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Abstract

Substrates made from rockwool, coir dust, pumice and perlite were compared for conduciveness to Pythium
root and crown rot in cucumber under near-commercial conditions. Rockwool slabs of 7 cm height were
more conducive to the Pythium disease than coir dust slabs, pumice or perlite under these conditions.
Temperature, oxygen concentration and water content were determined in the substrates to explain dif-
ferences in conduciveness between the inorganic substrates rockwool, pumice and perlite by differences in
the physical conditions. Temperature and oxygen concentration could not explain the differences but the
higher disease level on rockwool was associated with a much higher water content of this substrate as
compared to coir dust, pumice and perlite. Increasing the height of the substrate from 7 to 14 cm greatly
decreased the percentage of diseased plants due to the Pythium disease on rockwool but had no effect on the
level of disease on perlite when the substrate had been infested 4 cm below the planting hole. This difference
in response in substrate height between rockwool and perlite could be explained by a much larger decrease
in water content with substrate height in the rockwool than in the perlite substrate. Temperature in the
substrates were above 30 �C for more than 6 h on sunny days in June and reached maximum values of
35 �C or more. These temperatures are highly favourable for the pathogen P. aphanidermatum but will have
adverse effects on most biocontrol strains.

Introduction

In the Netherlands, most glasshouse growers have
changed from growing plants in soil to systems in
which plants are grown on artificial substrates
between 1980 and 1990 (Wever, 1999). The main
reason for this change was generally higher yield
on artificial substrates than when plants were
grown in soil. Due to Dutch legislation cultivation
of most glasshouse crops is only allowed in closed
systems. In these systems, the nutrient solution is
reused to prevent leaching of nutrients into the
environment. Another important reason was the
avoidance of root diseases such as black root rot

of cucumber caused by Phomopsis sclerotioides
and diseases caused by root knot nematodes.
Problems with Phomopsis sclerotioides or root
knot nematodes rarely occur in artificial sub-
strates. However, Pythium root and crown rot
which is not a serious threat in soil-grown
cucumber plants, appeared to be a very serious
disease of substrate-grown cucumber and a few
other crops. Apparently, the conditions in the
most commonly used substrate, rockwool, are very
conducive for Pythium diseases as compared to
those occurring in natural soils. A presumably
low microbial activity in the inorganic rockwool
as compared to soil may be a reason for its
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conduciveness for Pythium rot since high microbial
activities have often been associated with sup-
pressiveness against Pythium diseases (Chen et al.,
1988; Craft and Nelson, 1996). Other reasons for
the conduciveness of rockwool slabs for Pythium
diseases may be the high substrate temperature
and water content during cultivation.

Rockwool is the most popular artificial substrate
in the Netherlands. However, other substrates like
pumice, perlite and substrates made from coir dust
or fibres are now also being used in glasshouse
horticulture and perlite especially is increasing in
popularity. These substrates may differ in sup-
pressiveness against Pythium diseases due to dif-
ferences in biological and/or physico-chemical
characteristics. Coir is an organic product and the
microbial activity in the substrate is relatively high
during use (Kipp et al., 2000). Due to its higher
microbial activity, coir substrates may be less
conducive for Pythium rot than substrates made
from rockwool. Pumice and perlite are inorganic
like rockwool and presumably do not support high
microbial populations. However, these substrates
are relatively dry substrates compared to rockwool
slabs under common horticultural practices and
these substrates may, therefore, be less favourable
for Pythium spp., which are favoured by high water
content. The height of the substrate may also affect
its conduciveness to Pythium disease since the
water content will decrease with increasing height.

Nowadays, Pythium rot is generally controlled
by the preventive use of chemical pesticides.
However, the Dutch government and other
European countries wish to restrict the use of
chemical pesticides in agriculture and the pre-
ventive use of chemical pesticides may be forbid-
den or restricted by law in the future. Alternative
methods or strategies are, therefore, needed to
decrease the risk of yield losses by Pythium dis-
eases. Much research has been done on the bio-
control of Pythium root and crown rot in artificial
substrates or hydroponic systems (Rankin and
Paulitz, 1994; Buysens et al., 1995; Ongena et al.,
1999, 2000; Paulitz and Belanger, 2001; Folman
et al. 2003). However, no commercial biocontrol
products are presently on the market which con-
sistently suppress Pythium rot in rockwool. Bio-
control especially fails under warm conditions in
spring or summer time during which plant losses
by Pythium rot can be most serious. A strategy
which may be much more promising to prevent

plant losses due to Pythium rot may be the choice
of the substrate. However, little information is
available on differences in conduciveness for root
diseases among artificial substrates and how dis-
ease may be affected by substrate height. There-
fore, the goal of the present study was to compare
the conduciveness of four commonly used sub-
strates, rockwool, coir, pumice and perlite for
Pythium rot of cucumber under practical condi-
tions and to determine which abiotic substrate
conditions are related to conduciveness.

