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Introduction

An intense use of methyl bromide (MB) has been
made in Italy for soil fumigation, especially due to
intensive production of vegetables and ornamen-
tals in this country (Garibaldi and Gullino, 1995;
Minuto et al., 2002). In recent years, concern about
damage to the ozone layer has led to MB being in-
cluded in the list of ozone-depleting substances
controlled by the Montreal Protocol (Bell et al.,
1996; Ristaino and Thomas, 1998). The strict rules
that now limit its usage, before it is phased-out,
have stimulated the search for methods to reduce
dosage and consequently emission of MB into the
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atmosphere (Gamliel et al., 1997; Minuto et al.,
1999).

The soilless growing system represents a via-
ble way to reduce MB use (Garibaldi and Gullino,
1995; Van Os, 1999). Since it renders crop man-
agement more expensive, soilless cultivation is
generally most suitable for high-value crops such
as rose, carnation, gerbera, basil, tomato, lettuce,
sweet pepper and strawberry (Serra, 1994; Togno-
ni and Serra, 1994). In Italy soilless cultures are
being increasingly adopted for ornamental crops
such as rose, gerbera and carnation (Tognoni,
2003).

Soilless systems are often open, without recir-
culation of the nutrient solution. One of the main
constraints of “run-to-waste” systems is their high
environmental impact, since large amounts of wa-
ter and fertilizers are drained into the environ-
ment. Closed systems seem to offer a better solu-



56 Phytopathologia Mediterranea

V. Grasso et al.

tion, but are not realistic without some strategies
to prevent dispersal of root-infecting pathogens
through the recirculating nutrient solution
(Garibaldi et al., 2001).

Zoosporic fungi such as species of Pythium and
Phytophthora cause major crop losses in soilless
cultivations, since these systems foster the dissem-
ination and spread of such water-borne micro-or-
ganisms (Stanghellini and Rasmussen, 1994). Ger-
bera is one of the main ornamental crops grown in
soilless conditions in Italy and Phytophthora cryp-
togea is responsible for a severe root rot that can
cause serious losses in this crop (Garibaldi, 1978;
Garibaldi et al., 2000).

In the last few years, researchers have become
aware that some micro-organisms present in the
nutrient solution may have a role in suppressing
diseases (Postma et al., 1999 and 2000; Tu et al.,
1999; Van Os and Postma, 2000). If a biological
vacuum occurs (for example, after disinfection of
the nutrient solution by UV or heating), the nutri-
ent solution may lose this suppressiveness and an
explosive outbreak of disease may be a conse-
quence. It is therefore good practice to foster the
resident microflora and to utilize disinfection meth-
ods that do not harm it (Postma et al., 2001). More-
over, soilless growing systems normally have a low
microbial buffering capacity because they are com-
posed of inert materials; they thus favour the es-
tablishment of biocontrol agents applied at the
start of the cropping season (Paulitz and Bélang-
er, 2001). Antagonists for use in soilless cultures
should be selected from the microflora indigenous
to these growing systems, and should be adapted
to the conditions used for cultivating the crop. Mi-
cro-organisms have particular niches to which they
are adapted: if they have to control root-infecting
pathogens such as P. cryptogea, antagonists should
be able to live in the rhizosphere and interact with
the pathogens at the infection sites on the root
surface: such ability is often called rhizosphere
competence (Ahmad and Baker, 1987; Nemec et al.,
1996).

The aims of the present study were (1) to select
from the rhizosphere of gerbera plants micro-or-
ganisms well adapted to soilless conditions, and
(2) to evaluate the capacity of these organisms to
suppress P. cryptogea, responsible for root and
crown rot on gerbera grown in open systems. The
most effective antagonistic strains were then fur-

ther tested in a closed system in combination with
slow sand filtration, to determine whether this com-
bined disinfestation procedure would be more ef-
fective in reducing P. cryptogea root rot than the
antagonistic approach alone.

