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Hydroponics is the technology of
growing plants in nutrient solution,
either with or without the use of a sub-
strate (which is usually inert) to provide
mechanical support to the root system
(23). Systems lacking an inert substrate
are called liquid hydroponic systems,
while systems employing various sub-
strates (e.g., sand, gravel, peat, perlite,
vermiculite, rock wool, etc.) are called
aggregate hydroponic systems. Hydro-
ponic systems are also classified as either
open or closed. In a closed system, the
nutrient solution is recovered, replen-
ished, and recycled following its direct
delivery to the root system. In an open
system, the nutrient solution is not
replenished or recycled, although it may
be recovered. Various types of hydro-
ponic systems are shown in Figure 1.
Among the more common closed
hydroponic systems are the nutrient film
technique (NFT) (Fig. 1A-C) and the
deep flow technique (Fig. 1D). Common
open hydroponic systems include trough
culture (Fig. 1E), rock wool culture (Fig.
1F), sand culture (Fig. 1G), and bag
culture (Fig. 1H). Rock wool is currently
the most widely used aggregate substrate
and is used in open as well as closed
hydroponic systems.

Although the history of hydroponics
can be traced to the seventeenth century,
commercial use began in the early 1940s
(23) and is currently employed worldwide
to grow flower, foliage, and bedding
plants, in addition to high cash value
vegetable crops. This article will focus
on vegetable crops: in particular, root
diseases of hydroponically grown vege-
table crops. Although worldwide figures
are not available, Eparvier et al (8)
estimated that in 1991 there were about
4,000 ha of hydroponic vegetable pro-
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duction in northern Europe alone. In the
United States, total greenhouse vegetable
production (both soil and hydroponic)
has been estimated (1994) at about 220
ha, 75% of which is grown under hydro-
ponic conditions (Michael Dowgert,
AgroDynamics, personal communica-
tion). The size of individual commercial
facilities ranges from 232 m® to 16 ha.
Major vegetable crops grown in hydro-
ponic systems include tomato, cucumber,
spinach, lettuce, and pepper. Minor
crops include watercress, corn-salad, and
various herbs and spices.

Avoidance of root diseases was one
of the motivating forces underlying the
development of hydroponics. Although
cultivation in hydroponics has resulted
in a decrease in the diversity of root-
infecting microorganisms compared with
conventional culture in soil, root diseases
still occur, and disease losses are occa-
sionally greater than in soil. In open-field
agriculture, the rapid development of a
plant disease is generally regarded as a
unique feature of foliar or above-ground
infectious agents. However, the use of
hydroponics (particularly the closed sys-
tems) now imparts these same char-
acteristics to root or below-ground infec-
tious agents. Infectious agents, once
introduced into the system, are favored
as a result of 1) the abundance of a
genetically uniform host, 2) a physical
environment with a more constant
temperature and moisture regime, and
3) amechanism for the rapid and uniform
dispersal of a root-infecting agent
throughout the cultural system. Thus,
knowledge of the avenues of pathogen
introduction is requisite for maintaining
a pathogen-free environment. Addi-
tionally, accurate identification of the
specific pathogen involved is essential to
the selection or development of an appro-
priate strategy for control, because no
single method is applicable to all root-
infecting pathogens.

Root-Infecting Agents

Compared to the numerous and diverse
types-genera of root- infecting patho-
gens associated with field-grown vegeta-

ble crops, relatively few have been
reported as pathogens of crops grown
under hydroponic conditions. To date,
four viral, two bacterial, and 20 fungal
pathogens have been associated with root
diseases of hydroponically grown vege-
table crops (Table 1). Although this list,
at first glance, appears ominous, rela-
tively few of these pathogens have been
associated with either major or wide-
spread economic losses in the industry.

