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DEFINITION OF AGROSTIS PALUST.RIS LEAF HEALTH AT THE TIME OF 

INFECTION A11fD COLONIZATION BY CURVULARIA LUNATA. 

James John Muchovej 

(abstract} 

'Ille state of leaf health of intact Penneagle creeping bentgrass 

leaves into which Curvularia lunata was able to ingress was determined 

by reducing cuticle/wax formation with trichloroacetic acid ('ICA) and 

stressing plants with high air temperatures. Plants were grown until 

the third leaf had fully expanded and the fourth leaf had not yet 

emerged from the whorl.· Plants were then treated with 'ICA for 6 

on alteniate days. Half of the plants were high air temperature 

.,_. 
1,J.illeS 

stressed at J8°C for 18 hr before plants were inoculated. Leaf health 

was estimated throughout the growing period of the plants by extract-

ing chlorophylls and then regressing the values with respect to time. 

In this ma.11!ler, leaves at each nodal position could be classified a.s 

either juvenile, mature or senescent. Also, selected leaves were 

examined by scanning electron microscopy. 

'Ille addition of 'ICA to plants decreased leaf and plant life, 

increased tillering and reduced the deposition of leaf surface waxes. 

High air temperature stressing the plants caused a rapid entry of the 

leaf into senescence and higher levels of 'ICA accelerated this process. 

Plants were inoculated with either C. lunata, C. lu...11ata var. aerea 

or Drechslera sorokiniana. Histochemical techniques were used to 

detennine if penetration of the fungus into plant tissue had occurred. 

Inoc~at1on with D. sorokiniana resulted in lesion formation 



within 2 days. Symptoms commonly att~ibuted to Curvularia blight were 

present on plants treated with 0.04? or 0.14 mM 'IDA and then high air 

temperature stressed and inoculated with C. lunata. Histochemical 

procedures failed to show the presence bf mycelium Qf C. lunata· 

within the cells of Curvularia blight symptom areas. 

In a separate study, plants were grown, clipped and maintained at 

2.0 cm and grown until 30 or 120 days of age. Plants were high air 

temperature stressed or not and clipped 128, 64, 32, 16, 8, 2, 1 or 0 

hr before inoculation with C. lunata. Results again showed that C. 

lunata had the ability to colonize heat stressed and/or old leaves 

but did not have the ability to infect and colonize juvenile or mature 

tissues. 

The amount of the turf foliage that is susceptible to thinning 

by Q• lunata depends on the physiologic age of the leaf tissue. As 

stresses of high air temperatures are placed on the leaf tissue, a 

greater percentage of the leaf blades are forced into advanced senes-

cence, thereby increasing their suceptibility to infection and 

colonization by c. lunata. 
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CHAPTER ONE 

INTRODUCTION 

'Ihe potential of species of Cu...."'Vlllaria to incite disease of 

economic importance on turfgrasses, has been the topic of considerable 

del::ate. Curvularia spp. have been denonstrated to be colonizers of 

necrotic tissues and are often associated with areas of necrosis on 

plants. Although Curvularia spp. are often associated with areas of 

necrosis, the ability of Curvularia spp. to cause healthy plant tissue 

to become necrotic has often been debated. If Cu...."'Vlllaria spp. can be 

demonstrated to be primary pathogens, then control measures to preclude 

their infection and colonization of leaves should be developed. 

In the field of turfgrass pathology, for a control measure to be effect-

ive1 the measure must be able to inhibit or prevent the pathogen from 

causing damage to plant tissues that are contributing to the general 

well-being of the plant or to the aesthetic value of the turf. 

'Ihis dissertation will review the wo::-ld literature with respect 

to reports of the occurrence of Curvularia spp. on grasses. In this 

review, emphasis will be placed on reports related to Curvularia spp. 

that occur on turfgrasses and the evidence that has been presented to 

demonstrate experimentally that Q• lunata is able to ingress into 

creeping bentgrass (Agrostis palustris Huds.) leaves. To demonstrate 

ingress of leaf tissue it is necessary to show that the fungus is able 

to breach the outer defenses of the plant, i.e. the wax and cuticle 

layers. 

'Ihe pu:rpose of the present study was to detennine under what 

conditions of relative vigor of the plant, C. lunata was able to 

1 



2 

ingress into leaf tissue. In this study, chlorophyll was chosen as 

a marker for plant vigor, because, according to 'Ihomas & Stoddart 

(1980, p 98) "perhaps the ideal ccmponent process of senescence to 

use in such a study would be chlorophyll breakdown since it is 

characteristic of senescence, has a reasonably sound genetic basis 

and behaves consistently in inhibitor ex:periments," 

Combining the results of the ingress and plant vigor experiments, 

it should be then possible to determine whether or not the plant tissues 

(in this case leaves) are contributing to the general well being of the 

plant and if so, what control measures need be applied. 



CRAFTER TWO · 

LITERA'l'URE REVIEW 

THE GENUS CURVULARIA A.T'W REPORTS OF PATHCGE'NICITY 

Boedijn (1933) created the genus Curvularia to contain members of 

the genus Acrothecium Sacc. which have septate, dematiaceous acropleuro-

genous conidia borne on simple, often geniculate dematiaceous conidiophores 

(Ellis, 1966). Currently, the genus contains more than 36 species (Ellis, 

1971; 1976) of which some have disputed pathogenicity on turfgrasses 

(Couch, 1973; Smiley, 198J). 'Ihe Review of Applied Mycology Ind.ex (1962) 

lists 62 hosts for 21 species of Curvularia. Of these 21 species of 

Curvularia, 17 species were reported to occur on 23 species of grasses. 

As of 1983, 23 species of Curvularia have been reported to occur on 29 

species of grasses (Table 1). These 29 species of grasses represent 10 

of the 14 tribes of Gramineae (Hitchcock, 1935). 

The relationship of Curvularia to rice as a .host has been one of 

the most studied. A reported case of pathogenicity of C. lunata on rice 

was first published in 1926 (Bunting, 1926). Since pathogenicity was not 

tested, the case appears to be one of association rather than one 

of established pathogenicity. Bunting's report has been cited frequently 

as evidence of pathogenicity of _g_. lunata on rice (Martyn, 1934; 19J6a, b; 

Tullis, 1936). Tne damage that occurred on rice was a blackening of the 

kernels which reduced the· marketability (Martin, 19J9a). Martyn (1936a, 

b) stated that Q. lunata occurred on rice in wet weather in British 

Guiana and was associated with a bro1m discoloration on the pa.lea. 

However, Martyn did not state whether the brown discoloration was of the 

host tissue or was caused by production of conidia or conidiophores by 

3 



TABLE 1. Sr,ecies of Curvularia reported to occur on grasses, thel.r synonymy and reported hosts. 

Curvularia specles 1 

f. ~ Ooedijn 

f. nru.lropoaonis (Zimm.) Ooedljn 

3 f. ~ Castel. 

f. ~~~ (Bouriquet G Jauffret) 
M.B. Ellis 

f. cymuopogonis (C.W. DodlJS) Groves 
Smlko 

f, eragrosticlis (P. Henn.) J.A, Mtc!yers 

f. ~ Boedijn 

Perfect Stol:e 1 

f. geniculata ( Tracy f, far le) 
Cloedijn 

Cochliobolus geniculata tJelson 

f. !]Udauskasii Morgan-Jones f, Karr 

1 
Synonymy 

Napiclad:ium andropoqonis ZinHT, 
Orachyspod um andropogoni s 

(Zimm.) llohnel 

Helminthosporium cymbopogonis 
C.W. Dodge 

llract 1yspot·ium e ragr\Jst i di~ 
P. Henn. 

Gpondylocladi.um mnculans 
fJancrof t 

Curvular:! i:I muculans ( 0E-Jncroft) 
Boedijn 

llelminthosporium <1eni culatum 
Tracy & Earle 

Brachyspari um ~ Sowada 

2 
Hosts 

rice (Oryza ~ L.) 

ci tronellagrass ( Cymbopogon 
narclus (L.) Renelle) 

job's tenr (~ lac1')'ma- jobi 

L.) 

Citation 

Boedi,jn (1933) 

Sloff et f!!. (194?) 

Castellani (1952) 

lemongrass ( C)1nbopogon citrnlus fJouriquet & ,Jauffret ( 1955) 
(D.c.) Stapf 

Andrupog,Jn tectorum 
citronellagrass 
lemon grass 

Dodge ( 19'12) 
ibi.cl 
ibid 

pearl millet henni.setum glaucum Luttrell (195<'1) 
(L.)R.Dr.) 

maize (~~ mRys L.) 

rice 

rice 
creeping bent grass ( Agrosti s 

palustris HurJs) 

annual bluegrass (Pea annua 
L.) ---

red Foscue (Festuca rubra L.) 
meadow fescue ([. elatior L.) 
poa1·l millet 
sorgllum ( Gorr.ihum vulgare Pers) 
smooth crabgrass ( Diqitaria 

ischaemwn ( Sc:hueb.) Muhl.) 
Kentucky bluegrass (Poa 

pral:ensi.s L.) --
hermuda[Jrass ( Cynodcm dactylon 

L.) 
smooth brornegrass (Oromus 

:l-ncnnis Leyss) 
Zoysia (Zoys;a jnpunic:a Gteud) 

maize 

Nelson (1956) 

Boedijn (1933) 

Bug11ico11rt ( 1950) 
Howard et al. (1951) 

ibid 

ibid 
ibid 
Luttr'81l ) 1954) 
Saccas ( 1954) 
Sprngue ( 1955) 

Rogerson ( 1956) 

Anon (1957) 

Kauffm,111 et .!!! . ( 1961) 

Clell (196?) 

Morgan-Jones & Knrr ( 1976) 

~ 



TAf.llE l. Continued 

l 
Curvulilrla species 

E, i nnuquali .':! [ U-,e,ir) flaedi jn 

f· ~~ BoeU:jn 

_Q. ~~ MrKcnzi~ 

f. ~ (Wakk,) Oaedijn 

l Perfect Gtata 

Cochlioholus intenneditJS ~Jelson 

Cochliot-olus lunatus Nehmn G 
H:1asis 

C. lunnta vc1r .. aere3 (Batj stn, Lima G 
- V~elas) ~f:llis 

Q. ~r·yzae rJuw1icnurt 

f. ~~ noedi jn 

f:. ~n.ic,l'ti (Mitro) lloedijn 

f. prot.l~ Nelso11 G lloduos 

l 
Sy110nymy 

Helmi nthospori um irnJequa le 
Shear 

2 
llusts 

creeping bcnturass 

~~ a.renaritJm F. &- Mme rad fe!Tue 
Mureau onnuul bluearci~m 

meadow fescue 

Acrothecium ~ Wakkt::or 

Zoyzia 

creeping tie11tgrnsn 
Kentud·:y blu•~yrass 
red fescue 

l10tiki bluegrass (l_~ 
inrticum [iluutt) Mon.) 

rice 

Citation 

llaward .!:!; £!1.. ( 1951 ) 

ibid 
ibid 
l bid 
Boll (1'167) 

Brnwn ~t .!!.!• ( l'J72) 
i hi.d 
lbid 

McKenzie (1981) 

Bunting [ 1926) 
maize H,id 

Mnluc.;tela ~~ l1<1.tifiLa, Lima 
& vusconr.alos 

£· ~pnpnyae Srivuntava G 
B1 l9rami 

f_. lyr.,Jper-siGi Tundon f.- Kukkar 

Actoll1eci.um penr1i~,eti Milra 

sorghum t,iga111 ( 1936) 
sugar cune ( Snccht1tum officin;1n.Jm Ha.nsford ( l r:,,13) 

L.) 
creeµing tontgro5s 
nr.nuol bluegI'fl5S 
red fesc1in 
meadow rescue 
vol vet bentgruss ( Agrosti s 

~L.) 
pcar·l mil let 
Zuysia 
Kentucky hlucaross 

Ken tuck J' 1.Jluegruss 

rice 

Zoysid, 

mi1lel {Penni!ietum typhoidcum 
(L.) flich) 

cr-oepl1 ig l,entvrasG 
Kr.rilt11;!-:y lilue1Jr•1ss 
red fem:ut: 

llrwa rtf .!:!; H l. ( 1!75]) 
lhid 
ibid 
ibid 
flc,wnnJ G navies ( l95J) 

li.,ttrcll (19!..>1) 
Bell ( F'G7) 
Brown~ :!l· ( 1'172) 

£lean ( l'lc>'l) 

Ow111icou11. (1950) 

[hall [ 19G7) 

Mil.riJ [19'21) 

f.lrown £! ii!· ( 1~n2) 
ibid 
j bid 

V1 



TAIJLE l. Continued 

l 
Curvularia species 

£. ~ (Bai11er) Eloedijn 4 

£• ~ Kllpalrick G l,,ttrell 

.Q. umcqalensis ( S[mg.) 5.JIJmm 

4 _g. 5picE\ta 

1 
Perfect State 

f• spiciforn (Bainer) floediJn 5 CochliotJolus .:!Plcifer Neloon 

f. ~~ (f"rug. G Clf.) 