Materials and methods

Plant material and substrates

Long English cucumber plants (cv. Odessa) were
raised in rockwool blocks (Grodan,
10 · 10 · 6 cm). No pesticides were used. Plants
were placed on the substrate at the second or third
leaf stage (second or third leaf fully unfolded). Four
substrates were used: rockwool slabs (Cultilène;
one-year, size: 100 · 15 · 7 cm), compressed
coir dust growing slabs (Profit, Forteco B.V.,
Kwintsheul, theNetherlands; size: 100 · 15 · 7 cm
after wetting), pumice (Bol Peat Import B.V.,
Schiedam, the Netherlands; size: 2–6 mm) and
perlite no. 2 (Brinkman Agro B.V., Gravenzande,
the Netherlands; size: 0.6–2.5 mm). The bulk den-
sity, porosity and water retention curves were
determined for each substrate (Table 1). Perlite and
pumicewere analysed according to the EN standard
(Anon, 1999). Rockwool and coir were analysed
according to Wever (2003) and Kipp et al. (2000),
respectively. Rockwool slabs and the coir slabs were
placed in containers specially made for them
(Librabak, Brinkman, Agro B.V., ’s Gravenzande,
the Netherlands) unless stated otherwise. Drainage
holes were cut in the plastic covering the rockwool
and coir slabs at the bottom at both ends of each
slab. Pumice and perlite were placed in 12-l buckets
unless stated otherwise. A bucket was filled with
about 10 l of substrate reaching a substrate height
of 18.5 cm.Adrainage hole (2 cmwidth, 1 cmhigh)
was made 2 cm above the bottom of the bucket.

Greenhouse site and watering frequency

All experiments were performed in the same
greenhouse (size: 9.6 · 14.5 m). This greenhouse
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had 36 gutters not connected to each other on
which the substrates were placed. Each plant
obtained nutrient solution through a dripper
(water release: 4 l h)1) which was placed in each
propagation block. The nutrient solution was
automatically supplied using a transpiration model
(De Graaf, 1988). This model calculates the
amount of transpiration based on the initial plant
length, global radiation and glasshouse tempera-
ture. The nutrient solution contained 1.3 NH4, 8.0
K, 5.2 Ca, 1.6 Mg, 18.2 NO3, 1.6 SO4 and 1.4 P in
mM and 25.0 B, 0.8 Cu, 0.5 Mo, 3.0 Zn, 10.0 Mn
and 15.0 Fe in lM (EC 2.5 mS cm)1, pH 5.5). The
same nutrient solution was used for each substrate
but the watering regime was adjusted to the height
and the physical properties of the different
substrates. For example, the �setpoint gift�, the
calculated amount of transpiration after which the
plants are irrigated, was highest for coir and lowest
for pumice and perlite (Table 2). The nutrient
solution was not recirculated to avoid spread of
inoculum with the nutrient solution since no
equipment was available to disinfest the nutrient
solution and approximately 30% of the nutri-
ent solution supplied was drained off. In the
Netherlands, disinfestation of the drain water
is common practice on commercial cucumber
nurseries.

Pythium inoculum and disease assessment

An isolate of P. aphanidermatum, originally iso-
lated from a diseased long English cucumber plant
in Naaldwijk, was grown on V8-agar for three
weeks (Expt. I) or on PDA (BioTrading Benelux
B.V., Mijdrecht, the Netherlands) for two weeks
(Exps II and III) at 24 �C. V8-agar was prepared
as follows: 1 l of tomato-vegetable juice (Tomati-
entje, Albert Heijn, Naaldwijk, the Netherlands)
was mixed with 10 g CaCO3 for 20 min, the mix-
ture was centrifuged at 10,000 · g for 5 min and
the supernatant filtered through cheese cloth. The
filtrate was diluted five times with demineralized
water (V8-liquid medium). V8-agar was made by
dissolving 15 g agar (Agar Technical, Difco,
Brunschwig Chemie, Amsterdam, the Nether-
lands) in 1 l V8-liquid medium followed by auto-
claving at 121 �C for 20 min. The agar colonized
by the P. aphanidermatum isolate was cut into
pieces of 1 · 1 cm and one piece of agar with the
pathogen was placed in the substrate 4 cm below
the surface in the middle of a planting site prior to
planting. In rockwool and coir dust the agar piece
was positioned by making a small crack from the
side with a knife. In pumice or perlite the agar
piece was placed in a hole made from the surface
after which it was covered with pumice or perlite,

Table 2. Setpoint irrigation and irrigation time for each substrate (height) used in the experiments

Substrate Setpoint irrigation (calculated transpiration in ml m)2)a Irrigation time (s)

Material Total height (cm)

Rockwool, perlite 7 110 180

Coir 7 165 270

Pumice 18.5 55 110

Rockwool 14 55 110

Perlite 14/18.5 55 110

aThe transpiration was calculated using the initial plant length, global radiation and temperature (De Graaf, 1988).

