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Seventy-five years research at Naaldwijk 

This special issue of Netherlands Journal of Agricultural Science contains a number 
of papers describing projects carried out at the research station at Naaldwijk. This 
issue is published to commemorate the 75th anniversary of the research station. 

The experimental station 'Westland' was founded officially on 14 August 1900. 
Its aims were to support horticultural education and to promote production of 
vegetables and fruit in the Westland area of south-west Holland. 

Various experiments on nutrition, varieties, plant protection and cultivation 
techniques were carried out. The most important crops were tomatoes and grapes. 

The first experiments were rather simple, and the station was short of facilities 
during the first years. Money was scarce at that time, and in 1924 there was even 
talk of closing down the station. Yet the decision was made to continue the work, 
and at the same time the station was reorganized. More land was purchased on 
another site, where a new building was erected in 1925. The present station is still 
situated here. 

The first director, K. Wiersma, was succeeded in 1924 by J. M. Riemens, and 
under the latter's spirited leadership the research work expanded considerably. The 
targets also became broader. In 1927, the experimental station started to cater for 
horticulture in the whole of the South Holland Glasshouse District. Problems of 
cucumbers - for instance Fusarium - were added to the program. 

In the 1930's soil research was developed. A laboratory was equipped for che
mical analyses to provide advice to growers. The interest in soil research increased 
rapidly. 

At the end of the 1930's, the Government provided the funds for a new main 
building which is still being used. The building was opened officially at the be
ginning of 1941. 

The war years again proved to be a difficult time for the station and its staff. 
However, after the war the station entered a new phase of growth and development. 
In 1949, the experimental station was given a national task besides its regional 
status and its name was changed to Proefstation voor de Groenten- en Fruitteelt 
onder Glas (Glasshouse Crops Research and Experiment Station). Research work 
was intensified. Since then the staff has practically doubled and is about 150 at 
present. New facilities were added and at the same time the research programme 
was enlarged. However, at all times the programme was geared to the problems 
found on commercial holdings. New commercial developments were furthered or 
initiated. Soil and nutritional research is still of great importance as is research in 
plant protection and crop technology. 

Climatological research in glasshouses has increased substantially, and expansion 
has taken place in the field of plant physiology and research on biological pest 
control and economic and labour problems. 

The work is not only applied to the main vegetable crops - tomatoes, cucumbers 
and lettuce - but also to minor crops like aubergines and peppers, whilst efforts 
are being made to introduce new crops such as crisp lettuce. 
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Besides the vegetable crops, various flower crops have been added to the re
search programme. At present about one quarter of the research capacity is devoted 
to flowers. This work is carried out in close co-operation with the research station 
at Aalsmeer. There is also close co-operation with a number of institutes engaged 
in horticultural research. 

The experimental results have often led to substantial increases in productivity and 
to improvements in the quality of a number of products. The results obtained in 
different projects and the modern research facilities (multifactorial unit) are de
scribed in the following papers. These by no means cover the whole field of 
research. Nevertheless, they illustrate the wide range of activities in which the 
research station is engaged. 

Ir E. Kooistra 
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Osmotic pressure of the soil solution: Determination and 
effects on some glasshouse crops* 

J. van den Ende, P. Koornneef and C. Sonneveld 

Glasshouse Crops Research and Experiment Station, Naaldwijk, the Netherlands 

Summary 

In a factorial experiment, calcium sulphate, sodium chloride and potassium nitrate 
were added to the soil in various quantities. The experiment was carried out in an 
unheated glasshouse and several test crops were grown. 

The salt status of the soil was determined with the aid of different methods of 
aqueous extraction. The results were correlated with the osmotic pressure of the 
soil solution. A very close correlation was obtained with the conductivity of the 
saturation extract. Crop yields were correlated with the conductivity of the satur
ation extract and with the osmotic pressure of the plant sap. The correlation with 
the conductivity of the saturation extract was generally highest. With tomatoes, a 
very clear relationship was found between the conductivity and the incidence of 
blotch on the fruits. In lettuce, there was a clear relationship between conductivity 
and the occurrence of tipburn. 

The yield reduction of some crops was significantly greater after the application 
of sodium chloride than after potassium nitrate had been applied. Apparently, this 
was caused by specific ion effects. 

The desirable salt level, the salt distribution in the soil and the determination of 
the osmotic pressure of the soil solution for routine soil-testing purposes are dis
cussed. The curvilinear relationship between the salt level of the soil and the in
cidence of tipburn may be explained by the calcium uptake of the crop. 

Introduction 

The osmotic pressure of the soil solution may have an important effect on plant 
growth. Both high and low osmotic pressures are harmful. In glasshouses it is often 
possible to regulate the osmotic pressure of the soil solution by maintaining close 
control of fertilization and irrigation. For this purpose the osmotic pressure should 
be checked regularly. 

A low osmotic pressure of the soil solution tends to promote lush growth. In 
fruiting crops this may lead to excessive vegetative growth and proportionally in
sufficient generative growth. The risk is particularly high in poor light conditions. 
The quality of the produce may also be affected by lush growth. 

* Publikatie van het Proefstation voor de Groenten- en Fruitteelt onder Glas te Naaldwijk 
No 202. 
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The harmful effect of a high osmotic pressure is usually the result of an im
pediment of the water uptake by the crop. The consequence is that yield is reduced. 
Besides this so-called osmotic effect, damage to the crop may also occur through 
specific ion effects. However, in most crops the damage is caused mainly by the 
osmotic effect. 

The harmful effects of a low osmotic pressure of the soil solution may be ob
served for instance in new glasshouses in which the salt level of the soil often is 
very low. Lush growth of tomatoes may result in poor fruit quality. The same 
symptoms may be found on soils with a high capillary capacity. Irrigation on these 
soils is often reduced as the plants tend to obtain a large part of their water re
quirements from the water rising from the sub-soil through capillary action. The 
sub-soil water has a low salt content. 

However, in the main glasshouse areas in the west of the Netherlands, there is 
more trouble from high than from low osmotic pressures. In these areas the osmotic 
pressure of the soil solution is increased mainly by the irrigation water. Practically 
all the water used here is surface water which contains an average of more than 
1000 mg salt per litre. The osmotic pressure may also reach high levels as a result 
of too liberal use of fertilizers. 