Materials and methods

Isolation of micro-organisms from gerbera rhizo-
sphere

Several gerbera plants, 150 days old and grown
on a pumice and peat substrate (80:20 v:v of gran-
ulated pumice, size 3–7 mm, and Irish peat, size
“tout-venant” 0–30 mm) previously steam-disin-
fected at 80°C for 15 min, were grown in open soil-
less systems at the Agricultural Experimental Cen-
tre of Albenga (northern Italy). From these systems,
three types of plants (three plants per type) were
collected: healthy plants grown in a soilless sys-
tem and P. cryptogea-free; plants inoculated with
P. cryptogea but apparently healthy; and inoculat-
ed plants showing clear root-rot symptoms.

Micro-organisms were extracted from the rhizo-
sphere and the rhizoplane by shaking 20 g of roots
from each of these plants on a rotary shaker for 20
min in a flask containing 200 ml of sterile deion-
ized water to which was added 0.3 ml l-1 of Agral, a
non-ionic surfactant based on nonilphenol con-
densed with ethylen oxide (a.i. 12%). After shak-
ing, a 200 ml aliquot of serial diluted suspension,
in the range of 10-2 to 10-5, was plated onto Petri
dishes (9 cm diameter) containing 10 ml of media
that were selective for Fusarium (Komada, 1975),
Trichoderma (Elad et al., 1981) or oomycetes (Ma-
sago et al., 1977). Moreover, potato dextrose agar
(PDA; 39 g PDA in 1 l of deionized water, auto-
claved at 120°C for 15 min), amended after auto-
claving with 0.5 g of terramycin, was used to iso-
late the fungi, and nutrient yeast dextrose agar
(NYDA, 20 g agar, 8 g nutrient broth, 4 g yeast
extract, 1.5 g glucose in 1 l of deionized water, auto-
claved at 120°C for 15 min) was used to isolate
bacteria. Five replicate plates of each medium were
inoculated for each dilution; plates were incubat-
ed at 28°C. After 48 hours, different single colo-
nies were selected randomly from these agar plates
and stored at 4°C in tubes on an appropriate me-
dium. The isolates were assigned to the genera
Fusarium or Trichoderma or to the class of oomyc-
etes on the basis of their colony morphology and
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the selective medium from which they were isolat-
ed. For bacterial isolates genera were not deter-
mined. All strains were divided in four groups (“F”
for Fusarium, “T” for Trichoderma, “OO” for oomyc-
etes and “B” for bacteria) and, in each group, sin-
gle isolates were numbered in progressive order:
from F1 to F26, from T1 to T15, from OO1 to OO12,
from B1 to B17.

Greenhouse trials for evaluation of the antagonistic
effect of isolated micro-organisms

Trials in open soilless systems
All isolates were screened individually in three

different trials (Table 1) to identify potential an-
tagonists of P. cryptogea. In the first trial, 12 Tri-
choderma (T1–T12), 12 Fusarium (F1–F12), 4
oomycetes (OO1–OO4) and 3 bacterial (B1–B3) iso-
lates were tested. In the second trial the effective-
ness of 3 Trichoderma (T13–T15), 14 Fusarium
(F13–F26), 8 oomycetes (OO5–OO12) and 14 bac-
teria (B4–B17) was evaluated. The most effective
strains found were tested again in the third trial.
These trials were carried out in vivo on gerbera
plants (cv. Alberino for the first trial; cv. Orange
Dino for the second trial; cv. Amazzone for the third
trial) grown in plastic pots (container type, 19 cm
diameter, 3.5 l volume) in an open soilless growing
system.

