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ABSTRACT

Three isolates of Curvuiaria belonging to Curvu/aria tubercli/ata (isolates 93-020

and 93-022) and Curvu/aria ory=ae (isolate 93-061) were obtained from diseased

C}pents difJormis. Cyperos iria. and Fimbristy/is mifiacea, respectivelYt in the

Philippines in 1993. Under greenhouse conditions, these fungal isolates caused high

mortality and significant plant dry weight reduction in C. difformis. C. iria. and F.

mi/iacea when sprayed at the rate of 1 ;< 10l! spores/m!. Cross-pathogenicity of the

isolates was demonstrated in three other sedge weed species. C. difformis. C. iria, and F.

mi/iacea were killed but C. rotundus was resistant. Most of the thirteen riee varieties

tested were resistant to the fungal isolates. The order of deereasing pathogenicity to riee

\Vas C. ory:ae (93-061), C. lubercu/ata (93-020), and C. luberculata (93-022). The

infection process of C. tuberculata and C. ory:ae was similar. Spore germination was

polar for C. tuberculata and bipolar for C. ory:ae. Genn tube growth was random and

branching. Appressoria were fonned preferentially over epidermal cell wall junctions on

sedge hosts and over stomatal apertures in nce. Complex infection cushions were

observed only on sedge hosts. Infection hyphae developed inter- and intracellularly,

causing epidermal cell walls to separate and mesophyll ceUs to shrink and collapse. The

vascular bundles were not invaded. Colonization of susceptible weeds was rapid and

conidiophores emerged from the stomatal aperture between 96 to 120 hours post

inoculation (HPI). Resistance to C. tuberculata and C. oryzae in C. rotundlls and rice

was expressed as a delay in appressorial formation, inhibition of fungal growth after

penetration, and lack of sporulation.



Résumé

Trois souches de Curvularia ont été obtenus des Philippines en 1993 à partir de

plants infectés de Cyperus dijJormis, de Cyperus iria et de Fimbristylis miliacea. Ce sont

respectivement les souches 93-020 et 93-022 de Curvu/aria lubercu/ala et la souche 93

061 de Curvularia oryzae. En serre, ces souches fongiques ont causé une haute mortalité

et une réduction signifiante du poids sec des plants de C. difJormis, C. iria et F. mi/iacea

lorsque 1 X 108 spores/m! étaient appliquées. Ces souches ont montré un pouvoir

pathogène croisé pour trois autres espèces de souchet. C. rOlundus était résistant mais les

plants de C. dijJormis. C. iria et F. miliacea ont été tués. La majorité des treize variétés

de riz testées étaient résistantes aux souches fongiques. Chez le riz, le pouvoir pathogène

en ordre décroissant a été C. oryzae (93-061), C. luberculata (93-020) et C. tubercu/ala

(93-022). Les processus d'infection de C. luberculata et de C. oryzae étaient similaires.

La germination des spores se faisaient de façon polaire pour C. tuberculata and de façon

bipolaire pour C. oryzae. La croissance du tube germinatif était irrégulière et branchée.

Les appressoria se formaient préférentiellement au-dessus des jonctions des parois des

cellules épidermiques chez le souchet et au-dessus des ouvertures des stomates chez le

riz. Des complexes d'infection ont été observés seulement chez le souchet. Les hyphes

se développaient de façon inter et intracellulaire amenant la séparation des parois des

cellules épidermiques et la diminution et l'effondrement des cellules mésophylliques. Les

faisceaux vasculaires n'étaient pas envahis. La colonisation des mauvaises herbes

susceptibles était rapide. Les conidiophores émergeaient à partir des ouvertures des

stomates entre 96 et 120 heures après l'inoculation. La résistance à C. lubercu/ala et à C.

u



oryzae chez C. rotundus et chez le riz était exprimée par un retard dans la fonnation de

l'appressorium, par l'inhibition de la croissance fongique après la pénétration et par

['absence de sporulation.
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necrotic leaf. E. Cleared whole necrotic leaf showing conidiophores emerging

from stomatal openings (SP). F. High magnification view ofemerging

conidiophores (CP). Bar =10 ~m except A and E 139

4.6. Spore germination and infection structure formation of Curvularia tllberculata

(93-020, B and C~ 93-·022, A, D, E and F) in Fimbristylis mi!iacea, four to 24

hours post inoculation (HPI). A. Germinated spores al 12 HPl. B. Polar

germination ofconidium (C) showing bifurcated genn tube (GT).

C. Intercalary appressorium (A) over an epidermal cclI. D. Simple, elongated

appressorium (A) fonned near a stomata (ST). E. Simple appressorium (A)

on an epidermal eeU. GT, germ tube; ST, stomata. Bar = 10 ~m 140

4.7. Infection and colonization of Fimbristylis miliacea by Curvularia tubercu[ata

(93-020, C, D, F, G, and H; 93-022, A, B, and E), 24 to 144 hours post

inoculation (HPI). A. Primary infection hyphae (PlH) within an epidermal

eeU, 48 HPL B. Intracellular infection hyphae (lH) in leaf sheath eells, 36 HPI.

C. Intraeellular ([Hl) and intereellular (IH2) infection hyphae in a neerotie

xix



area of the leaf. D. Infection hyphae OH) in leaf sheath ceUs at 48 HPI.

E. Infection hyphae (lH) inside guard ceUs (GC) of stomata. F. Conidiophores

(CP) emerging from the stomata (ST). Infection hyphae (IH) are visible

beneath the stomata and among collapsed mesophyll ceUs (MC). G. Portion

of necrotic leaf tip showing emerging conidiophores (CP). H. High

magnification view of conidiophores (CP) with young conidium (YC).

Bar = 10 Jlffi except A, B, D and G 141

4.8. Spore gennination and genn tube growth Curvu/aria tubercu/ata (93-020,

Band F; 93-022, A, C, D, and E) on Cyperos rotundus, four ta 36 hours post

inoculation (HPI). A. Genninated conidium (C) showing short genn tube (GT)

at four HPI. B. Germ tubes were typically polar and, rarely, bipolar. C. Long,

unbranched genn tubes (GT) growing parallel to the long axis of epiderrnal

ceUs. D. Germ tubes (GT) at 36 HPl. F. Germ tubes (GT) sometimes coiled

around trichomes (TR) 142

4.9. Infection and colonization of Cypenls rotllndus by Curvu/aria tubercu/ata

(93-020, C, E, and H; 93-022, A, B, D, F, and G), 24 to 48 hours post

inoculation (HPI). A. Appressorium (A) formed at epidermal cell wall junetion

at 24 HPI. B. Appressorium (A) formed over a stomata at 36 HPI. C. Infection

cushion (IC) on epidermal cell wall showing contributing genn tubes and

formation of yellow halo. D. Infection cushion (IC) over epidermal cell wall

formed by branching of the germ tube (GT) tip. E. Infection hyphae (IH)

spreading within an epidermal cella F. Infection hyphae (IH) restricted to the

ceU initially penetrated. G. Limited development and spread of infection
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hyphae (IH) among neighboring epidermal cells, 96 HPI. H. Granular

appearance of inoculated epidermal cells. The yellow spot indicates the

penetration site. Bar = 10 Jlm except D 143

4.10. Spore germination and germ tube growth of Curvu/aria oryzae (93-061) on

Fimbristylis miliacea, four to 12 hours post inoculation (HPI). A. Bipolar

gennination typical of C. oryzae al four HPI. B. C. and D. Germ tubes grew

parallel (B) or perpendicular to the long axis of epidermal cells and developed

branches (C). Appressoria (black arrowheads) were present at 12 HPI 144

4.11. Infection structure formation of Cllrvu/aria oryzae (93-061) in Cypenls

difformis (A), Cypenls iria (F), and Fimbristy/is miliacea (B to E), eight to

24 hours post inoculation (HP!). A. Simple appressorium (A) and infection

hyphae (IH) in guard cells of the stomata at eight HPI. B. Genninated

conidium (C) showing pattern of genn tube (GT) branching and location

of appressoria, 12 HPI. C. Attraction among appressoria (A) in the early

stage of infection cushion formation. D. Infection cushion (lC) on an

epidennal waUjunction (EWJ) with two penetration pegs (black arrowheads).

E. Infection cushion (lC) over an epidermal ceU consisting ofcoiled genn

tube (black arrowheads) tips. F. Infection cushion (lC) over stomatal aperture

(ST) at 24 HPI. Bar = 10 J.lm except B .145

4.12. Penetration and infection of Cyperus jria (B and D) and Fimbristylis mjliacea

(A and C) by Curvu/aria oryzae (93-061), 20 to 48 hours post inoculation.

A. Penetration ofan epidermal ceU of F. miliacea by an appressorium (A)

with penetration peg (PP), 20 HPI. B. Adjacent celis are invaded by
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infection hyphae (lH) in C. iria, 36 HPL The penetration site (PS) is bordered

by a yellow halo and shows a small pore in the center. C. Infection of an

epidermal celi by an appressorium (A). The primary infection hypha (PlH)

has spread within the celi. D. Growth of infection hyphae (IH) from an

appressorium (A) over several epidermal ceUs of C. iria. Bar =10 J,1m 146

4.13. Colonization ofCypenls d~fJormis (C to f). Cypenls iria (G and H) and

Fimbristylis miliacea CA and B) by Curvularia oryzae (93-061), 48 to 96 hours

post inoculation (HPl). A. Fungal hyphae ((H) are visible within cleared

necrotic leaf of F. miliacea. B. Conidiophores (CP) have emerged from the

stomata (ST) in necrotic leaf tissues by 96 HPI. C. Cross section of a

blighted leaf of C. difJormls at 72 HPl showing infected and collapsed

tissues. D. High magnification view of boxed area in C showing infection

hyphae ([H) within epidennal and mesophyll cells (MC). Sorne bundle

sheath cells surrounding a vascular bundle (VB) have been invaded (black

arrowheads). E. By 96 HPl, infection hyphae (black arrowheads) have

ramified to the mesophyll ceUs and the vascular bundle sheath.

F. Conidiophores (CP) emerging from the stomata (ST). Note concentration

of fungal hyphae below the stomata. The bundie sheath ceUs have been

completely colonized (black arrowhead). G. Cross section ofa blighted leaf

of C. irla showing neerotic area covering the main vein and five minor

veins. H. Infection hyphae (lH) around the major vein (VB) of a C. lria lcaf at

72 HPI. Bar = 10 Ilm except C and G 147



4.14. Spore germination and infection structure formation of Curvularia oryzae

(93-061) on Cypenls rotundus, two to 24 hours post inoculation (HPI).

A. Bipolar germination of conidium (C) with branched genn tubes (GT) at

eight HPI. B. Appressorium (A) on an epidermal cell wall junction.

C. Infection cushion (lC) on an epidermal cella D. Early stage of infection

ctlshion formation showing aggregation of individual appressoria lA)

with their respective germ tubes (GT). Bar = 10 flm except A 148

4.15. Penetration of Cypents rotundus by Curvu/aria oryzae (93-061). 20 to 24

hours post inoculation (HPI). A. Thin and narrow penetration peg (PP)

From an appressorium (A) penetrating an epidermal cell. B. Primary

infection hyphae (PIH) developed from an infection cushion (IC) on an

epidennal cell wall junction (EWJ). Bar = 10 flm 149

4.16. Infection and colonization of Cyperus rOlundus by Curvularia oryzae (93-061),

24 to 168 hours post inoculation (HPI). A. Thick, primary infection hyphae

(PIH) growing over epidermal ceUs. Thin, secondary infection hyphae (SIH)

grew from PIH. B. Primary infection hyphae (PIH) spreading within an

epidermal cella Note yellow areas (black arrowheads) where PIH penetrated

the cell wall to infect adjacent cells. C. Infection ofneighboring celis by

infection hyphae (IH). D. From the cell initially penetrated (black arrowhead).

infection hyphae (IH) ramified and spread to neighboring ceUs covering an

area surrounded by the black lïne. E and F. Intense yellowing reaction in

infected epidermal ceUs at 168 HPI. G. Higb magnification view ofF

showing granular appearance (G) ofan epidermal cell. H. Yellowing
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reaction in a small lesion at 120 HPI. 150

~.17. Degeneration of Curvularia ory=ae (93-061) in Cypenls rotundus, 168 hours

post inoculation (HPI). A. Infection hyphae within an epidermal cell

exhibiting granular appearance CG). B. Plasmolysis (PL) of infection hyphae

in epidermal cell. C, D, and E. Degenerating infection hyphae (DIH) showing

plasmolysis (PL) and granulation (G) of hyphal segments. F. Degenerating

infection hyphae (DIH) stained unevenly with lactofuchsin. Bar = 10 Jlm 151

5.1. Infection of Oryza saliva c.V. IR 64 by Curvlliaria luberculata (93-020, C, D, E;

93-022, A and B), 24 to 72 hours post inoculation (HPI). A. Germinated spores

on the leaf surface at 24 HPI. C, conidium. B. Appressorium (A) formation on

stomata, 24 HPI. C. Restricted growth of infection hyphae ([H) within

epidennal cells. D. Mesophyll cells (MC) showing the yellowing reaction in

the vicinity of infection hyphae (IH) visible beneath the stomatal guard cells.

E. Transverse section of a smalliesion (L) on the leafblade, 72 HPl. 175

5.2. Infection of Oryza saliva c.v. Norin 21 by Curvularia tuberculata (93-020, A,

C, E; and 93-022, B, D, f, G, and H), 24 to 72 hours post inoculation (HPI).

A. Longitudinal section of the leaf with a germinated spore on the surface,

24 HPI. C, conidium; GT, germ tube; EC, epidermal eeU. B. An epidennal

cell (Ee) beneath a mass of germ tubes (GT) exhibited a granular appearance

at 72 HPI. C. Transverse section ofa eonidium (C) and appressorium (A) over

bullifonn ceUs. O. Granular appearance of mesophyll cells (MC) beneath

stomata (ST) with an appressorium (A), 72 HPI. 176
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5.3. Lesion fonnation in Oryza saliva cv. Norin 21 by Curvu/aria tubercu/ata

(93-020, A; and 93-022, B, C, D), 168 hours post inoculation (HPl). A, B.

Restricted Lesion (L) formation on the leafhlade at 168 HPI. C. High

magnification view of leaf spot in C. showing sparse growth of infection

hyphae (lH). D. Fungal growth (IH) in C. was bordered by light yellow to

yellow-stained areas in the leaf. Bar = 10 J.lm except A. and B 177

5.4. Infection of Oryza sativa c.v. IR 64 by Curvu/aria oryzae (93-061), 24 to

144 hours post inoculation (HPI). A. Fonnation of an appressorium (A)

over a stomata (ST), 24 HPI. C, conidium, GT, genn tube. B. Penetration

ofa stomata (ST) by a penetration peg (PP) ansing from an appressorium

(A), 36 HPI. C. Appressorium (A) fonned on an epidennal wall junction

(EWJ). Note yellowing reaction near the appressorium. D. Infection hyphae

([H) visible under an epidennal ceU exhibiting the yellow reaction, 72 HPI.

E. and F. Infection hyphae (lH) in transverse leaf sections 144 HPI.

Bar = 10 J.1m 178

5.5. Gennination and penetration of Curvularia oryzae (93-061) on Oryza saliva

c.v. Norin 21, 24 ta 72 hours post inoculation (HPI). A. Genninated spores

on the leaf surface showing germ tubes (GT) growing perpendicular to the

long axis ofepidennal cells, 24 HPL B. Long genn tube (GT) growing

parallel to epidennal ceUs with associated appressoria (A), 48 HPL Note

yellowing reaction in several cells around the appressoria. C. Appressorium

(A) with penetration peg (PP) on epidermal cell, 36 HPI. D. A hale is revealed

in the penetration site (PS) where the appressorium (A) penetrated the
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epidermal cell wall. Note yellowing of cuticle (CT) in D. E. Yellowing

reaction in a stomata (ST) undemeath branched germ tube (GT), 72 HPI.

A portion ofa nonnal stomata is shown on the left. F. Appressorium (A)

penetrating a stomata (ST) that has turned yellow. Note yellowing reaction

(YR) in sorne mesophyll cells (MC) undemeath the penetrated stomata. EC,

epidermal cell: GT, germ tube: CT. cuticle 179

5.6. Infection ofOryza saliva c.v. Norio 21 by Curvu/aria oryzae (93-061), 48 ta

168 hours post inoculation (HPI). A. Primary infection hyphae (PIH) within

an epidermal cell, 48 HPI. B. and C. Infection hyphae (lH) are restricted to

a few adjacent cells. D. Yellowing reaction (YR) is evident in the infection

site (lS) involving adjacent epidermal ceUs and sorne mesophyll cells (MC),

72 HPI. E. Infected mesophyll celis (MC) undemeath conidia (C) and germ

tubes (GT), 72 HPL F. Smalliesion on the leafblade, 168 HPL

Bar =10 J.1rn except F 180
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Description of Thesis Format

This thesis is comprised of original papers that will he submitted to appropriate

scientific joumals for publication. In accordance with Part B, section 2 of the

"Guidelines Concerning Thesis Preparation" from the Faculty of Graduate Studies and

Research, McGill University, 1quote the entire text that applies to this format:

··21 Manuscripts and authorship: Candidates have the option, subjecl to the

approval oftheir Department. ofincluding. as part oftheir thesis. copies ofthe

text ofa paper(s) submittedfor publication. or the clearly-duplicated text ofa

pllblished paper(s). Ifthis option is chosen, connecting texts. providing logica/

bridges between the different papers are mandatory. The thesis must still

conform to aU other requirements ofthe "GuideUnes Concerning Thesis

Preparation" and should be in a literary jorm that is more than a col/ection of

manuscripts published or to be pub/ished. The thesis must include. as separate

chapters or sections: (1) table ofcontents, (2) a general abstracr in English and

French. (3) an introduction which clearly states the rariona/e and objectives of

the study. (4) a comprehensive general review ofthe background literature ta the

subject ofthe thesis, when this review is appropriate. and (5) a final overa//

conclusion and/or summary. Additional material (proeedural and design data. as

weil as descriptions ofequipment used) must be provided where appropriate and

in suffieient detai! (e.g. in appendices) to a/Iow a clear and precise judgement to

be made ofthe importance and originality ofthe research reported in the thesis.

ln the case ofmanllscripts. co-authored by the candidate and others, the
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candidate is required to make an exp/icit statement in the thesis ofwho

contribllted ta such work and to what extent; supervisors must allest to tlze

accuracy ofsuch claims at the Ph. D. oral defense. Since the task ofthe

examiners is made much more diJficu/t in these cases, ft is in the candidate's best

interest to make perfect/y clear the responsibilities ofthe different aut/zors ofco

autlzored papers. "

[n order for this thesis to be consistent with the above statement, it is structured in

the following manner:

The thesis begins with abstracts in English and French, followed by a table of

contents. Chapter 1comprises a general introduction in which background knowledge

and the current status of research on the thesis subject is presented. This section

concludes with an outline of the specifie objectives of the thesis. The next four chapters

constitute the body of the thesis, each chapter being a complete manuscript.

Chapter 2 manuscript is to be submitted for publication to Bi%gical Control.

Chapter 3 manuscript is to be submitted for publication to Plant Disease.

Chapter 4 manuscript is to be submitted for publication to Phytopathology.

Chapter 5 manuscript is to be submitted for publication to Phytopath%gy.

The various manuscript chapters are linked via connecting texts 50 as to establish

logical bridges between the different papers.

A general discussion and synthesis of the major conclusions of the thesis are

presented in Chapter 6. The main contributions to knowledge of this research are

outlined in Chapter 7.
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Chapter 1. General Introduction

1.1 Abstract

Cypenls dijJormis, Cypenls iria, Cyperos rotundus, and Fimbristylis miliacea are

serious weeds that limit riee production in Southeast Asia. CUITent methods of control

are inadequate and biological control using indigenous fungal pathogens has good

potential as a component of an integrated weed management program for rice (Watson,

1994). The biology of these weeds is discussed and research on biological control efforts

involving the Family Cyperaceae is reviewed. The specific objectives ofthis thesis are

also presented.

1.2. Family Cyperaceae

The sedge family Cyperaceae is closely related to the Poaceae family and has a

worldwide distribution. The number of genera and species included in this family varies

in the literature. Gleason (1963) reported that it consists of75 genera and over 4000

species, while Taylor (1983), included 90 genera in his list.

Sedges are annual or perennial herbs that can be differentiated From grasses by

their three-sided, usually solid stems, three-ranked leaves with one-third phyllotaxy, and

leaves that have closed leaf sheaths (Mohlenbrock, 1976). Sedges do not possess ligules,

and exhibit terminal or axillary inflorescences. A single glume or seale subtends the

flowers. The mature fruit, either a trigonous or lenticular achene, is required for positive

species identification.

Approximately 220 species within the Cyperaceae have been identified as weeds

(Bendixen and Nandihalli, (987). Nearly 42~tO ofthese are found in the genus Cyperus,



with an additionaI43% located in of the genera Eleocharis, Scirpus. and Fimbristylis.

The genera Scleria, Kyll/ingia, Rhyncospora, Bulbostylis, Fuira, and Dichromena

comprise the remaining 15%.

Sedge weeds have been reported in various crops cultivated in many areas of the

world including, but not limited to, corn (Zea mays L.), sugarcane (Sacc/zarum officinale

L.t banana (tv/usa paradisiaca L.l, taro (Calocasia esculenta (L.) Schott), pineapple

(Ananas sativus Schultz), eassava (Manihot esculenta L.), sweet potato (lpomoea batatas

(L.) Pair.), vegetables, cotton (Gossypium hirsutum L.), and nee (Oryza sativa L.) (Holm

et al.. (977).

The impact of these weeds in the rice-growing areas of Asia is considerable. Riee

is the world's most important food crop (Chandler, 1979), providing 350/0 of the daily

caloric intake of an estimated tbree billion people (IRRI, 1993). Weeds are a major

limiting factor in nce production systems in Southeast Asia (Watson. 1992), including the

Philippines (Bayot et aL, 1992). Chandrasena (1988) conducted a survey of riee weeds in

Sri Lanka and found that grass and sedge weeds were by far the most abundant and

troublesome weeds in nce. Field trials at the International Rice Research Institute (IRRI)

in Los Baftos, Laguna, Philippines, indieated rice yield reductions due to sedges were

78% with 1R36 and 540/0 with UPLRj-5 (IRRI, 1987).

The major sedge weeds infesting nee production areas around the world are

Fimbristylis miliacea (L.) Vahl, Cyperus difformis L., C. iria L., and C. rotundus L.

(Holm et al, 1977). C. difJormis, C, iria and F. mi/iacea have been identified as major

weeds in lowland or irrigated rice in the Philippines and other parts of tropical Asia

(Bayot et aL, 1992; Ampong-Nyarko and De Dana, 1991). C. rolundus has been
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identified as the most serious weed in upland nee (Ampong-Nyarko and De Datta, 1991;

Padhi et al., (991).

