bibliotheek
roef station
Maaldwijk

80

1
ANNUAL REPORT
1967 & 1968

iliilili GLASSHOUSE CROPS
RESEARCH AND EXPERIMENTAL
STATION
NAALDWIJK - NETHERLANDS

^bt>3 3 - >5^+-^

ANNUAL REPORT
1967 & 1968

GLASSHOUSE CROPS
RESEARCH AND EXPERIMENTAL
STATION
NAALDWIJK - NETHERLANDS

CONTENTS

Page
INTRODUCTION

5

1 GLASSHOUSE CROPS RESEARCH AND EXPERIMENTAL STATION

7

2 STATION STAFF

12

3 GENERAL DEVELOPMENT AND ACTIVITIES

15

4 DEPARTMENT OF SOILS, WATER AND NUTRITION

18

5 DEPARTMENT OF PHYSIOLOGY

30

6 DEPARTMENT OF HORTICULTURE AND GLASSHOUSE CLIMATE

47

7 DEPARTMENT OF PESTS AND DISEASES

59

8 ECONOMICS

71

9 PUBLICATIONS

73

3

INTRODUCTION

In 1970 the Glasshouse Crops Research and Experimental Station at Naaldwijk, will
celebrate its 70th anniversary.
Seventy years of extension work on research in horticulture mark a long history.
The station started as a local horticultural experimental centre.
In the early'twenties it assumed the role of experimental station for the whole of the
South Holland Glasshouse District, and simultaneously its interest in horticulture
narrowed to glasshouse crops research. Shortly after the second world war the name was
changed to "Proefstation voor de Groenten- en Fruitteelt onder Glas" (Glasshouse
Crops Research and Experimental Station) and it was made responsible for this work
on a national basis. It became one of the chain of stations for specialised horticultural
research.
From then on, the results of the station's work were more widely distributed, contacts
became more intensive and — we are proud to say — the station became better and
better known among those who are concerned with the growing of protected crops.
However, because the Dutch language, spoken only by 30 million people, constitutes a
barrier to worldwide contacts, it has been decided that the present situation justifies an
annual report in English.

Ir. J. M. Jacobs,
Acting Director
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1 GLASSHOUSE CROPS RESEARCH AND EXPERIMENTAL STATION

Location
The Glasshouse Crops Research and Experimental Station is situated at Naaldwijk, at
the hub of the Westland region which is the most important part of the South-Holland
Glasshouse District. Naaldwijk is about ten miles from The Hague and the Hook of
Holland, and some sixteen miles from Rotterdam. Around it are grouped the
thousands of glasshouse nurseries which give the Westland its characteristic appearance.
Naaldwijk is easily accessible by car, and is well served by buses providing a link with
railway stations in the surrounding towns and with ports and airports in the western
part of the country.

Organisation
The Station is an Association headed by growers of glasshouse vegetable and fruit crops
throughout Holland. The Ministry of Agriculture and Fisheries has a voice in its
affairs and fills a supervisory role.
The State provides 60 % of the running costs of the Station, the remainder being met
by growers and growers' organisations. A number of experts employed by the government
are seconded to the Station.

Cooperation
The Station cooperates with many research institutes in Holland and supervises the
experimental stations concerned with glasshouse vegetable and fruit crops. Contact is
maintained with a large number of research bodies abroad.
A special relationship exists between the Station and the Horticultural Advisory Service.
Under this, the Station staff are kept abreast of developments in the nurseries and the
problems which arise, and in return the advisers are immediately informed of the results
of investigations and can pass these on to growers.

Buildings
Efforts have for some time been devoted to obtaining a new, large main building. The
one at present in use dates from 1940 and is totally inadequate for the present scale of
activities. To meet the situation it is necessary to employ outbuildings, including two
barrack huts.

Experimental Nursery
The Station stands on about 5 ha, of which 1,8 ha are under glass. 80 % of the
glasshouse area is heated by hot water pipes. The central boiler house contains three
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boilers with a total capacity of 24,000,000 BTU's. Two of these are fired with natural
gas and the third with heavy fuel oil.
The nursery area is at present undergoing reorganisation. In 1968 about 0,6 ha of
houses were demolished to make way for modern ones. Other houses will be replaced
in due course.
The glasshouses in the nursery are of many types. They include several grape houses
(A. 6, 7, 8, 9, 10 and B. 5, 6 and 7). Developed nearly a century ago, these are also
used for peaches and plums. These crops are now of secondary importance in Holland,
although there are still some 240 ha of glass devoted to fruit growing. This type of house
is highly suitable for early growth tests.
There are a number of Venlo houses of various types, both of galvanised steel and
aluminium construction ( B. 8, C. 3, 4 and 5). Wide-span houses have spans of 4.8 or
6.4 metres. One of the 4.8 metre houses is divided into 31 sections for limited-scale
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tests. The remaining houses of this size (A. 12 and C. 2) are used for tests on a semiindustrial scale. Of the 9-6 metre type, one (C. 1) is divided into 9 sections and used
for raising young plants, and another (A. 5) divided into 8 sections and used for climate
research. Wide-span house A. 13 is specially equipped for floricultural research. A. 1 is
used exclusively for research into disease control, and A. 2 for soilless culture. Six small
houses (A. 11) are used for research into cucumbers, particularly from the disease point of
view. Nos. B. 3, 4, 5 and 9 are used for various purposes.

Research
The amount of research undertaken by the Station into a particular crop is determined
mainly by the scale on which it is grown under glass in Holland. The emphasis is
accordingly on tomatoes, cucumbers and lettuce. Considerable attention is also given to
newer crops such as peppers. Crops such as endive, beans, cauliflower, strawberries,

Main building of the Glasshouse Crops Research and Experimental Station at Naaldwijk

melons and celery, which are of less importance economically, are dealt with on a
limited scale.
Research projects are mounted and supervised by the scientific staff in close cooperation
with the advisory service and study groups representing the growers.
Research is carried out by a number of departments. A survey of the activities of each
department is contained in this report.
The Station has three laboratories, two of which are used for research purposes. One of
these is devoted to routine soil investigations and handles something like 45,000 samples
annually, some requiring complete analysis and others analysis from the point of view
of supplementary feeding of long-growing crops such as tomatoes and cucumbers.
Publications
The following are published by the Station :
1. Annual Report. This can be sub-divided into an extensive internal report, a simple,
limited report for the benefit of growers and an abridged report in English, of which
this is the first example.
10

A view of the propagation house at the station

2. Special publications in numbered series. These consist principally of reprints of
articles appearing in technical journals.
3. A monthly magazine, the purpose of which is to keep growers informed on matters
concerning vegetable and fruit growing under glass.
4. A yearbook of vegetable and fruit growing under glass. In addition to general data
regarding methods of cultivation and disease prevention, this contains up-to-date,
classified information derived from research and practical experience. Although
primarily intended for growers, the yearbook is a useful guide for those engaged in
research, education and advisory activities.

Visitors
Individuals and groups are welcome to visit the Station in any month of the year.
Visits must, however, be arranged in advance. Persons wishing to discuss specific
subjects will be refered to the researchworker concerned or another member of the
department.
11

2 STATION STAFF

Director (Acting)
Scientific Supervisor

Department of Soils, Water and Nutrition
Head of department
Fertiliser research on national scale
(seconded from Institute for soil fertility)
Nursery development and planning
Soil-mapping
Root research
Water supply (secunded from Institute for land and
Water Managements Research)
Water pollution and fertiliser research
Fertilising
Physical determinations
Head of laboratory
Asst. Head of laboratory
Chief technician
Analysts

Head of nutrition advisory service
Asst. Head of nutrition advisory service
Nutrition advisers

Nutrition adviser (potting soil)
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Ir. J. M. Jacobs
Ir. Y. van Koot

Ir. J. v. d. Ende
Ir. J. P. N. L. Roorda
v. Eysinga
J. C. v. Leeuwen Ing.
J. Oosthoek
J. J. v. Schie
J. Th. M. v. Paassen
M. Q. v. d. Meijs
Ir. C. J. v. d. Post
R. de Graaf
C. Sonneveld
J. v. Beusekom
M. Mostert
J. v. Heaff
P. Koornneef
S. J. Voogt
P. A. den Dekker
P. A. van Dijk
Mrs M. J. Th. Koenen-Staats
L. v. d. Donker
H. v. Rodijnen
S. de Bes
Miss W. H. v. d. Berg
J. P. C. Knoppert Ing.
G. A. Boertje
I. J. Bette
H. Koenen
L. Spaans
A. v. d. Wees
E. van Voorthuizen
J. van Bergenhenegouwen

Department of Horticulture and Glasshouse Climate
Head of department
Cultivation of gherkins and kohlrabi (seconded to
Experimental Station Noord-Limburg, Venlo)
Cultivation of tomatoes with particular reference to
glasshouse climate
Tomato cultivation
Cucumber cultivation
Lettuce cultivation
Cultivation of other vegetables in glasshouses
Floriculture
Glasshouse climate (seconded from Institute for
Horticultural Engeneering
Economic research (secunded from Agricultural
Economic Research Institute)

Ir. A. J. Vijverberg
Ir. A. M. M. Sweep
Th. Strijbosch
F. Geers
J. A. M. van Uffelen
A. P. van der Hoeven
D. de Ruiter
J. W. H. van Veen
Ir. D. Bokhorst
G. P. A. van Holsteijn
Ir. A. J. de Visser

Department of Physiology
Head of department
General physiological research
Fertilisation with C02
Growth regulators
Flower biology
Physiology of Freesias
Research assistant

Dr. Ir. P. J. A. L. de Lint
Dr. Ir. L. S. Spithost
Ir. N. van Berkel
G. Hey
D. Klapwijk Ing.
Miss W. van Ravestijn
T. Dijkhuizen Ing.
Cl. Mol

Department of Plant Diseases
Head of department
Entomology
Virology
Mycology (seconded from I.P.O., Wageningen)
Diagnosis and herbicides)
Soil diseases
Insecticides and fungicides

Dr. Ir. L. Bravenboer
Miss W. M. Th. J. de Brouwer
Ir. A. Th. B. Rast
Ir. G. Weststeijn
W. den Boer
L. J. Nederpelt, Jr.
Miss D. Theune

General Services
Administration officer
Accounts department
Publicity officer
Librarian
Photographer
Nursery supervisor
Head of technical and workshop staffs
Statistics
Internal services

G. H. Ordelman
H. Wouters
P. A. Kruyk Ing.
J. C. v. Aalst
J. v. d. Loos
F. G. van Dijk Ing.
R. Albers
B. J. v. d. Kaaij
J. A. Jansen
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GOVERNING BODY

Chairman *)
N. P. van den Berg, Rotterdam

Secretary - Treasurer
L. J. Barendse, Poeldijk
N. A. J. v. Dijk, Loosduinen

Members
L. G. C. Hendriks, Leidschendam
J. H. G. van der Hoeven, Naaldwijk
P. de Jong, 's-Gravenzande
C. L. J. Kerklaan, Pij nacker
J. v. d. Laar, De Lier
A. A. v. Oosten, Schipluiden
J. v. Paassen, Honselersdijk
Jac. Sonneveld, 's-Gravenzande
C. L. v. Steekelenburg, Wateringen
J. J. G. v. Steekelenburg, Kwintsheul
A. G. v. d. Torre, Berkel
N. J. v. Uffelen, Maasland
C. v. Velden, De Lier
B. v. Vliet, Voorschoten

Honorary Director
Ir. J. M. Riemens, Driebergen
*)
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From 1/2/69 P. v. d. Berg, Delft

3 GENERAL DEVELOPMENT AND ACTIVITIES

The activities undertaken by the research departments and reported on here consist
principally of more or less complete projects. In addition, tasks which are necessary for
the continuity of research or are of major value for advisory purposes are carried out.

Department of Soils, Water and Nutrition
Routine soil testing as a basis for recommendation in matters of nutrition forms an important
part of this department's work. In the years 1967 and 1968, soil samples received for
chemical analysis totalled 39,364 and 42,209 respectively. In 35 % or so of cases a full
analysis (twelve tests) was required and in the remainder, which concerned supplemen
tary feeding, five tests were required in order to provide a guide to the supplementary
feeding of crops such as tomatoes, cucumbers and carnations. The number of potting
soil manufacturers using our advice has now risen to eleven.
During 1967 and 1968, 222 profile investigation projects involving in all 223 ha were
carried out. Some of these concerned the study of water relationships and soil structure in
existing nurseries, and others the suitability of new land for individual or cooperative
glasshouse culture.
As in previous years, the chloride content and electrical conductivity of the surface water
at a number of points in the South-Holland Glasshouse District were determined. In
addition, bi-monthly samples were taken at twenty places for ion balance tests. The
percentage of ions proved to be in conformity with that in Rhine water. Thanks to a
reasonably high rate of discharge via the Rhine, the salt content of the surface water has
not been particularly high.

Department of Horticulture and Glasshouse Climate
The function of this department is to determine the value of new varieties and growing
techniques, to assist in the development of these and to determine whether and in how
far methods of cultivation must be modified in order te make optimum use of new
discoveries, many of which are of a technical nature. Close contact with practical
conditions is a prerequisite to the success of this research. This is achieved principally
through cooperation with crop committees of the Federation of Horticultural Study
Clubs, which function extremely well in Holland. This in turn leads to contact with
growers specialising in a particular crop.
Research into seed quality and growth environment for tomatoes was started in 1968.
In collaboration with the Sprenger Institute in Wageningen, improved methods of packing
cucumbers were developed and the feasibility of vacuum cooling of glasshouse lettuce
investigated. Considerable effort was devoted, in cooperation with the station's technical
division, to further automating the control of the glasshouse climate.
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Department of Physiology
In addition to the specific projects listed under the relevant heading, the Physiology
Department, in collaboration with the Horticulture Department, has been occupied with
problems of seed quality and germination, some of which have become acute as a result
of the wider use of automatic sowing in soil blocks.

