable in the 
pollen storage and unfavourable in the flower storage. The research 
will be continued. 

Fig. 3. Bee visiting a tomato flower 
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The use of bees as pollinators of tomato (W. van Ravestijn) 

The investigation of the effect of bees on the pollination and 
production of tomato was continued in 1986 (see Annual Report 1985, p. 
34). The experimental set-up was about the same as in 1985, with the 
exception of the control in which no vibration at all was carried out 
(in 1985 truss 1 was vibrated in all cases). 
The period in which the bees visited the flowers in 1986 largely agreed 
with the period found in 1985. Not vibrating, as compared to vibrating, 
reduces the monetary returns with about 50% in the compartment without 
bees and with 5 to 8% in the compartments with bees. 

EFFECTS OF TRANSPLANT SIZE ON PRODUCTION 

Effect of Initial plant weight on production of early toaato crops 
(D. Klapwijk) 

On 7 January over 180 samples were collected from early commercial 
tomato crops in heated glasshouses. The fresh weight was determined and 
the initiated leaves and inflorescences were counted. One half of the 
samples consisted of small round varieties (70% cv. 'Counter'), the 
other half consisted of beefsteak tomatoes (90% cv. 'Dombito'). 
The plant on 7 January. The fresh weight of the plant samples varied 
between 10 and 140 g. When plant weights are plotted against sowing 
dates a tremendous spread occurs. At a sowing date of 4 November plant 
weight on 7 January varied between 17 and 84 g. On the other hand a 
fresh weight of 50 g on 7 January was found for sowing dates between 28 
October and 9 November. Growth rate in the middle of the winter is a 
doubling in plant weight in ca 1 week. There is no clear cause for 
these differences. 
There was also a wide spread in the number of trusses per plant on 7 
January. This could at least partially be explained by a great 
variation in the position of the first truss. The number of leaves 
preceding the first inflorescence varied between less than 7 and more 
than 11. In the latter case the plant may theoretically be almost 2 
trusses ahead. For cv. 'Counter' and cv 'Dombito' the numbers of leaves 
below the first truss are shown in Table 4. 

Table 4. Numbers of leaves below the first truss for cv. 'Counter' and 
cv. 'Dombito' in percentages 

Number of leaves 'Counter' 'Dombito' 

less than 8 14 
between 8 and 10 78 79 
more than 10 8 21 

In cv. 'Dombito' the average leaf number below the first truss is 
higher than in cv. 'Counter' which may be the result of a somewhat 
higher temperature during propagation. 
Relation plant weight/production. The relation between plant fresh 
weight on 7 January and yield was calculated at 3 different stages, 
viz. production until 18 April, 16 May and 11 July, and is presented as 
production increase (g/m ) per 1 g increase in plant fresh weight. 
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Table 5. Production increase at 3 different stages 

Production increase (g/m ) All samples Round cvs 

until 18 April 
until 16 May 
until 11 July 

19 
19 
22 

19 
22 
30 

Beefsteak cvs 

21 
17 
16 

The early production increased with approximately 2 kg/m for an 
increase in plant weight from 20 to 120 g at 7 January. It is not to be 
expected that this crop can be started earlier because the amount of 
solar radiation in winter is too small. These results are far better 
than the situation 6 years ago when early production increased only 9 
g/m per 1 g fresh weight increase of the initial plant weight. Total 
production until July, however, decreased with 34 g/m per 1 g plant 
fresh weight increase. 

SHOOT/ROOT RELATIONS 

The effects of the number of shoots and root sets per plant on growth 
and production of tomato (D. Klapwijk) 

The data of this experiment (see also Annua.1 Report 1985, p. 25) are 
presented in the table below. 

