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ABSTRACT 

The seasonal occurrence of Pythium aphanidermatum and P. dissotocum 

as the cause of root rot of spinach grown under recirculating hydroponic 

conditions was not related to vegetative growth, zoospore production or host 

penetration at temperatures between 17 and 30 C. It was, however, related to 

the effect of temperature on the virulence and the rate of symptom development 

caused by these two species at specific temperatures. Both species caused 

consistent and significant yield reductions at all temperatures tested (17, 21, 27, 

and 30 C) with the exception of P. aphanidermatum at 17 C. 

A scanning electron microscope study showed that zoospores of both 

species were capable of penetrating spinach roots within 15 minutes after 

inoculation. The penetration process is discussed. 

Metalaxyl was found to inhibit zoospore production of both species. The 

chemical also prevented root disease and yield reductions when added to the 

nutrient solution as the concentration of 5 ijg/ml. 
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CHAPTER 1 

INTRODUCTION 

Commercial production of vegetable crops in greenhouses using drip 

irrigation and/or recirculating nutrient solutions has been practiced world-wide 

for many years. Among the major constraints to economic crop production in 

such cultural systems has occasionally been the occurrence of root rot caused by 

various Pythium species (16, 22, 24, 29, 31, 39). Factors contributing to the 

distructive nature of Pythium species include the continuous cultivation and 

uniformity of the crops, the lack of effective control measures and 

environmental conditions favorable to the pathogen, i.e., a relatively constant 

temperature both above and below ground and moisture conditions at or near 

saturation in the root zone. The latter environmental condition favors the 

production and rapid dispersal of inoculum (presumably zoospores), particularly 

in recirculating hydroponic systems. Although zoospores have been implicated as 

inocula in hydroponics, no direct in vivo evidence has been presented with 

regards to Pythium species. However, zoospores of Olpidium (34) and 

Spongospora (35, 36) have been identified as inocula in hydroponic culture of 

lettuce and watercress, respectively. 

In 1981 root rot was found to be the limiting factor to commercial 

production of spinach, Spinacea oleracea L., in a commercial greenhouse in 

Arizona which used a recirculating hydroponic system (Fig. 1 A)(2). Infected 

plants exhibited severe stunting or death (Fig. 1 B). Previous studies indicated 

that two species of Pythium (P. aphanidermatum (Edson) Fitz. and P. dissotocum 
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Drechsler) were responsible for the disease (2). Pathogenicity tests showed that 

both species were capable of causing root rot, stunt and death of spinach grown 

under hydroponic conditions (unpublished data, Bates, M.L. and M.E. 

Stanghellini). These two organisms were found to alternate, during the growing 

season as infective agents and were seldom isolated simultaneously from 

individual infected plants. Pythium aphanidermatum was the primary pathogen 

isolated from diseased roots during summer production months, whereas P. 

dissotocum was the primary or sole pathogen during the winter production 

months (2). 

The objective of this study were to determine if the occurrence of these 

two Pythium species could be explained on the basis of temperature variation of 

the nutrient solution during the growing season. Experiments were conducted: 

1) to determine the effect of temperature on the in vitro mycelial growth and 

zoospore production by the two species isolated from infected plants in the 

hydroponic system in Tucson, and 2) to measure the effect of temperature on the 

comparative pathogenicity of the two fungi to hydroponically grown spinach. In 

addition, experiments were executed: 3) to elucidate zoospore penetration 

processes, 4) to study the role of zoospores in causing disease of plants in a 

hydroponic system, and 5) to determine the efficacy of metalaxy as a method of 

chemical control for this disease. 



Fig. 1. 
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A commercial hydroponic greenhouse in Tucson, Arizona. (A) View of 
the greenhouse raceways in which spinach and lettuce were grown. 
(B) Spinach plants showing symptoms of Pythium root rot. 



CHAPTER 2 

THE EFFECT OF TEMPERATURE ON IN VITRO MYCELIAL GROWTH 
AND ZOOSPORE PRODUCTION 

Objectives 

The objectives of this portion of the research were to measure the effect 

of temperature on mycelial growth and zoospore production of Pythium 

aphanidermatum and P. dissotocum. Of particular interest were growth rates 

and zoospore production at temperatures between 17 and 30C, the minimum and 

maximum solution temperatures found through the year in the commercial 

hydroponic system in Tucson. 

