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IRRIGATION WATER RECIRCULATING SYSTEMS 
 
Root Death 

 
One of the theoretical hazards in a 

recirculating irrigation system is that 
diseases might spread very rapidly via 
the recirculating solution. 

 
The results of experiments of Staunton and Cormican (1978) do not support this theory. They 
observed tomatoes in nutrient film culture for four months after the recirculating nutrient solution 
had been inoculated with Fusarium oxysporum (Fusarium wilt), Didymella lycopersici (stem rot), 
Pyrenochaeta lycopersici (brown root rot), Phytophthora nicotianae (basal rot), and 
Corynebacterium. In the case of Fusarium, disease spread was slow and plants were not severely 
affected. In the case of Didymella, the relatively low disease level was not due to failure to infect 
but was due to failure of the post-infection process. Pyrenochaeta did not cause disease. 
Phytophthora and Corynebacterium failed to cause disease. 
 

Disease epidemics associated with 
recirculating solutions are much 
less prevalent than is the concern 
about their potential. 

 
Grower experience to date indicates minimal pathogen problems with recirculated water used for 
flooding benches or trough irrigation. 
  
In subirrigation/capillary systems, there has also been concern about pathogen spread in the beds 
or mats. Whitcomb (1984) states that disease has not been a problem in New Zealand where 
subirrigation/capillary systems are used by many nurserymen. 
 

"Disease has not been a problem in 
subirrigation despite the wetness of 
the medium" Kkiplinger, et al 1975). 
 

During five years of experiments by Ticknor and Green (1987) with subirrigation standing 
grounds and capillary beds, no root rot has developed; test plants included Chamaecyparis 
lawsoniana 'Ellwoodii' and Erica erigene, both of which are susceptible to root rot diseases. 



 
Reports from European producers using recirculated water have little to say about pathogen 
problems (Biernbaum, etal, 1988). Larson (1988) stated, "I never saw root rot problems with sub-
irrigation. Some of the crops which seem to be so easily over-watered thrived with Ebb and Flow 
watering. " 
 

Root death has occurred after plants      
received a growth check. 
 

Davies (1980) reported that very few pathological problems have occurred in commercially 
grown nutrient film culture crops of tomatoes where nutrient solutions are recycled. Pythium has 
been isolated from dead roots of plants that had a growth check, but it appeared that infection 
followed root death and was not necessarily the cause of it. (Davies, 1980). In one nursery 
Verticillium wilt occurred in a very few plants randomly scattered; there was no evidence of 
disease spread by the solution (Davies, 1980). Likewise, when the NFC system has been 
inoculated or individual plants have been infected with bacterial canker (Corynebacterium 
michiganense) there has been no evidence that the disease was spread through the solution. 
 

No infections with Phytophthora spp. have 
been detected in any NFC-grown crops 
(Davies, 1980). 
 

However, problems have been encountered with spread of Fusarium oxysporum f. sp. dianthi and 
Fusarium culmorum on carnations grown in NFC; wilt spread very quickly in NFC and all plants 
were killed within 13 months of planting as compared to 6% killed in the control treatment 
(methyl bromide sterilized soil); benomyl was added to the Nfc solutions monthly but without 
any apparent beneficial effect (Davies, 1980). According to Davies (1980), very low wilt 
occurred on carnations in a comparison hydroponics system with rockwool: the NFC system 
apparently predisposed the plants to fusarium wilt disease. 

 
"Infection levels may rise in unstressed plants 
but will remain unobserved while new root 
regeneration maintains the plant" (Pegg 
1986). 
 

Although the plants' roots might have been previously infected with pathogenic organisms, 
disease symptom expression did not occur until after the physiological growth check (Davies, 
1980; Pegg, 1986). 
 
Factors Causing Root Growth Check 
 

• Lack of Root Aeration Checks Root Growth 
 
Lack of root aeration has also been associated with premature root dieback; elevating plant root 
systems on capillary-mat covered, 10 x 10 x 2.5 cm polystyrene squares in NFC or 
aerating/pulsing nutrient solutions has alleviated this problem (Wilson, 1986). The "Ebb and Flo" 



culture system is similar to the nutrient film culture system except the solution is introduced into 
the plant trough or tray, the solution level is raised for a given number of minutes, and then the 
tray/trough is drained into the recirculation reservior. It may also be desirable to incorporate an 
aerator into the water inlet of the plant tray, trough, etc. 
 