£. ~ (Kauffm.) Boedijn 

f. !~ Bugnicourt 

II 
Castel 

f. \:crn,culos~1 Tiindon G Liilyr-oml 
e~ M.8. Ellis 

1 run~"l binomiuls are accurd~ng la Ellis ( 19E6, 1971, 197G} 

2 Dross binorri.ials are Accordiny to lht.chcock ( 193:l) 

J No* fwec:.hslen:1 ~ {Nisikado) Uuhrum f., Jain 

4 ElinomJ'11 not 1n Ellis ( 1!166, 1971, 1'116) 
5 

Now Or·Pchslera ~p.ici fer (Ooin) Nelson 

l 
Synonymy 

,1 
ffelmint:hospuri um M· 

2 
HrJ5tS 

lmrley (~ ~2!!! L.) 
oats (Aven::, snliva L.) 
wheu t ( Tl'i t kum aest; il"m L. ) 

lJlucstem ( Ar1drur>oqon onnulntus 
Forsk) -----

On1cl1y~pori11m sern~a<ilen!:>e GpP.g. suo11r cane 
Acmtheciurn falcalum Tehan 
Curvularia tnlcnta (Tehan) Baodljn 

Orachysporiu111 spici fenJm 
Bainer 

Helmintho5pori um ~ic·i fen1m 
(Bainer) ~icol 

!J. tet romera 

colonlnl uentgrnss (Agroslis 
~ Sibth) 

rice 
Larley 
oats 
wl1eut 
rye(~~~ L.) 
crouping ber1tgross 
Kentucky lilueurdss 
canad:ian blue!]rass (~ coniprossa 

L.) 

Ci tat:ion 

Hynes ( 1937) 
1 bid 
ibid 

Kilpatrick .!::! !tl. ( 19li7) 

Yang ( 1973) 

Anon (1952) 

Ooorti jn ( 1933) 
llyn2s { l!)J7) 
iLicJ 
ibid 
il.Jid 
Croi ser G W<Jimer { 19110) 
1.hid 
illld 

mu(Jh bluegrass (f. tri vialis L.) ibid 

!.3rnchysporium ~ Knut·rm. 

job's tear 

nnnuul bluegrns~ 
r:reAping bcntnl~ass 

rice 

rico 

Casl.,Jfonl ( l~c.2) 

Fillluon ( 19'76) 
ibid 

Bugni CChl?t ( 19!1.J) 

Aulakh ( l9fb) 

CJ'\ 
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the fungus. Martin (19J9a) and Martin & Altstatt (1940) showed that c. 
lunata, when used as an inoculum, produced black ken1els in 10.?% of the 

seeds, but reisolation yielded f• lunata only from 1/J of the black 

kernels. Furthe:rmore, black ke:rnel of rice was controlled by applications 

of magnesium sulphate to the soil (Martin & Altstatt, 1940). Martin 

(19J9b) was unable to recover c. lunata from all of the field plots where 

black kernel was present. Douglas & Tullis (1950) isolated C. lunata 

from black kernels but reported that pathogenicity studies were highly 

inconclusive. Hingorani & Prasad (1951) and Gangcpadhyay & Chakrabarti 

(1982) isolated c. lunata from no more than JO% of all black keniels 

tested and were unable to demonstrate pathogenicity. All of these authors 

referred to Bunting (1926) as the first one to report pathogenicity of _g_. 

lunata on rice. 

Another grass host of Curvularia spp. is maize. c. lunata and c. 
eragrostidis both have been reported on maize but only _g_. eragrostidis 

has been demonstrated to be pathogenic (Nelson, 1956) and is reported to 

be of ecomonic importance in Sergipe, Brazil (Franco, 1960). 

Mitra (1921) demonstrated pathogenicity of _g_. penniseti on Pennisetu,~ 

typhoideum. Leaves, leaf sheaths and ears were colonized and symptoms 

observed were characteristically small, yellow-brown spots. Penetration 

was through both stomata and the epidermis ~nd host cells were reported 

to be killed in advance of the mycelium (Mitra, 1921). Luttrell (1954) 

reported a head mold of P. glaucum to be caused by C. lunata. c. pen-

niseti differs from c. lunata only in its slightly larger spore size 

(29 to 42 by 13 to 20 u vs 20 to .32 by 9 to 15 µ,respectively) (Ellis, 

1971). Luttrell ( 19 _54) states the spores were 22 to JO by 6 to 14 • .3 ~t 
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which could fit either fungus. 

CURVULARIA SPP. Al.~D TURFG RAS SES 

Wernhan & Kirby (1941) reported a disease of turfgrass where the 

turf became chlorotic and thinned during hot weather. A disease of similar 

appearance was reported to occur on 'Metropolitan' bentgrass and the 

incitant was claimed to be either one or two species of Helminthosporium 

or Curvularia. However, identification of the fungi involved was never 

published. 'Ihe report of Wen1ha.m & Kirby has served as the initial 

report of Curvularia spp. pathogenicity to turfgrasses. Howard et al. 

(1951), without publishing experimental data, called the disease 'melting 

out' or 'Curvularia mold' and included.£• geniculata, .£• inaequalis and 

C. lunata as causal agents. Howard (1953, p 5) stated: "'Ihe Helmintho-

sporium and Curvularia fungus blights have been with us all along, but 

until the types of damage they cause to grass is better understood, they 

cannot be recognized." He then reported 'fading out' was caused by 

Curvularia spp. and symptoms were "an indefinite yellow and green dappled 

color". Howard (1953) using an isolate of C. lunata from velvet bentgrass 

stated that 10 kinds of grasses were killed within 48 hrs after inocula-

tion; however, his methods and experimental parameters were not disclosed. 

Howard & Davies (1953) reported that Curvularia fading-out occurred from 

late June to late October and was manifested as a sudden off-color of· 

turfgrasses. C. lunata was isolated from diseased turf and pathogenicity 

was suggested since certain fungicides were able to control the disease. 

Mower (1961, p 144) indicated that.£• lunata "may have the ability 

to remain i~ a more or less quiescent state, either on or within the 

leaves, until the leaves are in a rather advanced stage of senescence 
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at which time growth of C. lunata is renewed and the fungus rapidly - . 

colonizes the leaves. It is also possible that£• lunata invades only 

those leaves invaded by other fu.ngi or that have been injured." Mower 

conclude that "C. lunata must be considered a saprophyte or at best a 

very weak pathogen." 

Brown et al. (1972) attempted to demonstrate pathogenicity of 

Curvularia spp. to the turfgrasses A. ~alustris, P. pratensis and!'.• 

rubra. Curvularia spp. were isolated from 132 of 415 plant samples and 

15 of 192 seed samples. Surprisingly, only c. lunata was isolated from 

plant samples while C. lunata, £• geniculata, £• intennedia and .Q_. pro-

tubera.ta were isolated from seed samples. Inoculations were made on 

plants which were then incubated from 10 days at ambient temperatures of 

29-to 35°c inside plastic bags on greenhouse benches with partial shading 

to prevent radiant heat buildup. Brown et al. (1972) used 145 isolates 

of Curvularia spp. which may have included as many as 20 ·reference 

isolates from undisclosed sources and did include 4 isolates of Q_. 

eragrostidis which were not isolated from the material that they had 

collected. Of these 145 isolates, 121 were "pathogenic" to 2 

cultivars of bluegrass and one cultivar of ryegrass. 'Ihe number of 

isolates pathogenic to bentgrass was not reported. Disease symptoms 

were primarily a leaf tip dieback and the average disease rating for 

c. lunata was 2.7 (where 3 = less than 50% of the leaves exhibited 

tip lesions 4 mm lcng). Also, there was no mention in Brown et al~ 

(1972) of any sort of uninoculated control plants and the symptoms 

exhibited by them, or of the watering practices during the 10 days th~ 

plants were in the plastic bags. 
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Hodges (1972) working with£• geniculata could not clearly demon-

strate pathogenicity on!· palustris or P. pratensis. Since no lesion 

or blighting occurred on any leaves, Hodges (1972) concluded "the inability 

to clearly establish£• geniculata as a strong primary parasite ••• 

suggests that£• geniculat~ is primarily a saprophyte and may be a 

secondary inv--ader of lesions caused by Drechsle:ra sorokiniana". Hodges 

& Madsen (1979) studied the interaction of Q• sorokiniana and£• genicu-

lata on!• pratensis and found that when applied as a mixture, more lesions 

resulted than when g_. geniculata alone was applied but less than the levels 

when Q• sorokiniana alone was applied. Reisolation from leaves that were 

simultaneously inoculated with both fungi resulted in a much higher level of 

£• geniculata than~ sorokiniana. Hodges & Madsen (1978) indicated 

that£• geniculata was more aggressive at higher tempe:ratures and 

apparently D. sorokiniana started a lesion from which£• geniculata was 

then able to spread. These authors. concluded that£• geniculata shou+d 

be classified as a weak, high-temperature leaf pathogen of_!:. pratensis. 

Couch (1973) did not consider Curvularia spp. to be pathogens of 

turfgrasses due to "a.."1 inability to produce leaf lesions with various 

Curvularia isolates when these were te~ted as primary parasites". Also 

Couch (1973) alluded that only c. lunata was associated with tading out' 

but still without proof of pathogenicity, g_. geniculata and c. inaequalis 

were added as incitants of Curvularia blight. 

Vargas (1981, p 16), relying heavily on the reports of Brown et al. 

(1972) and Hodges & Madsen (1978), indicated that "under proper conditions, 

Curvularia species either alone or in conjunction with H. sorokiniana, 

can be important turfgrass pathogens". Vargas then added that Curvularia 
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blight "appears to attack grass plants that are experiencing heat stress 

or high temperature growth stoppage". 

Smiley (1983i in direct conflict with Couch (1973} considered 

Curvularia spp. to be bona fide pathogens of turfgrasses and considered 8 

species of Curvularia to be pathogenic to turfgrasses. Included among 

these 8 Curvularia spp. were c. erag~ostidis which has only been reported 

to occur on maize and pearl millet; .Q_. penniseti which occurs only on 

pearl millet and£• senegalensis which occurs only on sugar cane 

(see Table 1). Smiley (1983) did not cite the sources of his information. 

Smiley (1983) clarified the symptoms provoked by Curvularia spp. as those 

of a general decline: "indefinite yellow and green dappled pattem that 

extends from the leaf tip down the leaf blade. Affected tissue turns 

brown and di es". 

In review, only c. lunata has been documented to have been isolated 

from diseased turfgrass leaf tissues (Brown et al., 1972); however,£• 

geniculata, C. intennedia, £• protuberata and .Q_. inaequalis have also 

been listed as pathogens of turfgrass leaf tissues (Brown et al., 1972; 

Howard et al., 1951). Also, the ability of any Curvularia spp. to 

provoke a diseased condition on any cult~var of bentg:rass has not yet 

been documented, even though bentgrass is reported i:,o be the turfgrass 

most affected by Curvularia spp. (Wernham & Kirby, 1941; Howard et al., 

1951; Brown et al., 1972; Vargas, 1981; Smiley, 1983). 

ENVIRONMENTAL FAC'IDRS AFFECTING CURVULARIA DISEASE DEVELOR1.ENT 

To fully understand the disease called Curvularia blight, the 

environmental factors under which the disease occurs must be detennined. 

Until now, all reports of Curvularia blight are associated with high air 
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temperatures. Howard & Horsfall (1959, p .569) related that leaf vigor 

may play an important role in pathogenicity. "On hot, mid-summer after-

noons, the close cut grass(! inch= 0.6 cm) wilts due to a water deficit 

in the leaf blades. This predisposes th3m to attack by the fungus, which 

is a common black mold growing on turf debris. Maintaining the turgidity 

and vigor of the leaf cells by applying a light watering in the early 

afternoon appears to check the advance of the facultative parasite into 

healthy tissues." Brown et al. (1972) and Hodges & Madsen (1978) sup-

ported this by stating that temperatures necessary for disease develop-

ment were 29 to 35°c. These temperatures appear to be quite high for 

the turfgrasses on which Curvularia spp. are reported to be pathogenic. 

Beard (1973) classified all turfgrasses to which Curvularia spp. 

have been reported to be pathogenic (see Table 1) except Zoysia spp. and 

bermudagrass as cool-season turfgrasses. Optimal temperatures for growth 

of cool season turfgrasses are from 15 ~o 23°c, above which the grasses 

may enter high temperature dormancy. 

Temperatures of turfgrass areas are governed by air and soil 

temperatures, radiant sunlight, soil moisture and air movement. With 

high air temperatures, radiant sunlight and little air movement, temper-

atures increase quickly on grass surfaces. During June to August, when 

disease caused by Curvularia spp. is reported to occur, air temperatures 

at the surface of a bentgrass putting green can reach 41°C (Beard, 1973). 

Leaf surface temperatures often surpass air temperatures by 5 to 15°c 

(H.B. Couch, personal communication). SU1T'.mer quiescence occurs during 

these period:;of elevated temperatures. If high temperatures continue, 

the plant may be stressed into senescence. Characterization of high 
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temperature quiescence appears to be necessary to fully explain 

the ability of Curvularia spp. to infect turfgrass leaf tissues. 

INFECTION 

Infection of foliar tissues is a developmental process involving 

a sequence of events whereby a propagule of a symbion~ with the potential 

for ingress into living tissues) Encounters a potential suscept and begins 

to exert its influence upon the suscept. The propagule may or may not 

ingress into the suscept tissue, but if it does, the suscept reacts 

resulting in aberrant functions of one or more metabolic pathways of the 

suscept. In the process of establishing itself within the suscept, the 

pathogen withdraws nutrients and colonization occurs. With respect to 

foliar pathogens, after contacting a potential suscept, the potential 

pathogen must breach the external layers (waxes and cuticle) to begin 

to exert direct influence upon the underlying cells and once this influ-

ence has been exerted and the cell has reacted, the disease process will 

have been initiated. 