Department of Plant Diseases
In the course of investigations into damage resulting from air pollution, the department
encountered a case of damage to tomatoes caused by ethylene. The symptoms are visible
only for a few hours and present indications are that no economic damage is caused to the
crop. During 1968 a case of Fusarium was discovered in glasshouse tomatoes. Although the
disease was known, it had not previously been encountered in Holland.

Exchange of Knowledge from Research
Collaboration between the research station and experimental stations specialising in fruit
and vegetable growing under glass in Holland is on the increase. We are being called
upon more and more to act as coordinator in the planning and establishment of
experimental stations and the processing of data emanating from them. Regular meetings
of the people in charge of these stations have proved very valuable in this connection.
Members of our staff made a substantial number of journeys abroad during 1967 and
1968, some of which were for the purpose of establishing or renewing contact with
similar organisations, others for study purposes or to attend congresses.
Our library is a source of great interest. Contacts with other libraries with a view to
exchanges of material have increased. 224 periodicals are now available to our staff.
A large number of visitors, both individually and in groups were welcomed to the Station
during 1967 and 1968. Attendance averaged 20,000 per year. There was a marked
increase in the numbers of visitors from France, Italy, Japan and the countries of
Eastern Europe.
Contact with growers was maintained in this period through the Station's monthly
magazine. In addition, abridged reports covering each of the years were produced and
circulated. Cooperation with the Horticultural Advisory Service resulted in 628 articles
appearing in horticultural journals during this period. Together, the Station and the
H.A.S. compiled, or assisted in compiling, 28 radio and television programmes and also
presented a televised course on vegetable growing under glass.
In all, some 700 lectures were jointly organised during the years under review.

General Advisory Services
Such is the degree of cooperation between the Station and the H.A.S. that it would be
extremely difficult to separate their tasks — assuming that this was desired. A great deal of
joint advice has been given in regard to the equipping of new nurseries and the modernis
ation of existing ones. In the latter case, access has been among the principal aspects. This
concerns access by road to nurseries hitherto accessible only by barge. Consultation with

16

the authorities responsible for road construction in horticultural regions has contributed
to substantial progress in this direction.
The establishment of new nurseries, the creation of a new recreational area and the plan
for a new container terminal in Rotterdam together produced a great deal of work
for our planning specialists.
The completion of a comprehensive drainage system resulted in an improvement in the
water supply to the South-Holland horticultural region. In order to provide supplies of
disease-free water and to obviate the necessity to irrigate with saline water, reservoirs
were constructed on a number of nurseries. Our main concern with these lies in advice
concerning their construction.
The principal changes in regard to group advisory services were reflected in an increase
in the number of meetings and excursions, and a decrease in the number of participants
as a result of increasing specialisation. We are of the opinion that this method of
providing advice is highly effective.

Specific Advisory Services
The switch from oil to natural gas as a fuel for glasshouse heating produced many requests
for advice concerning the modification of heating installations. In addition, an increasing
number of growers who have previously used space heaters are converting to pipe heating
systems.
Increasing use, planned or existent, of automatic climate control systems has imposed a
considerable burden on the H.A.S. and the Station's Horticulture and Glasshouse Climate
Department.
Many growers are anxious to improve their knowledge of horticultural economics in
order to improve efficiency and make better use of their labour force. Accountancy
procedures relating to labour and based on advice from the H.A.S. have been instituted
in a number of nurseries, and requests for economic and structural investigations, many
of which are related to future investment, are increasing.
Flower growing in the South-Holland Glasshouse District is developing at an enormous
pace. Production rose by 12 % in 1967 and 21 % in 1968. The range of flowers is
increasing, as is the degree of specialisation. These developments demand close attention
on the part of research workers and advisers.
Contacts with horticultural organisations and trade and industry continued to be of major
importance. Consultation with, and advice to, trade and industry are more effective than
direct information to growers on the matters concerned. Our contacts with glasshouse
constructors, heating engineers, spraying contractors and plant suppliers have been
extended.

Education
During the period under review, members of the staff of the Research Department and
the Advisory Service made many appearances as guest lecturers during courses organised
for schoolteachers, grading inspectors and intending growers. Short courses covering a
single crop were highly successful.
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4 DEPARTMENT OF SOILS, WATER AND NUTRITION

J. van den Ende
The principal results of the investigations undertaken in order to increase the knowledge
of soils, water and nutrition are given on the following pages.
In the early years of the major series of trials employing saline irrigation water (see
Annual Report, 1966), lettuce and tomatoes were grown. In 1968, cucumbers and
chrysanthemums were chosen. The results of the tests serve to confirm the findings of the
Institute for Land and Water Management Research in Wageningen, namely that the
admissible chloride content should be reduced from 300 mg/litre to 200 mg/litre
maximum. The limit for electrical conductivity was fixed provisionally at 1.5 mmho/cm
at 25 °C.
Considerable attention was devoted to cucumbers and strawberries during the investiga
tions into fertilisation conducted in 1967 and 1968. A number of tests were carried out
with tomatoes with a view to arriving at a more accurate interpretation of soil analysis
data relating to nitrogen and phosphate. These tests form part of two series which have
been under way for several years. The results will be published when the tests have
been completed, as will those of tests to establish the effect of organic manures on lettuce
and tomatoes.
Nutritional diseases in tomatoes formed the subject of a booklet compiled in collaboration
with the Institute for Soil Fertility (SMILDE & ROORDA VAN EYSINGA, 1968).
A similar publication on the subject of cucumbers is in the course of preparation.
The desirability of adding trace elements to potting media (in particular molybdenum to
tomatoes) has been a subject of study for a number of years. The effects of adding this
element to potting media in which lettuce is grown are to be investigated in the
immediate future. This project has been stimulated by the discovery in 1968 of serious
molybdenum deficiency in lettuce, particularly in the south-eastern part of the country.
Research to determine the feasibility of laying down standard criteria for characterising
the physical properties of potting media was started in 1968. In cooperation with other
institutes, a draft concerning potting media was prepared for incorporation in the
Benelux fertiliser regulations.

Air and water relations of soils
C. /. v. d. Post, J. Th. M. v. Paassen and /. Oosthoek
Observations were made on a number of nurseries in order to establish the changes which
occur in the structure and organic matter content of soil during the years following the
transition to glasshouse culture. As a result of the heavy application of organic manure,
glasshouse soil contains more organic matter than field soil of comparable texture; the
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difference is 2 - 4 % in the case of sandy and loamy soils, and 4 - 8 % in the case of
clay soils. This renders glasshouse soils more workable in most cases, added to which
they become less susceptible to slaking.
Many glasshouse crops grow best when the provision of moisture to the plants is ample.
Accordingly, the drainage depth in many cases does not exceed 70 - 90 cm, and the crop
is irrigated on one or more occasions every week. Nevertheless, under these moist soil
conditions, sufficient air remains in the soil. Because of the higher organic matter
content and the improved structure, the pore volume and the air content at field
capacity are higher in glasshouse soils than in field soils. This explains the satisfactory
experience obtained with zero tillage in clay soils with a high organic matter content.
A comparison on the basis of tillage or no tillage produced no clear distinction in crop
yield.

Water supply
C. J. v. d. Post, J. J. v. Schie and R. de Graaf
Generally speaking, the supply of water to glasshouse crops is achieved by means of
sprinkling lines. For vegetable crops such as tomatoes, lettuce and cucumbers, one line
per span of 3,20 m is employed, the nozzles being spaced at intervals of 1.5 metres.
For the flower crops, carnations and roses, one line per bed is used and the nozzles are
placed at 75 cm intervals. Thus, the number of lines and the number of nozzles per
line are twice as great as for vegetable crops. Measurements carried out at some 300
places showed that the sprinkling output for vegetable crops averaged 56 mm per hour,
and that for flower crops 116 mm. The distribution of water throughout the length of
the lines was satisfactory, but at points at right angles to them, significant discrepancies
in output were found in a number of cases.
Between 1966 and 1968, data relating to soil water balance were recorded at ten nurseries
growing heated tomatoes and cucumbers as main crops. The average daily values for
water supply (irrigation plus capillary rise), quantity flood and net water use relating to
the tomato nurseries are shown month by month in Fig. 1.
In winter and spring, évapotranspiration is increased by heating of the houses. It is
estimated that 30 % of the heat energy generated is absorbed in évapotranspiration.
The water use in heated tomato houses thus reaches its peak in May. Of the solar energy
which penetrates the house, 60 % on average is absorbed in the process of évapotrans
piration.
Flooding the soil following the main crop is usually carried out in August and September.
However, many growers also flood periodically during the growing period. This is done
particularly in the month of May, when it is felt necessary to give plenty of water to
maintain the growth of the fruit-laden plants.
Nurseries growing cucumbers as a main crop were found to use more water than those
growing tomatoes.
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Fig. 1

WATER SUPPLY, FLOODING AND WATER USE DURING THE YEAR ON
NURSERIES, WITH THE MAIN CROP EARLY TOMATOES
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1060
360
700

In the case of the former, 1460 mm on average was applied, of which 580 mm was
leached and 880 mm taken up. The figures for tomatoes were 1060 mm, 360 mm and
700 mm, respectively. The higher figures for cucumbers are explained by the moister
growing conditions and higher temperatures required, added to which water is used to
wet the strawbales at the start of the growing period.
The investigations into the quantity of water used by tomato crops included trials with
70-litre containers, the soil in which was kept at field capacity. Water supply and drainage
were determined on a weekly basis, and a self-registering balance was employed to measure
the transpiration of a single plant. Tests conducted during the summer of 1968 showed
that the water use per plant varied from just over 1.5 litres on sunny days to 0.5 litres on
cloudy days. 40 - 45 % of the transpiration occurred in a 4-hour period in the middle
of the day. In addition to measuring transpiration, evaporation tests employing a pan
and piche metres were carried out. The correlation between transpiration and pan
evaporation was satisfactory (r = 0.886), and that between pan and piche evaporation
still better (r = 0.966).

Soil testing
J. van den Ende and C. Sonneveld
An investigation was made to establish whether the saturation extract is to be preferred
to the 1 : 5 extract for the chemical analysis of Dutch glasshouse soils.
The moisture content of the sampled soils was practically identical to that at pF 1.8.
The chemical compositions of the 1 : 5 extract and the saturation extract were compared
with the composition of the solution obtained from field-moist soil with the aid of a
hydraulic press.
The electrical conductivity and the potassium, chloride and nitrate contents of the latter
solution corresponded closely to those of the soil solution (Equilibrium solution of the
field-moist soil; see VAN DEN ENDE, 1968). This was probably not the case with
the phosphate content.
The electrical conductivity and the potassium, chloride and nitrate contents of the soil
solution could be satisfactorily estimated by both the saturation and 1 : 5 extracts. When
adjusting the potassium, chloride and nitrate contents of the 1 : 5 extracts to meet the
corresponding contents of the soil solution, the moisture content of the field-moist soil
had to be taken into account. Aside from this adjustment, the electrical conductivity of
the 1 : 5 extracts had to be corrected for the sulphate contents as well.
The moisture content of the field-moist soil was derived satisfactorily from the organic
matter content (determined by loss-on-ignition method).
The phosphate contents of the 1 : 5 extracts were approximately equal to those of the
saturation extracts. Comparison of these phosphate contents with those of the solutions
obtained with the hydraulic press would have served no useful purpose. The phosphate
contents of the latter solutions were probably considerably lower on average than those
of the soil solution.
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The conclusion can be drawn that the saturation extract has no significant advantages
over the 1 : 5 extract as a means of determining the salt, nitrate, phosphate and potassium
levels of Dutch glasshouse soils. A possible disadvantage of the use of the 1 : 5 extract is
that it necessitates determination of the organic matter and sulphate contents, but this
disadvantage is small in comparison with the difficulties met in making a saturation extract
for routine soil-testing purposes.
Comparative investigations showed that the content of exchangeable manganese in dried
soil is higher than that in field-moist soil. It is probable that the rise which occurs during
drying is a product of dehydration (SONNEVELD, 1968). The difference in
exchangeable manganese content between field-moist soil and air-dry soil was not found
immediately after steaming, indicating that the dehydration which occurs during drying
also occurs during steaming.
The results of the various pot tests carried out show that the uptake of manganese by
lettuce is largely governed by the amount of exchangeable manganese present in the
soil. The nature of the soil is also of substantial importance for the rate of manganese
uptake. At equivalent exchangeable manganese contents, the uptake of manganese on soils
with a small adsorption complex is considerably greater than on soils with a large
adsorption complex.
The pH also influences the uptake of manganese: at low pH, the rate is very high.

Soil salinity
C. Sonneveld and J. van den Ende
In the South-Holland Glasshouse District, surface water is the chief source of water for
irrigation. However, it can contain excessive quantities of salt. Past investigations have
shown that common salt is very harmful to plant growth (VAN DEN ENDE & SONNE
VELD, 1968).
Fifty per cent or thereabouts of the osmotic pressure of the surface water in the district
is caused by common salt, and the remainder by sulphates and bicarbonates (SONNE
VELD & VAN DEN ENDE, 1967).
The influence of the salt content of irrigation water on the growth of various crops has
been investigated afresh in recent years. The tests carried out covered the effects of
common salt and those of other salts present in the water, and were based on the
following factors:
(a)
(b)
(c)
(d)

salt mixture
common salt
irrigation level
fertilisation

0, 670 and 1340 mg/litre
0, 500 and 1000 mg/litre
normal and 1y2 x normal
normal and fairly high.