Fusarium and Trichoderma strains were prop-
agated in flasks on wheat (300 g of wheat kernels
in 320 ml of deionized water, autoclaved at 120°C
for 30 min); while oomycetes were propagated on
wheat plus hemp (200 g of wheat kernels and 100
g of hemp kernels in 320 ml of deionized water,
autoclaved at 120°C for 30 min). All strains were
incubated for at least 20 days at 20°C. Bacterial
isolates were grown in flasks each containing 250
ml of a liquid medium (10 g bacto-tryptone, 5 g
yeast extract and 10 g NaCl, pH 7.5, autoclaved

at 120°C for 15 min) and shaken for 48 hours.
To test the antagonistic activity of Fusarium,

Trichoderma and oomycetes isolates, 1 kg of fun-
gal formulation was added to 100 l of substrate,
obtained by mixing 80:20 v:v of granulated pum-
ice with peat, previously steam-disinfected at 80°C
for 15 min. Gerbera plants, 60–75 days old, grown
in peat pots of 4�4�5 cm, were transplanted 3–12
days after the addition of micro-organisms to the
growth medium. To test the antagonistic activity
of the bacterial strains, gerbera roots were dipped
in a bacterial suspension (5�108 cfu ml-1) before
being transplanted to pots filled with the steam-
sterilised substrate mixture. Treatment with each
fungal and bacterial strain was randomised with-
in three independent blocks and consisted of 10
plants per replicate. Thirty plants not treated with
any micro-organisms were used as control. The
plants were grown in an open soilless system on
greenhouse benches and irrigated/fertilized by a
drip irrigation system (one water emitter per plant;
flow rate 6 l h-1). The crop was irrigated two or three
times a day and fertilised with 0.5 g l-1 of a 1:1:1
(N:P2O5: K2O) nutrient solution. All pots were sus-
pended on plastic containers 5 cm high to collect
the drain water easily without risk of contact be-
tween gerbera pots.

Pathogen inoculation
Phytophthora cryptogea used to inoculate plants

was previously isolated on a selective medium for
oomycetes (Masago et al., 1977) from a naturally
infected gerbera plant. Specific morphological
structures were observed under the light micro-
scope. After re-inoculation in healthy plants, this
isolate reproduced the typical symptoms of P.
cryptogea root rot. The pathogen was inoculated once
a week starting 4–6 weeks after transplanting, by
putting a zoospore suspension (0.5–1�102 cfu ml-1)

Table 1. Dates of gerbera transplantation, applications of the antagonists and pathogen inoculations in the open
and closed soilless system trials (Albenga, 2000–2001).

System Trial No. Application of antagonists Gerbera transplantation Pathogen inoculation

Open 1 10.03.2000 20.03.2000 02.05.2000
2 10.05.2000 13.05.2000 15.06.2000
3 12.04.2001 24.04.2001 25.05.2001

Closed 1 20.01.2001, 30.03.2001 19.12.2000 30.01.2001, 16.03.2001
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directly into the drip irrigation system. Each pot,
previously irrigated with 100 ml of water,  was in-
oculated with 50 ml of zoospore suspension and
then irrigated again with 50 ml of water. This sus-
pension was obtained by incubating at 24°C for 3–
4 days mycelium of P. cryptogea in Petri plates (20
cm diameter) with a soil broth. To obtain this broth,
250 g of soil was suspended in 1 l of deionised wa-
ter and shaken for 12 h. The suspension was fil-
tered and centrifuged at 11,000 g for 15 min. The
supernatant was autoclaved at 120°C for 15 min
and the pH was adjusted to 5.0–5.5 with nitric acid.

Assessment of disease severity and flower
production

The effect of micro-organisms on disease inci-
dence (percentage of diseased plants), crop yield
(flowers per healthy plant) or both (flowers per m2)
was assessed. The antagonistic effect against P.
cryptogea was evaluated by counting the diseased
plants. The flowers produced by each plant were
harvested and counted every 10–15 days as well.
Crown sections of diseased plants were surface-
disinfected and plated on a selective medium for
oomycetes (Masago et al., 1977) at 28°C for 48 h to
check for P. cryptogea.

Trial in closed soilless systems

Gerbera plants cv. Red Dino, 75 days old, grown
in peat pots of 4�4�5 cm, were transplanted to plas-
tic pots (19 cm diameter, 3.5 l volume) filled with a
substrate consisting of a mixture of 80:20 v:v of gran-
ulated pumice and peat, previously steam-disinfect-
ed at 80°C for 15 min. The plants were placed on
concrete benches with drip irrigation (one water
emitter per plant, flow rate 6 l h-1) in a closed sys-
tem. Details on water, fertilizers and nutrient solu-
tion used in the trial are shown in Table 2.