• Temperature Extremes Check Root Growth 
 
Low solution temperature (Davies, 1980) presumably produces a cold shock and checks root 
growth; temperatures of incoming water as low as 5-6C (41-45F) checked root growth. Nutrient 
solutions are heated to 20-22C (68-72F) to avoid root death and to ensure that water temperatures 
are at a reasonable temperature to promote root growth. 
 

When roots of corn plants growing in pots at 
68°F for 35 days were chilled to 41ºF, the 
plants wilted and never recovered (Nielsen 
et al. 1961). 
 

One of the factors to be considered is the effect of solution temperatures on root growth. An 
above-ground root system may be subjected to wider temperature fluctuations and greater 
extremes of temperature in summer and winter than an in-ground plant root system. The root 
systems do not have as great a potential as the shoot to acclimate and to withstand these 
temperature fluctuations and extremes (Green and Fuchigami, 1985). In the winter, it may be 
necessary to increase the temperature of the solution by pumping it through an earth-water heat 
exchanger or by preheating the solution by some other means as it leaves the circulation 
reservoir. Heating units within each plant production unit (tray, trough, etc), such as heating 
cables, would not be desirable because of increased cost of construction and maintenance. 
  
Resistance to water uptake caused by roots being suddenly chilled could cause a transpiration 
absorption lag and result in wilting. The effects of temperature on viscosity of water and 
permeability of protoplasm are additive (Nielsen, 1974). 
 
 

Uptake of water at 41°F is one fourth of that 
at 77°F. 
 

The maximum average time necessary for soil to return to preirrigation temperature of 75°F when 
55°F irrigation water was used (compared to 65, 75 and 85°F water) was determined (McMurry, 
1978); approximately two hours were necessary to return to within 1°F of the original 
temperature, and the average drop in temperature was 8°F in this group. The 65°F water and the 
85°F water caused soil temperature changes averaging 4°F below and 3°F above the original soil 
temperature, respectively. Within 75 minutes after watering, these soils returned to pre-irrigation 
temperatures. The 75°F water had no effect on soil temperature as it equalled the greenhouse air 
temperature and the ambient temperature of the medium. (McMurry, 1978). The effect of 
irrigation water temperature upon soil temperature depends on the temperature of both water and 
soil and the capacity factor of the soil or other root medium (Nielsen, 1974). 
 



The temperature of the root zone also affects the type of root growth and ratio of roots to shoots. 
A balance between shoot growth and root growth and activity occurs. The root system of a plant 
becomes larger relative to tops when the plant is subjected to cold because low temperatures 
reduce the efficiency of the root. Root zone temperature affects the morphology and distribution 
of roots. At cooler temperatures roots are usually whiter, thicker in diameter, and less branched 
than at warmer temperatures (Nielsen, 1974). 
 
Janes and McAvoy (1983) reported that the deleterious effects of cool air temperatures are 
reversed by root-zone warming in poinsettia: under cool night air conditions, some root heating 
promoted growth in height while higher temperatures in the root zone were inhibitory; under 
warm night air temperatures, root-zone heating at any temperature above ambient air temperature 
retarded stem elongation. Cool night air temperatures inhibited anthocyanin formation in 
poinsettia, but root-zone warming overcame this delay. Root-zone warming also stimulated 
growth of bracts and axillary shoots under cool night air temperatures. McMurry (1978) reported 
the effects of irrigating container-grown Easter lilies in a greenhouse with aerial temperatures of 
65F night and 75F day with water of 55, 65, 75 or 85F temperatures. More dense root masses 
were developed with 75 and 85F irrigation water, especially near the soil surfaces; the root fresh 
weights increased with increasing water temperature. Plants in the various treatments did not 
differ greatly in height and flowering. Robbins and Pharr (1989) reported that short-term cooling 
of cucumber roots when irrigating with 5C water twice daily (soil temperature 
was never below 15C) reduced leaf expansion by 15% compared to that of plants irrigated with 
water at same temperature as the air temperature (27C day and 21C night greenhouse air 
temperatures); results showed that exposure of cucumber roots for as little as 4 days to cool 
temperatures can affect photoassimilate metabolism and shoot growth 
 
High temperatures kill roots and decrease plant growth (see article on page 7 of this issue). 
 

