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Introduction

In the Netherlands cucumber and gherkin (or pickling cucumber),
both belonging to the species Cucumis sativus L., are cultivated in
glasshouses.

Cucumbers (total area 800 ha) are mainly grown in hothouses on
straw bales or on hotbeds of strawy farmyard manure or fresh town
refuse. The fruits are parthenocarp. Sporu, a semi-spiny hybrid, is
the most widely grown variety.

Gherkins (total area 200 ha) are grown in unheated or slightly heated
glasshouses. Young plants are planted directly in the soil or some-
times in a bed of farmyard manure mixed with soil. Unlike cucumber,
for fruit setting of gherkins pollination is required. Levo, a F,-hybrid
with mainly female flowers, is the variety commonly grown in the
Netherlands.

This pubication intends to ke a guide in diagnosing nutritional
disorders (deficiencies, toxicities) in cucumber and gherkin crops by
visual symptoms and plant analysis, but correct diagnosis is often
only possible by including other methods, such as analysis of the
substrate and studies on the response to applied nutrients (Sprague,
1964; Wallace, 1964).

Malnutrition symptoms and nutrient levels in leaves and fruits of
cucumber are very similar to those of gherkin. So descriptions apply
to both crops, unless otherwise stated. Studies on toxicities have been
restricted to those caused by excessive levels of nutrients in the sub-
strate.

Colour plates (from slides) and descriptions are given for nitrogen,
phosphorus, potassium, magnesium, calcium, sulphur, boron, copper,
manganese, molybdenum, iron and zinc deficiencies and for nitrogen,
boron, manganese and zince excess.

Mature leaves were taken for analysis from the middie of the stem,
1.25 to 1.50 m up. In commercial glasshouses these leaves were
sampled two weeks after picking began. It was not always possible
to follow the same sampling procedure with plants grown on peat
substrates because of less profuse growth. In waier culture experi-
ments the whole top was analyzed.

Causes of mineral disorders and control methods are reported briefly,
As many of the nutritional disorders to be described do not normally
occur in commercial glasshouses, they have been induced in peat
substrates (sphagnum) and water cultures (Smilde & Roorda van



Evsinga, 1968).

Although malnutrition symptoms may vary with variety, chemical
and physical composition of the substrate, and climate, the plates
and descriptions can be used for diagnosis.

To be certain that any disorder is nutritional, damage from pests and
diseases, pesticides and industrial emissions, drought and excess
moisture must be excluded.

In describing symptoms mention is made of the plant organ affected
(old or young leaf, stem, growing point), appearance of the plant
(dwarfing, branching, deformation), nature and pattern of the dis-
order (chlorosis, necrosis).

The concentrations of {nutrient) elements in fruits are tabulated in
the last section of the booklet. Values were collected from our trials
and from the literature. The figures are tabulated because fruits are
the edible parts of the plant. No important difference was found
between cucumber and gherkin.



Nitrogen deficiency in a Cucumbers ( Sporu) cultivated on
gherkin plant ( Levo) grown sphagnum peat; left: healthy;
on sphagnum peat. right: nitrogen-deficient.

Leaves of cucumber plants from a commercial glasshouse; left: healthy;
right: nitrogen-deficient.
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Nitrogen deficiency

Symptoms Growth is stunted and the foliage fades to yellowish green.
The discoloration is most pronounced in the lower leaves. Occasion-
ally the mesophyll around the main veins remains green for some
time contrasting with the vellow veins. Flowers are relatively large.
In severe deficiency the whole plant turns yellow to almost white;
cotyledons and lower leaves die, and younger leaves stop growing,
Cucumber fruits of variety Sporu were short, thick, light or grayish
green and spiny, whereas normal fruits were dark green and smooth.
Hoffman (1933), Dearborn (1936), Bradley et al. (1961), Sprague
(1964) and Anstett (1967) report short abnormally shaped, pale
yellow fruits pointed at their blossom ends.

Nitrate is a better indication of the nitrogen status of the plant than
Kjeldahl nitrogen. Nitrogen-deficient cucumber plants contained
0.19; nitrate-nitrogen in dry matter of leaves or less, healthy plants
0.1-1.6%. Nowosielski {1968) observed nitrogen deficiency in gherkin
plants with a leaf concentration of less than 0.1% nitrate-nitrogen.
Dearborn {1936) reported 0.03%; nitrate-nitrogen in nitrogen starved
gherkin plants and 0.06%7 in plants well supplied with this nutrient.