J.2.J. Cypenls difJormis

Cyperus difformis L. or small flower umbrella sedge (Fig. 1.1 A) is a tufted annual

sedge native to the üld World tropies (Holm et al., (977). The plant is 10 to 75 cm in

height with tender, triangular stems that are 1 to 3 mm thiek. The leaves are tinear, 2 to 3

mm wide, rather abruptly acuminate and are usually two-thirds of the plant height. The

inflorescence, subtended by leaf-like bracts, consists of dense, globose heads with

stellately spreading spikelets. The achenes are elliptic or obovate, triangular and straw..

colored, about 6 mm long. This species can be distinguished by dense globose heads

with many radiating spikelets; and the smal1, orbicular glumes, whieh are brown at tirst

but later. become variegated with pale yellow or white margins.

The distribution of C. difformis includes Southern Europe, Asia, Central America,

North America, and many islands of the Indian and Pacifie Oceans, where it is reported

as a weed of rice in 46 countnes (Halm et aL, 1977). Mainly a tropical and subtropical

weed, it is adapted to flooded conditions or very moist soils, and has been identified

primarily as a weed of flooded or paddy nce (Biswas et aL, 1990). However, it can also

become a problem in other crops such as corn, banana, tea (Camel/ia sinensis (L.) O.

Kuntze), lowland taro, pineapple, and in pasturelands (Holm et al., 1977). Optimum

growth is achieved in rich, fertile soils, however considerable growth also occurs in

poorer soils, in waste areas, or in fal10w rice fields.

Sanders (1994) recently reviewed the life cycle and ecology of C. difformis in

temperate Australia. Information about its biology is patchyt with most reports
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eoncentrating on the negative effects on nce yields due to competition from C. dijJormis.

Rice yield was most significantly affeeted when C. difformis competed during pre

tillering and tillering stages of riee growth (Swain et aL, L975).

C. difJormis has become a widespread and serious weed of paddy rice and other

erops due in part to its abundant seed production, enabling it to achieve dominant status

(Holm et al., 1977). C. difformis produces between 5100 seeds/plant (Kusanagi 1981,

citing Kasahara, 1968) and 50,000 seeds/plant (Jacometti. 1912), although this range may

simply reflect a difference in intra- or interspecific competition. The seeds are long-lived

and may retain 900/0 viability after six years of dry storage (Sanders, 1994).

ln tropical areas with sufficient soil moisture such as Hawaii and the Philippines,

inflorescences and seeds are produced year round. Massive seedIing densities result in

the formation of dense, solid mats of vegetation in fields of young crops. The plant

completes its vegetative and reproductive cycle in 30 days (Vaillant, L967), making it

especially competitive in a crop that requires 90 days or more ta reach maturity. C.

dijJormis competes with rice for moisture and nutrients, often causing rice yield

reductions of 12-500/0 (Ampong-Nyarko and De Datta, 1991). C. difJormis, however,

cannot withstand deep flooding. Harrowing a wet-seeded crop when it is about three to

four weeks old will press down both the nce and weeds into the water, but after several

days the rice plants recover and become ereet while the weeds remain under the water

and die (Anon., 1952). A similar technique is used by farmers in Iloilo province in the

Philippines to control C. difJormis. C. iria, and F. mi/iacea (Moody, 1990).
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J.2.2. Cyperus iria

Cypenls tria L. or rice flatsedge (Fig. L.l B) also originated from the üld \/orld

trapics. It is a tall, annual, tufted sedge that is a problem mainly in rice fields in Asia

(Holm et al., (977). The culms are 20 to 60 cm long, while the leaves are linear

lanceolate, 3 to 6 mm wide, often shorter than the culm. There may be three to five leaf

bracts. with the lower one longer than the inflorescence. The inflorescence itself may be

simple or compound, usually open, and may be 20 cm long, consisting of dense,

elongated spikes. The spikelets are erect, spreading, crowded and cavered with six to 24

yellow flowers. The fruit is a small achene, obovate, brown, and triangular in cross

section. This species is distinguishable by its yellowish red fibrous roots, its yellowish,

usually open inflorescence, and by the lowest bract of the flower, which is always longer

than the inflorescence.

The biology of C. iria has not been extensively studied although its distribution

and occurrence as a weed in many crops has been documented (Holm et al., 1977). It is

now known to occur mainly in an area from Japan south to the Pacifie Islands and

Australia, and west through India. It has also been reported from southern and western

Africa and in the southern United States. The plant is propagated by seed and one plant

produces up to 5,000 seeds (Holm et aL, 1977). There is sorne evidence ofdormancy in

the seeds, which can germinate about 7S days after shedding (Ampong-Nyarko and De

Datta, (991). Although C. iria is principally a weed of rice, it has also been reported as a

weed in tea, vegetables, pasture, peanut (Arachis hypogaea L.), soybean (Glycine max

L.), banana, corn, pineapple, sugarcane, cassava, and sweet potato (Holm et al. 1977).
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C. iria competes with rice for nutrients and can reduce rice yields by as much as 50%

(Ampong-Nyarko and De Datta, 1991).

1.2.3. Cypenis rotundus

The world's worst weed, Cyperus rOlundus L. or purple nutsedge, is native ta

[ndia (Holm et al., 1977). The biology and lifecycle of C. rOlundus have been the subject

of many studies (e.g. Wills, 1987; Stoller and Sweet, 1987). It is an erect, glabrous,

perennial herb with dark green leaves, triangular stems, and branched, fibrous roots (Fig.

1.1C). C. rotundus rarely reproduces by seed (Thullen and Keeley, (979) but produces

extensive, horizontal, slender rhizomes, which are white and fleshy when young, but turn

brown, ligneous and "wiry" with increasing age (Wills, 1987; Fig. 1.1 E). Rhizomes

either extend upward, horizontally, or downward. Thase that extend upward swell upon

reaching the sail surface and forro a basal bulb, a tuberous bulb, or a corm that is about

0.3 to 1 cm in diameter (Fig. 1.1 E). This structure is then capable of producing shoots,

roots and other rhizomes. Those that extend horizontally or dawnward give rise to

underground tubers at intervals of 5 to 25 cm, forming tuber chains that extend to a

considerable depth in the soil. The tubers are irregularly shaped or nearly round and

white and tleshy when young and a coarse dark brown or black when old (Holm, 1977;

Fig. 1.1 E).

Tubers consist of rhizomatous tissue with numerous buds (Wills and Briscoe,

1970). These buds sprout and initiate rhizomatous growth, which develop into seedlings

that eventually grow into mature plants. Tuber formation begins four to six weeks after

seedling emergence (Stoller and Sweet, 1987), 95% ofwhich are usually fonned in the

upper 45 cm of the soil (Tripathi, 1969). C. rotundus tubers exhibit apical dominance
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since the apical buds spraut tirst and inhibit sprouting of the more basipetal buds (Smith

and Fick~ 1937).

The inflorescence is a loose umbel subtended by two ta four leaf-like bracts that

are as long, or slightly longer than the tlower-bearing rays. The spikelets bear lOto 40

tlowers and are red, reddish brown, or purplish brown. The achene is ovate or oblong

ovate, three-angled, granular~ olive-grey to brown or black. and covered with a network

of grey lînes. The distinguishing characteristics of this plant include its tuber-bearing

rhizomes, its red, reddish brown or purplish brown inflorescence, and ilS basalleaves that

are shorter than the inflorescence. Flowering commences three to eight weeks post

emergence, and is stimulated by short photoperiods of six to eight hours. Flowers are

cross-pollinated, mainly by wind, and although many seeds are produced, most have a

shrunken and shrivelled appearance. Seed gennination rarely exceeds five percent

(Justice and Whitehead, 1946).

C. rotundus is a weed in 52 crops in 92 countries covering both hemispheres with

its range being limited only by cold temperatures CHaim et aL, 1977). Otherwise, it can

grow profusely in almast any sail type, at any elevation, humidity, sail moisture and pH,

and can survive extremely high temperatures. Growth of C. rotundus is best under high

soil moisture, high fertility (Bhardwaj and Verma, 1968; Nyahoza, 1973), and high

temperatures (Davis, 1942; Wills, 1978; Horowitz, (972).

Despite its vigour in most circumstances, C. rotundus cannat tolerate saline soils,

and does not grow well under shaded conditions (Ranade and Burns, 1925). When light

penetration is extremely limited by crop canopy, the leaves ofC. rotundus yellow and

die. Growth is then resumed by dormant tubers that sprout as soon as an opening in the
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canopy appears. C. rotundus is found in cultivated fields, on roadsides, in neglected

areas, and at the forest edges. lt May also cover the banks of irrigation canals and

streams. [t's success as a weed is due to its prolific production of tubers that can remain

donnant and carry the population through extremes of heat, drought, flooding, or lack of

aeration. C. rotundus limits upland rice production by competing for light, water, and

nutrients (Okafor and De Dana. 1976t and can reduce grain yields by 50% (Ampong

Nyarko and De Dana, 1991) or more (Okafor and De Datta, 1974).

1.2.4. Fimbristylis miliacea

Fimbristylis miliaeea (L.) Vahl (= F. /iuora/is Gaudich.), or globe fingerush, has

become yet another increasingly troublesome weed in paddy nce (Holm et al., (977). It

is a tufted, erect plant that May grow as an annual or perennial (Fig. 1.1 D). Originally

from tropical America, it is now a weed in 21 countries, infesting fields of nce, taro,

abaca (At/usa te:ctilis Née), banana, corn, sugarcane, and sorghum (Sorghum vu/gare L.=

S. bieD/or). It has tibrous roots and four-angled, somewhat tlattened, slender culms that

are 40 to 60 cm tall. The leaves are two..ranked, thread..like and stiff, 1.5 to 2.5 mm wide

and up to 40 cm long. The inflorescence is a reddish..brown compound umbel, 6 to 10

cm long. The seed is a white or yellowish achene, triangular, with a sugar-coated

appearance.

The high competitive ability of F. miliacea in nce is due to several factors. Plants

flower ail year round in the Philippines and produee as Many as 10,000 seeds per plant

(Holm et al., 1977). Seeds exhibit Httle donnaney and germinate quickly when moisture

and light are present (Ampong..Nyarko and De Datta, (991). In a study conducted in the

Philippines, Vega and Sierra (1970) took a soil sample with weed seeds from a riee field
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• and recorded the seedlings that emerged over a three-year period. They found that

Fimbristy/is emerged in aH periods and constituted 70% of a11 the seedlings that

appeared. Noda and Eguchi (L965) confinned these findings when they reported that in

lapan, F. mi/iacea seedlings also emerged from the field throughout the entire culture

period~ thus, any single application of a herbicide only affects the present crop of weed

seedlings. Those that appear later escape the effects of the herbicide and will grow and

produce more seeds.

[n the absence of other weed species, F. miliacea can compete more effectively

\Vith the crop and tolerate soit moisture conditions below field capacity (Noda and

Eguchi, 1965). A shortage of irrigation water triggers the heavy gennination ofthis

weed, whereas keeping the water layer at 15 cm suppresses gennination completely

CHoim et aL, 1977). The hardiness of the seed also contributes to its success as a weed.

F. miliacea seeds eaten by cattle pass through their digestive tracts, remain viable, and

later germinate near the animal droppings (Burkill, 1935). Finally, rapid growth of the

fibrous roots of this species make F. miliacea a serious competitor for soil nutrients

CHoim et aL, 1977), capable ofreducing nce grain yields by up to 50% (Ampong-Nyarko

and De Dana, 1991).

1.3. Strategies for the management of Cyperaceae weeds in rice

1.3./. Control oiC. difformis, C. iria. and F. miliacea

Traditionally, manuallabour has been used to remove weeds From production

systems (Moody, 1992). This procedure is not only costly and time consuming, but

relatively ineffective unless the weeds are removed within 20 days after crop emergence.
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If hand weeding is perfarmed after this time, irreparable damage is dane to the crop, and

significant yield reductians may result because during early establishment, the weeds

accamplish 20 ta 300/0 of their total growth campared ta anly 2 ta 3% of total growth for

the crap (Moody, 1990). ln many parts of Asia, an animal-drawn spike-toothed harrow

or rotary weeder is used ta manage weeds (Mukhopadhyay, 1983; Moady, 1992).

Cultural and mechanical methods have been emplayed ta minimize adverse

effects on crap yield due to the presence of weeds. ln the Philippines, C. dijJormis, C.

iria, and F. miliacea may be controlled by harrowing, and subsequently submerging these

weeds in the tlooded riee fields (Moody, 1990).

Janiya and Maody (1984) used Azolla pinnatQ R. Br. to suppress four species of

weeds in transplanted rice. They report that growth of C. dijJormis was reduced by 1OO~/o

at rice flowering, and by 93.9%) at crop harvest, when Azo/la was inoculated in the plots

immediately aCter transplanting. Furthermore, the yield obtained in plots where Azolla

suppressed the weeds is equivalent ta that observed from hand-weeded plots and

significantly higher than that of the non-weeded control. The phytotaxic potential of crop

residues has also been exploited in management of weeds. Lin et al. (1992) found that

straw incorporated into the soil from rice gennplasm with high allelopathic activity

controlled C. iria almost as effectively as a tank mixture of propanil (N- (3,4

dichlorophenyl) propanamide) + bentazon (3- (l-methylethyl)- (IH)-2,1,3

benzothiadiazin-4 (3H)-one 2,2-dioxide).

ln Asia, the use of herbicides has increased due ta the pressing need to raise rice

yields and maintain profits on a progressively limited land base (Moody, 1995). Reliance

on herbicides has grown due in part to the shift to direct-seeded riee, as weIl as
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significant increases in labor and irrigation costs. Among the most widely used pre-plant

or pre-emergence herbicides are the chlaroacetamides including butachlor (N

(buthoxymethyl)-2-chloro-N- (2.6-diethylphenyl) acetamide). pretilachlor (a-chlora-2, 6

diethyl-N-(2-propoxyethyl) acetanilide), mefenacet (2-(2-benzothiazolyloxy)-N-methyl

N-phenyl acetamide), metolachlor (2-chloro-N-(2-ethyl-6-methylphenyl)-N-(2-methoxy

I-methyethyl) acetamide). and the thiocarbamates such as thiobencarb (S-((4

chlorophenyl)methyl] diethylcarbamothioate), molinate (S-ethyl hexahydro-l H-azepine

l-carbothioate). Propanil, bentazon, and bensulfuron (methyI2-[[(4,6

dimethoxypyrimidin-2-yl) aminocarbonyl aminosulfonylmethyl] benzoate) are sorne of

the popular post-emergence herbicides (Baltazar, 1995; De Datta, 1995). Herbicide

injury to nce, lack of technical knowledge and prohibitive cost ta small fanners limit the

widespread use of herbicides in Asia (Baltazar, 1995). Most herbicides are alsa

ineffective on weed seeds and propagules, which are the important survival mechanisms

of a number ofweeds (Yamasue and Ueki, 1983).

The continued use of the same herbicide for long periods of time bas resulted in

the evolution of herbicide-resistant weeds. In Malaysia, a resistant fonn of F. miliacea

has been found in riee fields where 2,4-D has been used for 25 years, and the weed

cannot be eontrolled witb six times the recommended rate of2,4-0 (Watanabe et aL,

1994). C. difJormis resistant to bensulfuron has been reported in the USA in 1993, and in

Australia in 1994 (Heap, 1997).

1.3.2. Con/roi oiC. ro/undus

The persistenee and aggressiveness of C. rotundus is weil known wherever upland

rice is grown and severai methods ofcontrol are eurrently being used (Ampong-Nyarko
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and De Datta, 1991). Hand weeding must be perfonned al frequent intervals to

effectively prevent the smothering of rice by C. rotundus, and should continue until the

rice canopy closes, at which time the shade will suppress weed growth. Managerial

practices such as using adequate, but not excessive fertilizer, observing the optimum

planting density, and planting date help tip the balance in favour of the rice crop.

Preplant tillage can aise be used to stimulate weed propagule germination and move the

tubers ta the soil surface where they are subject to desiccation (Wax, 1975).

A number of reports suggest desiccation and temperature extremes cao kill the

tubers. Reducing tuber moisture levels to 150/0 killed the tubers and intermediate

moisture contents resulted in reduced viability (Rao and Nagarajan, 1962; Smith and

Fick, 1937). Sun-drying in the field for seven to 14 days or burial at depths greater than

40 cm would effectively control C. rotundus tubers (Smith and Fick, 1937; Tripathi.

1969; Marambe et aL, (995).

Common herbicides such as butachlor and propanil are ineffective against C.

rotundus (Gupta and Q'Toole, 1986). Bentazon and 2,4-D May be applied post

emergence, three weeks after rice seeding but control is temporary (Ampong-Nyarko and

De Datta, (991). Pre-plant application of glyphosate is the best way to control C.

rotundus using chemicals. However, il appears that an integrated control method for C.

rOlundus combining tillage with chemical methods is more effective than tillage or

herbicides alone (Ampong-Nyarko and De Datta, 1991). In this scheme, plowing and

harrowing stimulate dormant tubers to grow. After three to four weeks, C. rolltndus is

then sprayed with a systemic herbicide with no residual soil activity, such as glyphosate.

Rice is then planted after a week with no additional1and preparation.
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Although sorne herbicides selectively kill C. rotundus. most provide only poor or

temporary control (Pereira et aL, 1987; Ampong-Nyarko and De Datta, 1991). Reasons

for failure include marginal translocation of herbicides to sites of action, temporary

inhibition of tuber sprouting and control of new tuber fonnation, or inconsistent control

when applied at different stages of growth and under various environmental conditions

(Pereira et al.. 1987).

1.4. Biological weed control

The challenge of the next millennium is how to feed a rapidly growing human

population while maintaining the sustainability of increased agricultural productivity

(Ehui and Hertel, 1989). Intensification of rice production has resulted in undesirable

weed shifts and emergence of new weed problems, including weedy fonns of rice

(Moody, 1995). There is also increasing concern about environmental contamination and

food quality due ta augmented herbicide use (Maody, 1995). These issues have

contributed to a greater interest in alternative weed control methods, such as biological

control, that can be used within an integrated weed management system.

Biological control is the deliberate use of natural enemies to reduce the growth or

suppress the population of a target weed to economically acceptable levels (Watson,

1985). There are tbree general approaches to biological control. The classical approach

involves the importation and/or inaculative release ofone or more natural enemies that

attack the targel plant in its native range, inta areas where it has been introduced, is

troublesome, and where its natural enemies are absent (Watson, 1991). In the

biaherbicide or inundative approach, large numbers of a biological control agent are

reared and released at appropriate times in the region where the weed is round at noxious
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levels (Wapshere et al., (989). Most of the earlier studies involved fungal pathogens so

that the term bioherbicide and mycoherbicide were used interchangeably (Watson, (985).

The herbivore management approach makes use ofpolyphagous aquatic grazers such as

the grass carp (CtenopJzaryngodon idella Valenciennes), tilapia (Tilapia =illi Gervais),

and manatees (Trichechus sp.); and polyphagous terrestrial grazers such as caule, sheep,

horses, and goats.

The inundative approach is most applicable to weeds in short cropping cycles.

Furthennare, native agents present a lower risk factor because aH the crops in the region

of utilisation have already been exposed to the agent. Thus, if a crop has nat been

recorded as one of the hosts of the agent, it can be considered safe from attack (Wapshere

et al., 1989).

For this approach ta be successful, abundant and durable inoculation must be

produced in artificial culture, the pathogen must be genetically stable and specifie to the

target weed, and it must be possible to infect and kill the weed in environrnents of

reasonably wide latitude (Daniel et al., 1973).

Biological control research programmes have been established in many parts of

the world. Julien (1992) recorded 679 releases of exotic agents for the control of weeds,

while Charudattan (1990) identified over 20 potential mycoherbicide candidates for

economically important weeds. In various parts of Asia, interest in biological control is

growing as weIl. Waterhouse (1992) reported partial or completely suceessfui biological

control programmes for sorne Southeast Asian aquatic weeds such as Chromolaena

odorata, Eichornnia crassipes, Mimosa invisa. Mimosa pigra. and Pis/fa striataides.
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1
Five pathogens are currently registered as bioherbicides worldwide (Charudattan,

1998). DeVine® is a ~·fresh-milk" formulation of chlamydospores of Phytophthora

pa/mivora which kills seedlings and adult stranglervine, lv/orrenia odorata in citrus

graves of Florida (Bumett et al., 1974; Kenney, 1986; Ridings, 1986). Collego® is a

wettable powder fonnulation of Cofletotrichum gloeosporioides f. Spa aeschynomelle, an

anthracnose-inciting pathogen of northern joint vetch, Aeschynomene virginica used in

rice and soybeans cropping systems (Daniel et aL, 1973; Smith, 1986). BioMal® is a dry

formulation of Colletotrichum g/oeosporioides f. Spa malvae registered in Canada since

1992 for the control of round-leaved mallow, !vIa/va pusi/la Sm. in f1ax and lentils

(Makowski and Mortensen, 1992) but has not yet been commercially available. Dr.

BiaSedge®, a Puccinia cana/icll/ata isolate, is registered ta control yellow nutsedge in

aH crops in the United States. Camperico® (Xanthomonas campestris pv. poae) is

registered in lapan for the control of annual bluegrass (Poa annua) in golf courses and

turf.

Two pathogens have been approved for selective stump-treatment ta prevent

regrowth ofweedy trees (Charudattan, 1998). BioChon® (Chondrostreum purpureum) is

used as a natural decay-promoter in cut hardwaod tree stumps in the Netherlands, and

StumpOut® (Cylindrobasidillm /aeve), ta prevent re-sprouting ofeut trees in South

Africa. ln addition, Luboa® 1 822 (Colletotrichum g/oeosporioides f.sp. cusclltae) has

been registered in China for the control of dodder (Cuscuta chinensis and C. Qllstralis) in

soybean (Wan et al., 1994).
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1.S. Fungal pathogens of weedy sedges

Most reports of fungal pathogens used on weeds in the Cyperaceae family were

those associated with C. rotundus and C. esculentus (Phatak et al., 1987). The rust,

Puccinia cana/iculata was identified as a potential biological control agent of C.

escu/enllis in 1942 (Castellani. 1942 cited in Callaway et al.. (985). 80th ...'(anthium sp.

and Ambrosia trifida L. are alternate hosts of this rust (Callaway et al., 1985). When

released in early spring, the rust inhibits flowering and new tuber formation, and

dehydrates and kills the plant. Since the form used by Phatak et al. (1983) did not attack

either C. rOlundus or a variety of crop plants, it was suggested that P. canaliculata could

be a valuable component of an integrated management system for C. esculentus.