THE LEAF SURFACE 

The outer layers of the plant epidennis make up the cuticle which 

is in tu_"lil covered by waxy deposits. Foliar waxes are long chain fatty 

acids of c25 to c35 or greater chain lengths (Allebone et al., 1970). 

Since they are hydrophobic in nature, they impede external water 

contact with the rmderlying cuti.cle (Hall & Jones, 1961 j. Waxes cause 

external water in the foI'I!l. of rain or dew to remain in droplet form 

rather than to spread and coat the surface of the le':rl'. Waxes are 

found in greater quantities on elder leaves; however. waxes become 

weathered by abrasion and oxidation over time (Hall & Jones, 1961). 
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Wax deposits may assume various shapes and sizes depending on the plant 

species and plant part on which they are present. 

'Ihe outermost layer of the cuticle is devoid of carbohydrate material 

and is called the cuticle proper (Wattendorf' & Holloway, 1980). Beneath 

'it are the exterior and intzrior cuticular layers, both of which contain 

carbohydrates, but only the interior layer contains pectins (Wattendorf 

& Holloway, 1980). 'Ihese pectins are presumed to be bound to the 

cellular wall by divalent cationic bonding. 'Ihe cuticular proper and 

external and internal cuticular layers are composed mainly of polymerized 

fatty acids referred to as cutin. Cutin consists of two groups of 

hydroxy or epoxy fatty acid of c16 or c18 chain lengths (Kolattukudy, 

1980a, b). 

'Ihe proportions of the various fatty acids present in the cuticle 

differ with plant species. Vicia faba L. leaf cuticle was shown to 

contain almost 80% 10,16-dihydroxypalmitic acid; papaya (Carica papaya 

L.) fruit cuticle consists of 75% 9 9 16-dihydroxypalmitic acid while 

fruit cuticles of peach (Prunus persica Stokes), pear (Pyrus communis 

L.), apple (Pyrus malus L.), and grape (Vitis vinifere.L.) contained 

various proportions of 9,10-epoxy-18-hydroxystearic acid (6.5-32%), 

9,10,18-trihydroxystearic acid (5-25%) as well as dihyd.roxypalmitic acid 

(13-45%) (Walton & Kolattukudy, 1972). 

EFFECTS OF TCA ON THE LEAF SURFACE 

Trichloroacetic acid (TCA, cc13co2H) and carbamate herbicides have 

been demonstrated to inhibit wax synthesis in plants. Tne mechanism is 

inhibition of elongation of c16 fatty acid to c18 fatty acids which 

occurs in a soluble cytosol system (Kolattukudy, 1968; Goodwin & 
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Mercer, 1983). Juniper (1959) applied TCA as a sodium salt and found a 

direct reduction in the amount and size of wax st:ructures deposited on 

the surface of Pisum sativum L. leaves relative to increasing concen-

trations of TCA in the soil. Still et al. (1970) showed that treating 

pea leaves with diallate (S-(2,J-dichloroallyl)diisopropylthiocarl:e.mate) 

inhibited deposition of wax on leaf surfaces, while treatment with 100 µM 

TCA had almost no effect on wax deposition. Gentner (1966) inhibited 

deposition of wax on cabbage (Brassica spp.) leaves with EPI'C (ethyl 

N,N-dipropylthiolcarbamate) applied as a spray; however, only the leaves 

in the bud were affected. Interestingly, when EPI'C or TCA was applied 

to plants, the transpiration rate of the plant increased proportionally 

to the rate of application of the herbicide (Juniper, 1959; Gentner, 

1966). 

PATH CG ENI CITY 

Fungi are presumed to breach the cuticle by either mechanical 

pressure or by the production of extracellular enzymes. The ability of 

an 'apressorium of a fungus to exert sufficient physical pressure to 

theoretically penetrate cell walls has been substantiated using gold 

foil (Miyoshi, 1895). Ihysical pressure alone is a possible means of 

penetration; however, some fungi do produce enzymes that may be of 

importance in the infection of tissues. A number of phytopathogenic 

fungi have been shown to produce cutinase active against apple cutin. 

These include Fusarium solani (Mart.)Sa.cc. f.sp. pisi (Jones)Snyder & 

Hansen (P..irdy & Kolattukudy, 1975), Drechslera maydis (Nisk.)Subram. 

& Jain, Colletotrichum grarninicola (Ces.)Wils. (Baker & Bateman, 1978), 

Drechslera sorokiniana, Fusarium culmorum (W. G. Smith)Sacc. and F, 
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sambucinurn Fuckel (Lin & Kola.ttukudy, 1980 ); however, none of these 

fungi are natural pathogens of apple. An indication that not all 

phytopathogenic fungi produce similar cutinases came from the work of 

Dick.TJ1an et al. (1982) who showed that Colletotrichum gloe·osporioid.es 

Peng. produced a cutinase that was able to degrade papaya fruit cutin 

and that this cutinase was different from F. solani pisi cutinase. 

Koller et al. (1982) working with!'.• solani pisi showed that 

highly pathogenic isolates produced cutinase during spore ge:rmination 

and that weakly pathogenic isolates did not produce cutinase, cellulase, 

pectinase or pectin esterase. Results indicated that the level of 

cutinase and cell wall degrading enzymes produced during germination 

determined the efficiency of infection (Koller et al., 1982). 

An extremely interesting approach to demonstrating cutinase 

involvement in pathogenicity was taken by Marti & Kolattukudy (1979) 

using E_. solani pisi on pea cv. Perfection. Cutinase was recovered from 

cultures of the fungus and injected into rabbits from which an antibody 

was then recovered. When this antiserum was sprayed on pea plants, the 

fungus was unable to infect the plants and thereby indicated that when 

the action of cutinase was inhibited, the fungus was unable to breach 

the cuticle. Diisopropylfluorophosphate, a chemical inhibitor of 

cutinase activity, gave identical results. Such results demonstrated 

the essentiality of cutinasa in pathogenicity of E.• solani pisi. 

·IMPLICATIONS OF STRESS AND VIGOR ON INFECTION BY FOLIAR PATHcx;ENs 

To classify any phylloplane-inhabiting microorganism as a pathogen, 

it must be demonstrated that the microorganism is able to penetrate 

the cells of the leaf tissue and elicit a response of altered metabolism 
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from the tissue. The supposition is made that the tissue was metabolizing 

normally. Normal metabolism must be considered as that which occurs 

when the plant is grown in a particular ai~bient. For example, if a 

plant is grown at 22°C in the light, its rate of 3-phosphoglyceri? acid 

production might be x µM per hour while the same plant grown at 24°c in 

the light might produce 2x µM J-phosphoglyceric acid per hour. Both 

cases represent normal metabolism. If the plant is st~essed by modify-

ing the environment, the plant may adapt to the new environment by changes 

in metabolism in the norm for that new environment. If the plant is moved 

to ambient conditions to which the plant is unable to adapt, the plant 

becomes sufficiently stressed that aberrant metabolism results. Any 

leaf tissue that demonstrates aberrant metabolism that is detrimental must 

therefore be considered to have reduced vigor. 

The most common types of stress that occur to turfgrasses are water, 

and heat stress. Although these two stresses may often be associated, 

on well managed putting greens water stress is usually minimal (Beard, 

1973). High temperature (25°c or higher) stress, on the other hand, 

may be extremely prevalent during the summer months. High temperature 

has the ability to quickly push a leaf into su,~mer quiescence or into 

a chlorotic state (senescence) from which the tissues cannot recover. 

These areas of leaf senescence begin to necrose and become portholes 

for entry of saprophytic organisms. The a..~ount of time at a given 

temperature needed to kill a tissue is inversely related to the 

temperature (Levitt, 1972). Therefore 0 short durations of very high 

temperatures (J2°C or higher) may result in aberrant metabolism. Since 

temperatures of cool season putting green surfaces may reach 41°C 
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during the day (Beard, 19'i'3), there exists sufficient possibility of 

high temperature stress that the leaf tissues might demonstrate 

aberrant metabolism. 

Aberrant metabolism is one of the first symptoms that the leaf has 

entered the degenerative stages of senescence •. senescenence is a 

developmental process subject to genetic control (Thomas & Stoddart, 

1980). As the leaf expands, it is a sink requin.ng nutrients to 

metabolize normally. "As the leaf grows and chloroplasts are assembled, 

there is a rapid increase in the rate of carbon fixation to a maximum 

at, or just before full expansion" (Thomas & stoddart, 1980). At this 

time the leaf passes from being a sink to being a source of nutrients 

for the rest of the plant. The leaf has supplied its growth requirements 

and now exports nutrients until the leaf approached death. In grass 

leaves, advanced senescence follows the patteni where the leaf tip, then 

the mid-leaf and finally the leaf collar and sheath become chlorotic 

and then necrotic. As any part of the leaf becomes necrotic, the plant 

can no longer benefit from that part and that part ceases to be either 

a source or a sink. 

A method of determining the point on the biological clock when a 

leaf enters into senescence involves monitoring chlorophyll levels in 

the leaf. As previously stated "chlorophyll breakdown is characteristic 

of senescence and behaves consistently in inhibitor experiments" 

(Thomas & Stoddart, 1980). The chlorophyll which gives the best indi-

cation of senescence is chlorophyll a (Chl a) since the long wave 

component of Chl a powers photosystem I (PS I) and the short wave 

component of Chl a feeds photosystem II (PS II) (Clayton, 1980). PS I 
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and PS II are responsible for the initial steps of energy transfer to 

the plant from a light source (Clayton, 1980). Therefore, any 

int.er:ruption in the ability of the plant tissue to synthesize Chl a 

or a reduction in Chl a content would indicate that a tissue is becoming 

incapable of photosynthesis and therefore entering into senescence. 

It is important to determine if heat applied to bentgrass leaf 

tissue need be of an intensity which may induce aberrant metabolism or 

senescence of the leaf tissue before phylloplane microorganisms such 

as Curvularia lunata are able to infect and colonize the leaf. 



CHAPTER THREE 

MATERIALS AND METHODS 

The Procedures 

FUNGI 

The fungi used in the pathogenicity and in vitro growth studies were 

single isolates of Curvularia lunata,~. lunata var. aerea and Drechslera 

sorokiniana. C. lunata and C. lunata aerea were isolated from symptomatic 

Penneagle bentgrass leaves growing at the Virginia Tech Turfgrass Research 

Center in Blacksburg, VA. The isolate of Q• sorokiniana was provided by 

N. R. O'Neill, USDA, Beltsville. The identity of each isolate was confirmed 

with illustrated keys (Ellis, 1966; 1971; 1976). At th€ beginning of the 

study, the fungi were single spored, grown on sterilized wooden toothpicks, 

lyophilized, sealed in glass ampules and stored at 5°c until needed. In 

the various experiments, the fungi were cultured on a synthetic medium 

containing 10 g glucose, 2 g xylose, 4 g asparagine, 1.5 g IC~2Po4, 0.75 

g Mgso4 , and 0.1 mg each Cuso4 , MnS04, Znso4, Fe2 (so 4)3 and NaMo08 per 

liter of distilled water (Garraway & Evans, 1977). The micro elements were 

added from a stock solution. When solid medium was prepared, the medium 

was solidified by adding 18 g agar per liter, autoclaving the asparagine 

separately and adding it to the molten (55°c) medium just prior to pouring 

into plates. Fungi were incubated under fluorescent lights at 24°c. 
PLANTS 

The plant used was Penneagle creeping bentgrass. Seed was obtained 

from Tee-2-G;een Corp. (Hubbs.rd, OR) and stored at 15°c until used. 

Prior to planting, the seed was treated with Acti-dione-thiram (0.75% 

Acti-dione plus 75% thiram, TUCO Products Co., Kalamazoo, MI) (1% w:w) 

20 
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as a dust. 'Ihis was accomplished by placing the seed and fungicide in 

a paper bag and shaking until the seed was well coated (about 1 min). 

Washed river sand served as the pJant support medium. 'Ihe distribution 

of sand particles was as follows: greater than 2 mm J.4%; 1-2 mm 

16.8%; 0.5-1 mm J4.4%; 0.25-0.5 mm 39.8%; 0.1-0.25 mm 5.6% and less 

than 0.1 mm 0.1%. Routine soil analysis performed by the Departamento 

de Solos, Universidade Federal de Vi~osa, indicated elemental concen-

4 8 -1 · -1 trations of ppm P, ppm K, O.J me Ca 100g and 0.1 me Mg 100g • 

P and K were extracted with 0.05 N HCl and 0.025 N H2so4 and Ca and 

~.g were extracted with 1 N KCl. P concentrations were determined 

colorimetrically, K by flame photometry and Ca and Mg concentrations 

by titration. Water pH of the sand was 6.J. Seven cm diameter plastic 

cups with drainage holes served as containers. After seed germination, 

watering was accomplished with either tap water or Hoagland's solution 

containing iron as iron tartrate (Hoagland & Amon, 1950). 

GROWTH CHAMBERS 

Plants were grown at 22 ± 2°c day and 18 ± 2°c night temperatures, 

in a walk in growth room 5.2 x 2.5 x 2.8 m (1,w,h) located on the campus 

of the Universidade Federal de Vi~osa (20° 45' s. Lat., 42° 51' W. Long.). 