Incidence  Deficiency can be expected in young plants when cultivated
on straw bales or on hotbeds of strawy farmyard manure or fresh
town refuse and if insufficient nitrogen fertilizer is applied. Qlder
plants rarely show deficiency but occasionally symptoms occur on
coarse-textured sandy soils or peat substrates.

Control  Apply nitrogen at 1 kg per 100 m? soil (90 Ibjacre; 0.3
oz/yd?) as an inorganic fertilizer; on clay and organic soils the rate
may be doubled.

Spraying with a 0.5%7 solution of urea is less effective. Young plants
in pots can be supplied with 50-100 mg N per plant in a liquid form
(e.g. 2% calcium nitrate). To avoid leaf scorching fertilizer residues
should be removed with water.
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Phosphorus deficiency in
young cucumber plants
(Sporu) grown on
sphagnum peat.



Phosphorus deficiency

Svmproms  Plants are stunted but do not show definite symptoms.
Severe deficiency completely prevents growth; the younger leaves
are small, stiff and dark green. Large water-soaked spots including
both veins and interveinal areas appear in the cotyledons and older
leaves, and spread to the younger leaves. Affected leaves fade, the
spots turning brown and desiccating, The whole leaf shrivels, except
for the petiole, which remains turgid for some time. Successive stages
last only a few days.

Leaf phosphorus of deficient plants was 0.3%, P,O; in dry matter or
less. Leaves of healthy plants contained normally 0.8-1.7, and some-
times up to 2.3%, P.0.. Vogel & Weber (1932), Bradley & Fleming
(1960) and Ward (1967) report about the same values. Drews (1966)
found higher values in leaves of shoots. According to Anstett (1967)
deficiency is to be expected with values below 0.927. Bradley et al.
(1961) report 0.3%, P,O; in leaves of low-yiclding gherkin crops
grown in the open, and 0.7-1% P,O; in high-vielding crops.

Incidence Symptoms occur only in plants raised in sphagnum peat.
Growth may be reduced in new glasshouses on poor soils or in glass-
houses leveled with infertile subsoil, but only if neither phosphate
nor farmyard manure has been applied.

Conrrol  Apply, in two portions, 5 kg P,Q; per 100 m? soil (450
Ibfacre; 1.5 ozfyd®) as triple superphosphate or polyphosphate,
preferably in ample water. For young plants in pots use a 2% solution
of these fertilizers, supplying 100-200 mg P,0; per plant, Unless
wetting of the plants can be avoided, they should afterward be watered.



Leaf of a gherkin plant ( Leve), grown on sphagnum peat, showing potassium
deficiency.
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Potassium deficiency

Symptoms Growth is stunted, internodes remain short and leaves
smali. Leaves are bronzed and discoloured ycllowish green at the
margins; the main veins are sunken. At a later stage interveinal
chlorosis becomes more pronounced and extends towards the centre
of the leaf; it is followed by necrosis. Leaf margins desiccate but the
veins remain green for some time. Symptoms spread from the base
towards the top of the plant, the oldest leaves being worst affected.
Similar descriptions are given by Hoffman (1933), Sprague (1964}
and Anstett {1967). They all also mention irregular shaped fruits
(underdeveloped stem ends).

Leaves of plants with symptoms had 0.6%; K,O in dry matter; leaves
of low-yielding plants without symptoms contained up to 2.5% K,O;
healthy leaves had 3-6.5%] K,0. The concentrations reported by
Yogel & Weber (1932), Drews (1966), Anstett (1967) and Ward
(1967) are similar, those by Bradley & Fleming (1960) and Bradley
et al. (1961) somewhat lower.

Incidence Potassium deficiency is rare in commercial glasshouses in
the Netherlands. It might occur on potassium-fixing soils, light sandy
soils or on peat substrates if neither potash nor farmyard manure is
applied.