Cypenls rotundus infected with the systemic fungus, Balansia cyperi was

observed in Louisiana in 1984 (Clay, 1986). A deformed inflorescence densely covered

with white mycelium may be observed but infected plants are often asymptomatic. It is

not clear whether infection is detrimental to the hast since infected shoots produce

diseased inflorescences but otherwise appear quite healthy. In addition, C. rotundus

rarely produces viable seed, so diseased inflorescences have little effect on its overall

reproductive potential. In a subsequent study, Stovall and Clay (1988) found that

infected plants produced significantly more, yet smaller, tubers than uninfected plants.

Thus, it is doubtful that B. cyperi represents a potential biocontrol agent.

In 1985 and 1986, a fungus was isolated from diseased leaves of C. escu/entus

which \Vas later identified as Cercospora caricis (Blaney et al., 1988). Disease

symptoms produced by the fungus consisted of dark brown lesions on leaves surrounded,
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in sorne cases, by a yellow halo. This type of lesion suggests that a diffusable toxin is

involved in disease development. Purification by column chromatography indicated that

the toxin cercosporin was produced. Cercosporin, a red pigment, is a non-host specifie

toxin implicated in disease development in plants (Assante et al., (977)

A species of Ascochyta was isolated from C. rotundus in Banaras, India

(Upadhyay et al., 1991). Reddish-brown sunken spots on stems. sheaths and involucral

leaves were produced on severely infected plants. Sometimes a lesion completely girdled

the stem resulting in death of the upper portion of the plant. Severely infected plants

exhibited bronzing, browning and death of aH aerial plant parts. Cyperine, a new and

extremely active phytotoxin from A. cypericola was later obtained (Sterle et al., 1991).

A survey of fungi associated with C. rotundus conducted in Brazil showed that

Cercospora caricis, Cintractia /imitata, Dactylaria higinsii, Duosporium cyperi. and

Puccinia canaliculata were part of the pathogenic mycobiota (Baretto and Evans, 1995).

The dematiaceous hyphomycetes C. caricis, D. higinsii, and D. cyperi deserves attention

for possible mycoherbicide development while the rust pathogens could be exploited for

classical introductions (Evans, 1990). Pathogens infecting the inflorescence such as C.

limitata have little importance as a biocontrol agent since sedges are propagated mainly

by vegetative means (Evans, 1990).

Recently, Kadir et al. (1996a) reported that an isolate of Dacty/aria higginslÏ was

obtained from C. rotundus. The fungus was highly pathogenic to C. rOlundus, inoculated

plants developing disease symptoms within five days and secondary infections

developing 10 days later. Higher disease rates were observed with multiple inoculations

of 106 conidia mr1 was used. Kadir et al. (1996b) also tested the perfonnance ofD.
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higginsii in C. rOlundus grown with pepper and tomatoes and found that when the fungus

was sprayed at the rate of 106 conidia mr 1
, the yield of the two crops were equal to those

of weed-free controis.

Upadhyay et al. (1990) isolated Phoma cyperi, from C. iria. P. cyperi \Vas

specifie to nutsedges and produced at Ieast one phytotoxin. Infected leaves of C. jria

exhibited smalL yellow to light brown lesions on either side of the leaf blade. Ultimately

these blotches turned into large dark brown-black necrotic lesions with a dull-grey

necrotic centre. Numerous pycnidia were seen embedded in leaf tissues. Under

glasshouse conditions, these lesions developed after five ta seven days on wounded

leaves and after 10 ta 12 days on unwounded leaves.

There are few reports on possible fungal biological control agents of C. iria and

C. difJormis, and none on F. miliacea. Most of the research has focused on C. rolllndus

and C. escu/entus (Table 1.1). However, in 1993, Curvu/aria spp. were isolated from

naturally infested C. dijJormis, C. iria, and F. miliacea plants in the Philippines. The

Commonwealth Mycological Institute (CMI) identified isolates 93-020 from C. dijJormis

and 93-022 from C. iria as Curvularia lubercu/ata Jain and isolate 93-061 from F.

mi/iacea as C. oryzae Bugnicourt. These three isolates are the subject of this study.

1.6. Curvulllr;a spp. as plant pathogens

The genus Curvu/aria Boedijn is a group ofdematiaceous hyphomycetes related

to Bipa/aris, Drechslera, and Exserohilum. aH of which occur mostly as tropical and

subtropical facultative plant pathogens. Members of the group fonn brown, gray or black

colonies that may be hairy, cottony or velvety (Ellis, 1966; 1971). The mycelium

consists of branched, septate hyphae that are hyaline or brown and smooth or verrucose.
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Septate, brown conidiophores bear multicellular conidia, straight or curved with one or

more eeUs larger and darker than the rest. Boedijn tirst described the type species,

Cllrvu/aria /llnata in 1933 (Sivanesan, 1987), while Sivanesan (1987) reported a total of

32 graminicolous species of Curvu/aria. The teleomorphic state belonging to the genus

CochliobolliS is known for only 10 out of the 32 species reported (Sivanesan, 1987).

Curvll/aria lubercll/ata was tirst described by Jain (1962) when it was isolated

from maize leaves and paddy grains. Ellis (1966) described colonies on patata dextrose

agar (PDA) as grey, dark blackish brawn or black and cottony or woolly, and sometimes

zonate. The mycelium consists of branched, septate, subhyaline to pale brown and

smooth hyphae. The conidiophores arise singly or in groups, from the tips or laterai

branches of older hyphae with the conidia borne spirally or alternately towards the tip.

They are 23 to 52 J.1rn long, 13 to 20 J.1m thick at the widest part, brown to dark brown,

and covered with tubercles a11 over the surface. The spores are straight or very rarely

slightly curved and are three- to five-septate. The end cells are usually paler and smaller

than the middle cells and the second cell from the base is the largest and darkest.

Germination was found to be bipolar although the middle ceUs may also genninate. C.

luberclIlata is heterothallic and its teleomorphic state, Cochliobo/us lllbercu/atus Sivan.,

could be produced by pairing monoconidial compatible isalates (Sivanesan, 1985).

Ascospores are filifonn, hyaline, helically coiled in the ascus and 13-to 23-septate.

[n 1968, C. tuberculata was reported to be the causal agent in die-back disease of

citrus in India (LeIe at al., 1968). Lambat and Asha Ram (1969) attributed a blight

disease ofsorghum or Sorghum vu/gare (L.) Pers. to C. tubercu/ata. The fungus was

found on the seed coats and when the seeds germinated, both the radicle and plumule
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1
were infected and within one week the sprouts died. \Vhen tested further on seedlings,

they found symptoms of a severe blight disease. Four days after inoculation, small

isolated brown spots appeared and within seven to 12 days, lesions rapidly expanded and

coalesced to form irregular patches on the leaves of inoculated seedlings. Leaf spot of

(Cypents rotundus) caused by C. tubercu/ala was reported by ~lisra et al. (1973). [n the

tieldl smal1, translucent, water-soaked spots appear on the leaves that later turn brown

and cause the plants to die prematurely. The same type oflesions were found on cosmos

(Cosmos sp.) plants infected by C. tubercu/ata which cause severely affected leaves to

die after six to 10 days (Ghosh and Gupta, 1980).

A new blight disease of sugarcane (Sacchan,m officinale) caused by C.

tubercu/ala was reported by Seshadri et al. (1980). Necrotic spots appear on the [eaves

and with time become oval, lenticular t or irregular in shape. Lesions have a dull white or

greyish center with a well-defined dark brown margin. Later, the spots coalesce to form

large necrotic areas causing extensive blighting of the leaves. ln the field, dense spotting

and extensive blighting of leaves were only observed on sorne severely affected plants

leading Seshadri et al. (1980) to conclude that the disease appeared to be of negligible

importance. Succeeding experiments showed that in inoculated detached leaf segments,

discolored, reddish-brown stomata occurred near germ tubes or hyphae. Discoloration

and necrosis of neighboring epidermal cells and the underlying mesophyll cells saon

followed.

C. tuberculata also infects mango (klangifera indica L.), with initial symptoms

consisting ofsmall, isolated dark brown irregular spots on leaves (Leie et aL, 1981).

Enlargement and coalescence of the lesions results in necrotic areas that are concentrated
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on the leaf tips and margins. Mishra and Singh (1987) reported leaf spot and leaf blight

of coconut (Cocos nucifera L.) caused by C. tuberculata. Isolates were apparently

pathogenie ta wounded one-year old seedlings. C. tuberculata has also been reported on

guava fruits (Kapoor and Tandon, 1971), dune soil (Rama Rao, 1964), wood, fabric, and

air (Sivanesan, 1987). C. tuberculata has been isolated from rice with the black kemel

disease (Webster and Gunnell. 1992) together with 13 other Curvularia species.

Damping-off of Philippine pine speeies (Pinus sp.) has also been reported (Militante and

De Guzman, 1987, eited in Tangonan and Quebral, 1992).

Curvl.Ilaria oryzae isolated from nce grains was tirst reported by Bugnicourt

(1950) and later included in descriptions by Ellis (1966, 1971) and Sivanesan (1987).

This species produees colonies that are blackish hrown to rnid gray. Conidia are 24 to 41

!lm long, 13 to 23 !lm at the widest part, straight, smooth, three-septate, ovoid, obclavate,

or almost elliptical. The second cell from the base is the largest and the cell at each end

pale brown, intermediate eeUs brown or dark brown with the largest cell often also the

darkest. No teleomorphic state has been discovered so far.

There are few reports on plant diseases caused by C. oryzae. Rotting of okra

(Abelmoschus escltlentus (L.) Moench. fruits due to C. oryzae was reported by Lai and

Gael (1989). Black kemel disease of rice has been assoeiated with 14 species of

Curvu/aria, including C. tuberculata and C. oryzae. The disease is characterized by a

blaekish discoloration of the grain and infection of riee kemels is thought to occur at the

flowering stage (Webster and Gunnell, 1992). C. oryzae was also reported to be the

causative agent ofseedbome rot of riee in the Philippines (Mendoza and Molina, 1980,

cited in Tangonan and Quebral, 1992).
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1.7. Infection process of fungal weed biocontrol agents

Although factors such as conidiai production, dew and temperature requirements,

use of surfactants and adjuvants have been routinely investigated in the evaluation of

potential weed biocontrol agents, aspects of the infection process are aise important

considerations in the development ofmycoherbicides (Van Dyke, 1989). From a plant

pathologist's point ofview, factors affecting the host-surface interface are important

areas of study for the ultimate purpose of reducing or eliminating disease, but From a

weed biocontrol perspective, information about these are needed in order to enhance the

disease progress in the target weed.

TeBeest et al. (1978) studied the histopathologicai relationship of Co/letotrichum

g/oeosporioides f. Spa aeschynomene with its host, Aeschynomene virginica (northem

jointvetch). The fungus is used as a biocontrol agent for northem jointvetch in Arkansas

rice fields because it is hast specifie and rapidly kills seedlings of the weed (Daniel et al.,

i973; Templeton et al., 1984). From microscope examination ofdiseased seedlings,

TeBeest et al. (1978) found that spores germinated and formed appressoria within four to

five hours after inoculation, but that penetration of the plants via the trichome bases did

not occur until after 48 hours. Infection of the host produced stem lesions, which

coalesced and girdled the stem, resulting in death of the plant within 10 days. Sections of

diseased tissues revealed that the intracellular mycelium grew within the cortex,

cambium, xylem, and pith rays. The fungus also sporulated abundantly on the necrotic

areas.
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The uredinial stage of Puccinia canalicu/ata on yellow nutsedge (Cypenls

escu/entus) was studied by scanning electron microscopy in order to gain a better

understanding ofhow infection oceurs in this pathogen (Wetzstein and Phatak, 1987).

Phatak et al. ( 1983) established that the narrow and specifie host range of this rust species

gives il potential as a biocontrol agent against yellow nutsedge. The urediniospores are

the reinfecting. vegetative spores that are responsible for the epiphytotics on this hast

(Wetzslein and Phatak, (987). Germination occurred via the emergence of germ tubes

through one of two equatorial germ pores. Germ tube growth was found to be

perpendicular to the longitudinal axis of epidennal ceUs and appressoria fonned over and

completely covered the stomata. The linearly aligned cavities in the substomatal

chambers were the sites of uredinial development. At later stages, the swollen epidermis

on abaxial leaf surfaces ruptures to expose the uredinia and associated paraphyses.

The interaction of A/ternaria cassiae with sicklepod (Cassia Oblusifo/ia L.) was

studied by Van Dyke and Trigiano (1987) using light and scanning electron microscopy.

Conidia germinated within two to three hours after inoculation and formed an average of

six germ tubes/conidium. Terminal and intercalary appressoria were formed bath over

stomata and directly on the cuticle. CeUs of cotyledons and leaves became necrotic prior

to fungal penetration suggesting the presence of a diffusahle toxin.

The infection process of Colletotrichum g/oeosporioides f. sp. ma/vae (BioMal)

on Malvaceae weeds was investigated by Morin et al. (1996). They found that this

Co/letotrichum species is highly pathogenic on Ma/va pusilla Sm. and M. parviflora L.

but not on M. neg/ecta Wallr. or Abuti/on theophrasti Medik. Spore gennination and pre

penetration structures were similar on the four weeds and saffiower but lower penetration
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frequencies in M. neglecta and M. parvifolia were observed. The fungus was abserved ta

penetrate plant cuticles directly and infection structures were produced within 31 to 36

hours after inoculation. In susceptible tissues, the fungus produced infection vesicles,

primary and secondary hyphae while in moderately resistant hosts, colonization was

arrested by a hypersensitive reaction of the ceUs near the initial infection site and no

secondary hyphae were observed. Mor;n et al. (1996) concluded that compatibility and

incompatibility mechanisms in this pathosystem likely do not operate during the pre

penetration phase but are activated after successful penetration has occurred. Their work

demonstrated that the infection strategy of C. gloesporioides f. sp. malvae was consistent

with intracellular hemibiotrophic species of Col/etotrichum where an initial biotrophic

phase was foUowed by a necrotrophic phase accompanied by symptom develapment.

Succeeding experiments by Wei el al. (1997) showed that the duration of the biotraphic

stage decreased as mallow leaves became older or were senesced in the dark and that

symptam development was delayed by application of thiol reagents and promoted by

antioxidants.

1.8. Thesis objectives

The extent of weed problems in rice ecosystems was underscored by Moody

(1989) when he reported that 1800 weed species appear in the literature as growing ln

association with rice. Waterhouse (1992) further stated that only 14 out of the 232 major

weeds are not included in Moody's (1989) compilation, most of them being problems in

orchards and plantations. In the same survey, members of the family Cyperaceae were

rated as the second worst group of weeds in Southeast Asia. This is unfortunate because

no single method has successfully controlled these troublesome weeds.
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1
Presently, there are no reports on potential biocontrol agents of C. difformis, C.

;ria, and F. miliacea in riee. In 1991, a collaborative research project was initiated

between rvtcGill University and the International Rice Research Institute in the

Philippines ta find potential biacontral agents for 10 major weeds in rice, including C.

difJormis, C. iria, F. miliacea, and C. rotundus. This research focuses on aspects of the

biocontrol of these four weeds using three Curvu/aria isolates. Specifically, the

objectives of this work were to:

1. detennine the efficacy of two C. tubercu/Qra isolates and one C. oryzae isolate on

their primary hosts;

2. determine cross-pathogenicity of the three Curvu/aria isolates on Cyperaceae weeds;

3. evaluate responses of rice varieties to the Cllrvu/aria isolates;

4. describe the infection processes of C. tubercu/ata and C. oryzae, and find histological

indicators of susceptibility and resistance in the four weed hosts; and

5. determine the histological responses of riee to C. tuberculata and C. oryzae.
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Fig. LI. A. Cypenls dijJormis, mature plant. B. Cypenls iria, mature plant.

C. Cyperus rotundus, mature plant. D. Fimbristylis miUacea, mature plant.

E. Vegetative propagation in Cypenls rotundus showing tubers (T), basal bulb (8),

and rhizomes (R). A to 0 taken from Ampong-Nyarko and De Datta (1991).
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Table 1.1. Cyperaceae weeds and their fungal pathogens.•

Fungal pathogen

~tastigomycotina

Phytophthora cyperi (Ideta) Ido

P. ("peri complex

P. (vperi-iriae Sawada

P. c.)peri-rolundati Sawada

Host

C. rotundus

C. iria

C. rotundus

Reference{s)

Waterhouse, 1970; TaIT.

L963

Waterhouse, L970

Sawada. 1927;

Seethalakshmi, 1953;

Waterhouse, 1970

Ascomycotina

Balansia cyperi Edgerton Cypenls spp., Diehl, 1950; Clay, 1986

C. esculentus

B. cyperaceanlm C. rotundus Farr et al., 1989

Claviceps cyperi C. rotundus. Loveless, 1967

C. esculentus

Phyllachora cyperi C. rotundus. Weiss, 1950

C. escu/enlus

Sc/erotinia homeocarpa C. rotundus Bain, 1964
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1
Basidiomycotina

Puccinia canaliculata (Schw.) C. rotundus. Standley, 1916; Kern.

Lagerh. C. esculentus 1919; Arthur. 1920, 1922;

Jackson. 1926; Castellani.

1941,1946; Weiss, 1950;

Phatak et al.. 1981. 1983:

Barretto and Evans, 1995;

Herb-IMla

C. difformis Herb-lMI

P. cone/usa Thum = P. C. dijJormis. C. iria. C. Tarr, 1955; Purohit et aL.

romagnoliana Maire & Saccardo escu/entus. C. rotundus 1979; Sirohi and Dublish,

198 1; Gjaerum, 1984;

Herb-IMI

P. philippinensis H. & P. Sydow C. rotundus Stevens. 1932; Yen, 1974

Cyperus spp. Kem, 1919; Arthur, 1934

P. cyperi Arthur, P. cyperi- C. rotundus Weiss, 1950; Herb-IMI

tagetijormis (P. Henn.) Kern

Cintractia limitata Clinton C. rotundus Ling, 1950; Tarr, 1955;

Barretto and Evans, 1995

Cyperus spp. Ling, 1950

C. minor (Clint.) Jacks. C. rotundus Safeeulla and Govindu,

1950; Weiss, 1950
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Deuteromycotina

A/ternaria tenuissima C. rotundus Betria, 1973

Ascoch.vta sp. C. esculentus Weiss, 1950

C. rotllndus Upadhyay et al., 1991

Cercospora caricis Oud. = C. C. escu/entus. Chupp. 1954: Barretto and

ugandensis Hansford C. rotundus Evans, 1995

Cercospora sp. C. escu/entus Blaney et al., 1986, 1988

Curvularia tuberculata Jain C. rotundus Misra et al., 1972, 1973

Daccylaria higginsii (Lutrell) = Cypenls spp. including Lutrell, 1954; Barretto and

Pyricularia higglnsii Lutrell C. irla and C. rotundus Evans, 1995; Kadir et al.,

1996a,b

Drechslera maydis C. rotllndus Alcom and Pont, 1973

Duosporillm cyperi Thind and C. lria Thind and Rawla, 1961;

Rawla Barretto and Evans, 1965

Fusarium oxysporum C. esculenlus O.K. Bellb

F. lateritum C. esculentus O.K. Bellb

Phoma cyperl C. lria Upadhyay et al., 1990

Phyl/osticra zlngiberi C. rotundus Mailum and Divinagracia,

1969

P. cypericola Sawada C. rorundus Sawada, 1959

Rhizoclonia salanl Kuhn C. rOlundus Weiss, 1950
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R. balalico/a (= Macrophomina

phaseolina)

Vertici//ium dah/iae

C. rOlundus

C. esculentus

Das and Mukherj i, 1968

Johnson and Brinkerhoff,

1976

* adapted from Evans, 1987; Phatak et al., 1987; and Barretto and Evans, 1995.

a Herbarium Collection. [ntemational Mycological [nstitute. Kew. Sumey. England.

b personal communication, cited in Phatak et al., 1987.
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CONNECTING TEXT

The review of literature in the previous chapter described the impact of sedge

weeds on rice and other important crops and the measures used to control them. The use

ofbiological agents to control weeds is gaining wider acceptance. Indigenous fungal

weed pathogens have good potential as components of integrated weed management

programs for nee. Three Curvu/aria isolates identified as Curvu/aria tubercu/ata

(isolates 93-020 and 93-022) and Curvlllaria oryzae (isolate 93-061) were obtained from

diseased Cypenis dijJormis, Cypenis iria, and Fimbristy/is miliacea in the Philippines.

This chapter presents results orthe virulence of these isolates to their respective weed

hosts and describes the symptoms associated with the disease. Cross-pathogenicity of the

ClirYularia isolates to the other sedge weeds was also detennined.
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1
Chapter 2. Seedling blights of Cyperaceae weeds caused by

Curvular;a tuberculata and C. oryzae

2.1. Abstract

Two isolates of Cuyvularia luberculata (isolate 93-020 and 93-022) and one

isolate of C. oryzae (isolate 93-061) were obtained from diseased Cypenls difformis, C.

iria. and Fimbristylis miliacea. respectively. in the Philippines in 1993. When inoculated

onto their hosts at 1 x 1O~ spores/m2
, and provided with 24 h dew at 28° C, a severe and

rapid blighting of the leaves caused the weed seedlings to die within two weeks. The

three Curvularia isolates were cross-pathogenic to C. difformis, C. iria, F. miliacea, and

C. rotundus but exhibited varying degrees of virulence depending on the weed species

being attaeked. C. tllbercu/ata isolates 93-020 and 93-022 effeetively controlled C.

difformis and C. lria, but were less effective on F. mi/iacea. C. oryzae was equally

virulent on C. difJormls, C. lrla, and F. mlliacea. C. rotllndus was not killed by any of

the three isolates and exhibited only minor flecking and leaf tip die-baek. Sporulation of

the three Curvularia isolates on necrotic leaf tissues occurred on susceptible (C.

difJormis. C. iria, and F. miliacea) but not on resistant (C. rotundus) weed hasts.

2.2. Introduction

Members of the family Cyperaeeae are frequently represented in the weed fiora of

nce crops ofSoutheast Asia, including the Philippines. Cyperus difJormis L. (small

fiower umbrella sedge), Cyperus iria L. (riee flatsedge), and Fimbristy/is mi/iacea (L.)

Vahl (globe fingerush), are eammon in inigated riee fields, and are known to cause up ta

a 50% reduction in rice yields by competing with riee for nutrients (Ampong..Nyarko and

De Dana, 1991). Cyperus rotundus L. (purple nutsedge) is the most serious weed of
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upland rice in aH of tropical Asia, Africa, and Latin America (De Datta, 1983). [t

competes with rice for sunlight, water, and nutrients (Okafor and De Datta, (974) and is a

major limiting factor in upland rice production. Yield lasses up to 50% in rice have been

reported in cases of heavy infestation (Ampong-Nyarko and De Datta, (991).