Table 1. Physical characteristics of the tested growing media at leak out and at different pressure heads

Characteristic Perlite Pumice Rockwool Coir

Bulk density (kg m)3) 60 329 53 96

Water content (% volume)

Leak outa 55 44 90 85

)10 cm ()1 kPa) 31 32 43 75

)20 cm ()2 kPa) 29 32 4 60

)50 cm ()5 kPa) 25 32 2 51

)100 cm ()10 kPa) 19 31 2 49

aFor perlite and pumice the pressure head at leak out is )2.5 cm ()0.25 kPa), for rockwool )3.5 cm ()0.35 kPa) and for coir )3.0 cm

()0.30 kPa).
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respectively. One piece of agar was used per plant
unless stated otherwise. Plants were placed on the
substrate within 2 h after infestation. Plants were
observed for disease symptoms twice a week from
1 week after planting. A plant was recorded as
diseased when it showed stem base rot and/or was
wilted. It was also recorded when a diseased plant
had died.

Experimental design and treatments

Three experiments were performed, one in the
summer of 2001 (Expt. I) and two in the spring of
2002 (Exps II and III). In the first two experiments,
different substrates were compared for suppres-
siveness against Pythium rot with substrate heights
commonly used in practice. In the third experiment,
different substrate heightswere chosen for rockwool
and perlite in order to explain differences in
suppressiveness against P. aphanidermatum by
differences in the physical properties of the
substrates

Expt. I. Three substrates were compared: rock-
wool slabs, coir dust slabs and pumice. Each
substrate had a non-infested control which
resulted in a total of six treatments. Each treat-
ment had six replicate gutters. On a gully, three
rockwool slabs, three coir dust slabs (each 1 m in
length) or six buckets filled with pumice were
placed. In each bucket was placed one plant and
on each rockwool slab or coir slab were placed two
plants. The distance between plants was 56 cm.

Expt. II. This experiment consisted of six dif-
ferent treatments: four substrates (rockwool slabs,
coir slabs, pumice and perlite) with two different
amounts of inoculum in pumice and perlite; 50 cm
rockwool and coir slabs were made from 1 m
slabs. Five 50 cm rockwool or coir slabs were
placed on each gully with two plants per slab and a
planting distance of 30 cm. Pumice or perlite were
placed in buckets as described above and two
plants were placed on each bucket. Thus, each
treatment had six replicate gutters with 10 plants
each. The first slab or bucket on each gully was not
infested with P. aphanidermatum and was used to
measure different physical conditions in the sub-
strate (see below). The total substrate volume per
plant was about twice as high in pumice and perlite
(5 l plant-1) than in rockwool or coir (2.5 l/plant).
Therefore, the experiment included extra treat-
ments with pumice and perlite with two agar pieces

with P. aphanidermatum per plant to obtain the
same amount of inoculum per volume unit sub-
strate as in the rockwool and coir. The two agar
pieces were placed 4 and 8 cm below the planting
site. At time of planting, 20 extra plants were
placed on trays in the same greenhouse compart-
ment, watered by hand, and observed for two
weeks in order to determine if young plants had
been infected or contaminated with pathogenic
Pythium spp. prior to planting.

Expt. III. The experiment had six different
treatments: two substrates (rockwool and perlite)
at two different heights (7 and 14 cm) with two
different infestation sites in the higher substrate. In
the higher (14 cm) substrate an agar piece with
P. aphanidermatum was either placed 4 or 11 cm
below the substrate surface. 50 cm rockwool slabs
were made as described for Expt. II. Plastic covers
which are normally used to cover the rockwool
slabs were filled with perlite to create similar sub-
strate sizes for the two substrates. In this way
50 cm long slabs filled with perlite were created
(�perlite slab�, height: 7 cm). A 14 cm substrate
height was obtained by placing a plastic tube
(12.5 · 12.5 · 7 cm) on a rockwool slab or perlite
slab and filling this tube with a piece of rockwool
(cut out from a slab) or perlite, respectively. Two
tubes were placed 30 cm apart on each 50 cm slab.
Five 50 cm slabs were placed on each gulley. The
first slab on each gully was not infested and was
used to measure the substrate water content and
temperature (see below). Twenty extra plants were
raised on trays as described for Expt. II.

Substrate water content

In Expts II and III the water content of the sub-
strate was determined using a FD-sensor cali-
brated for each substrate (Baas and Straver, 2001).
The FD-sensor has three pins, each 6 cm in length.
At each measuring time, the pins were pressed
horizontally in the substrate and the water content
recorded. The holes made in the plastic covers of
the rockwool slabs and coir dust slabs using the
pins were covered by plastic tape after each mea-
surement. An opening had been made in the
buckets filled with pumice or perlite prior to
planting 8.5 cm above the drainage hole in order
to measure the water content and this hole was
covered with tape between measuring times. The
water content in each substrate was measured on
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different days after planting and always between
12:30 h and 13:30 h. The water content in the
rockwool slabs and coir dust slabs was determined
at 5 cm above the drainage hole. The water con-
tent was measured at 8.5 cm above the draining
hole in buckets filled with pumice or perlite. The
water content in the pumice and perlite substrates
was not measured at the same height as in the
rockwool slab because these substrates were higher
and relatively dry at the top. It was decided to
measure the water content in about the middle of
these substrates. In Expt. III, the water content
was measured at the 3 and 10 cm substrate height
in both the perlite and rockwool substrates since in
this experiment the rockwool and perlite substrates
had the same heights. The water content in the
rockwool blocks was determined 1.5 cm above the
substrate surface 21 days (at 12:30 h) and 22 days
(at 8:30 h) after planting in Expt II and 16 days
after planting (12:30 h) in Expt. III.