At the Naaldwijk research station a great deal of research has been conducted 
on osmotic pressures in recent years. Some of the results obtained are discussed in 
this publication. 

Methods 

Experimental design 
The results were obtained in a factorial experiment in which calcium sulphate, sodi
um chloride and potassium nitrate were added in various quantities to the soil. Two 
levels of sodium chloride and potassium nitrate were used, 0 and 2x/2 gmol per m2, 
and four levels of calcium sulphate, 0, 2x/2, 5 and 7% gmol per m2. Further appli
cations of these salts were made as soon as the salt levels in the soil were reduced 
through leaching or through salt uptake by the crop. Sodium chloride and potas
sium nitrate had to be replenished more often than calcium sulphate, probably 
because the latter did not leach very easily. Sodium chloride and potassium nitrate 
were always added in quantities of the same equivalence. 

The conductivity of the saturation extract of the soil with the different treatments 
ranged generally between 3 and 10 mmhoVcm (25 °C). 

The experiment was conducted in an unheated glasshouse block. The soil was a 
loamy sand with an organic matter content of 5 %, a calcium carbonate content of 
2.5 % and a pH of 7.2. Soil moisture was virtually maintained at field capacity 
through frequent watering with spray lines. 

Soil samples were obtained from a depth of 0 to 30 cm. 

Soil extraction methods 

Press extracts were prepared from field-moist soil with the aid of a hydraulic press. 

1 1 mmho = 1 mfl- 1 = 1 mS (millisiemens, the SI unit). 
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Saturation extracts were prepared from air-dried soil (Richards, 1954), as were 
the 1 :1 , 1 : 2 and 1 : 5 extracts. 

Extraction of plant sap 
Leaf samples were obtained from young, full-grown leaves and fruit samples from 
harvestable fruits. The plant tissue was killed by exposing it to temperatures of 
—35 to —40 °C immediately after collection. The samples were stored at this 
temperature for a fortnight, after which they were thawed out and pressed as quick
ly as possible. 

Analytical methods 
The osmotic pressure of soil extracts and plant sap was determined by measuring 
the freezing point (van den Ende & Koornneef, 1961). The osmotic pressure is 
expressed in atm. (0 °C). The electrical conductivity was measured with a direct 
reading conductivity meter and expressed in mmho/cm (25 °C). 

Results 

Osmotic pressure of the soil solution 
The osmotic pressure of the soil solution may be determined by measuring the 
freezing point of the press extract or of field-moist soil (van den Ende, 1968). 
However, the preparation of the press extracts and the measuring of freezing points 
are rather laborious. This is why the osmotic pressure of the soil solution is gener
ally estimated from the conductivity of an aqueous soil extract. Accurate estimates 
may be obtained if the soil solution is not diluted too much in the course of 
aqueous extraction. At a high rate of dilution, slightly soluble salts like calcium 
sulphate will dissolve in relatively large quantities. 

The results of the factorial experiment confirm that high dilution rates are un
desirable. During the first few years, the osmotic pressure of the press extract was 
compared with the conductivity of various aqueous extracts. The correlation coef
ficients are shown in Table 1. The table shows a high correlation of the conducti
vity of the saturation extract and the osmotic pressure of the press extract. With an 
increasing proportion of water to soil the correlation coefficients drop rapidly. In 
view of the results in Table 1, the conductivity of the saturation extract may be 

Table 1. Correlation coefficients for the relationship between the osmotic pressure of the press 
extract and the electrical conductivity of various extracts. 

Extracts 

Press extract 
Saturation extract 
1 : 1 extract 
1 : 2 extract 
1 : 5 extract 

First year 

tomatoes 

1.00 
0.92 
0.86 
0.40 
0.24 

lettuce 

0.99 
0.99 
0.89 
0.46 
0.25 

Second year 

tomatoes 

0.98 
0.99 
0.82 
0.48 
0.35 

lettuce 

0.99 
0.98 
0.73 
0.43 
0.25 
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Table 2. Correlation coefficients for the relationship between the osmotic pressure (OP) and 
the electrical conductivity (EC) of various extracts, on the one hand, and the yield of tomatoes 
and lettuce on the other hand. 

Extracts 

Press extract 
Saturation extract 
1 : 1 extract 
1 : 2 extract 
1 : 5 extract 

Tomatoes, 
first year 

OP 

—0.58 
—0.59 
—0.58 
—0.47 
—0.24 

EC 

—0.57 
—0.56 
—0.58 
—0.34 
—0.34 

Lettuce, 
first year 

OP 

—0.95 
—0.94 
—0.87 
—0.54 
—0.34 

EC 

—0.95 
—0.96 
—0.81 
—0.31 
—0.14 

Tomatoes, 
second year 

OP 

—0.91 
—0.92 
—0.74 
—0.29 
—0.42 

EC 

—0.87 
—0.92 
—0.70 
—0.29 
—0.17 

used as a measure of the osmotic pressure of the press extract. The conductivity of 
the saturation extract was on average 2.1 times as great as the osmotic pressure 
of the press extract. The usefulness of the conductivity of the saturation extract as 
a measure of the osmotic pressure of the press extract is confirmed by the cor
relations between the crop yields on the one hand, and the osmotic pressure and 
conductivity of various extracts on the other (Table 2). The correlation coefficients 
for the yield and the conductivity of the saturation extract are practically the same 
as those for the yield and the osmotic pressure of the press extract. At increasing 
proportions of water to soil the correlation coefficients decrease rapidly. 

Osmotic pressure of plant sap 
Table 3 shows the regression equations for the relationship between the conducti
vity of the saturation extract and the osmotic pressure of the plant sap of a number 
of crops grown in the experiment. As the regression coefficients show, there was a 
great deal of variation in the effect that the osmotic pressure of the soil solution 
had on the osmotic pressure of the plant sap of different crops. The regression 

Table 3. Relationships between the electrical conductivity of the saturation extract (x) and the 
osmotic pressure of plant sap (y). 