With the exception of Fusarium oxy-
sporum f. sp. radicis-lycopersici (a root
and crown pathogen of tomato), most
of the destructive root diseases in hydro-
ponics have been attributed, either
directly or indirectly, to the fungal genera
Pythium, Phytophthora, Plasmopara,
and Olpidium. These fungi, which are
capable of infecting seedlings as well as
mature, fruit-bearing plants (Fig. 2), all
produce a motile spore known as a zoo-
spore and are favored by an aquatic
environment. Additionally, all of these
zoosporic fungi (Table 1), as opposed to
nonzoosporic fungi, have been demon-
strated experimentally to spread within
a system via recirculation of zoospore-
infested nutrient solution. A zoospore is
a motile, unicellular, propagative body
measuring 3-12 um in diameter. Zoo-
spores are formed inside a sporangium
(or vesicle) on infected roots (Fig. 3) and
are eventually released. During the
motile period, which can last up to 24 hr,
the zoospore, through a chemotactic
mechanism, locates a root, encysts, and
penetrates and infects the plant root.
Under optimum environmental condi-
tions, these events can occur within §
minutes. Subsequent to root infection,
completion of the asexual life cycle (e.g.,
zoospore to zoospore) can occur
(depending on the particular zoosporic
fungus) within 12 hours. The reproduc-
tive capabilities of these zoosporic fungi
are enormous. For example, we have
determined that about 40 sporangia of
Plasmopara lactucae-radicis (Fig. 4) are
produced on a I-cm-long segment of an
infected lettuce root. Each sporangium
produces approximately 100 zoospores.
Thus, 4,000 zoospores are produced per
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Fig. 1. Types of commercial hydroponic cultural systems. (A-C) Nutrient film technique. (D) Deep flow technique. (E) Trough
culture. (F) Rock wool culture. (G) Sand culture. (H) Bag culture.
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centimeter of infected root. The uniform
infection of a single mature lettuce plant,
which has about 2,000 cm of roots, can
result in the production and release of
about 8 million zoospores.

Most of the zoosporic fungi listed in
Table 1 are recognized as root pathogens
of the same crops grown in the field. The
most common root pathogens are
Pythium aphanidermatum, Pythium
myriotylum, Phytophthora cryptogea,
and Phytophthora nicotianae. However,
cultivation in hydroponics may select for
“new” pathogens. For example, Phy-
tophthora cryptogea attacks a crop (e.g.,
lettuce) in hydroponics that it is not
reported to attack in the field (29) (Fig. 5).
We also recently identified a new root-
infecting pathogen on hydroponically
grown lettuce. This fungus, an obligate
root-infecting downy mildew, was named
Plasmopara lactucae-radicis (42,43) and
has not been reported from any field-
grown crop (Fig. 3B). Additionally, some
root pathogens that are of little or
unrecognized importance under field
conditions can be of major economic
importance in hydroponic culture. This
is particularly true of Pythium dis-
sotocum. This fungus was first identified
as the cause of a destructive root rot of
hydroponically grown spinach (1). Since
then, this fungus has been identified as

a major pathogen of hydroponically
grown lettuce (44). To date, we have iso-
lated this pathogen from the roots of
hydroponically grown lettuce submitted
for diagnosis from commercial green-
houses in California, Illinois, New York,
Florida, Virginia, North Carolina, New
Jersey, Canada, and Finland. It appears
to be almost ubiquitous in nature. On
lettuce, this root pathogen is particularly
insidious, because infected plants do not
exhibit any root rot symptoms. The only
indication of the presence of this fungus,
other than its isolation from roots, is a
general retardation in the maturation
rate of the plant (Fig. 6). However, since
all plants in a hydroponic system are
uniformly infected, there is no reference
point for diagnosis.

Source of Greenhouse Pathogens

Maintenance of a pathogen-free cul-
tivation system is dependent on identi-
fication and elimination of the source(s)
responsible for introduction of the path-
ogen. Potential and documented sources
of pathogen introduction include the
following: air, sand, soil, peat, water, and
insects.