Mains water, to which the abovementioned salts were added, was used. The quantity
of the additive was based on the electrical conductivity, 670 mg/litre of salt mixture
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producing the same rise as 500 mg/litre of common salt. The mixture was compounded
to correspond approximately to that present in surface water.
The crops concerned in the tests were lettuce, tomatoes, cucumbers and chrysanthemums.
Common salt proved to be particularly harmful to lettuce: when present at 500 mg per
litre of irrigation water, it reduced the weight of the heads by about 6 %, while the
percentage of heads affected by tipburn rose sometimes by as much as 25 %. (SONNEVELD & VAN DEN ENDE, 1969)- Tomatoes, cucumbers and chrysanthemums were
found to be affected by both common and other salts. The addition of 500 mg of
common salt or 670 mg of salt mixture per litre of water adversely affected yields,
tomatoes by about 8 %, cucumbers by about 15 % and chrysanthemums by about 6 %.
Other tests were carried out to determine the effect of various nitrates, chlorides,
sulphates and bicarbonates on the growth of lettuce and tomatoes. These showed that
nitrates and chlorides had the most serious effect on the yield of lettuce, while the
yield of tomatoes was principally (and adversely) affected by chlorides.

Applying fertilisers to irrigation water
C. Sonneveld and H. Koenen
The application of fertilisers via the irrigation system, with the aid of a diluter with an
electrical concentration indicator, has been widely practised for many years. Metering
of the fertiliser is still done by a hand-operated valve in some cases, however many
installations embody an electrically operated valve for the purpose. The electrical
conductivity of the mixture serves as the basis for monitoring the concentration, which
is indicated in atmospheres of osmotic pressure.
The concentration indicators of a large number of installations were calibrated with
the aim of determining whether they continued to show the correct osmotic pressure.
20 - 30 % of the instruments of the three most widely used makes proved to have
an inadmissible degree of error. Tests on a number of less popular makes revealed major
discrepancies in nearly all cases.

The chemistry of steam-sterilised soils
C. Sonneveld
Where lettuce is grown under glass in soil which has recently been steamed, interruption
of growth is commonly observed. There have been many disappointments with glass
house lettuce crops, particularly since growers started to use tarpaulins when steaming
soil. In order to obtain information concerning changes in the behaviour of manganese
and nitrogen in the soil following steam sterilisation, various types of soil were heated
to 70, 85 and 100 °C. for periods of 3, 6 and 12 hours. It was found that the
exchangeable manganese and ammonium contents rose appreciably as the temperature
and duration of the heating process were increased (SONNEVELD, 1968 and 1969).
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The fixation of manganese proceeds very slowly following steaming. This undoubtedly
results from the killing off during the steaming process of the bacteria which oxidise
the manganese. It can be shown that restoration of microbial activity in steamed soil
stimulates the oxidation of manganese.
The uptake of manganese by lettuce was studied in soils with differing manganese
contents. The manganese content of the plant was found to adjust rapidly to that of the
soil in which it grew. Mature leaves contained considerably more manganese than young
leaves. The addition of iron chelate to the soil caused a slight drop in the uptake of
manganese by lettuce plants.
Very satisfactory results were obtained with lettuce grown in soil pasteurised at 70 °C.
In an investigation into the nitrogen situation in steamed soil, the pattern of the nitrate,
nitrite and ammonium contents during the first four months after steaming was observed
at a number of nurseries. In most cases, a fairly large quantity of ammonium, together
with some nitrite, was found to be present immediately after sterilisation.
The influence of ammonium, nitrite and nitrate was investigated by means of comparative
tests on lettuce. Nitrate was found to be very harmful to the growth of this crop.
Ammonium-nitrogen was more beneficial than nitrate-nitrogen in some cases, but less
so in others. It is our impression that climatological conditions played a role in theâè
results.

Nutrition of cucumbers
/. P. N. L. Roorda van Eysinga
The investigations into cucumber nutrition were continued. In 1967 two trials, one on
loam and one on sand, were run in glasshouses in which cucumbers had been grown
for many years, during all of which heavy quantities of organic manure where applied.
By applying several quantities of nitrogen as base dressings, plots differing in nitrogen
level were obtained; by applying nitrogen as a top dressing, efforts were made to
maintain these levels during cultivation.
Nitrogen had no influence on yield in one trial, and gave a significant decrease in yield
in the other when applied in large quantities. From these and previous experiments it
becomes clear that the application of fertilisers in glasshouses used for cucumbers
cultivation for some years and in which the organic manure supply was high, is of
minute influence only. In newly-built glasshouses, especially on light soils, a better
response may be expected; the application of farmyard manure is very important in
such cases, and this in turn decreases the importance of fertiliser application. This was
the conclusion from a trial run in 1968 in a newly erected glasshouse on a dune sand
with very low organic matter and nutrient content, 3 % calcium carbonate being present.
Beds of peat (frozen black peat), and of a mixture of peat and farmyard manure (FYM
at the rate of 1000 kg per 100 sq.m), combined with soil were constructed. The effects
of the application of three progressive amounts of nitrogen were compared with a control
treatment. The heaviest fertilised plots received 6 kg ammonium nitrate limestone per
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100 sq.m. nearly every week. However, the nitrogen level seldom exeded 40 ppm soluble
nitrogen. The results of this trial (in kg fruits per plant) were as follows:
N-treatment
0
1
2

4

peat
18
35
32
31

peat + FY AÎ
32
38
40
33

Nitrogen had a great influence on the production of cucumbers. The quadratic effect
was statistically significant, as was the effect of farmyard manure.

Nutrition of strawberries
/. P. N. L. Roorda van Eysinga
For a glasshouse crop, strawberry runner plants are planted out on a nursery bed in the
open at the end of July or in the early days of August. In the last 10 days of November
or the first 10 days of December the plants are then transplanted into the glasshouse
border soil to give a fruit production in April or May. The Bommelerwaard, a riverloam
area, is the principal centre of glasshouse strawberry growing in the Netherlands.
In this area, a nitrogen fertilisation experiment was started in 1966 by applying 0, 10
and 20 kg ammonium nitrate limestone (23 % N) per 100 sq.m. on the nursery bed
before planting out the runner plants. These plants were subsequently used in a nutrition
trial in an unheated glasshouse in which nitrogen and farmyard manure were applied at
different rates. No interaction was found in yield between the nursery bed treatment
and the treatment of the glasshouse border. The effect of the nursery bed treatment was
found to be statistically significant, thus proving that nursery bed treatment has an
effect on the final fruit production. Plants from the nursery bed fertilised with 10 kg
ammonium nitrate limestone gave the highest yield, the increase being about 10 %
compared with the zero-N treatment. As the river loam in this area has a potassium
and ammonium fixing capacity, it is probable that lower applications are needed on
other soil types.
The influence on yield of farmyard manure applied to the glasshouse border was not
statistically significant. Nitrogen had a quadratic effect. From this and two other trials
run at the Naaldwijk Research Station, it becomes clear that an excessive application
of nitrogen to the glasshouse border has a very unfavourable effect. The omission of
nitrogen at a low nitrogen level in the soil gave a yield 6 - 8 % lower than was obtained
with optimal fertilisation. A small application resulting in 20 - 30 ppm soluble nitrogen
seems to produce the optimal nitrogen content in the soil. This figure is considerably
lower than the optimal value for other crops.
To improve soil conditions, large quantities of a mixture of equal parts by volume of
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composted town refuse and peat (frozen black peat) are used for strawberry growing
under glass in the Bommelerwaard. Previous experiments with this mixture gave
disappointing results, the increase in yield being only 2y2 %. In 1967 strawberries were
grown in a glasshouse at the Naaldwijk Station in a long term experiment for the study
of soil improvement with peat with and without addition of lime. Strawberry plants
on all plots treated with peat displayed much more vigorous growth than those on the
untreated plots. The yield of plots treated with peat was about 10 % higher than that
of untreated plots. The addition of lime resulted in a further increase of about 9 %;
however, the change in pH and lime content of the soil were minute.
Observing this promising effect of peat application, trials were conducted in two newly
erected glasshouses in the Bommelerwaard in 1968. The trials included plots with (a)
no treatment, (b) application of 5 m3 peat per 100 sq.m., (c) application of 5 m3 peat
mixed with 25 kg of lime and (d) application of 5 m3 of a mixture of equal parts of
composted town refuse and peat. One span of a Dutch light structure of the Venlo type
included two beds of four rows of strawberry plants. Water was applied by polythene
irrigation hoses (lay-flatt tubes). In order to be able to study the influence of the
organic materials under different water regimes, one bed was equiped with three hoses
and the other with the customary two. Plants on plots treated with peat developed more
vigorously than those on plots treated with the mixture, and much more vigorously than
those on untreated plots. The application of peat gave an increase in yield of about 8 %,
and the mixture with town refuse an increase of $y2 %> both being averages. These
results confirm those of previous experiments, except for the liming of peat, which was
not favourable in these trials. Influence of variations in the water regime was not
observed.

pH of soils
ƒ. P. N. L. Roorda van Eysinga
The effects of applying lime to glasshouse border soils were studied in two trials with
lettuce and tomatoes as test crops. Lettuce displayed a more pronounced reaction than
did tomatoes. The unlimed plots gave heads weighing 10 to 20 % less than those of the
optimal ones. pH-water of about 6.5 or pH-KCL of about 6 was found to be optimal
for lettuce production on these soils, a marine loamy sand and a pleistocene sand. Tomato
yield was somewhat negatively influenced in one trial, while in the other, liming
produced a favourable effect on the incidence of blossom-end rot.
In a long term experiment with concrete pots, the influence of the pH was studied in
combination with potassium. Variation in pH had no effect on the yield of tomatoes.
Significant interactions between calcium and potassium were found, considering the
percentage of evenly coloured fruits and the incidence of blossom-end rot. Calcium
influenced the fruit colour unfavourably, especially at low potassium levels. The effect
of calcium on the percentage of blossom-end rot was favourable, but was present only
at low potassium levels.
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Potting media
G. A. Boertje
Investigations into the supply of trace elements to tomato plants during the raising period
commenced in 1963. These were undertaken in the light of the increasing percentage
of high moor peat used in potting soils (see Annual Report, 1965). The investigations
showed that, where plants are raised in white peat, it is necessary to apply molyb
denum. The lower the pH, the more marked was the deficiency of this element found
to be. Dressing with nitrate-nitrogen was found to lead more rapidly to molybdenum
deficiency than dressing with ammonium-nitrogen. In 1968 a trial was set up using
white peat as the substrate. This was treated with calcium carbonate and nitrogen in
nitrate form at rates of 2 kg and 420 grams per cubic metre, respectively. Normal
potassium and phosphate dressings were given. The treatments employed and the
resulting fresh plant weights were as follows:
Control
10 g ammonium molybdate per m3
kg Sporumix A per m3

12.1 grams per plant
44.2 grams per plant
60.1 grams per plant.

Sporumix A is kieserite (25 % MgO) to which the following trace elements have been
added:
1.2 % Cu, 0.05 % Co, 0.07 % B, 0.6 % Mn, 0.1 % Zn and 0.025 % Mo.
Dressing with molybdenum resulted in a substantial increase in the fresh plant weight.
Sporumix, however, produced even heavier plants. It was thus clear that trace elements
other than molybdenum played an important role.
A subsequent test showed that tomato plants having molybdenum deficiency possessed
a high nitrate content.

Total N % of dry matter
NO3-N % of dry matter

— Mo
5.5
2.0

+ Mo
4.0
0.7

At the end of 1968 a start was made with investigations into the effects of molybdenum
on lettuce. Early indications are that this crop is more susceptible to molybdenum
deficiency than tomatoes.
Generally speaking, the quality of a batch of potting soil is judged primarily by its
chemical composition. The physical properties are judged by eye. 1968 saw the start of
a study aimed at establishing whether or not there is a connection between the quality of
plants grown in potting soil of a particular composition and one or more physical
properties of that soil.
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In Holland it is common practice to raise plants in soil blocks made from soil mixtures
with binding properties. Plastic pots are also successfully employed, particularly for
early crops. The type of pot was included as a factor in our investigations in order to
establish whether it has any bearing on the growth of plants.
In the initial trial, mixtures with varying ratios of white and black peat were prepared.
The black peat used was not frozen and was therefore sticky. Dune sand was added to
the mixtures at the rate of 80 litres per cubic metre. The crop chosen for the trial was
tomatoes. The results are given in Table 1, together with the water capacity of the
various mixtures (details of the method for determining this were furnished by
Dr. H. van Dijk of the Institute for Soil Fertility.)
TABLE 1.

THE INFLUENCE OF PEAT MIXTURE AND POT TYPE ON
WATER CAPACITY AND PLANT WEIGHT

Peat mixture
white peat

Plant weight g per plant
black peat

%

%

0
25
50
75
100

100
75
50
25
0

plastic pot

soil block

Water capacity in
g per 100 g of
dry matter

29.9
42.8
39.1
38.9
26.2

25.0
20.4
24.7
34.5
26.7

90
120
160
290
410

Plastic pots proved more satisfactory than soil blocks. Taking the test results as a whole,
the mixture containing 75 % white peat gave the best results. The more white peat a
mixture contained, the greater was its water capacity.

Water discharge
C. J. van der Post and }. C. van Leeuwen
Serious water discharge problems following heavy rainfall have occurred in the SouthHolland Glasshouse District on a number of occasions during the past decade. The
factors which play a part in this type of water excess were investigated.
In horticultural areas with large numbers of closely packed glasshouses, much of the
rainfall is immediately discharged. Where the available area of open water is small and
discharge facilities limited, the level of water in the ditches can rise considerably. The
area of glass in the Westland district has increased during the last 20 years from
1,250 ha to 2,600 ha, and now accounts for something like 65 % of the area devoted to
horticulture in this region. The area of open water, on the other hand, has fallen from
175 ha to 155 ha as a result of the filling in of ditches to improve access to nurseries.
In some parts, the area of open water is only 2 % of the total. The relationship between
the area of glass B, the quantity of water to be stored N-A (precipitation less discharge),
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the percentage of open water W, and the rise in the level of ditches S can be expressed as
follows:
B (N-A)
W
(VAN DER POST, 1967). In recent years, water excess has been reduced to a minimum
by increasing the discharge capacity of the drainage districs and polders. Where it is
necessary to fill ditches, additional open water is created elsewhere.
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DEPARTMENT OF PHYSIOLOGY

P. J. A. L. de Lint
The research activities of the Physiology Department, like those of other departments
of the Station, are aimed at producing data more or less directly applicable to the
improvement of commercial glasshouse crop growing.
The research potential of the group is concentrated on the limited subject of the
production and distribution of dry matter. It is recognised that most problems in
greenhouse growing arise from the given, natural difference in sunlight intensities and
day lengths between summer and winter. The interaction of the given variations and the
relative requirements for controllable factors such as temperature, the application of
liquid fertilisers and C02 concentration must be determined.
The following specific aspects have been studied: potential dry matter production, C02,
temperature, flowering, fruit setting and growth regulators. Some of the data obtained
are discussed in further detail on the following pages.

