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ABSTRACT 

Salinity stress predisposed Penncross creeping bentgrass to 

cottony blight caused by aphanldermatum. Studies were conducted on 

the effects of salinity on the mycelial growth of £. aphanldermatum and 

on the growth of Penncross bentgrass. Mycelial growth Increased 

significantly up to Ec levels of 7.1 ds/m when compared to mycelial 

growth at the control Ec levels of 0.5 ds/m. Plant growth was reduced 

to 50% of the control at Ec levels of 4.3 ds/m. 3-month-old Penncross 

bentgrass plants were Inoculated and Incubated at two differing 

temperatures. At 32 C» all plants died within 3 days regardless of 

salinity treatment. Rates of plant death were greatest at salinity 

levels oyer 2.8 ds/m. At 27 C, plants irrigated with water at Ec levels 

from 4.3 to 7.1 ds/m showed complete necrosis within 5 days, while 

treatments irrigated with tap water showed no disease symptoms. 
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INTRODUCTION 

Penncross creeping bentgrass (Agrostis palustrls Huds. var. 

Penncross)» a temperate region grass* 1s widely used throughout the 

world for golf course greens* tees and fairways. Extensive development 

of resorts and recreational facilities has expanded the use of 

Penncross into tropical# arid and sem1-ar1d climatic regions which has 

led to the use of non-potable and saline water for Irrigation purposes. 

The effect of salinity on Penncross has been documented 

(Younger* Lunt and Nudge* 1967)* however no studies have been conducted 

regarding the effect of Increased salinity on the diseases commonly 

occurring on Penncross. Cottony blight* caused primarily by Pvthium 

aphanldermatum (Edson) F1tz. 1s a particularly devastating disease on 

Penncross bentgrass. Environmental conditions conducive for disease 

development Include high relative humidity* saturated soils and maximum 

daytime temperatures of >30 C (Nutter* Cole and Scheln* 1983). The 

accumulation of salts due to saline Irrigation water may Impose another 

environmental stress leading to Increased plant susceptibility. 

The objective of this study was to determines I) the effect of 

salinity on the growth of Penncross bentgrass; 2) the 1n-v1tro effect 

of salinity on zoospore production and mycelial growth of Pvthium: 3) 

potential effects of salinity on predisposition of Penncross creeping 

bentgrass to cottony blight. 
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MATERIALS AND METHODS 

Salinity tests on Penncross Bentarass 

Salinity tests were conducted 1n a greenhouse under hydroponlc 

conditions. Five# four week old Penncross bentgrass seedlings# started 

1n a nursery 1n oasis growing medium cubes (Sm1thers-0as1s Co» Kent» 

Ohio)# were transferred Into holes cut Into each of 4 Styrofoam 

flotation boards* (32 x 27.5 x 1.9 cm). Boards were then placed 1n 13.5 

liter plastic tubs (37.5 x 33 x 13.5 cm) containing a continuously 

aerated (300 cm /m1n/tub) nutrient solution (fig. 1). 

The nutrient solution consisted of two stock solutions; Stock 

A: Hydrosol (a Peter's fertilizer product# W.R. Grace and Co.# 

Foelsvllle# Pennsylvania.) at a rate of 97.2 grams per liter of water 

and magnesium sulfate at a rate of 20 grams per liter; Stock B: 

Potassium nitrate at a rate of 54.4 grams per liter and calcium nitrate 

at a rate of 87.5 grams per liter# (Peter's fertilizer products). Each 

stock solution was used 1n a 1:100 dilution with sterile distilled 

water (SDW). A concentrated salt solution (NaCl and CaCl2 1:1 Ceq] 1n 

SDW) was added to each tub to bring the final volume to 10 liters and 

the electrical conductivity of the nutrient solution to 2.8# 4.3# 7.1# 

14.2# and 28.2 decisiemens per meter (ds/m> 1 ds/m ~ 700 ppm). 
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Figure 1. Hydroponic system used for salinity testing purposes 
Penncross bentgrass. 



After a two week Incubation period# the plants were grown for 

an additional 2 weeks during which time the grass was clipped to a 

height of 1.5 cm and the clippings for each treatment were weighed. The 

electrical conductivity was checked and maintained dally throughout the 

4 week period. The experiment was repeated twice. Ambient temperatures 

1n the greenhouse ranged from 22-28 C. 