Crops Regression equation Correlation coefficient 

Tomatoes (fruits) 
Tomatoes (leaves) 
Lettuce (leaves) 
Sweet pepper (fruits) 
Sweet pepper (leaves) 
Endive (leaves) 
Cauliflower (leaves) 
Beans (pods) 
Beans (leaves) 
Spinach (leaves) 

y = 
y = 
y = 
y = 
y = 
y = 
y = 
y = 
y = 
y = 

0.435x + 5.51 
0.125x + 7.06 
0.396x + 4.99 
0.127x + 5.59 
0.177x + 9.26 
0.328x + 4.80 
0.207x + 6.56 
0.047x + 7.76 
0.193x + 7.60 
0.474x + 5.02 

0.911 
0.533 
0.978 
0.649 
0.488 
0.946 
0.718 
0.392 
0.669 
0.955 
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Table 4. Relationships between the electrical conductivity of the saturation extract (x), on the 
one hand, and the yield as a percentage of the control, together with the percentage of the 
yield affected by physiogenic disorders (y), on the other hand. 

Crops 

Tomatoes (yield) 
Tomatoes (uneven ripened) 
Lettuce (yield) 
Lettuce (tipburn) 
Sweet pepper (yield) 
Endive (yield) 
Cauliflower (yield) 
Beans (yield) 
Spinach (yield) 

Regression equation 

y = — 8.11x + 144.2 
y = — 0.83x + 12.5 
y = — 6.84x + 136.7 

Correlation 
coefficient 

—0.913 
—0.832 
—0.956 

y = _ 4.78x2 + 76.80x —239.9 0.948 
y = —lO.OOx + 151.6 
y = — 5.17x + 114.2 
y = — 1.22x + 103.4 
y = — 4.92x + 118.6 
y = _ 4.12x + 124.9 

—0.870 
—0.912 
—0.279 
—0.733 
—0.745 

coefficients vary from 0.474 in the case of spinach leaves to 0.047 in bean pods. 
There were also large differences between the different parts of the same crop 
plants. With tomatoes the salt content of the soil had a greater effect on the osmotic 
pressure of the fruit juice than on the osmotic pressure of the leaf sap. The reverse 
was true for beans and with peppers the differences between the regression coef
ficients of the fruits and the foliage were relatively small. 

Yield in relation to osmotic pressure 
In tables 4 and 5, the regression equations are given for the relationship between 
the yield on the one hand, and the conductivity of the saturation extract and the 
osmotic pressure of the leaf sap on the other. The yields are given in percentages 
of the yields in the treatment which had no salts added to the soil (control). In the 
case of tomatoes the relationships with the percentage blotchy fruits are given too, 
and for lettuce the relationships with the percentage tipburn-affected heads are 
shown. 

Table 4 shows generally high correlation coefficients for the relationship between 
the conductivity of the saturation extract and the yield. The correlation coefficient 
for cauliflower is an exception. Apparently, cauliflower is not very salt sensitive 
where the curd formation is concerned. However, this crop is much more salt 
sensitive in respect of leaf formation. The correlation coefficient for the relationship 
between the conductivity of the saturation extract and the total weight of curd and 
leaf together is —0.753, substantially higher than the correlation coefficient given 
in Table 4. For lettuce a quadratic equation has been calculated, Fig. 1, for the 
relationship of the percentage tipburn affected heads. 

The salt sensitivity of the crops shows a wide variation. A 1 mmho/cm rise in 
the conductivity of the saturation extract caused a yield reduction of about 1 % 
in cauliflower and 10 % in peppers. 

The data in Table 5 show that there is also a close correlation between the yields 
of a number of crops and the osmotic pressure of the leaf sap. However, for toma-
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toes, peppers and cauliflowers, the correlation coefficients are substantially lower 
than those obtained with the conductivity of the saturation extract. A rise of 1 atm 
in the osmotic pressure of the leaf sap caused yield reductions which ranged from 
about 1 % in cauliflowers to 20 % in tomatoes. 

Table 5. Relationships between the osmotic pressure of leaf sap, (x), on the one hand, and the 
yield as a percentage of the control together with the percentage of the yield affected by 
physiogenic disorders (y), on the other hand. 

Crops 

Tomatoes (yield) 
Tomatoes (uneven ripened) 
Lettuce (yield) 
Lettuce (tipburn) 
Sweet pepper (yield) 
Endive (yield) 
Cauliflower (yield) 
Beans (yield) 
Spinach (yield) 

Regression equation 

y = —20.2x + 248 
y = — 1.8x + 21 
y = —16.3x + 216 

Correlation 
coefficient 

—0.535 
—0.414 
—0.925 

y = —29.2x2 + 475.5x —1869 0.931 
y = — 13.2x + 225 
y = —15.5x + 188 
y = — 1.3x + 106 
y = —17.9x + 242 
y = — 7.5x + 159 

—0.417 
—0.948 
—0.089 
—0.767 
—0.678 
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Table 6. Relative yields and the electrical conductivity of saturation extracts (EC). 

Crops 

Tomatoes 
Lettuce 
Sweet pepper 
Endive 
Cauliflower 
Beans 
Spinach 

Without 
NaCl and KNO : ! 

yield 

100 
100 
100 
100 
100 
100 
100 

EC 

5.0 
4.6 
5.4 
3.2 
4.3 
5.3 
3.6 

NaCl 
application 

yield 

82 
86 
85 
85 
98 
71 
89 

EC 

7.4 
7.0 
6.3 
5.3 
7.2 
8.8 
7.2 

KNO.i 
application 

yield 

89 
89 
89 
90 

100 
90 

103 

EC 

7.1 
6.4 
6.6 
5.3 
6.9 
8.4 
6.4 

Specific effects of NaCl and KN03 

As sodium chloride and potassium nitrate were added to the soil in equivalent 
quantities, a comparison of the yields of the different crops gives an impression of 
their specific salt sensitivity. In Table 6 the yields are given as percentages of the 
yields obtained from the treatments which did not have sodium chloride or potas
sium nitrate added. The conductivity of the saturation extract is also shown. 

The application of sodium chloride gave a greater yield reduction in all crops 
than potassium nitrate. The differences were greatest in beans and spinach. Sodium 
chloride generally caused a greater increase in the conductivity of the saturation 
extract than potassium nitrate. A possible explanation is that the uptake of potas
sium and nitrate by the crops was greater than the uptake of sodium and chloride. 
Denitrification of the nitrate possibly also played a part in this. 