Control strategies for C. difformis. C. iria, and F. miliacea include handweeding

(Moody~ 1992), cultivation by an animal-drawn, spike-toothed harrow or rotary weeder

(Maody, 1992; Mukhopadhyay, 1983), flooding (Moody, (990), and use of phytotoxic

crop residues (Lin et al., (992). Preplant, pre-emergence, and post-emergence herbicides

have also been used (Baltazar, 1995; De Datta, (995), but the prohibitive cast ta small

fanners, lack of technical knowledge, and herbicide injury to rice limit their widespread

use in Asia (Baltazar, 1995). There are also reports ofdeveloping herbicide resistance by

F. miliacea to 2,4-0 (2,4-dichlorophenoxyacetic acid) (Watanabe et aL, 1994) and C.

difformis to bensulfuron (methy12- [[(4,6-dimethoxypyrimidin-2-yl) aminocarbonyl]

aminosulfonylmethyl] benzoate) (Heap, 1997). An integrated weed management strategy

is recommended to help avoid the development of herbicide resistance of weeds in rice

(Powles and Holtum, 1990).

Weeds have a strong impact on rice production (Moody, 1995). Current estimates

report that annual rough rice production would have to increase by 70% in the next 30 ta

3S years to keep up with population growth and income-demand for food (Watson et aL,

1997). To ensure long-term food supply, sustainable agriculture technology must be

integrated into rice-based cropping systems. Biological control of weeds has good

potential as a component ofan integrated weed management program for rice (Watson,

1994).
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1
Pathogens from major sedge weeds of irrigated rice were obtained in the

Philippines in 1993. [solate 93-020 from C. difformis and isolate 93-022 from C. iria

was identified by the International Mycological Institute (lMI) as Curvuiaria tubercu/ata

Jain. and isolate 93-061 from F. mi/iacea, as Clirvu/aria ory=ae Bugnicourt. This study

describes the disease progress and reports monality of these weed species as a result of

inoculation \Vith conidial suspensions of their respective Clirvu/aria pathogen. Cross

infeetivity of the isolates to closely related weedy sedges were also demonstrated and the

implications on biocontrol potential is discussed.

2.3. ~Iaterials and metbods

All experiments were condueted at the International Riee Research Institute

(lRRI), Los Banos, Laguna, Philippines.

2.3./. FUllga/ iso/ates

Three isolates belonging to two speeies of Curvu/aria were used in the

experiments. Curvuiaria tuberculata was isolated from diseased Cypenls difformis

(isolate 93-020) and from diseased Cyperus jria (isolate 93-022) from Lian, Batangas,

Philippines. Curvularia oryzae (isolate 93-061) was obtained from diseased Fimbristy/is

mi/iacea from Manicahan, Zamboanga, Philippines. An fungal isolates were eultured on

half-strength potato dextrose agar (~ PDA) plates or slants for initial observation and

later stored in agar-oil slants and/or soil cultures.
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2.3.2. Colony morph%gy and spore deve/opment ofC. lubercu/ala and C. oryzae

The slide culture technique described by Dhingra and Sinclair (1985) was used to

study spore development and morphology. A bent glass rad was placed on a tilter-paper

lined bottom of a culture plate and a clean glass slide on top of il. The tilter paper was

moistened with 50
/0 glycerin and autoclaved. Blocks of soliditied Y2 PDA, approximately

l-cm!, \Vere eut with a sterile scalpel and placed on the sterile slide. The center of each

edge of the agar black was then seeded with smalt agar pieces from a one-week-old

culture of the isolate. A cover slip was then placed on top of the seeded agar block. The

top of the dish was replaced and the dish sealed with a strip of parafilm. The slide

cultures of isolates 93-020 and 93-022 were then incubated al 28° C in the dark while

those of C. ofyzae were incubated under lighted conditions (30 flE m" S·I) at 28°C. After

four to five days, the cover slips were carefully lifted and mounted in a drop of plain

lactophenol on a clean glass slide. The fungal growth on the culture slide was similarly

mounted. Observations were made through a compound microscope at lOto lOOx

magnification and photographically recorded using a 35-mm Nikon camera.

2.3.3. Preparation ofinoculum

Agar plugs were used ta seed Y2 PDA plates for the mass production of the

inoculum. Seeded plates of isolates 93-020 and 93-022 were incubated in the dark at 28°

C while cultures of93-061 were maintained under lighted conditions (30 flE m· l S·I) at

28°C. High levels of spore production was observed in both lighted and dark conditions

for C. tllberculata but very few spores were formed by C. oryzae when it was incubated

in the dark (de Luna, unpublished data). Hence, for these experiments, C. oryzae was

grown under lighted conditions. Spore suspensions were prepared by flooding each dish
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\Vith distilled \Vater and lightly scraping the surface of the colony \Vith a clean glass siide

or carnel's hairbrush. The suspension was filtered using a piece ofcheesecloth ta

separate mycelial fragments from the spores. Spore concentration was determined using

a hemacytometer. Two drops ofTween 20 or oxysorbic (20 POE) (polyoxyethylene

sorbitan monolaurate) were added for every 100 ml ofspore suspension. The conidial

suspension was then sprayed at the rate of 1 x 108 spores/ml.

2.3.4. Cross-infectivity experiment

This experiment was designed ta deterrnine whether the three Curvularia isolates

were cross-pathogenic ta three closely related weeds other than their primary host. Seeds

of Cypenls difJormis, C. iria, and Fimbristy/is miliacea were obtained from mature plants

in rice fields in and around the International Rice Research [nstitute (IRRI), Los Banos,

Laguna, Philippines. They were then genninated in petri dishes lined with moist filler

paper. One-week old seedlings of approximately the same height and vigor were

transplanted into pots filled with soil (Maahas clay, Suborder Haplustic, Order AltisoI)

and maintained in the greenhouse. Tubers of C. rotundus were also obtained from the

IRRI rice fields and sown directly into potted soil. There were four plants per pot in the

first trial and five plants per pot in the second trial. The experiment was a 4 x 4 factorial

experiment in a randomized complete block design with six replications. The experiment

was performed twice.

Two-week-old plants were inoculated with the spore suspension using an

atomizer connected to a pressurized air source (A.H. Thomas Co., Scientific Apparatus,

Philadelphia, USA.). At this stage, C. difformis and C. iria had three to four expanded
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leaves, F. miliacea, five ta six leaves, and C. rotllndus, six ta eight leaves. Distilled

water with Tween 20 \Vas employed as the control.

The control and inoculated seedlings were incubated for 24h in a dew chamber set

at 28\)C and 1000/0 RH in the dark., after which they were moved ta the mist room of the

greenhouse. The mist room is a humid room in the greenhouse with an automatic mister

and kept at 24 ta 28° C and 85 ta 95%) RH (Yeh and Bonman., 1986). Plants were

observed daily for the development ofdisease symptoms., and photographs \Vere taken

using a Nikon 35-mm camera. Three ta five days after inoculation, leaves with young

lesions were collected From treated plants and re-isolation of the fungal pathogen was

performed ta canfirm Koch's postulates.

2.3.4.1.Disease development

Disease development was evaluated after 14 days in inoculated plants by using a

key modified From Mardinus (1983). Control plants were healthy and did not show aoy

visible symptoms.

2.3.4.2. Plant mortality and dry weight reduction

Plant mortality was assessed after 14 days by counting the number ofdead plants

per pot and expressed as percent mortality. Dry matter production was determined by

cutting live aboveground plant material From each pot and drying ta constant weight at

65 ta 70° C. Data were expressed as percent dry weight reduction compared to the

controls.
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2.3.4.3. Sporulation of C. luberculata and C. oryzae on necrotic leaf tissues

Sporulation of the Curvu/aria isolates was assessed by observing eut leaf pieces

with lesions at live (C. dijJormis, C. iria, and F. mi/iacea) or seven (C. rOlundus) DAI,

following incubation in a moist chamber. After 24 to 72 h, leaf segments were examined

and scored using the following key: - no sporulation; + light sporulation; ++ moderate

sporulation; +++ heavy sporulation.

2.3.5. Data analysis

An arcsine transformation was performed on plant mortal ity and dry weight

reduction data prior ta performing the analysis of variance using the GLM procedure in

the Statistical Analysis System Package (SAS lnstitute, 1987). Data for two trials were

combined since homogeneity of variances was confirmed by Bartlett's test (Gomez and

Gomez, 1984). Means were separated using Fischer's Least Significant Difference

(LSD).

2.4. Results

2.4.1. Colony morph%gy and spore deve/opment ofc. tuberculata and C. oryzae

Colonies of the two C. tubercu/ata isolates were cottony and dark chareoal grey

to black, while those of C. oryzae were a lighter charcoal grey ta black with an olive

tinge (Fig. 2.lA). Growth of C. tuberculata on Y1 PDA was rapid, with an average radial

colony growth of 11.1 mm day·' for isolate 93-020, and 10.4 mm dat' for isolate 93-022.

The expanding eolony usually reached the edge of the petri dish aCter eight days. In

contrast, growth ofC. oryzae on ~ PDA plates was much slower, averaging 5.4 mm
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• day-l, usually taking two weeks for the growing colony to reach the edge of the dish.

[solates 93-020 and 93-022 (C. tuberculata) grew evenly and margins followed the initial

round shape of the agar plug. C. oryzae, however, tended ta have highly irregular

margins even if the same size agar plug was used as the seed inoculum (Fig. 2.1 B). At

the end of 14 days, colonies of isolate 93-020 (C. tuberculata) developed small, white

areas devoid of spores while colonies of93-022 were uniformly black in color (Figs.

2.1 C and D). C. oryzae colonies were velvety and zonate (Fig. 2.1 E).

Spores of the two isolates of C. tuberculata (93-020 and 93-022) cannot be

differentiated morphologically. Both isolates produce straight, dark brown conidia, with

the Middle cells darker than the end cells (Figs. 2.2A and 2.3A). At maturity, the conidia

are mostly three-septate (Figs. 2.2B, 2.38) and their surfaces are covered with tubercles

(Figs. 2.2C and 2.3D). Tri-radiate stauroconidia (Ellis, 1966) were sometimes observed

in isolate 93-022 (Fig. 2JC). The hilum is dark and flush with the conidiophore (Figs.

2.2C and 2.30).

Conidiophores of C. lubercu/ala arise singly and laterally from the vegetative

hyphae (Figs. 2.2A and 2JA). The immature conidium is hyaline and smooth-walled

(Figs. 2.2C and 2.3A). As the spore develops, the median septum is laid down first (Fig.

2.2B). The second septum is distal and delimits the apical eell of the conidium (Fig.

2.28). At this time, the beginnings of wall omamentation are evident and the conidial

wall appears rough and dark (Fig. 2.2B). The third septum delimits the basal ceII. The

eonidiophores of C. tubercu/ala are indetenninate and produee additional spores borne

spirally or altemately at successive growing points (Figs. 2.2B and 2.3B).
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Vegetative hyphae of C. oryzae are pale brown (Fig. 2.4A) and give rise to laterai

conidiophores. Spores of C. oryzae are a lighter brown, straight, ovoid, ellipsoidal, or

obclavate and smooth walled (Fig. 2.48). Mature canidia are generally three-septate,

with the two middle cells darker lhan the end cells (Fig. 2.48). Conidiophores are

straight and geniculate, with swollen nades (Fig. 2.4C) at the point of attachment of the

conidia.

The two isolates of C. luberculata did nat differ in spore length, width or number

ofceUs per conidium (Table 2.1). Occasianally, tri-radiate stauroconidia were observed

in cultures of isolate 93-022, otherwise the two isolates were morphologically

indistinguishable. C. oryzae spores had lower length:width ratios than the C. tuberculata

isolates but did not differ in number of ceUs per conidium.

2.4.2. Cross-injectivity Experimenl

2.4.2.1. Disease development

C. difJormis. C. iria. and F. miliacea were aH susceptible to the fungal isolates

(Table 2.2). The three Curvu/aria isolates are capable of killing their respective weed

hosts within seven days after inoculation (7 DAI) when sprayed at the rate of 1 x 108

spores/m!, and provided with 24 h-dew period at 28° C. Isolate 93-020 produced smaH

brown spots on C. dijJormis that were round to irregular in shape three days after

inoculation (Fig. 2.SA). Leaf tips also became brown and wilted. During the following

48 hours, the lesions increased in size and coalesced, fonning blighted areas on the

leaves (Fig. 2.5B). Necrotic areas were also present on the leaf sheaths and at the base of
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1
the plant where the leaves originate (Fig. 2.5B). This rapid blighting reaction caused

death of C. difformis seedlings within one week (Fig. 2.5C).

C. iria inoculated with 93-022 developed small, round to irregular brown spots,

which were similar ta the spots formed by 93-020 on C. difJormis. These spots \Vere

visible on the leaves three to four days after inoculation (Fig. 2.5D). This response was

accompanied by browning and drying of the leaftips (Fig. 2.SE). Lesions were also

observed on leaf sheaths and the leaf blade. Enlargement of the lesions caused either the

leafto fold (Fig 2.5E), or the entire plant ta collapse (Fig. 2.5F). Coalescence of the

lesions produced extensive blighting of the leaves and death occurred within one week.

The first symptom of infection in F. mi/iacea plants inoculated with 93-061 was

the browning of leaf tips. In the next two days, dark brown spots appeared on the leaf

(Fig. 2.6A) and on the leaf sheaths, near the base of the plant. The lesions enlarged

rapidly and coalesced, forming blighted areas on the leaves (Fig. 2.68). Necrotic spots at

the base of the plant aiso enlarged, causing the whole plant to dry up and die within one

week (Fig. 2.6C).

The tbree Curvu/aria isolates infected and killed two other closely related sedge

weeds included in the experiment. For example, isolate 93-020 (C. tuberculata) from C.

difformis, infected C. iria and F. miliacea. Isolate 93-022 (Co tubercu/ata) from C. iria

was pathogenic on C. difJormis and F. miliacea as weil. Isolate 93-061 (C. oryzae) from

F. mi/iacea was equally virulent on C. iria and C. difJormis. Leafspots identical to

typical lesions observed in the primary hosts developed on the secondary hosts within

three to five days. Enlargement and coalescing of lesions occurred in aU weed-pathogen

combinations.
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Ail three isolates (93-020, 93-022, and 93-061) were cross-infective to C.

rotundlls (Table 2.2). C. rotundus plants treated with 93-020 exhibited minute (1 mm or

less in diameter)t brown, flecks on the leaf surface and dried leaf tips four days after

inoculation (Fig. 2.7A and B). These spots however, did not grow in size during the

succeeding days and the plants did not suffer any iU effects resulting from the intèction.

Plants continued to grow vigorously despite the presence of brown leaf tips and rnargins

and flecks on the older (inoculated) leaves. No plant death occurred by the end of the 14

day observation period. Disease developrnent in C. rOlundus due to isolate 93-022 was

identical to the effects of isolate 93-020 (Fig. 2.7E).

ln C. rotllndus plants treated with isolate 93-061, lesions, approxirnately 1 mm in

size and elliptical, oval to irregular in shape, were formed near the leaf midrib, and on

sorne leafsheaths. Leaftips were brown and dried up (Figs. 2.7C and D). In a few

leaves where the lesions occurred in close proximity, the necrotic spots coalesced during

the first week after treatment~ producing a blotchy appearance. During the second week

after inoculation, no growth in the necrotic areas of C. rOlundus was observed, and the

plants continued to grow vigorously. No C. rotundus plants died but yellowing ofaider

leaves was more pronounced than in control plants (Fig. 2.7F).

2.4.2.2. Plant mortality and dry weight reduction

Isolate 93-020 killed 100% of C. difJormis, 93% of C. iria, and 39% of F.

mi/iacea seedlings after fourteen days (Table 2.3). The responses orthe four sedge

weeds to 93-022 were similar to the effects of93-020, although mortality levels were

generally lower. Drying and browning of the leaf tips accompanied the appearance of

lesions on the leaves and leaf sheaths. Lesions caused by 93-022 in C. difformis rapidly
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enlarged and killed 94% of the seedlings within two weeks. After 14 days, only 24%) of

F. miliacea seedlings were killed by 93-022 compared to 890/0 mortality for C. iria

seedlings. Non-sporulating pinhead lesions with chlorotic halos were observed on C.

rotundus (Fig. 2.7A) but these remained small and did not affect plant growth (Fig.

2.7E).

Curvu/aria oryzae (isolate 93-061) was pathogenic and virulent on C. difformis.

C. iria, and F. mi/iacea. One hundred percent mortality was achieved in F. mi/iacea

within two weeks while 970/0 and 98% of C. difformis and C. iria, respectively, \Vere

killed in the same time period.

Dry weight reduction due to inoculations of the three Curvu/aria isolates

followed the same trend as described previously (Table 2.3). C. tubercu/ata isolates 93

020 and 93-022 reduced dry matter production in C. difJormis and C. iria by 89 to 100%

and F. mi/iacea by 49 to 52%. C. oryzae (isolate 93-061) was equally effective on these

three weeds and reduced dry matter from 97 to 100°A.. However, ooly a slight reduction

(7 to l30/0) in dry matter of C. rotundus was observed when inoculated with any of the

three Curvularia isolates.

2.4.2.3. Sporulation of C. tuberculata and C. oryzae on necrotic leaftissues

Sporulation of the three Curvularia isolates occurred on necrotic tissues of

susceptible sedge hosts, C. difformis, C. iria, and F. miliacea (Table 2.4). For the three

isolates, sporulation on susceptible hosts occurred after 24 h, and by 48 h profuse

sporulation on necrotic tissues was observed (Figs. 2.8A to F). Each stomatal aperture

supported more than one conidiophore with usually more than one conidium per

conidiophore and bath conidiopbores and conidia were dark (Figs. 2.8A, C, and E).
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Sporulation was delayed by 24 hours in F. miliacea trealed with the C. tubercu/ata

isolates, however dark spores and conidiophores were present after 48 and 72 hours (Fig.

2.8G). On C. rotundus, no sporulation of C. tuberculata or of C. oryzae (Fig. 2.8H)

occurred even after 72 h in the humid chamber.

2.S. Discussion

This study has demonstrated the pathogenicity of isolates of C. tuberculata to C.

difformis and C. irfa and C. oryzae to F. miliacea. These are new host records for these

two pathogens. Members of the genus Curvu/aria occur mostly as tropical or subtropical

facultative plant pathogens (Rossman et aL, 1987). The species C. tubercu/ata is not weil

studied. It has been reported as the causal agent 0 f leaf spots, leaf blights, and leaf tip

die-back in several tropical plants (Leie et al., 1968; Lambat and Asha Ram, 1969;

Seshadri et al., 1980; LeIe et aL, 1981; Misra and Singh, 1987). Misra et al. (1973)

reported leaf spots on C. rotundus caused by C. lubercu/ata, however there are no

succeeding accounts to date. Information about C. oryzae is restricted to reports of fruit

rot in okra (Abe/moschus escu/entus (L.) Moensch.) and its association with black kernel

disease of riee, together with 13 other Curvu/aria species (Lai and Goel, 1989; Webster

and Gunnell, 1992). The exact role that C. oryzae plays in black kemel disease remains

to be confirmed.

Cultural characteristics, spore development, and morphology of C. tuberculata

and C. oryzae followed previous reports (Ellis, 1966; 1971; Sivanesan, 1987). C.

tuberculata isolates 93...020 and 93-022 are morphologically indistinguishable. C. oryzae

can he readily differentiated from C. tuberculata by its smooth..walled, ellipsoid conidia.

The symptoms exhibited by susceptible weedy sedges are similar to those
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reported for sorghum (Lambat and Asha Ram~ (969), sugarcane (Seshadri et al., (980),

and mango (LeIe et al., (980). At a concentration of 1 x 108 spores/m2 and a 24-hour dew

period, disease progress was rapid and blighted plants were killed one to two weeks after

inoculation. [n non-blighted plants, lesions that girdled the leaf caused it to bend

downwards and eventually wilt. Lesions girdling the stem caused the whole plant to wilt

and faU over despite the presence of sorne green plant parts. These contributed greatly to

reducing host plant vigor, which will reduce the weed's competitiveness. Plants infected

by fungi typically are weakened compared ta uninfected conspecifics, resulting in

decreased grawth rates and/or reduced competitive abilities (Stovall and Clay, 1988

citing Harper, 1977; Paul and Ayres, (986).

Cross-infectivity of the three Curvularia isolates to three other closely related

weedy sedges was also demonstrated. Isolates caused high mortality on and significantly

reduced dry matter production in C. difformis, C. iria. and F. miliacea. The fact that

these pathogens are capable ofcontralling more than one species is distinctly

advantageous because C. difformis, C. iria. and F. mi/iacea often accur together in

irrigated rice fields. This broader range ofactivity is important since the high specificity

exhibited by many biocontrol fungi is a deterrent to their practicality and

cammercialization (Boyette et al., 1993).

Extreme host specificity is not needed in the case of native pathogens that are to

be used for site-directed, inundative applications (Watson, 1985). In fact, a certain level

of non-specificity is desirable to develop mycoherbicides capable of contro11ing more

than one weed species (Charudattan, 1990). A number of fungal weed pathogens with

potential to control several weed species have been studied or are currently under
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investigation. Rhynchosporillm a/ismatis is being evaluated for its potential ta control

several weed species in the Alismataceae in Australia (Cother and Gilbert, 1994 a, b). A

Fusarium oxysponlm isolate has been shown to effectively control sicklepod (Cassia

obtusifolia). coffee senna (Cassia occidentalis) and hemp sesbania (Sesbania exaltata)

(Boyette et al., 1993), while an isolate of Allernaria cassiae was reported ta be a

potential mycoherbicide for sicklepod, coffee senna, and showy crotalaria (Crocalaria

spectabilis) (Boyette, 1988). Fusarium lateritum from spurred anoda (Anada cristata)

and prickly sida (Sida spinosa) plants was also pathogenic ta velvetleaf (Abuti/on

rheophrasti) (Walker, 1981). Ca/letotrichum g/oeosporioides f. sp. ma/vae from round

leaved mallow (Jv'!alva pusi/la) aiso caused girdling lesions on leaf petioles and stems of

velvetleaf (Mortensen, 1988). In many of these studies control of secondary weed hosts,

although signiticant from the control, were not as high as in the primary weed hast.

However, our experiments with C. tllbercu/ata isolates 93-020 and 93-022 showed that

both fungal pathogens can cause over 90% mortality and dry weight reduction in either

C. difJormis or C. iria while C. oryzae killed between 97 ta 100% of C. dijJormis, C. iria,

and F. miliacea.