The room was cooled by a Consul JOOO air conditioner which provided 3 

Kcal hr- 1 (12,000 btu). Plants received 12 hr of light and 24 hr from 

a bank of 4 GE coolwhite fluorescent lights located 0.5 m above the tops 

of the cups. 'Ihe lights provided an average of 9,000 lux. Relative 

humidity remained at 80 ± 5%. 
HISTCCHEMICAL TECHNIQUES 

Fungal mycelium within the leaf tissue was rendered visible by 
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placing the leaf tissue in glacial acetic acid - 95% ethanol (1:1 v:v) 

for 24 hr and then staining with 0.25% aniline blue (A9016, Sigma 

Chemical Co., St Louis, MO) in lactophenol (10 g phenol, 10 g glycerin, 

10 ml lactic acid and 10 ml distilled water) and allowed to stand for 

several hours. The staining procedure was done on an uncovered 

microscope slide. Fungal myceliu,~ appeared deep blue against a faint 

blue background. 

Depolymerized cutin was viewed by stripping the epidermis from 

the leaf and then applying 0.1% Sudan Black B (S2380, Sigma Chemical Co) 

in 70% ethanol. After 2 to 4 hr, the depolymerized cutin was negatively 

stained against a dark blue background (Kunoh & Akai, 1969). At least 

50 leaves were examined from each nodal position and treatment and 

each staining procedure. 

SCA.\TNING ELECTRON MICROSCOPY 

Leaf tissue was observed to determine the morphology of the leaf 

surface. The leaf was air dried at 25°C for 4 days, mounted on aluminum 

blocks and sputter coated with gold at room temperature in a vacuum of 

170 µm Hg for 50 sec to give a deposit thickness of about JO nm. The 

voltage of the SEM was maintained at 15 kv. Five randomly selected 

leaves from each nodal position were examined per treatment. Fhoto-

micrographs were taken at a magnification of _5400X. 

DETERMTI'1ATION OF LEAF CHLOIDPHYLLS 

The relative Vigor of the leaf tissue was determined by calculating 

the concentration of chlorophylls a and b. Ten plants were removed 

from each treatment, leaves detached and sorted according to nodal 

position. 'Ihe leaves from each node were grouped and extracted twice 
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for 24 hr in the dark with 10 ml of 95% ethanol. 'Ihe ethanol was 

decanted and stored, the tissue rinsed with fresh ethanol which was 

then added to the stored extract. 

The extracted leaf tissue was dried at 60°C for 2 days a.~d 

weighed. 'Ihe ethanol-chlorophyll solution was brought to 50 ml volume 

and absorbance determined at 649 and 665 nm with a spectrophotometer. 

'Ihe absorbance readings were converted to chlorophyll concentrations 

i;.sing the following equations of Winte:rman & deMots ·(1965) and 

express~d as µg chlorophyll per mg leaf dry weight. 

(1) 

(2) 

µg chl a 
ml sol 

µg chl b 
ml sol 

= 

= 

After the infection study was concluded, the daily chlorophyll 

values obtained during the experiment for each respective treatment, 

were regressed using the age of the plant in days as the dete:r:minant 

value and the chlorophyll content as the inderterminant value, to 

describe curves cf the chlorophyll levels present in the leaves, for 

each nodal position over the duration of the experiment. X values 

were expressed as x, x2 , x3, x 4 and x5 and regressed stepwise using 

the SPSS program (Statistical Package for the Social Sciences, 

National Opinion Research Center, University of Chicago). 

'Ihe Experirnen ts 

IN VITRO GROWTH STUDY 

'The effect of TCA on the in vitro growth of the three test fungi 

was detennined by incorporating 'ICA (free acid, T48850 Sigma Chemical 
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Co.) into the synthetic broth medium. Levels tested were o.o, 0,0046, 

0.014, 0.047 and 0.14 mM TCA which corresponded to the amount 

applied to inhibit plant growth. Forty ml of broth were distributed 

into each 250 ml Erlenmeyer flask a.-i.d 2 ml of acetone containing the 

respective levels of dissolved TCA were added before autoclaving. 

Each flask was infested with 1,0 x 103 spores, detennined with a 

Haemocytometer, taken from a 10 day old agar cultUt'e of each fungus. 

'Ihe spores were suspended in sterile water containing enough streptomycine 

sulphate and penicillin G to give 0.125 g streptomycine sulphate and 

1 x 105 units of penicillin G per liter of culture medium before being 

added to the broth cultures. 'Ihe flasks were incubated at 24°C and 4 

flasks were harvested on days 3, 5, 7 and 9, 'Ihe mycelial mat was 

removed from each flask, washed with 100 ml water, filtered, air 

dried at 60°C for 48 hr and weighed on an analytical balance. 'Ihe 

experiment was repeated once. Least squares regression analysis was 

computed to provide the best fit for the relationship between 'ICA and 

treatment level and growth of the fungus. 

LEAF VIGOR AND INFESTATION STUDY 

Plants were grown until the third leaf had fully expanded and the 

fourth leaf had not yet emerged (about JO days). Plants were then 

treated with 'ICA every other day. Treatment levels were 10 ml of aqueous 

solution containing either o.o, 0.014 0.047 or 0,14 mM 'WA 

applied as a soil drench. During the day~ when 'ICA was not applied, 

the plants were watered with standard Hoagland's solution. Treatments 

continued for 11 days (6 treatments). On the 12th day, 4 cups of 

plants for each fungus - 'WA treatment were placed in an incubator at 



25 

either 22 or J8°C in the dark for 18 hr. During this time, a 

moisture saturated atmosphere was established by use of a humidifier. 

Plants were then removed from the incubators and eight cups (4 heat 

stressed and 4 non-heat stressed) of plants foreach TCA level were 

infested with a suspension containing 1 x 103 spores of one of the three 

fungi per ml using a Devilbis no. 15 aerosol sprayer. 'Ihe plants were 

sprayed until the leaves had become coated but no runoff had occurred. 

They were then placed in a mist chamber at 22°0 and received light 

for 12 of ever-J 24 hr. 

One hundred plants were then harvested for each fungus-'ICA 

treatment at 4 hr intervals for a 96 h~ period, the leaves detached 

and sorted by nodal position before being subjected to histological 

studies. At the end of the 96 hr, plants within each pot were 

examined for the presence of symptoms commonly attributed to Curvularia 

blight, i.e. "a yellow-green dapple color" (Howard, 1953) and rated 

for leaf tip dieback using the scale of Brown~ al. (1972). 

'Ihe number of tillers per plant was determined by counting tillers 

on 100 individual plants per treatment just prior to in£esting the 

plants. 

Plants ~ere harvested for chlorophyll detenninations every 2 to J 

days beginning when the plants had reached the second leaf stage. 

During the time when 'ICA was applied, plants were harvested on 

non-treatment days. Also, plants were harvested immediately after 

heat stressing or non-heat stressing, and every 2 to J days afterwards 

for 6 days. 

T'ne leaf vigor and infestation study was repeated once. 
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LEAF CLIPPING STUDY 

Since clipping of grass blades is an absolute practice on golf 

greens, the possibility of the clipped end of leaf blades serving 

as entry points for f.- lunata was studied. 

Plants were grown from seed in washed river sand at 22°C and 

irrigated with normal Hoagland's solution on alternate days. Clipping 

was initiated when the plants reached 2 cm in height and plants were 

maintained at 2 cm by clipping every other day. Two age groups of 

plants were established, those that were mature, ca. 120 days old and 

those that were juvenile, ca. 30 days old. Within each age grouping, 

three clipping- high air temperature iµduced stress regimes were 

established (Fig. 1). Plants in regime 1 were clipped and inoculated 

either 128, 64, 32, 16, 8, 2, 1 or Ohr post clipping. No high-air 

temperature stress was applied. Plants in regime 2 were clipped 128, 

64, 32, 16, 8, 2, 1 or Ohr before being inoculated. 'Ihese plants were 

subjected to high air temperature stress for the 18 hr preceeding 

inoculation. Plants in regime 3 were high air temperature stressed 

for the 18 hr immediately preceeding clipping, clipped and inoculated 

128, 64, 32, 16, 8, 2, 1 or Ohr post clipping. Inoculated plants 

received 3 ml of 1 x 103 spores of q_. lu..~ata per cup, Distilled water 

was applied to non-inoculated controls. 

After inoculation, the plants were placed in a mist chamber at 

22°C for 48 hr and observed daily for the presence of fungal mycelium 

growing from the cut end of the leaf blade, Plant samples were taken 

from all treatments every 8 hr for 96 hr, cleared in 95% ethanol:acetic 

acid and stained with aniline blue to observe for the presence of 
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myceliurn of c. lunata. 

Plants were also rated for the incidence of leaf tip chlorosis. 

A rating scale of the percent of leaf tips within a given cup showing 

chlorosis was constructed by counting the leaf tips within 4 randomly 
2 selected 1 cm areas of grass. Cups which rated O, 1, 5, 10, 15, 20, 

25, JO, 40, 50, 60, 70 and 80% of the leaves with tip chlorosis were 

used as standards against which the rest of the cups could be 

compared and rated. Averages were rounded to the nearest rating value. 

Four cups were rated per clipping-high air temperature regime and the 

experiment repeated once. 



RESULTS 

IN VITRO GROWTH STUDY 

The 11lll· vi· tro• gro·-'-h of r.,,..,.... 1 a · 1 t C 1 t w 1., ............ ,u_ na una a, _. una a var aerea, 

and Drechsle:ra sorokiniana was not significantly altered (alpha= 0.01) 

by the addition of as much as 0.1395 mM TCA to the culture medium 

(Figs. 2-4). The growth of£• lunata aerea was much more rapid than 

the growth of either C. lunata or D. sorokiniana, both of which had 

similar growth rates (alpha= 0.01). All of the regression lines 

were significant at the alpha= 0.01 level as detennined from the 

regression coefficients (r 2 ). 

LEAF VOGOR STUDY 

Chlorophyll levels in plant leaves: First~ 

The detennination of chlorophyll a (Chl a) and b (Chl b) concen-

trations present in bentgrass leaf tissue gave statistically signifi-

cant equations (alpha= 0.10, 0.05 or 0.01) when regressed stepwise 

with respect to time (See Appendix Tables 1A, 2A and 3A). 

Leaf 2 

The second leaf of bentgrass plants emerged on day 20 and sampling 

began on day 23. Regression analysis indicated that in untreated plants 

Chl a levels increased until day 40 at which time they bega.."tl to decrease 

(Fig. 5). However, Chlo levels increased until day 42 before begin-

ning to decline (Fig. 6). Treatment with TC:A modified the chlorophyll 

29 
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Figure 2. Linear regression representations of Curvularia lunata 
growth in broth medium supplemented with O (solid line; O); 0 .0046 
(dotted line; ~); 0.014 (small dashed line; Cl); 0 .047 (large dashed 

line; 9); or 0.14 (broken dashed line;..L) mM 'IT:A. The equations 

for the lines are O, y = O.OLi64x - 0.185 (r 2 = 0.917); 0.0046, 
y = 0.0445 x - 0.147 (r2 = 0.861); 0.014, y = o.0470x - 0.170 
(r2 = 0.940); 0.047, y = 0.0458x - 0.152 (r 2 = 0.874); 0.14, 
Y = 0.0479 X - 0.145 (r 2 = 0.889). 
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Figure 5. Regression representations of the chlorophyll a levels present 
in the second leaf of Penneagle bentgrass plants. EI.ants were treated 
with O ( A; O); 0.014 (B;A); 0.047 (C; D); or 0.14 (D; <>) mM TCA 
on day 34 (open arrow). Solid symbols represent chlorophyll a levels 
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are listed in Table 1A. Line C is not plotted due to non-significance. 
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levels. The 0.014 rnI'1 TCA treatment gave a similar peak date for 

Chl bas the controls (Table 2); however, the rate of increase and 

decrease of Chl b was much greater (Fig. 6). The Chl a levels in 

the 0.014 mM leaves increased throughout. 

The 0.047 mM treated second leaves gave Chl a levels that began 

high, dipped and then recovered slightly. This made it impossible 

to detennine peak Chl a content during the time span (day 36 to 49) 

since no peak was attained. However, Chl b levels did give a maximum 

at day 38. The addition of 0.14 mM TCA resulted in the closest values 

between Chl a and Chl b with ma::dma reached at day 41 and 43, 

respectively. 

The results of the extraction of chlorophylls of the third leaf 

was similar to that of the second leaf. The third leaf emerged from 

the whorl at day 24 and sampling began on day 26. The TCA untreated 

plants gave similar responses for maxima of Chl a (Fig. 7) and Chl b 

(Fig. 8) with maxima occurring on day 49 and 4i respectively. The 

0.014 mM TCA treatment showed increasing Chl a a£ter day 49 while 

the Chl b concentrations reached a maximum on day 45. The 0.047 mM 

TCA treatment level produced a maximum of Chl a on day 42; however, 

Chl b did not give a clear maximum during the study time. Treatment 

with 0.14 mM TCA again provided similar day maxima of day 41 and 42, 

respectively, for Chl a and Chl b. 

Leaf 4 

Chlorophyll a and Chl b trends in the fourth leaf again were 

similar to those for the second and third leaves except the differenc.es 
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Table 2. Number of days after planting when the maximum amount of 
chlorophyll a and chlorophyll b were extracted from leaves of 
the various TCA treatments as determined from peaks of 
multiple regression analysis. 