Table 6. Effects of different shoot numbers and root sets 

Treatment: 
Additional shoots or 
root sets 

1. untreated 
2. 1 shoot at truss 8 
3. 1 shoot at truss 13 
4. 1 shoot at truss 18 
5. 2 shoots at trusses 8, 13 
6. 3 shoots at trusses 8, 13, 
7. 1 root set at truss 3 
8. 1 root set at truss 8 
9. 1 root set at truss 13 

10. 2 root sets at trusses 3, 8 
11. 3 root sets at trusses 3, 8, 13 
12. 3 shoots + 3 root sets 

18-

Stem + 
leaves 
(kg/pl) 

3.63 
4.10 
4.03 
3.66 
4.55 
4.65 
3.49 
3.92 
3.44 
3.40 
4.11 
5.31 

Fruit 
(kg/pl) 

15.3 
20.6 
18.2 
17.1 
21.4 
21.1 
16.8 
18.1 
16.6 
16.7 
20.1 
24.0 

% fruit 

81 
83 
82 
82 
83 
82 
82 
82 
83 
83 
83 
83 

Av. fruit 
weight(g) 

79 
69 
70 
73 
64 
62 
79 
80 
84 
82 
87 
67 

The most striking result of this experiment is the almost constant 
percentage of fruit related to total shoot weight. There seems to have 
be a close relation between growth and production. 
More than 1 extra shoot per plant did not contribute very much to 
growth and production. When there is a substantial production increase 
the additional shoot had been formed not later than at the 13th truss. 
Maximum production was found with 3 extra shoots. 
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It was more difficult to have the plant form additional root sets, 
which is demonstrated by the irregular pattern of growth and production 
among the different treatments. The highest yield was gained when 3 
extra root sets were available. 
In the last treatment the plants were grown with 3 additional shoots 
and 3 extra root sets. But in this case the stem was cut off at each 
additional root set. This resulted in 4 separate plants which were 
forced to make new roots in each pot. Growth and production increased 
considerably, compared to the other treatments. 
If in general it is valid that at very different plant habitus the 
percentage of fruit will be equal, it means that more vigorous growth 
leads to higher production. Probably there may exist varietal 
differences among tomato cultivars. Improvement of production might be 
realized by breeding to achieve cultivars with more than 82% fruit 
related to shoot weight. 
In 1986 a similar experiment was carried out. The data are only partly 
processed but again there is evidence that the percentage of fruit is 
equal at different treatments, although it is 1-2% lower than in the 
1985 experiment. 

EFFECTS OF GLASSHOUSE AIR QUALITY ON CROP YIELDS 

Effects of NO on the growth of toaato (N. van Berkel and H.G. WoIt ing ) 

An experiment was set up to find out whether the NO which enters a 
glasshouse together with the CO« from a burner, causes growth 
inhibition in a sensitive crop like tomato. On the basis of 
measurements of NO and NO» carried out in 1985 (see Annual Report 1985, 
p. 35) the expectation was that when maintaining 1000 ppm CO. from the 
central heating system, NO concentrations of 150-200 ppm would occur. 
From 7 January 1986 onwards C0„ was applied from the burner in 2 of 4 
glasshouse compartments, and the concentration was kept at 1000 ppm. In 
the 2 other compartments pure CO» was applied. The temperatures were 
maintained as far as possible at 18 C by day and by night. Two 
cultivars were used, viz. 'Counter' and 'Turbo'. From the 4th week of 
January onwards NO was measured in the compartments which could not 
come from the central boiler. When at the end of the afternoon after a 
short ventilation period the glasshouse was free from all gases and the 
ventilators were closed the NO concentration began to rise again. 
Around midnight the highest value was reached. The concentration then 
remained constant also by day, on days when no ventilation took place. 
It appeared the NO escaped from the soil. 