Container growing of tomatoes
N. van Berkel and G. Heij
Tomatoes were grown in 10-litre plastic containers (buckets), filled with commercial
potting soil. The containers, the bottom of which had been perforated with four holes
(1.2 cm), were placed on plastic dishes. Root growth was restricted to this small volume
of potting soil. Watering was done with the Volmatic dripwatering system.
In 1966 and 1967 it was observed that tomatoes that were planted in containers produced
more uniform growth and better setting of the flower trusses than plants in the border
soil.
Data obtained from the last experiment of this series are shown in the following two
Tables. Control plants in border soil were compared with plants in containers on dishes
(Treatment A), and with plants in containers from which the dishes were removed when
the fourth truss was in bloom (Treatment B). At this stage, growing fruits do not
hamper vegetative growth too severely, so that the roots still penetrate the border soil
quite vigorously.
Sowing date for this experiment was November 13th, 1967. Planting out was done on
January 17th, 1968. The variety used was "Craigres".
After planting out, the container plants grew faster than the border plants and their
leaf colour was darker.
When flowering began, plants in containers soon set more fruit than the control plants
(Table 2). The difference became greater with time. The number of fruits per truss was
larger; moreover, the higher trusses set earlier because of faster development.
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Fig. 2

Tomatoes in buckets in a trial for year-round culture

Growth being quite satisfactory, production and distribution of plant material in the
various months of the year have now been recorded for over a year. Every 10 or 11 days,
two columns were analysed for fresh and dry weight of stems, leaves and trusses in each
bucket ( =4 plants). Sowing is done every three weeks, buckets of a new layer are
placed on top of the column, so that the plants in each layer are three weeks older than
those in the layer above.
Gaps left in the columns by harvesting were immediately filled from spare columns in
order to keep ligth interception in the experimental area intact. The replacement buckets
were never used for growth performance analysis.
During the summer, temperatures were allowed to rise to very high values (38°C),
with minimum ventilation. By the end of October, the night temperature had been
lowered from 17° to 14 °C and early in December it was further lowered to 8 ° C. Day
temperatures were then only 18°-20°C These very low winter night temperatures
resulted in a sturdy type of plant, with very slow growth.
The differences between winter and summer growth were very great. Leaf growth, for
example, was greatest in the period August 13-23. Four young plants, 26 - 36 days
after sowing, increased their total leaf weight by 126 g, four 47 to 57-day-old plants
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TABLE 2.

NUMBER OF FRUITS SET PER PLANT

Date

1- 3

20 - 5

Control
Treatment A
Treatment B

12.0
15.8
15.2

67.6
81.5
78.4

Picking of fruits commenced on April 1st.
Container plants produced fruit earlier than control plants (Table 3). The difference
in yield between Treatment B and control plants increased gradually, finally reaching
0.88 kg/plant. The difference between Treatment A and control plants decreased and
finally disappeared. In particular, it was observed that the fruits remained too small in
the later stages, probably because of excessive salt content from top dressing in the
restricted soil volume of the buckets on the dishes.
TABLE 3.

YIELD, WEIGHT AND NUMBER OF FRUITS
After
4 weeks
kg/plant

Control
Treatment A
Treatment B

1.02
1.22
1.28

After 13 weeks = 1st July
kg/plant

number of
fruits

mean fruit
weight (g)

4.73
4.81
5.61

65.0
78.4
81.5

72.8
61.4
68.8

Discussion
Plants in containers grow faster, have better fruit set and develop an earlier yield.
Early spring cropping thus seems safer in containers.
It is not yet fully understood which factors could be responsible for the positive effects
of containers. It cannot be an escape from soil-borne diseases, since the soil was sterilised
with methyl bromide prior to the experiment.
An important factor may have been the higher average temperature in the containers.
Also the daily soil temperature cycle may better match the air temperature cycle. Also,
of course, the quality of the potting soil was better than that of the border soil, especially
with respect to its air content. Also, the fact that all roots are forced to develop so
closely together in a small volume could be a causal factor. And there could be still
others. Research is being continued mainly with respect to temperature, and nutrition
and watering procedures.

Hanging tomatoes for year-round culture
P. J. A. L. de Lint and D. Klapwijk
Most of the problems involved in growing tomatoes in six buckets hanging above each
other have been solved during the two preceding years. These buckets were filled with
peat and percolated with a nutrient solution.
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produced 268 g of leaf. Four 67 to 77-day-old plants, however, did not increase their
leaf weight as, with the selfstopping variety used, all leaves had by that age, in summer,
become fully grown.
Minimum leaf growth, however, occurred in the period January 6 - 16. Plants of the
same three ages produced 0.5, 1.8 and 4.0 g of leaf material respectively per 4 plants.
Per column, thus, maximum leaf production was 394 g and minimum growth 7 g over
a period of 10 days.
Flowering (first open flower per sowing group) occurred 40 days or less (minimum 33)
after sowing for sowing dates between the middle of March and the end of August.
This extended to 49 days for sowings on September 20th and increased gradually to
92 days for sowings on November 27th. With still later sowings, the period shortened.
This series of observations will be continued for at least two full years.

Root growth in tomatoes
C. J. van der Post and M. Q. van der Meijs
Earlier work in various vegetable crops has clearly shown that fruit growth is a competing
factor for root growth (v. d. POST & v. d. MEIJS, 1968). In periods of fast fruit growth,
root growth is hampered. This reduction of root growth was stronger when in the
previous period both shoots and roots had grown larger.
The same phenomenon was observed on glasshouse holdings with quite different
temperature regimes (figure 3).
A crop grown at relatively high temperatures and air humidities displays clearer signs
of reduced root growth, and is more susceptible to variations in soil water content, than
a much sturdier crop, grown with more ventilation. In the latter case, root growth is
relatively slow, but since the reduction attributable to fruit development is far less, the
number of roots increases constantly.

Overhead hose watering to improve fruit setting in tomatoes
Miss W. van Ravestijn
Tomato growers in the Netherlands apply overhead hose watering by means of a water
jet to improve fruit setting. The efficiency of this treatment is not known exactly and,
in fact, we must realise that we are dealing with a complex combination of reactions.
First, one could think of a mobilising effect on the pollen, with improved pollination
as a consequence. Second, the water used could cause increased stickiness of the pistiol,
so that more pollen may adhere. Third, it is possible that the germination of the pollen
is better because of the somewhat higher humidity. Fourth, more indirect effects may
be caused, such as a temporary increase in the overall air humidity in the house, cooling
of the whole plant and increased water availability in the soil. This complex of factors

33

Fig- 3
Number of roots

Total number of roots in a profile pit with iuxureously (
and sturdily
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) growing tomatoes
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may result in better turgescence under otherwise stressing conditions, resulting in more
vital functioning of the crop.
In some experiments, the influence of overhead hose watering on pollination, fruit
setting and yield were observed, permitting some preliminary conclusions to be drawn.
Pollination obtained by overhead hose watering is inconsistent, and may vary from 15 to
50 % relative to the American vibrator. The lowest percentage is the same as that in
control plants (15 %), whereas the highest figure (50 %) is significantly better than
that of caning. The variability observed may be caused by the fact that overhead watering
is much less an individual plant treatment than are the two other methods.
Clearly, however, overhead hose watering is less effective than electrical vibration in
producing pollination.
Overhead watering seems to improve fruit setting, in comparison with control plants,
but it cannot compete with thrice weekly caning or vibrating.
Fruit production is retarded with overhead hose watering (twice weekly), but total
production can be higher; moreover, plants are more compact and growth is heavier.
Flowering, from the third truss onwards, is delayed some 3 - 4 days. Fruit weight
appears to be increased by overhead watering.
In conclusion, the effect of overhead hose watering on pollination, fruit setting and
production is, at least partly, indirect, since these are evidently strongly influenced by
factors such as relative humidity and temperature, which are themselves influenced by
the treatment. Because of these climatic effects, treatments cannot be compared side by
side in one house, but must be carried out in separate compartments. This last
requirement is a complicating factor in itself, since realisation of identical climates over
longer periods of time in a series of compartments is very difficult owing to the limited
possibilities for control in the normal glasshouses which we have at our disposal.
Sterile culture of tomatoes
Miss W. van Ravestijn
In order to study the principles of fruit setting in tomatoes somewhat more carefully,
efforts are being made to cultivate standardised flowers and very young fruits separated
from the rest of the plant, under sterile conditions.
Sterile flower buds cannot, however, be obtained by harvesting from normally grown
plants, and there is no known procedure by which they can be sufficiently sterilised.
This is possible only with young fruits just after anthesis. But it is questionable to what
degree the skin of these very young fruits is damaged in this case, since somewhat older
fruits develop callus-like ridges over the whole of their surface.
Therefore sterilisation must take place at an earlier stage, for instance by cultivating the
plant parts on which the trusses will eventually appear.
It is possible to start from sterilised seeds, but this is a long way to grow flowers.
However, other possibilities seem to be very limited, though not completely absent.
Roots seem to produce roots only. Hypocotyls do differentiate roots and produce callus,
on which plantlets may develop. Cotyledons respond as hypocotyls. Shoot tips differen-
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Fig. 4

Chrysantemum Hurricane Damaged by a poslicide

tiate roots easily and continue top differentiation normally. Sometimes callus may also
develop, with buds and young plantlets.
These preliminary observations may lead to a satisfactory method of obtaining qualitycontrolled tomato flowers free from micro-organismus to study fruit set, fruit size and
pollen quality relations.
Chemical pinching and disbudding of Chrysanthemums
D. Klapwijk and ƒ. W. H. van Veen
CATHEY and his associates, (1966), have demonstrated the possibility of pinching
vegetative shoots of chrysanthemums with chemical sprays, without excessive damage to
other organs of the plant. KOFRANEK and his associates, (1967), have shown the
same for lateral buds. In the Netherlands, commercial crops have repeatedly shown the
same effect after spraying with insecticides.
In a series of experiments, started in September 1967, this phenomenon was examined at
our Station in some detail. A number of chemical products in a wide range of concentrations
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have been tested with respect to their bud-killing potential. Also, a series of insecticide
formulations of some of these chemicals were applied.
Further, efforts were made to determine the most sensitive stage of the plant, to obtain
a maximum number of killed buds with the lowest concentrations. To this end, sprays
were applied on various days after the beginning of the short-day treatment. Floral bud
induction was modified by intercalating at various moments shorter or longer periods of
long days in the short-day period. The experiment was carried out with the very sensitive
variety Fred Shoesmith.
It was observed that the action of various active compounds in killing terminal growing
points (pinching) and lateral growing points (disbudding), was identical, provided
these growing points were actively vegetative or only incompletely differentiated into
flower heads.
Leaves are only slightly damaged or are not modified at all.
Lateral vegetative points in rest, also survive normally.
As soon as the terminal apex becomes differentiated, the vegetative laterals become
active because of the disappearance of the apical dominance. These buds then become
sensitive to the bud-killing agents and to floral induction.
Under conditions of reasonable growth, terminal flower buds become insensitive to the
agents about 14 days after the first short day. Thus, chemical disbudding cannot be done
within the first 14 short days without damaging the terminal bud
Under conditions of continuous short-day treatment, induction of lateral buds follows
induction of the terminal buds too closely, in which case the loss of sensitivity to the
killing agents is almost the same for terminal and side shoots. With long-day inter
ruption of the short-day treatment, more time is induced between differentiation of the
terminal bud and that of the laterals, so that more time becomes available for disbudding
sprays.
Long-day interruption retards the flower induction of the lateral buds, so that they
remain in the active vegetative stage longer, allowing time for the terminal bud to
become sufficiently insensitive, and also time to deal with variations in the development
rates of axillary buds along the stem resulting from differences in intensity of the resting
condition and in the age and initial size of these buds. Thus a limited period is available
for spraying, within which the most suitable day can be chosen from te weather point of
view. At the same time, a larger number of lateral buds may have become active without
having lost sensitivity due to flower induction.
After killing all lateral buds, short-day treatment must be continued for further develop
ment of the terminal head. The best results were obtained when 12-20 long days were
given after an initial treatment with 3 - 6 short days, and when spraying was done
16 or 23 days after the beginning of the short-day treatment. In this case, only 2 or 3
of the highest laterals had to be removed by hand. In the 10 top axils, 80 % of all buds
were killed; in the 10 next lower positions 60 % were killed.
When sprays were applied 9 days after the commencement of short-day treatment,
practically all terminal buds were killed. With these early sprays, leaves are damaged
more severely. With some of the solvents used to formulate emulsifying concentrates
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of pesticides, the same results were observed as discribed by KOFRANEK and CRILEY
(1967).
Besides the chemicals previously used by others, 10 out of 14 commonly used emulsifiable
concentrates of pesticides were also active when used at between 3 and 9 times the
prescribed concentration. Very good results were obtained with a 9-fold concentration
of Ekatin (Sandoz-Basle), a formulation of thiometon.
When a dust with the active ingredient, acenaphtene, referred to by KOFRANEK and
MARKIEWICZ (1967), was used, killing was obtained. Powder formulations of the
above-mentioned pesticides, however, were inactive. Although all formulations are
unknown, it is reasonable, in the light of these data, to assume that in these cases the
killing effect is a function of the solvent.
A prerequisite for an acceptable disbudding procedure in chrysanthemums is a very
homogeneous crop, with all buds in the same developmental stage. Daylength treatments
must be applied very accurately. Differences in rate of development in the various
seasons of the year, resulting from differing light and temperature conditions, are a
complicating factor. Because of these differences, optimum days for spraying vary from
season to season.
The determination of optimum days is therefore best done by observing the develop
mental stage of the terminal floral head.
REFERENCES:
1. Cathy, H. M., G. L. Steffens, N. W. Stuart and R. H. Zimmerman
Science September 16, 1966 Vol. 153, no. 3742, pp 1382-83. Chemical pruning of plants.
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Changes in the terminal growing point of chrysanthemums
resulting from interrupted floral induction
Miss W. van RaveStijn and f. W. H. van Veen
Under short-day conditions, the chrysanthemum is induced to differentiate a terminal
flower head. Interrupting a short-day treatment with long days causes an interruption in
floral induction, and flower differentiation is modified. Specific short-day/long-day
sequences result in extra large, high quality flowers, filled with excessive amounts of
florets.
Microscopic examination of the earliest stages of this specific developmental peculiarity
suggested itself. Growing points of various ages were examined under a 30 x enlargement
and photographed in order to study the changes taking place as a result of different
daylength treatments.
The chrysanthemum variety used was Tokyo, which develops only ray florets.
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Fig. 5