Contrel  Apply, in two portions, 10 kg K,O per 100 m? soil (900
lb/acre, 3 oz/yd?® as a potassium fertilizer; on light sandy soils the
amount should be halved. The crop may also be sprayed with a 224
solution of potassium sulphate but soil dressing is more effective.
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More severe magnesium deficiency (water culture).
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Magnesinm deficiency

Symptoms Older leaves show interveinal chlorosis proceeding from
the leaf edges inward. In moderate deficiency stems and leaves grow
normally. With more acute deficiency chlorosis spreads further, also
including the smaller veins, and becomes more intense; only the main
veins remain green, Sometimes chlorosis appears as large interveinal
sunken blotches. Eventually, necrosis occurs and leaves shrivel. The
symptoms spread from the older to the younger leaves and finally the
entire plant turns yellow. A similar description is given by Carclus
(1934) and Anstett (1967).

A type of chlorosis resembling magnesium deficiency sometimes
appears in cucumber grafted on Cucurbita ficifolia L., especially
after steam sterilization of the soil and with heavily bearing crops
(Van den Ende, 1958).

In deficient plants leaf magnesium was found to be 0.37%, MgQO in
dry matter, as against 1-2.2%7 in healthy plants. Vogel & Weber
(1932), Drews (1966), Ward (1967) and Anstett (1967) report similar
values. Carolus (1934) found 0,77 and 1.28%{ MgQ in young and old
leaves, respectively, of healthy gherkin crops and 0.36 and 0.21%
MgO in leaves of deficient crops.

Incidence Magnesium deficiency may be observed on various soils
if organic manuring has been neglected. Factors promoting the dis-
order are low pH and, probably, heavy potash or inadequate nitrogen
dressings. It occurs most severely near the walls of glasshouses. In
gherkins grown in the open, magnesium deficiency is particularly
observed in cool rainy summers (Koomen et al., 1962).

Control  Apply kieserite, dolomitic limestone or ample farmyard
manure to prevent it. In acute deficiency apply, in two porticns,
3-4 kg MgO per 100 m? soil (270-360 1b/acre, 0.9-1.2 0z/vd?) as Epsom
salt. On coarse-textured sandy soils the amounts should be smaller
to avoid scorching. High or low volume spraying with a 2% or 109
solution of Epsom salt is more effective than soil application. With
grafting chlorosis special attention should be paid to proper application
of manure and water.
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Calcium deficiency in the top of a cucumber plant ( Sporu) grown in water
culture.

More severe calcium deficiency (water culture).



Calcium deficiency

Symproms The youngest leaves show transparent white dots near
the edges and between the veins. An interveinal chlorosis gradually
increasing in severity appears in most leaves; the main veins stay
green. Growth is stunted and internodes are short, especially near
the apex. The youngest leaves remain very small, their edges are
deeply incised and curled upwards. Later they shrivel from the edges
inwards. Older leaves curve downwards. In severe deficiency petioles
are brittle and leaves shed easily. Buds abort and finally the plant
dies back from the apex. The dead tissues are grayish brown. Accord-
ing to Hardh (1957) flowers are smaller than normal and pale yellow;
fruits remain small, and are furrowed and tasteless.

It is well known that Cucurbitaceae absorb much calcium (Wilkins,
1917). The authors of the present study found 3.3%7 Ca0O in leaf dry
matter of plants with symptoms, 6% CaO or less in low-yielding
crops without symptoms and 8-16%; CaO in normal crops. Vogel &
Weber (1932) and Ward (1967) report somewhat lower concentrations
which may be attributed to the age of the leaf sampled (Ward, 1967).

Incidence Calcium deficiency may occur on soils whose calcium
reserves have been depleted by leaching and also on sphagnum peat,
used for raising young plants, unless lime is added.

Conrrol  Lime sphagnum peat substrates with 4 kg calcium carbonate

per m® In acute deficiency spray with a 1% solution of calcium
nitrate (0.7%7 if anhydrous calcium nitrate is used).
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Sulphur deficiency in a cucumber plant (Sporu) grown in water culture.
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Sulphur deficiency

Symptomns  Plant growth is restricted. Leaves remain small, particu-
larly the younger ones, bend downwards and arc pale green to
yellow. Unlike nitrogen deficiency, yellowing is least pronounced in
older leaves. Margins of younger leaves are markedly serrate.

The authors found 0.06°%; S in leaf dry matter of sulphur-deficient
plants and 0.6-0.7%4 in healthy plants.