Air. In general, soilborne root-infect-
ing pathogens are seldom airborne. An
exception, however, is F. o. radicis-
Iycopersici, the most destructive nonzoo-

Table 1. Infectious agents isolated from roots of hydroponically grown vegetable crops

Spread by infested
Pathogen nutrient solution Reference
Bacteria
Clavibacter michiganense Inconsistent 6,17,52,53
Pseudomonas solanacearum Yes 22
Fungi
Nonzoosporic
Colletotrichum coccodes Inconsistent 5,22,53
Fusarium oxysporum f. sp. Iycopersici  Inconsistent 49,52
F. o. radicis-lycopersici Inconsistent 2,19,22,30
F. 0. cucumerinum No 22
Pythium ultimum Inconsistent 9,22,57
Verticillium dahliae No 9
V. tricorpus No 10
Thielaviopsis basicola Not tested 46
Zoosporic
Phytophthora cryptogea Yes 20,29,34,35
Phytophthora nicotianae Yes 9,20,41,52,57,59
Plasmopara lactucae-radicis Yes 42,43
Pythium aphanidermatum Yes 1,11,22,31,41,45,48
Pythium debaryanum Yes 22,57
Pythium dissotocum Yes 1,13,44
Pythium intermedium Yes 51
Pythium irregulare Not tested 11,40
Pythium myriotylum Yes 22,40
Pythium sylvaticum Not tested 57
Olpidium brassicae Yes 54,55
O. radicale Yes 56
Viruses
Lettuce big vein virus* Yes 32,54,55
Melon necrotic spot virus® Yes 56
“Tomato mosaic virus Yes 32,33
Cucumber green mottle mosaic virus Yes 32

“*Transmitted by Olpidium brassicae.
*Transmitted by Olpidium radicale.

sporic fungus in hydroponic culture
(2,4,19,28,37). This particular fungus
attacks both roots and crowns of tomato
plants. Airborne spores of this fungus
have been identified as a major source
of introduction into and within green-
houses (37).

Seed. Only two of the pathogens listed
in Table 1 are known to be seedborne:
Clavibacter michiganense (24) and melon
necrotic spot virus (32). Melon necrotic
spot virus is also transmitted by
Olpidium radicale (56). Thus, once intro-
duced on seed or seedlings, the virus may
spread rapidly via its zoosporic fungal
vector.

Soil. Soil, although an obvious source
of introduction for many plant patho-
gens, is seldom used in commercial
hydroponic facilities. However, soil is
still a source of inoculum. Soil is con-
stantly being introduced into most
facilities on the shoes of greenhouse
personnel, and many greenhouse facil-
ities have nutrient solution reservoirs
located at ground level. Often, these
reservoirs have no covers or barriers to
prevent accidental introduction of the
soil into the nutrient solution. Addi-
tionally, all soil within the greenhouse
should be covered to prevent splash
dispersal or the generation of dust, which
may harbor soilborne pathogens.

Sand. Washed river sand has occasion-
ally been used in greenhouses as an aggre-
gate substrate or as a ground cover-path-
way between production areas. Washed
river sand can be infested with many
plant pathogens and has been identified
as the source of introduction of Pythium
aphanidermatum and P. dissotocum into
a hydroponic system (1).

5"3’

Fig. 2. Death of a mature, fruit-bearing
cucumber plant caused by Pythium
aphanidermatum.
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Peat. Commercial peat and peat mix-
tures are major sources for the introduc-
tion of plant pathogens. A survey con-
ducted in 1975 (27) showed that 15 out
of 52 randomly selected peat products
contained Pythium, and all 52 contained
Fusarium. More recently, Favrin et al
(11) reported that eight out of 10 peat
or peat-based propagation mixes used in
Canada were infested with Pythium. Peat
has also been implicated as the source
of introduction of Olpidium brassicae
and Thielaviopsis basicola into green-
houses in England (55) and Florida (16),
respectively.