Sand filtration
A slow sand filtration system (Fig. 1) was con-

structed as described by Wohanka (1995) and was
tested for its efficacy in disinfecting the recirculat-
ed nutrient solution. The sand was obtained from
a mine deposit crushed and sieved and not from a
riverbed. The drain water was pumped into the
sand filter only while the plants were being irri-
gated, maintaining a water layer of 35 cm. The ef-
fluent flow rate from the filter was adjusted by a
flow-meter located between the filter and the dis-

infected-water storage tank, obtaining a final flow
rate of 200 l (m2 h)-1.

Further trials of most effective antagonistic strains
Three Fusarium (F7, F10, F19) and three Tri-

choderma (T5, T6, T13) strains, previously select-
ed in open soilless system trials for their potential
antagonistic activity against P. cryptogea, were
tested in a closed soilless system provided with a
sand filter.

The antagonistic strains were incubated on ca-
sein liquid medium for 10–15 days. The Fusarium
isolates were cultured on a rotary shaker and then
centrifuged (10,000 g for 25 min). Before applica-
tion, the microbial isolates were mixed together:
F7 with F10 and F19, and T5 with T6 and T13.
These antagonistic suspensions were applied twice:
first in the filtered solution storage tank (200 l of
water, Fig. 1) to obtain a final concentration of
1�105 cfu ml-1; and then by suspending the antag-
onists in 50 l of water (final concentration 5�106

cfu ml-1) and applying the suspension directly to
each cultivation pot (0.5 l per pot). The treatment
with each microbial mixture was randomised with-
in three independent cultural rows and consisted
of 30 plants per replicate. Details on gerbera trans-
plantation, applications of antagonists and patho-
gen inoculation are shown in Table 1.

Table 2. Details on water, fertilizers and nutrient solu-
tion used in the closed soilless system trial (Albenga,
2000–2001).

Nutrient solution (1 g l-1) a Mineral content in the
waterb and ECc

Fertilizer (%) N total, 23 HCO3-, 4.1 mmol l-1

NO3, 11.5 Ca + Mg, 2.6 mmol l-1

NH4, 11.5 NO3-N, 0.3 mmol l-1

P2O5, 6 Na, 0.4 mmol l-1

K2O, 10 Ca, 2.0 mmol l-1

MgO, 2.5 Mg, 0.7 mmol l-1

Cl, 0.3 mmol l-1

pH 6.75 SO4, 0.5 mmol l-1

ECc 1.15 dS/m Zn, 1.1 µmol l-1

Cu, 0.0 µmol l-1

ECc, 0.51 dS/m

a Scotts Universol, The Scotts Company, Marysville, Ohio, USA.
b Analysis provided by Dr Wohanka and Dr Molitor, Geisenheim

Research Station, Geisenheim, Germany (24.01.01).
c EC, electrical conductivity.
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1. Sand filter container, PVC pipe, 1.5 m high, 0.4 m ø.
2. Filtering layer 80–100 cm, sand size 0.2–2 mm; effective grain size (d10 - sieve opening through

which 10% by weight of the grains will pass) 0.08678 mm; uniformity coefficient (UC - d60/d10)
3,0617; density 2.6 g (cm3)-1; SiO2 > 96%.