By far the largest amount of NO was released in the 2 compartments 
where pure CO, was applied. In the compartments with boiler-C0„ 
boiler-NO was added by day when CO. was applied. The sum of the 
boiler-NO and the soil-N0, however, remained lower than the NO 
concentration in the compartments with pure CO.. The production of 
soil-N0 took place during the entire period when no ventilation took 
place (until 23 February) and also for a long time afterwards. The 
picture changed in May. Then the largest amount of soil-NO was released 
in the compartments where boiler CO. was applied. 
To find out more the soil air from a number of places in one 
compartment was studied. Seventy litre barrels were placed on the 
glasshouse soil with the opening down. In a number of places the soil 
*) Research Institute for Plant Protection, Wageningen 
was pierced to a depth of 20 cm and the released air was collected 
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during one night. With the aid of a measuring station the composition 
of the collected air was analysed. 
It appeared that the amounts of gases released differed strongly from 
place to place within the compartment. If the upper spit (ca 30 cm) was 
dug away virtually no NO was released from the underlying soil. 
Covering the soil with white film, which is also used in rockwool 
cultivation, prevented the release of NO. 
Gases which could be measured, CO., NO, NO. and SO«, were all released 
from the soil. 
These gases must have originated from the process of denitrification, 
in which organic material and nitrates are broken down into, among 
other compounds, SO. and nitrogen oxydes (NO-, NO, N.0), while even 
free nitrogen (N.) may be formed. 
Prerequisites for this process are a humid soil, local lack of oxygen 
(compact soil) and the presence of organic material and nitrates. The 
decomposition is carried out by bacteria. 
The great differences in the amounts of NO released from the soil, 
either between spots within one compartment or between the various 
compartments, must be explained by one or more factors affecting 
denitrification. 
Because of the occurrence of the soil NO the original aim, 
investigating the effect of NO from the boiler, came to nothing. 
Instead, the effect was studied of high levels of NO released from the 
soil. 
Already in week 4 the NO concentrations in compartments 3 and 4 (with 
pure CO.) were much higher (250 ppb) than in the boiler-CO» 
compartments 1 and 2 (150 ppb). The picture was somewhat more 
pronounced in week 5 when in compartment 3 360 ppb (maximum 560 ppb) 
was measured, in compartment 4 290 ppb and in compartments 1 and 2 190 
ppb. The concentrations were highest in week 8: in compartment 3 580 
ppb (max. 1100), in compartment 4 350 ppb and in compartments 1 and 2 
340 ppb. From week 9 onwards the concentrations dropped rapidly because 
of ventilation. Measuring data of weeks 6 and 7 are not available 
because of calibration of the NO measuring equipment, but the 
concentrations must have been high because no ventilation took place 
yet. 
In compartment 3 serious damage occurred of the lower leaves, less 
serious damage in compartment 4 and no appreciable injury occurred in 
the boiler-CO. compartments. Counting the damaged leaflets (7 per leaf) 
gave the following results (Table 7). 

Table 7. Damaged leaflets per plant in the 4 compartments 

1 

0.1 
0.4 

compar 

2 

0.2 
0.6 

tment 

3 

36.2 
43.6 

4 

9.2 
14.9 

Counter 
Turbo 

Neither longitudinal growth nor flowering was affected by the high NO 
concentrations. The growth of the shoots, however, was affected. 
'Turbo' remained behind in shoot growth in particular in compartment 3 
and to a lesser degree in compartment 4. A similar effect was observed 
with respect to leaf weight. With 'Counter' the effect was somewhat 
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smaller. Furthermore NO had a clear Influence on the average fruit 
weight (Table 8). 

Table 8. Fruit weights (g per fruit) during the harvest period of 2 
tomato cultivars, 'Turbo' (T) and 'Counter' (C) in different 
compartments 

Comp. 

1 
2 
3 
4 

Until 

T 

82 
78 
70 
75 

25 April 

C 

77 
76 
67 
69 

28 

T 

87 
89 
84 
92 

April-•23 May 

C 

81 
82 
79 
82 

24 

T 

85 
88 
87 
87 

May--20 June 

C 

82 
82 
82 
83 

It is clear from the above that such amounts of NO may be released from 
the soil that high NO concentrations are the result. The concentrations 
may rise to such a level that leaf damage and inhibition of shoot, leaf 
and fruit growth may occur. The leaf damage patterns are difficult to 
distinguish from damage by high CO. concentrations (>2000 ppm). The 
release of NO from the soil probably also explains those cases of 
'enrichment-damage' on nurseries where CO. enrichment was never 
applied. 