Cultures 

A culture of P. aphanldermatum Isolated from diseased Penncross 

bentgrass# was used throughout this study. Additionally* the following 

Pvt-hlum species were used for comparison purposes during 1n-v1tro 

tests: P. dlssotocum Drechsler and P. catenulatum Matthews# Isolated 

from lettuce roots# P.. tracheaphilum Isolated from carrot roots# and E, 

aphanldermatum and catenulatum Isolated from rotted roots of 

Sal1corn1 bloelov11# a halopyte# which was Irrigated with sea water 

(Stanghell1n1» personal communication). All cultures were maintained at 

25 C on 1055 V-8 juice agar (VJA) medium. 

Mycelial Growth Response 

A five-mm-d1ameter disc was cut from the margin of a five-day-

old 10% V-8 juice agar culture of each fungus and placed at the 

perimeter of a 9-cm-d1ameter petri dish containing VJA amended with 

NaCl and CaCl2 1:1 Ceq3 to achieve electrical conductivity levels of 

1.4# 2.8# 4.3# 5.7# 7.1# 14.2# and 28.4 ds/m. The same medium without 



the addition of salt was used as a control. Cultures of each fungus 

were Incubated at 15 » 20 » 25 » and 30 C. The radius of each colony 

was measured after 24 and 48 hours. There were two replicates of each 

salinity value at each of the temperature regimes. The experiment was 

repeated twice. 

Effect of Salinity on Zoospore Production 

A 9-mm-d1ameter disc was cut from a 5-day-old VJA culture of 

each fungus and placed 1n a 9 cm petrl dish containing 20 ml of NaCl 

and CaCl2 (1:1 Ceq]) solution with electrical conductivities of 1.4/ 

2.8* 4.3> 5.7, 7.1« and 14.2 ds/m. SDW was used as a control. Cultures 

were Incubated at 25 C with the exception of £.• tracheaphllum which 

would only produce zoospores at 20 c. After 48 hours of Incubation* at 

which time all zoospores had encysted and settled to the bottom of the 

dish/ .1 ml of 10% acid fuchsin was added to each dish 1n order to 

stain the cysts. The total number of zoospore cysts per plate were 

determined as follows: cysts in 10 arbitrarily selected sites* each 

(.5mm2)* were counted using a compound microscope. The total number of 

cysts per dish was then calculated by multiplying the mean of the 10 

sites by the total area of the dish (6361 mm2) and then multiplying by 

2. Each plate was replicated twice and the experiment was repeated 

twice. 
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Salinity effects on Pvthium blight 

Three month old Penncross creeping bentgrass pi ants» were 

planted 1n a sterile mixture of 90% silica sand and 10% organic matter 

(peat moss) 1n 400 ml 4 Inch pots. The particle size of the sand was 

consistent with the United States Golf Association specifications for 

proper root zone mix: 75% of the particles were from 1 mm to .25 mm 

while 25% of the particles were 1n the range from .25 mm to .05 mm. The 

plants were fertilized with Miracle Gro* a 15-30-15 concentrated water 

soluble plant food (Stern's Garden Products* Inc.)* clipped to a height 

of 3 cm bi-weekly and watered daily. 

Bentgrass plants were each subjected to salinity stress by 

dally watering with 50 ml of an NaCl and CaC^ ( 1:1 Ceq]) solution* 

with Ec values of .5 (tap water)* 2.8* 4.3* 5.7* and 7.1 ds/m. The 

solution was allowed to drain through the soil and the Ec of the eluted 

solution from each treatment was checked. There were 4 replications per 

treatment. 

The pots were Incubated (12 hour light cycles) 1n growth 

chambers under two differing temperature regimes. Chamber A had a 

maximum day temperature of 32 C and a night time minimum of 25 C. 

Chamber B had a maximum day temperature of 27 C and a night time 

minimum of 25 C. In each chamber the plants were placed 1n a cl:ear 

ventilated plastic bag (fig 2)» and sealed to form a moist chamber. 