The differences in conductivity were not large enough to be able to say that the 
variations in yield reductions caused by the different salts were osmotic effects. 
Apparently most crops have a specific sensitivity to sodium chloride. Beans in 
particular are sensitive to sodium chloride. The large difference in the yield re
ductions in spinach was caused mainly by the relatively high yields obtained after 
the application of potassium nitrate. Although the nitrogen and potassium levels 
in the soil were quite satisfactory, in the case of spinach there was a bonus effect 
of the addition of potassium nitrate. This effect may probably be explained by the 
shallow rooting of the crop which would have depleted the nutrients in the surface 
layers of the soil. This theory is supported by the fact that the beneficial effect of 
the potassium nitrate applications only started to show up towards the end of the 
cropping period. 

Sodium chloride caused a greater incidence of tipburn in lettuce than potassium 
nitrate. The percentages of heads affected were 70 % and 48 %, respectively. With 
regard to the percentages of blotchy tomatoes, no great differences were found 
between the effects of the two salts. With sodium chloride the percentage blotchy 
fruit was 6.8 % and with potassium nitrate 6.0 %. 

Effects of calcium sulphate 
In tomatoes, peppers and cauliflowers, no clear effects were found by the ap-
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plication of calcium sulphate to the soil. Lettuce, endive, beans and spinach on the 
other hand showed clear effects. Some of the results have already been published 
in a previous report (van den Ende and Sonneveld, 1968). 

Discussion 

A low osmotic pressure of the soil solution appears to be beneficial for most of the 
crops tested. Growth and yield increase the lower the osmotic pressure. However, 
there must be a limit. The soil must contain sufficient nutrients which means that 
the osmotic pressure of the soil solution should not fall below a certain value. 
However, in the case of tomatoes a higher osmotic pressure than is necessary for 
the nutrition of the plant is often desirable. This experiment has shown again that 
with the tomato crop a low osmotic pressure may affect the quality of the fruits. 
The level to which the osmotic pressure should be raised is determined to a large 
extent by the environmental conditions of the crop (van den Ende, 1962). 

Tipburn in lettuce may also be prevented by raising the osmotic pressure of the 
soil solution. However, in this case the osmotic pressure would have to be raised 
to such high levels that the result would be a very slow growing crop and coarse 
produce. It is therefore better to combat tipburn in lettuce by keeping the osmotic 
pressure of the soil solution at a low level. The effect of the osmotic pressure on 
tipburn may probably be explained by the calcium uptake of the crop. Several 
research workers have found a relationship between tipburn and calcium deficiency 
(Ashkar & Ries, 1971; Kruger, 1966; Thibodeau & Minotti, 1969). The incidence 
of the disorder on saline soils is probably also the result of low calcium uptake. 
The decrease in the disorder at very high salt concentrations is probably the result 
of a relatively better calcium supply of the young leaf as a result of the slower rate 
of growth (Geraldson, 1957). Increasing the osmotic pressure by the application 
of sodium chloride resulted in more tipburn than with the use of potassium nitrate. 
This is confirmed by other research work in which it was found that the sodium 
ion promotes tipburn more than the potassium ion (Sonneveld & van den Ende, 
1975). 

On the whole, the osmotic pressure of the soil solution was a better indicator 
of the crop development than the osmotic pressure of the leaf sap. A possible ex
planation for this is that the osmotic pressure of the leaf sap is only partly deter
mined by the salts contained in the sap. 

A good assessment of the osmotic pressure of the soil solution may be obtained 
by determining the conductivity of the saturation extract. We, as well as other 
research workers, have used this extract for many years (Arnold Bik, 1970; Massey 
& Winsor, 1968; Winsor et al., 1963). The preparation of the saturation extract 
is very laborious for routine soil-testing purposes, which is why a method was 
developed at our research station which is less laborious and in which the analytical 
results are closely correlated with those obtained with the saturation extract (Son
neveld & van den Ende, 1971). 

With the determination of the osmotic pressure of the soil solution, divergent 
values may be obtained as a result of the salt distribution in the soil and the method 
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of sampling. Particularly in the glasshouse soils large differences may occur in the 
distribution of salts in the horizontal as well as the vertical plane. Vertical differ
ences for example occur if little water is applied and the salts accumulate in the 
top few inches of the soil. Horizontal differences are often the result of the use 
of irrigation systems, such as trickle irrigation and strip irrigation which apply 
water to certain areas of the soil only (van den Ende & De Graaf, 1974). 

Mentioned variations in the osmotic pressure of the soil solution have an effect 
on the relationship found between the yield and the conductivity of the saturation 
extract. The result of this is that varying data may be obtained in experiments. In 
our experiment, beans were shown to be not particularly salt-sensitive, whilst the 
crop is described as salt-sensitive by most research workers (Hayward & Bernstein, 
1958). In our case the beans received little water which caused the salts to accu
mulate in the top soil. The response of the crop will have been mainly to the lower 
soil layers which contained lower salt levels. As the top layer was sampled for the 
determination of the conductivity of the saturation extract, it is likely that the 
assessment of the osmotic pressure of the soil solution was too high. 

Besides the osmotic effect of the salts on beans, an important specific effect of 
sodium chloride was found. The high salt sensitivity of beans appears to be based 
to a large extent on specific ion effects. 
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The effect of some salts on head weight and tipburn of lettuce 
and on fruit production and blossom-end rot of tomatoes 

C. Sonneveld and J. van den Ende 

Glasshouse Crops Research and Experiment Station, Naaldwijk, the Netherlands 

Summary 

In an experiment with tomatoes and lettuce grown in containers various salts were 
added to the irrigation water. Binary salts were added in quantities of 12% and 
25 mmol and tertiary salts in quantities of 8Vs and 162/3 mmol per litre water. The 
tomato yield was reduced by 16 % at the low salt level and by 28 % at the high 
salt level. The yield reductions for lettuce were 11 and 26 %, respectively. No 
significant differences were found in tomato yields as a result of the various salts. 
Sodium bicarbonate gave a greater yield reduction in lettuce than the other salts. 

The incidence of tipburn in lettuce was influenced by the different salt treat
ments. Calcium chloride reduced tipburn but most other salts, in particular sodium 
bicarbonate, increased the disorder. Some blossom-end rot occurred in tomatoes 
as a result of the salt applications. Magnesium chloride resulted in more blossom-
end rot than the other salts. 