Terminal bud of the variety Tokyo after 12 short photoperiods

Fig. 6

Terminal bud of the variety Tokyo after 4 short, 12 long and again 16 short
photoperiods
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Fig- 7

Terminal bud of the variety Tokyo after 4 short, 12 long and again 16 short
photoperiods

Fig. 8
Terminal bud of the variety Tokyo after 12 short, 12 long and again 12 short
photoperiods
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After a series of 16 short days, the apex is fully set with primordial florets. Floret
differentiation begins at the bottom, just within some rings of bracts, and proceeds
gradually upwards to the extremity of the apical surface. As the difference in age
between bracts and florets is fairly great, most bracts must be removed to reveal the
florets.
When 4 short days, followed by 12 long days and a further series of short days are given
up to flowering, the rings of bracts and 1 - 3 rings of florets differentiate normally but
are somewhat retarded. The higher areas of the apex remain undifferentiated. Soon,
however, the pale green dome of the apex begins to display darker green veins. These
veins ultimately develop into secondary growing points on the apex. These seem to be
placed in the original leaf spiral and are much smaller than the original apex. After
differentiation of secondary rings of bracts, each of these new division centres begins
to differentiate secondary whirls of florets, until finally all apical areas are fully occupied
by florets.
When long days are given only after 8 short days, the second series of bracts is seen
to be higher at the apex, while secondary meristems remain smaller and are less numerous.
Aberration in growth and development in tomatoes following treatment with TIBA
D. Klapwijk and P. J. A. L. de Lint
Between the autumn of 1966 and June 1967, TIBA (tri-iodobenzoic-acid) was applied
to tomato plants in a series of experiments aimed at reproducing the whole range of
TIBA-effects in tomatoes as it can be found in literature.
During winter, plants received additional fluorescent irradiation in order to maintain
reasonable growth. TIBA was applied both as a soil drench (100 ml/plant) and as a spray.
Plants were treated in a wide range of developmental stages, from a few days old up to
full bloom of the first trusses. Concentrations applied varied from 12.5 to 200 ppm
(acid equivalents of an alcoholic solution of the dimethylamine salt). A concentration of
800 ppm was applied once, and 2.5, 5 and 10 ppm were used in one experiment in
which they were applied weekly five times in succession to the same plants.
Treated plants developed a series of strange aberrations. The drench was less agressive,
but its effect lasted longer than that of a spray of the same concentration. Earlier
descriptions of most of the reactions observed can be found in publications by GORTER
(1949, 1957), DE WAARD and ROODENBURG (1948) and ZIMMERMAN and
HITCHCOCK (1941, 1949).
The Trusses
The most striking phenomenon of abundant truss formation, in which practically all
otherwise vegetative growing points develop flowers, was also very evident in this series.
Frequently, even the main growing point differentiated into a truss, particularly with
higher concentrations. In these cases, leaf development was almost fully arrested. Truss
main petioles were often very long.
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Fig. 9

A stick-like structure on the 1th side shoot caused by a high concentration of TBA

On generative growing points, too, normal bud differentiation became exceptional.
Trusses became strongly branched, with long branches and many flowers. Initial stages
of these branches appeared as practically bare, large domes of undifferentiated tissue.
Cell division appeared to proceed quite normally, but without differentiation of leaf
primordia or flowers. Most of these growing points became large enough to be seen
with the naked eye, and appeared as straight white stick-like structures (Fig. 9).
Development of trusses present at the time of application became strongly retarded and
was fully blocked at higher concentrations. Fruits that had set already, however, swelled
and ripened at an increased rate. Along with this speeding up, fruit petioles sometimes
thickened excessively, but this did not apply to the truss axis below the abscission zone.
The last section, between the main truss axis and the abscission zone, even appeared too
narrow. However, in other cases exactly the reverse was seen, i.e. thin petioles and
extra heavy axes. In some cases, the fruits became extra large. Fruit setting was sometimes
stimulated by lower concentrations, as with hormone spray setting under bad weather
conditions.
Some buds developed no hairs on the outside of their calyx. This effect seems to occur
when bud primordia are treated at the moment when the hairs are initiated.

Finally, a very striking phenomenon was seen, viz. the existence of many additional
abscission zones along the main truss axes. Occasionally, as many as five per axis were
observed. Sometimes these layers were incomplete and closely resembled the thickening
described by ZIMMERMAN-HITCHCOCK (1941) as node-like structures. In these
cases, all flowers had their own normal abscission zone.
The leaves
The leaves were distorted because of strong nastic curvatures. This effect is the same as
occurs with 2.4-D. Leaf petioles bend epinastically; leaf blades were narrow, and dark
green. These leaf effects were more pronounced at higher concentrations.
The stem
The highest concentrations of TIBA also caused bending of the plant stems. In younger
plants, elongation was temporarily faster but soon fell below normal, the terminal
growing point being blocked. At lower concentrations, the inhibiting effects tapered off
and the elongation was again much faster than normal. At still lower concentrations
elongation was faster, both initially and subsequently, resulting in much longer plants
than those used for control purposes.
The roots
When high concentrations were applied as a soil drench, the roots lost their positive
geotropism and appeared in large numbers on the surface of the soil. Also their capacity
to take up water was reduced to the point at which treated plants could not withstand
normal sunlight in a glasshouse.
Conclusion
If internal transport, especially of auxins, is hampered by TIBA, the obstacle seems to
lie mainly in the abscission layers, at least in tomatoes.
Cell division does not seem to be influenced, but differentiation is.
REFERENCES:
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II. The initiation of ring fasciations.
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The effect of Ethrel on chrysanthemums
D. Klapwijk
The application of Ethrel (2-chloro-ethane-phosphonic acid) results in ethylene being
released into the tissues of plants. The experiments with Ethrel on chrysanthemums were
started in the autumn of 1967. The first experiment was done with cut chrysanthemums
(Indianapolis Yellow), planted in October, 1967. The second experiment was initiated
one year later with pot-grown chrysanthemums (Bravo and Yellow Princess Ann). In
both experiments, the cultural measures applied to the plants were the same as in
commercial growing.
In the first experiments, plants were sprayed with Ethrel during November and kept
under long-day treatment for vegetative growth until the end of December. A single
application of 0.80 % of the active ingredient, or a double application of 0.20 %,
caused the death of the terminal growing points. Growth of lateral shoots started, but
at a very slow rate. On plants treated 4 times with 0.05 % during November, terminal
growing points remained alive. The stem grew longer and thicker than in untreated
plants, and its colour changed from the normal bright green to bluish-red. When the
experiment was finished, stems of control plants weighed 1.20 g/10 cm length and those
of treated plants 2.09 g/10 cm.
Shoots of Ethrel-treated plants closely resembled the bottom shoots that grow from those
parts of the plant that are in the soil, i.e. those which require vernalisation. Many more
leaves were formed on these shoots, and these were smaller. During short-day treatment,
(after December 1967), leaf differentiation continued for longer than in non-treated
plants. These two effects together resulted in 28 more leaves per stem in Ethrel-treated
plants, control specimens having 47.2 leaves. Those leaves were smaller, as is
demonstrated by their weight of 0.57 g, compared with 0.69 g in the control specimens.
In November, even before all applications were finished, the length of the treated
plants increased more rapidly. At the moment of changing from long-day to short-day
treatment at the end of December, treated plants were 7.2 cm longer. At the moment of
full bloom in the control plants, (March 19th), treated plants were 25 cm longer,
controls being 93.4 cm. This excess elongation was due to the much larger number of
internodes. The average internode lengths, however, were slightly less, i.e. 1.6 cm for
treated plants and 2.0 cm for controls. Plant weights without flowers were 70.2 g and
47.6 g respectively, and the weights of flowers and buds 17.3 g and 32.4 g per plant.
Treatment with Ethrel delayed flowering by about 14 days.
In the second experiment, plants were placed under short-day conditions as early as
November 1st. Half of the plants were pinched. Both groups of plants were sprayed
with Ethrel, (a) four times with 0.05 % active material (first application November
1st.), (b) twice with 0.10 % (first time on November 11th), and (c) once with 0.20 %
(on November 11th).
Differences between groups were small. All plants differentiated terminal flower heads,
but the highest side branches started developing vegetatively immediately, flower buds
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remaining very small and ultimately aborting. There was no difference between singlestem and pinched plants.
Secondary shoots produced 5 to 10 leaves and then an aborting terminal flower head
again, and so on. About March 15th both varieties flowered. Bravo was delayed by
Ethrel for about two months, and Princess Ann for about 6 weeks, in both cases compared
with the control group.
In both experiments, Ethrel-treated plants were attacked more frequently by aphids.
Older leaves yellowed sooner with Ethrel.
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6 DEPARTMENT OF HORTICULTURE AND GLASSHOUSE CLIMATE

A. J. Vijverberg
This department forms a bridge between research and practice. Implementing a new
discovery usually implies modifying an existing technique. For example, not pricking
out lettuce and tomato plants eliminates not only work, but also an interruption in plant
growth.
In our research into lettuce, we have devoted a great deal of attention to methods of
bringing on seedlings. Our investigations will be extended to tomatoes in the years
ahead. Seed quality is being studied in close relationship to growing environment. Good
results have been obtained in the case of lettuce and radish. Investigations into the
quality of tomato seed started in 1969. Research into climatological factors has been
greatly intensified in recent years, and encouraging results have been achieved with
tomatoes and lettuce. These activities will be extended next year to include cucumbers.
Product quality is assuming an ever more important role. In the case of chrysanthemums,
efforts have been made to establish a direct relationship between the daylength and the
quality of the flower sheath as influenced by the manner and degree of branching.
In cucumbers, it is probable that a relationship exists between the climate in the glass
house and the keeping qualities of the fruits as reflected in signs of rotting and
yellowing.

Tomatoes
Th. Strijbosch

1. Influence of artificial illumination on crop size
The influence of illumination on the progress of the crop was studied in a trial
employing three varieties in the semi-green group. The plants were raised at day and
night temperatures of 20° and 16 °C., respectively. Unilluminated plants were sown on
20th November, and illuminated plants on 4th December. After germinating, the latter
were illuminated by means of fluorescent tubes for 16 hours in every 24. The light
intensity was 80 watt/m2. Both groups were planted out on 17th January, 1968.
The progress of the crop is shown in Fig. 11.
The variation in yield between the two groups starts during the first four weeks of the
cropping period. It is reflected in a difference in the number of fruits produced; the
weight of the fruits is the same for illuminated and non-illuminated plants.
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Fig. 11
Progress of tomato crop in artificial illumination trial, 1968

Lettuce
A. P. v. d. Hoeven
I. Raising young plants
Rapid changes are taking place in the methods of raising lettuce plants. Generally
speaking, direct sowing in soil blocks has become the most popular. The elimination of
pricking out has a beneficial effect on growth. This was shown in a trial of two
varieties, which were sown on 18th and 23rd of August, respectively. The average head
weight on harvesting is shown in table 4.

48

Fig. 12

,,October disease" in just planted lettuce

TABLE 4.

AVERAGE WEIGHT, IN GRAMS, AT HARVEST. PLANTS
PRICKED OUT ( + ); AND SOWN DIRECTLY IN SOIL
BLOCKS (—). VARIETIES: PROEFTUINS BLACKPOOL
(P.B.) AND DECISO (D).

Sowing date

Variety

18-8

P.B.

Treatment

Average weight
on harvesting in g

+

188
217
260
282
203
224
231
256

—.

D.

+

—

23-8

P.B.
D.

+
+

P < 0.01 in all four cases.

II. A new physiological defect in lettuce
Necrosis of the leaf edges was discovered in lettuce grown in the autumn. This was
named 'October disease' because of the time of year when it occurs. Fig. 12 shows an
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affected plant. Research indicates that the phenomenon is probably connected with the
composition of the potting soil.

Ill Glasshouse climate for lettuce
D. Bokhorst, A. P. v. d. Hoeven and G. P. A. van Holsteijn
The temperatures used for growing lettuce are relatively low in comparison with those
for tomatoes and cucumbers. The opportunities for using heat as a means of regulating
the climate in the glasshouse are thus much more limited.
Fig. 13 shows the pattern of various climatological factors in a glasshouse on a mild
winter day ( 16th January 1968). The relative humidity fluctuated between 82 and 100
per cent. In such conditions, spots (internal intumescences) appear easily on the leaves.
These are probably caused by the intercellular spaces becoming filled with moisture.
This phenomenon is illustrated in Fig. 14.
The condition can be prevented, or existing cases treated, by raising the air temperature
near the lettuce crops by about 5°C for a period of iy2 hours in the morning. While
the temperature in the greenhouse rises only briefly, the rate of evaporation from the
crop rapidly attains a high level (as a result of, among other things, moisture deficit
and warming of the crop). The rise in evaporation is evident from the pattern of the
absolute humidity. In practice, the temperature is raised only in the morning.