3. Drain layer 15–20 cm, sand size  2–3 mm; absolute density 2.6 g (cm3)-1; SiO2>94%.
4. Drain layer 15–20 cm, sand size  8–12 mm; absolute density 2.6 g (cm3)-1; SiO2>94%.
5. Drain layer 15–20 cm, sand size  20–40 mm; absolute density 2.6 g (cm3)-1; SiO2>99%.
6. PVC (ø 3/4'') output diffuser (effluent) 35 cm length with 140 holes ø 2 mm.
7. Filter to remove inorganic (quartz) dust from sand filter layers (ø 3/4'').
8. Stainless steel adjust (ø 1/2'') valve for flow meter.
9. Flow meter min-max flow rate 6.5–65 l h-1 (connection with pipe ø 8 mm for filter water level

monitoring).
10. Polyethylene storage tank of effluent from sand filter (200 l).
11. Irrigation pump (effluent) connected with pipe PN 4 ø 20 mm with water emitter ø 0.9 mm (50 cm

length) (H max 16 m). Valve between pump and water emitter pipe to avoid flow back.
12. Polyethylene (PN 6 ø 16 mm) storage tank of effluent overflow.
13. Polyethylene storage tank of drainwater from the gerbera crop (200 l).
14. Input pump (influent) connected with input pipe PN 6 ø 16 mm (H max 6.5 m).
15. Disk filter to remove organic and inorganic dust from the gerbera crop (ø 3/4'',  120 mesh, 130 µm).
16. Polyethylene adjust valve (ø 1/2'') for input diffuser (influent).
17. Polyethylene (PN 6 ø 16 mm) input diffuser (influent) 35 cm length with 40 holes ø 2 mm.
18. Polyethylene (PN 6 ø 32 mm) input overflow (influent).

Fig. 1. Technical characteristics of the sand filter.
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Pathogen inoculation
One month after gerbera plants were transplant-

ed to the closed soilless system, the same isolate of
P. cryptogea used in open system trials, artificially
propagated on wheat and hemp kernels (200 g of
wheat kernels and 100 g of hemp kernels in 320 ml
of deionized water, autoclaved at 120°C for 30 min),
was inoculated into the system. To obtain an effi-
cient natural zoospore spread, 95–100 g of P. cryp-
togea-infected kernels per plant were inoculated
near the basal foliar stems. Only two plants in each
row were inoculated and placed immediately before
the storage tank, so that the pathogen would not
spread in the drain water to other pots (arrows in
Fig. 1). When these plants became completely col-
lapsed, they were replaced with new inoculated ones.

Assessment of disease severity and flower
production

The effect of micro-organisms on disease incidence
(percentage of diseased plants), crop yield (flowers
per healthy plant) or both (flowers per m2) was eval-
uated in the same way as in the open system trials.

Statistical analysis
Analysis of variance was carried out with the

statistical programme SPSS. The significance lev-
el was evaluated at P=0.05. Mean separation was
determined with Duncan’s Multiple Range Test.

Results

In the first trial in the open system, the great-
est antagonistic activity against P. cryptogea was
shown by Fusarium F10 and F11, Trichoderma T5
and bacterium B3 (Table 3). Trichoderma T5 had a
slight negative effect on flower production, but F10,
F11 and B3 did not affect crop yield very much (Ta-
ble 4 and 5). Strain F7 increased flower produc-
tion (Table 4 and 5), but did not reduce disease in-
cidence compared to the control (Table 3).

In the second trial three Fusarium strains (F14,
F15, F19) and three oomycete strains (OO9, OO10,
OO11) were most effective in greatly reducing root
rot incidence (Table 3). The oomycete OO9 was most
strongly suppressive against P. cryptogea (13.7%
disease incidence, data not shown in tables) com-
pared to the control (37%). These strains (especially
F19 and OO9) also produced a small increase in
crop yield (Table 4 and 5). Other strains (F18, F26,
B8) increased yield but did not reduce disease se-
verity.

In the third trial, carried out to confirm the ben-
eficial effect of the strains found effective in the
previous two trials, Trichoderma T5 again reduced
the percentage of diseased plants (Table 3). More-
over, T5 did not reduce yield in this trial (Table 4
and 5). Also, the oomycetes OO9 and OO10, Fusa-
rium F19, bacterium B3 and Trichoderma T6 con-

Table 3. Reduction of P. cryptogea root rot of gerbera achieved by selected strains of Fusarium, Trichoderma, oomyc-
etes and bacteria applied by soil mixing (fungi) or root dipping (bacteria) in open soilless systems (first and second
trial, Albenga, 2000; third trial, Albenga, 2001).