Incidence  To our knowledge sulphur deficiency has not been re-
ported in commercial glasshouses. It might occur far from industrial

centres if only sulphur-free fertilizers are used (Sprague, 1964).

Conrrol  Apply sulphur-containing fertilizers.
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Dead bud of boron-deficient cucumber plant ( Sporu) grown on sphagnum peat.

Boron deficiency in leaves of a cucumber plant ( Sporu) grown in water culture.
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Boron deficiency

Symptoms The apex, comprising the growing point and the youngest
unexpanded leaves, curls up and dies, the dead tissues looking
grayish. Axillary shoots also wither soon. Somewhat older leaves
are cupped upwards and stiff, and in severe deficiency, mottled
between the veins. Shoots thus stop growing altogether, giving the
plant a stunted appearance. Zavali§na (1955) mentions abnormal
cambium activity and reduction in the number of stomata on the
lower sides of the leaves. According to Quillon (1968) an adequate
boron supply promotes the percentage of female flowers.

Leaves of boron-deficient gherkin and cucumber plants contained
1l and 20 ppm B, respectively, in dry matter. Healthy cucumber
plants contained 40-120 ppm B. Bergmann et al. (1965) report 50
ppm B in leaves of healthy plants. Comparison is semewhat difficuit,
however, as these authors analyzed edges and the rest of the leaf
separately, Everett (1964) found 26 ppm B in leaves of gherkin plants
not supplied with trace elements, and 46-65 ppm in plants which
received these nutrients.

Incidence Boron starvation in cucumber and gherkin crops is un-
known in Dutch commercial glasshouses. It might occur on sandy
soils after liming unless farmyard manure is applied. Symptoms may
also be induced by excessive liming and insufficient watering of plants
grown on sphagnum peat. According to Zavalidna (1955} deficiency
is more likely in spring than in autumn, probably because of a
difference in light intensity.

Control Spray a 0.25%; solution of borax (Quillon, 1968) and
distribute evenly 200 g borax per 100 m?® soil (18 Ib/acre; 0.06 oz/yd?).
Sphagnum peat should receive 10 g borax per m® for cucumbers
{Roorda van Eysinga, 1965) and 5 g for gherkins (Sanna, 1967).
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Copper deficiency in a cucumber plant (Sporu) grown in water culture.
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Copper deficiency

Symiptoms Plant growth is restricted. Internodes are short, giving
the plant a bushy appearance. Especially the younger leaves remain
small, Interveinal chlorotic biotches may appear in older leaves, but
there is not the fine chlorotic pattern typical of iron and manganese
deficiency. Later the leaves turn dull green to bronze, necrosis
develops and the entire leaf withers. Chlorosis proceeds from the
older to the younger leaves.

Leaves of copper-deficient plants contained 2 ppm Cu in dry matter
and of healthy plants 7-10 ppm.

Incidence Copper deficiency is unknown in commercial glasshouses
in the Netherlands. It might occur on sphagnum peat substrates if
no copper fertilizer has been applied.

Conire!  Add 10 g copper sulphate or 150 g copper slag (1.5%; Cu)

per m? to peat substrates as a precaution. Copper sulphate may be
sprayed at concentrations up to 0.1%.
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Leaf of a manganese-deficient gherkin plant from a commercial glasshouse.

Manganese deficiency in a cucumber (Sporu) grown in water culture.
g , 4 (D g
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Manganese deficiency

Svmproms  Yellowish interveinal mottling develops either in terminal
or young leaves. At first even the smallest veins remain green,
producing a fine reticular green pattern on a yellow background.
Later, all the mesophyll except the main veins, turns yellow to
yellowish white, and sunken necrotic spots develop between the veins.
Older leaves turn palest and di¢ first. Shoots are severely stunted and
new leaves remain small. These symptoms are similar to those
described by Sprague (1964).

Leaves of manganese-deficient plants contained !2 ppm Mn in dry
matter, whereas healthy plants had 100-300 ppm. Finck (1954) men-
tions 10 and 18 ppm Mn for chlorotic and green gherkin leaves,
respectively. Everett (1964) mentions 15 ppm Mn for gherkin leaves
from plants without and 110-216 ppm Mn for plants with trace
elements applied.

Incidence  Deficiency occurs on some calcareous loam and clay soils
and on excessively limed sand and peat soils.