Infection of C. rotundus by each of the three Curvularia isolates occurred but did

not cause mortality and only slightly reduced dry matter production. At best, only leaf

tip die-back was observed in addition ta smallleaf spots on the lamina. Resistance in this

species was confinned since inoculated plants grew and flowered as well as contraIs but

this should not be taken ta mean that these isolates are completely ineffective on C.

rotllndus. Perhaps a second application of the inoculum could hasten disease

development and severity. The use ofa second fungal treatment to control aggressive
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weeds has been reported previously. Two applications ofconidial suspensions of

Alternaria cassiae resulted in higher mortality ofcoffee senna and sicklepod when

compared to a single dose (Boyette et aL, 1993). Higher disease rates were observed in

C. rOlundus when multiple inoculations of Dacty/aria higginsii were performed (Kadir et

al, 1996). Even if treated plants are not killed, a severe reduction in photosynthetic leaf

area will ultimately reduce its competitiveness and perhaps. tuber production as weil.

Early studies have shawn that clipping the shoots of C. rotundus at two-week intervals

reduced tuber number by 600/0 (Horowitz, 1965), while weekly clippings effectively

controlled C. rotundus (Nyahoza, 1973; Ranade and Burns, 1925). The use of a foliar

pathogen that causes extensive leaf necrosis with repeated inoculations might reduce

tuber formation also.

Combinations of biocontrol agents and herbicides may improve and broaden the

spectra ofcontrol (Charudattan and De Loach, 1988). Round-leaved mallow Uv/a/va

pusi//a) control was improved by applying recommended rates of the herbicides

bromoxynil (3,5-dibromo-4-hydroxybenzonitrile ester ofoctanoic acid) plus MCPA «4

chloro-2-methylphenoxy)acetic acid), imazetaphyr «±)-2-[4,S-dihydro-4-methyl-4-( 1

methylethyl)-5-oxo-1H-imidazol-2-yl]-5-ethyl-3-pyridinecarboxylic acid), metribuzin (4

amino-6-( 1, I-dimethylethyl)-3-(methylthio)-1 ,2,4-triazin-5(4H)-one, and with certain

restrictions, sethoxydim (2-[ 1-(ethoxyimino)butyl-5-[...2-{ethylthio)propyl]-3-hydroxy-2

cyclohexen-l-one) in combination with Col/etotrichum gloeosporioides f. sp. malvae

(Grant et al., 1990). Treatments with Colletotrichum gloeosporioides f. sp.

aeschynomeme and propanil increased disease levels in northem jointvetch

(Aeschynomene virginica) (Klerk et aL, 1985). Rust...herbicide combinations were more
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effective at controlling yellow nutsedge (Cyperus esculentus L) than rust or herbicide

alone (Phatak, 1984) while sequential applications of rust followed by herbicides reduced

number of live plants, total tuber weight, and tuber number of yellow nutsedge (Callaway

et al., L985). Applications of the biocontrol agent in combination with recommended or

reduced rates of glyphosate, bentazon, or 2,4-D may improve control of C. rotllndlls.

Integration of insects that feed on C. rotundus with applications of the tùngal

pathogen eould also be done. Previous studies have shown that control of water hyaeinth

(Eichhornia crassipes (Mart.) Solms) in nutrient-rich lakes is more effective when the

fungal pathogens Cercospora rodmanii and Acremonium zonatum were combined with

the insects Neochetina eichorniae and Arzama densa (Addor, L977; Charudattan et al.,

(978). Nine species of moths belonging to the genus Bactra attack plants only in the

Family Cyperaceae (Frick and Garcia, 1975). Of these, Bactra venltana Zeller, B.

mimima Meyrick and B. venosana Zeller as weIl as the weevil, Athesapeuta cyperi

Marshall, have been studied in detail and although all are adequately host-specifie, none

have proved effective as classical biological control agents of C. rotundus (Phatak et al.,

1987). Perhaps the release of the moth B. venosana, which has been tested previously in

the Philippines (Frick and Garcia, 1975), combined with inoculations of a fungal

pathogen might be effective in controlling C. rotundus.

Both C. tuberculata isolates exhibited varying degrees of virulence on different

sedge weeds. This confinns earlier reports of genetic variability in this species. [n fact,

an isolate of C. tuberculata causing die-back of Rangpur lime (Citnls /imonia Osbeck)

did not infect four out ofoine additional Citrus species tested and was also avirulent on

rice (LeIe et al., 1968). A C. tubercu/ata isolate from mango was not cross-pathogenic
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on citrus (C. karan Rafinesque) and vice versa (Leie at al., (981). A hast range test

conducted on a C. tllberculata isoiate from C. rotundus showed that ooly sorghum

(Sorghllm vulgare Pers.), johnsongrass (Sorghum halapense (L.) Pers.), and foxtail

(Setaria ira/ica (L.) P. Beauv.) were susceptible (Misra et al., 1973). Eight other

graminaceous species, including corn (Zea mays L.), barley (Hordewn vu/gare L.), wheat

(Triricllnl aestivum L.), and oats (Avena sativa L.) were unaffected. Thus, it seems very

likely that different host·iimited strains of this fungus exist in nature.

Reports on C. ory:ae are few. While it effectively controlled C. difJormis. C. iria,

and F. miliacea, C. rotwzdus was resistant. More studies should be done to detennine its

host range and to obtain information about its genetic variability.
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Figure 2.1. Cultural characteristics of Clirvu/aria tllbercu/ala (93-020 and 93-022)

and Curvu/aria oryzae (93-061) on half-strength potata dextrose agar (Y2 PDA).

A. 14-day-old colonies on Y2 PDA. B. Irregular colony growth by C. ory:ae

(93-061) two days after inoculation. C. Patches of white, aerial mycelia in a two

week-old culture of C. lubercu/ala (93-020). O. Uniformly dark colony of

C. tubercu/ata (93-022) after 14 days. E. Velvety colony of C. ory:ae (93-061)

ufter 14 days.
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Figure 2.2. Spore development and morphology of Curvu/aria tubercu/ata isolate

93-020. A. Conidiophores (CP) arise singly and laterally from vegetative

hyphae (VH). A mature conidium (MC) is three-septate and the middle eeils are

darker brown in color than the end ceUs. A two-septate young conidium (YC)

showing the beginnings ofomamentation on the conidium wall. B. Successive

conidium formation results from the repeated branching and elongation of the

conidiophore (CP). The median septum (S) is the tirst to form in an immature

conidium (lC). Its walls are still devoid of tubercles. C. Walls of mature conidia

(MC) are rough and covered with tubercles. The hilum (H) is flush and dark. An

immature conidium (IC) is hyaline, has smooth walls and has not developed septa.
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Figure 2.3. Spore development and morphology of Cuyvufaria luberculata isolate 93

022. A. Conidiophores (CP) arise laterally and singly from vegetative hyphae (VH).

An immature conidium (lC) is shown with smooth spore walls and no septa. B. Mature

conidia (MC) are borne spirally or alterr.ately al the tip of the conidiophore (CP) and its

successive growing points.
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Figure 2.3. Spore development and morphology of Curvu/aria tubercu/ata isolate

93-022. Continued. C. Triradiate stauroconidia (SC) were sometimes observed.

D. The walls of mature conidia (MC) are omamented with tubercles (T) of varying

sizes. The hilum (H) is flush and dark.
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Figure 2.4. Spore development and morphology of Curvu/aria ory:ae isolate 93

061. A. The mycelium of C. ory:ae consisted of pale brown vegetative hyphae.

B. Mature conidia (MC) were straight, ovoid. ellipsoidal or obclavate and had

smooth walls. CP. conidiophore; VH, vegetative hyphae. C. Conidiophores (CP)

were geniculate and had swollen nodes (N).
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Figure 2.5. Effect of Curvularia tuberculata isolate 93-020 on Cypenls dij]ormis

and isolate 93-022 on Cypenls iria. A to C. C. lubercu/ata (93..020) on C. difJormis

A. Irregularly shaped leaf spots on C. difformis produced by C. tuberculata 93-020

at four days after inoculation (DAI). B. Lesions enlarged rapidly and coalesced to

produce a blighting reaction on seedlings. C. Plants died from the infection within

one week after inoculation. D and E. C. tuberculata (93 ..022) on C. iria. O. A leaf spot

on C. iria at four DAI. E. Leaf spots frequently enlarged to caver the entire width

of the leafblade, causing the whole leafto fold (LS). Leaftips (LT) turned brown.

Plants eventually developed blighted leaves (BL) and died.
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Figure 2.6. Effect of CurvlIlaria oryzae (93-061) on Fimbristy/is miliacea.

A. A lesion on the leaf blade at three days after inoculation (DAI). B. A rapid

blighting reaction occurred causing F. miliacea to dry up within five days after

inoculation. C. Plant death occurred within one week after inoculation.
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Figure 2.7. Reaction of C;.penls rOlllndlis to ClIrvll/aria luberculata (93-020; A and

Band 93-022; E) and Clirvu/aria oryzae (93-06L; C, D, and F). A. Pinhead Lesions

with chlorotic haloes produced by C. tubercu/ata (93-020) at five days after

inoculation (DAI). B, C. Dried leaf tips on C. rotundus treated with C. tubercli/ala

(93-020) (B) and C. oryzae (93-061) (C) at seven DAI. D. Older leaves of C.

rotllndus were more susceptible to damage by C. oryzae (93-06L). E. C. rOlundus

treated with C. llibercu/ata (93-022) did not differ from the control. F. C. rOlundus

inoculated with C. oryzae (93-061) grew vigorously despite sorne leaf tip damage.

Slightly fewer tlower heads were observed on treated plants.
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Figure 2.8. Sporulation of CUrYularia luberculala (93-020 and 93-022) and

Curvularia ory:ae (93-061) on four sedge hosts after 72 h incubation. A. C.

luberculata (93-020) on CJ'Penls difJormis. B. C. tubercu/ala (93-022) on C.vpenls

iria. C. C. oryzae (93-061) on Fimbristy/is miliacea. O. C. oryzae (93-061) on C.

dijformis. E. C. tuberculata (93-020) on C. iria. F. C. oryzae (93-061) on C. fria.

G. C. tubercu/ata (93-020) on F. miliacea. H. C. oryzae (93-061) did not sporulate

on Cypenls rotzlndus.
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Table 2.1. Spore measurements ofthree Curvu/aria isolates from slide cultures incubated

at 28°C for live days.

..
------'._--_._-----~

Isolate Species Spore ~Ieasurements

Length (J.1m)1 Width (J.1m)1 No. of

cells/spore:

93-020 Curvu/aria lubercu/ata:l. 36.4 13.4 4

(25.0-54.4) ~ (10.0-18.75) (3-4)

93-022 Clirvu/aria cuberculata°\ 35.8 13.5 4

(25.0-52.5) (10.0-18.8) (3-6)

93-061 Curvularia oryzaeY 27.6 13.1 4

(19.2-33.3 ) (9.2-17.5) (3-4)

\ Agar cultures grown in the dark.

y Agar cultures grown under lighted conditions (30 J.1E mol S·I)

l Range

1 Mean value

~ Median value
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• Table 2.2. Reactions ofCyperaceae weeds to three Curvularia isolates at 14 days after

inoculation (DAI).

----------_._._._._-_._-----~---------

\Veed Host

93-020

(C. tuberculata)

Scoreh
• Host

Reaction:!

Curvular;a Isolates

93-022

(C. tuberculata)

Score Host

Reaction

93-061

(C.ory=ae)

Score Host

Reaction

C.~penls dijJormis 5.0 HS 5.0 HS 5.0 HS

c......perus iria 5.0 HS 5.0 HS 5.0 HS

Fimbristylis miliacea 3.0 MS 3.0 MS 5.0 HS

C.~penls rotlmdus 2.0 MR 2.0 MR 2.0 MR

• x Median disease severity score

1 Disease severity score: 0 - no visible reaction; 1- few to Many brown specks. 0.5 to 1.0

mm diameter, grayish-green or light brown leaf tips; 2 - discrete brown lesions with or

without chlorotic halo, 1.0 to 2.0 mm long, brown leaftips and margins; 3 - Many brown

spots, 2.0 to 3.0 mm long, few lesions coalescing, brown leaf tips and margins; 4 - many

lesions with necrotic centers, 3 to 5 mm long, 10-500/0 leafarea killed; 5 - numerous

large and expanding lesions, more than 50% leaf area killed, plant collapse and/or death.

ZHost Reaction: 0 - Immune (1); 1 - Highly Resistant (HR); 2 - Moderately Resistant

(MR); 3 - Moderately Susceptible (MS); 4 - Susceptible (S); 5 - Highly Susceptible

(HS).
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• Table 2.3. Effect of Curvu/aria isolates on percentage mortality and dry weight reduction

of four Cyperaceae weeds 14 days after inoculation with a conidial suspension at 1x lOS

spores/ml.*

Plant ~Iortality Dry Weight

(%) Reduction (%)

og** o f**

Og o f

Og Of

Og Of

LOO a 100 a

93 cd 97 ab

39 e 52 d

Og 10 ef

94 bcd 96 b

89 d 89 c

24 f 49 d

Og 7 ef

97 abc 98 ab

98 ab 98 ab

100 a LOO a

Og 13 e

Weed Host

Cypenls iria

Fimbristy/is mi/iacea

Cypenls rotundus

ClIrvII/aria lsolate

C. ory:ae (93-061)

Cypenls iria

Fimbristy/is mi/iacea

Cyperus rotundus

C. tubercu/ata (93-022) Cypenls difJormis

c.\.-penls iria

Fimbristy/is mi/iacea

Cypenls rotundus

Cypenls difJormis

C."perus difJormis

C. iria

Fimbristylis mi/iacea

Cypenls rollindus

C. 11lberclIlata (93-020) Cypenls difJormis

Control

* Results are from pooled experiments.

** Means in each column followed by the same letter are not significantly different

according to Least Significant Difference Test (P s 0.05).
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Table 2.4. Sporulation of three Curvularia isolates on four Cyperaceae weeds inoculated

with a conidial suspension of 1 x 1OlS spores/m:! after 24, 48, and 72 hours incubation in a

moist chamber.*

Weed Host 93-020 93-022 93-061

(C.llIberclliata) (C. tuberculata) (C.oryzae)

24 h 48 h 72 h 24 h 48 h 72 h 24 h 48 h 72 h

C. dijJormis ++J +++ +++ ++ +++ +++ ++ +++ +-r+

C. iria ++ +++ +++ ++ +++ +++ ++ +++ +++

F. miliacea + ++ + ++ ++ +++ +++

C. rotundus

01 .. no sporulation; + light sporulation; ++ moderate sporulation; +++ heavy sporulation.
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CONNECTING TEXT

The previous chapter demonstrated that three Cllrvularia isolates belonging to

Curvularia tuberculata and C. oryzae are pathogenic on three species of sedge weeds

other than their primary hosto However, the virulence of these isolates varies according

to the weed species being attacked. Cypenls dijJormis, C. iria, and Fimbristylis miliacea

were susceptible to the fungal isolates but Cypenls rotllndus was resistant. This indieates

that the Curvularia isolates have potential as bioeontrol agents of these rice weeds.

Safety of the biocontrol agent to the erop where it will be used is one of the critieal

aspects of bioherbieide development. Thus, it is important to determine the responses of

riee to the Curvularia isolates. The next chapter presents results on the reaetions of 13

varieties of riee from the indiea, javanica, and japonica types ta inoculations of the three

fungal isolates.
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Chapter 3. Reaction of rice (Ory:a saliva L.) seedling varieties

to Curvularia tuberculata and C. oryzae

3.1. Abstract

Thirteen varieties of rice (Ory=a saliva L.) consisting of indica, japonica, and

javanica types, as weIl as IRRI varieties, were tested against two isolates of Curvularia

luberculala (93-020 and 93-022) and one isolate of C. oryzae (93-061). Twelve, thirteen,

and seven rice varieties expressed resistance ta isolates 93-020, 93-022, and 93-061,

respectively. In moderately and highly resistant varieties, lesions on the leaf laminae

were small, light ta dark brown in color, and had a dry appearance. Spots at the leaf

margins and leaf tips were light brown ta cream colored and dry. Susceptible varieties

had coalescing brown areas with necrotic centers. Sporulation was observed in

susceptible but not in resistant varieties. The order of decreasing pathogenicity of the

three isolates was 93-061 (C. oryzae), 93-020 (C. tubercu/ata), and 93-022 (C.

luberculata).

3.2. Introduction

Species of Curvularia occur mostly as tropical and subtropical facultative plant

pathogens with teleomorphic states in Cochliobolus and Pseudococh/iobolus (Rossman,

1987). C. tuberculata is the causal agent ofcitrus die-back in India (Leie et aL, 1968),

blights of sorghum (Sorghum vulgare L.) ( Lambat and Asha Ram, 1969), sugarcane

(Sacchanlm officinale L.) (Seshadri et aL, 1980), coconut (Cocos nucifera L.) (Mishra

and Singh, 1987) and mango (Mangifera indica L.) (LeIe et aL, 1981), and leafspots of

Cosmos (Ghosh and Gupta, 1980) and purple nutsedge (Misra et aL, 1973).
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C. ory=ae was originally isolated from rice grains (Bugnicourt~ 1950) but has not

been extensively studied. Ou (1985) reported that it occurs with other Curvularia species

in rice grains exhibiting black kemel disease. Lai and Gael (1989) have also reported

rouing of olaa (Abe/moscJzus escu/entus (L.) Moench.) fruits due to C. ory=ae.

Rice (Ory=a sativa L.) is one of the most important crops in the world, being the

staple food for millions of people in Asia (IRRI. 1993). CUITent estimates show that ficc

production would have to increase by 700/0 in the next 35 years in arder ta keep up with

population growth and income..induced demand for food (lRRI, (993). Farmers in the

Philippines regard weeds as the most important problem of transplanted and upland ricc

(Elliot et al., 1984; Elliot and Moody, 1986) and yield reductions of 12 ta 50% have been

attributed ta sedge weeds (Ampong..Nyarko and De Dalla, 1991). Weed control practices

need improvement due in part ta increasing labor costs, environmental contamination.

and increasing risk of herbicide resistance.

Biological control of weeds has good potential as a component of integrated pest

management ([PM) programs for nce in the Philippines (Watson, 1994). Two isolates of

C. tuberculata (93-020 and 93 ..022) and one isolate of C. oryzae were obtained from

diseased Cyperus difJormis L. (small flower umbrella sedge), C. iria L. (riee flatsedge),

and Fimbristylis mi/iacea (L.) Vahl (globe fingerush) in the Philippines. These isolates

are currently being evaluated for their biocontrol potential at the International Riee

Researeh Institute (IRRI), in Los Banos, Laguna, Philippines. Although bath C.

/ubercu/ata and C. oryzae have been isolated from rice grains (Jain. 1962; Bugnicourt,

1950) and implicated in the black kemel disease of rice together with 12 other

Curvularia speeies (Webster and Gunnell, 1992), the manner ofentry and the infection
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process has not been elucidated. There is also no information on the effects ofthese

Curvularia species on rice plants. This work reports on the reactions of rice seedling

varieties ta inoculations of C. tuberculata and C. oryzae.

3.3. Materials and methods

Ail experiments were conducted at the [nternational Riee Research [nstitute

(lRRI), Los Banos, Laguna, Philippines.

3.3.1. Funga/ isolates

Two isolates of CurvlI/aria tubercu/ata and one isolate of C. oryzae were used in

the experiments. C. tubercu/ata was isolated from diseased C. difJormis (isolate 93

020) and from diseased C. iria (isolate 93-022) from Lian, Batangas, Philippines. C.

oryzae (isolate 93-061) was obtained from diseased F. mi/iacea from Manicahan,

Zamboanga, Philippines. Ali fungal isolates were cultured on half-strength potato

dextrose agar (Y2 PDA) plates or slants for initial observation and later stored on agar-ail

slants and/or in soil cultures.

3.3.2. Host plants

Seeds of 13 varieties of riee were obtained from the Genetie Resources Center

loeated at IRRI, and ineluded indiea, japoniea, and javaniea types as weil as hybrid IRRI

varieties. Seeds of C. difJormis, C. iria, and F. miliacea were obtained from mature

plants in rice fields in and around the IRRI grounds. Seeds of riee and weeds were

genninated in petri dishes lined with moist tilter paper. One-week-old seedlings were

transplanted iota lO-cm standard plastic pots tilled with sail (Maahas clay, Suborder

Haplustic, Order Altisol). The pots were then placed in a large pushcart and a two to
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• three-cm layer of water was maintained in the pushcart to keep the soil moist. The

seedlings were maintained in the greenhouse with a 35/25 ± 5° C day/night temperature

regime.

3.3.3. Preparation ofinoculum

Agar plugs from one-week-old cultures of C. tuberculata and C. olyzae were used

to seed y:! PDA plates for the mass production of the inoculum. Seeded plates of isolates

93-020 and 93-022 were incubated in the dark at 28u C while cultures of93-061 were

maintained under lighted conditions (30 flE m· l S·l) at 28°C. Spore suspensions were

prepared by flooding each dish with distilled water and lightly scraping the surtàce of the

colony with a clean glass slide or camel's hair brush. The suspension was filtered

through cheesecloth ta separate mycelial fragments from the spores. Spore concentration

was determined using a hemacytometer and sprayed at the rate of 1 x 1og spores/m~.

Tween 20 or oxysorbic (20 POE) (polyoxyethylene sorbitan monolaurate) was added al

the rate of two drops per 100 ml of spore suspension.

3.3.4. Inoculation procedure

Inoculation was accomplished when the plants were two weeks old by spraying

them with the spore suspension using an atomizer connected to a pressure source (A.H.

Thomas Co., Scientific Apparatus, Philadelphia, U.S.A.). At this stage, rice, C. difformis

and C. tria had three to four expanded leaves, and F. miliacea had five to six leaves.

Distilled water with Tween 20 was used as the control.

The control and inoculated seedIings were incubated in dew chambers at 28° C

and 100% relative humidity (RH) in the dark for 24 h and then transferred to the mist
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room of the greenhouse with conditions of24 to 2SoC and SO to 950/0 RH (Yeh and

Bonman, 1986). The experiment was set up as a completely randomized design with six

replications. The experiment was repeated once.

3.3.5. Evaluation ofhast response

Treated and control plants were scored at seven days after inoculation (DAI)

using a key (Table 3.1) modified l'rom Mardinus (1983). Scores tor each of the three

isolates were analyzed using the Kruskall-Wallis ANOVA on ranks on SigmaStat for

IBM PC, version 1.0 (landel Scientific Corporation, 1992-1994), and reactions of rice

seedlings were reported as median score. Data presented are combined results oftnals 1

and 2.

Sporulation of the Curvularia isolates was assessed by observing eut leaf pieces

with lesions after 72 h incubation in a moist chamber. The leaf segments were examined

and scored using the following key: - no sporulation; + light sporulation; ++ moderate

sporulation; +++ heavy sporulation. Plant height differences, if present, were evaluated

visually.

