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Abstract

Tall fescue has great utility as a low maintenance turfgrass in the northern and transition zone regions of the United States. A factor
limiting tall fescue utility is its susceptibility to the pathogen Rhizoctonia solani Kuhn, the causal agent of foliar brown patch. Chitinase
activity has been positively correlated with resistance to R. solani in other plant species. A chitinase assay was developed for tall
fescue. Three tall fescue cultivars with differing agronomic qualities and brown patch susceptibility as well as a resistant hybrid
bluegrass cultivar were inoculated with R. solani in a greenhouse humidity chamber. Chitinase activity 48 hours after inoculation
was negatively correlated with percent brown patch severity 10 days after inoculation. ‘Jaguar’ tall fescue was the most tolerant to
R. solani and exhibited the highest chitinase activity before and after inoculation. No significant increase in chitinase activity was
observed in the other tall fescue cultivars following R. solani inoculation. Identifying tall fescue cultivars expressing high amounts

of chitinase activity could be important for developing brown patch-tolerant tall fescue cultivars.
Index words: brown patch, turf disease, turf varieties, plant defense mechanisms.

Species used in this study: ‘Jaguar’, ‘Matador’, and ‘Kentucky 31’ tall fescue [Festuca arundinacea Schreb synonym Schedonorus
phoenix (Scop.)], ‘Thermal Blue Blaze’ hybrid bluegrass (Poa pratensis L. x Poa arachnifera Torr.).

Significance to the Horticulture Industry

Tall fescue is a commonly planted turf species for home
lawns and other turf areas. Following inoculation, less brown
patch development was noted on ‘Jaguar’ than ‘Kentucky
31° or ‘Matador’ tall fescue, possibly due to Jaguar’s higher
level of chitinase activity. Kentucky 31 tall fescue had similar
levels of brown patch severity as Matador in the greenhouse,
although Kentucky 31 proved less susceptible in field trials,
perhaps due to its anatomy of wide or coarse textured leaf
blades and lower leaf density. Brown patch did not develop on
hybrid bluegrass and chitinase activity on the latter turfgrass
and Jaguar tall fescue were similar. While resistance may
be due to multiple factors, breeding for elevated chitinase
activity may improve brown patch tolerance in tall fescue.
The chitinase screen described in this paper would be an
excellent preliminary screen for brown patch resistance in
tall fescue breeding lines as well as prescreening prodigy
from crosses for resistance.

Introduction

Tall fescue is one of the most commonly used turfgrasses
for home lawns and common areas in North America,
Europe, Asia and North Africa; additionally it serves as a
feed for livestock and is used for soil stabilization (Buckner
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et al. 1979). This economically-important grass species is
aesthetically-pleasing, quick to establish, and requires less in-
puts when compared to some other cool-season grass species
(Cutulle et al. 2013, Turgeon 1999). Susceptibility to brown
patch, which is caused by the fungal pathogen Rhizoctonia
solani Kuhn (Dong et al. 2007, Couch 1995, Piper and Coe
1919), is a major issue in many tall fescue lawns.

Brown patch is the most severe and widespread disease in
turf-type tall fescue. Brown patch symptomology on infected
turfgrass plants consists of cream-colored, water soaked le-
sions on the shoots and stem. The causal agent R. solani Kuhn
(Piper and Coe 1919) is a basidiomycete soilborne fungus,
consisting of multiple anastomosis groupings or strains with
awide host range (Couch, 1995). Typically, tall fescue lawns
in the summer are subject to concomitant infection by R.
solani and environmental stress, which can lead to a thinning
of the turf stand. Foliar infection is initiated when daytime
air temperature reached about 30 C (86 F) (Dickson 1930).
Additionally, high humidity and nighttime temperatures of
no lower than 16 C (61 F) are required for foliar infection
(Rowell 1951; Fidanza et al. 1996). Upon contact with the
plant, rounded R. solani hyphae grow over the plant surface.
Actual infection begins when the hyphae flatten out and press
into the epidermal cells of the plant (Armentrout and Downer
1987, Christou 1962). Hyphal internodes shorten and form
side branches. Additionally, branching of hyphae can form
tightly-packed, dome-shaped infection cushions that adhere
tightly to leaf and sheath surfaces. R. solani penetrates the
plant using thin infection pegs. These infection pegs are
formed from closely-adhered swollen hyphal tips (Fukotomi
and Takada 1979). It is thought that the hyphal tips seek out
weak areas of the plant cell wall before initiating penetration
(Matsuura 1986). Throughout penetration, carbohydrates
from the fungal cell wall are introduced into the plant, which
can induce defense responses (Kaku et al. 2006).