Cucumbers
A. A. M. Sweep
I. Influence of average fruit weight on crop size
The investigation into the relationship between the average weight of fruits and the
number harvested (see Annual Report, 1966, page 85) was continued in 1967. The
aim was to obtain fruits in four weight categories, viz.
(a)
(b)
(c)
(d)

350 - 450 grams
450 - 550
„
550 - 650
„
650 - 750
„

The planting date was 23rd December in the various sections. At the start of the
cropping season, the fruits were light in weight, few of more than 550 g being
harvested. In the interests of a satisfactory length/thickness ratio, the fruits were
allowed to grow on, with the result that, in the latter part of the season, fruits of
greater weight than indicated above were harvested in sections (a) and (b), (Table 5).
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Fig. 14

Lettuce with intercellular spaces filled with morsture

TABLE 5.

RELATIONSHIP BETWEEN AVERAGE FRUIT WEIGHT,
NUMBER OF FRUITS, AND TOTAL WEIGHT OF CROP
PER PLANT (HARVESTING PERIOD ENDED ON 31ST
MAY).

Section

Average weight
of fruit in g

No. of
sound fruits

Total
weight in kg

(a)
(b)
(c)
(d)

411
447
495
526

25.8
23.4
22.2
20.8

10.60
10.45
10.98
10.96

These figures show that, within the limits maintained, the yield in terms of weight is
determined by the number of fruits harvested. All variations in average fruit weight are
highly reliable (P = 0.01). The variations in total weight are not reliable.

II. Strawbales on plastic sheeting
The use of strawbales, separated from the soil by plastic sheeting, can be an attractive
method for growing cucumbers. The plastic serves to reduce the risk of soil-borne
disease. This method offers advantages where it is impossible to sterilise the soil. Some
nurseries of seed firms grow several generations in a single year by this method.
Frequently, only small areas of the glasshouse are planted at a time. This completely
precludes sterilisation. In this study, we set out to determine the infuence of total
exclusion of the soil on the yield from a cucumber crop planted on 17th March. The
results are given in Table 6.
TABLE 6.

YIELD PER PLANT OF CUCUMBERS GROWN ON
STRAWBALES (+ = SEPARATED FROM SOIL BY PLASTIC
SHEETING; — = NOT SEPARATED).
Yield up to

Treatment

—

+

30/4

24/7

31/5

No. of
fruits

kg

No. of
fruits

kg

No. of
fruits

kg

3.7
3.9

1.8
2.0

14.2
12.7

7.6
7.0

32.6
28.2

17.8
15.3

The results are such as to warrant further investigation into the possibilities of using
plastic sheeting to separate the bed from the soil.

III. Internal rotting of fruit
In the autumn of 1967, fruits were discovered with a constriction 2 - 5 cm at the flower end.
The worst affected varieties were Bambina and Pepinex. When cut, the fruits proved
to have been locally infected by Didymella bryoniae (Mycosphaerella citrullina). In
view of the location of the infection, it is considered probable that the mould spores

53

enter via tube of the style. The sensitivity of these varieties is probably related to the
shape of the tube of the style.
IV. Influence of planting distance on yield
A. J. Vijverberg
Trimming of cucumber plants is done to a considerably smaller extent now than ten
years ago. This has led to a drop in the labour requirement for this crop. There is a
suspicion that the quality of the fruits is adversely affected by the density of the leaves
from May onwards.
The density of the foliage can be influenced without great expenditure of labour, by
removing a number of plants during the growing season. A cucumber crop was planted
out on 15th December, the plants being placed in rows at distances of 30, 35 and
40 cm. In the last week of April half the plant in the plots, in which the plants were at
distances of 30 and 35 cm, were removed.
In this test, no variation in early yield as a result of plant density was observed. After
26th April, a clear reduction in yield resulted from the treatment in which plants were
removed. A month after removing the plants the weekly production was against equal in
all plots. The production till August 3 was:
Plant distance
bejorejafter removing
the plants
30/60 cm
35/70 cm
40/40 cm

Numbers of
fruit per sq.m.
63
62
56

Further research into possible variations in quality brought about by the removal of
plants will show whether the drop in yield is acceptable.

Gherkins
A. A. M, Sweep
Gherkins have assumed a position of importance among greenhouse crops in recent
years. In 1968, the acreage totalled about 200 ha, and was centred around Venlo.
I. Market Research
In conjunction with the Central Bureau of Horticultural Auctions and the Sprenger
Institute, an exercise was conducted to establish the market potential for gherkins.
This involved visits to the principal growing areas and processing factories. The
information obtained, which formed the subject of a report, showed that there is
probably a lasting place for glasshouse gherkins in Western Europe.
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II. New Varieties
Kora, a new variety produced by the North Limburg Experimental Station at Venlo,
is characterised by short internodes and a greater number of fruits per leaf joint. The
increased fertility of this variety in comparison with Levo demands different growing
conditions. The stimulation of growth must occupy a central position in the methods
employed.

III. Grafting on to Cucurbita ficifolia
As a preventive measure against Fusarium infection, gherkins are frequently grafted.
A test was carried out in order to study the effects of grafting. Levo and Kora plants,
some of which had been grafted on to Cucurbita ficifolia, were grown in an unheated
Venlo type house. They were planted at 2 rows per span (3.20 m), and the optimum
distance between plants was maintained, i.e. 50 cm for Levo and 40 cm for Kora.
The seeds were sown on 19th April. The ungrafted plants were planted out on 16th
May, and the grafted ones on 24th May. The grafted plants remained smaller throughout
the season, and their yield lagged markedly behind that of the ungrafted plants. The
Kora variety is characterised by a heavier yield in the early part of the season (see
Table 7).
TABLE 7.

Kora,
Kora,
Levo,
Levo,

YIELD IN KG/M2 ON TWO DATES

ungrafted
grafted
ungrafted
grafted

31st July

17th September

8.5
5.8
6.8
5.4

14.9
11.6
14.1
12.0

Variation between Kora and Levo on 31st July is very reliable (P < 0.01).
Variations between grafted and ungrafted plants on both dates are very reliable
(P < 0.01).
IV. Planting distance and training system
The possibilities offered by Kora as a glasshouse variety require a thorough investigation
of the growth conditions if optimum results are to be obtained.
In a trial conducted in an unheated house, seven different cultural methods were compared
with the customary method used in growing Levo. Details of a number of these are given
in table 8.
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TABLE 8.

STUDY OF CULTURAL METHODS FOR GHERKINS

Treatment

Variety

No. of rows Planting
per span
distance
(3.20 m)
(cm)

Training system
(one stem per plant
except where stated
otherwise)

(a)
(b)

Levo
Kora

2
2

45
60

(c)

Kora
Kora
Kora

2
3
4

45
45
45

Vertical with ceiling
System-form, 3 stems
per plant
Vertical
Vertical
V ertical

(d)
(e)

Seeds were sown on 19th April and the seedlings pricked out on 10th May. The average
yield on two test dates is shown in table 9.
TABLE 9.

YIELD IN KG/M2 ON TWO TEST DATES

Treatment

31st July

16th September

(a)
(b)
(c)
(d)
(e)

7.2
8.3
7.5
9.8
9.8

14.1
14.2
12.3
16.4
16.8

The yields from treatments (d) and (e) on both dates are highly reliable (P < 0.01),
more so than (a) (b) and (c). Moreover, on 16th September, yields from treatments
(a) and (b) are very reliable (P < 0.01), more so than the yield from treatment (c).
The weaker growth of Kora plants demands closer spacing than for Levo. At this
juncture, treatments (b) and (d) would seem to most closely approximate the optium
cultural method under Dutch conditions.
V. Other Studies on gherkins
The influence on yield of temperature during the growth period was studied,
temperatures of 12° and 20 °C being used. No differences were found. The seeds were
sown on 19th April. The possibility of differences occurring in plants sown earlier is at
present under investigation. Preliminary observations have been made with a view to
determining the possibilities offered by a forcing piece. The influence of three factors
on the setting of female flowers in Hokus, a variety used to pollinate Levo, was studied.
The factors are:
— daylength
:
— minimum temperature
:
— nitrogen content of potting soil :

16, 20 and 24 hours
12° and 20 °C
normal and high

It is thought probable that the longest day, the higher minimum temperature and the
high nitrogen content have the effect of delaying the setting of the first female flowers.
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Melon
A. A. M. Sweep

I. Pruning system for the variety Ogen
Following earlier research (see Annual Report 1966, page 91), efforts were made to
increase the average weight of Ogen fruits by varying the number of stems on each plant.
The seeds were sown on 18th January, and the plants were raised with the aid of
artificial light. The cultural details of the trial are given in table 10.
TABLE 10.

TRIAL CULTIVATION OF OGEN MELONS

Planting
distance
(cm)

No. of stems
per plant

per metre

40
50
60

1
2
3

2.5
4.0
5.0

In the two and three stem systems, the tops of the plants were pinched out after three
and four true leaves, respectively, had formed. The cropping details are given in
table 11.
TABLE 11.

CROPPING DATA FOR OGEN MELONS ON TWO TEST
DATES (PER METRE BED LENGTH)

Planting
distance
(cm)

Up to 5th June
Average
No. of
weight
fruits
of fruits in g

40
50
60

11.5
13.8
13.4

Up to 17th June
Average
No. of
weight
fruits
of fruits in g
20.0
23.2
23.9

668
668
723

687
691
729

These figures seem to confirm the results achieved previously.

Radish
D. de Kuiter
I. Influence of seed size on harvesting date
Uneven plant growth forms an obstacle to mechanised harvesting of radish. Among the
factors responsible for this are variations in the size of the seeds. A trial was conducted
with seeds of four diameters, all being sown early in January. The sizes were:
2.5 - 2.7 mm
2.7 - 2.9 mm

2.1 - 2.3 mm
2.3 - 2.5 mm
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These were sown at the rate of 400 per m2 in all cases. The radishes were harvested
in three operations. The average harvesting date is shown in figure 15.
The difference in average harvesting dates, i.e. 2i/2 days, is relatively small. In view of
the simple treatment of the seed used, and the high rate of growth of the plants prior
to harvesting, grading of seed according to size is a useful aid to the saving of labour
and/or mechanising the harvesting operation.

REFERENCE:
A. J. Vijverberg and D. de Ruiter (1968):
Het gebruik van gezeefd zaad bij de teelt van radijs onder glas (The use of graded seed for
radish crops grown under glass).
Zaadbelangen 22, pp 238-239.
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Average harvesting date for radish according to seed size

7 DEPARTMENT OF PESTS AND DISEASES

L. Bravenboer
The task of this department is twofold, and covers:
(a) Diagnosis, sometimes coupled with brief trials, the aim of which is to establish the
causes of newly discovered diseases and forms of plant damage. If necessary, trials
in which the disease pattern is reproduced are carried out; this applies particularly
in cases of damage caused by the use of insecticides. Incidental tests using chemical
agents for the treatment of minor diseases also form part of the work, as does the
study of damage caused by air pollution, and the spread of potato eelworm in tomatoes.
(b) Research into the incidence of major diseases and epidemics in glasshouse vegetable
crops. In some cases, e.g. Phytophthora in tomatoes, red spider and aphids allied to the
transmission of virus, the biology of the disease agent is studied in conjunction with
research into means of controlling it. In other cases, only preventive research is done:
in controlling mildew in cucumbers, Botrytis and Rhizoctonia in lettuce, tests of new
pesticides are carried out regularly.
In addition to investigations with the aid of pesticides, considerable attention is devoted
to other forms of controlling diseases, such as steam sterilisation of the soil, biological
control of red spider, and efforts to develop rootstocks resistant to soil diseases.
Research into residues has also been a focal point of interest in recent years. Particularly
in the case of lettuce, in addition to large-scale surveying of residues in commercial samples,
research into the background to the disappearance of residues of pesticides from plants
is being undertaken.
Research aimed at the development of chemical weedkillers is of relatively little
significance, since weeds seldom constitute a problem in the intensively disinfected soil
in glasshouses.

Research concerning Cucumis virus 2 (cucumber green mottle mosaic virus).
H. /. v. Dorst

I

Transference of Cucumis virus 2 in cucumber seed, and disinfection of the seed by
dry temperature treatment.
The disinfection of cucumber seed by means of chemical agents has in the past failed
to produce the complete elimination of Cucumis virus 2. Efforts were made to remove the
remaining flesh from the seeds by polishing, however this method could never have
been practicable for large quantities of seed.
Meanwhile, doubt had arisen as to whether the infection was limited to the outside of the
seeds, and this resulted in a method being developed whereby the presence of the virus
inside the seed could also be demonstrated. This involves separating the husk from the
embryo : a quantity of water is added to the husk and the germ, which are then finely ground.
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The inoculums thus prepared are then separately brought into cucumber plants which
have reached the first leaf stage. The inoculated plants are allowed to grow for six weeks
and are then tested for the presence of the virus. This method has shown that seeds can
indeed be infected internally.
In a final effort to rid the seed completely of infection, heat treatment was tried. Various
temperatures and treatment times were used. Seed exposed to a temperature of 76 °C
(169 °F) for 72 hours was later shown by the husking and inoculation method to be
free of cucumis virus 2, both internally and externally. 84 % of the seeds obtained
from plants infected with the virus were themselves found to be infected, 28 % on the
husk, 2 % in the embryo, and 54 % on the husk and in the embryo. Seeds subjected to
this heat treatment must be of high quality. The process does not affect germinating
power, and the development and yield of the resulting plants are normal. The seeds
should be spread out in thin layers in the dryer, and no more than 5 kg per 100 litres
capacity should be treated at a time. During the treatment, the ventilation holes of the
dryer are fully opened in order to carry off rapidly the large volume of moisture released
from the seeds. Generally speaking, the process should be done by the seed producer.
II New sources of Cucumis 2 infection.
In spite of the fact that virtually all the seed used for commercial cucumber crops in 1968
had been subjected to the heat treatment described above, Cucumis virus 2 appeared early
and on a substantial scale. This unexpected development was suggestive of an undiscovered
source of infection. There had for some time been a suspicion that the surface water used
to irrigate crops might be a carrier.
Investigations to determine the presence of this virus in irrigation water have been in
progress since May 1968, and have produced some striking results. In the cucumber
growing areas of Loosduinen and Den Hoorn, water samples are taken at fortnightly
intervals at 25 points, and are analysed. The sampling points are constant, and are situated
in canals, ditches, drains from cucumber glasshouses and ditches flanking the dumping
grounds for unsold vegetables. The virus has been found to be present in all samples,
sometimes on a number of occasions and often in high concentrations. This is also true of
Lycopersicum virus 1 (tomato mosaic virus). Various wells have been sampled, as have
mains supplies; however, we have never been able to show that the virus is present in
water from these sources. We also investigated the possibility of plants which are irrigated
on the leaves with water containing the virus becoming infected in this way. We found
that this was a very easy method of infection and, moreover, that a cucumber plant need
not be damaged in order for the virus to enter during irrigation of the leaves. In all
probability — indeed almost certainly — the surface water used to irrigate cucumber
plants in the growing areas is far and away the principal source of infection by this virus.
Our investigations have shown that the vegetable boxes used to transport cucumbers to
the market, and for the carriage of seedling plants, are not virus-free. Of 10 boxes used
to convey the fruits to market during an 8-month period, 9 proved to be contaminated
with the virus on the inside. It is thus extremely dangerous to use such containers for the
transport of young plants.
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The virus may also be present in cow dung. Where unsold cucumbers so infected are fed
to cows, the virus can easily be isolated from the solids in the dung. We have still to
investigate the possibility of plant infection from such manure. Our findings also apply
to tomato mosaic virus where cattle are fed with surplus tomatoes.