Chlorophyll a 
Leaf Number 

TCA level 
mM 2 3 

run 1 run 2 run 1 run 2 run 1 run 2 

0 40 nc* 49 42 49+ 46 

0.014 49 39 49 40 49+ 40 

0,047 nc 37 42 36 49 46+ 

0.14 43 37 41 34 43 41 

Chlorophyll b 
Leaf Number 

2 3 4 

run 1 run 2 run 1 run 2 run 1 run 2 --· ---
0 42 nc 47 42 46 46 

0.014 42 46 45 46+ 43 41 

0.047 38 34 nc 34 46+ 46 

0.14 41 35 42 34 43 34 

*Not calculated (nc) since the regression equation did not peak in the 
time span determined. 
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Figure 7. Regression representations of the chlorophyll a levels present 
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between treatments were not as pronounced. 'Ihe fourth leaf emerged 

from the whorl on day 34 and sampling beg2n on day 35. 'Ihe TCA 

untreated plants had increasing Chl a levels (Fig. 9) at day 49, 

but Chl b reached a maximum at day 46 (Fig. 19 Table 2). 'Ihe O .014 

mM TCA treatment again gave increasing Chl a levels throughout the 

time span while Chl b levels peaked on day 4J (Figs. 9 &10). Treat-

ment with 0.047 mM TCA showed Chl b not to peak during the time span 

(Fig. 10; however, Chl a reached a maximum at day 42. Chl a and Chl b 

maxima in the 0.14 mM TCA treated leaves were reached on day 43 and 

by day 49 both Chl a and Chl b had dropped substantially in the leaves. 

'Ihe Plant 

When comparing Chl a and Chl b maxima, it is possible to see the 

response of the plant with respect to the level of TCA treatment. With 

no applied TCA, the leaves of the plant reached Chl a maxima at successive 

times indicating a relatively constant growth of the plant. Treatment 

with 0.014 mM TCA caused the leaves of the plant to reach maxima of 

Chl a on the same day with differences only in the amplitude of the 
-1 curves of Chl a g dry weight. 'Ihe constant increase of Chl a gave 

indications that the life of the leaf was extended; however, the amount 

of Chl b of the 0.014 treated plants decreased substantially 

beginning day 42 (Figs. 6,8 & 10). 

'Ihe 0.047 mM TCA treatment level produced interesting results since 

half of the curves produced were of an initial decrease followed by an 

apparent recovery. Of the regression representations that gave peaks 

(leaf 2 Chl b, leaf 3 and 4 Chl a), the leaves had reached peaks within 

the expected ranges when compared to the untreated plants and the 0.1L~ 
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Figure 9. Regression representations of the chlorophyll a levels present 
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mM TCA treated plants. 

Treatment with 0.14 mM TCA caused all leaves to reach maxima 

for both Chl a and Chl b between days 41 and 43 (Table 2), thereby 

indicating that all of the leaves of these plants had entered into 

senescence.by day 44. 

Heat treatment 

After high air temperature stressing the plants for 18 hr at 

J8°C, Chl a and Chl b levels were reduced with a further reduction 

by the third day following the stress (Figs. 5to 10). HoweverJ in all 

cases but the Chl a in the second leaf, the 0.047 mM 'ICA treatment 

level resulted in a..~ increased Chl a and Chl b level at day 52 over 

day 49. The Chl b levels in the second leaf had a similar response in 

all treatments except that 0.14 mM 'I'CA; however, in all other leaves 

a decrease was noted at day 52 except those treated with 0.047 mM TCA. 

Chlorophzll levels in plants leaves: second run 

The chlorophyll levels in the second run of the experiment 

differed from those of the first :run; however, the general trends 

obtained were similar. In general, the leaves in the second run entered 

into senescence earlier than the corresponding leaves in the first run. 

Leaf 2 

The second leaf emerged on day 18 and sai~pling began on day 19. 

The ~A non-treated plants responded with an upward sigmoid curve 

for both Chl a (Fig. 11) and Chl b (Fig. 12). This indicates that 

the leaf entered into senescence on day 28 for both Chl a and Chl b 

and then began recovering on day 37 so that by day 46 0hl a and Chl b 
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Figure 11. Regression representations of the chlorophyll a levels present 
in the second leaf of bentgrass plants (second run). Plants were 
treated with O (A;O): 0.014 ( B;ti.); 0.047 (C;o); or 0,14 
(D; 0) mM TCA on day 33 (open arrow). Solid symbols represent 
chlorophyll a levels of the plants that received heat stressing of 
J8°C for 18 hr at each respective treatment level on day 44 (solid 
arrow). The equations are listed in Table 4A. 
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Figure 12. Regression representations of the chlorophyll b levels present 
in the second leaf of bentgrass plants (second run). Plants were 
treated with O (A;O ); 0.014 (B; A); 0.047 (C; D); or 0.14 
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chlorophyll b levels of the plants that received heat stressing of 
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arrow). The equations are listed in Table 4A. Line B is not 
plotted due to non-significance. 
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levels were still increasing. Chl a concentrations in the 0.01395 mM 

TCA treated leaves began to increase on day 39 (Fig. 11), while Chl b 

peaked on day 44 (Fig. 12). Chl a levels in both the 0.047 and 0.14 

mM 'I'CA treated plants began decreasing on day 37 while Chl b levels 

in those treatments started decreasing on day 34 and 35, respectively. 

Both Chl a and Chl b of the 0.047 and 0.14 mM TCA treated leaves 

were extremely low by day 44. 

Tne third leaf emerged on day 22 and sampling began on day 23. 

Chl a levels began to decrease for all treatments before the time 

plants were heat stressed and inoculated (Fig. 13). The days when the 

decrease in Chl a levels began were 42, 40, 36 and 34 for the O, 0.01~, 

0.047 and·o.14 mM TCA treatments respectively (Table 2). Chl b 

reacted in a similar manner (Fig. l4); al though, the O .014 mM TCA 

treatment caused Chl b levels to increase throughout. 

Leaf 4 

The fourth leaf began emerging on day 33 and sampling began on day 

34. The Chl a levels increased during the initial phase of leaf 

elongation and peaked on days 46, 40, 46 and 40 for the respective TCA 

treatments (Fig. 15). The 0.014 mM TCA treatmant gave an unexpected 

decline which did not occur in the first run (compare Fig. 9 with Fig. 

15). The Chl b levels followed the same general trends as the Chl a 

levels,again with the 0.014 mM TCA treatment giving an unexplainable 

result (Fig. 16). 

The plant 

Plant response was similar to that of the first run. TCA 
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Figure 13. Regression representations of the chlorophyll a levels present 
in the third leaf of bentgrass plants (second run). Plants were 
treated with O (A;O); 0.014 (B;A); 0.047 (C; D); or 0.14 
( D; <> ) mM TC A on day 3 3 ( open arrow) • Solid symbols represent 
chlorophyll a levels of the plants that received heat stressing 
of J8°C for 18 hr at each respective treatment level on day 44 
(solid arrow). The equations are listed in Table 5A. Line D 
was not plotted due to non-significance. 
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Figure 16. Regression representations of the chlorophyll b levels present 
in the fourth leaf of bentgrass plants (second run). Plants were 
treated with O (A; O); 0.014 (B; ~); 0.047 (c; o); or 0.14 
( D; 0) mM TCA on day JJ (open arrow). Solid symbols represent 
chlorophyll b levels of the plants that received heat stressing 
of J8°C for 18 hr at each respective treatment level on day44 
(solid arrow). The equations are listed in Table 6A. Lines Band 
Care not plotted due to non-significance. 
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untreated plants produced leaves which reached chlorophyll maxima on 

sequential days. Treatment with 0.014 mM TCA induced the plants to 

enter into senescence by day 40 as did treatment with 0.14 mM TCA. 

'Ihe second and third leaves of the 0.047 mM TCA treatment appeared 

to enter into senescence 2 days after the first application of TCA 

while the fourth leaf progressed slowly and had not begun to senesce 

by day 46. 

Heat stress 

The stressing of plant leaves with a J8°C temperature for 18 hr 

resulted in a vast reduction of chlorophyll content of the leaves by 

the 5th day post treatment. 'Ihis occurred in all treatments. The 

rate of reduction was slower in the 0.047 and 0.14 mM TCA treated 

plants. 

General - run 1 and run 2 --- -- -- -
Althougt the tendencies of extractable Chl a and Chl b 

varied from the first run to the second run, the amount per gram of 

dry leaf weight did not differ appreciably (Table 3). Maximum Chl a 

concentrations did not pass 20.2 µg mg-1 dry leaf weight in 2.ny treat-

ment, while maximum Chl b concentrations were around 18.6 µg mg-1 dry 

leaf weight. Chl a:Chl b ratios did not exceed 2 and values normally 

were in the 1 to 1,4 range. 

An interesting phenomenon that occurred as plant leaves progressed 

into senescence was that not all of the pigments that gave the leaf 

its green color were extractable. As the leaves became older, indepen-

dent of the 'ICA treatment, more of the leaf tissue remained green after 

extraction with ethanol. This normally began after the leaf was 5 
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Table 3. MaY~mum amount (µg mg-1 dry leaf weight) of chlorophyll a 
and chlorophyll b extractable from growing leaves at different 
nodal positions of Penneagle bentgrass plants treated with the 
respective levels of TCA. 

chlorophyll a 
Leaf number 

'ICA level 1 2 3 
mM run 1 run 2 run 1 run 2 run 1 run 2 --- --- --- -- --
0 20.2 19.8 18.6 16.4 16.7 15.5 

0.014 20.1 17.0 19.2 15.8 16. 7 14.7 

0.047 15.5 16.6 15.9 14.4 16.4 14.6 

0.14 15.6 13.9 15.2 13.8 14.2 12.9 

chlorophyll b 
Leaf number 

1 2 J 

run 1 run 2 run 1 :run 2 run 1 run 2 --- --· ---· ---· 
0 15.3 18, 6 14.8 13.7 12 .8 16.0 

0.014 15.3 15.8 13.8 14.1 11.3 12.5 

0.047 14.8 13.7 13.4 12 .8 11.9 11.2 

0.14 12 .2 12.J 11.5 11.7 11.3 10.6 
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days old. 

Rega=dless of the TCA-treatment, non-heat stressed leaves became 

chlorotic at the tip first and necrosis began at the leaf tip and 

progressed downward, taking from 4 to 7 days for the leaf to become 

fully necrotic (Fig. 17). Stressing the leaf with either TCA or heat 

accelerated this process. Leaf tips of most of the fourth leaves 

were beginning to necrose by the 50th day. 

Addition of TCA increased the tillering of plants. Control plants 

had an average of 0.75 tillers present at the end of 45 days while 

averages of 1.5, 2.0 and 3.5 tillers were found in the 0.014, 0,047 

and 0.14 mM TCA treatments respectively, 

The morphology of the plants was affected by TCA treatments. The 

incidence of leaves which were unable to emerge through the preceeding 
< 

leaf's collar and were forced out of the split in the leaf sheath 

('buggy-whips') (Fig. 18) increased with higher TCA concentrations. 

The highest TCA concentration induced 'buggy-whip' formation in 90% 

of the plents, while 62%, 15% and 0% 'buggy-whips' were encountered 

in the 0.047 0.014 and control plants respectively. 

Chlorotic striations were encountered in all leaves in all TCA 

treatments as well as untreated controls. Striations varied from 1-2 

mm to 3-4 cm in length and normally did not include more than 2 veins 

of the leaf (Fig. 17 ). As many as 20-25 striations had been observed 

on a single leaf, and there did not appeay to be an increase in 

striations as a result of either heat or TCA treatment. In general, 

stYiations were most prevalent on the distal third of the leaf, however 

they were found on the entire leaf. These striations were not observed 
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Fi~re 17. Leaf tip die back on the fourth leaves of Penneagle 
bentgrass plants. Plants had not received any 'ICA treatment. 
Also, note the chlorotic striations (arrowheads) that occurred. 



Figure 18. Typical 'buggy-whip' formation on TCA treated plants. 
'Ihe leaves are numbered on the line drawing. Note the point 
where the leaf tip was unable to pass the preceeding leaf's collar 
(arrow) thus initiating the 'buggy-whip'. 
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to coalesce; howev3r, they did appear to increase in size. Interestingly 

these spots were not seen unt~l seve:ral days after the leaves had fully 

expanded. 

Scanning electron microscopy revealed that the chlorotic striations 

on the leaf were areas devoid of wax covering (Fig. 19). 'Ihis indicated 

that a disruption occurred in cellular function as the cells were 

emerging from the leaf meristem, for this is the time that wax 

deposition begins. 

'Ihe epicuticular wax layer of 'Penneagle' creeping bentgrass leaves 

was composed of polygon shaped wax platelets that were more of less 

oriented at right angles to the leaf surface and covered a vast area 

(Fig. 20a). 

'Ihe addition of TCA to the potting medium reduced deposition of 

waxes on the leaf surface which then expanded from the whorl; however, 

no effect on wax deposition was noted on those leaves that had already 

expanded (Fig. 20a-d). At lower TCA dosages (0.014 mM TCA, Fig. 20c), 

wax deposition was stimulated slightly and wax platelets were smaller 

than those on the third leaf. High dosages of TCA (0.14 mM TCA, 

Fig. 20d), almost totally inhibited deposition of leaf wax and 

waxes that were deposited were globular. 