Disease Antagonistic effectiveness of strainsb, c

suppression
(%)a Trial 1 Trial 2 Trial 3

>50 OO9, OO10

>25 F10, F11, T5, B3 F14, F15, F19, T14, OO5, OO8, T5, B8
OO11, OO12, B10, B13

<25 F3, F8, F9, T1, T2, T7, T9, F13, F17, F20, F23, F24, F9, F19, T1, T6, T12, OO4, OO9,
OO2, OO3 B6, B11 OO10, B3

No effect F1, F2, F4, F5, F6, F7, F12, T3, F16, F18, F21, F22, F25, F26, F1, F3, F6, F7, F10, F12, F18, T2,
T4, T6, T8, T10, T11, T12 T13, T15, OO6, OO7, B4, B5, B7, T3, T4, T8, OO1, OO2, OO3, OO7,

B8, B9, B12, B14, B15, B16, B17 OO11, B1, B7, B9, B17

a Root rot in control plants (%): Trial 1, 56.7; Trial 2, 37; Trial 3, 53.3.
b F, Fusarium; T, Trichoderma; OO, oomycete;  B, bacterium.
c Days after transplanting: Trial 1, 184; Trial 2, 181; Trial 3, 117.
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Table 4. The effect of selected strains of Fusarium, Trichoderma, oomycetes and bacteria applied by soil mixing
(fungi) or root dipping (bacteria), on the number of flowers per healthy gerbera plant grown in open soilless systems
(first and second trial, Albenga, 2000; third trial, Albenga, 2001).

Increase in No. Effect of strainsb on production of flowers per healthy plantc

of flowers per
healthy plant (%)a Trial 1 Trial 2 Trial 3

>50

>25 OO11

<25 F6, F7, F10, T2, T6, T8, OO1, F13, F15, F17, F18, F19, F22, F1, F6, F7, F9, F12, F19, T3, T4,
B1 F24, F26, T13, OO5, OO7, OO8, T5, T6, T8, T12, OO1, OO2, OO3,

OO9, OO10, OO11, B5, B6, B7, OO4, OO7, OO9
B8, B9, B12, B14, B16, B17

No effect F1, F2, F3, F4, F5, F8, F9, F11, F14, F16, F20, F21, F23, F25, F3, F10, F18, T1, T2, OO10, B1,
F12, T1, T3, T4, T5, T7, T9, T14, T15, OO6, OO12, B4, B10, B3, B7, B8, B9, B17
T10, T11, T12, OO2, OO3, OO4, B11, B13, B15
B2, B3

a No. of flowers per healthy control plant: Trial 1, 9.8; Trial 2, 4.8; Trial 3, 4.1.
b See Table 3.
c Days after transplanting: Trial 1, 170; Trial 2, 181; Trial 3, 117.

Table 5. The effect of selected strains of Fusarium, Trichoderma, oomycetes and bacteria applied by soil mixing
(fungi) or root dipping (bacteria), on production of flowers per m2 in gerbera plants grown in open soilless systems
(first and second trial, Albenga, 2000; third trial, Albenga, 2001).

Increase in No. Effect of strainsb on production of flowers per m2 c, d

of flowers
 per m2 (%) a Trial 1 Trial 2 Trial 3

> 50

> 25 F19, OO9 T6, OO4, OO9

< 25 F7,T2, B3 F13, F14, F15, F17, F18, F24, F7, F9, F19, T3, T4, T5, T8, T12,
F26, T13, OO5, OO8, OO10, OO1, OO3, OO10, OO11, B8
OO11, OO12, B6, B7, B8, B9,
B10, B17