About the combined effect of the gases NO., 0, and SO, which enter the 
glasshouse through the open ventilators, and the NO and NO. which enter 
the glasshouse with the flue gases at CO. enrichment, there is not much 
to report. 
As a consequence of the 0, entering the glasshouse much of the boiler 
NO oxidizes to NO.. The increase of the NO, concentration was only 10%. 
At the same time the 0, concentration slightly dropped compared to the 
compartments with pure CO,. Hardly any effect could be expected from 
these changes. This was also apparent of the yields of 5 series of 
plantain plants (Plantago major), which were growing in the 4 
compartments in the period between 21 February and 18 July, each for 
the duration of 4 weeks: no significant yield differences were found 
which could be the result of an interaction between the boiler NO and 
the above mentioned gases which enter the glasshouse from outside, in 
spite of the fact that plantain is sensitive to the effects of these 
gas mixtures. 
In view of the small change of the composition of the gases penetrating 
through the ventilators by the boiler NO present in the glasshouse, 
there is no need for any concern about CO, enrichment from the boiler 
in summer and late spring. 
The interesting question remains how strong the growth inhibiting 
effect of the gases entering through the ventilators can be. To study 
this question in a number of compartments the outside air must be 
purified from suspicious gases. 
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6. DEPARTMENT OF HORTICULTURE AMD GLASSHOUSE CLIMATE 

C.M.M. van Winden 

TOMATO 

Comparing static and mobile crop wires in the tomato crop 
(K. Buitelaar) 

By means of mobile crop wires the tomato crop can be divided optimally 
over the growing area when no crop care activities are carried out. 
On 2 nurseries growth and production with static and mobile wires were 
measured. On one nursery cv. 'Marathon' was planted out on rockwool on 
17 December. The plants were trained downwards over a 2 m high wire. On 
the other nursery plants of the beefsteak cultivar 'Dombito' were 
planted out on 18 December on rockwool with a high wire system. 
The plants were tied alternatively to the static and to the mobile 
wire. Only when activities in the crop were carried out the wires were 
pushed open. On average this was ca 2 days a week. Depending on the 
time of the year and the measuring height the crop at the mobile wires 
intercepted more light than that at the static wire. There were no 
clear differences in plant length, leaf area, leaf weight and flowering 
rate between the static and the mobile wire crop. Yield observations 
with both tomato types until the end of July did not reveal any 
significant differences in productivity and keeping quality of the 
fruits between both systems. The study of the possible causes of the 
lack of production differences (e.g. the effect of moving the plants) 
will be continued in 1987. 

Effect of moving tomato plants on productivity (K. Buitelaar) 

In earlier experiments moving young tomato plants for a short time each 
day resulted in 20 to 40% lower weight and length increase. With mobile 
crop wires the plants are moved more than usual. Heads of plants (cv. 
'Counter', planted on 8 January and 4 February) were shaken daily from 
5 February until 7 May. The shaken plants showed a somewhat reduced 
growth. At harvest the shaken plants yielded 12 fruits per square metre 
more than the unshaken ones. However, due to the 5 g lower fruit weight 
the production of the shaken plants was 0.57 kg per m lower. 

Planting distances in the heated beefsteak tomato crop (K. Buitelaar) 

On a commercial nursery plants, cv. 'Dombito', were placed on rockwool 
on 18 December at a distance of-40, 50, 60 and 70 cm within the row 
(3.1, 2.5, 2.1 and 1.8 plants/m , respectively). With all distances the 
same number of drippers was available for each square metre of 
glasshouse area. Training was done with a high wire system. The stem 
length between trusses 6 and 8 with planting distance 40 cm was 5 cm 
longer than with planting distance 60, and 3 cm longer with 50 than 
with 70 cm. At harvest from 17 March until 28 July a significant 
relationship could be observed between planting distance on the one 
hand and yield, fruit weight and fruit size on the other. The yield was 
37.1, 32.6, 28.7 and 26.0 kg/m for 40, 50, 60 and 70 cm, respectively. 
The corresponding figures for average fruit weight were 194, 209, 217 
and 225, and the percentages of fruits with a diameter of more than 81 