After a 7 day salinity Incubation period* the treatments were 



Inoculated by placing one 5-mm-d1ameter agar plug* cut from the margin 

of a 5-day-old culture of £. aphan1dermatum> into the thatch layer of 

three of the four pots. One pot 1n each treatment was the unlnoculated 

check. The pots were monitored for the next 7 days for the development 

of Pvthlum blight. Pots were rated as having complete tissue necrosis 

or no disease symptoms. The experiment was repeated three times. 



Figure 2. Growth chamber incubated bentgrass. 



RESULTS 

The effect of salinity on Penncross bentorass 

The effect of salinity on leaf growth of Penncross 1s shown 1n 

figure 3. A reduction 1n growth accompanied Increasing salinity levels 

(fig. 4). A 50% reduction In leaf growth occurred at an Ec value of 4.3 

ds/m. 

Mycelial growth rate 

Mycelial growth rates of six Isolates of Pvthium to various 

salinity concentrations are shown 1n tables 1-6. All Isolates tested 

had significantly greater mycelial growth rates at 7.1 ds/m than the 

check. Mycelial growth rates of isolates £. aphanldermatum and P. 

catenul atum from non-saline and saline environments were not 

significantly different. 

Zoospore production 

The effect of salinity on zoospore production by the Pvthium 

species tested 1s shown 1n table 7. Zoospore production of all species 

was totally inhibited at Ec values of 14.2 ds/m. Sensitivity to salt 

concentrations varied depending upon the species tested. For example* 

P_. catenul atum had the greatest tolerance throughout the salinity 

range» while P. aphanldermatum had the least tolerance. The zoospore 

9 



C*B #•* 14»C Ui4 
Ec (ds/ra) 

Figure 3. The effect of salinity on leaf growth of Penncross bentgrass 
grown under hydroponlc conditions at differing Ec values. 
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Figure 4. Reductions 1n growth associated with Increasing salinity 
levels. Salinity levels = Ec (ds/m). 
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Table 1. Mycelial growth of Pvthlum aphan1dermatumy 1n the presence of 
NaCl and CaCl2 1:1 Esq] at various temperatures. 

Mycelial growth (mm/24hrs)Z 

Temperature C 
Sal1n1tv Ec 15 20 25 30 

0.5 12.3 27.5 32.5 41.7 
1.3 13.7 27.8 33.3 42.5 
2.8 15.0 28.7 32.8 43.2 
4.3 15.0 29.2 33.7 43.0 
5.7 15.2 29.5 34.3 43.5 
7.1 15.7 29.5 34.3 44.2 
14.2 10.7 25.0 28.8 43.8 
21.2 10.3 23.7 26.7 41.5 
28.4 7.7 22.7 25.2 39.5 

LSD .05 .74 .70 .81 .88 

y Cultures were grown on V-8 juice agar and transferred onto V-8 juice 
agar amended with NaCl and CaCl2; V-8 juice agar without the addition 
of NaCl and CaClp served as a control. 
z Each value is the average of data taken from three experiments. 
Variance of values from mean =+or-lmm. 
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Table 2. Mycelial growth of Pvthlum catenulatumy 1n the presence of 
NaCl and CaCl2 1:1 Ceq] at various temperatures. 

Mycelial growth (mm/24hrs?z 

Temperature C 
Sal1n1tv Ec 15 20 25 30 

0.5 7.5 12.0 13.3 19.0 
1.3 8.0 12.3 14.7 20.5 
2.8 8.3 13.0 14.5 21.2 
4.3 8.5 13.3 14.5 21.2 
5.7 8.5 13.7 15.3 21.0 
7.1 8.7 13.7 15.5 21.3 
14.2 7.3 12.0 13.7 21.2 
21.4 5.8 10.5 11.5 17.2 
28.4 5.2 10.0 10.8 15.5 

LSD.05 .56 .47 .70 .48 

y Cultures were grown on V-8 juice agar and transferred onto V-8 juice 
agar amended with NaCl and CaCl2 j V-8 juice agar without the addition 
of NaCl and CaCl2 served as a control. 
z Each value 1s the average of data taken from three experiments. 
Variance of values from mean =+or-lmm. 
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Table 3. Mycelial growth of Pvthlum dissotocum^ln the presence of NaCl 
and CaCl2 1:1 Ceq] at various temperatures. 