Materials and Methods 

Inocula of Pythium aphanidermatum and P. dissotocum for this 

experiment were produced on petri plates containing 20 ml of fresh 10% V-8 

juice agar (V-8 A). After 24 or 48 hrs of growth, at (22 C) 5 or 7 mm diameter 

plugs were cut with a cork borer from the margin of growth. One plug was 

inverted in the center of a preincubated petri plate containing V-8 A; plates 

were incubated at each of the following temperatures 4, 12, 15, 20, 25, 27, 30, 34 

and 37 C. 

The diameter of growth was measured after a 24 hr growth period. 

Growth of P. aphanidermatum at temperatures of 30 C and above was 

extrapolated from shorter growth periods since the fungus completely traversed 

the plates within 24 hrs. The experiment was repeated three times with two or 
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three replications per experiment. 

Zoospore production was measured in sterile distilled water (SDW) and in 

filter sterilized commercial nutrient solution (SCNS). Inocula were produced as 

described above but all cultures used were 48 hr old. Two petri plates containing 

20 ml of SDW were preincubated at 4, 12, 15, 20, 25, 27, 30, 34 and 37 C, while 

two petri plates containing 20 ml of SCNS were preincubated at 4, 11, 17, 20, 25, 

27, 30, 34 and 37 C. Three, 7 mm diameter plugs of inoculum were placed in 

each plate of solution. These experiments were repeated three times. 

Zoospore production was measured from 3.5 to 72 hr after inoculation 

under a sterio microscope with transmitted light at 50X. Zoospore abundance 

was rated on a relative scale of 0-5 (0=0, 1=1-2, 2=3-10, 3=11-50, 4=51-200, 

5>2O0) zoospores per microscope field. Tie maximum rating was recorded. 

Results 

Colony diameters of the two fungi were very similar between the 

temperatures of 4 and 27 C after 24 hr growth on V-8 A (Fig. 2). Growth of P. 

aphanidermatum, however, far exceeded that of P. dissotocum at temperatures 

of 30 C or greater. Production of zoospores in SDW varied considerably between 

the two species at the various temperatures (Fig. 3). Pythium dissotocum 

produced zoospores with an abundance rating of 5 at all temperatures at or 

below 27 C. Zoospore production declined rapidly above 27 C with ratings of 4 

at 30 C and 0 at 34 and 37 C. Zoospore production by P. aphanidermatum was 

sigmoidal over the temperatures tested. No zoospores were produced at 0 or 11 

C; ratings of 4 or 5 were given at all temperatures from 15 to 30 C. Abundance 

fell sharply above 30 C with ratings of 1 and 2 at 34 and 37 C respectively. 
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In SCNS zoospore production by both species had a similar pattern to 

that in SDW, although abundance was lower (Fig. 4). However, SCNS 

temperatures above 20 C were inhibitory to zoospore production when compared 

to SDW. Ratings of 1 or 2 were found at temperatures equal to or greater than 

27 C. P. aphanidermatum produced relatively few zoospores in SCNS when 

compared with SDW except between 17 and 25 C. Some zoospores of both fungi 

were produced over the entire range from 17 to 30 C. Within this range zoospore 

abundance varied between the fungi by no more than 1 abundance unit at any 

given temperature. 
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Fig. 2 Hie effect of temperature on the vegetative growth of Pythium 
aphanidermatum and Pythium dissotocum. Data presented are the 
means of three repeated experiments. 
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Fig. 3 The effect of temperature on zoospore production, in sterile distilled 
water, by Pythium aphanidermatum and Pythium dissotocum. Data 
presented are median values of three repeats with two replications 
per repeat. 
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Fig. 4 The effect of temperature on zoospore production, in sterile 
commercial nutrient solution, by Pythium aphanidermatum and 
Pythium dissotocum. Data presented are median values of three 
repeats with two replications per repeat. 



CHAPTER 3 

THE EFFECT OF TEMPERATURE ON PATHOGENICITY OF 
PYTHIUM APHANIDERMATUM AND P. DISSOTOCUM TO 
SPINACH GROWN UNDER HYDROPONIC CONDITIONS 

Objective 

The objective of this portion of the research was to determine the 

effect of temperature on the comparative pathogenicity of Pythium 

aphanidermatum and P. dissotocum to hydroponically grown spinach. 