3.4. ResuUs

The response of rice varieties to Cllrvu/aria isolates 93·020, 93-022, and 93-061

ranged from immune to susceptible. However, most varieties were resistant to the

isolates. Norin 21 did not show any visible reaction to 93·022 and appeared identical to

the uninoculated control (Figs. 3.IA and B). Highly or moderately resistant rice varieties

such as IR 64 and Fukuminori were characterized by small brown spots on the leaves
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while moderately susceptible and susceptible rice varieties, IR 65 and PBSRC 20,

exhibited few to many coalescing brown areas with necrotic centers (Figs. 3.1 C to F).

Lesions were formed only on fully expanded leaves and were observed first

between four and five DAI. Younger leaves that unfolded after inoculation did not show

any symptoms and remained healthy throughout the experimental period. The leaf tips

and margins of susceptible rice varieties were extremely vulnerable to attack since the

necrotic centers were concentrated in these areas. [n resistant rice varieties. these areas

were also invaded but appeared dry and were cream to light brown in color.

C. oryzae (93-061) was more pathogenic to the rice varieties tested than the two

isolates of C. luberculata. Of the 13 varieties, two were susceptible, four were

moderately susceptible, tive were moderately resistant and one was highly resistant to C.

oryzae (Fig. 3.2). [n contrast, one variety exhibited susceptibility and 12, high to

moderate resistance to isolate 93-020 of C. tuberculata (Fig. 3.3) while ail of the 13

varieties showed high to moderate resistance to C. tuberclIlala isolate 93..022 (Fig. 3.4).

There was no mortality assoeiated with disease development in these riee

varieties. However, after seven days, slight stunting was evident in the varieties

expressing susceptibility to the Curvularia isolates. Sparse to moderate sporulation from

the neerotie spots was deteeted in susceptible but not in resistant varieties (Figs. 3.2 to

3.4).

Control riee and weed seedIings were healthy and did not develop any symptoms.

Ho\v~ver, C. difformis, C. tria, and F. mifiacea inoculated with their respective
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Curvularia pathogen developed leaf spots after three days that rapidly coalesced to form

large blighted areas. The infected weeds eventually collapsed and died at seven to 14

DAI.

3.5. Discussion

A high degree of resistance was exhibited by rice ta C. luberculata and C. ory:ae.

As a foliar pathogen, C. ory:ae was most virulent to rice varieties, although half of the

varieties tested were resistant. C. tubercu/ata was less virulent and most of the rice

varieties were resistant ta isolate 93-020 and aIl were resistant ta isolate 93-022.

Host specialization apparently occurs in C. tuberculata. A C. tuberculata isolate from

Rangpur lime (Citnls limonia Osbeck) is not pathagenic to rice (Taichung Native 1) but

caused severe blighting and death in corn (Zea mays L., local variety) (LeIe et aL, 1968).

Results of this study showed isolate 93-022 from C. iria ta be less pathogenic ta rice

compared to isolate 93-020 from C. dijformis.

Older leaves were more susceptible than yaunger leaves ta inoculations of C.

rubercu/ata and C. oryzae. Resistance to pathogens is often affected by the

developmental stage of the plant or of the plant organ (Eskes and Toma-Braghini, 1982),

with older plants appearing more resistant (Hyde, 1977; Dickinson and Crute, 1974).

Conflicting results in this area have been reported. Lesions developed more rapidly in

aider leaves of sunflower plants infected with Alternaria he/ianthii (Allen et aL, 1983).

Incubation periods were shorter and lesion expansion rates were greater in lower leaves

and aIder potato plants infected with the early blight pathogen, Alternaria so/ani

(Pelletier and Fry, 1989). Tan spot on wheat (Triticum aestivum L.), caused by
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Pyrenophora tritici-repentis, was most severe on the oldest leaf, while the youngest leaf

was the least severely spotted (Cox and Hosford, 1987). It would appear that juvenile

tissues are more resistant to necrotrophic pathogens than senescent or aIder tissues.

Greater susceptibility of older plant tissues to certain fungal phytotoxins has been

reported. Barna and Gyorgyi (1992) found that aider tobacco leaves wcre more

susceptible to Alternaria alternata and Botrytis cinerea. They also found that older

tissues had a greater sensitivity to fusaric acid, a non-selective toxin, and that senescent

leaves were more sensitive to cell wall-degrading enzymes. At least two non-host

specifie toxins have been isolated from Curvu/aria /unata, a pathogen causing leaf spot

of maize (Maeri and Vianello, 1976). Further eharacterization of the C. /unata

phytotoxins revealed that they cause a general disruption of plasma membrane functions

(Vianello et al., 1976). Host specifie toxins from Curvu/aria pa//escens were also

obtained from culture filtrates and diseased corn leaves attacked by this speeies

(Olufolagi, 1986). Whether toxin production occurs aiso in C. tubercu/ata and C. ory:ae

needs to be investigated.

Most of the lesions on infected leaves occurred at the leaf tips and margins.

Clumps of spores trapped by trichomes present on these sites increased the probability of

infection. Lesions on the leaf margins grew inward from the edges of the leaf. In rice,

hydathodes are present at the margins and tips of leaves (Hoshikawa, 1989), and these

could have facilitated the entry of the fungus iota the host. Hydathodes serve ta secrete

excess water From the interior of leaves but May also provide an opening on the

epidermis through which pathogens can enter (Campbell et al., 1980). Studies on turf

grasses showed that C. /unata could colonize heat stressed and/or old clipped leaves but
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could not colonize juvenile or mature leaves (Muchovej and Couch, 1987). Apparently,

leaf clipping allowed entry of C. lunata into the leaftissue (Muchovej, 1986).

Species of Curvu/aria are regarded as weak pathogens and common saprophytes

(Webster and Gunnell, 1992). Seshadri et al. (1980) noted that dense spotting and

extensive blighting of sugarcane leaves from a C. tuberculata infection was ooly

observed on some severely affected plants. and concluded that the disease was of

negligible importance. ft is possible that Curvu/aria leaf spots occur on riee in fields but

the disease is 50 minor that it has gone completely unnoticed. At the flowering stage, the

spores could then enter the riee plant through the stigma or ovary wall. Entry into the

seeds may also take place by colonization of the spikelets from an infected flag leaf while

the panicle is still enclosed. This could result in rice grains with the black kemel disease.

Early studies using C. lunata showed that discolored and infected grains could be

produeed by inoculating rice plants at flowering stage and by injecting inoculum into the

seeds (Martin, 1939; Martin and Altstatt, 1940).

An interaction where symptoms are clearly expressed is a compatible disease

reaction as opposed ta an incompatible reaction where the symptoms do not develop and

the efreet on the plant is minimal (Lucas, 1998). The sedge weeds, C. difJormis, C. lria,

and F. miliacea inoculated with the their respective Curvularia pathogen developed

coalescing lesions and a rapid blighting reaction that resulted in death within one week.

However, most inoculated rice seedlings developed only smallleaf spots and brown leaf

tips and margins, indicating an incompatible disease reaction. Sporulation of the

Curvu/aria isolates also did not occur in the resistant rice varieties.
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Although sporulation is never an isolated component of resistance (Cohen and

Rotem" 1987), it is often the most sensitive indicator ofrace-specific (vertical) and race

non-specific (horizontal) resistance (Johnson and Taylor, (976). [n most cases, inhibited

infection and colonization (Cohen & Rotem" (987) accompany reduced sporulation.

Cucumis me/o resistant to Psuedoperonospora cubensis and to Sphaerotlzeca fidiginea

race 2 was eharacterized by smalliesions with few spores (Cohen et al., 1984; Cohen and

Cohen, (986). Rice varieties resistant to the Curvu/aria isolates sueh as Norin 21 and

Red Khosha Cerma were eharaeterized by limited lesion development and inhibited or

lack of sporulation. ~loderately susceptible to susceptible rice varieties such as [R 65

and PSBRC 20 exhibited greater leaf necrosis and sparse to moderate sporulation.

Riee germplasm is classified into three eeo-geographic races or cultivars namely,

indiea, japoniea, and javanica using morphologieal traits (Chang et al., 1972; Takahashi,

(984). Japoniea (type A) rices are short to intennediate in plant stature, low tillering, and

have narrow, dark green leaves, short" awnless to long-awned, roundish grains that are

resistant to shedding or shattering. Javaniea (type B) riees are tall, medium tillering

plants with broad, stiff, light green leaves and long, broad, thiek" long-awned or awnless

grains that resists shattering. Indiea (type C) rices are charaeterized by profusely tillering

tall to intermediate plants with broad to narrow, light green leaves and long to short,

slender, mostlyawnless, flat grains that shatters easily. Cultivars developed at IRRl were

produeed mainly from semidwarf indiea parents and are thus, designated as indica

varieties (Dalrymple, (986).

Resistance to C. tuberculata isolate 93-022 was expressed in ail rice varieties

from the three eco-geographic races. Although extreme host specifieity is not needed for
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• indigenous plant pathogens that are to be developed as myeoherbicides, the pathogen

must be hsuffieiently safe" to desirable plant speeies (Watson, 1985). Future studies of

isolate 93-022 are needed to clearly determine its hast range.
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Figure 3.1. Typical reactions ofrice (Oryza saliva L.) seedlings to Curvztlaria

tubercu/ata (93-020 and 93-022) and Curvularia ory=ae (93-061) seven days post

inoculation (DPI). A. Uninoculated leafof cv. Norin 21. B. Inoculated leaf of

cv. Norin 21 showing spores of93-022 on the surface and two minute lesions (L).

C. Moderately resistant reaction of cv. IR 64 to 93-020 showing small. discrete

lesions (L). O. Leaf tip of cv. Norin 21 inoculated with 93-061 showing moderately

resistant reaction consisting of light brown to cream-colored areas (LT).

E. Moderately susceptible cv. IR 65 inoculated with 93-061 showing many brown

spots (L) on the leaflamina. F. Susceptible reaction ofcv. PBSRC 20 to

93-061 showing coalescing lesions (L).
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Figure 3.2. Disease severity score ofrice (Oryza saliva L.) varieties inoculated with

Curvularia tubercu/ata isolate 93-020 at L x L08 spores/m:!, seven days after inoculation

(DAI). Boxed area represents the 25 th and 75th percentile, a Hne within the box indicates

the median and the whîskers represent the L01h and 90th percentile. The median is

indicated by a dot when it occurs at the border of the boxed area. Sporulation is indicated

by - (no spoculation), + (sparse sporulation), or ++ (moderate spoculation).
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Figure J.3. Disease severity score ofrice (Oryza saliva L.) varieties inoculated with

Curvlliaria tuberculata isolate 93-022 at 1x 108 spores/ml, seven days after inoculation

(DAI). Boxed area represents the 25lh and 75th percentile, a Hne within the box indicates

the median and the whiskers represent the 10lh and 90th percentile. The median is

indicated by a dot when it occurs at the border of the boxed area. Sporulation is indicated

by - (no sporulation), + (sparse sporulation), or ++ (moderate sporulation).
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Figure 3.4. Disease severity score of rice (Oryza saliva L.) varieties inoculated with

Curvularia ory:ae isolate 93-061 at 1 x 108 spores/m2
, seven days after inoculation

(DAI). Boxed area represents the 251h and 75th percentile, a Hne within the box indicates

the median and the whiskers represent the 1Qth and 90th percentile. The median is

indicated by a dot when it occurs at the border of the boxed area. Sporulation is indicated

by - (no sporulation), + (sparse sporulation), or ++ (moderate sporulation).
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Table 3.1. Disease severity key used to score the reaction of rice seedlings to three

isolates of Curvu/aria.*
._------------ .._--.-----

Score

o

2

3

4

5

Host Reaction

1= Immune

HR = Highly Resistant

MR = Moderately Resistant

MS = Moderately Susceptible

S = Susceptible

HS =Highly Susceptible

Description

No visible symptoms

Few to many brown specks. 0.5 tü 1.0 mm

in diameter, grayish-green or light

brown leaf tips

Discrete brown lesions with or

without chlorotic halo, 1.0 to 2.0 mm

long, brown leaf tips and margins

Many brown spots, 2.0 ta 3.0 mm long,

a few lesions coalescing, brown leaf tips

and margins

Many lesions with necrotic centers,

3 to 5 mm long, lOto 50% of leaf area killed

Numerous large and expanding

lesions, more than 500/0 of leaf area

killed; plant collapsed

* modified from Mardinus, 1983.
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CONNECTING TEXT

Findings presented in Chapter 2 indicate that the three Clirvu/aria isolates are

highly virulent on more than one weed speeies. This is significant because Cypenls

dijJormis. C. iria. and Fimbristylis miliacea occur together as weeds of inigated nee and

it would be beneficial to have a fungal pathogen that ean attack ail three weed species.

However. C.vpenis rotundus. the major weed ofupland nee. was resistant. lt is important

to examine this differenee in susceptibility. An understanding of the host-fungal

interactions may provide insights for enhancing the disease progress. This chapter

eonsists of a histological study of the interactions between four sedge weeds and the

three Curvularia isolates.
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Chapter 4. Histopathology of Curvularia tuberculata and C. oryzae
on Cyperaceae weeds

4.1. Abstract

Interactions between three susceptible (Cyperus difJormis. C. iria. Fimbristylis

miliacea) and one resistant (C. rotundlls) sedge weeds with Curvll/aria tubercu/ata and

C. oryzae were examined by light microscopy. The intèction process of two isolates of

C. tubercu/ata and one isolate of C. oryzae was generally the same. The onset of spore

gennination and percent germination did not differ markedly between susceptible and

resistant hosts. Spore germination was polar in C. lubercu/ata and bipolar, in C. oryzae.

Geon tube growth ofboth Curvu/aria pathogens was random although coiling and less

branching was observed on C. rotundus. Appressoria and infection cushions were

fonned preferentially over epidermal wall junctions in both species. After successful

penetration, primary and secondary infection hyphae were observed intra- and

intercellularly. Colonization of susceptible host tissues was rapid, leading ta shrinkage

and collapse of epidennal, mesophyll, and bundle sheath ceUs. However, vascular bundle

ceUs were not invaded. Conidiophores emerged from stomata in necrotic tissues by 96 h

post inoculation (HPI). [n contrast, colonization of C. rotundus was slow and growth of

both Curvu/aria pathogens within the leaf tissues was sparse. By 168 HPI, infection

hyphae began to show signs ofdegeneration. Fungal ceUs appeared granular and

plasmolyzed. Sporulation of C. luberculata and C. oryzae did not occur in C. rOlundus.
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4.2. Introduction

C}penls difJormis L., C. iria L., Fimbristy/is miliacea (L.) Vahl, and C. rotundus

L. are among the most serious weeds of riee in Southeast Asia, redueing yields by as

much as 780/0 (IRRI, 1987). Control methods include hand weeding (Moody, 1992),

flooding (Moody, 1990), cultivation (Mukhopadhyay, 1983; Moody, 1992), using Azolla

spp. (Janiya and Moody, 1984) to suppress weed growth. and the use of herbicides

(Baltazar, 1995; De Datta, 1995). Due ta socio-economic and environmental concems,

biological control has gained wide acceptance as a viable component of integrated weed

management programs. Watson (1992) included these four sedges in his list of candidate

weeds for biological control in the Philippines.

The genus Curvularia is a group of dematiaceous hyphomycetes related ta

Drechslera. Bipolaris. and Exserohilum. that occur mostly as tropical and subtropical

facultative plant pathogens (Ellis, 1966; 1971). They are characterized by straight or

curved, brown, multicellular conidia, with one or more ceUs darker than the rest. In

1993, Curvularia spp. were isolated From diseased C. dijJormis. C. iria. and F. mi/iacea

in the Philippines. Isolates 93-020 From C. dijJormis and 93-022 From C. iria were

identitied by the Commonwealth Mycological Institute (CMI) as Curvu/aria tuberculata

Jain and isolate 93-061 From F. mi/iacea as C. oryzae Bugnicourt.

Jain tirst deseribed C. lubercu/ata in 1962. It bas sinee been reported as the

causative agent of leaf spots and leafblights in citrus (Leie et aL, 1968), jowar or

sorghum (Lambat and Ram, 1969), motha or purple nutsedge (Misra et al., 1973), cosmos

(Ghosh and Gupta, 1980), sugarcane (Seshadri et al., (980), mango (Leie et aL, 1981),

and fruit rot in guava (Kapoor and Tandan, 1971). It has also been round in dune sail
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(Rama Rao, 1964) and in wood, fabric, and air (Sivanesan, 1987). C. oryzae was first

reported by Bugnicourt (1950) and has been implicated in the black kemel disease of rice

together with C. tuberculata and 12 other Cuyvularia species (Webster and Gunne11.

1982).

The previous chapters presented evidence that C. (uberculata and C. oryzae

caused significant mortality on C. dijformis, C. iria, and F. mi/iacea within two weeks

aCter inoculation. Cross pathogenicity of the isolates to the other closely related weedy

sedges was also demonstrated. This is significant because C. difJormis. C. iria, and F.

miliacea occur together in irrigated nce fields and a potential biocontrol agent that

possesses activity on a11 of them is beneficial. However, C. rotundus was round to be

resistant to ail three isolates. Since C. rotundus is closely related to the three other

weeds, it is important to examine this difference in susceptibility.

An understanding of the fungal-host interactions is important in biological control

for the purpose ofenhancing the progress of the disease (Van Dyke (989). Several

factors can affect the success of a particular fungal isolate. These include variability in

spore size, spore adhesion to plant parts, number of genn tubes/spore, germ tube lengths,

infection structures produced by germ tubes, penetration of plant parts, toxin production,

use of inoculum adjuvants, and interaction with other phylloplane microorganisms (Van

Dyke, (989). The histopathology of Puccinia canaliculata in Cyperus esculentus

(Wetzstein and Phatak, 1987) and Co/letotrichum g/oesporioides f. sp. aeschynomene in

northem jointvetch (TeBeest et al., 1978) were studied in order to gain a better

understanding ofhow these biocontral agents infect their respective weed hasts and cause

disease.
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The objective ofthis study was to compare the pre· and post-penetration stages of

infection by two isolates of C. tuberculata and one isolate of C. oryzae on C. difformis.

C. iria. C. rotundus . and F. mi/iacea.

4.3. ~Iaterials and methods

Ali experiments were conducted at the lntemational Riee Research lnstitute

(lRRI), Los Banos, Laguna, Philippines. Sorne histology and photomicrography work

was done at McGill University.

4.3. J. Fungal isolates

Three isolates belonging to two species of Curvularia were used in the

experiments. C. tubercu/ata was isolated from diseased C. difJormis (isolate 93-020)

and from diseased C. iria (isolate 93-022) from Lian, Batangas, Philippines. C. ory:ae

(isolate 93-061) was obtained from diseased F. miliacea from Manicahan, Zamboanga,

Philippines. Ali fungal isolates were cu[tured on Y2 PDA plates or slants for initial

observation and later stored on agar-oil slants and/or in soil cultures.

4.3.2. Host plants

Seeds of C. difJonnis, C. iria, and F. mi/iacea were obtained from mature plants

in rice fields in and around the International Rice Research Institute, Los Banos, Laguna,

Philippines. C. rotundus tubers were obtained from the soil in the same areas. C.

difJormis, C. iria, and F. miliacea seeds were genninated in petri dishes lined with moist

tilter paper. Seedlings of approximately the same height and vigor were transplanted

when they were a week old into pots tilled with sail (Maahas clay, Suborder Haplustic,

Order Altisol), and maintained in the greenhouse. Tubers of C. rotundus were sown

111



directly into potting soil. The seedlings were maintained in the greenhouse with a 35/25

± 5° C day/night temperature regime.

4.3.3. Preparation ofinocu/um

Agar plugs were used to seed Y2 PDA plates for the mass production of the

inoculum. Seeded plates of isolates 93-020 and 93-022 were incubated in the dark at

28" C while cultures of 93-061 were maintained under lighted conditions (30 ~E m· l s'\)

at 28" C. Spore suspensions \Vere prepared by tlooding each dish with distilled water and

lightly scraping the surface of the colony with a clean glass slide or camel's hair brush.

The suspension was filtered using a piece ofcheesecloth to separate mycelial fragments

from the spores. Spore concentration was determined using a hemacytometer and the

spore suspension was sprayed at the rate of 1x 108 spores/m:!. Two drops ofTween 20 or

oxysorbic (20 POE) (polyoxyethylene sorbitan monolaurate) was added per 100 ml of

spore suspension.

4.3.4. Inoculation procedure

lnoculation was accomplished when the plants were two weeks old by spraying

them with the spore suspension using an atomizer connected to a pressure source (A.H.

Thomas Co., Scientific Apparatus, Philadelphia, U.S.A.). At this stage, C. dijformis and

C. iria had tbree to four expanded leaves, F. mi/iacea had five ta six leaves and C.

rotundus had approximately six ta eight leaves. Distilled water with Tween 20 was used

as the control.

The control and inoculated seedlings were incubated for 24h in the dew chamber

set at 28° C and 100% relative humidity (RH) in the dark, after which tbey were moved ta
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the mist room of the greenhouse. The mist room is a humid room in the greenhouse with

an automatic mister and kept at 24 to 28° C and 80 to 95% RH (Yeh and Bonman, 1986).

The experiment was set up as a 4 x 4 factorial following a randomized complete block

with five replications. The experiment was conducted three times.

4.3.5. Histopath%gy ofinfection

The third and fourth leaves of C. difJormis. C. iria. F. mi/iacea and C. rotundus

From infected and uninfected (control) plants were harvested at 2, 4, 8, 16, 20, 24, 36, 48,

72,96, 120, 144, and 168 hours after inoculation (HPl). Two sets ofleafsamples were

obtained, one for whole leaf clearing and the other for the paraffin method. Leaf

segments for whole leafclearing were immersed in vials containing 70 parts absolute

ethyl alcohol and 30 parts glacial acetic acid while those for cross-sectioning were fixed

in formaldehyde-acetic acid-alcohol solution (FAA) (Johansen, (940). Leaf samples

obtained arter two HPl were observed under the microscope for spore deposition before

they were subjected ta leaf clearing.

Whole leaf segments were immersed in several changes of alcohol-acetic acid

clearing solution until they appeared translucent. They were stained in lactophenol-acid

fuchsin (Dhingra and Sinclair, 1985) for 15 minutes or until a good contrast was achieved

between the epidermal ceUs (colorless) and the fungal pathogen (deep pink). Stained

tissues were dipped in plain lactophenol to remove excess stain and mounted on glass

slides using 50% glycerin. Microscopie observations were conducted and photographs

were taken using a Nikon 35-nun camera mounted on a compound microscope.

Leaves for cross sectioning were prepared following the method ofJohansen

(1940). Samples were first dehydrated in a graded ethanol-tertiary butyl alcohol series,
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• cleared and then infiltrated with Paraplast (Fischer Co.) in an aven at 56° C. After three

changes, they were embedded in the same medium and sectioned using a rotary

microtome. The sections (12 J.lm thick) were affixed ta clean glass slides using egg

albumin and stained with safranin·fast green. Microscopie examination was performed

and photographs taken with a Nikon 35-mm camera mounted on a compound

microscope.