A
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Fig. 3. Sporangia of zoosporic fungi on roots of their respective hosts. (A) Pythium

Water. Reservoir and surface water,
such as rivers and streams, are known
to be infested with many potential plant
pathogens and should be avoided. Well
water, however, is commonly regarded
as pathogen free. In 1988, we suspected
river water as the source of Pythium dis-
sotocum in a commercial lettuce hydro-
ponic facility in Finland and recom-
mended that the grower might try, if
available, deep-well water. In October
1989, we received a letter from the grower
indicating that he drilled a well 140 m
deep. Since he began to use the well
water, Pythium has not been a problem,

dissotocum. Bar = 150 um. (B) Plasmopara lactucae-radicis. Bar = 160 um. (C) Phytoph-
thora cryptogea. Bar = 150 um. (D) Pythlum aphanidermatum. Bar = 100 um.
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and the well paid for itself in a very short
time.

Insects. Fungus gnats (Bradysia spp.)
and shore flies (Scatella stagnalis) are
common insect pests in greenhouses and
have been regarded merely as a nuisance.
Recently, however, both larva and adult
life stages of these two insects were impli-
cated as vectors of some of the root path-
ogens listed in Table 1. A summary of
the current status regarding transmis-
sion by these insects is presented in Table 2.
Although larvae of both of these two
insects have been shown to ingest, ex-
crete, and transmit some of the root
pathogens, their significance to spread
within a greenhouse is probably minimal.
They are slow moving and, for all
practical purposes, confined to the moist
surface-subsurface of aggregate sub-
strates supporting individual plants.

Adult stages of these two insects are,
however, very mobile and are capable
of aerial transmission of some root-
infecting pathogens. Adult shore flies
have been documented to aerially trans-
mit Pythium aphanidermatum (14) and
T. basicola (47). T. basicola (18) and
F. o. radicis-lycopersici (12), but not
Pythium aphanidermatum (21), are
vectored by adult fungus gnats. The
method of pathogen acquisition by the
adult stages of these two insects is,
however, quite different. In adult fungus
gnats, acquisition is either not known
(12) or by external contamination (18).
In contrast, adult shore flies are inter-
nally infested with the root-infecting
pathogen and excrete viable fungal
propagules.

Acquisition of the root pathogens by
adult shore flies can occur by two

Fig. 4. Extensive sporulation of Plasmo-
para lactucae-radicis on a naturally
infected lettuce root. Bar =1 cm.



methods. First, fungal propagules
ingested by larvae are retained through
pupation. For example, oospores of
Pythium aphanidermatum were ob-
served in the gut of larvae, pupae, and
adult shore flies; and viable oospores
were excreted in frass deposited by larvae
and adults (Fig. 7). Larvae that fed on
infected cucumber roots laden with
oospores acquired the fungus. Because
adult shore flies do not have access to
or feed on infected roots, the oospores
observed in the guts of adult flies reflect
residual oospore populations retained
through pupation. Although only a small
percentage (10%) of adult shore flies were
internally infested with this root
pathogen, these populations were highly
efficient in transmission of the pathogen.
All cucumber plants frequented by
naturally infested adult shore flies were
killed (14). Second, the adult shore fly
can ingest the pathogen. Chlamydo-
spores and endoconidia of T. basicola,
a crown and root pathogen of hydro-
ponically grown corn-salad, were micro-
scopically observed in frass deposited by
larvae and adult shore flies collected in
the immediate vicinity of naturally
infected plants (Fig. 8). Approximately
95% of the adult flies and 85% of the
larvae were internally infested with this
root pathogen, but only 149 of the pupae
were internally infested. The high per-
centage of internally infested adult shore
flies and the low percentage of internally
infested pupae suggested that adult shore
flies were acquiring the fungus by direct
feeding. Extensive sporulation of T.
basicola was observed on above-ground
portions (i.e., the crown and lower stems)
of infected plants, tissue that would allow
adult shore flies access to the fungus.

We subsequently demonstrated that
adult shore flies (93%) caged with plants
infected with this fungus actually ingest
the fungus and excrete viable endo-
conidia and chlamydospores. The flies
can transmit the pathogen, via infested
frass, to healthy plants (Fig. 9), which
subsequently become infected (47). A
similar situation may exist for tomato
plants infected with F. o. radicis-
lycopersici. The latter fungus, like T.
basicola, sporulates profusely on the
lower stem and crown of infected plants.
Adult shore fly acquisition by direct
feeding is thus highly likely and, along
with documented transmission by adult
fungus gnats (12) and airborne spores
(37), may account for the high incidence
of the disease in tomato greenhouses. The
above scenario is supported by the fact
that this fungus has not been demon-
strated to spread from plant to plant via
recirculation of the nutrient solution
(22,30).