Materials and Methods 

Spinach (cv Melody) seeds were germinated on water agar at 20 C in 

the dark. After 3 to 5 days individual germlings were transferred into 

premoistened peat pots (Jiffy—9 Jiffypots, Jiffy Products Limited, Norway). 

Plants were then grown for 3 wk in the greenhouse. Seedlings were irrigated 

daily and fertilized twice during this period with commercial nutrient solutions 

(CNS), a modified Hoagland's solution. 

Peat pots containing 3-wk-old spinach plants were randomly placed 

into holes cut into 1.9 cm thick, 32 x 27.5 cm styrofoam flotation boards. 

Individual boards were then floated in CNS contained in seperate 13.7 liter 

plastic tubs (37.5 x 33 X 13.5 cm) resting in temperature-controlled tanks (Fig. 5) 

similar to that described by Dimock (7). The nutrient solution was equilibrated 

to the desired experimental temperature prior to transplant, and was 

continuously aerated. Initial and final CNS pH was ca 6.0. 

10 
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To determine the effect of temperature on the pathogenicity of the 

two fungi to spinach, the cultural system and temperatures tested (17, 21, 27, 

and 30 C) were designed to simulate conditions found in the commercial 

hydroponic system. Eight plastic hydroponic tubs, each with four or five plants 

were used at each temperature setting. This allowed four treatments, each with 

two replications. Treatments consisted of inoculations with: i) P. 

aphanidermatum, ii) P. dissotocum, iii) with both fungi simultaneously and iv) 

uninoculated controls. Within an experiment the same number of plants were 

used in all treatments. Each experiment was repeated twice with the exception 

of the 30 C trial which was repeated once. 

Inocula were produced by growing the fungi for 48 hr on V-8 A (20 

ml/9 cm plate) at 22 C. For single inoculations with either P. aphanidermatum 

or P. dissotocum, one petri dish culture of the respective fungus was placed in 

each hydroponic tub at the time of transplant. For dual inoculations one half of 

a petri dish culture of each fungus was used. Control solutions received either a 

petri plate of sterile medium or nothing at all. 

After 3 wk of growth in the hydroponic system, plants were 

harvested. Shoots and roots were cut flush with the top and bottom of the peat 

pots, respectively. Fresh shoot weights were recorded. Roots were placed in an 

oven at 100 C for 48 hr and dry root weights were recorded. All data were 

statistically analysed using Duncan's multiple range test. 

To be certain that there was no cross contamination between 

treatments and to determine that infection had occurred, one to three root 

segments (each ca 5 cm in length) were taken from each plant within each tub. 

The roots were rinsed for ca 10 min in running tap water, blotted dry with a 
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paper towel and placed on water agar and incubated for 4 to 6 days at 22 C. The 

plates were then inspected with a compound microscope for fungal 

identification. 

Results 

P. dissotocum caused significant reductions in shoot and root weight 

at all inoculation temperatures (Table 1). The smallest reduction occurred at 21 

C, the temperature at which spinach grew optimally. Symptom development i.e., 

stunt and root rot, occurred ca 1 wk after inoculation at all temperatures except 

17 C where no rot was observed. However, roots were visibly discolored and root 

elongation appeared to be impaired. 

Similar but more severe yield reductions in shoot and root weights 

were recorded for P. aphanidermatum at all temperatures except 17 C. In one 

experiment, at 17 C, no significant reduction in yield from that of the control 

was found. However, in a second experiment, reduction in yield was significant 

(72%) and roughly equal to that caused by P. dissotocum. Symptom development, 

i.e., severe root rot and/or plant death, occurred within 4 days after inoculation. 

In dually inoculated treatments, symptom development and severity 

resembled those caused by the more virulent pathogen at each temperature 

(Table 1). For example, at 21, 27, and 30 C yield reduction and/or the rapidity of 

symptom development in dually inoculated plants were similar to those caused by 

P. aphanidermatum alone. Whereas at 17 C, yield reductions in dually inoculated 

plants were the same as those caused by P. dissotocum alone. 