Oxygen concentration

In Expt. II, gas sampling tubes were placed in the
substrate as described by Wever et al. (2000).
Briefly, tubes with an inner diameter of 0.7 cm and
an inner volume of 3.8 ml were inserted horizon-
tally into the substrate and fixed through holes
made in the containers. Each tube had five small
openings (0.4 cm diam) for gas exchange in the
substrate. The tube was made air-tight at one end
and at the other end the tube was closed with a
septum. Gas sampling tubes were made at two
different heights in the substrate: at 2 and 5 cm in
rockwool and coir dust and at 3 and 14.5 cm
above the bottom of the drainage hole in pumice
or perlite. A gas sample was taken by pressing a
needle through the septum of a cell. Oxygen con-
centration in the air sample was determined using
a fiber optic oxygen sensor (Blok and Wever, 2001;
Gérard and Blok, 2001.). The oxygen concentra-
tion was determined in four replicate rockwool
slabs, coir slabs or buckets filled with pumice or
perlite. Air samples were taken and oxygen con-
centration determined 1, 3, 7, 10, 14, 17, 21 and
24 days after planting.

Temperature

In Expt. II, the temperature in the substrate was
measured together with the water content using

the FD-sensor as described above two and eight
days after planting. In Expt. III, temperature was
recorded using temperature sensors connected to a
data logger (DTL 1232, Ludo Herman, Belgium).
In the 7 cm high substrates one sensor was placed
4 cm below the planting hole. In the 14 cm high
substrate sensors were positioned 4 and 11 cm
below the planting hole. Sensors were placed in the
non-infested slab on each of three replicated gut-
ters. Temperature was recorded every hour during
the first 62 h after planting. Data on air tempera-
ture and global radiation were obtained from a
local weather station in Naaldwijk.

Data analysis

The area under the disease progress curve
(AUDPC), the curve describing the time course of
the percentage diseased plants, was computed for
each replicate. Data were tested for homogeneity
of variance by observation of the residual plots
and when no trends were found in these plots data
were subjected to ANOVA (Gomez and Gomez,
1984). Data on the AUDPC and the percentage
diseased plants on the final assessment day and the
oxygen concentration and water content on each
assessment day were analysed using analysis of
variance (ANOVA). Mean values of the different
treatments were compared using Fisher�s protected
LSD (P < 0.05).

Results

Expt. I

Disease development. Plants showed typical
Pythium rot symptoms at the stem base both in the
non-infested control as in the infested treatments.
On an average 14 and 25% of the plants were
diseased in the non-infested treatments and
infested treatments, respectively, at the end of the
experiment. A filamentous micro-organism was
isolated from plants with stem base necrosis in the
non-infested control at the end of the experiment
on water agar (15 g l)1 Difco Agar Technical) and
on Pythium selective medium (Difco Cornmeal
agar amended with pimaricin (10 lg ml)1), vanco-
mycin (200 lg ml)1), penicillin (100 lg ml)1)
and PCNB (100 lg ml)1)). The isolate was iden-
tified as a Pythium sp. based on its morphology
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and its ability to grow on Pythium selective med-
ium. No significant interaction was present be-
tween the experimental factors substrate and
infestation either for the AUDPC�s nor for the fi-
nal percentages of diseased plants (F-test,
P > 0.05). The percentage of diseased plants was
not significantly higher on artificially infested
substrate than on non-infested substrate (F-test,
P > 0.05). The mean percentage of diseased
plants was significantly higher on rockwool than
on pumice or coir (LSD, P < 0.05) (Figure 1);
differences between coir and pumice were not sig-
nificant (LSD, P > 0.05). On rockwool 23.6% of
the plants were dead on the final observation day
(day 40) and significantly lower percentages of
plants had died on coir (5.6) and pumice (1.4)
(LSD, P < 0.05).

Expt. II

Disease development. None of the plants placed on
non-infested substrate nor any of the 20 control
plants placed in trays showed any disease symp-
toms. Seven days after planting more than 20% of
the plants on rockwool slabs infested with
P. aphanidermatum showed stem base necrosis. On
the other substrates none or less than 3% of the
plants showed disease symptoms at that time
(Figure 2). On the final observation day, 100% of
the plants grown on rockwool showed disease
symptoms of which 50% were dead. Significantly
lower percentages of plants were dead on coir dust

(4%), pumice (4%) and perlite (8%) (LSD,P < 0.05).
Doubling of the amount of Pythium inoculum in
pumice or perlite at the start of the experiment did not
have a significant effect on the percentages diseased
plants (LSD, P > 0.05; Figure 2).