The soil was analysed at regular intervals by means of the saturation extract. 
Low calcium and magnesium figures were obtained after the application of sodium 
bicarbonate. The uptake of nutrients in the different treatments was determined 
by the analysis of leaf and fruit samples. The application of the different salts was 
clearly reflected in the chemical composition of the crop. 

Introduction 

Almost all crops grown under glass are salt sensitive. High salt concentrations in 
the soil result in reduced growth and yield. Yellowing, leaf scorch and other 
physiogenic disorders may also occur, often causing a reduction in the quality of 
the harvested produce. The main cause of salt damage is usually the osmotic effect. 
In other words, the damage is mainly the result of reduced availability of soil 
moisture. However, sometimes the damage on saline soils may be caused to a large 
extent by the specific effect of one ion or another. In these cases the damage is 
partly the result of either the uptake of toxic quantities of a certain ion or the in
adequate uptake of an essential nutrient element. Extensive research has been 
carried out at the Naaldwijk Research Station, directed in particular at the osmotic 
effect of salts on glasshouse crops. Specific ion effects were also found during these 

* Publikatie van het Proefstation voor de Groenten- en Fruitteelt onder Glas te Naaldwijk 
No 203. 
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investigations. For example, tipburn in lettuce proved to be closely related to the 
sodium chloride concentration and less so with the total salt concentration. 

To obtain more information about specific ion effects in horticultural crops, an 
experiment was started in 1971 in which the effects of various salts were compared. 
The results for lettuce and tomatoes are reported in this publication. 

Methods 

Experimental design 
The experimental crops were irrigated with water to which various salts has been 
added. The salts were divided into two groups. One group consisted of salts with 
the same anion but different cations. The reverse was true for the other group. A 
control treatment was included in both groups. The following salts were compared: 
cation group anion group 
NaCl NaN03 

KCl NaCl 
CaCl, Na9S04 

MgCL, NaHC03 

The binary salts were added in concentrations of 12% and 25 mmol and the ter
tiary salts in concentrations of 8Vs and 162/s mmol per litre water. The total ion 
concentration of the irrigation water was therefore the same in all cases. 

The salts were added to tap water which itself contained about 4% meq Na+, 
6 meq Ca2+, 1 meq Mg2+, 3 meq H CO.- , 2% meq S O / - and 6 meq CI - per litre. 

A nutrient solution was added in a concentration considered optimal for the 
development of the crop. Overhead irrigation was used for lettuce and low-level 
irrigation for tomatoes. 

The treatments were in four replicates. An experimental plot consisted of two 
containers with a surface area of 50 by 50 cm and a depth of 50 cm. A gravel layer 
on the bottom of the container provided for drainage of surplus water. The experi
ment was carried out in an unheated Venlo block. The soil was a light calcareous 
loam with about 5 % organic matter. 

Growing conditions 
The experiment included two tomato and four lettuce crops. Two tomato or four 
lettuce plants were grown in each container. The tomatoes were planted at the end 
of April and cleared at the end of September. Three of the lettuce crops were grown 
in the period January/February to March/April. The fourth lettuce crop was 
planted at the end of September and harvested mid-November. Water was applied 
regularly and the soil moisture tension was therefore low, usually 40 to 50 mmHg 
(5332 to 6665 Pa). Higher values were obtained from time to time with tomatoes. 
The quantity of irrigation water was such that some leaching of salts occurred 
during the cropping season. Once a year the soil was thoroughly leached with 200 
to 300 mm of water after the main crop had been cleared. For this purpose water 
was used to which salts had been added according to the salt treatments of the 
plots. 
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Soil testing 
With both tomato crops the soil was sampled and analysed half way through the 
cropping season. With lettuce the soil was also sampled twice immediately after 
the crop had been harvested. The soil samples were taken from the upper 25 cm 
of the profile. The soil was dried and the main cations, anions, the pH, and the 
electrical conductivity were determined in the saturation extract. The phosphate 
content was expressed in mg P per litre, the other ions in meq per litre and the 
conductivity in mmho ( = mS = m.Q-1) per cm at 25 °C. 

Tissue analysis 
Crop samples were collected from one tomato and two lettuce crops. In the case 
of tomatoes samples of mature fruits and young fully grown leaves were taken three 
weeks after the start of picking. The lettuce samples consisted of whole heads taken 
at harvest. The samples were dried and analysed for chloride, sodium and the main 
nutrient elements. 

Results with tomatoes 

Yield 
The results obtained with the two tomato crops were consistent and they have 
therefore been averaged (Table 1). The salts in the irrigation water have clearly 
affected yield. However, the differences in yield between the different salts were 
small. Statistically significant differences could only be demonstrated within the 
anion group. The application of sodium chloride gave a slightly lower yield and the 
application of sodium bicarbonate a slightly higher yield than the other salts. 

The differences in yield were caused by both differences in the number of har
vested fruits and in the average fruit weight. 

Table 1. Average yield of two tomato crops in kg per plant. 

Salts 

NaCl 
KCl 
CaCl2 

MgCl2 

Average 

Control 

Concentration1 

1 

5.49 
5.37 
5.37 
5.52 

5.44 

2 

4.52 
4.34 
4.49 
4.72 

4.52 

average 

5.00 
4.86 
4.93 
5.12 

4.98 

6.52 

Salts 

NaNOg 
NaCl 
N a 2 S 0 4 

NaHCOs 

Average 

Control 

Concentration1 

1 

5.28 
4.93 
5.41 
5.58 

5.32 

2 

4.67 
4.52 
4.75 
4.88 

4.70 

average 

4.98 
4.72 
5.08 
5.23 

5.01 

6.31 

1 Concentration 1: 12Va mmol/1 water for binary salts, 8Vs mmol/1 water for tertiary salts. 
Concentration 2: 25 mmol/1 water for binary salts, 162A) mmol/1 water for tertiary salts. 
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Table 2. Tomatoes with blossom-end rot and uneven ripened fruits (%). 

Treatment 

Control 
Concentration 1* 
Concentration 2* 

Blossom-end rot 

0.0 
0.3 
1.4 

Uneven ripened 

1.5 
0.4 
0.3 

* See footnote to Table 1. 