Chitinase enzymes are important in plant defense for their
ability to catalyze the degradation of chitin (Salzman et al
2005, Kaku et al. 2006). Chitin is a polymer of N-acetylg-
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lucosamine (C,H,,O,N) and a major cell wall component.
Not only do chitinases initiate fungal cell wall lysis but also
reduce fungal growth by binding physically to the chitin in
the fungal cell wall. Furthermore chitin oligomers formed
after fungal cell wall lysis can act as elicitors by inducing a
change in a receptor protein, which then can lead to a kinase
cascade and defense response (Salzman et al. 2005). Spe-
cifically, the chitin oligosaccharide elicitor-binding protein
(CEBIiP) is a membrane protein in rice and has been shown
to be an important receptor and transduction component
in chitin recognition (Kaku et al. 2006). The membrane
protein-kinase CERK1, described by Miya et al. (2007) in
Arabidopsis thaliana (L.) Heynh., is able to autophosphory-
late and initiate a defense response in the presence of chitin.
The defense processes triggered by oligomeric chitin may
include hypersensitivity, increased glucanase and chitinase
activity, lignification of plant cell walls and increase in
phytoalexins. FaChitl is a class 1 chitinase from tall fescue
that is activated in the presence of oligomeric chitin, thus tall
fescue should express more chitinase activity when it is being
parasitized by R. solani (Wang et al. 2009). Chitinase activity
has been positively correlated with resistance to R. solani
in other plant species (Metraux 1991). Kern et al. (2010)
overexpressed a chitinase gene from the entomopathogenic
fungus Metarhizium anisopliae in tobacco, which resulted in
increased resistance to R. solani. In one study, rice cultivars
that were moderately resistant to R. solani expressed more
chitinase at a basal level and after the plants were inoculated
when compared to cultivars that were more susceptible to R.
solani (Shrestha et al. 2007).

Plants that are more metabolically efficient would likely
have the largest increase in chitinase activity when chal-
lenged with a fungal pathogen (personal communication with
Dr. John McDowell, Virginia Tech). Quantifying chitinase
activity in tall fescue cultivars with different anatomical or
morphological characteristics that vary in susceptibility to
brown patch when infected by R. solani will help clarify the
relationship between pathogen infection, plant enzymatic
defense, and plant morphological characteristics.

Research was conducted to evaluate chitinase activity
in four grasses: 1) ‘Jaguar’ tall fescue, a turf-type cultivar
with thinner leaf blades, 2) ‘Kentucky 31 tall fescue, which
is a pasture-type, wide leaf blade tall fescue frequently
used in turf applications that is typically not as susceptible
to brown patch as most turf-type tall fescues, 3) ‘Matador’
tall fescue, which has desirable agronomic qualities for turf
applications but is very susceptible to brown patch and 4)
‘Thermal Blue Blaze’ hybrid bluegrass, which is tolerant to R.
solani. Chitinase levels were determined in both inoculated
and non-inoculated plants to determine if the presence of R.
solani increases chitinase activity in tall fescue.