Mycelial growth (mm/24hrs)Z 

Temperature C 
Salinltv Ec 15 20 25 30 

0.5 11.0 15.7 16.5 23.5 
1.3 11.5 16.3 17.3 25.5 
2.8 11.3 16.3 18.5 26.5 
4.3 11.2 16.5 19.0 27.2 
5.7 11.5 17.0 18.5 27.2 
7.1 11.8 16.8 19.5 27.2 
14.2 10.2 14.6 16.7 25.3 
21.4 9.5 14.2 14.5 23.3 
28.4 9.2 13.3 14.8 22.7 

LSD.05 .52 .55 .75 .57 

y Cultures were grown on V-8 juice agar and transferred onto V-8 juice 
agar amended with NaCl and CaCl2; V-8 juice agar without the addition 
of NaCl and CaCl2 served as a control. 
z Each value 1s the average of data taken from three experiments. 
Variance of values from mean =+or-lmm. 
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Table 4. Mycelial growth of Pvthlum trache1ph1lumy1n the presence of 
NaCl and CaCl2 1:1 Ceq] at various temperatures. 

Mycelial growth (mm/24hrs)Z 

Temperature C 
Sal1n1tv Ec 15 20 25 30 

0.5 17.3 25.3 26.0 0.0 
1.3 18.0 29.7 26.3 0.0 
2.8 18.3 30.0 30.5 0.0 
4.3 18.5 30.7 29.5 0.0 
5.7 18.8 31.5 32.3 0.0 
7.1 19.2 31.5 33.7 0.0 
14.2 14.0 24.7 26.3 0.0 
21.4 12.3 23.0 25.2 0.0 
28.4 10.2 19.3 20.7 0.0 

LSD.05 .92 .87 1.69 

y Cultures were grown on V-8 juice agar and transferred onto V-8 juice 
agar amended with NaCl and CaC^; V-8 juice agar without the addition 
of NaCl and CaCl2 served as a control. 
z Each value 1s the average of data taken from three experiments. 
Variance of values from mean =+or-lmm. 
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Table 5. Mycelial growth of Pvthlum aphanldermatum (sal 1ne)Ky1n the 
presence of NaCl and CaCl2 Is 1 Ceq] at various temperatures. 

Mycelial growth (mm/24hrs)z 

Temperature C 
Sallnitv Ec 15 20 25 30 

0.5 12.5 27.2 32.2 41.5 
1.3 13.5 27.5 33.0 42.5 
2.8 14.7 29.0 33.0 43.2 
4.3 15.0 29.0 33.5 42.8 
5.7 15.0 29.2 34.2 43.2 
7.1 15.5 29.5 34.2 44.0 
14.2 11.0 24.8 29.0 43.8 
21.4 10.2 24.0 27.2 41.2 
28.4 7.5 23.0 25.0 39.5 

LSD.05 .75 .67 .79 .90 

x Culture Isolated from high salinity area. 
y Cultures were grown on V-8 juice agar and transferred onto V-8 juice 
agar amended with NaCl and Cacl2; V-8 juice agar without the addition 
of NaCl and CaCl^.served as a control. 
z Each value 1s the average of data taken from three experiments. 
Variance of values from mean =+or-lmm. 
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Table 6. Mycelial growth of Pythlum catenulatum (sal1ne)*y1n the 
presence of NaCl and CaCl2 1:1 Ceq] at various temperatures. 

Mycelial growth (mm/24hrs) 

Temperature C 
Sal1n1tv Ec 15 20 25 30 

0.5 7.8 12.0 13.2 19.0 
1.3 7.8 12.3 14.5 20.2 
2.8 8.2 13.0 14.2 21.0 
4.3 8.5 13.3 14.5 21.0 
5.7 8.5 13.7 15.0 21.2 
7.1 8.7 13.7 15.4 21.2 
14.2 7.0 12.0 13.5 21.2 
21,4 6.0 10.5 11.7 17.0 
28.4 5.2 10.0 11.0 15.7 

LSD.05 .58 .45 .68 .50 

x Culture Isolated from high salinity area. 
y Cultures were grown on V-8 juice agar and transferred onto V-8 juice 
agar amended with NaCl and Cacl2; V-8 juice agar without the addition 
of NaCl and CaClg served as a control. 
z Each value is the average of data taken from three experiments. 
Variance of values from mean =+or-lmm. 
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Table 7. Zoospore production of six Pvthlum Isolates (2 from saline 
envlronmentŝ nn the presence of NaCl and CaCl2 1:1 Ceq]. 