No effect F1, F2, F3, F4, F5, F6, F8, F9, F16, F20, F21, F22, F23, F25, F1, F3, F6, F10, F12, F18, T1, T2,
F10, F11, F12, T1, T3, T4, T5, T14, T15, OO6, OO7, B4, B5, OO2, OO7, B1, B3, B7, B9, B17
T6, T7, T8, T9, T10, T11, T12, B11, B12, B13, B14, B15, B16
OO1, OO2, OO3, OO4, B1, B2

a No. of flowers per m2 in control plants: Trial 1, 101.8; Trial 2, 47; Trial 3, 22.9.
b See Table 3.
c Days after transplanting: Trial 1, 170; Trial 2, 181; Trial 3, 117.
d Crop density: Trial 1 and 2, 12 plants per m2; Trial 3, 8 plants per m2.

firmed their antagonistic potential against the
pathogen. These strains did not reduce yield (OO10,
B3) and sometimes even increased it (F19, T5, T6,
OO9).

In the closed system trial, the plots treated with
Fusarium and Trichoderma strains showed a sig-
nificantly lower disease incidence than did plots in
the closed system with a sand filter but without
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antagonists (Table 6). The highest percentage of dis-
eased plants was observed in the closed system not
provided with any disinfection treatment. There
were hardly any significant differences among treat-

ments in the number of flowers per healthy plant
or the number of flowers per m2 (Table 7 and 8).
The closed system in which the nutrient solution
was not disinfected showed the lowest crop yield.

Table 6. The effect of selected strains of Fusarium and Trichoderma on P. cryptogea root rot of gerbera grown in
different closed soilless systems (Albenga, 2001).

Treatment Diseased plants at different dates (%)

Soilless Slow sand Addition of 29.01.01 16.03.01 17.04.01 23.05.01system filtration antagonists

Closed Yes No 0 aa 0.0 a 5.6 ab 11.1 b
Open No No 0 a 3.2 ab 5.3 ab 12.6 b
Closed Yes Fusaria 0 a 0.0 a 0.0 a 1.9 a
Closed No No 0 a 7.6 b 9.1 b 22.8 c
Closed Yes Trichoderma 0 a 0.0 a 0.0 a 2.1 a

a In each column values followed by the same letter do not differ significantly according to Duncan’s Multiple Range Test (signifi-
cance level at P=0.05).

Table 7. The effect of selected strains of Fusarium and Trichoderma on the production of flowers per healthy gerbera
plant grown in different closed soilless systems (Albenga, 2001).

Treatment Number of flowers per healthy plant at different dates

Soilless Slow sand Addition of 23.01.01 05.02.01 01.03.01 30.03.01 23.04.01 10.05.01system filtration antagonists

Closed Yes No 1.5 aa 2.5 a 4.2 a 6.9 a 15.9 a 17.8 a
Open No No 1.5 a 2.4 a 4.2 a 7.5 a 12.9 a 14.8 a
Closed Yes Fusaria 1.4 a 2.3 a 4.7 a 7.3 a 10.0 a 11.8 b
Closed No No 1.2 a 2.1 a 3.6 a 5.7 a 8.4 b 9.4 b
Closed Yes Trichoderma 1.7 a 2.7 a 4.9 a 7.6 a 10.5 a 11.9 b

a In each column values followed by the same letter do not differ significantly according to Duncan’s Multiple Range Test (signifi-
cance level at P=0.05).

Table 8. The effect of selected strains of Fusarium and Trichoderma on the production of flowers per m2 in gerbera
plants grown in different closed soilless systems (Albenga, 2001).

Treatment Number of flowers per m2 at different dates

Soilless Slow sand Addition of 10.01.01 05.02.01 01.03.01 30.03.01 23.04.01 10.05.01system filtration antagonists