Water content. The water content was highest in
the rockwool slabs and lowest in perlite and
pumice (Table 3). The water content in the rock-
wool blocks was similar for blocks placed on
rockwool slabs, coir dust or pumice and was on an
average 75% (v/v). Significantly lower water con-
tents (61%) were measured in the rockwool blocks
which had been placed on perlite (LSD,
P < 0.05).

Temperature. The temperatures measured 2 cm
below the substrate surface in the rockwool slabs
and coir dust slabs and 8 cm below the substrate
surface in pumice and perlite did not differ sig-
nificantly and were on average 27.3 and 24.2 �C (at
13:00 h) 2 and 8 days after planting, respectively.

Oxygen concentration. Air samples could not be
taken on some occasions when the gas sampling
tube contained water. In that case the septum was
removed and the tube emptied after which a new
septum was placed. During the first three days
after planting the oxygen concentration of the air
samples was similar to that of the air in the
greenhouse. Between three and seven days the
oxygen density in the air decreased in the lower
part of the rockwool slabs and became signifi-
cantly lower than in the other substrates or in the
upper part of the rockwool slabs (Table 4). From

Figure 1. Expt. I: Percentages cucumber plants with Pythium stem base rot. Plants were grown on coir (¤), pumice (n) or rock-

wool (m). Data points on the final observation day followed by the same letter are not significantly different according to Fisher�s
Protected LSD (P < 0.05). The AUDPC of the rockwool treatment was significantly larger that those of the coir and pumice

treatments (Fisher�s Protected LSD, P < 0.05). The treatments coir and pumice were not significantly different according to this

analysis.
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10 days on, the oxygen concentration of the air in
the lower part of both the rockwool slabs and the
coir dust slabs were generally lower than in the
upper parts or in the other substrates (Table 4).

Expt. III

Disease development. None of the plants placed on
non-infested substrate nor any of the 20 control
plants placed in trays showed any disease symp-
toms. All plants grown on 7 cm high rockwool
slabs were diseased 23 days after planting and
significantly lower percentages of plants were dis-
eased on perlite or the 14 cm high rockwool sub-
strate (Figure 3; LSD, P < 0.05). Total
percentages of plants showing above ground dis-
ease symptoms were significantly higher on perlite

than on 14 cm high rockwool except when Pythi-
um inoculum had been placed 11 cm below the
substrate surface in the 14 cm high perlite sub-
strate (Figure 3; LSD, P < 0.05). On the final
observation day, 75% of the plants grown on 7 cm
high rockwool were dead and significantly lower
percentages of plants (0–16.7) were dead on the
other substrates (LSD, P < 0.05).

Water content. The water content decreased
more with increasing substrate height in rockwool
than in perlite. The water content of the rockwool
was higher at 3 cm but of similar value at 10 cm
substrate height compared to perlite (Table 5).
The water content in the rockwool blocks on the
different substrates was highest on the 7 cm high
substrates and was similar for blocks placed on
rockwool slabs and perlite with an average of 84%.

Figure 2. Expt. II: Percentages diseased cucumber plants on coir, perlite, pumice and rockwool. The substrates had been artificially

infested with one agar piece colonized with Pythium aphanidermatum prior to planting. Perlite and pumice had either been infested

with one (P) or two pieces of agar (2P). Data points on the final observation day followed by the same letter are not significantly

different according to Fisher�s Protected LSD (P < 0.05). The AUDPC of the rockwool treatment was significantly larger than

those of the other curves (Fisher�s Protected LSD, P < 0.05). The other treatments were not significantly different according to

this analysis.

Table 3. Expt. II: volume water content (%) in rockwool slabs, coir dust slabs, pumice and perlite different days after planting and

growing Long English cucumber plants

Substrate Substrate heighta Measuring height Days after planting

2 6 8 14 21

Rockwool 7 5 82ab 77a 76a 76a 69a

Coir dust 7 5 67b 60b 63b 62b 59b

Pumice 16.5 8.5 40d 37c 37c 36c 41c

Perlite 16.5 8.5 52c 43c 43c 43c 42c

aCentimetres above draining hole.
bValues followed by the same letter in each column are not significantly different according to Fisher�s protected LSD (P > 0.05).
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On the 14 cm high rockwool substrate the water
content was 48% and significantly lower than on
the 14 cm high perlite substrate (66%).

Temperature. During the first three days of the
experiment the maximum air temperature outside
the glasshouse was 20.3 �C. The weather was sunny
at day of planting (day 0) and at day 2 with mean
radiation between 10:00 h and 22:00 h of 490.9 and
529.4 W m)2, respectively. The weather was cloudy
on day 1 with amean radiation of 121.6 W m)2. No
significant differences were found in the mean
temperature between the substrates perlite and
rockwool at 3 cm height nor at different heights
(3 and 11 cm) in the same substrate. At 11 cm in the

14 cm high substrates, the average temperature was
significant higher in rockwool (26.2 �C) than in
perlite (25.3 �C) (LSD, P < 0.05). On sunny days
the temperature in the substrates was above 30 �C
formore than 6 h andmaximum temperatures were
about 35 �C. In the 14 cm high rockwool substrate
the maximum temperature was about 38 �C.