4.4. Results

4.4./. Spore deposition

Spore deposition patterns differed among the four weeds. [n C. difformis and F.

mi/iacea, most of the spores were deposited at the tips (Fig. 4.10) and at the leafbases

near the leaf sheaths (Figs. 4.1A and Cl. In C. iria (Fig. 4.1 B) and C. rotundus (Fig.

4.1 E), spores were more or less evenly distributed in the Middle part of the leaf lamina.

Trichomes or leaf hairs sometimes trapped spores (Fig. 4.1 F).

4.4.2. The Infection Process ofCurvu/aria tubercu/ata (Iso/ates 93-020 and 93-022)

The infection process of the two C. tubercu/ata isolates were similar on C.

difJormis and C. iria. Spore germination was polar (Fig. 4.2A) and began at four HPI.

Genn tubes were 1.5 to 2 ~m in diameter and emerged from either the apical or basal

ceIls but were never observed to emerge from the middle cells. The direction of genn

tube growth was generally random, as they grew perpendicular or parallel to the long axis

of leaf epidermal cells and developed branches (Fig. 4.28).

Infection structure formation was initiated eight HPI. Appressoria and infection

cushions formed over epidermal cell walls but more frequently, at the junction of
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• epidennal cell walls. Occasionally~ stomata and guard ceUs were penetrated.

Appressoria were club- or teardrop-shaped, and ranged in size from 5 to 15 J.1m by 3 to

l2 J.1m (Figs. 4.3A to C). Simple appressoria were generally terminal on genn tube

branches (Figs. 4.3A to C) although a few intercalary appressoria were also found (Fig.

4.30). Infection cushions were also formed on epidermal cell waUs and occasionally,

over stomata. They were formed in either ofthree ways: (1) branching of a single germ

tube tip (Fig. 4.3E), (2) branching and/or coiling of aggregating genn tubes (Fig. 4.3F),

and (3) aggregation of several appressoria (Fig. 4.3G). Yellow haloes were present

around or adjacent to the infection structures (Fig. 4.38).

Penetration was direct and once the penetration peg gained entry to the

epidermal ceU, it immediately widened and developed primary infection hyphae (Fig.

4.4A). Thick, highly branching hyphae grew intracellularly, in most cases filling the

entire cell (Fig. 4.48). Intercellular growth of C. tuberculata was also observed, and

resulted in the swelling and separation of adjoining cell walllayers (Fig. 4.4C). Infection

of the neighboring ceUs proceeded by direct penetration of the adjoining eeU wall by

branches of the primary infection hyphae (Fig. 4.40). These secondary infection hyphae

quickly spread inta adjacent epidermal and mesophyll ceUs (Fig. 4.4E) as weil as through

the leaf sheath celis (Fig. 4.4F).

Sections of the infected tissues revealed that by 48 to 72 HPI, C. tubercu/ata had

completely calonized the epidennal cells and the underlying mesophyll cells (Figs. 4.5A

and B). After 96 h, the hyphae had ramified to the bundle sheath cells surrounding the

vascular bundle (Figs. 4.5C and 0). Conidiophores had also emerged from stomata at

this time (Figs. 4.5E and F).
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ln F. mi/iacea inoculated with either isolate 93-020 or 93..022, the infection

process followed a pattern similar to C. difformis and C. iria. Spores of C. tuberculata

genninated and produced genn tubes at four HPI. There was no apparent directionality

in the growth of germ tubes (Fig. 4.6A) since they were observed to grow perpendicular

to the long axis of leaf epidermal cells but they also grew tightly appressed to the long

axis of the epidennal eells in the costal region. Many of the spores, however, produced

genn tubes that immediately branched as soon as they emerged from the spore, resulting

in bifurcated germ tubes (Fig. 4.68). Infection structures developed over epidermal cell

walls or rarely, on stomata between 20 to 24 HPL Simple appressoria were intercalary

(Fig. 4.6C) or tenninal (Figs. 4.60 and E) and exhibited variation in size and shape.

Infection eushions resulted from the enlargement of germ tube branches (Fig. 4.6F).

Infection hyphae grew within and in between epidermal and mesophyll eells

(Figs. 4.7A and C) as weIl as leafsheath eells (Figs. 4.78 and 0). Stomatal guard ceUs

were also infected (Fig. 4.7E). After 120 hours, necrotic leaftissues showed

eonidiophores emerging from the stomata (Figs. 4.7F ta H).

The infection process of C. tubercu/ata essentially remained the same on C.

rOlundus. Spores genninated by four HPI (Fig. 4.8A) and germination were generally

polar (Fig. 4.8B). Germ tubes also lacked apparent directianality in their growth. There

were long, unbranched germ tubes growing parallel ta the long axis of epidennal ceUs

(Fig. 4.8C) but sorne were oriented perpendicularly (Fig. 4.80). A lesser degree of germ

tube branching in C. rotundus was observed compared ta the three other hosts. Germ

tubes also eoiled repeatedly on the epidennal cell surface without initiating infection

(Fig. 4.8E), and occasionally coiling around trichomes (Fig. 4.8F).
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Infection structures were tirst observed at 24 HPI and were preferentially formed

on epidermal cell wall junctions. Intercalary or tenninal appressoria (Fig. 4.9A) ranged

from 7 to 15 jim by 3 to 12 J.1.m while infection cushions resulting from the aggregation

of germ tube branches were approximately 20 to 25 J,lrn by 10 to 12 J,lm. (Figs. 4.9C, 0).

Penetration was direct although a few stornata were also penetrated (Fig. 4.9B).

Successful penetration was immediately followed by the growth of primary

infection hyphae (Fig. 4.9E). However, infection hyphae were restricted to the cell

initially penetrated (Fig. 4.9F) or to a few adjacent ceUs (Fig. 4.9G), even by 48 HPI.

Many epidermal ceUs in inoculated plants also exhibited a granular appearance (Fig.

4.9H) at 24 HPI, with infected ceUs tuming tirst yellow, and then brown. Further growth

of C. tubercu/ata was restricted to the 20 ta 30 ceUs surrounding the tirst infected cclI.

By 168 HPI, the hyphae were starting to become disorganized and appeared granular and

plasmolyzed.

4.4.3. The injection process ofCurvularia oryzae (Iso/ale 93-06/j

Fimbristy/is mi/iacea, C. difformis, and C. iria were highly susceptible to C.

ory=ae. Pre-penetration events were similar in these three weeds. Two hours after

inoculation, spores of C. oryzae had germinated (Fig. 4.10A). Germination was bipolar

and no intercalary gerrn tubes were observed. Genn tube growth was both parallel (Fig.

4.10B) and perpendicular (Fig. 4.100) to the long axis ofepiderrnal ceUs and developed

rnany branches (Fig. 4.1OC).

ln the three susceptible weeds, appressoria began to form eight hours after

inoculation on epiderrnal cell waUs and rarelYt on stomata (Fig. 4.11A). More than one
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appressorium may develop from one conidium due to the branching of germ tubes (Fig.

4.11 B). Infection cushions were observed starting 24 HPL They appeared to he

aggregations of simple appressoria (Figs. 4.11 C and D) or coiled branches of germ tube

tips (Figs. 4.11 E and F). Narrow penetration pegs (Figs. 4.11 E and 4.12A) achieved

penetration and the penetration site was often marked by a yellow halo with a pore in the

center (Fig. 4.12B). Primary infection hyphae developed from the infection structures

and rapidly spread within the cell (Fig. 4.12C) or between cells (Fig. 4.12D).

After 48 to 72 h, the pathogen had completely colonized the leaf tissues of C.

dijformis, C. t'ria, and F. miliacea. In F. mi/iacea, fungal hyphae were visible within

cleared necrotic leaves (Fig. 4.13A) and conidiophores had emerged from the stomata by

96 HPI (Fig. 4.138). Cross sections of C. difformis and C. iria revealed the extent to

which the epidennal and mesophyll ceUs had been infected (Figs. 4.l3C, D, and G).

Bundle sheath ceUs were also attacked (Figs. 4.13E and H) and conidiophores were

present in stomatal openings by 96 HPI (Fig. 4.13F).

Spores also germinated after two hours in the resistant host, C. rotundus (Fig.

4.14A). Germ tubes were typically bipolar and developed branches (Fig. 4.148).

Infection structures were found beginning 12 HPI mainly over epidermal wall junctions

but stomata and trichomes were occasionally penetrated. Appressoria (Fig. 4.14C) were

either terminal or intercalary. Infection cushions were also observed, formed by the

aggregation ofseveral appressoria (Fig. 4.140), or through the branching and coiling of

genn tube tips (Fig. 4.l4E). Yellowish haloes were produced in the area beneath the

infection structures (Fig. 4.15A). Thin, penetration pegs emerged from the infection
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structure (Fig. 4.15A) and primary infection hyphae developed after penetration (Fig.

4.(58).

Twenty-four hours after inoculation, primary and secondary infection hyphae

were present in infected eells (Figs. 4.16A and B). Invasion of neighboring cells was

slow and restrieted to one or a few neighboring cells (Fig. 4.16C). Fungal colonies were

small and limited to 20 to 50 epidermal ceUs (Fig. 4.(60) after 48 hours. The invaded

epidennal and mesophyll ceUs turned brown and collapsed.

An intense yellowing reaction was observed in infected eells (Figs. 4.16E ta G)

and pinhead lesions (Fig. 4.16H). By 168 HPI, signs ofdegeneration in the fungaL

hyphae were evident (Figs. 4.17A to f). Plasmolysis and granulation of hyphal segments

was observed (Figs. 4.17A to E). The fungal pratoplasm was disorganized and stained

unevenly with lactofuchsin (Figs. 4.17C to F).

4.5. Discussion

This is the tirst report on the histopatholagy of C. tuberculata and C. oryzae on

sedge hosts. Cyperus dijJormis. C. iria. and F. mi/iacea were susceptible to two isolates

of C. tuberculata and to C. oryzae while C. rotundus was resistant ta C. tuberculata and

C.oryzae. The infection process for the two C. tubercu/ata isolates were identicalso

they will be eonsidered as one. The pathological histology of C. tubercu/ata and C.

oryzae on the four weed hosts were essentially comparable and closely resemble the

infection process ofCochliobo/us sativus in wheat and barley (Huang and Tinline, 1976).

The tirst requirement for interaction between a fungus and its plant host is the spore's

arrivai on the leaf surface. The third and fourth leaves of C. difformis. C. irla. F.

miliacea, and C. rotundus differ in size, shape, waxiness, and leaf angle. ln C. difformis
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• and F. miliacea, the spores tended to accumulate at the base of the plant near the leaf

sheaths. This could be partially due to the leaf angle, which is less than 451). F. miliaeea

lcaves are also waxy, thin, and almost cylindrical in shape which facilitate ron-off of the

applied spore suspension. Spores are often ultimately deposited in locations on lcaves

and stems where mn-off water collects, such as along veins, or in axils of leaves, buds,

and flowers (Johnstone, 1931).

The hydrophobicity (or wettability) ofboth spores and leaves also affect spore

retention and water run-off (Allen et aL, 1991). [n leaves with low wettability such as F.

mi/iaeea, water droplets maintain a high contact angle and are easily removed if the leaf

is shaken or inc1ined. Spores are thus deposited at the leafbases where lesions ultimately

develop, causing girdling and plant collapse.

In C. iria and C. rotundus, the spores tended ta be deposited more evenly due to

longer and slightly wider leaves. In addition, leaf angle with respect ta the vertical is

also greater compared ta C. difJormis or F. miliaeea. lncreased deposition ofconidia as a

functian of greater leaf angles has been reported for Eucalyptus bieostata sprayed with

Phaeoseploria eucalypti (Heather, 1967).

There is strong evidence that mast fungal plant pathogens germinate equally weIl

on hast and non-host surfaces (Heath, 1974; Bird and Ride, 1981; Murray and Ye, 1986;

Kumar and Sridhar, 1987). These results confirm this observation sinee the onset of

germination or percent germination did not differ in susceptible and resistant hasts.

However, two distinct differences were found between C. tubercu/ata and C. oryzae; 1)

conidial gennination in C. tuberculata is typically polart while in C. oryzae, it is bipolar,

and 2) spores of C. oryzae germinated two hours earHer tban C. tuberculata. Sivanesan
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(1987) reported Lateral germination from the middle ceUs of C. tuberculata but this was

not observed in any of the isolates tested here.

In contrast to the directional growth of rust genn tubes in graminaceous hasts

(Wynn and Staples, 1981), germ tube growth in both C. tubercu/ata and C. oryzae did

not have an apparent directionality since they grew both perpendicular and parallel to the

long axis of epidennal cells and developed branches. Branching of genn tubes has also

been reported for Cochliobolus (Huang and Tinline, 1976) and Pyrenophora

(Hargreaves, 1982).

C. tubercu/ata and C. oryzae fonned simple appressoria as weB as infection

cushions on the four weed hosts. Appressoria observed in the present study varied

greatly in size and shape but they were always delimited by a septum and were stained

darkly with lactofuchsin. They formed at the tips of the main germ tube or more

frequently, at genn tube branches (terminal appressoria). Occasionally, appressoria were

formed directly on the side ofa genn tube (intercalary appressoria).

Emmett and Parberry (1975) reported that Broyles (1955) found a negative

correlation between appressorium formation and degree of branching. Microscopie

observations performed here suggest that branching might enhance appressorial

formation since several appressoria were fonned in branched genn tubes (Fig. lOB).

Occasionally, sorne single genn tubes fonned simple appressoria one after the other (Fig.

98), but a single appressorium on an unbranehed germ tube was extremely rare. This

trait could have significanee sinee a potential biocontrol agent will have more success if

it is capable of forming several appressoria from one spore.
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The manner of infection cushion formation in the isolates is similar ta those

reported for Cochliobo/us sativus (Huang and Tinline, L976), where several simple

appressoria appear to be attracted to each other (Fig. 4. LOC) and aggregate (Fig. 4.2G).

However, infection cushions resulting from (1) branching and swelling of branches from

one germ tube/hyphal tip or (2) coiling and aggregation of branches of several adjacent

germ tubes/hyphae, were also found. These results typify infection cushions of

Rhi=octonia solani (Dodman and Fientje, 1970). Variation in the complexity of infection

structures seems to be related to resistance to the pathogen since more infection cushions

were fonned in C. rotundus. The initiation of appressarial fonnatian in susceptible and

resistant hasts did not differ significantly.

[nfection structures were preferentially formed at the junction of epidermal ceIls.

Stomata and trichomes were rarely penetrated. Preece et al. (L 967) were among the tirst

to report that germinating Erysiphe po/ygoni and Peronospora parasitica conidia fonned

appressoria in the junction areas between the anticlinal walls of adjoining epidermal

cells. Since then, numerous investigators have reported the same in many foliar

pathogens including Cochliobolus spp. (Hau and Rush, (979), He/minthosporium spp.

(Hilu and Hooker, 1964), Botrytis spp. (Clark and Lorbeer, 1976), and Co/letotrichum

spp. (Anderson and Walker, 1962; Lapp and Skoropad, (978).

Other leaf surface sites have also been reported as penetration sites.

Co//etotrichum lindemuthianum appressoria commonly develop over veins (Preece and

Dickinson, (971) ofbean leaves whereas stomata are the favored infection sites of the

rust fungi (Wynn, 1916). Spores of C. gloeosporioides f. sp. aschynomene produced

appressoria and penetrated trichome bases directly (TeBeest et aL, (978). The preferred
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penetration site was the junction of epidermal ceUs and penetration of stomata was

infrequent, similar to the repons on Botrytis cinerea (Clark and Lorbeer, L976). Since

penetration of epidermal cel1s or stomata by hyphal tips was not observed, it is likely that

infection structures such as appressoria and infection cushions are essential for invasion.

Penetration of host ceUs by plant pathogenic fungi has been attributed to

mechanical forces (Aist and Williams, L971) and to enzymatic degradation of cell walls

(Edwards and Allen, 1970; McKeen, 1974; McKeen et al., 1969; Sargent et al., 1973). In

this case, the presence oflhin, narrow penetration pegs (Figs.4.11A and 4.14A) suggests

that mechanical force is involved. However, the presence ofa weil defined pore (Fig.

4.11 B) and the yellowing reaction (Figs. 4.28 and 4.8C) in and around infection

structures suggest that enzymatic processes are also at work. Penetration occurred in ail

interactions but it was not detennined whether there were any differences in penetration

frequency.

Following successful penetration, both C. tuberculata and C. oryzae produced

primary infection hyphae that were much thicker than the penetration peg, an event that

has also been reported for Colletotrichum trifoUi on alfalfa (Porto et aL, 1988). Primary

infection hyphae were constricted at the point where they passed through the cell wall but

widened immediately thereafter. Secondary infection hyphae that branched out from

primary infection hyphae invaded neighboring cells.

The rapid colonization ofepidermal and mesophyll cel1s was the best indicator of

susceptibility. Both C. tuberculata and C. oryzae were able to invade highly susceptible

host tissues from the adaxial to the abaxialleaf surface within 72 to 96 HPI. There was

also a high concentration of hyphal mass just beneath the stomata prior to the emergence
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of conidiophores. Epidermal and mesophyll cells were extremely vulnerable to attack

but cells in the vascular bundle were not invaded. lt might be that the lignified cell walls

in the vascular bundle are an effective barrier to invasion. Protùse sporulation was

observed in the necrotic areas of susceptible weeds five to seven days after inoculation.

Conidiophores emerged from the stomata only (Figs. 4.4F; 4.6H; 4.128, and F) similar to

Drechslera, Cercospora, Alternaria, and Pyriclilaria species (Subramanian, 1983).

Pre-penetration phenomena of C. tllberculata and C. ory:ae on C. rotllndus did

not differ from those observed on susceptible weeds. The onset of spore germination was

the same and percentage germination approached 900/0 after 24 hours. However, germ

tubes tended to branch less and sorne were observed ta coil repeatedly without fonning

infection structures. This could be interpreted as a "tropic failure" (Wynn, 1981), where

genn tubes seem unable ta recognize the surface characteristics of a hast. Fungi are

remarkably sensitive to minor differences in topography (Wynn, 1981). Ridges and

grooves on leaf surfaces (Staples and Macko, 1984; Staples et al., 1985a, b; Hoch and

Staples, 199L) as well as the type and pattern of wax crystals (Lewis and Day, (972) act

as a thigmotropic stimulus that orient germ tube growth and affect infection structure

formation of rust and powdery mildew fungi.

More infection cushions were formed on C. rOlundus than on the susceptible

weeds by C. tuberculata and C. oryzae. The combined action ofseveral aggregated

appressoria or hyphal tips, as weil as the Larger surface area invoLved during penetration,

might have been required to infect C. rotundus. Dodman et al. (1968) reported that direct

penetration ofhosts by Rhizoctonia salani was always associated with the formation of

complicated dome-shaped infection cushions while stomataL penetration was often
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.. associated with less complicated lobate appressoria. They suggest that stomatal

penetration requires less effort on the part of the fungus and thus, only necessitates the

formation of simpler infection structures. These findings were confirmed by EI-Samra et

al. (1981) who found that the susceptible cotton cultivar supported the development of

simple, hypha-like infection cushions and that progressively resistant cotton cultivars

enhanced the formation of more complex types of infection cushions.

Resistance of C. rotundus to the Curvu/aria isolates was expressed as a delay in

infection and slow lesion development. Although the time of initiation of infection

structure formation in C. rotundus was generally similar to the other weed hosts, the peak

time occurred 24 ta 48 h later than in the susceptible hosts. The longer incubation period

of the two Curvu/aria species could be the reason for the delay in the first appearance of

lesions in C. rotllndlls. Results of the present study confinn this as ramification of

infection hyphae of the two Curvu/aria species in C. rotundus was slow and the resulting

fungal colonies were small. Sporulation did not occur in the pinhead lesions and

although conidiophore emergence was observed at the tip of leaf #3 (one plant) in one

trial, conidiophore development was sparse and did not result in the fonnation of mature

conidia.

One week after inoculation, hyphae of C. llibercu/ata and C. oryzae began to

exhibit signs of degeneration such as granulation, plasmolysis, vacuolation, and

disorganization of the cell membrane. These signs suggest that plant reactions are likely

involved in the delimitation of the pathogen within C. rotundus leaf tissues.

The resistance of C. rOlundus to C. lubercu/ata and C. oryzae appears to be due

mainly to plant reactions since most of the responses observed were initiated after
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suecessful penetration. However, tropie mistakes such as those deseribed by Wynn

(1981) also play an important role in resistanee. It is likely that the eombined effects of

tropic mistakes and plant reaetions account for the failure of C. lubercu/ata and C. ory=ae

to cause high levels of disease and plant death in C. rotundus.
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Figure 4.1. Spore deposition in Cypents difJàrmis. Cyperus lria.

FlmbristyUs miUacea. and C>pents rotundus. A. Spores deposited at the

upper leaf sheath in C. difformis. B. Spores were more evenly distributed in

leafblades of C. lria. C. Clumps of spores caught at the leaf sheath of

F. mi/iacea. o. Spores deposited on leaf tips of F. mi/iacea.
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Figure 4.1. continued. E. Spores on the leaf blade of C. rotundus. F. Spores

trapped by trichomes in F. mi/iacea. Bar =200 Jlm except 8 and F.
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Figure 4.2. Spore gennination and infection structure fonnation of Curvu/aria

luberculata (93-020) in Cypenls difJormis (A) and Cypenls irfa (B).

A. Spore germination at four hours post inoculation (HPl). Germ tubes (GT)

are typically polar and emerge from either the apical or hilar end of the spore.

GT stained with cotton blue. B. By eight HPl, germ tubes are branched and

have initiated formation ofappressoria (A). C, conidium. Bar = 10 ~m.
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Figure 4.3. Infection structures of Curvularia (uberculala t93-020) on Cyperlls

dijJormis (A~ C~ D, and E) and Cypenls iria (8, F, and G), eight to 12 hours post

inoculation (HPl). A. Club-shaped~ terminal appressorium (A) on epidennal

cell wall. B. Yellowing reaction (YR) around a terminal appressorium (A)

arising from a germ tube (GT) branch at 12 HPI. C. Two simple appressoria (A)

at the tips of adjacent germ tube (GT) branches. D. Intercalary appressorium (A)

formed over a stomatal aperture (SA). E. Infection cushion (le) over stomatal

aperture (SA) formed by branching of a single germ tube tip. F. Infection

cushion (IC) on epidermal cell wall formed by coiling of several germ tubes (GT).

G. Several simple appressoria (A) seem to have aggregated to form an infection

cushion (IC). Bar = 10 J,lm.
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Figure 4.4. infection of C'ypenis dijj'ormis (C and F) by Curvularia tuberculata (93

020; C, D, and E) and Cypenls iria (A, B, D, and E) by Curvu/aria tubercu/ala (93

022; A, B, and f), 20 to 48 hours post inoculation (HPI). A. Primary infection hyphae

(PIH) develop after successful penetration ofan epidermal eeU by an appressorium (A).