Control High or low volume spraying with a 0.15% or 1% solution
of manganese sulphate, respectively.

Application of 5 kg manganese sulphate per 100 m? soil (450 Ibjacre;
1.5 oz./yd?), together with sulphate of ammonia or peat moss, is also
possible, though less effective in curing manganese deficiency.
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Molybdenum deficiency
in a cucumber plant

( Sporu) grown on
sphagnum peat.

Note the pale

lower leaves.

Leaves of cucumber plant (Sporu) grown on sphagnum peat; left healthy;
right molybdenum-deficient.
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Molybdenum deficiency

Symptoms The green colour of older leaves fades, particularly
between the veins. Later, leaves turn pale green but for some green
patches, 0.25-2 ¢m across, which include both veins and interveinal
arcas. Eventually, leaves turn yellow and die. These symptoms start
in lower leaves and spread upwards, the youngest ones remaining
green. Growth is rather normal but flowers are small. Blake (1959)
gives a rather similar description.

The authors found 0.3 ppm Mo or less in leaf dry matter of molyb-
denum-starved plants and 0.8-3.3 ppm in healthy ones.

Incidence Molybdenum deficiency is unknown in Dutch commercial
glasshouses. On sphagnum peat the disorder may be induced by
insufficient liming and by applying ample nitrogen as nitrate.

Contrel  Apply 5 g ammonium or sodium molybdate per m? sphag-
num peat as preventive. To cure deficiency, apply 15 g molybdate
fertilizer per 100 m? soil (1.35 lb/acre) in ample water or spray a
0.1%4 solution of molybdate fertilizer; according to Blake (1959) a
0.07% solution should be used.
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Leaves of cucumber plants ( Sporu) ; left healthy; right iron-deficient.
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Iron deficiency

Svimproms The youngest leaves exhibit a fine pattern of green veins
on yellow leaf tissue. At first plants grow normally, In more advanced
stages chlorosis spreads to the veins, first the smaller ones; affected
leaves turn lemon-yellow to yellowish white. Shoots stop growing
and necrosis appears at the edges of leaves that have lost chlorophyll
completely. Unlike manganese deficiency, the voungest leaves are
affected most and symptoms proceed from top to base. Axillary
shoots and fruits also turn lemon-yellow.

The authors found 63 and 120-420 ppm Fe in dry matter of leaves
of iron-deficient and healty plants, respectively, According to Will
(1967) symptoms occur with values in the plant lower than 30 ppm Fe.
Everett (1964) reports 15 ppm Fe for gherkin plants without and
108-280 ppm Fe for plants with trace elements applied.

Incidence Deficiency may be expected on calcarcous soils with a bad
structure. According to Will (1967} the disorder is promoted by a
high phosphate status of the soil.

Control  As a cure, apply chelates: 5-10 g Fe-EDDHA per m?
(0.15-0.30 oz/yd?) or 12-20 g Fe-DTPA per m? soil (0.35-0.60 oz/yd?).
Will (1967) recommends spraying with a 0.02-0.05°% solution of
Fe-EDTA every three or four days.
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Zinc deficiency in the top of a cucumber plant ( Sporu) grown in water culture,

Leaf of
a zinc-deficient cucumber plant ( Sporu)
grown in water culture.




Zinc deficiency

Symptoms Slight interveinal mottling appears in older leaves, the
pattern being coarser than in iron and manganese deficiency. Symp-
toms spread from older to younger leaves but are not severe; necrosis
is not obvious, As top internodes stop growing, upper leaves are close
together giving the plant a somewhat bushy appearance.

Leaves of zinc-deficient plants contained 9 ppm Zn in dry matter;
leaves of healthy plants had 90-150 ppm.

Incidence Zinc deficiency is unknown in the Netherlands. The
authors know no published reports on this disorder in cucumber or

gherkin plants.

Contrel Spraying a solution of up to 0.5%] zinc sulphate.
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Cucumber ( Sporu) leaf burn caused by too heavy an application of ammonium
nitrate limestone.