• Photosynthate Availability May Check Root Growth 
 
Low availability of photosynthate to roots resulting from competitive sink demand (i.e. during 
fruit development) or conditions limiting photosynthesis (low light, nutrient deficiencies, etc) can 
cause a reduction in root growth and increase root die-back (Pegg, 1986). Pegg (1986) described 
the effect of assimilate demand in stressed and unstressed tomato plants on root infection by 
Phytophthora nicotianae var. parasitica and the relationship of this to disease symptom 
development in mature plants: 
 
1. All treatments which enhanced root carbohydrates (removal of competing assimilate sinks 
such as fruits, factors increasing assimilate such as high light intensity), increased the level of 
infection and the growth of lesions. Secondary zoospore production was stimulated in solutions 
flowing over these roots suggesting that an increased rate of root exudation provided an external 
source of carbohydrate for the pathogen. 
 

Infection did not necessarily lead to  
development of visual disease symptoms. 
 



2. Development of symptoms in plants with infected roots is not related to incidence of 
infection, but to the absolute amount of functional root remaining to sustain the shoot. The 
development of symptoms in fruiting or shaded plants was due to the failure of new root growth 
combined with a gradual loss of existing roots in these stressed plants with less than optimum 
growth rates. Conversely, symptoms did not develop in defruited plants in high light, even though 
root infection was higher, because the net gain of new roots maintained a healthy shoot. 
"Paradoxically, infection levels may rise in unstressed plants but will remain unobserved while 
new root regeneration maintains the plant" (Pegg, 1986). 
 
While all plants became infected when Phytophthora inoculum was added to the circulating 
nutrient solutions, unstressed plants with rapid generation of new roots to maintain moisture and 
nutrient supply to the shoots did not develop visual symptoms (Pegg, 1986). 
 
Pathogens May Be Present Initially in Uncirculated Irrigation Water 
  
Pathogens in irrigation water may produce disease when used in overhead or surface irrigation 
systems: There have been numerous reports of pathogenic species of Phytophthora and Pythium 
in irrigation water (Pittis and Cohoun, 1983). In tests simulating overhead sprinkler irrigation, 
water inoculated with Phytophthora cinnamomi was used to water uninoculated Erica gracilis 
plants; after daily watering for 7 weeks all plants were infected and had developed symptoms. 
Similarly, in field tests, the re-use of inoculated irrigation water led to total plant infection 
(Braune, 1986). 
 
With capillary irrigation, compared to overhead sprinkler irrigation, there is less potential for 
spread of Phytophthora root rot and foliar pathogens , e.g. Juniper blight and dieback 
(Pestalotiopsis), camellia leaf blotch and twig blight (Loach, 1983). According to Loach (1983), 
any irrigation-drainage system which allows free water at the bed surface or prolonged moisture 
on foliage will encourage the spread of these root and foliage pathogens, but capillary beds 
maintained with a constant water table below the bed surface result in less disease incidence. 
With subirrigation, water movement into the root zone is positive with little or no return drainage 
from the root zone into the recirculated solution. 
 
Initially, waterborne pathogens may be in uncirculated irrigation water or in recycled irrigation 
water. Treatments to control pathogens in irrigation water may be required. 
 
Chemical Water Treatments for Pathogen Control 
 
Chlorination, bromination, `reverse osmosis' filtering, `demineralization or deionization by 
exchange resins', ultrasonic treatment, microwave treatment, `ultraviolet radiation', thermic 
treatments and other physical/chemical treatments have been tested to control fungi, bacteria, 
algae, etc. 
 

• Chlorination 
 
The amount of chlorine required to kill fungal spores and bacteria depends upon the temperature 
of the water and the time that the free chlorine is in contact with the pathogen before the water is 



applied to the plants. Spores of Phytophthora cinnamomi are killed by a concentration of 2 ppm 
of free chlorine with a minimum contact time of 1 minute; plants susceptible to the disease, e.g. 
Calluna, Azalea, Chamaecyparis, and Thuja, have not been damaged by 10 ppm free chlorine 
(Scott et al., 1984; Bunt, 1988). The cheaper method of chlorinating water is to inject chlorine 
gas (Daughtrey, 1983; Baker and Matkin, 1978; Green, 1978). 
 