Numbers of zoospores produced2 

EC P.a P.a-1 P.c P.c-1 P.d P.t 

0.5 201643 203643 730753 727753 617854 726648 
1.3 98746 100532 579708 581612 527051 265823 
2.8 14484 13781 479411 475478 466993 107357 
4.3 8791 8571 419337 415961 412299 29669 
5.7 6225 6197 349822 350642 217843 26021 
7.1 5094 5051 321663 320114 16947 11098 
14.2 0 0 0 0 0 0 

x Cultures P.a-1 and P.c-1 were Isolated from diseased plants grown 
under high salinity conditions. 
y A 9mm disc was cut from the margin of a 5-day old V-8 juice agar 
culture of each fungus and placed 1n a petrl dish containing 20ml of 
sterile distilled water amended with NaCl and CaCl2 j sterile distilled 
water without the addition of NaCl and CaCl2 served as a control. 
Zoospore production was recorded after 48 hrs of incubation at 25 C* 
with the exception of P.t which would only produce zoospores at 20 C. 
z Each value 1s the average of data taken from three experiments. 
Variance of each value from the mean=+or-25000 zoospores. 
P.a=Pvth1um aphanldermatum 
P.a-l=Pvthium aphanldermatum isolated from a halophyte 
Pi£sPyth1uni catenul atum 
P.c-l=Pvthium catenulatum Isolated from a halophyte 
P.d=Pvthium dlssotocum 
Pi±=Pyt!liuni trachelphilum 



production of Isolates of E, aphanldermatum and P. catenulatum taken 

from non saline and saline environments did not significantly differ. 

Response to salinity effects on Pvthlum blight 

The effects of various salinity levels and Incubation 

temperatures on the development of cottony blight 1s presented 1n 

figures 5 and 6. At 32 C> all plants died within 3 days after 

Inoculation regardless of treatment. However* the rate of plant death 

was greatest among treatments Irrigated with water with Ec levels over 

2.8 ds/m. None of the controls died regardless of treatment. 

At 27 C» significant differences were recorded with the 

percentage as well as the rate of plant death among the various 

treatments. No plant death occurred 1n Incubated treatments Irrigated 

with tap water (Ec 0.5)» while all of the Inoculated plants Irrigated 

with water at Ec levels of 4.3-7.1 ds/m were dead within 4 to 5 days. 

None of the controls died regardless of treatment. 
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TIME (DAYS) 

Figure 5. Incidence of cottony blight on Penncross grown under 
differing salinity (Ec) levels at 32 C. 

=7.1 ds/m» =5.7 ds/m» =4.3 ds/m» =2.8 ds/m» 
_ _ =0.5 ds/m. Disease Incidence (%) represents the percentage of 
pots with total death. Time represents days after Inoculation. 
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Figure 6. Incidence of cottony blight on Penncross grown under 
differing salinity (Ec) levels at 27 C. 

=7.1 ds/m» =5.7 ds/m» =4.3 ds/m» =2.8 ds/m» 
_ _ =0.5 ds/m. Disease Incidence {%) represents the percentage of pots 
with total death. Time represents days after Inoculation. 



DISCUSSION 

Predisposition Is an effect on a plant of a stressful 

environmental factor which may lead to Increased host susceptibility to 

disease. Increased disease severity to turfgrass, caused by the use of 

certain fungicides and herbicides has been reported (Karr, Gudauskls 

and Dickens, 1979; Warren, Sanders and Cole, 1978). Other environmental 

stresses have contributed to increased disease Incidence, including a 

recent report on the susceptibility of bentgrass to Curvularia lunata 

(Wakk.) Boedijln from heat and leaf clipping stress (Muchovej and 

Couch, 1987). Cottony blight has been shown to occur on ryegrass 

following brief exposures to high temperature stress during months when 

t.he mean temperature 1s below the optimum for disease (Freemen, 1960). 

Increased susceptibility of chrysanthemum to Phvtopthora cryptogea from 

salinity stress has been reported (MacDonald, 1982). Environmental 

stress can have an effect on the pathogen as well as the host. 