Control of Sphaerotheca fuliginea (mildew in cucumbers).
Miss D. Theune
Sphaerotheca fuliginea (mildew) is among the principal problems encountered in growing
cucumbers under glass. In former years, dinocap and oxythioquinox were used to treat
infection. However, changed growing methods, in which trimming is done less and less,
have made it almost impossible to reach all the leaves with sprays. This is of the greatest
importance in controlling mildew; any part of the plant not covered by the spray becomes
a seat of fresh infection.
In addition to testing new fungicides designed for application in the traditional manner,
we tested a number of systemic fungicides which, it was felt, might be capable of solving
the problem. These were: Dowco 199 (0,0 diethyl phthalimidophosphonothioate),
Acrex S (dinobuton), Hoe 2873 (diethyl-methyl-ethoxycarbonyl pyrazolo-pyrimidineyl-phosphorothioate), Morestan (oxythioquinox), Karathane (dinocap) PP 675 (methyrimol) and Benlate (benomyl). Of these, only the last two possessed systemic action. The crop
was inoculated with Sphaerotheca fuliginea in order to obtain an even degree of infection.
When the mildew had begun to take hold, the treatment was started, the spray being
applied once every 14 days, and the systemic fungicides in accordance with the severity
of the infection. Spot counts were made on sample leaves at regular intervals, and these
provided an indication of the activity of the compounds. The results are summarised in
table 12.
TABLE 12.

NO. OF S. FULIGINEA SPOTS PER 10 LEAVES

Preparation

1. Dowco 199
2. Acrex S
3.
4.
5.
6.
7.
8.

1st
check
0.05 % sprayed
0.1 % sprayed

Hoe 2873
0.1 %
Morestan
0.03 %
Karathane
0.06 %
PP 675 soil application
Benlate soil application
Benlate
0.05 % spray

8
not
counted
4
448
401
—

9003
11

2nd
check

3rd
check

131
388

178
728

284
1223
242
94
4611
9

39
2240

4th
check
—
—

—

2567

—

—

527
7865
31

327
7046
84

The new spray fungicides Dowco 199, Hoe 2873 and Benlate afforded excellent protection
against mildew. Comparable results were obtained wit PP 675. Soil application of
Benlate did not give the desired results in this test, however this fact may be attributable
to the concentration used and the method of application. Investigation of these aspects
will continue. The results obtained with Acrex S gave the impression that the effect de
creases as the season progresses. In addition to its anti-mildew action, however, this
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fungicide possesses pronounced acaricidal properties, which fact explains its widespread
use on cucumber crops.
Of the two standard compounds, Karathane gave good results. Morestan afforded some
protection, but the newer fungicides, in particular, are clearly more effective.
Summarising, it can be said that the newest compounds, Dowco 199, Hoe 2873 and
Benlate (as a spray) give excellent results, and that Acrex S and Karathane afford adequate
protection. Of the systemic compounds, PP 675 has so far proved the best. The
concentration and method of application can be very significant for the results, particularly
in the case of systemics, and further research into these will be carried out.

Chemical treatment for Tetranychus urticae (red spider mite) in cucumbers.
Miss D. Theune
In past years, dicofol has largely been used to control red spider mite in greenhouse
cucumbers. As a result, the problem of resistance to this chemical has arisen. Fortunately,
a number of new acaricides have been developed. These were tested in 1967 and 1968.
The cucumber crop was deliberately infected with Tetranychus urticae at an early stage
of growth. The population was obtained from a commercial source, and resistance by the
mites to organic phosphor compounds and against dicofol could be assumed. Laboratory
tests, during which the LD-50 of the population towards parathion and dicofol was
determined in comparison with that of a non-resistant population, produced the following
results.
L.D. — 50 in mg w.b./l

parathion
dicofol

Non-resistant

Resistant

±10
± 220

± 1000
± 2200

It is clear from this that resistance to both compounds exists. When the population had
become more or less established on the trial crop, fortnightly sprays were given with the
following compounds: Acricid (binapacryl), bromobenzilate, chlorophenamindine,
chlorophenamidine + formetanate, Acrex S (dinobuton), phenofluorazol, Omite (2-ptert-butylphenoxy) cyclohexyl proparphyl sulphite), Pentac (bis pentachlor 2, 4 cyclopentadiene-l-diyl), Tranid (3-chloro-6-yano-2-norbornanon-o-(methyl carbamcyl) oxin), and
the standard compound, Kelthane (dicofol). During the test, the number of living mites
present on 16 leaves was counted on three occasions with the aid of a red spider brush.
The results are summarized in table 13.
First and foremost, it is clear that Kelthane gives inadequate results: the second and third
counts could not be carried out owing to the severity of the infection. Chlorophenamidine,
chlorophenamidine + formetanate, and phenofluorazol proved so phytotoxic that they
were excluded from the test after the first count. The results achieved with Acrex S,
Omite, Pentac and Tranid are very promising. Particularly in cases where the severity of the
red spider infection increases at the end of a test, these compounds can maintain the
population at a level below that at which economic damage to the crop occurs. With the
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TABLE 13.
Preparation

1. Acricid, liquid, 0.03 %
2. Bromobenzilate, liquid, 0.1 %
3. Chlorophenamidine, liquid, 0.075 %
4. Chlorophenamidine -f- formetanate
spray powder 0.05 %
5. Acrex S, 0.1 %
6. Tenofluorazol spray powder, 0.075 %
7. Omite spray powder, 0.1 %
8. Pentac spray powder, 0.075 %
9- Tranid spray powder, 0.2 %
10. Kelthane spray powder, 0.15 %

1st
count

2nd
count

3rd
count

14,063
572
4,032

19,896
15,729
not

32,072
20,928
counted

2,388
4,056
22,410
1,160
6,720
1,844
41,289

not
7,216
not
4,272
12,912
13,696
not

counted
6,264
counted
10,528
12,840
12,784
counted

exception of Acrex S, however, their phytoxicity can cause problems, especially in young
plants growing in unfavourable conditions. The results obtained with Acricid and bromo
benzilate were less satisfactory, particularly in the later part of the season. In many cases, the
phytotoxicity of Acricid is sufficient to harm the crop.
It should be noted that both Acricid and Acrex S can also be used to control mildew.

Aphids
Miss W. Th. J. de Brouwer
The possible existence of a broad connexion between the migratory flight of aphids and
the incidence of Cucumis virus 1 infection in autumn cucumbers led to observations being
made in recent years. The flights were observed with the aid of yellow-coloured traps
placed at a number of points in the South-Holland Glasshouse District.
NO. OF APHIDS 1st JUNE - 1st NOVEMBER

1967
1968

Naaldwijk

Poeldijk

Delft

Maasdijk

Zevenhuizen

13,960
10,180

88,330
60,510

4,920
4,990

6,690
6,110

8,940
13,840

No clear relationship was found between the number of aphids and the incidence of
Cucumis virus 1 infection in autumn cucumbers. This corresponds to the results of tests
in which cucumber plants were placed outdoors for a day and, after removal of aphids,
grown on in the greenhouse.
The younger the plant, the more serious are the consequences of attack by infective
aphids. Since the virus is non-persistent, it is preferable to avoid aphids attack once the
plants emerge above the soil. R. L. Taylor (Rothamstead, 1963) reported that large
numbers of aphids can be observed in flight at certain times of the day. If this is also
true in the South-Holland Glasshouse District, it should be possible to exclude a high
proportion of the insects from the glasshouse by closing the ventilators during critical
periods.
Using 12 yellow traps, and opening these for 2-hour periods in every 24 hours, the
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distribution of aphids was determined in the period 1st June to 1st November. The
results are given below
PERCENTAGE OF APHIDS

0 - 2 hrs.
2-4 „
4-6 „
6-8 „

1967

1968

0
1
8
15

0
0
1
2

8 - 10 hrs.
10-12 „
12-14 „
14-16 „

1967

1968

10
8
4
9

9
16
14
12

16 - 18 hrs.
18 - 20 „
20 - 22 „
22 - 24 „

1967

1968

13
22
9
1

22
20
4
0

It is not possible to give an optimum time at which the ventilators should be closed to
keep out aphids.

Controlling insect attacks on Brussels sprouts
Miss W. Th. }. de Brouwer
In order to ensure that Brussels sprouts are of good quality at harvesting time, it is
necessary to watch for aphids and caterpillar damage from the time when the plants are
planted out. From the moment when the buttons commence to form in the axils, there
is also a risk of damage to the crop by grubs of the cabbage root fly. Prior to its prohibition
in 1968, DDT was used against caterpillars, and heptachlor against cabbage root fly, and
these were succesful in keeping the crop free from attacks. During 1967 and 1968,
various insecticides and mixtures were applied by spraying in order to test their efficiency
in comparison with DDT and heptachlor. Examination of sample sprouts was done in the
third week of September in both years (Table 14). It is, however, difficult to distinguish
between damage caused by caterpillars and that caused by slugs. In view of the safety
period, mevinphos was used for the final treatment in some cases. After spraying in accor
dance with the old system, an unexpectedly high degree of aphids damage was found in
1967.

TMV (tomato mosaic virus)
A. Th. B. Rast
Tomato mosaic, which is caused by tobacco mosaic virus (TMV), is the most prevalent
virus disease of glasshouse tomatoes. Since no adequate methods are available to eliminate
the virus in the primary sources of infection e.g. seed and root debris in soil, all sanitary
measures to prevent the spread of virus in tomato crops will fail. Therefore, the future
solution of the problem is expected from breeding work on TMV-resistance which is
carried out at the Institute of Horticultural Plant Breeding at Wageningen and by several
private breeders all over the country. Meanwhile, the present-day problem is tackled by
studies on deliberate seedling infection as a means to reduce yield and fruit quality losses.
Both lines of investigation, however, are hampered by the existence of various strains
of TMV, and so require a thorough knowledge of these strains. Consequently, research
on TMV is mainly concerned with the isolation and study of as many of its strains as
possible.
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TABLE 14.
jvJQ

0f

% of infected sprouts

applications

aphids

1967

1968

1967

1968

1967

67

75

20

5

5

59
91

23

4
6

7
5

7
7
7
7
7
5
5

Not sprayed
Programme: 2 x demetonS-methyl + DDT
2 x thiometon -|- DDT -jheptachlor
1 x mevinphos
trichlorophon
2 x trichlorophon -)demeton-S-methyl
2 x trichlorophon -|thiometon
1 x mevinphos
dichlorophos
diazinon -j" mevinphos
trichlorophon -f- mevinphos
trichlorophon -j- diazinon 0.1 %
trichlorophon -|- diazinon 0.2 %
4 x endosulphan
1 x mevinphos
4 x bromophos
1 x mevinphos

grubs

1967

1968

9

39

45

3

13

11

1968

15
11

5
11

37
42
58
68
59

caterpillars

10
5
3

9
16
13

19

3

9

18

7

17

39

5

21

Since 1962 many symptomatologically different TMV strains have been isolated. Recently
an isolate was made from a tomato fruit with corky crusts arranged in ringlike patterns. This
isolate induced unusually small local lesions on the indicator plants, Nicotiana glutinosa.
Systemic infection of tomato plants caused characteristic small necroses along the veinlets
of the leaves and corky fruit crusts similar to those found on the original fruit sample.
Another isolate was made from tomato leaves with necrotic patches. This isolate caused
elongated necroses to develop along stems and petioles, together with necroses on the
leaves. Afterwards a bright yellow mosaic appeared on subsequent leaves.
The desirability of a choice between the tobacco and tomato strains of TMV as the most
suitable strains for deliberate seedling infection prompted a study as to their mutual relations
in the tomato plant. The participation of each strain in the systemic infection following
simultaneous and successive inoculations was assessed by single lesion analyses on Nicotiana
tabacum White Burley about one month after the last inoculation. The results indicate
that an infection with the tobacco strains will not prevent a second infection by the tomato
strain and vice versa. In this connection, however, the tomato strain appears to be the
best adapted to the tomato plant, as it was always recovered in far greater proportions
than the tobacco strains.
Despite this evidence, it may still be advantageous to use the tobacco strain for deliberate
seedling infection in winter time. In one experiment it was observed that plants infected
with a mild tobacco strain remained practically symptomless until planting time, when
a faint mottle became apparent. In contrast, plants which had been inoculated with the
tomato strain soon afterwards showed leaf narrowing and mosaic.
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Although the total yields obtained were about equal, the noted difference in symptom
development lead to an earlier yield on the part of the plants infected with the tobacco
strain.
An artificially induced mutant of the tomato strain has been isolated recently. An infection
with this mutant strain remains symptomless for a considerable period of time and affords
almost complete protection against reinfection with the other known strains of TMV
including the parent strain. An investigation into the value of this unitant strain for
delibrate seedling infection is in progress.