Discussion

In the present experiments, rockwool slabs were
much more conducive to Pythium rot than coir
dust slabs, pumice and perlite under the applied

Table 4. Expt. II: oxygen concentration in air samples taken from four different substrates at different heights and different days

after young long English cucumber plants had been planted

Substrate Sampling heightb Days after plantinga

1 3 7 10 14 17 21 24

Rockwool 2 19.9a 19.9a 17.7b 18.5c 17.2c 15.4c 16.2c 18.9bc

Rockwool 5 20.6a 20.3a 20.4a 20.2ab 20.2ab 19.5ab 19.7ab 20.4ab

Coir dust 2 20.1a 20.0a 20.2a 19.5bc 19.3b 18.1b 17.9bc 18.8c

Coir dust 5 21.6a 20.3a 20.6a 20.7a 20.8a 20.5a 20.8a 21.1a

Pumice 3 21.3a 20.4a 20.8a 20.9a 21.0a 20.9a 20.9a 21.3a

Pumice 14.5 21.3a 20.4a 20.8a 21.0a 21.1a 21.0a 21.1a 21.4a

Perlite 3 19.8a 19.0c 20.8a 21.0a 20.5ab 20.4ab 20.2a 20.8a

Perlite 14.5 20.9a 20.3a 20.8a 21.0a 20.8a 21.0a 21.1a 21.5a

Greenhouse air 21.5 20.4 20.6 21.3 21.2 21.4 21.5 22.0

aValues followed by the same letter in each column are not significantly different according to Fisher�s protected LSD (P = 0.05).
bCentimetres above the draining hole.
cValue based on 1 replicate, not used in statistical analyses.

Figure 3. Expt. III: Percentages of diseased cucumber plants on perlite and rockwool substrates artificially infested with Pythium

aphanidermatum. Two substrate heights, 7 or 14 cm were used and in the higher substrate Pythium inoculum was placed either 4 or

11 cm below the substrate surface prior to planting. Data points on the final observation day followed by the same letter are not

significantly different according to Fisher�s Protected LSD (P < 0.05). The AUDPC of the treatment with 7 cm high rockwool was

significantly larger that those of all other treatments; the perlite treatments with inoculum placed 4 cm below the surface were dif-

ferent from all other treatments according to this analysis (Fisher�s Protected LSD, P < 0.05).
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water regime resembling commercial growing
conditions. Physical factors were assumed to play
a major role in conduciveness of artificial sub-
strates and, therefore, the present study focused on
the differences in oxygen concentration, tempera-
ture and water content between the substrates.

At low oxygen concentrations plants may be
more susceptible for Pythium root rot than at high
oxygen concentrations (Chérif et al., 1997). In the
present study, the oxygen concentration in the
lower part of the rockwool slabs was significantly
lower than in the pumice or perlite at day 7 and
later on but it seems unlikely that this can explain
the higher number of plants seriously affected by
P. aphanidermatum for several reasons. Firstly the
lower oxygen levels found in the rockwool sub-
strate are probably still too high to expect oxygen
deficiency (Baas et al., 2001; Wever et al., 2001).
Secondly, lower oxygen concentrations were also
measured in the lower part of the coir dust slabs
and relatively few plants died on this substrate due
to the Pythium disease. The oxygen concentration
in the upper part of the rockwool slabs was similar
to that in pumice and perlite and in pilot experi-
ments it was found that cucumber plants were
more heavily affected by P. aphanidermatum when
inoculum had been placed higher in the substrate.
Moreover, plants showed severe disease symptoms
in the upper part of the rockwool slab (root rot
directly below the rockwool block) and higher
(stem base necrosis) where oxygen levels were
similar to those in pumice and perlite.

Temperature could not explain the differences in
Pythium disease and the high water content in the
rockwool slabs was probably the main reason for
the high disease level on this substrate as compared
to pumice and perlite. High water contents favour
the rapid formation of zoosporangia and zoospores

(Duniway, 1979), and P. aphanidermatum may
produce more zoospores in the rockwool slabs than
in the other substrates. At higher water contents,
zoospores may also have a better opportunity to
swim through the substrate in the free available
water and reach more locations where they can
infect the roots. It was shown that doubling of the
substrate height of the rockwool significantly
decreased the risk of plant losses due to thePythium
disease whereas no significant difference in disease
levels was found between the 7 and 14 cm high
perlite substratewhen the inoculumhadbeenplaced
4 cm below the substrate surface (Figure 3). The
water content in the upper part of the 14 cm high
rockwool substrate was much lower than in the
lower part of this substratewhereas this difference in
water content was much lower for the 14 cm high
perlite substrate (Table 5). The water content was
measured at 3 and 10 cm height. With increasing
height above 10 cm the water content in rockwool
will drop much more strongly than in perlite
(Table 1; Kipp et al., 2000). This difference in water
retention between rockwool and perlitemay explain
why the percentages of diseased plants decreased
much more with the increased substrate height in
rockwool than in perlite. Probably, the water
content and not the pressure head is the main factor
influencing the disease development since the water
pressure head at 3 cmheight in rockwool andperlite
will be of similar value as also indicated by the water
content close or even above thewater content at leak
out (Tables 1, 5).