Blossom-end rot and uneven ripening 
Blossom-end rot and blotchy ripening were not very prevalent. Blotchy ripening 
occurred mostly in the first year and blossom-end rot in the second year. The per
centage affected fruits, averaged for both years, is shown in Table 2. An increase 
in the salt concentration of the irrigation water encouraged blossom-end rot and 
discouraged blotchy ripening. The percentage of fruits affected by blossom-end 
rot was relatively high at the high magnesium chloride concentration (4.1 % ) . 
Otherwise there were no great differences in the appearance of the fruits. 

Results with lettuce 

Yield 
The weight of the heads was consistent for the different crops and the averages for 
the four crops are shown in Table 3. Increased salt concentrations resulted in lower 
head weights. Generally sodium bicarbonate proved to be more harmful than the 
other salts, particularly at the high concentration. Significant differences were 
hardly found between the other salts. 

Table 3. Average yield of four lettuce crops (g per head). 

Salts 

NaCl 
KCl 
CaCl2 

MgCl2 

Average 

Control 

Concentration1 

1 

251 
258 
244 
248 

250 

2 

218 
210 
218 
203 

212 

average 

234 
234 
231 
226 

231 

279 

Salts 

NaNO : ! 

NaCl 
Na 2 S0 4 

NaHCO : i 

Average 

Control 

Concentration1 

1 

255 
249 
252 
235 

248 

2 

222 
198 
218 
170 

202 

average 

238 
224 
235 
202 

225 

282 

1 See footnote to Table 1. 
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Fig. 1. 'Normal tipburn' of lettuce. 

Tipburn 
Tipburn occurred in all four lettuce crops; the symptoms are illustrated in Fig. 1. 
They have been described as 'normal tipburn' by Termohlen & van der Hoeven 
(1965) and Roorda van Eysinga & Smilde (1971). Average assessments of the 
degree of tipburn are shown in Table 4. The effects of the various salts on tipburn 
were consistent in the four lettuce crops. Most of the salts caused an increase in 
tipburn, particularly sodium bicarbonate. Potassium chloride did not increase tip-
burn and calcium chloride prevented the disorder almost completely. 

The high concentration of sodium bicarbonate caused more severe tipburn than 
the low concentration. The opposite effect was obtained with potassium chloride. 
The effects of concentration of the other salts varied with the different crops. 

Table 4. Average index figures for tipburn of four lettuce crops. 1-3 light; 4-6 moderate, and 
7-10 severe symptoms. 

Salts 

NaCl 
KCl 
CaCl2 

MgCl2 

Average 

Control 

Concentration1 

1 

3.2 
2.3 
0.4 
4.6 

2.6 

2 

2.8 
1.4 
0.2 
4.8 

2.3 

average 

3.0 
1.8 
0.3 
4.7 

2.4 

1.7 

Salts 

N a N 0 3 

NaCl 
N a 2 S 0 4 

NaHCOs 

Average 

Control 

Concentration1 

1 

3.9 
2.8 
3.8 
4.9 

3.8 

2 

3.4 
2.6 
4.2 
7.6 

4.4 

average 

3.6 
2.7 
4.0 
6.2 

4.1 

1.6 

1 See footnote to Table 1. 
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Fig. 2. Yellowing and leaf scorch 
of the older leaves of lettuce 
caused by high sodium bicarbo
nate concentrations. 

Sometimes tipburn was more severe at the high concentrations and at other times it 
was more severe at the low concentration. Apart from causing severe tipburn, the 
high level of sodium bicarbonate sometimes resulted also in yellowing and leaf 
scorch of the older leaves (Fig. 2). 

Table 5. Analytical data of saturation extracts. The electrical conductivity (E.C.) is given in 
mmho/cm at 25 °C, the phosphate in mg P per litre and the other ions in meq per litre. 

Treatment1 

Control 
NaCl 1 

2 
KCl 1 

2 
CaCl2 1 

2 
MgCl2 1 

2 

Control 
N a N 0 3 1 

2 
NaCl 1 

2 
N a 2 S0 4 1 

2 
NaHCOs 1 

2 

Na+ 

10.9 
34.2 
47.7 
10.6 
10.2 
11.6 
10.2 
10.4 
9.4 

11.3 
36.3 
54.7 
32.9 
47.4 
41.0 
65.8 
35.2 
43.5 

K+ 

3.7 
4.3 
4.1 

22.2 
41.7 
4.4 
4.5 
4.3 
5.1 

4.0 
4.6 
5.3 
3.7 
4.3 
4.4 
4.9 
4.1 
4.0 

Ca2+ 

17.3 
18.3 
16.5 
20.9 
21.0 
48.4 
65.0 
22.7 
23.9 

17.7 
17.5 
18.2 
16.5 
13.1 
19.6 
19.2 
7.7 
3.9 

M g 2 + 

9.2 
10.0 
7.7 

10.6 
10.2 
13.3 
11.9 
32.9 
52.5 

9.9 
9.2 
9.4 
8.0 
7.9 

10.0 
9.8 
4.8 
2.8 

NH4+ CI 

0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.1 

0.3 
0.2 
0.2 
0.2 
0.3 
0.3 
0.3 
0.3 
0.4 

11.1 
36.4 
49.5 
33.6 
53.0 
46.1 
64.9 
41.8 
62.7 

11.8 
17.2 
11.5 
32.9 
44.9 
10.3 
10.1 
12.8 
12.2 

N O 3 -

8.7 
8.7 
9.0 
8.8 
8.8 
8.9 
9.7 
9.6 
9.3 

9.6 
29.8 
55.7 
8.3 

12.0 
7.8 
8.8 

11.0 
13.0 

S04
2~ 

19.5 
20.9 
16.7 
21.2 
18.1 
21.0 
15.8 
17.6 
18.2 

19.5 
18.3 
18.8 
17.6 
13.4 
51.5 
79.2 
24.2 
21.5 

HCO 

1.9 
1.9 
1.9 
1.7 
1.9 
1.5 
1.4 
1.7 
1.8 

1.9 
2.2 
2.2 
2.0 
2.2 
2.4 
2.7 
3.9 
8.6 

3 P 

6.2 
7.7 
8.6 
7.7 
6.9 
3.4 
2.6 

11.0 
13.8 

7.2 
7.6 

10.3 
8.2 

10.5 
9.8 

12.5 
12.5 
21.9 

E.C. 