Figure 19. Scanning electron mic~ograph of a chlorotic striation 
present on a 20 day old leaf from a plant that was not treated 
with TCA. Note the area devoid of wax among the areas with 
wax structures present (x2000). 
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Figure 20. Scanning electron micrograph of epicuticular wax 
distributions on 'Penneagle' leaves grown at 22°C and treated 
with the respective 'ICA levels. a) third leaf non-treated with 
'ICA; b) fourth leaf non-treated with TCA; c) fourth leaf 
0.01395 mM TCA; d) fourth leaf 0.1395 mM TCA (X5400). 



INFESTATION STUDY 

Drechslera sorokiniana incited lesion development on all leaves 

of all treatments and at all nodal positions within four days of being 

inoculated. 'Ihe lesions began as small water soaked areas but within 

2 days had become necrotic and attained a size of 2 x 6 mm (Fig. 21). 

Histochemical analysis demonstrated a direct hyphal link between a 

spore and a lesion (Fig. 21) with an individual spore being responsible 

for the formation of each lesion, Formation of appressoria were noted 

within 24 hr of inoculation (Fig. 22). Eighty-seven percent of the 

spores on non-'lr::A treated plants had germinated within 48 hr, but only 

43% of the germinated spores (37,4 % of total spores) had infected 

the leaf tissue by the sixth day after inoculation. 'Ihe remaining 

spores (50% of the total spores) formed mycelium which grew over the 

surface of the leaf without penetrating.(Fig. 23 ). 

Evidence of cutinase-type activity by E· sorokiniana was obtained 

through Sudan Black B staining. 'Ihe cuticle of 'IDA non-treated plants 

was depolyme:d.zad as evidenced by the zone of clarity around the point 

of penetration of the germ tube (Fig. 24). 

In comparison,~· lunata and~· lunata aerea did not incite the 

development of necrotic lesions on leaves at any nodal position in 

any of the treatments. 'Ihe commonly described symptoms for Curvularia 

blight of a yellow-green dapple color (Howard, 1953) were observed 

only on the fourth leaves of high air temperature stressed plants that 

had been treated with either 0.047 or 0,13 mM TCA and inoculated with 

C. lunata. These symptoms were first evident at the leaf tip by 

day 3 and by the sixth day had progressed about 2/J the way down the 
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Fi gure 21. Lesion formation incited by Drechslera sorokiniana on 
leaves of Penneagle bentgrass. Lesion s iz e is about 2 x 6 mm. 
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Figure 22. Photomicrograph of lesion initiation by Drechslera 
sorokiniana on 'ICA non-treated leaves. Note the position of 
the spore (arrow) and the genn tube with an appressorium that 
has begun to fonn (arrowhead). 



Figure 23. Fhotomicrograph of spore gennination of Drechslera 
sorokiniana. Note that the mycelium growing from the genninating 
spore is spreading over the leaf surface without fonnation of 
appressoria or other mechanisms for penetration. 
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Figure 24. Evidence of cutinase type activity by Drechslera sorokiniana 
during gennination of spores on Penneagle bentgrass leaves. 
Note the halo of cuticle reduction in comparison with the 
stained unaltered cuticle. 
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leaf blade (Fig. 25). ~~elve percent of the fourth leaves of the 

0 .047 mM 'ICA treatment level and JS% of the fourth leaves of the 

0.14 mM treatment level.exhibited these symptoms commonly described 

as those of Curvularia blight. Tnese symptoms were not seen on 

non-inoculated plants or those inoculated with C. lunata aerea. 

Histological procedures showed that there was no direct mycelial 

linkage between germinating spores of _g_. lunata and areas of symptom 

development, nor wa.s mycelium found in the cells within these areas 

(Fig. 26); however, mycelium of C. lunata could occasionally be 

found spreading accross the epidermis. Mycelia of Q.. lunata and 

C. lunata aerea were found only in second leaves that had already 

become necrotic. Also, Sudan Black B histochemistry failed to 

indicate the presence of cutinase type activity around areas where 

spores had germinated. 

The fourth leaves of 'ICA treated or non-treated and high air 

temperature stressed or non-stressed and inoculated or non-inoculated 

plants exhibited chlorosis progressing to necrosis of the leaf tips 

(Leaf tip dieback) by the sixth day after inoculation (Table 4). The 

ratings and degree of leaf tip dieback was consistent with Brown et 

al. (1972). 

Spores of both~· lunata and 8. lunata ~ea genninated within 

2 days after inoculation and by the fourth day after inoculation, the 

resulting mycelium had branched and attained a length of 20 spore 

lengths (Fig. 27). These was no evidence of appressorium for:nation 

on the branched mycelium. 



Figure 25. Curvularia blight symptoms of a yellow-green dapple color 
present on Penneagle bentgrass leaves treated with 0.14 mM 'ICA, 
high temperature stressed and inoculated with c. lunata. 



Figure 26, Photomicrograph of an area of typical Curvularia blight 
symptoms stained with aniline blue in lactophenol, Note the 
absence of fungal mycelium within the cells. 
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Figure 27, Photomicrograph of a germinating spore of Curvularia 
lunata on the surface of a Penneagle bentgrass leaf 4 days 
after inoculation. Note the germ tube has already branched 
and is spreading over the leaf surface with no signs of 
penetration. 
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Table 4. Ratings for leaf tip die1:ack and presence of Curvularia blight 
symptoms on intact leaves of Penneagle bentgrass plants treated 
or non-treated with TCA and then high air temperature stressed at 
38°C for 18 hr or non-stressed and inoculated with c. lunata (I) or 
not (NI). Values are the averages of 4 pots per treatment, 
repeated once on a different date. 

Leaf nodal position 

'Jt!A Heat 2nd 3rd 4th 
level stress rating for tip rating for tip rating for tip 

dieback dieback dieback 
NI I NI I NI I --

0 yes 4.0 4.0 3.0 3.oa 3.0 3.2a 
no 4.0 4.0 3.0 3.0 a 3.0 3.0 a 

0.014 yes 4.o 4.0 3.2 3/1a 3.1 3.7b 
no 4.0 4a0 3.1 3.2 a 3.1 3.6 ab 

0.047 yes 4.0 4.0 3.1 3,2a 3.1 4.1b* 
no 4.0 4.0 3.0 3.1 a 3,1 3.8 b 

0.14 yes 4.0 4.0 3.3 3.4a 3.2 4.0b* 
no 4.0 4.0 3.2 3.3 a 3.1 3.8 b 

*presence of Curvularia blight symptoms of a yellow-green dapple color 
(Howard, 1953) 

1Rating for tip dieback is according to Brown~ al. (1972) where 1 = 
no visible damage; 2 = scattered leaf tip dieback; 3 = less than 5 % 
of leaves exhibited tip dieback 4 mm long; 4 = more than 50% exhibited 
tip dieback 4 mm long; 5 = more than 50% of the leaves exhibited 
tip dieback plus blighting. 

2Values vertically within each temperature stress treatment followed 
by the same letter are not significantly different at the alpha= 
0.05 level by the Wilcox3on Rank Sum Test. P values are presented 
in Table 7A. Non-stressed and stressed pairs within each TCA level 
were not significantly different at the alpha= 0.05 level. 
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LEAF CLIPPING STUDY 

The ability of C. lunata to infect and colonize the clipped ends 

of Penneagle bentgrass leaves varied among the time intervals, when 

plants were either high air temperature stressed (HATS) or not immed-

iately prior to inoculation (Table 5). 'Ihe young clipped plants showed 

little leaf tip cblorosis independent of HATS with only plants that 

had received HATS at leastJ2 hr prior to inoculation showing more than 

5% leaf tip chlorosis. All of the older inoculated plants showed leaf 

tip chlorosis, again independent of whether or not the plants had 

received HATS; with non-inoculated plants showing much lower degrees 

of leaf tip chlorosis. The leaves that were colonized in the older 

turf were those that had not elongated after clipping. Leaves that had 

elongated showed no leaf tip chlorosis (Figure 28). Leaves elongated 

2 cm above the clipping height in the 128 hr post clipping with only 

the youngest leaf on any plant expanding. 

FJ..antsthat had been clipped immediately after heat stressing and 

then returned to 22°C for the various time pe:riods before being inoculated, 

showed increased levels of leaf tip chlorosis and also plant blighting 

at the longer time pe:riods (64 and 128) for the 120 day old turf ('Table 

5). Plants from the shorter time intervals showed little difference 

from the plants that had been clipped just prior to the end of the 

heat stress period. When plant blighting occurred, the youngest leaf 

on the plant remained asymptomatic. 

Non-HATS plants did show chlorosis of the leaf tip in the 120 day 

old plants. The leaves that did show chlorosis were the older leaves 

that were in the stages of late maturity to early senescence. 



Table 5. Percent  of  Penneagle  bentgrass  leaves  with  tip  chlorosis 
from  the  three  clipping  high  temperature  stress  regimes.  Plants 
were  either  not  inoculated  (NI)  or  inoculated  (I)  with  C.  lunata, 
The  clipping-high  temperature  stress  regimes  and  ratings ~~ 

explained  on  pages 26-28~. Values  are  the  averages  of  4  cups 
repeated  once,  rated 48 hr  after  inoculation. 

plants 30 days  old hr  after 
clipping 
when 
inoculated  a 

---------·---· 

0 

1 
2 

8 
16 
32 
64 
128 

hr  after 
clipping 
when 
inoculated 

0 
2 
2 
8 
16 
32 
64 
128 

regime 1 
NI ---i 

ob 
0 
0 
0 
0 
0 

0 
0 

1 
1 
1 
1 
1 
1 
1 
1 

regime  1 

NI  I 

1 3a 
1 5a 
1 10ab 
1 10ab 
1 20  be 
1 25 C 

1 25 C 

1 25 C 

*denotes  blighting 

regime  2 

NI  I 

0 
0 
0 
0 
0 
0 

0 
0 

5 
5 
5 
5 
5 
5 
5 
5 

plants  120  days  old 

regime  2 

NI 

1 
1 
1 
1 
1 
1 
1 
1 

I 

5a 
5a 
10ab 
20 b 
40 C 

4Q C 

40 C 

40 C 

regime 3 

0 
0 
0 

0 
0 
0 

0 
0 

1a 
1a 
5a 
5a 
10ab 
15  b 
15 b 

regime J 

NI 

1 
1 
1 
1 
1 
1 
1 
1 

.I 

5a 
5a 
5a 
10ab 
20 b 
40 C 

70*  d 
80* C 

aPl.ants were  inoculated  or  not  at  the  respective  hr  post  clipping. 
Plants  in  regime  1  were  not  high  air  temperature  stressed  (HATS); 
regime  2  plants  were  HATS in  the  18  hr  preceeding  inoculation  and 
regime J plants  were  HATS in  the  18  hr  preceeding  clipping. 

bPlants were  rated  for  leaf  tip  chlorosis  against  a  scale  of  plants 
detennined  to  have  either  O,  1, 5, 10,  15,  20,  25, JO, 40, 50, 60,  70 
or  80% leaf  tip  chlorosis.  Final  averages  were  rounded  to  the  nearest 
~ating value  • 

.JJ. 

7TValues within  each  column  followed  by  the same letter  do  not  differ 
significantly  at  the  alpha = 0,05  level  by  the  Wilcoxson  Rank  Sum 
Test. 
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Figure 28. Leaf tip chlorosis and leaf tip regrowth of Penneagle 
bentgrass plants that had been heat stressed and inoculated with 
c. lunata. 
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SYMPIOM DEVELOFMENT IN PLAJ.'TTS 

Several types of symptoms have been described throughout this and 

other studies for the disease incited by Curvularia lunata (Table 6). 
From this study, the only symptom that appears to be genuine to a 

pathogenic relationship between C. lunata and Penneagle bentgrass, is 

the leaf tip chlorosis that was presented in the leaf clipping study. 
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Table 6. 'I"Jpes of symptoms that have been reported ·on grasses said 
to be infected by Curvularia lunata including symptom descriptions 
and references. · --~~ 

Symptom 
name 

Chlorotic 
striations 

Curvularia 
blight 

Leaf tip 
dieback 

Leaf tip 
chlorosis 

Figure Symptom description 

17 

25 

17 

28 

white in color; 1-2 mm enlarging to 
J-4 cm in length; no more than 1 mm 
wide and rectangular in shape; first 
appearing near the leaf tip, then mid 
leaf and leaf base; (Not of pathogenic 
origin); greenhouse and field (pg 78). 
a yellow-green dapple color; found on 
greenhouse-grown material. Similar 
coloration occurs on old leaf tissue 
that has been extracted with 95% 
ethanol. 
chlorosis that becomes necrosis; 
starts at the leaf tip and then 
progresses down the leaf blade 
until reaching the collar; found 
on greenhouse-grown material; 
resembles high air temperature 
induced stress. 
chlorosis that progresses into 
necrosis, beginning at the clipped 
end of a leaf blade then progressing 
downward towards the sheath. Observed 
in greenhouse; thought to occur in the 
field. 