The higher water content in the perlite substrate
(Table 5) as compared to the water content at leak
out (Table 1) was not unexpected since the water
content in perlite was measured 2 cm above the
draining hole whereas the water content according
to the EN Standards is measured at a pressure

Table 5. Expt. III: Volume water content (%) in rockwool and perlite different days after planting long English cucumber plants

Substrate Height (cm) Measuring height (cm) Days after planting

1 2 6 9 13 16 20 22

Rockwool 7 3 96aa 89a 86a 84a 83a 83a 86a 84a

14 3 96a 89a 85a 86a 84a 83a 87a 85a

10 59c 54c 54c 52c 53d 56c 56c 55c

Perlite 7 3 69b 68b 68b 66b 68b 66b 69b 69b

14 3 71b 71b 72b 70b 70b 71b 72b 72b

10 58c 54c 54c 54c 58c 57c 60c 59c

aValues followed by the same letter in each column are not significantly different according to Fisher�s protected LSD (P > 0.05).
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head of 2.5 cm (Anon., 1999). Moreover, roots
present in the substrate will contribute to higher
water content measurements, and perlite takes up
more water over time (the EN standard measures
the water content after 72 h of saturation) (Wever,
1995; Wever et al., 2004).

The lowest level of disease was found in perlite
when the inoculum had been placed 11 cm below
the substrate surface. Lower disease levels may be
expected when the pathogen occurs at a larger dis-
tance from the planting hole: younger cucumber
plants are more susceptible to the Pythium disease.
If the plant is infected at an early stage, the chance
that the stem base will be infected by the pathogen
will increase and the risk that the plant will die also
increases. The position of the inoculum may be less
important when the conditions in the upper part of
the substrate (close to the planting hole) are unfa-
vourable (e.g. relatively dry) for the disease. For
example, no effect of the position of the inoculum
was found in the 14 cm high rockwool substrate.

A lower water content in the rockwool substrate
may also be obtained by decreasing thewater supply
instead of increasing the substrate height. However
at the start of the culture this is rather difficult
because there is only a minor water uptake by the
plant. The substrate will, therefore, remain rela-
tively wet in this period. Also the lower centimetres
of rockwool slabs are generally saturatedwithwater
under commercial growing conditions and rather
low amounts of water will need to be given to obtain
water contents unfavourable for Pythium spp. also
in that part of the substrate. A lowwater supply will
result in a small water buffer in the substrate and a
high risk of water shortage for the plant and thereby
lower yields. On the other hand a large water supply
in perlite will generally not lead to a large increase in
the water content of the substrate as water is easily
drained off in this substratemaking it less conducive
for Pythium diseases than rockwool.

In Expt. I, control plants were diseased and the
greenhouse where the plants had been raised had
probably been contaminated with the pathogen
since more plants raised in this greenhouse showed
typical symptoms of Pythium root and crown rot.
This unplanned contamination indicated that the
kind of substrate on which the plants are planted
may still have an effect on disease development
even when the plants or propagation blocks and
not the substrate have been infected or contami-
nated. In Expt. II, the water content of the rock-

wool blocks placed on rockwool slabs, coir dust
slabs or pumice was not significantly different. No
water content measurements had been done in
Expt. I but there is no reason to believe that sig-
nificant differences in water content of the rock-
wool blocks occurred in Expt. I since the water
regime in Expt. I was similar to that in Expt. II.
The results, therefore, suggest that different con-
ditions in the substrates below the propagation
blocks had caused the differences in the disease
levels. Possibly, the lower water content in the
pumice and coir dust may have been responsible
for the lower disease levels on these substrates than
on the rockwool slabs.

The temperature in the substrate was above
30 �C for more than 6 h and reached values of
35 �C or even more on sunny days in June when
the crop was still small and not fully shading the
substrate (Figure 4). The air temperature outside
the glasshouse was 20 �C at maximum and higher
substrate temperatures may have been expected
when the outdoor temperature would have been
higher than 20 �C, which is not unusual for June.
Such high temperatures favour the pathogen,
Pythium aphanidermatum, as this Pythium species
has an optimum temperature of 35–40 �C (Van der
Plaats – Niterink, 1981). The temperature did not
reach such high values when the crop was shading
the substrate (data not shown). However, the first
weeks after planting is a critical period for plant
losses due to the Pythium disease and many young
plants may be lost during the first weeks when the
substrate becomes infested with the pathogen. A
second criticial period for plant losses is the period
after fruit set. In that period, the plants are shad-
ing the substrate and substrate temperatures will
increase less than during the first weeks after
planting due to sunlight. Various researchers have
been working on the control of Pythium rot in
hydroponic-grown cucumber using antagonistic
micro-organisms like Pseudomonas, Streptomyces
and Trichoderma strains (Rankin and Paulitz,
1994; Buysens et al., 1995; Postma et al., 1995,
2001). Most of these strains will have maximum
growth temperatures between 30 and 35 �C and an
optimum below 30 �C. The efficacy of these bio-
control strains may therefore be low during sunny
days in spring and summer time shortly after
planting when the conditions are highly favourable
for the pathogen and are causing most damage to
the crop. Therefore, this temperature effect should
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be much more addressed in studies on biocontrol
of Pythium disease in hydroponics since effective
control strategies are especially needed during
warm and sunny weather during the first weeks
after planting of the crop.