3.66 
6.00 
7.02 
6.22 
7.94 
6.64 
7.91 
6.26 
7.57 

3.81 
6.15 
7.40 
5.60 
6.67 
5.98 
7.56 
4.78 
4.96 

pH 

7.0 
7.2 
7.3 
7.3 
7.1 
7.3 
7.2 
7.1 
7.2 

7.1 
7.1 
7.3 
7.5 
7.3 
7.4 
7.5 
7.7 
8.1 

1 1 and 2 denote concentrations 1 and 2; see footnote to Table 1. 
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Results of soil analyses 

The results of the soil analyses were consistent and the averages are shown in 
Table 5. Application of the various salts in the cation group is clearly reflected in 
the results. In the anion group this is also the case with sodium nitrate, sodium 
chloride and sodium sulphate. However, application of sodium bicarbonate caused 
only a slight increase in the bicarbonate content of the saturation extract. This salt 
also reduced the calcium and magnesium contents. Apparently, the major part of 
the bicarbonate precipitated in the soil as calcium and magnesium carbonate. 

The phosphate content was clearly affected by calcium chloride and sodium 
bicarbonate. In the former case the phosphate content was appreciably lower and 
in the latter case higher than in the control treatments. This may be explained by 
the high and low calcium contents in the respective treatments. The conductivity 
reflected the salt applications very well. However, there was only a relatively small 
increase in conductivity as a result of sodium bicarbonate applications, especially 
at the high concentration. This was probably related to the precipitation of calcium 
and magnesium carbonate. 

The pH showed a relatively sharp increase as a result of the application of 
bicarbonate. With the other salts there was only a slight increase. 

Table 6. Analytical data of tomato leaves. Dry matter is expressed in % of the fresh material 
and the elements in % of the dry matter. 

Treatment1 

Control 
NaCl 1 

2 
KCl 1 

2 
CaCl2 1 

2 
MgCl2 1 

2 

Control 
NaNO : ! 1 

2 
NaCl 1 

2 
N a 2 S0 4 1 

2 
NaHCO : ! 1 

2 

Dry 
matter 

9.3 
9.1 
9.1 
9.7 
9.3 

10.2 
9.9 
9.8 

10.1 

9.6 
10.1 
10.5 
9.5 
9.3 
9.6 
9.7 

10.0 
9.8 

Na 

0.60 
1.54 
1.72 
0.43 
0.38 
0.27 
0.28 
0.35 
0.31 

0.59 
1.11 
1.78 
1.24 
1.52 
1.56 
2.09 
1.54 
1.71 

K 

3.67 
2.93 
2.71 
4.74 
6.70 
3.52 
3.71 
3.20 
2.81 

3.69 
3.47 
2.63 
2.95 
3.27 
3.21 
3.00 
2.93 
2.82 

Ca 

4.74 
5.04 
5.30 
4.56 
4.03 
6.00 
6.10 
4.64 
4.04 

4.34 
4.72 
4.84 
4.80 
4.66 
4.22 
4.22 
4.82 
3.73 

Mg 

0.83 
0.90 
0.87 
0.76 
0.72 
0.64 
0.72 
1.41 
2.31 

0.92 
0.70 
0.78 
0.80 
0.85 
0.74 
0.67 
0.71 
0.65 

P 

0.26 
0.26 
0.28 
0.26 
0.28 
0.22 
0.22 
0.29 
0.33 

0.28 
0.30 
0.29 
0.28 
0.29 
0.28 
0.32 
0.24 
0.30 

Cl 

2.60 
3.84 
4.24 
3.24 
4.20 
3.88 
4.08 
3.54 
3.75 

2.60 
1.95 
1.11 
3.58 
3.03 
2.14 
1.66 
2.06 
1.44 

N 

3.98 
4.11 
3.98 
4.18 
4.13 
3.57 
3.95 
3.80 
3.87 

4.00 
3.97 
4.38 
3.99 
3.92 
4.33 
4.45 
3.80 
4.07 

S 

1.25 
1.27 
1.43 
1.32 
1.07 
1.38 
1.05 
1.41 
1.55 

1.24 
1.47 
1.39 
1.36 
1.10 
1.42 
1.41 
1.41 
1.28 

1 1 and 2 denote concentrations 1 and 2; see footnote to Table 1. 
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ception was magnesium chloride. 
Greater variations were expected in the incidence of blossom-end rot as there 

were large differences in the calcium levels in the soil. Blossom-end rot is usually 
associated with calcium deficiency (Geraldson, 1957; Spurr, 1959), especially with 
calcium deficiency in the fruit (Wiersum, 1966). Hardly any blossom-end rot will 
occur if the calcium content of the fruit is in excess of about 0.08 % (Wiersum, 
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Results of tissue analyses 

The analytical results obtained from tomato leaves and fruits are shown in Tables 
6 and 7. The dry matter content of the fruits was increased by the salt applications, 
but this was not always the case with the leaves. The application of the various 
ca t i ons wa s c lear lv ref lected in inr.reaKP.ri IP.VPI« in thp IPÜVPC T h p cnHiiim m n t o n t 
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1966; Ward, 1973). The crop analyses showed that the calcium content of the 
fruits was higher than this in all treatments. 

Despite the very low calcium status of the soil in the sodium bicarbonate treat
ments, the calcium content of the fruits was still sufficiently high. This was proba
bly the result of the relatively low salt concentration of the soil solution in these 
treatments. According to Wiersum (1965), a low concentration of the soil solution 
is beneficial for the transport of calcium to the fruit. The more severe incidence 
of blossom-end rot with the high concentration of magnesium chloride is difficult 
to explain. The calcium content of the fruits with this treatment was not lower than 
with the other treatments. 