Materials and Methods

Approximately 10 seeds of Kentucky 31, Jaguar, and
Matador tall fescue and 50 seeds of Thermal Blue Blaze
hybrid bluegrass were planted in 3.8 cm diameter (1.5 in), 20
cm (8 in) deep Conetainers™ (Steuwe & Son, Corvallis, OR)
filled with profile medium (Turface, Profile Products LLC,
750 Lake Cook Rd., Suite 440, Buffalo Grove, IL 60089).
Plants were grown in a greenhouse for 12 weeks prior to
being placed in a humidity chamber with the following
dimensions: 90 cm (35 in) height, 90 cm depth, and 270 cm
(106 in) width. Two separate chambers were constructed for
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inoculated plants and non-inoculated plants. The greenhouse
was equipped with cooling fans and light shutters in order to
moderate temperatures, which ranged from 20 to 30 C (68
to 86 F). Plants were irrigated daily from an overhead mist
system. A 20-20-20 NPK fertilizer (Scotts-Sierra Horticul-
tural Products 14111 Scottslawn Rd. Marysville, OH 43041)
was applied at a rate of 96 kg-ha™' during establishment. The
fertilizer contained 4% ammonical nitrogen, 6% nitrate ni-
trogen, 10% urea nitrogen, 20% P,0, and 20% K,O. Scissors
were used to maintain plants at a height of 7 cm (3 in). Cutting
occurred weekly and clippings were removed Inoculum was
prepared by incubating 250 g of sterilized Kentucky 31 tall
fescue seed with five 5-mm plugs of R. solani from anasto-
mosis grouping AG2- 211IB grown on potato dextrose agar
(BD™ Difco™ Dehydrated Culture Media, Fischer Scien-
tific, 300 Industry Drive, Pittsburgh, PA 15275) at 27 C for
1 week. The isolate used for inoculations was collected from
tall fescue and were provided by Dr. Sajeewa Amaradassa
(USDA, Beltsville, MD). Plants were transferred to a sealed
humidity chamber in order to promote environmental condi-
tions that would favor the infection process by R. solani. The
experimental design within the chamber was a randomized
block with 5 replications and three samples per experimental
unit. An experimental unit consisted of 3 containers 4 cm in
diameter. The treatments were arranged as a factorial consist-
ing of cultivars and two inoculation treatments (inoculated
or non-inoculated). Each experimental unit was planted
with Kentucky 31, Jaguar, Matador tall fescue or Thermal
Blue Blaze hybrid bluegrass and was treated with 1 gram of
sterilized seed placed onto the lower foliage with or without
inoculum. Chitinase activity was recorded 48 hours after
inoculation. Percent disease severity was recorded 10 and
30 days after inoculation, which was determined as a visual
assessment of the amount of foliage covered by brown patch
lesions. The entire experiment was repeated and data were
pooled across experiments because there was no significant
treatment by experimental run interaction.

Protein quantification and chitinase assay. A 400 mg
(0.9 Ib) sample of grass tissue was collected from all 15 pots
per treatment from the top 4 cm (1.6 in) of the foliage and
homogenized in 800 ul of 0.2 M sodium acetate buffer (pH
5.0) and 0.1 mM of phenyl methyl sulphonyl fluoride using
a customized drill bit and mesh bags. The tissue extract
was then centrifuged at 13,000xg for 10 min at 4 C with a
micro-centrifuge (Model 2358 Fisher Scientific, Pittsburg,
PA). Subsequently, the supernatant was decanted and centri-
fuged again under the same conditions. The remaining clear
supernatant was then used for both total protein quantifica-
tion and chitinase assays. Protein concentrations were deter-
mined based on colormetric calculations using a Pierce BCA
Protein Assay kit and an albumin protein standard (Pierce
Protein Research Products. 3747 N Meridian Rd, Rockford,
IL, 61101). Chitinase activity was measured by incubating
tissue extracts with Remazol Brilliant Violet-labeled chitin
and measuring absorbance at 550 nm (Wirth and Wolf 1990).
Chitinase activity per sample was determined by the follow-
ing equation: (sample absorbance RBV chitin — absorbance
RBYV chitin with deionized water) / (total protein of sample)
= chitinase activity per mg protein (Wirth and Wolf 1990).

Data analysis. All data were subjected to analysis of vari-
ance (oo = 0.05) using Proc Mixed model methodology in
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SAS (Statistical Analysis software (SAS) v. 9.1, Cary, NC).
Cultivar type and inoculum treatments were considered
fixed effects and replication of experimental units were con-
sidered random. Data for all visual ratings were subjected
to arcsine transformation before ANOVA. Interpretations
were not different from non-transformed data and normality
was acceptable based on the Shapiro-Wilk diagnostic; thus,
non-transformed means are presented for clarity. Brown
patch severity and chitinase activity were correlated using
Proc Corr in SAS.