Detail of leaf burn in cucumber.
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Excess nitrogen

Symiproms Plants are dark green and growth is reduced. Middle
and older leaves are curved and petioles droop slightly. Transparent
spots between veins or at the edges coalesce and turn yellow to
brownish grey. Affected leaves and petioles wilt, the older leaves
first. Fruits are smaller than usual. In acute cases the entire plant
collapses within a few days. Bergmann et al. ([965) give a rather
similar description with illustrations.

Leaves of plants with chronic nitrogen excess contained 1.8 NO,;-N
in dry matter. According to Nowosiclski (1960) levels above 0.30-
0.40%, NO,-N indicate excess nitrogen in gherkin plants.

Incidence Chronic symptoms occur on soils rich in readily scluble
nitrogen, especially if insufficiently watered. Acute excess may be
caused by too heavy dressings and uneven distribution of nitrogenous
fertilizers; coarse-textured soils require special care.

Control  Water plants amply and restrict transpiration as much as
possible. Plants may recover if they do not wilt.
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Gherkin plant ( Levo) grown on sphagnum peat showing boron excess.

Boron excess
in a cucumber leaf ( Sporu)
Jrom a plant in water culture.




Excess horon

Symptoms Edges of older leaves discolour yellowish green, droop
and wither. Leaves tend to ¢cup downward and are more circular than
usual, Symptoms spread from the base upwards, the oldest leaves
being affected first. In more advanced stages necrotic spots develop
between veins. These spots coalesce into large brownish transparent
patches which feel papery, and finally the leaf withers. Growth is
stunted, upper leaves remain small and few female flowers, if any,
are produced. These symptoms are like those given by Bergmann
et al. (1965) and Sanna (1967) for cucumber and gherkin crops,
respectively. According to Sanna (1967) gherkins are more susceptible
than cucumbers.

Leaves of plants with symptoms had 300-500 ppm B in dry mafter.
Bergmann et al. (1965) report 1340-3000 ppm B in edges and 600 ppm
B in the rest of leaves from cucumbers. According to Sanna (1967)
in gherkin plants toxicity appears with 30 ppm B in leaf dry matter.

Incidence Toxicity is easily caused by careless use of boron fertilizers,
According to Sanna (1967) 8 g borax per m® peat substrate is toxic
to gherkins.

Control  Leach the soil, preferably with hard water. According to
Bergmann et al, (1965) overhead sprinkling the plant leaches boron
from the leaves. Probably plants can tolerate more boron at higher
pH values; on acid seils liming is recommended.
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Manganese excess in a gherkin leaf ( Levo) from a plant on sphagnum peat.

Detail of a cucumber leaf (Sporu) showing manganese excess (red veins).



Excess manganese

Symptoms Veins of the oldest leaves turn dark red or reddish brown,
and light green or transparent spots appear between veins. As dis-
coloration advances, necrosis develops and leaves die. The symptoms
proceed from lower leaves upwards. In severe toxicity plants are
stunted and stems, petioles and leaves are covered by numerous
purple dots.

Plants with toxicity had at least 682 ppm Mn in leaf dry matter.
Manganese toxicity was reported by the Glasshouse Crops Research
Institute at Littlehampton (Messing, 1963) when the young leaves
had just over 500 ppm Mn; 1000 ppm or more was found in older
fully expanded leaves.

Incidence Steaming releases much plant-available manganese and
may induce toxicity in later crops, especially at low pH values (Sonne-
veld, 1968).

Control Lime the soil. This may not be necessary if the soil is heated
at 60°-75°C, rather than at 100°C, by using steam-air mixtures
{Dawson et al. 1965). Hansen (1967} claims that 20 g cobalt nitrate
per 100 m? prevents toxicity after steaming.
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Zine excess in the top of a cucumber plant (Sporu) grown in water culture.
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Excess zine

Symptoms Plants are severely stunted. Chlorotic symptoms re-
sembling those of iron deficiency, appear in the youngest leaves.
Later, these symptoms spread to older leaves.

Tops of plants with toxicity had 900 ppm Zn in dry matter.

Incidence  Toxicity has not been observed in commercial glasshouses.
Rauterberg & Bussler (1964) report zinc toxicity in some crops grown
in galvanized cages. The disorder might, therefore, occur in cucumber
or gherkin crops grown in glasshouses with galvanized frames. Soil-
borne toxicity is possible near zinc and metal foundries {Henkens,
1961).