In addition to transmission of patho-
genic fungi, adult shore flies have also
been demonstrated to transmit certain
plant pathogenic bacteria (M. E.
Stanghellini and S. L. Rasmussen, un-

published). Larvae of adult shore flies,
feeding in the root zone of plants
artificially infested with a population of
rifampicin-resistant strains of Erwinia
carotovora and Pseudomonas cichori,
ingested the bacteria. These two bacteria
were retained through pupation, and
colonies of both were detected in frass

w = e

Fig. 6. Uniform retardation in the maturation rate of lettuce plants infected with Pythium

excreted by newly emerged adult shore
flies (Fig. 10) when the latter were caged
on petri dishes containing agar amended
with rifampicin. The bacteria were also
detected in frass deposits on lower leaves
of plants frequented by internally
infested adult shore flies (Fig. 11). Insect
transmission may account for the occa-

dissotocum (left A frame) and healthy plants of the same age (right A frame).
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investigations indicate that insects must Insect control must be included in strate-
now be added to the list of documented gies for maintenance of a pathogen-free
mechanisms for the introduction and system.

spread of pathogens in greenhouses.

sional occurrence of stem rot of
hydroponically grown tomato caused by
E. carotovora (22).

The cumulative results of the above

Table 2. Transmission of root-infecting fungi by shore flies and fungus gnats

Shore flies Fungus gnats

Pathogens* Larvae Adult Ref® Larvae Adult Ref
Pythium Yes® Yes? 14 Yes® No 21

Thielaviopsis NT* Yes® 47 Yes® Yes' 18

Fusarium NT NT e Yes' Yes' 12

* Pythium aphanidermatum, Thielaviopsis basicola, Fusarium oxysporum f{. sp. radicis-
lycopersici.

References in text.

“Internally infested: Acquisition by ingestion. _

“Internally infested: Acquisition from internally infested pupae.
“Not tested.

Method of acquisition not reported or externally contaminated.

Environmental Factors

Under field conditions, two of the
more important environmental factors
that govern the onset or occurrence of
root disease are soil temperature and soil
moisture. These two factors fluctuate
dramatically over a cropping season and
are generally favorable for root infection
by soilborne pathogens for relatively
short periods of time. Additionally, the
prevalence of disease (i.e., the number
of infected individuals) under field
conditions is primarily dependent on the
inoculum density of the pathogen per
unit volume of soil. Pathogen reproduc-
tion on infected roots (i.e., secondary
inoculum) generally plays little or no role

in current-season disease prevalence. In
contrast, both temperature and moisture
are relatively constant over the entire
cropping season in hydroponic culture.
Moisture in the root zone is never
lacking, and nutrient solution tempera-
tures can be relatively constant over long
periods of time. This constancy, if
coincident with the moisture and tem-
perature requirements of the pathogen,
provides a near-optimum environment
for sustained root infection. Addi-
tionally, disease prevalence in hydropon-
ics, in contrast to that in open-field agri-
culture, is dependent on the production
and dispersal of secondary inoculum.

The abundance of free water in hydro-
ponic systems favors all of the zoosporic
pathogens. Nutrient solution tempera-
tures, however, appear to be the most
important environmental factor govern-
ing both the onset and the prevalence
of root diseases caused by specific zoo-
sporic pathogens. For example, Pythium
aphanidermatum, which attacks cucum-
bers, tomatoes, and spinach, is most
destructive at nutrient solution tempera-
tures above 25 C and is not of economic
concern at temperatures below 20 C
(1,13). Similarly, Plasmopara lactucae-
radicis, which attacks lettuce roots, is
favored by warm temperatures and is
inhibited at nutrient solution tempera-
tures below 20 C (42). In contrast, Phy-
tophthora cryptogea, a zoosporic patho-
gen of tomatoes, is most destructive at
15 C and causes little or no damage at
25 C(25,26,34). In all of the above cases,
lack of disease at specific temperatures
has been associated with an inhibition
of, or reduction in, production of zoo-
spores (i.e., secondary inoculum) by the
pathogen.