Results and Discussion

Cultivars responded differently to inoculation with R.
solani in terms of chitinase activity (Fig. 1). Of the 3 tall
fescue cultivars, Jaguar tall fescue had the highest chitinase
activity at both a constitutive level and when challenged with
R. solani. Chitinase activity in tissue extract from Jaguar
was 0.57 units'mg' protein in non-inoculated plants, which
increased to 0.64 units'mg ' protein in plants inoculated with
R. solani (Fig. 1). Chitinase activity in Thermal Blue Blaze
hybrid bluegrass was approximately 0.57 units-mg! protein
regardless of inoculation treatment.

Brown patch severity differed among the turfgrass culti-
vars (p-value < 0.05) (Table 1). Chitinase activity in Jaguar
was statistically higher vs. Kentucky 31. For the inoculated
plants, Matador and Kentucky 31 tall fescue had brown patch
ratings of 16 and 17%, respectively, which was significantly
greater than the the values recorded for Jaguar tall fescue
or Thermal Blue Blaze hybrid bluegrass. Jaguar tall fescue
suffered 10% leaf blighting, which was less than the other
two tall fescue cultivars but higher than Thermal Blue Blaze
hybrid bluegrass, which had approximately 1% of the leaf
area blighted. Brown patch severity ratings were negligible
for the non-inoculated plants, which indictates that minimal
R. solani contamination occurred. At 30 DAI, brown patch
severity was > than 50% leaf blighting on all three tall fes-
cue cultivars. Constant moisture on leaf surfaces and high
inoculum levels in the humidty chamber provided optimum
conditions for disease development that would likely not
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Fig. 1. Chitinase activity in ‘Jaguar’, ‘Kentucky 31’ and ‘Matador’
tall fescue and ‘Thermal Blue Blaze’ hybrid bluegrass 48
hours after inoculation with Rhizoctonia solani in a green-
house setting. Means with the same letter are not different
based on Fisher Protected LSD at the 0.05 level.
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Table 1. Impact of grass cultivar on percent foliar brown patch se-
verity determined visually 10 and 30 days after inoculation
(DAI) with Rhizoctonia solani in a greenhouse setting?.

Brown patch Brown patch

Grass type 10 DAI (%) 30 DAI (%)
‘Jaguar’ tall fescue 9b¥ 55b
‘Kentucky 31 tall fescue 16a 75a
‘Matador’ tall fescue 17a 80a
‘Thermal Blue Blaze’ hybrid bluegrass lc lc

“Rating system consist of a value of 100 for the entire canopy covered in
brow patch lesion. Non-inoculated plants contained no lesions and were
used to calibrate the 0 value.

YMeans within a column followed by the same letter group are not signifi-
cantly different according to Fishers Protected LSD at the P < 0.05 level.

be observed in the field. Brown patch was not observed on
hybrid bluegrass after four weeks incubation. Tall fescue
cultivars with high basal chitinases activity may be more
resistant to brown patch under low levels of inoculum com-
pared low-chitinase cultivars. However, all tall fescue culti-
vars are susceptible to brown patch and other physiological
and anatomical components such as glucanase activity, leaf
blade width, turf stand density, and recuperative ability are
important in plant defense.

Chitinases constitute an important component of plant de-
fense against R. solani and other fungal pathogens. Chitinase
activity in tissue extracts from tall fescue was negatively cor-
related with brown patch severity 10 days after inoculation.
The Pearsons coefficent R-value in the simple correlation
was —0.72 and the p-value was less than 0.05, indicating that
increased chitinase activity resulted in less disease and that
the relationship was significant. These results complement
the findings of Shrestha et al. (2008) who evaluated chitinase
activity in different rice cultivars that were inoculated with R.
solani. Correlating rice chitinase activity with the number of
infection cushions per sample resulted in an R-value of —0.92.
Two important characterisitcs associated with resistance to
R. solani may be high basal level of chitinase activity and
an efficient increase in chitinase activity during the infec-
tion process. Rice cultivars that were more resistant to R.
solani expressed more chitinase activity when no pathogen
was present and increased chitianse activity after inocula-
tion compared to the more sensitive cultivars. We observed
similar trends in our study.