Reference 

current 
study 

Howard, 1953 
& current 

study 
Table 4 

Brown et al. , 
1972 &. -· 

current 
study 

Table 4 

current study 
Table 5 



CHAPI'ER FIVE 

DISCUSSION 

'Ihe leaf of a grass plant progresses through three stages as it 

expands out of the whorl. The juvenile stage begins when the leaf 

starts to form and continues until it has fully expanded. During 

juvenility, a massive cell replication occurs (Thoman & Stoddart, 

1980) and the cuticle is formed and waxes are deposited upon the leaf 

surface (Kolattukudy, 1980b). As expansion of the leaf slows, it 

shifts from being a sink to being a source of products for other plant 

parts. This is the mature state of the leaf. As the leaf ages, 

metabolic processes alter, rate of activity slows and the leaf enters 

a senescent state (Thomas & Stoddart, 1980). 

These three stages of leaf growth, juvenile, mature and senescent 

are characterized by distinctive growth activities for the individual 

cells and tissue groups (Thomas & Stoddart, 1980). Also, as the leaf 

develops, the cells nearest any meristem are more juvenile while the 

cells nearest the leaf tip are nearer to or have attained a full stage 

of senescence (Thomas & Stoddart, 1980). 

Since the general state of leaf vigor· can be determined by 

extracting the soluble chlorophyll pigments (Thomas & Stoddart, 1980), 

it is logical that with accumulated data, a regression 

"vigor curve" can be plotted with respect to sampling time. Figure 29 

represents the vigor curve for the second leaf of bentgrass plants 

as determined from the first :run of the experiment. The curve is divided 

into three parts which represent 1) the initial increase in chlorophyll 

a concentrations, i.e. the juvenile stage; 2) the period in which there 
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ngure 29. Leaf vigor curve for the second leaf of bentgrass plants. 
Note the three stages of vigor: juvenile, mature and senescent. 
Also, n9te the times at which the third, fourth and fifth leaves 
emerged and the chlorotic striations began to occur. The 
equation for the curve appears in Table 1A. Band width 
depicting chlorotic striations expresses relative frequency. 
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is decreased accumulation and homoeostasis occurs, i.e. the mature 

stage; and 3) the time when chlorophyll levels are decreasing thereby 

indicating reduced leaf vigor, i,e, the senescent stage. With a vigor 

curve of this tyFe it is possible to determine the general condition 

of the leaf and empirically determine the significance the leaf is 

contributing to the general growth of the plant. 

It is worthwhile noting the characterization of leaf vigor as the 

leaves were subjected to the pathogenicity tests. In genaral, TCA 

non-treated plants provided juvenile (fourth leaf), mature (third leaf) 

and senescent (second leaf) tissues for C. lunata to colonize. 

These three stages are of extreme importance with respect to 

infection by leaf surface microorganisms. A microorganism which is 

able to infect and colonize either juvenile or ~ature tissues has the 

greatest potential for severely affecting the development of 

the grass plant. On the other hand, a microorganism which is able 

only to infect and colonize leaf tissue that is senescent has much 

less potential for causing a severe setback in the growth and 

development of the entire plant. 

Leaf surface microorganisms may have the ability to infect and 

colonize leaf tissues in either one or all of these three stages of 

development. If the microorganism in question is able to infect either 

juvenile of mature tissues, preventive chemical control practices may 

present a means by which the leaf would be allowed to continue growth 

and development for a large segment of its normal life span, In this 

study, Q, sorokiniana displayed this capacity; therefore, both preven-

tive and curative spray programs are justified, 
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In  the  present  study, 30 days was the  maximum life  span  of  all 

leaves  studied.  Prior  to  the  JOth  day,  the  leaves  had  already  begun 

to  show  senescence  as  evidenced  by  leaf  tip  dieback  as  well  as 

chlorotic  striations  and  the  chlorophyll  levels  had  begin  to  taper  off. 

Since  turfgrasses  are  perennial  plants  and  are constant.ly producing 

juvenile  tissues,  in  order  to  sustain  satisfactory  growth  and  develop-

ment,  it  becomes  necessary  to  support  these  tissues  only  through  the 

early  to  mid  senescent  stages.  If  the  plant  has  gained  the  physiological 

benefits  from  these  tissues,  then  their  loss  will  be  of  a  much  smaller 

consequence  to  the  growth  and  development  of  the  total plant. However, 

the  aesthetic  qualities  of  the ~~ must  also  be  maintained. This 

creates  the  need  to gua:rantee that  the  turf  remains  green  and  in  order 

to  do  so,  a  majority  of  the  leaf  tips  present  must  be  green. This may 

create  the  need  to  control  a  microorganism  which  is  not  able  to  infect 

and  colonize  juvenile  or  mature  tissues  but  rather  is  only  able  to 

accelerate  yellowing  in  tissue  that  is  entering  into  senescence. 

In  the  present  study,  certain  treatments  were  found  to  induce 

the  senescent  stage  of  leaf  development.  Older  leaves  that  have 

reached  maturity  have  decreased  chlorophyll  levels  and  begin  to  loose 

portions  of  their  cuticles  and  waxes  through  weathering.  Visual 

observation  confirmed  that  TCA reduced  the  wax  layer  in  the  present 

study,  and  this  reduced  deposition  of  cuticle  and  wax  layers  did  not 

enhance  the  direct  penetration  of  the  leaf  surface  by 9.• lunata_; it 

therefore,  must  be  concluded  that  the  cuticle-wax boundaYy was  not 

of primarv importance  in restricting entry  of  C.  lunata.  Also,  there - . - -----
:was no  indication 2.s evidenced  by  Sudan  Black  B  staining  that c. 
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lunata  or C. lun~ta ~~  had  the  capability  to  enzymatically  degrade 

the  cuticle.  The  leaves  with  reduced  wax  layers  did  show  symptoms  of 

Curvularia  blight.  Reduced  wax  layers  may  permit  diffusion  of  water 

soluble  compounds  to  the  cells  beneath  including  metabolic  byproducts 

of g_. lun~~a which  may  have  a  detrimental  effect  on  the  tissue. 

In  the  span  of  this  study, it had  been  demonstrated  that c. lunata 

lacks  the  ability  to  infect  intact  surfaces  of  either  juvenile,  mature 

or  senescent  leaves.  The  life  span  of  leaves  from  emergence  from  the 

whorl  until  the  leaf  become  chlorotic  at  the  tip  and  the  leaf  senesced 

was JO days.  Since  it  took 7 to 9 days  for  the  leaf  to  fully  expand, 

a  fully  expanded  leaf  had  an  additional  21  to 23 days  of  life.  This 

time  span  is  of  extreme  importance  when  evaluating  the  reported 

pathogenicity  of  C.  lunata.  At  the  time  necrosis  was  occurring,  was 

the  natural  life  span  of  the  leaves  already  in  the  final  stages  of 

maturity  or  already  in  senescence? 

Brown  et al. (1972)  tested  the  pathogenic  potential  of  Curvularia --
spp.  on  intact  leaves  by  covering  infested  plants  with  plastic  bags  and 

incubating  for  10  days  at  high  temperatures  on  greenhouse  benches. 

Examinations  were  made  for  the  presence  of  lesions  on  fully expanded 

leaves.  Given  that  there  was  no  spread  of  the  initial  spore  load 

to  emerging  leaves,  the  leaves  onto  which  the  Curvularia  spp.  were 

applied  had  to  be  fairly  well  expanded  and  of  a  minimum  age  of  14 

to 17 days  at  the  end  of  the  experiment.  '!his  does  not  account  for 

the  decreased  life  span  due  to  the  elevated  temperatures  that  occurred 

inside  the  plastic  bags  on  greenhouse  benches.  They  then  stated  that 

sy:n.ptoms were  primarily  a leaf tip dieback. This dieback  was  also 
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found on control leaves but not to as high a degree as in Cu~ru~~~ 

spp.-inoculated plants; however, not all inoculated plants exhibited. 

these symptoms. If the leaves into which C. lunata ingresses are in 

a state of senescence, it is wrong to then consider C. lunata as a 

primary contributor to the early demise of the leaf. In the present 

study, high air temperature stressing of the plant reduced leaf vigor, 

any in many cases, was sufficient to cause an almost immediate death 

of the leaf tissue. 

'Ihe leaf clipping study gave results that agreed with the leaf 

vigor study in that high air temperature stressing of the leaves into 

senescence or old physiological age of leaf tissue was necessary before 

..S:o lunata could infect and colonize. While this may not be important 

to the plant as a whole since the turf will re::!over given time, it is 

important to the aesthetics of the turf, since removal of the older 

leaves will thin the grass stand and give an appearance that is not 

aesthetically pleasant. On the grass plants that were clipped, there 

were 3 to 5 older leaves present to only one new leaf. If all of 

the older leaves were removed, the grass stand would be thinned by 

75 to 87 percent. Therefore some sort of measures that would either 

reduce stand thinning or increase leaf replacement are necessary to 

reduce the visual impact of senescent leaf removal. 

Under the conditions of the present study, chlorotic striations 

of Penneagle bentgrass leaf blades were found. These striations are 

-believed to be normal since similar striations were observed on uninowed 

tall ~escue, Kentacky bluegrass and perennial ryegrass in the United 

States and mowed bennuda grass and Bahiagrass (Paspalum notatum 
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F1ugge) in Brazil, all growing under field conditions. It is possible 

that these striations may serve as entry sites for phylloplane inhab-

iting microorganism that could not otherwise penetrate the leaf 

cuticle. 

This report is consistent with observations in the literature 

that C. lunata only colonizes intact leaves that have been subjected 

to significant amounts of high air temperature stress (Brown et al., 

1972). There are no reports of _g_. lunata being able to infect and 

colonize juvenile or mature non-stressed grass leaf tissue. The 

original report of pathogenicity (Wernham & Kirby, 1941) never 

demonstrated pathogenicity nor identified the fungus involved even to 

the genus level. This was an incomplete report; therefore, it should 

not be continued to be validated as a definite description of the 

pathogenic potential of Curvularia spp. to turfgrasseso 

Howard (1953) claimed pathogenicity and gave symptoms of "an 

indefinite yellow and green dapple color". However, he never disclosed 

his methodology so duplication of his results have not been possible. 

Mower (1961) reported that Q• lunata can colonize only senescent leaf 

tissue and concluded that c. lunata is a saprophyte. Hodges (1972) was 

unable to prove pathogenicity of _g_. geniculatc3:. 

In the present study, Q• !unatc3: has been demonstrated not to be 

a symbiont, primary or secondary, which is capable of inciting a set-

back in the growth and development of the plant, but rather a saprophyte 

of leaf tissues that have undergone either high air temperature stressing 

or are of sufficient age that they have already entered into senescence. 

Symptom development on the plant is the presence cf leaf tip 
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chlorosis beginning at the clipped ·end of physiologically older leaves 

and eventually progressing do'W!l the leaf blade. This indicated that 

leaf clipping is necessary for entry off• lunata into leaf tissue. 

Curvularia lunata is then able to thin out the leaf tissue that has 

already entered into senescence, This accelerates the passage of the 

leaf tissue from green to yellows which are aesthetically unpleasant, 

The amount of turf foliage that is susceptible to thinning by f• lunata 

depend:; on the physiologic age of the leaf tissue, As stresses of 

high air temperatures are placed on the leaf tissue, a greater percentage 

of the leaf blades are forced into advanced senescence, thereby 

increasing their susceptibility to infection and colonization by 

C, lunata. High rates of colonization of physiologically older leaves 

by C, ~unat~ are dependent on stresses that have been placed on the 

grass days before germination of spores of Q_, lunata. It is also 

possible that other stresses such as soil moisture, pollution or 

adverse fertility may enhance infection of bentgrass plants by C. 

lunata, 



CHAPTER SIX 

SUMMARY 

The potential of species of Cur"rularia to induce disease of economic 

importance on turfgrasses have been the topic of considerable debate, 

Most of these Curvularia spp. have not yet been classified on their 

respective pathogenicity to grasses, and, therefore, the necessary 

control measures have not been established. This dissertation 

reviewed the literature with respect to reports of occurence of 

Cur'rularia spp. on grasses with an emphasis on Curvularia spp, that 

occur on turfgrass; and demonstrated experimentally under what 

condition of leaf health, Q.• lunata was able to ingress. 

When the third leaf had fully expanded and the fourth leaf was not 

yet visible in the whorl, trichloroacetic acid (T8A) solutions were 

applied every other day for 6 times in order to reduce formation of 

leaf cuticle. The relative vigor of leaves was determined 

by extracting chlorophyll and plotting chlorophyll concentrations 

over the time the leaf tissue was present. Leaf tissue was also observed 

using a scar~ing electron microscope to determine the topographical 

appearance of the epicuticular waxes. The daily overall appearance 

of the leaves was also recorded. High temperature stress (38°C) was 

applied for 18 hr to plants in the dark with a moisture-saturated 

atmosphere. 

Infestation studies were performed on intact leaves by infesting 

with spores of C. lunata, C. lunata var. aerea and Drechslera sorokin-

iana. The plants were stored at 22°C and observed every 4 hr for 96 

hr. Fungal mycelium within the cells was rendered visible by placing 

81 



82 

tissue in aniline blue in lactophenol. Depolymerized cutin was viewed 

by applying Sudan Black Bin ethanol. 

Applying TCA to reduce cuticle formation or stressing the plants 

with high air temperatures reduced the leaf life span. Chlorotic 

striations were encountered on all leaves in all treatments including 

untreated controls. As m~ny as 20-25 of these striations were observed 

on individual leaves. These did not appear to be an increase in 

striations as a result of any treatment. Scanning electron microscopy 

revealed that these striations on the leaf were areas devoid of wax 

covering. The addition of TCA also slowed wax deposition on leaf 

surfaces,increased tillering and 'buggy-whip' formation of plants, and 

decreased the plants' ability to resist desiccation. 