Fig. 7. Oospores of Pythium aphanidermatum in (A) gut of larvae (Bar = 100 um)
and (B) frass excreted by adult shore flies (Bar = 25 um).

Pathogen Spread
in Hydroponic Culture

Any infectious propagule, upon entry
into the nutrient solution, will eventually
make contact with a root, or vice versa.
The probability of encounter is very high
when one takes into consideration the

Fig. 8. Chlamydospores of Thielaviopsis basicola in (A) gut of larvae (Bar = 180 um)
and (B) frass excreted by adult shore flies (Bar = 90 um).
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density and confinement of roots in a
hydroponic system, particularly those
employing the nutrient film technique.
Once a zoosporic, root-infecting fungus
has been introduced into a production
facility, it will multiply and spread
rapidly throughout the system. Methods
of pathogen dispersal include the follow-
ing: self-dispersal (i.e., via zoospore
motility), dispersal resulting from recir-
culation of the nutrient solution, and
root-to-root contact. Zoospores readily
pass through sand filters (49) and the
impellers of centrifugal pumps (20,49) in
a viable condition (most probably as
encysted zoospores). Additionally, many
root pathogens are capable of growing,
via hyphae, from an infected to a healthy
root.

Methods of Control

Once a root-infecting pathogen has
established itself in a production facility,
control is often difficult but can some-
times be achieved. The choice of a
particular control strategy depends on
accurate identification of the root-
infecting pathogen. Various methods of
control are listed below.

A. Biological methods

1. Use of resistant cultivars

2. Use of antagonistic microorganisms
B. Cultural and physical methods

1. Sanitation

2. Treatment of infested nutrient
solution
3. Manipulation of the physical
environment
C. Chemical methods
1. Fungicides
2. Other biocides

Biological methods. Resistant culti-
vars. The first line of defense against a
plant pathogen is the use of resistant
cultivars. Accurate identification of the
pathogen, to the species level, is man-
datory for the selection of appropriate
cultivars. Unfortunately, few cultivars
are resistant to most of the pathogens
listed in Table 1. Tomato cultivars resis-
tant to Fusarium spp. and lettuce culti-
vars resistant to Plasmopara lactucae-
radicis are available.

Antagonistic microorganisms. The use
of antagonistic microorganisms, partic-
ularly in rock wool culture, has been the
subject of recent investigations (8,28,36,
58), and the results of these investigations
appear promising. However, most of the
antagonists are not registered for use in
commercial hydroponic systems. The
only antagonist registered for such a use
is Streptomyces griseoviridis (Mycostop,
Kemira Biotech, Finland). This antag-
onist is most effective against Fusarium.

Cultural and physical methods. San-
itation. The removal of all infested or
infected plant debris, as well as disin-
festation of equipment and recycled

aggregate substrates, is mandatory for
the maintenance of a pathogen-free
system. This is particularly true in the
nursery. Pathogen-free nursery stock is
of the utmost importance. The nursery
should be housed in a facility physically
separated from the production facility
and should not use the same nutrient
solution employed in the production
facility.

e Y

Treatment of infested nutrient solu-
tion. Numerous methods have been pro-
posed for the elimination of pathogens
from infested nutrient solutions. Such
methods include filtration, sonication,
ozonation, ultraviolet irradiation, and
thermal inactivation (10,15,38,39,49).
Although some of these methods are
experimentally demonstrated to be effec-
tive, successful application to large com-

Fig. 9. Adult shore fly frass deposits (arrows) on the hypocotyl of corn-salad seedlings.
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mercial systems is often cost prohibitive.
Large commercial systems require nutri-
ent solution flow rates often exceeding
1,000 L/minute. Sterilization of such
large volumes of nutrient solution,
particularly in closed systems where there
is no down time, is virtually impossible.