Jaguar tall fescue, which was the more resistant of the three
tall fescue cultivars to R. solani, had the greatest amount of
constitutive chitinase activity and the greatest increase in
chitinase activity 48 hours after inoculation (Fig. 1). Hybrid
bluegrass had minimal brown patch and relatively high basal
levels of chitinase, which did not increase after inoculation.
Hybrid bluegrass is typically not a host for R. solani, thus if
penetration did not occur, chitin fragments would not elicit
a defense response. Though no tall fescue cultivar is highly
resistant to R. solani, Kentucky 31 tall fescue is considered
to be one of the less susceptible tall fescue cultivars to
this pathogen. However, this response may be due to leaf
architecture characteristics such as its wider leaf blades,
which result in a less dense canopy rather than physiological
characteristics. This would explain why Kentucky 31 and
the more susceptible Matador tall fescue had similar levels
of chitinase activity. Alternatively, Kentucky 31 tall fescue
could be expressing more enzymes involved in lignification
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of the cell wall or other defense mechanisms. This theory
would warrant further study.

Tall fescue cultivars with desirable agronomic traits such
as narrow blades and dense canopies are associated with
decreased resistance to brown patch (Giesler et al. 1996). Tall
fescue canopy density is believed to have a direct impact on
disease incidence (Giesler et al. 1996). A denser leaf canopy
increases relative humidity within the canopy and leaf wet-
ness duration, thereby creating an optimal environment for
R. solani infection. Because this study was conducted in a
humidity chamber, the potential advantage of Kentucky 31
tall fescue’s wide leaf anatomy on mitigating infection by R.
solani was negated. Matador tall fescue has the most desir-
able agronomic characteristics of the tall fescue cultivars
evaluated in this study. Grass blades from Matador tall fescue
were thinner and greener when compared to Kentucky 31 and
darker green when compared to Jaguar (personal observation,
data not shown). However, Jaguar has adequate agronomic
qualities such as dark green color and thinner leaf blades and
was less susceptible to brown patch, thus making it a useful
cultivar for the southern region of the tall fescue growing
region when combined with appropriate cultural practices.
Also of importance may be the recuperative ability of the tall
fescue cultivar. High basal levels of chitinase activity may
reduce metabolic resources for growth and plant recovery.
Therefore, an ideal tall fescue cultivar would have low basal
levels of chitinase but efficiently express high amounts of
chitinase after being challenged by a pathogen.

Chitinase activity in rice observed 48 hours after inocula-
tion in R. solani was greater than was observed in our study
(Shrestha et al. 2008). Possible reasons for reduced chitinase
response in tall fescue compared to rice may be due to the
presence of virulence proteins in the R. solani AG2-2111B
anastomosis grouping that are analogous to Avr4 and EcP6
from Cladosporium fulvum Cooke. Avr4 is an effector
protein that protects fungal cell walls by binding to long
chains of chitin and preventing hydrolysis (Van Esse et al.
2007). Specifically, in tomatoes Avr4 appeared to reduce
the effectiveness of plant chitinases on fungal chitin in the
apoplast. Another C. fulvum protein that reduces chitinase
effectiveness is Ecp6. Ecp6 sequesters chitin oligosaccha-
rides and prevents them from eliciting a defense response in
the host plant (De Jonge et al. 2010). Though C. fulvum is an
ascomycete and R. solani is a basidiomycete, the existence of
chitinase perturbing proteins in nature necessitates further
exploration of virulence proteins in R. solani. If proteins
similar to Avr4 and Ecp6 are present in the R. solani, then
chitinase activity would not be expected to increase much
in tall fescue after inoculation. The conserved tall fescue
chitinase gene FaChitl increases expression in the pres-
ence of chitin (Wang et al. 2009) Therefore, perturbation of
interactions between tall fescue receptor proteins and chitin
from R. solani may be the reason chitinase activity does not
increase in tall fescue as much as rice as opposed to inferior
perception by tall fescue receptor proteins.

Future research should focus on identifying tall fescue
cultivars that constitutively express a high amount of chi-
tinase and effectively increase chitinase levels after infection
by R. solani. Screening for effector proteins in anastomosis
groupings that impact tall fescue would further elucidate the
interaction between R. solani and tall fescue. Selection of
tall fescue cultivars that produces high levels of chitinase in
response to R. solani infection in combination with proper
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cultural practices such as correct mowing height, optimal
fertility application, and proper irrigation, may help reduce
severity of brown patch.
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