In the present experiments, high percentages of
cucumber plants died on rockwool slabs due to
Pythium root and crown rot, whereas relatively
low percentages of plants died on perlite or on a
double layer of rockwool even at temperatures
highly favourable for the Pythium pathogen. The
results indicate that the water content plays a
major role in the development of root and stem rot
caused by P. aphanidermatum in hydroponics and
that the type and height of the substrate are
important tools for decreasing the water content in
the root zone and for decreasing the chance of
yield losses due to the disease.
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Chérif M, Tirilly Y and Bélanger RR (1997) Effect of oxygen

concentration on plant growth lipidperoxidation, and

receptivity of tomato roots to Pythium F under hydroponic

conditions. European Journal of Plant Pathology 103:

255–264.

Craft CM and Nelson EB (1996) Microbial properties that

suppress damping-off and root rot of creeping bentgrass

causes by Pythium graminicola. Applied and Environmental

Microbiology 62: 1550–1557.

DeGraafR (1988)Automation of the water supply of glasshouse

crops by means of calculating the transpiration and the

amount of drainage. Acta Horticulturae 229: 219–231.

Duniway JM (1979) Water relations of water molds. Annual

Review of Phytopathology 17: 431–460.

Folman LB, Postma J and van Veen JA (2003) Characteri-

sation of Lysobacter enzymogenes (Christensen and Cook

1978) strain 3.1T8 a powerful antagonist of fungal

diseases of cucumber. Microbiological Research 158:

107–115.

Gérard S and Blok C (2001) Non-destructive root oxygen use

measurement III. Cucumber propagation in rockwool in

a climate chamber, July–August 2001. PPO report,

Naaldwijk, The Netherlands.

Gomez KA and Gomez AA (1984) Statistical Procedures for

Agricultural Research John Wiley & Sons, New York.

Kipp JA, Wever G and Kreij C (2000) International Substrate

Manual Elsevier International Business Information,

Doetinchem, the Netherlands.

Ongena M, Daayf F, Jaques P, Thonart P, Benhamou N,

Paulitz TC, Cornélis P, Koedam N and Bélanger RR

(1999) Protection of cucumber against Pythium root rot

by fluorescent pseudomonads: predominant role of

induced resistance over siderophores and antibiosis. Plant

Pathology 48: 66–76.

Ongena M, Daayf F, Jaques P, Thonart P, Benhamou N,

Paulitz TC and Bélanger RR (2000) Systemic induction

of phytoalexins in cucumber in response to treatments

with fluorescent pseudomonads. Plant Pathology 49: 523–

530.

Paulitz TC and Belanger RR (2001) Biological control in

greenhouse systems. Annual Review of Phytopathology 39:

103–133.

Postma J, Willemsen-De Klein MJEIM and Hoogland AE

(1995) Biocontrol of Pythium aphanidermatum in closed

culture systems IOBC/WPRS. Bulletin 19(6): 42–46.

Postma J, Willemsen-De Klein MJEIM , Rattink H and van Os

EA (2001) Disease suppressive soilless culture systems;

characterisation of its microflora. Acta Horticulturae 554:

323–332.

Rankin L and Paulitz TC (1994) Evaluation of rhizosphere

bacteria for biological control of Pythium root rot of

greenhouse cucumbers in hydroponic culture. Plant Disease

78: 447–451.

Van der Plaats-Niterink AJ (1981) Monograph of the genus

Pythium. Studies in Mycology no. 21.

Wever G (1995) Physical analysis of peat and peat based

growing media. Acta Horticulturae 401: 561–567.

Wever G 1999 Growing media in The Netherlands, Proceedings

of an International Workshop on Greenhouse Agriculture,

Chinese Academy of Sciences, pp. 235–247.

Wever G (2003) Set of appendices on analytical methods. BRL-

K10001 Substrate materials for the Kiwa product certificate

for Substrate materials KIWA Rijswijk.

Wever G, Baas R, Marques JC and Van Aanholt L (2001) Gas

concentration measurements in horticultural growing media

Acta Horticulturae 554: 149–156.

Wever G, Nowak JS, Sousa Oliveira AM and Winkel A (2004)

Determination of hydraulic conductivity in growing media.

Acta Horticulturae 648: 135–143.

41