Control  Apply lime and phosphate to reduce zinc availability to
plants.
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Chemical composition of fruits of healthy cucumber and gherkin plants.

Values by
the authors

%4 of fresh weight
dry matter 3.3-31.7

% in dry matter

NOy-N
Piob

K.O
Ca0
MgO
Na,O

Cl
Si0,

2.4-3.7
Q.15
1.7-2.0

5.5-9.1
0.%-1.5
0.5-0.8

0.5
1.4

ppm in dry matter

Cu
Fe
Mn
Zn
B
As

8
80
33
60
25

Values in the literature

3.0
4.4

(Wilkins, 1917)
(Ward, 1967)

0,02-0,03 (Dearborn, 1936)

1.0

(Wilkins, 1917)

(Ward, 1967}

(Bradley et al., 1961}
(Ward, 1967)

(Wilkins, 1917)

{Geisler & Kurnoth, 1959;
Ward, 1967}

(Ward, 1967)

(Wenkam & Miller, 1957)

(Vogel & Weber, 1932)

0.02-2.4 (Chapman, 1966)

Remy & Weiske (1930) and Roorda van Eysinga & Van Haeff (1964) mention
values in accordance with those in the first column.

42



References

Aunstett, A. Fertilisation des cultures maraichéres sous serre. Bull. techn,
Inf, Ingrs Servs agric. 217 (1967) 119-132.

Bergmann, W., L. Biichel & W, Wrazidlo Bor- und Stickstoff-Uberschusz-
symptomen bei Gewichshausgurken sowie Borschiiden bei einigen
anderen Pflanzen. Arch. Gartenb. 13 (1965) 65-76.

Blake, C. D. Molybdenum deficiency in cucumbers. Banana Bull, 22
(1959) 7.

Bradley, G. A. & J. W. Fleming The effects of position of [eaf and time of
sampling on the relationship of leaf phosphorus and potassium to
yield of cucumbers, tomatoes and watermelons, Proc, Am, Soc, hort,
Sci. 75 (1960) 617-624,

Bradley, G. A., J. W, Fleming & R. L. Mayes Yield and quality of pickling
cucumbers and cantaloupes as affected by fertilization. Bull. Ark. agric,
Exp. Stn 643 (1961} 23 pp.

Carelus, R. L. Effects of magnesium deficiency in the soil on the vield,
appearance and composition of vegetable crops. Proc. Am, Soc. hort,
Sci. 32 (1934) 610-6i4,

Chapman, H. D. (Ed.) Diagnostic criteria for plants and soils. University
of California, 1966, 793 pp.

Dawson, J. R., R. A. H. Johnson, P. Adams & F. T, Last Influence of steam/
air mixtures, when used for heating soil, on biological and chemical
properties that affect seedling growth, Ann, appl. Biol. 56 (1965)
243-251.

Dearborn, R. B. Nitrogen nutrition and chemical composition in relation
to growth and fruiting of the cucumber plant. Mem. Cornell Univ,
agric. Exp. Stn 192 (1936) 3-26.

Drews, M, Uber die Verinderung des Nihrstoffgehaltes in Gurkenerden
im Laufe einer Kulturperiode. Arch. Gartenb. 14 (1966) 339-355,
Ende, J. van den Magnesiumvoeding van groenten en fruit onder glas.
Kalk 11: 8-34; Publties Proefstn Groenten- en Fruitteelt Glas Naald-

wijk 68 (1958).

Everert, P. H. Minor element and nitrogen studies with cucumbers. Proc.
Fla St. hort, Soc. 76 (1964) 143-149,

Finck, A. Mangangehalt dérrfleckenkranker und gesunder Haferpflanzen
sowie einiger anderen Feldpflanzen, Phosphorsiure 14 (1954) 91-103,

Geissler, Th, & P. Kurnoth Die Nihrstoffaufnahme der wichtigsten Ge-
miisearten an Kalium, Kalzium und Magnesivm und ihre Abhidngig-
keit vom Magnesiagehalt der Diingung; in: Mineraldiinger im Ge-
miisebau, Berlin, Bergbau-Handel (1959) 73-130.

Hansen, M. Dampet jord og mikroneringsstoffer. Gartner Tidende 83
(1967) 87-89,

Hdardh, J. E.  On the calcium uptake of glasshouse cucumber. Maataloust.
Aikakauk. 29 (1957) 238-242.