Closed Yes No 3.5 aa 12.1 a 19.1 a 27.9 a 35.1 a 40.7 a
Open No No 2.7 a 11.0 a 17.3 a 28.1 a 39.9 a 47.4 a
Closed Yes Fusaria 4.2 a 10.8 a 20.4 a 30.3 a 40.8 a 47.8 a
Closed No No 2.6 a 9.0 a 12.3 b 16.6 b 21.5 b 24.0 b
Closed Yes Trichoderma 3.3 a 12.3 a 19.5 a 28.2 a 37.4 a 42.0 a

a In each column values followed by the same letter do not differ significantly according to Duncan’s Multiple Range Test (signifi-
cance level at P=0.05).
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Discussion
The results on gerbera in the three trials on open

soilless systems suggest that some micro-organ-
isms may boost flower production and reduce dis-
ease incidence in plants that are infected with P.
cryptogea. Of the Fusarium strains, F19, isolated
from healthy P. cryptogea-free gerberas grown in a
soilless system, gave the best results, with a great
increase in yield. The most strongly antagonistic
Trichoderma strains were T2 and T5, both from
healthy P. cryptogea-free gerbera plants grown in
a soilless system, and T6, isolated from plants
grown in a soilless system that were apparently
healthy but had been artificially infected with P.
cryptogea. The three oomycetes OO9, OO10 and
OO11, isolated from apparently healthy gerberas
artificially infected with P. cryptogea and grown in
a soilless system, also yielded very interesting re-
sults: they were highly disease-suppressive and,
also, increased flower production. The most effec-
tive bacterial strain was B3, isolated from healthy
P. cryptogea-free gerbera plants grown in a soil-
less system.

The results over two years suggest that some
microbial strains, that are well adapted to soilless
conditions, may increase gerbera plants yield and
reduce root rot incidence. No correlation was found
between strain effect and strain origin. Among the
most effective strains, only a few were isolated from
diseased gerbera plants grown in soilless system
artificially infected by P. cryptogea; most came from
healthy P. cryptogea-free gerbera plants grown in
a soilless system or from apparently healthy ger-
beras artificially inoculated with P. cryptogea. This
could be due to the occurence of a protective mi-
croflora in the rhizosphere of plants that survive
in a system where the pathogen is present.

Other researchers have reported that the mi-
croflora in soilless systems is important for the
suppression of root pathogens (Postma et al., 1999
and 2000). However, more knowledge about the
mechanisms of action and the micro-organisms
involved in suppression is needed before these mi-
cro-organisms can be stimulated or enhanced in
practice. There is also a need for better formula-
tion and application procedures and a clearer un-
derstanding of the environmental conditions un-
der which these antagonists are most effective.

The trial in the closed soilless system showed
that is feasible to combine selected antagonistic

micro-organisms in soilless cultivations with the
passive disinfection of the recirculating nutrient
solution (slow sand filtration). Periodical assess-
ments of disease severity and flower production
showed that the incidence of P. cryptogea root rot
in the cultural rows with the antagonists was sig-
nificantly less than that in the control using only
slow sand filtration without the antagonists.

Slow sand filtration largely eliminates some
pathogens, such as Pythium and Phytophthora, but
others, such as viruses and nematodes, are only
partly eliminated (Wohanka, 1995; Runia et al.,
1997; Van Os et al., 2000). It is less expensive than
active disinfestation techniques such as heat or UV
treatment and for this reason is suitable in coun-
tries where economic constraints are greater. Slow
sand filtration does not kill the entire indigenous
microflora in the nutrient solution, but allows use-
ful microbial populations to develop on the upper
layer of the sand filter (filter skin). This technique
can therefore be used in combination with select-
ed antagonistic strains in order to enhance the
natural suppressiveness of the filter (Van Os and
Postma, 2000).

Future work will focus on how to improve dis-
infection treatments, and particularly slow sand
filtration, which may be able to keep the closed
soilless system in microbial balance, and on how
to enhance microbial activity by stimulating the
indigenous microflora and/or applying particular
antagonistic strains to the closed soilless system.
Moreover, since the main purpose of this work was
to demonstrate the feasibility of selecting suppres-
sive strains from plant rhizosphere, due to the lack
of knowledge concerning the identification of the
these strains, based until now only on selective
media and colony morphology, the next step will
be the study of the mechanism of action of the most
effective strains, their identification to genus and
species level, and the feasibility of developing a
semi-commercial formulation well adapted to soil-
less systems.
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