Isolation from roots of plants inoculated with individual species 

consistently yielded only the species used as inoculum. From dually inoculated 
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plants, both species of Pythium were reisolated from infected root tissue except 

at 17 C where P. aphanidermatum was not consistently isolated. 



Fig. 5 
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The hydroponic system, utilizing temperature control boxes to 
maintain the desired temperature, for studies of the effect of 
temperature on the pathogenicity of Pythium aphanidermatum and 
Pythium dissotocum. 
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Table 1. Effect of Pythium aphanidermatum and Pythium dissotocum on yield 
of spinach cultured hydroponically at several temperatures. 

AVERAGE 
SHOOT WEIGHT (g)a 

at 
TEMPERATURE (C) 

TREATMENT 17 21 27 30 

Control 33.3ab 88.5a 50.3a 6.3 

P. aphanidermatum 28.3ab 11. Id 0C 0 

P. dissotocum 17.4c 66.9b 13.3b 0 

P. aphanidermatum and 
P. dissotocum 15.6c 28.0c 0 0 

?Average fresh weight of 8 or 10 shoots after 3 wk of growth in hydroponics. 
Data presented are from individual experiments with replications combined. 

Means followed by the same letter within a column are not significantly 
different according to Duncan's multiple range test. 
cNo data obtained due to plant death. 
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Table 2. Effect of Pythium aphanidermatum and Pythium dissotocum on root 
weight of spinach cultured hydroponically at several temperatures. 

AVERAGE 
ROOT WEIGHT (g)a 

at 
TEMPERATURE (C) 

TREATMENT 17 21 27 30 

Control 0.52ab 1.60a 1.04a 0.13a 

P. aphanidermatum 0.50a 0.29c 0° 0 

P. dissotocum 0.36ab 1.10b 0.18b 0 

P. apanidermatum and 
P. dissotocum 0.27b 0.60c 0 0 

a Average dry root weight of 8 or 10 plants after 3 wk growth in hydroponics and 
recorded after 48 hr at 100C. 

Data were collected from individual experiments with replications combined. 
Means followed by the same letter within a column are not significantly 
different according to Duncan's multiple range test. 
cNo data obtained due to plant death. 



CHAPTER 4 

ELECTRON MICROSCOPE STUDY OF ZOOSPORE PENETRATION 

Objectives 

The objectives of this portion of the research were to study the 

penetration process of spinach roots by Pythium aphanidermatum and P. 

dissotocum zoospores and to determine the effect of metalaxyl on host 

penetration. 

Materials and Methods 

Spinach seedlings for this experiment were prepared as described in 

Chapter 3. Eight tubs each containing 4 spinach plants were used. The CNS in 

three of these tubs contained 5 ijg/ml active ingredient of metalaxyl. CNS 

temperatures were maintained at 23-24 C. Average greenhouse high and low air 

temperature were 36 and 23 C, respectively. 

After 8 days of growth in hydroponics, the tubs containing the plants 

were transported into the laboratory. The styrofoam boards were cut into 

squares, each square containing one plant in its center. Each plant was 

transferred to a 455 ml plastic cup. Each board was then so positioned that the 

roots were suspended in 90 ml of half-strength CNS (containing zoospores of the 

appropriate species, controls did not receive zoospores) in the cup. Plants were 

then maintained under room lighting at room temperature (23 C). 

17 
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Motile zoospores of Pythium dissotoeum and/or P. aphanidermatum were 

produced in SDW as described for the zoospore production experiments in 

Chapter 2. Plants grown in the absence of metalaxyl received zoospores of 

either P. aphanidermatum or P. dissotoeum. The final concentration of 

zoospores in the cups was estimated (by hemocytometer) to be 4500 and 4800/ml 

in the final 90 ml of suspension for P. aphanidermatum and P. dissotoeum, 

respectively. Plants grown in the metalaxyl solution received zoospore 

suspensions of both fungi simultaneously at concentrations of ca 2250 and 

2400/ml for P. aphanidermatum and P. dissotoeum, respectively. Five plants 

previously grown in solution with and without metalaxyl served as uninoculated 

controls. 