As far as yield is concerned, lettuce appears to have a specific sensitivity to sodi
um bicarbonate. The yield reduction was much greater if this salt was applied than 
with any of the other salts. The occurrence of tipburn in lettuce showed wide 
variations according to the salts applied and there was a clear relationship with the 
calcium supply to the crop. This relationship has also been found by others (Ashkar 
& Ries, 1971; Kruger, 1966; Thibodeau & Minotti, 1969). The fact that tipburn 
also occurred with the control treatments proves that the tipburn risk exists even 
with a slight imbalance in the relationship of the ions. An adequate supply of cal
cium to the roots is therefore not always sufficient if the transport of calcium to 
the young leaves is not satisfactory (Thibodeau & Minotti, 1969). In such cases 
calcium sprays may be effective for the prevention of tipburn (Kruger, 1966; 
Thibodeau & Minotti, 1969). The good effects of calcium chloride in our experi
ment may be the result of a satisfactory calcium supply via the roots as well as via 
the leaves, as the crop was given overhead irrigation. However, the severe tipburn 
obtained with the sodium bicarbonate treatment is an indication that the ion 
relationship of the soil solution played a major part in the incidence of tipburn. 
The same conclusion may be drawn from the fairly severe cases of tipburn obtained 
with the application of other sodium salts and magnesium chloride. It is interesting 
that the application of potassium chloride did not encourage tipburn. 

Several research workers (Ashkar & Ries, 1971; van der Kloes, 1952) have 
suggested that tipburn of lettuce is encouraged particularly by large nitrogen dres
sings. In our experiment there was not much difference between the sodium nitrate 
treatments and the treatments with other salts. However, tipburn is stimulated more 
by ammonium than by nitrate (Leh, 1970; Wiebe, 1967). The reason for this is 
probably a reduced calcium uptake in the presence of ammonium (Barker & 
Maynard, 1972; Wilcox et al., 1973). 
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C02 from gas-fired heating boilers - its distribution and 
exchange rate 

N. van Berkel 

Glasshouse Crops Research and Experiment Station, Naaldwijk, the Netherlands 

Summary 

C0 2 measurements were carried out on two tomato and two chrysanthemum nur
series on which COä generated by the gas-fired heating boilers was used for C0 2 

enrichment. The C0 2 contents may vary a great deal in the course of a day, from 
300 to 6000 ppm. Where a main duct with lay flats (perforated plastic tubes) was 
used, the C0 2 gradients were measured along the plastic tubes. This system of 
distribution was shown to give fewer variations than the more primitive system of 
a main duct with holes through which the C0 2 is fed into the glasshouse. The latter 
system produced a more pronounced gradient with tomatoes than with chry
santhemums. 

No differences were recorded in the C0 2 contents at various heights in the glass
house. Only in the case of chrysanthemums where a main duct with lay flats was 
used could a difference be found in the C0 2 levels in and outside the beds. 

Calculations were made of the exchange rates of glasshouse air with the ven
tilators closed. A close relationship was found between the exchange rates and the 
wind speed. The exchange rates varied from 0.2 to 1.4 times per hour. Opening 
of the ventilators caused a sharp decrease in the CO, content. Relatively the stron
gest effect was noted for the first few centimetres of opening the ventilators. 

Introduction 

Since the end of 1971, Dutch growers have been changing over wholesale from 
atomising paraffin burners for C0 2 enrichment to gas-fired boiler installations. The 
switch is taking place simultaneously with the change-over from oil to natural gas 
for heating purposes. 

Instead of using a decentralized system of separate burners growers are now 
using central boiler installations which provide heating as well as C02 . Part of the 
boiler combustion gases is extracted with the aid of a primary fan. A secondary 
fan adds air to the combustion gases and feeds the gas mixtures which contains 
2 to 3 % C0 2 into the main duct which runs from the boiler house to the glass
houses. Further distribution takes place via lay flats (perforated plastic tubes) 
which run at right angles to the main duct into the glasshouses. 

* Publikatie van het Proefstation voor de Groenten- en Fruitteelt onder Glas te Naaldwijk 
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COo FROM A GAS-FIRED HEATING BOILER 

When the new distribution system was introduced, the question cropped up 
whether a network of lay flats was really necessary. Would not openings in the 
main duct serve the same purpose which would be much more convenient for 
lettuce and flower crops. Older questions like 'what is the vertical C0 2 distribution 
in the glasshouse' and 'what is the effect of ventilation' were also being asked again. 

To find answers to these questions, C0 2 measurements were carried out on two 
commercial tomato and chrysanthemum nurseries, with the aid of self-registering 
measuring apparatus. 

Materials and methods 

In 1973 and 1974, the C0 2 levels were measured in 4 glasshouses on 4 nurseries. 
The houses were of the multispan type with a bay width of 3.2 m, a gutter height 
of about 2.5 m and a ridge height of about 3 m. Two of the houses were used for 
growing tomatoes, the other two for chrysanthemums. In the tomato houses the 
plants were spaced at 45 cm in the row and 80 cm between the rows. The heating 
pipes were installed below the gutters and the ridge at a height of 30 to 60 cm. 

The chrysanthemum plants were grown in beds of 1.25 m wide, separated by 
paths of 0.35 m wide, and at a plant density of 58 to 62 plants per m2. The heating 
pipes were installed at a height of 1.8 m below the gutters only. 

The C0 2 was transported via one main duct suspended above the main central 
path, or via two main ducts running along opposite gables (Fig. 1). Further dis
tribution took place via a number of 35 m long lay flats, running from the main 
duct into the glasshouse at a spacing of one tube to each bay. 

The lay flats were removed if unrestricted C0 2 distribution was required. In that 
case the gas moved from the main duct openings into each glasshouse bay in a 
horizontal direction. If necessary, short, flexible laterals were fitted to the main 
duct so that the gas stream could be directed amongst or over the crop. 

The C0 2 levels were measured with two IRGA's, each having six measuring 
points. The results were registered by a recorder. The measuring points for the 
horizontal measurements were just above the crop, at a height of 1.8 m for toma-

/wwYYYwyyww^ 
[ t-span 
I— main T^ opening,closed 

opening,open J 
lay flat ! 
measuring points 

vertically i — 
horizontally — 

central pathway 

$H 

4 A 6 

Neth. J. agric. Sei. 23 (1975) 

Fig. 1. Plan of a distribution sys
tem consisting of two main ducts 
with lay flats (perforated plastic 
tubes), showing the position of the 
CO2 measuring points. An alterna
tive system may be obtained by in
stalling one main duct above the 
central pathway, instead of two 
main ducts along the gables. 
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measured by us is certainly to a large extent the result of decreasing C0 2 supply at 
increasing distances from the main duct. Nevertheless, the reduction is often much 
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