The effe~t of TCA on the in vitro growth of the fungi was 

dete:rmined. Results indicated that addition of TCA to the culture 

medium did not alter the growth rate of the three fungi. 

Inoculation with D. sorokinian~ resulted in visible water soaking 

within 24 hr and definite lesions were produced within 2 days of 

inoculations. The symptoms described for Curvularia blight were present 

on plants that were treated with 0.047 or 0.14 mM TCA, then high air 

temperature stressed. However, with leaves infested with c:. lunata, 

histochemical procedures failed to show the presence of myceliurn of C. 

J.unata within cells of Curvularia blight symptom areas. The reduction of 

wax layers through application of TCA did not enhance the direct pene-

tration of the leaf surface by G. lunata, and there was no indication 

that_g. lunata had the capability to enzymatically degrade the 

cuticle. High ai~ temperature stressing the plant reduced leaf longevity 
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and the higher treatment levels were sufficient to incite an almost 

immediate senescence of leaf tissue. Only necrotic areas on leaves 

were receptive to colonization by g_. lunata. 

Similar results were obtained with plants that had been maintained 

at 2 cm in height and then high air temperature stressed and inoculated 

with C. lunata. Young tissues were not susceptible to infection and 

colonization by~· lunat~; however, physiologically old tissues were 

susceptible to colonization. Symptoms were of a leaf tip chlorosis 

that began at the clipped end of the leaf blade. 

The amount of the turf foliage that is susceptible to thinning 

by Q• lunata depends on the physiologic age of the leaf tissue. As 

stresses of high air temperatures are placed on the leaf tissue, a 

greater percentage of the leaf blades are forced into advanced senescence; 

thereby, increasing their susceptibility to infection and colonization 
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Table 1A. Regression equations for chlorophyll a, band a:b levels 
of the second leaf of bentgrass plants treated or non-treated 
with the respective levels of TCA, Variables are: y = ug 
chlorophyll mg-1 ciry leaf weight; and x = number of days after 
planting. 

TCA level 
mM chlorophyll a 

0 

0.014 
0.047 
0.14 

0 

0.014 
0.047 
0.14 

0 

O .014· 
0.047 
0.14 

y = o.741x 5,315•10- 8x5 - 3,947 
y = 0,397x 1,314•1o- 8x5 + 4.413 

-2 2 y =-1,892x + 2.120•10 X + 55,730 
y = 2.152•10-5x 4 - 4.085•10- 7x5 + 2.055 

chlorophyll b 
,, -8 5 y = o.551x - J.200°10 x - 3,579 

y = 2.650x - 1,451•1o- 7x5 - 77,369 
y = 8.J10•10- 6x4 - 1,736,10- 7x5 + 11,288 

-8 5 Y = 1.521X - 9,715•10 X - 39,033 

chlorophyll a:b 
-3 2 8 -6 4 4 -8 5 y = 2,199•10 X - 2, 55'10 X + ,320•10 X 

+ 0.739 
y =-0,247x + 1.351•10- 8x5 + 10,102 
y =-1.375•10- 5x4 + 2.678•10- 8x5 + 1,754 

-2 4 y =-9.092'10 :{ + 1.80 

0,518*J 
o.405* 
o.379ns 
0.603 ** 

0,558*** 
0,541** 
o.619** 
o.441* 

o.255ns 

o.444* 
0,552** 
o.098ns 

astatistical significance decision levels where***= alpha 0.01; 
**=alpha 0.05; *=alpha 0,10; and ns = not significant. 
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Table 2A. Regression equations for chlorophyll a, band a:b levels 
of the third leaf of bentgrass plants treated or non-treated 
with the respective levels of TCA. Variables are: y = µg 
chlorophyll mg-1 dry leaf weight; and x = number of days 
after planting. 

'ICA level 
mM chlorophyll a 

0 

0.014 
0 .OJ+? 
0,14 

0 
0.014 
0.047 
0.14 

0 

0.014 
0 .Olf? 

0.14 

y = -6.360x + 0.134x 2 - 1.510•10-5x 4 + 95,186 
y = -0.208x + 2.866•10 8x5 + 21.287 

4 4 -2 2 y = 2.31 X - 2,72 •10 X - 33,277 
y = 1.369•10- 5x4 - 2.666•10- 7x5 + 7,313 

cr.J.orophyll b 

y = o.744x - 3.020•10- 8x5 - 13.251 
y = 1.721x - 9,019•10- 8x5 - 47.035 
y = -0,739x + 3.884•10- 8x5 + 37,121 
y = 0,731x - 5.145•10- 8x5 - 12.507 

chlorophyll a:b 

y = 6 -2 2 4 -6 4 -1,053x + 1,95 •10 X - 1,9 9•10 X 

+ 15.891 
-6 4 y = -0,297x + 9,426°10 X + 10.763 

y = 0.132x - 7o357'10- 9x5 - 3,150 
y = 1.973•10- 7x4 - 4.132•10- 9x5 + 1.26o 

2 r 

0,726***a 
O ,672*** 
O .37ons 

o.612*** 

0.759*** 
o.663*** 
0.538** 
o.496** 

0.759*** 
0.724*** 
O. 589** 
o.23ons 

a statistical significance decision levels where***= alpha 0.01; 
**=alpha 0.05; *=alpha 0.101 and ns = not significant. 
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Table 3A. Regression equations for chlorophyll a, band a:b levels 
of the fourth leaf of bentgrass plants treated or non-treated 
with the respective levels of 'It:A. Variables are: y = µg 
chlorophyll mg-1 dry leaf weight; and x = number of days 
after planting. 

TI:A level chloro:_:,hyll 2 
mM a r 

0 y = -3 2 0.255x + 1.70J•10 X + 0.261 0.885*** 
0.014 

~ 2 
y = o.647x - 3.960•10-jx - 5.466 0.579** 

o.o~ y = 3.161x - J.266•10- 2x2 - 60.129 0.747*** 
0.14 y = 3.667x - 4.230•10- 2x2 65.287 o.482* 

chlorophyll b 

0 y = 8.862•10- 7x4 + 7.544 O. 729*·*"* 
0.014 y = 4.900•10- 6x4 - 9.190,10- 8x5 + 7,993 0.141ns 

0.047 y = -6 4 4 -8 5 -2.5J1•10 X + •751•10 X + 13.007 o.099ns 

0.14 y = , 1 B -2 2 6.371X - 7,~2 •10 X - 125.320 o.661*** 

chlorophyll a:b 

ob 

0.014 y = -J.720•10- 7x4 + 8.526•10- 8x5 + 1.383 0.464* 
0.047 y = 0.117x - 5.350•10- 9x5 - 2,854 0,422* 
0.14 y = -0.627x + 7.290•10- 3x2 + 14.779 o.466* 

astatistical significance decision levels where***= alpha 0.01; 
**=alpha 0,05; *=alpha 0.10; ani ns = not significant. 

bequation not calculated due to non-significance 

a 
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Table 4A. Regression equations for chlorophyll a, b and a:b levels 
of the second leaf of bentgrass plants treated and non-treated 
with the respective levels of 'ICA (second run). Variables 
are: y = µg chlorophyll mg-1 dry leaf weight; and x = number 
of days after planting. 

TCA level 
mM 

0 y = 
0.014 y = 
0.047 y = 

0.14 y = 

0 y = 
0.014 y = 
0.047 y = 
0 .14 y = 

0 y = 

0.014 y = 
0.047 y = 

0 .14 y = 

chlorophyll a 

2 -5 4 7.101x - 0.168x + 2.613•10 x - 66.335 
6.238x - 1.346•10- 3x3 - 146.447 
2.469x - 2.744•10- 7x5 - 56.779 
2.824x - 3.204:10- 7x5 - 68.367 

chlorophyll b 

6.125x - 0.145x 2 + 2.267•10- 5x4 - 58.252 
o.999x - 1.631•10- 4x3 - 14.358 
1.513·10- 4x3 - 1.142•10- 7x5 + 12.912 
2.336x - 2.935•10- 7x5 - 53.992 

chlorophyll a:b 

-2 8 1 -3 2 -9.779•10 X + 2.1 9• 0 X - 3.379•10- 7 

+ 2 .4LJ.2 
-8x5 4 0.1?8x - 1.533•10 - .392 

o.269x - 5.730-10- 5x3 - 5.821 
8.515•10- 2x + 1.241•10- 8x5 + J.426 

2 r 

o.566***a 

0.585*** 
o.808*** 
0.?82*** 

0.5?9*** 
o.393ns 

o.855*** 
o.822*** 

o.222ns 

o.435* 
0.516** 
0.830*** 

astatistical significance decision levels where***= alpha 0.01; 
**=alpha 0,05; *=alpha 0.10; and ns = not significnnt. 



95 

Table 5A. Regression equations for chlorophyll a, band a:b levels 
of the third leaf of bentgrass plants treated and non-treated 
with the respective levels ~i 'ICA (second run). Variables 
are: y = µg chlorophyll mg dry leaf weight; and x = number 
of days after planting. 

TCA level 
mM 

0 y = 
0,014 y = 
0,047 y = 
0,14 y = 

0 y = 
0.014 y = 
0.047 y = 
0.14 y = 

0 y = 
0.014 y = 
0.047 y = 
0.14 y = 

chlorophyll a 

o.487x - 2.708•10- 8x5 - 0.656 
3.112x - 6,537•1o- 4x3 - 66.795 

8 ' -8 5 40 0. 06x - 9.122•10 X - 9.0 
0.2J4x - 3.435•10- 8x5 + 6.095 

chlorophyll b 

o.542x - J.164•10- 8x5 - 4.935 
0.142x + 6.707,10- 9x5 + 6.499 

-0,355x + 24.898 
o.172x - 4.180•1o- 8x5 + 7.693 

chlorophyll a:b 
-2 _q 5 406 -3.993·10 x + 3,515•10 "x + 2.' 

o.267x - 6.072,10-5x3 - 5.560 
-2 -9 c; 7.595•10 X - 5,110•10 X- - 1.220 

C: ~ 8 c; 
-2._542•10-J~ + 1.196•10- x- + 1.593 

2 r 

0.818***a 
O. 7.59*** 
0.528** 
O.J83ns 

o.801*** 
0.728*** 
o.76J*** 
0.810*** 

o.428* 
o.670*** 
o.639*** 
0.636*** 

astatistical significance decision levels where***= alpha 0.01; 
**=alpha 0.05; *=alpha 0.10; and ns = not significant. 



Table 6A. Fegression equations of chlorophyll a, band a:b levels 
of the fourth leaf of bentgrass plants treated and non-treated 
with the respective levels of 'ICA (second run), Variables 
are: y = µg chlorophyll mg-1 dry leaf weight; and x = nlli~ber 
of days after planting. · 

'ICA level 
mM 

0 y = 
0.014 y = 
0.047 y = 
0.14 y = 

0 y = 
0.014 y = 
0.04? y = 
0,14 y = 

0 y = 
Oa014 y = 
Oa04 7 y = 

0.14 y = 

chlorophyll a 

1,742x - 2.652,1o_ux3 _ 38,784 
4.951x - 1.008•10-3x3 - 118.832 
0,230x + 3,985 
3,175x - 6.333,10- 4x3 - 73.676 

chlorophyll b 

-4,293,10- 4x3 + 2.118°10- 7x5 + 17,124 
1.9oox - 1.291,10- 7x5 - 50.457 

-6,950•10- 5x3 + 3.3s9,10- 8x5 + 10.904 
-2 -8,500•10 X + 13,513 

chlorophyll a:b 

0,383x - 8.439•10-5x3 - 8,700 
-2 -8 5 1 4 9,077•10 X - 9,173~10 X - • 72 
-2 1,500•10 X + 0,71J 

o.197x - 3,346•10- 4x3 - 4.489 

2 r 

0,903***a 
0,942*** 
0.524* 
0.839*** 

0,890*** 
0.948*** 
O.J6r 3 

0.353ns 

0.820*** 
o.454* 
o.391ns 

o.823*** 

astatistical significance decision levels where***= alpha 0.01; 
**=alpha 0,05; *=alpha 0,10; and ns = not significant. 
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Table 7A. Probability that the disease ratings of the fourth leaves 
of Penneagle bentgrass ~lants differ according to a one-sided 
Wilcoxson Rank Sum Test. Plants were treated with the respect-
ive TCA levels and then non-stressed or stressed at J8°C for 
18 hr. 

TCA levels 

0 

0.014 

0.047 

TCA levels 

0 

0.014 

0.047 

0.14 

,0.001 

I o .221 

! o .221 

0.14 

0.005 

0.221 

0 • .360 

non heat stressed 
0.047 

0.001 

0.520 

heat stressed 

0.047 

0.003 

0.1.39 

0.014 

0.019 

0.014 

0.052 

1Test explained in Hollander, M. & D. A. Wolfe, 1973, Non-parametric 
Statistical Methods, J, Wiley & Sons, NY. 



The vita has been removed from 
the scanned document 


	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068
	0069
	0070
	0071
	0072
	0073
	0074
	0075
	0076
	0077
	0078
	0079
	0080
	0081
	0082
	0083
	0084
	0085
	0086
	0087
	0088
	0089
	0090
	0091
	0092
	0093
	0094
	0095
	0096
	0097
	0098
	0099
	0100
	0101
	0102
	0103
	0104
	0105
	0106