At .25, .50, .75, 1, 1.5, 2, 3, 5, 10, and 15 hr after inoculation plants were 

removed from the cups and the roots were cut directly into chilled 2.5% 

gluteraldehyde in Sorensen's phosphate buffer pH 7.2 (SPB). Control plants were 

similarly fixed but after periods of .25, 1, 5, 10, and 15 hr. 

Root-pieces were stored in the fixative at 4 C for 1 to several wk, rinsed 

in SPB, and postfixed with 1% 0s04 in SPB for 2 hr. The roots were then rinsed 

in distilled water and dehydrated in a graded acetone series. Specimens were 

critical point dryed overnight in C02 (Polaron 127 bar/1850 psi critical point 

dryer, Watford England), mounted onto stubs with double-sided cellophane tape 

and coated with 25-30 nm of 60:40 gold/palladium in a sputter coater (Polaron 

Instruments toe. Coating Unit E5100). 

Samples were examined on the lower stage of an ISI-DS-130 scanning 

electron microscope at 20 KV. Photographs were taken using Polaroid 

Positive/Negative 4X5 Land Film Type 55. 
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Results 

Zoospores of both P. aphanidermatum and P. dissotooum penetrated host 

roots within 15 min after inoculation (Fig. 6 A, B). Penetration was 

accomplished by ca 8 and 26% of the accumulated cysts of P. aphanidermatum 

and P. dissotocum, respectively after 15 min and by 64 and 68% of the 

respective cysts after 30 min. Zoospores of both species were predominantly 

attracted to the region of elongation between the root cap and the root hair 

zone, particularly (though not exclusively) at wound sites. There also was some 

penetration of root hairs. Occasionally zoospores were found on apparently 

unwounded root caps (Fig. 6 E). 

Although zoospores penetrated rapidly, events seen which lead to 

penetration included: encystment, retraction and loss of flagella, spore 

germination, and finally host penetration. Hie stages of flagellum retraction 

included flagella with a distal bead-like body (Fig. 6 D) and flagella which 

appeared to be rolling up in the bodies (Fig. 6 F). One or two bead-like swellings 

were often observed attached to cyst walls (Fig. 6 A). Bead-like bodies were 

apparently lost before (Fig. 6 B), or upon occasion after (Fig. 6 A), penetration of 

the host roots. These bead-like bodies have previously been reported (6, 8, 15). 

Numerous spores of both species produced what Colt referred to as an 

adhesive (Fig. 6 D) (6, 8). This substance apparently aids cyst attachment to the 

host surface. Sing determined that this glue was glycoproteinaceous in 

composition (26). 

Penetration was direct with no evidence of appressorium formation (Fig. 

6 A-C). A very small proportion of the cysts (less than 1%) produced 

penetration hyphae with slightly swollen bases where they contacted the roots. 



20 

Under the light microscope inter and intracellular hyphae of both P. 

aphanidermatum and P. dissotocum were visible in roots preserved 15 hr after 

inoculation. Both species also penetrated roots of plants grown in the solutions 

containing 5 ijg/ml metalaxyl (Fig. 6 C). Control plants were free of zoospores. 



Fig. 6A-F Scanning electron micrographs showing the penetration process 
(direct penetration without appressorium formation) of spinach 
roots by Pythium aphanidermatum (P.a.) and P. dissotocum (P.d.) 
A: Direct penetration by P.a., bead-like bodies (BB) still adhering 
to the cyst wall (Cy), 15 min after inoculation. Bar = 5ijm. 
B: Direct penetration by P.d., 15 min after inoculation. Bar = 
5ijm. 
C: Direct penetration of roots of plants grown in a solution 
containing 5ijg metalaxyl per ml, 30 min after inoculation. Bar = 
5i|m. 
Ds Accumulation of P.a. zoospore cysts on unwounded roots, note 
flagella (Fl) with distal bead-like bodies and adhesive material 
(AM), 15 min after inoculation. Bar = lOijm. 
E: Encysted zoospores of P.a. present on root cap (arrows), 15 
min after inoculation. Bar = 50qm. 
F: Cysts of P.a. showing flagella (Fl) apparently winding up in 
the bead-like bodies (BB). Bar = 5ijm. 
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Fig. 6A-F Scanning electron micrographs showing the penetration process 
(direct penetration without appressorium formation) of spinach roots 
by Pythium aphanidermatum (P.a.), and P. dissotocum (P.d.). 