Phytophthora foot rot of tomatoes
G. Weststeijn
The phytophthora foot rot problem oroginally investigated by VERHOEFF (1966) was
studied in more detail during the year under review. The fungus was insolated and cultured
without difficulty on a pea-dextrose-agar medium supplemented with 10 ppm Oxytetracy
clin and 30 ppm pimaricin.
Isolates were identified by the Central Bureau for Mycological Cultures at Baarn
(Netherlands) and by the Commonwealth Mycological Institute at Kew as Phytophthora
nicotianae v. Breda de Haan, often referred to as var. nicotianae.
The minimum, optimum and maximum temperatures for mycelial growth on eda medium
were found to be 5 - 10 °C; approximately 27 °C; and about 33 °C, respectively.
P. aracae (Colem) pathyb. and the P.sp. resembling P. richardiae Buisman, reported by
VERHOEFF AND WEBER (1966) have not so far been rediscovered.
Inoculation experiments showed that the susceptibility of roots and stem base decrease
with increasing age of the plants, the incubation period of 10-14 day - old plants being
only 4 - 5 days.
Infested soil was kept in closed plastic bags in a shaded part of the greenhouse. Under
these conditions, the fungus was found to retain its virulence for 14 months and more, as
shown in Table 15. The 4 and 14 month tests were done in the winter period, which may
account for the lower rate of infection compared with the remaining periods.
TABLE 15.

NUMBER OF INFECTED PLANTS 3 WEEKS AFTER
PLANTING IN STEAMED AND UNSTEAMED, NATURALLY
INFESTED SOIL AFTER DIFFERENT STORAGE PERIODS.
(TOTAL NUMBER OF PLANTS PER TREATMENT =32).

Period of storage
Treatment

4
months

6
months

Steamed

0

0

0

1

0

Unsteamed

5

21

20

16

3

9
months

11
months

14
months

Several experiments on soil sterilisation, using steam as well as chloropicrine methyl
bromide, metham sodium, methylisothiocyanate and dazomet, have been carried out.
Though the latter three soil sterilants killed the fungus very effectively, they were very
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phytotoxic, especially methylisothiocyanate and dazomet. The remaining sterilants gave
good control of the fungus, as is illustrated by the results of one experiment given in
table 16, where the infection level was expressed by a code number.
TABLE 1 6 .

INFECTION LEVELS OF TOMATO ROOTS BY PHYTOPHTHORA RESISTANCE NEARLY 2 MONTHS AFTER PLANT
ING IN TREATED, INFESTED SOIL.

Chloropicrin

Non infested Steaming

Methylbromide

Non-sterilised
infested

0.89

0.99

1.47

6.02

1,23

Apart from methods of sterilising the soil before planting, a suitable control method at
or after planting was also required. This would be obtained by wetting the planting holes
with a fungicide suspension immediately before planting or by pouring a fungicide
suspension into the plants some time after planting.
The following fungicides have been tested in glasshouse experiments using young tomato
plants as indicators for the virulence of the treated fungus: zineb, maneb, mancozeb,
quintozene, fentin hydroxide and dexon; these were used in varying concentrations and
formulations. It was found that the dithiocarbamates were better than the others; quint
ozene was not sufficiently phytotoxic, while dexon was excessively so at effective or near
effective concentrations. Table 17 shows the results of a typical experiment in this series,
in which infection level is expressed by a code which depends on the level of root infection
and the stage of development of the plant. Fentinhydroxide appears to have good prospects,
but is not approved for use on tomatoes in the Netherlands.
TABLE 17.

NUMBER OF PLANTS KILLED BY P. NICOTIANAE UP TO 3 WEEKS AFTER
PLANTING, AS INFLUENCED BY FUNGICIDE APPLICATIONS TO THE SOIL
IMMEDIATELY BEFORE PLANTING.

Fungicide

maneb
fentin hydroxide
zineb
maneb
zineb
water
quintozene

Type

Mg a.i.
per plant

w.p.
w.p.
w.p.
dust
dust

50
50
50
50
50

—

—.

dust
w.p.

50
50

Number of
plants killed
per plot *)

Remarks

2.7
3.7
5.3
8.3
12.7
13.7
14.1
15.0

added to the soil as suspension
- ditto - ditto mixed with the soil as dry powder
- ditto (control)
- ditto added to the soil as a suspension

*) 15 plant per plot; each treatment repeated three times. Treatments not differing significantly are
bracketed.

Crops affected in June or July in hot weather have often suffered from a stem base rot,
ascribed so far to physiological disorders. In those cases the stem base turns grey within
a few days after planting, the pith turning brownish to grey and drying out, and the plant
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collapsing soon afterwards. In contrast to the foot rot refered to above, the root system
remains healthy for some time.
This symptom proved to be caused by the same fungus, P. nicotianae var. nicotianae, so
that control measures can follow the same pattern.

Other deseases caused by P. Nicotianae
Stem infection
Occasionally the fungus causes lesions at higher levels in the plant, which are green-black
and shrivelled, while the central pith is brownish, hollow and dry. The plant collapses at
this point, and the top of the plant dies.
This infection can better be controlled by avoiding high relative humidities within the
crop than by spraying or dusting with dithiocarbamates.

Wet fruit rot
A fruit infection described so far as buckeye-rot in the Netherlands proved also to be
caused by infection with P. nicotianae var. nicotianae. This symptom had earlier been
attributed to infection by P. parasitica (this however seems to be incorrect for this country
if one accepts WATERHOUSE'S key (1963) to this genus). The Phytophthora spp.
isolated from both types of lesions proved capable of producing both symptoms.

Foot rot in endive
G. Weststeijn
For many years, young endive crops in the Netherlands have suffered from a gradual
wilting of varying percentages of the plants. This symptom occurs in the autumn planting
but can continue to occur until harvest in spring. Initially, the later leaves wilt and turn
somewhat yellow, the wilt progressing slowly towards the heart of the rosette. Some
infected plants die, but others resume growth and eventually produce an undersized head.
The vascular bundles in the tap root and in the base of the rosette are greyish brown in
colour; this discoloration does not continue into the leaves.
A number of fungi has been isolated from such plants, some of which seem to be pathogenic
to young endive plants.
REFERENCES:
Verhoeff,K., (1966)
Phytophthora richardiae in tomaten. Ann. Rep. Proefstat. Groenten en Fruitteelt onder Glas,
Naaldwijk, 1966: p. 160.
Verhoeff, K., and L. Weber (1966)
Footrot of tomatoes, caused by two Phytophthora species. Neth. J. PL Path. 72 : 317-318.
Waterhouse, G. M., (1963)
Key to the species of Phytophthora de Bary. C. M. I. Myc. Papers No. 92, 22 pp.

Growth of nitrifying bacteria in steam sterilised soil
L. Nederpel jr.
The object of the trial was to establish the effect of steam sterilisation of the soil on the
growth of nitrifying bacteria where the soil was flooded after varying periods. Steaming
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Number of nitrifying bacteria per 0,001 kg soil

19/l2

Incubation date

Fig. 16

+ +•»" +

Not flooding after steaming
Flooding immediately after steaming
Flooding 3 days after steaming
Flooding 20 days after steaming
Not steamed
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was carried out under tarpaulins, and mains water was used for flooding. Duplicate soil
samples were obtained and were subjected to the following treatments:
1.
2.
3.
4.
5.

Not flooded after steaming
Flooded immediately after steaming
Flooded 3 days after steaming
Flooded 20 days after steaming
Not steamed

A dilution series of samples was prepared. After incubation, a nitrate reaction was done,
the ratio between positive and negative tubes at a given dilution indicating the most
probable concentration.
No nitrifying bacteria were discovered immediately after steaming, indicating that they
had been completely destroyed. Flooding immediately after steaming or three days later
resulted in a rapid increase in the number of bacteria.
If flooding was done 20 days afterwards, the increase was more gradual. Where flooding
was not done, recolonisation was a very slow process (see figure 16).

Disinfecting soil for tomatoes by means of methyl bromide and chloropicrin
L. Nederpel jr.
According to information from Israeli and Belgian sources, mixtures of methyl bromide
and chloropicrin are synergetic, particularly in respect to their fungicidal action. This
was put to the test in two trials, one on peat and the other on sandy soil, aimed at eliminat
ing corky root in tomatoes.
The fungicide mixtures were as follows:
3. Methyl bromide + chloropicrin 70 : 30
1. Methyl bromide
75 g/m2
4. Methyl bromide + chloropicrin 50 : 50
2. Chloropicrin
60 g/m2
5. Methyl bromide + chloropicrin 30 : 70
The treatment temperatures in the two tests were 5°C and 10°C respectively.
The data accumulated regarding crop development, yield and suppression of soil disease
indicate that there is nothing to be gained from the use of mixtures of methyl bromide
and chloropicrin for the treatment of corky root in tomatoes. The combination produces
no greater effect; the waiting period between treatment and replanting is extended; and
there is a tendency for the yield to diminish with reduction of the ratio of methyl bromide.
Methods of steaming
Among recent developments in regard to the steam sterilisation of soil is the use of
channels created with the aid of a mole plough. These are 28 cm deep and are spaced at
interval of 35 cm. The maximum length of the cannels, via which the steam is conducted,
is 24 m. Although technically feasible, the system is limited to certain types of soil, added
to which a number of problems remain in regard to the distribution of heat in the ground.
Measurements showed that while the temperature at the point of entry of the steam
reached 100 0 C within a few hours, it took 10 hours for this temperature to build up at the
end of the channels.
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8 ECONOMICS

A. J. de Visser
Since the beginning of 1968, a research worker of the Agricultural Economic Research
Institute in The Hague has been attached to Naaldwijk, where be is principally engaged in
projects of a techno-economic nature. Typical of these are investigations into new
production aids such as climate control apparatus, drip irrigation, and planting and
harvesting machines.

Economic aspects of growing gherkins in unheated glasshouses
Glasshouse gherkins, like those grown outdoors, are principally a product of the south
eastern part of the Netherlands, in particular the area around Venlo.
Although of comparatively recent date, the growing of gherkins in unheated houses has
developed rapidly, from 5 ha in 1963 to some 250 ha at the present time. The result has
been a sharp drop in the outdoor acreage devoted to the crop.
Production of gherkins in 1967 totalled 49,000 tons, of which 25,000 tons was produced
under glass. The value of the crop in the years 1964 to 1967 varied between 20 and 25
million guilders. The cost of raising gherkins in unheated houses is put at 59 guilders
per 100 kg, based on a yield of 10 kg per square metre. The corresponding figure for the
outdoor crop is 58.45 guilders per 100 kg at a yield of 2 kg per square metre.
In the case of gherkins grown under glass, the size of the fruits when picked influences
the yield in kg. Initially, the yield drops sharply in proportion to the smallness of the
fruits, namely from 12.8 kg/m2 (15 fruits per kg) to 10.5 kg/m2 (20 fruits per kg).
At 25 per kg, the drop is less pronounced, i.e. 9.2 kg/m2 and at 30 per kg (very small) the
yield is 8.3 kg/m2.
The price relationship between the various grades determines whether large or small
fruits are the most profitable. The answer can be approximated with the aid of the price
formula B/A x D/A, in which A, B and D are related to the grades concerned. If the
product ofB/AxD/Ais greater than 0.15, large fruits (15 per kg) will give the largest
gross return. If the product is less than 0.125, very small fruits (30 per kg) are the most
profitable. Gherkins are grown under glass in conjunction with an earlier crop of lettuce,
and are thus an alternative to unheated tomatoes with an earlier crop of lettuce. Gherkins
or tomatoes are almost identical in terms of total labour requirement. However, a gherkin
crop demands more labour at harvesting time. The respective figures are 350 and 200
hours per 1,000 m2. Direct costs, including materials and transport, are 87 guilders per
100 m2 higher for gherkins, and thus the gross yield must be at least 87 guilders per
100 m2 higher if the crop is to be worth growing.
In 1966 and 1967, the average price for outdoor gherkins was 15 guilders per 100 kg
below that for gherkins grown under glass. Of the total production costs, labour accounts
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for 59 % in the case of outdoor crops and 40 % in the case of glasshouse crops. If total
production costs per 100 kg remain equal, the outdoor acreage devoted to gherkins will
further decline, partly as a result of the higher labour content.

Production costs of glasshouse tomatoes
A. ]. de Visser
The production costs of glasshouse tomatoes planted on or about 1st January were calcul
ated on the basis of a nursery with 9,000 m2 of heated space. Total production costs per
square metre were found to be approximately 15 guilders, made up as follows: interest
and depreciation 28 %, labour 29 %, fuel (oil, 3,500 sec. Redwood) 25 %, other materials
13 %, outside services 4 %, other costs 1 %. The yield up to 15th September is 12,5 kg/m2,
and the total labour requirement 770 hours per 1,000 m2.

Estimated production costs for some typical cut flowers
J. P. Bakker
Crop
Growing period in years
Total cost (guilders)
per m2 per year
Interest and depreciation ( % )
Labour cost (%)
Fuel and electricity (%)
Plant stock (%)
Delivery costs (%)
Other costs (%)
Total

Chrysanthemums Carnations
all-year round

Gerberas

Roses smallbloom type

Asparagus
fern

2

2

6

2

32
24
16
13
35
7
5

22
29
39
10
8
8
6

22
29
33
14
8
S
8

23
26
39
17
3
7
8

19
27
34
18
7
7
7

100

100

100

100

100

These figures are based on a modern nursery of 1 ha with 5,000 m2 of heated space (Venlo
type glasshouse).
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