Studies have been conducted on salinity and osmotic effects on 

the various stages of the life cycle of soil borne fungi. There 1s an 

abundance of Information concerning the Oomycetes 1n this regard 

(Dunlway, 1979). Much of this Information concerns the terrestrial 

species of the genus Phvtopthora and the genus Pvthlum (Blaker and 

MacDonald, 1985; Coffey and Joseph, 1985; Macdonald and Dunlway, 1978; 
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Martin and Hancock# 1981; Tresner and Hayes* 1971). These studies have 

depicted the mycelial growth of the Oomycetes as highly tolerant of 

salts when grown on artificial media. Zoospore production* however* was 

greatly Inhibited at Ec levels >10 ds/m. Our results with EL. 

aphanldermatum as well as other Pvthlum species concur with these 

results. Zoospore production of all species tested* with the exception 

of the isolates of P. catenulatum* was greatly Inhibited at Ec levels 

of 7.1 ds/m. However* a significant Increase 1n mycelial growth 

accompanied Increased salinity levels up to 7.1 ds/m at all temperature 

regimes. Thus* the mycelial growth rate of £.. aphanldermatum* as well 

as other species of Pvthlum are apparently stimulated by relatively 

high salinity levels. Although statistically significant* 1t is not 

known 1f it 1s biologically significant since all Isolates tested were 

capable of growth of at least 80% of maximum capacity at all salinity 

levels. 

The effect of salinity on turfgrass growth has been frequently 

reported. Studies have determined the Ec which will reduce plant growth 

by 50% for many turfgrass varieties (Cordukes and Maclean* 1973; Dudeck 

et al. 1983; Lunt* Younger and OertH* 1961; Torello and Symington* 

1984). Additional studies give a better understanding of turfgrass 

tolerance to salt for breeding purposes (Harlvand* Butler and 

Soltanpour* 1982; Torello and Rice* 1986). A previous report has 

determined that Penncross is the least tolerant variety of bentgrass to 



salinity (Younger* Lunt and Nudge# 1967) Their results Indicated that 

the Ec level required for a 50% reduction 1n growth was about 7 ds/m. 

Using our experimental methods a 50% reduction 1n growth occurred at an 

Ec level of 4.3 ds/m. Growth of the plant was further inhibited at an 

Ec level of 7.1 ds/m. Differences 1n susceptibility between these 

results probably reflect the different methods used to impose salinity 

stress upon the host. 

Results of this study indicate that increased salinity levels 

predispose the host to cottony blight caused by E, aphanldermatum. Both 

the severity of disease and the rate of plant death increased as 

salinity levels Increased. The primary effect of Increased salinity 

levels was on the plant and had little effect on the fungus. For 

example* a 50% reduction in growth of the plant occurred at an Ec level 

of 4.3 ds/m. However* the mycelial growth rate of the fungus was not 

effected. In fact* Increased salinity levels up to 7.1 ds/m resulted 1n 

an Increase 1n the growth rate of E, aphanldermatum. 

Differences of salinity stress on the development of Pvthlum 

blight of Penncross were noticeable at the two temperature variables. 

At 32 C complete necrosis of all Inoculated plants occured at Ec levels 

from 4.3 to 7.1 ds/m 1n 2 days* while at Ec levels of 0.5 to 2.8 ds/m 

death occurred within three days. At 27 C complete necrosis of all 

Inoculated plants occurred at Ec levels from 4.3 to 7.1 ds/m within a 

period of 5 days. No death was observed in control or Inoculated plants 



at an Ec level of 0.5 ds/m. Although cottony blight 1s known to occur 

below 30 C> disease Incidence and severity are usually minimal(Couch* 

1973; Salad1n1 and White# 1975; Warren* Sanders and Cole* 1976). 

However* this study showed that disease severity 1s extensive 1f the 

host 1s predisposed to salinity stress at 27 C. 

The results may significantly Increase the time that cottony 

blight 1s active. Golf course superintendents normally apply 

preventative fungicides for Pvthlum control on the basis of forecasting 

systems (Nutter* Cole and Scheln* 1983). Seasonal time frames are 

established and applications are made weekly or bi-weekly. In areas 

where bentgrass 1s Irrigated with saline water these seasonal time 

frames would Increase. Close observation for detectable symptoms or 

preventative fungicide applications could be required. 
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