Manipulation of the physical environ-
ment. As previously mentioned, two of
the more important environmental
factors known to govern the life cycle
of root-infecting pathogens and disease
cycles are temperature and moisture.
Hydroponics provides for a nearly con-

Fig. 10. Colonies of a rifampicin-resistant
strain of Erwinia carotovora developing in
a frass deposit excreted by an adult shore
fly. Bar = 0.75 mm.
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stant saturated environment. Thus, man-
agement of the moisture in the root zone
will have minimal impact on the patho-
gens listed in Table 1. However, the
temperature of the nutrient solution can

Fig. 11. Frass deposits excreted by adult
shore fly on lower leaf of a poinsettia
plant. Frass deposits were infested with
Erwinia carotovora.

be manipulated. If the temperature re-
quirements of the root pathogen are
known, nutrient solution temperatures
can be raised or lowered to retard devel-
opment of the pathogen. For example,
spinach, cucumbers, and tomatoes are
attacked by Pythium aphanidermatum.
This fungus is most destructive at
temperatures above 25 C. Similarly,
Plasmopara lactucae-radicis, a pathogen
of lettuce roots, is favored by tempera-
tures above 20 C. Thus, lowering the
temperature of the nutrient solution will
result in economic control of these two
root pathogens. In contrast, Phytoph-
thora cryptogea, a root pathogen of
tomato, is favored by cool temperatures
and can be controlled by elevating root
zone temperatures to 25 C (25,26). The
above examples illustrate the necessity
for accurate identification of the causal
agent of a particular disease.

Chemical methods. Fungicides. The
addition of fungicides to the recirculating
nutrient solution is obviously an effective
method of disease control. However, no
fungicides are registered for use in hydro-
ponic systems in the United States. The
reasons for the lack of registered products
are numerous. First, most fungicides
have a lag period between application
and harvest, and most commercial
hydroponic facilities harvest every day.
Second, the limited acreage of hydropon-
ics in the United States does not warrant



the cost of registration. Third, the pro-
bability that chemically resistant strains
of the pathogen would develop is very
high.

Other biocides. Amending the nutrient
solution with potassium silicate (3) and
chitosan (7) have recently been reported
to control certain root-infecting patho-
gens in hydroponics. The results of these
preliminary studies look promising, but
neither is currently registered for com-
mercial use. In addition to the above two
chemicals, surfactants also exhibit
promise in the control of root diseases
caused by zoosporic fungi. In 1980,
Tomlinson and Faithfull (54,55) demon-
strated effective commercial control of
lettuce big vein disease, which is caused
by a virus vectored by O. brassicae.
Zoospores of O. brassicae, in addition
to zoospores of Pythium and Phytoph-
thora (50), are rapidly killed (via disso-
lution of the unit membrane encasing the
zoospore) when exposed to surfactants.
Evaluations of the efficacy of surfactants
for the control of root rot of cucumbers
and tomatoes caused by Pythium aphani-
dermatum and two species of Phytoph-
thora, respectively, are currently in pro-
gress (M. E. Stanghellini and S. L.
Rasmussen, unpublished). Preliminary
results indicate complete suppression of
zoospore spread in a recirculating rock
wool system.

Summary

Root diseases are one of the con-
straints on the maximum yield potential
of any crop. The accidental introduction
of a pathogen into a recirculating hydro-
ponic system essentially guarantees a
rapid and uniform infestation of the
entire crop. Thus, knowledge of the
avenues of pathogen introduction is
requisite for maintaining a pathogen-free
environment. Once a pathogen becomes
established, disease control is often
difficult. Accurate identification of the
pathogen is essential to the selection or
development of an appropriate strategy
for control, because no one method is
applicable to all root-infecting patho-
gens. Undoubtedly, new diseases will be
encountered as the hydroponic industry
expands, and research on effective
methods of control will be needed.
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