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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 s u b  
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. I n  a closed system, the 
nutrient solution is recovered, replen- 
ished, and recycled following its direct 
delivery to the root system. I n  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 I .  
Among the more common closed 
hydroponic systems are the nutrient film 
technique (NFT) (Fig. 1 A-C) and the 
deep flow technique (Fig. 1 D). Common 
open hydroponic systems include trough 
cut ture (Fig. 1 E), rock wool culture (Fig. 
IF), sand culture (Fig. IG), and bag 
culture (Fig. 1 H). Rock wool is currently 
the most widely used aggregate substrate 
and is used in open as well as closed 
hydroponic systems. 

Atthough 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 greenhousevegetable 
production (both soil and hydroponic) 
has been estimated (1994) at about 220 
ha, 75% of which is g o w n  under hydro- 
ponic conditions (Michael Dowgert, 
AgroDynamics, personal carnmunica- 
tion). The size of individwal commercial 
facilities ranges from 232 m2 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 diseas~ losses are occa- 
sionally greater than in soil. In open-field 
agriculture, the rapid development of a 
plant disease h generally regarded as a 
unique feature of feliar 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 I )  the abundance of a 
genetically uniform host, 2) a physical 
environment with a more constant 
temperature and moisture regime, and 
3) a mechanism 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, tecause no 
single method is applicable to all root- 
infecting pathogens. 

Root-lnfectlng 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 Fusariurn oxy- 
sporum f. sp. redicis-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 
Pyl hium, Phyrophrhora. Plosmopara, 
and Olpidium. These fungi, which are 
capable of infecting seedings as well as 
mature, fruit-hearing 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 I), as opposed to 
nonzoosporic fungi, have been demon- 
strated expetimentatly to spread within 
a system via recirculation of zoospore- 
infested nutrient solution. A zoospore I s  
a motile, unicellular, propagative body 
measuring 3-12 pm in diameter. Zoo- 
spores are formed inside a sporangiurn 
(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 5 
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 4Q sporangia of 
Plosmopera laclucae-rudicis (Fig. 4) are 
produced on a I-cm-long segment of an 
infected lettuce root. Each sporangiurn 
produces approximately 100 zoospores. 
Thus, 4,000 zoospores ate produced pet 
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