CHAPTER 5 

THE ROLE OF INFECTED PLANTS AS A SOURCE OF INOCULUM 

Objective 

The objective of this portion of the research was to determine if 

Pythium infected plants can serve as a source of zoospore inoculum. 

Materials and Methods 

Plants were grown and inoculated as explained in Chapter 3. After 3 

wk of growth in hydroponics, inoculated plants were removed, their roots were 

rinsed in a gentle stream of tap water and placed in autoclaved tubs which were 

located on a greenhouse bench at ambient temperature. Uninoculated plants of 

the same age were then added to these tubs. These latter plants were monitored 

for disease development. This experiment was repeated twice. 

Periodically, 200 to 500 ml of nutrient solution was removed from 

these tubs and filtered through a 2 ijm diameter Millipore filter. The filter was 

then inverted on the Pythium aphanidermatum selective medium (5) and the 

origins of the developing colonies were identified. This experiment was repeated 

twice. 

Results 

Uninoculated plants consistently became diseased when transferred 

to tubs with infected plants. Disease severity varied with the pathogen involved. 
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For example, spinach plants placed into tubs with plants which had been 

inoculated with P. aphanidermatum wilted after a few days, apparently after a 

significant portion of the roots had been severely rotted. Healthy plants 

transferred into tubs containing P. dissotocum infected plants were slower to 

show disease symptoms which were generally less severe (i.e. no wilt) but the 

plants were stunted with slightly necrotic roots. 

Zoospores were occassionally identified as the originating propagules 

of fungal colonies produced on the selective medium. Zoospores were found on 

several but not all isolation plates, indicating that they may be present in small 

numbers and/or have a cyclic nature of production. More commonly, fungal 

colonies appeared to originate from masses of unidentified residue. The nature of 

the fungal propagules in the residue was not characterized. This residue may 

also be involved in transmission of Pythium in recirculating hydroponics. 



CHAPTER 6 

METALAXYL AS A CHEMICAL CONTROL OF PYTHIUM 
ROOT ROT OF SPINACH 

Objectives 

The objectives of this portion of the research were to determine the 

efficacy of metalaxyl in limiting zoospore production and root rot of spinach 

incited by the two Pythium species. 

Materials and Methods 

The effect of metalaxyl on zoospore production was measured in 

several dilutions of the chemical in SDW. Dilutions of 1, 2, 5, 10, 50, and 100 

ijg/ml were placed in 9 cm diameter sterile petri dishes in a total volume of 20 

ml. Sterile distilled water served as a control. Inoculation and abundance rating 

procedures were the same as described in Chapter 2. Plates were incubated at 

room temperature (22 C). Maximum zoospore production was recorded on the 0-

5 scale described in Chapter 2. 

In order to determine if metalaxyl was acting as a fungistat or a 

fungicide at the various concentrations, mycelial plugs were removed from the 

solutions after 72 hr, rinsed in distilled water, blotted dry in paper towel and 

placed on petri dishes containing water agar. These plates were viewed after 48 

hr to determine if growth had occurred. This experiment was repeated three 

times, with two replications per repeat. 
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The efficacy of metalaxyl for control of root rot of spinach was 

measured in the simulated hydroponic system described in Chapter 3. The 

experiment consisted of four treatments, with two replications per treatment. 

The four treatments were: i) 5 ijg/ml metalaxyl-inoculated, ii) 5 ijg/ml metalaxyl-

uninoculated, iii) inoculated control and iv) uninoculated control. Inoculated 

treatments received one petri dish culture of each fungus. This experiment was 

repeated twice. 

Nutrient solution temperature was determined by ambient greenhouse 

temperature. For the two repeats solution temperatures averaged 25 and 22 C, 

while ambient high and low temperatures averaged 33 and 21, and 30 and 19 C, 

respectively. 

Shoot weight was measured as described in Chapter 3. Isolations 

were made, as described in Chapter 3, from roots to determine if infection had 

occurred and to make certain that the controls had not become contaminated. 