Effect of various chlorine concentrations in the irrigation water on two greenhouse crops (zinnia 
and chrysanthemum) was evaluated by Bridgen (1985); zinnias reacted to chlorine levels of 7.6 
ppm and higher and displayed veinal chlorosis. Chrysanthemums were affected by 15.2 ppm 
chlorine and displayed severe veinal chlorosis. 
 

• Bromination 
 
Some growers are using Agribrom in irrigation water to control algae, bacteria and fungi: "In a 
Michigan State test, 5 ppm to 10 ppm Agribrom injected into recirculated solutions at every 
irrigation reduced the levels of bacteria in solution without any phytotoxic effect on Easter lilies. 
In this and other tests, we did not have problems with root rot organisms" (Biernbaum, etal, 
1988). 
 
The broad-spectrum biocidal activity of Agribrom (TM), bromochlorodimethylhydantoin 
(BCDMH), is based on bromine chemistry. Agribrom shows greater stability in the presence of 
organic matter than does chlorine, is active over a wide range of pH, and has not caused 
phytotoxicity in tests at Ohio State University (Tayama, etal. 1986; Tayama and Carver, 1989). It 
is nonphytotoxic, even at levels significantly higher than normally used in biocidal applications; 
4 levels of bromine (1, 10, 100, 1000 ppm) were sprayed (foliar application to plants) at the rate 
of 1 gallon per 200 square feet with no foliage damage to any of the treated plants regardless of 
rate. In a second study (Tayama, etal. 1986), the effect of low levels of bromine in irrigation 
water on plant growth was evaluated: in plants subirrigated constantly with water containing 4-5 
ppm bromine, there was no phytotoxicity on the upper plant parts (chrysanthemums and 
exacums); it was noted that the roots of plants on the bromine treated mat were contained by the 
plastic pot whereas those in the control grew beyond the pot and into the mat. It does not form 
residual compounds which persist in the environment. In August 1987, EPA granted registrations 
allowing use of Agribrom for control of microbial slimes and fouling in recirculating cooling 
water, irrigation, and automatic water distribution systems in greenhouses and agriculture 
(Tayama, etal. 1986). 
 
Agribrom may be applied in several different ways, depending upon the type of facility under 
treatment and the intended level of treatment (Tayama, etal. 1986). 1) A simple plastic device is 
available for feeding Agribrom into the system under treatment. 2) In some circumstances, 
Agribrom may be added directly to the system under treatment; a plastic mesh bag may be used 
to contain the chemical in the system. 3) Agribrom may be applied using hose attachments. 
 

• Fungicides 
 
Copper and chlorine-releasing compounds were the most fungitoxic of the materials tested for the 
control of mycelia of Phytophthora cinnamomi in water (Smith, 1979). Chlorine and copper 



compounds killed mycelium within 24 hours at 100 and 13-24 mg ai/l respectively. Different 
species of Phytophthora and Pythium responded differently to an equivalent dose of etridiazole 
(Truban), furalaxyl, metalaxyl or oxime-copper (Copper 8-quinolinolate) in NFC. All these 
compounds prevented zoospore formation but mycelial growth was only retarded. However, 
etridiazole (30 micrograms/liter) mixed with an oxime-copper formulation containing 6 
micrograms/liter copper was fungicidal without being phytotoxic (root mats of tomatoes grown in 
nutrient film culture with this mixture appeared to be more extensive and had a higher dry matter 
than those which had not received the fungicides) (Spencer, 1978). Likewise, Winsor (1980) 
reported that 30 ppm active ingredient of the fungicide etridiazole (Truban) was effective against 
Phytophthora and Pythium when present in the nutrient solution. 
 
Spencer (1978) also reported that roots of plants growing in nutrient film culture can be 
deliberately infected with vesicular arbuscular mycorrhizae. The potential for using biological 
control organisms in recirculating solution culture has not been evaluated. 
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