43



Henkens, Ch, H. Zinkovermaat op bouwland. Landbouwk, Tijdschr. 73
(1961) 917-926.

Hoffman, 1, C. Mineral deficiency symptoms in tomato and cucumber
plants. Proc. ann, Meeting Chio Veget. Grow. Ass, 18 (1933) 58-59.

Koomen,J. P. et al.  Rond de teelt van augurken. Meded. Proefstn Groente-
teelt volle Grond in Nederland 14 (1962) 56 pp.

Messing, J. H, L. Manganese toxicity. Rep. Glasshouse Crops Res, Inst.
1963: 63-64.

Nowosielski, O. Die Stickstofferndhrung von Gemise auf der Grundlage
von Pllanzen- und Bodenanalysen, Arch, Gartenb. 16 (1968) 343-356.

Quilfon, P.-J. L'importance de la fertilisation boratée en cultures marai-
chéres, Pépiniéristes Horticulteurs Maraichers 85 (1968) 4765-4777.

Ruauterberg, E. & W. Bussler  Anreicherung von Zink im Boden und Schi-
den durch Zink an Pflanzen in einem Drahthaus. Z.PAlErndhr. Diing.
Bodenk, 104 (1964) 35-38.

Remy, Th. & F. Weiske Untersuchungen iiber den Umfang und den Ver-
lauf der Nahrungsaufnahme verschiedener Gemiisearten, Landw, Jbr
71 (1930) 315-331.

Roorda van Eysinga, J. P. N. L. Development of a pure peat mixture for
raising plants with blocks. Agric. Res. Rep, 668: 78 pp.; Publties
Proefstn Groenten- en Fruitteelt Glas Naaldwijk 107 (1965).

Roorda van Eysinga, J. P. N. L. & J. N. M. van Huefi’ Onttrekking van
voedingselementen aan de grond door komkommer. Jversl. Proefstn
Groenten- en Fruitteelt Glas Naaldwijk (1964} 35-38.

Sanna, E. Borforgiftning hos drueagurk? Gartneryrket 57 (1967) 321,

Smilde, K. W. & J. P, N. L. Roorda van Eysinga Nutritional discases in
glasshouse tomatoes. Pudoc, Wageningen, 1968, 48 pp.

Sonneveld, C. De mangaanhuishouding van de grond en de mangaan-
opname van sla onder invioed van het grondstomen. Meded. Dir.
Tuinb. 31 (1968) 476-483. Publiies Proefstn Groenten- en Fruitteelt
Glas Naaldwijk 143.

Sprague, H. B. (Ed.) Hunger signs in crops. David McKay, New York,
3rd ed., 1964, 461 pp.

Vogel, F. & E, Weber Untersuchungen iiber Umfang und Verlauf der
Nihrstoffaufnahme, Substanzbildung und der Stoffwanderung bei
Treibgurke, Gartenbauwissenschaft 6 (1932) 478-499,

Wailace, T, The diagnosis of mineral deficiency in plants by visual symp-
toms, H.M.S5.0., London, 3rd ed., 1964, 125 pp.

Ward, G. M. Greenhouse cucumber nutrition, A growth analysis study.
Pl Soil 26 (1967) 324-332,

Wenkam, N. §. & C. D. Miller Sodium content of Hawaii-grown foods,
Hawaii Fm Sci, 6 (1957) 2-3.

Witkins, L. K. The high calcium content of some cucurbit vines. Bull.
New Jers, agric. Exp. Stn 310 (1967) 20 pp.

Will, H, Versorgung mit Spurenndhrstoffen im Gemiisebau. Rheinische

44



Monatschr, Gemiise Obst Schnittblumen, 55 (1967) 52-53.

Zalisna, S, F, The etfect of boron on the development of vascular tissues
in the stems of cucumber { Cuiecumis sativus) (Russian) U¢ zap. Leningr,
gos.ped. In-t (1955) 109: 187-198. from Ref. Z. (Biol.) 1958, no, !
Abstr. 1, 168. in Hort. Abstr. 29 (1958) No 1425,

45



Acknowledgments
This publication would not have been completed without the co-

operation of Messrs J. J. Klinkhamer and J. van der Loos, who took
the photographs.

46