Results 

Metalaxyl was very effective in inhibiting zoospore production by 

both P. aphanidermatum and P. dissotocum. No zoospore were found in 

metalaxyl concentrations above 10 ijg/ml. P. aphanidermatum was affected 

more strongly at the low concentrations than was P. dissotocum. The production 

of zoospores by P. aphanidermatum never exceeded an abundance rating of 1 in 

the presence of the chemical at any concentration. P. dissotocum was slightly 

less susceptible to metalaxyl and regularly produced zoospores with abundance 

ratings of 1 to 3 at 1 and 2 v|g/ml, and often received a rating of 1 at 5 and 10 

i|g/ml. Zoospore production in the controls always received a rating of 5. 



26 

Metalaxyl was shown to act as a fungistat rather than a fungicide when both 

Pythium aphanidermatum and P. dissotocum grew from mycelial plugs treated 

for 72 hr with all concentrations of metalaxyl ranging from 1 to 100 ijg/ml. 

At 5 ijg/ml metalaxyl effectively eliminated root disease. All roots 

in uninoculated controls and metalaxyl treatments with and without inoculum 

appeared healthy and white, shoots were healthy with no indication of 

phytotoxicity. Inoculated controls had few roots and those present were short 

and rotted. The shoots of inoculated controls showed stunt and wilt. There was 

no significant difference in yield between any of the treatments except for the 

inoculated control. Mean shoot weight was 1.5, 50.3, 58.1 and 59.5 grams for the 

inoculated control, uninoculated control, inoculated metalaxyl treated, and 

uninoculated metalaxyl treated plants, respectively. The repeated experiment 

gave similar results. Upon reisolation from inoculated metalaxyl treated plants, 

only P. dissotocum was isolated from roots in the first experiment, while in the 

second neither fungus was isolated from the roots. 



CHAPTER 7 

DISCUSSION 

The purpose of this study was to determine the effect of temperature 

on the cyclic occurrence of Pythium aphanidermatum and P. dissotocum as the 

causal agents of root rot of hydroponically grown spinach. Temperature may 

influence any of several stages in the life or disease cycle, i.e. fungal growth, 

reproduction and host penetration or it may affect the innate virulence of the 

pathogens. Temperatures, within the range found to occur naturally (17-30 C) in 

the commercial hydroponic system, did not limit either fungus regarding 

mycelial growth, zoospore production or host penetration. Both fungi grew well 

and produced zoospores in comparable abundance at temperatures between 17 

and 30 C (Figs. 2, 3, 4). Additionally, a scanning electron microscope (SEM) 

study showed that zoospores of both species are able to penetrate spinach roots 

within 15 min (Fig. 6 A, B) at 23 C. The data indicate that the cyclic occurrence 

of these Pythium species is due to temperature which had a direct effect on 

their virulence, i.e. severity and rapidity of symptom development. Differences 

in virulence at different temperatures would be responsible for increases in the 

population and predominance of the more virulent species. Comparison of the 

results with the cyclic occurrence of Pythium reported under commercial 

conditions (2) is complexed by the fact that commercial greenhouse raceways 

were planted predominantly to lettuce (Lactuca sativa L., "Bibb") which was 

infected only with P. dissotocum. Lettuce thus served as a source of abundant 

P.dissotocum inoculum. 
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The efficiency of zoospores as infective propagules of Phycomycetes 

in soil is often considered an established fact. However, virtually no information 

is available regarding the in vivo importance of zoospores in the etiology of root 

rots caused by these fungi. The importance of zoospores in soil is uncertain 

because environmental conditions may seldom be suitable for their production, 

and their movement may be impeded by soil particles (1, 13, 30). Contact with 

soil particles may induce premature encystment thereby reducing their 

effectiveness as inoculum (15). 

Zoospores may be more significant in hydroponics than in soil. 

Hydroponic culture provides an ideal environment for zoospore production and 

unhindered movement. In this study zoospores were produced from roots of 

diseased plants. These same roots served as a source of inoculum for pathogen 

transmission to healthy plants. SEM studies showed that spinach roots were 

penetrated within 15 min after inoculation with a suspension of motile zoospores 

of Pythium aphanidermatum or P. dissotocum. Zoospores may thus account for 

the effective and rapid dissemination of the pathogens. The speed with which 

zoospores find the infection court has been shown to be a chemotactic response 

to root exudates (25, 27, 40). However, penetration in 15 min is considerably 

faster than earlier reports of 35 min to 2 hr (6, 8, 19). 

Hyphae produced by germinating cysts appeared to penentrate by 

enzymatic rather than mechanical means. Pectinolytic and cellulolytic activity 

of Pythium species has been reported (12, 38). This is suspected due to the 

absence of appressoria. However, Kraft, et. al. (19) reported appressorium 

formation by zoospore cysts of Pythium aphanidermatum penetrating the 

primary roots of bent grass. It thus appears that appressorium formation may be 
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dictated in some way by the host. Colt (6) also has described appressoria, which 

were visible under transmission electron microscopy (TEM) but not under SEM. 

However, appressoria should be visible with SEM. Examination of Colt's 

micrographs leaves doubt concerning the interpretation that the structures 

shown are truely appressoria or infection pegs (6). 

An interesting feature of the penetration process, as interpreted from the SEM, 

was the sequence of events leading to the loss of flagella. On roots fixed 15 min 

after inoculation, cysts were commonly found still possessing flagella. These 

flagella often had distal bead-like bodies (Fig. 6 D, F). Although McKeen (21) 

found beads to occur midlength on Phytophthora flagella, this was not 

encountered in this study. In lateral view, the surface of the bead was distorted, 

giving the appearance that the flagellum was actually rolling up within it (Fig. 6 

F). These bead-like bodies were also found attached to the cyst wall, at which 

time there was no flagellum visible (Fig. 6 A). While cyst walls maintained their 

spherical integrity, these bodies often were collapsed suggesting that they may 

be empty (Fig. 6 A). If so, the flagellar microtubules may have been reabsorbed 

by the cyst for reuse for structural or energy purposes, which could be of 

nutritional advantage to the organism. The flagella of Pythium are reportedly 

lost (8, 15), but it is not known if the microtubules of the flagella are shed with 

the bead-like bodies. The flagella of primary zoospores in the Saprolegniales are 

reabsorbed while those of the secondary spore are shed, (37) indicating that 

reabsorbtion by Pythium species is a possibility. Hemmes and Holh (11) found no 

evidence of reabsorbtion of Phytophthora flagella by TEM. 

To my knowledge, the bead-like bodies have not been sectioned for 

viewing by TEM. This procedure, if carried out after the beads are shed from 
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the cyst, would determine if the flagellar microtubules are still located within 

the beads and, if not, raise the question as to where they might be. 

The control of Pythium root rot in hydroponics poses several unique 

problems. Pythium species, like many other soil-borne pathogens, are generally 

considered to cause monocyclic diseases (9). Unlike conditions in the field, the 

relatively constant temperatures and a constantly saturated root zone, combined 

with continually recirculating nutrient solutions found in hydroponic systems, 

allows the rapid dispersal of the pathogens under optimum environmental 

conditions for pathogenesis. These factors may lead to a polycyclic disease 

which may result in severe crop losses (2, 17, 20, 31). In addition, few chemicals 

are registered for greenhouse use (17). Sanitation procedures should prevent 

introduction of these pathogens (17) but due to their ubiquitous nature (14) and 

ease of dissemination (33), this seems unlikely. Ultraviolet irradiation of inflow 

solution appears to have promise (28) for the relatively low volume nutrient film 

technique, but is impractical for large volume trough cultures such as that used 

in Tucson. 

In this study it was found that metalaxyl as (Ridomil 2E) greatly 

inhibited zoospore production and completely controlled Pythium root rot at 5 

ijg/ml in the nutrient solution. Price (23) reported similar results regarding the 

inhibition, by metalaxyl, of zoospore production by several Pythium species. 

Additionally, P. dissotocum was reisolated from metalaxyl treated plants and 

penetration was observed. Similar results regarding tobacco root penetration by 

Phytophthora were reported by Staub and Young (32). These results coupled with 

in vitro studies showing the chemical to be a fungistat indicated the danger of 

developing resistant strains. Caution in the use of metalaxyl (a chemical not 
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currently registered for greenhouse use) needs to be exercised, particularly in 

recirculating hydroponics where a tolerant strain would be rapidly disseminated. 

The appearance of metalaxyl tolerant strains of Pythium and other Oomycetes 

has been reported (3, 4, 10, 18). 
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