Secondary infection hyphae (SIH) branch from the PIH and grow interceUularly.

B. Primary and secondary infection hyphae (PIH, SIH) have ramified within adjacent

epidennal ceUs. Note yellowing and separation of anticlinal wall near the appressorium

(A). C. Rupture and swelling ofcell wall during intercellular growth ofan infection

hypha (IH). D. Infection of neighboring cells by direct penetration of adjoining cell

walls by infection hyphae (IH). E. Cleared, whole necrotic leaf showing infection

hyphae (black arrowheads) among mesophyll ceUs (MC). F. Infection hyphae (IH)

in leaf sheath cells. Bar = 10 J,lm.

138



•

•

•



Figure 4.5. Colonization of Cypenls dijJormis (A, B, E, and F) and Cypenls iria (C and

D) by Curvularia tuberculata (93-020), 48 to 96 hours post inoculation (HPI). A.

Transverse section of a blighted Ieaf 48 HPI. B. High magnification view of a portion of

the leaf in A showing the infection hyphae (red) that have ramified throughout the

epidermal and mesophyll cells. C. Intercellular hyphae are present in infected bundle

sheath cells (BS). O. Later stage of infection showing completely colonized bundle sheath

cells around a vascular bundle (VB). Conidiophores (CP) have started to emerge from

the necrotic leaf. E. Cleared whole necrotic leaf showing conidiophores emerging

from stomatal openings (SP). F. High magnification view ofemerging conidiophores

(CP). Bar = 10 J,lrn except A and E.
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Figure 4.6. Spore gennination and infection structure formation of Curvularia

tuberculata (93-020, Band C; 93-022; A, D, E, and F) in Fimbristy/is mi/iacea, four to

24 hours post inoculation (HPI). A. Germinated spores at 12 HPI. B. Polar germination

ofconidium (C) showing bifurcated genn tube (GT). C. lntercalary appressorium (A)

over an epidennal ceU. o. Simple, elongated appressorium (A) formed near a stomata

(ST). E. Simple appressorium (A) on an epidermal cclI. GT, germ tube; ST, stomata.

F. Infection cushion (IC) over an epidennal ceU. GT, germ tube. Bar = 10 Jlm.
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Figure 4.7. Infection and colonization of Fimbristylis miliacea by Cuyvu/aria

tuberculata (93-020; C, D, F. G, and H and 93-022; A, B, and E), 24 to 144 hours

post inoculation (HPI). A. Primary infection hyphae (PIH) within an epidennal cell,

48 HPL B. Intracellular infection hyphae (lH) in leaf sheath cells, 36 HPI.

C. Intracellular (lH 1) and intercellular (lH2) infection hyphae in a necrotic area of

the leaf. D. Infection hyphae (IH) in leaf sheath cells at 48 HPL E. Infection hyphae

(lH) inside guard cells (GC) of stomata. F. Conidiophores (CP) emerging from

the stomata (ST). Infection hyphae (IH) are visible beneath the stomata and among

collapsed mesophyll ceUs (MC). G. Portion of necrotic leaf tip showing emerging

conidiophores (CP). H. High magnification view ofconidiophores (CP) with young

conidium (YC). Bar = 10 ).lm except A, B, D, and G.
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Figure 4.8. Spore gennination and genn tube growth Curvu/aria fubercu/ata (93

020, Band F; 93-022, A, C. D, and E) on Cypenls rOlundus, four to 36 hours post

inoculation (HPl). A. Germinated conidium (C) showing short germ tube (GT) at

four HPI. B. Germ tubes were typically polar and rarely, bipolar. C. Long,

unbranched germ tubes (GT) growing parallel to the long axis of epidennal cells.

D. Germ tubes (GT) growing perpendicular to the long axis ofepidennal cells.

E. Coiled germ tubes (GT) at 36 HPI. F. Germ tubes (GT) sometimes coiled around

trichomes (TR).
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Figure 4.9. Infection and colonization of Cypenls rotlmdus by Curvularia tubercu/ata

(93-020~ C, E, and H and 93-022: A, B, D, F, and G), 24 to 168 hours post

inoculation (HPI). A. Appressorium (A) fonned at epidermal cell wall junction

at 24 HPI. B. Appressorium (A) formed over a stomata (ST) at 36 HPI. C. [nfection

cushion (lC) on epidermal ceU wall showing contributing germ tubes and fonnation

of yellow halo. D. Infection cushion (lC) over epidermal cell wall formed by

branching of the germ tube (GT) tip. E. Infection hyphae ([H) spreading within

an epidermal cclI. F. Infection hyphae (lH) restricted to the cell initially

penetrated. G. Limited development and spread of infection hyphae ([H) among

neighboring epidermal ceUs, 96 HPI. H. Granular appearance of inoculated epidennal

cells. The yellow spot indicates the penetration site. Bar = 10 !lm except D.

143



•

•

•



Figure 4.10. Spore germination and germ tube growth of Curvularia oryzae (93

061) on Fimbristylis miliacea, four to 12 hours post inoculation (HPl). A. Bipolar

germination typical of C. oryzae at four HPI. B, C, and D. Genn tubes grew

parallel (B) or perpendicular to the long axis of epidermal ceUs and developed

branches (C). Appressoria (black arrowheads) were present at 12 HPI.
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Figure 4.11. Infection structure fonnation of Curvu/aria oryzae (93-061) in

Cypenls difformis (A), Cypenls iria (F), and Fimbristylis miliacea (B to E), eight to

24 hours post inoculation (HPI). A. Simple appressorium (A) and infection hyphae

(lH) in guard cells of the stomata at eight HPI. B. Geminated conidium (C) showing

pattern of germ tube (GT) branching and location of appressoria (A), 12 HPI.

C. Attraction among appressoria (A) in the early stage of infection cushion

formation. O. Infection cushion (lC) on an epidermal wall junction (EWJ) with

two penetration pegs (black arrowheads). E. Infection cushion (IC) aver an

epidermal cell consisting of coiled genn tube (black arrowheads) tips. F. Infection

cushion (IC) over stomatal opening (ST) al 24 HPI. Bar = 10 J.lm except B.
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Figure 4.12. Penetration and infection of Cyperus iria (8 and D) and Fimbristylis

mi/iacea (A and C) by Curvu/aria oryzae (93-061), 20 to 48 hours post

inoculation (HPI). A. Penetration of an epidermal ceU of F. mi/iacea by an

appressorium (A) with penetration peg (PP), 20 HPl. B. Adjacent ceUs are invaded

by infection hyphae (IH) in C. iria, 36 HPI. The penetration site (PS) is bordered

by a yellow halo and shows a small pore in the center. C. Infection ofan epidermal

eeU by an appressorium (A). The primary infection hypha (PIH) has spread within

the ceU. o. Growth of infection hyphae (IH) from an appressorium (A) over several

epidermal ceUs of C. iria. Bar = 10 Ilm.
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Figure 4.13. Colonization of Cyperus difformis (C to F). Cypenls [ria (0 and H) and

Fimbristylis mi/iacea (A and B) by Curvlilaria oryzae (93·061),48 ta 96 hours

post inoculation (HPI). A. Fungal hyphae (IH) are visible within cleared necrotic

[eaf of F. miliacea. B. Conidiophores (CP) have emerged from the stomata (ST)

in necrotic leaf tissues by 96 HPI. C. Cross section of a blighted leaf of C. difformis

at 72 HPI showing infected and collapsed tissues. o. High magnification view of

boxed area in C showing infection hyphae (lH) within epidermal and mesaphyll eells.

Sorne bundle sheath ceUs surrounding a vascular bundle (VB) have been invaded

(black arrowheads). E. By 96 HPI infection hyphae (black arrowheads) have

ramified to the mesophyll ceUs and the vascular bundle sheath. F. Conidiophores

(CP) emerging from the stomata (ST) . Note concentration of fungal hyphae

below the stomata. The bundle sheath ceUs have been eompletely

colonized (black arrowhead). G. Cross section of a blighted leafof C. iria

showing neerotic area covering the main vein and five minor veins. H. Infection

hyphae (IH) around the major vein (VB) of a C. iria leaf at 72 HPI.

Bar = 10 J.1rn except C and O.
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Figure 4.14. Spore gennination and infection structure formation of Curvu/aria

ory:ae (93-061) on Cypenls rotundus, two to 24 hours post inoculation (HPI). A.

Bipolar germination ofconidium (C) with branched germ tubes (GT) at eight HPI.

B. Appressorium (A) on an epidermal celI wall junction. C. Infection cushion (IC)

on an epidennal cell. D. Early stage of infection cushion formation showing

aggregation of individual appressoria (A) with their respective germ tubes (GT).

Bar = 10 flm except A.
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Figure 4.15. Penetration of Cypenls rotundus by Curvu/aria oryzae (93-061),

20 to 24 hours post inoculation (HPI). A. Thin and narrow penetration peg (PP)

from an appressorium (A) penetrating an epidermal eeU. B. Primary infection

hyphae (PIH) developed from an infection cushion (lC) on an epidermal eeU wall

junction (EWJ). Bar = 10 J,lm.
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Figure 4.16. Infection and colonization of Cyperus rotundus by Curvu/aria oryzae

(93-06 L), 24 to 168 hours post inoculation (HPI). A. Thick, primary infection

hyphae (PIH) growing over epidermal cells. Thin, secondary infection hyphae (SIH)

grew from PIH. B. Primary infection hyphae (PIH) spreading within an epidennal

cell. Note yellow areas (black arrowheads) where PIH penetrated the cell wall to

infect adjacent cells. C. Infection of neighboring cells by infection hyphae (lH).

D. From the cell initially penetrated (black arrowhead), infection hyphae (IH)

ramified and spread to neighboring ceUs covering an area surrounded by the black

line. E and F. Intense yellowing reaction in infected epidermal cells at L68 HPI.

G. High magnification view of F showing granular appearance (G) of an epidermal

cclI. H. Yellowing reaction in a smalliesion at L20 HPI.

ISO



•

•

•



Figure 4.17. Degeneration of Curvu/aria oryzae (93-061) in Cypenls rOlundus,

168 hours post inoculation (HPI). A. Infection hyphae within an epidermal cell

exhibiting granular (G) appearance of hyphae. B. Plasmolysis (PL) of infection

hyphae in epidermal cell. C, D, and E. Degenerating infection hyphae (DIH)

showing plasmolysis (PL) and granulation (G) of hyphal segments. F. Degenerating

infection hyphae (DIH) stained unevenly with lactofuchsin. Bar = 10 j.1m.
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CONNECTING TEXT

[n Chapter 3, it was demonstrated that most nee varieties tested exhibited

resistanee to Curvularia tuberculata and Curvularia oryzae. Although flecking was

observed in moderately and highly resistant varieties, no sporulation occurred in the

lesions. This indicates that resistance mechanisms are operating. This chapter presents

findings on the histology of the resistant fungal-rice interaction and examines resistance

mechanisms al the pre-penetration and post-penetration stages.
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Chapter S. Histologieal responses of Ory:a saliva

to Curvular;a tuberculata and C. ory:ae

S.I. Abstract

Reactions oft\vo rice (Oryza sativa L.) varieties, IR 64 (IRRI Ace. #66970) and

Norin 21 (lRRl Acc. #7686), \Vith moderate ta high resistanee to isolates of Cllrvularia

(uberculata (93-020 and 93-022) anù C. oryzae (93-061) were studied by light

mieroseopy. Spore deposition was even but most spores were deposited on the middle

portion of the leaf blade. The infection proeess was similar to those reported for sedge

hasts. Polar germination beginning four hours post inoculation (HPI) \Vas typical for C.

tllberculata while C. oryzae was characterized by bipolar germination starting two HPI.

Infection structures consisting of simple terminal or intercalary appressoria were initiated

at 24 HPI over stomatal apertures or rarely, on epidennal cell walls and bulliform eells.

No infection cushions were formed. Penetration occurred by the formation of a fine

penetration peg underneath the appressorium. Yellowing reaction was observed in areas

beneath and adjacent to appressoria and germ tubes as weil as infected cells. Granulation

of epidennal ceUs near germ tubes and appres~oria was observed in Norin 21 inoculated

with isolate 93-022. Resistance of IR 64 and Norin 21 to infection by C. tubercu/ata and

C. oryzae was expressed mainly after penetration as slow and restricted fungal growth

and lack of sporulation.

S.2. Introduction

Rice (Oryza saliva L.) is one of the most important crops in the world, second ooly

to wheat in tenns ofannual production (IRRI, 1993). Ninety-two percent of the world's rice
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is grown and eaten in Asia where millions of people depend on this food. [t is estimated that

world riee production will have to increase by almost 700/0 in the next 35 years to keep up

with population growth and the ineome-indueed demand for food (IRRI, 1993).

Weeds are a considered a major constraint to world riee production. Weeds in rice

commonly cause yield losses of 10 to 400/0 and oceasionally, losses of 100°fcJ (Watson,

1994). Current weed management practices using mechanical, cultural, and chemical

methods need to he improved in the wake of increasing concems about economical and

environmental sustainability of intensive rice production (Watson, 1994; Moody, 1995).

Biological control of weeds bas good potential as a component of an integraled weed

management program in rice (Watson, 1994). Curvularia isolates were obtained in 1993

From diseased Cyperaceae weeds in the Philippines. [solates 93-020 from CypenlS difJormis

and 93-022 from C. iria were identified as Curvularia tuberculata Jain and isolate 93-061

from Fimbristylis miliacea as Curvularia oryzae Bugnicourt. These pathogens produce leaf

spots and leafblight and cause up to 1000/0 mortality on their primary hosts within two

weeks after inoculation (Chapter 2). [t has also been demonstrated that these three isolates

are cross- pathogenic on two other closely related weeds (Chapter 2). Tests on rice varieties

revealed a range of reactions ta the isolates, from highly resistant ta moderately susceptible

(Chapter 3).

Curvularia lubercu/ata bas been reponed on citrus (Leie et aL, 1968), sorghum

(Lambat and Ram, 1969), purple nutsedge (Misra et aL, 1973), cosmos (Ghosh and

Gupta, 1980), sugarcane (Seshadri et aL, 1980), mango (Leie et al., 1981), and guava

(Kapoor and Tandon, 1971). Curvularia oryzae was reported as causing fruit rot in okra

(Lai and Gael, 1989). Both C. tuberculata and C. oryzae have becn implicated in the
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black kemel disease of nce, together with 12 other Curvu/aria species (Webster and

Gunnell, 1992; Ou, 1985). Early studies using C. /unata showed that discolored and

infected grains could be produced by inoculating riee plants at tlowering stage and by

injecting inoculum into the seeds (Martin, 1939; Martin and Altstatt, 1940).

Species of Curvularia are regarded as weak pathogens and common saprophytes

(Webster and Gunnell, 1992). Studies on turf grasses showed that C. /unata could

colonize heat stressed and/or old elipped leaves but eould not eolonize juvenile or mature

leaves (Muchovej and Couch, 1987). Apparently, leafclipping allowed entry of C.

lunata into the leaftissue (Muehovej, 1986). Altbougb sorne species of Curvu/aria such

as C. /unata (Chu and Chen, 1973; Zhang, 1996), C. cymbopogonis (Santamaria et al.,

1971), and C. vernlclliosa (Aulakh, 1966) may cause leaf spots under certain conditions

(Ou, 1985), these diseases are not eonsidered eeonomically important.

The effeet of C. lubercu/ata and C. oryzae on riee seedlings needs to be studied if

these isolates are to be further evaluated as potential biocontrol agents for sedge weeds in

irrigated riee. Infonnation about the resistance mechanisms operating dunng the pre- and

post-penetration stages of the infection proeess will be useful in the assessment of

incompatibility between the weed biological control agent and the crop plant. The aim of

tbis study is to examine the histologieal responses of high to moderately resistant

varieties of rice to the three Curvularia isolates.
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S.3. Materials and methods

AlI experiments were conducted at the International Rice Research lnstitute

(IRRI), Los Banos, Laguna, Philippines. Sorne histology and photomicrography work

was done at McGill University.

5.3.1. Fungal iso/ales

Three isolates belonging to two species of Clirvu/aria were used in the

experiments. Curvularia tubercli/ata Jain was isolated from diseased Cypel11s difJormis

(isolate 93-020) and from diseased Cyperus iria (isolate 93-022) from Lian, Batangas,

Philippines. Curvularia oryzae Bugnicourt (isolate 93-061) was obtained from diseased

Fimbristylis miliacea from Manicahan, Zamboanga, Philippines. Ail fungal isolates were

cultured on 1,12 PDA plates or slants for initial observation and later stored on agar-ail

slants and/or on soil cultures.

5.3.2. Host plants

Seeds of Oryza saliva (rice) were obtained from the Genetic Resources Center,

International Rice Research Institute while seeds of Cyperus difformis, C. iria, and

Fimbristy/is mi/iacea were obtained from mature plants in rice fields in and around the

International Rice Research Institute, Los Baiios, Laguna, Philippines. Seeds were

genninated in petri dishes lined with moist tilter paper. Weeds were included in the

experiment to serve as positive checks for the virulence of the three Curvularia isolates.

Seedlings ofapproximately the same height and vigor were transplanted wben tbey were
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a week old in pots filled with soil (Maahas clay, Suborder Haplustic, Order Altisol) and

maintained in the greenhouse with a 35/25 ± 5°C day/night temperature regime.

5.J.J. Preparation ofinocu/um

Agar plugs were used to seed Y2 PDA plates for the mass production of the

inoculum. Seeded plates of isolates 93-020 and 93-022 were incubated in the dark at 281:l

C while cultures of 93-061 were maintained under lighted conditions (30 ilE m' I S·I) al

28°C. Spore suspensions were prepared by flooding each dish with distilled water and

lightly scraping the surface of the colony with a c1ean glass slide or camel's hair brush.

The suspension was filtered using a piece ofcheesecloth to separate mycelial fragments

from the spores. Spore concentration was determined using a hemacytometer and the

spore suspension was sprayed at the rate of 1 x 108 spores/m.!. Two drops ofTween 20 or

oxysorbic (20 POE) (polyoxyethylene sorbitan monolaurate) were added per 100 ml of

spore suspension.

5.J.4. Inoculation procedure

Inoculation occurred when the plants were two weeks old by spraying them \Vith

the spore suspension using an atomizer connected to a pressure source (A.H. Thomas

Co., Scientific Apparatus, Philadelphia, U.S.A.). At this stage, O. sativa. C. difJormis,

and C. iria had three to four expanded leaves, F. mUiacea. five to six leaves and C.

rotundus had approximately six to eight leaves. Distilled water with Tween 20 was used

as the control.

The control and inoculated seedlings were incubated for 24 h in the dew chamber

set at 28°C and 100% RH in the dark. Then they were moved to the mist room of the

greenhouse. For each of the Curvu/aria isolate, an experiment was performed following
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a completely randomized design with six replications. The experiments were repeated

twice.

5.3.5. Histopath%gy ofinfection

The third and fourth leaves of O. saliva from infected and uninfected (control)

plants were randomly harvested at 2, 4, 8, 16, 20, 24, 36, 48, 72, 96, L20, 144, and 168

hours after inoculation (HPl). Two sets of leaf samples were obtained, one for whole leaf

clearing and the other for the paraffin method. The first set of leaf segments for whole

leaf clearing were dropped in vials containing 70 parts absolute ethyl alcohol and 30

parts glacial acetic acid while the second set of samples for cross-sectioning were fixed

in fonnaldehyde-acetic acid-alcohol solution (FAA) (1ohansen, 1940) until they could be

processed. Spore deposition on leaf segments obtained at two to four HPI from the leaf

tip, Middle portion of the lamina, and the leafbase were observed under the microscope.

Whole leaf segments were immersed in several changes of alcohol-acetic acid

clearing solution (70 parts absolute ethyl alcohol:30 parts glacial acetic acid) until they

appeared translucent. They were stained in lactophenol-acid fuchsin (Dhingra and

Sinclair, (985) for 15 minutes or until a good contrast was achieved between the

epidermal ceUs (colorless) and the fungal pathogen (deep pink). Stained tissues were

dipped in plain lactophenol to remove excess stain and mounted on glass slides using

50% glyeerine. Microscopie observations were conducted and photographs were taken

using a compound microscope mounted with a Nikon 35-mm camera.

Leaves for cross sectioning were prepared following the metbod of Johansen

(1940). Samples were first dehydrated in a graded ethanol-teniary butyl alcohol series,

cleared and then infiltrated with Paraplast (Fischer Co.) in a 56°C aven. After three
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changes, they were embedded in the same medium and sectioned using a rotary

microtome. The sections (12 J.lm thick) were affixed to clean glass slides using egg

albumin and stained with safranin-fast green. Microscopic examination was performed

and photographs taken using a compound microscope mounted with a Nikon 35-mm

camera.

5.4. Results

Reactions of IR 64 and Narin 21 ta the Curvu/aria isolates ranged from highly ta

moderately resistant (Table 5.1). The infection process of the three isolates was similar

and histopathalagical reactions of moderately or highly resistant rice varieties did not

differ. Hawever, more lesians that were slightly larger in size were found in maderately

resistant combinations. Necrotic areas in leaf tips and leaf margins were also abserved

more frequently.

5.4.1. Spore deposition

Spore deposition was greatest in the middle part of the leaf blade although many

were also deposited at the leaf tips. Generally, distribution of spores was even, unlike in

sedges where spores tended to accumulate at the leaf bases. Many were caught at the

junctions of trichomes and papillae found abundantly on the rice leaf surface.

5.4.2. Responses to Curvu/aria tuberculata (Isolale 93-020 and 93-022)

The pre-penetration events of two isolates of C. tubercu/ata in IR 64 and Norin

21 were similar to that in sedge weeds reported in Chapter 4. Spores genninated after

four hours and germ tubes emerged only from either the hilar or apical end of the spore.

By 24 HPI, most of the spores had genninated. The direction ofgerm tube growth was
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mainly random in both varieties (Fig. S.lA) although sorne were found to follow the long

axis of epidennal cells. Appressoria were formed mainly on the stomata (Fig. 5.1 B)

beginning 24 HPL After penetration, infection hyphae were observed within epidermal

cells but growth was restricted and slow (Figs. 5.1 C and D). Yellowing and browning of

the infected cell/cells was pronounced (Figs. 5.le and D). Smalliesions were present on

the leaflamina (Fig. 5.lE) al 168 HPI.

[n Norin 21 inoculated with C. /ubercu/ata, spores also germinated within 24

hours (Fig. S.2A). Appressoria developed preferentially over stomata although sorne

were formed over epidennal cells or over bullifonn cells (Fig. 5.2C). They were round,

oval or clavate and were 3 to 7 J.1rn in diameter. Sorne epidennal cells in the vicinity of

germ tubes or appressoria became granular in appearance (Figs. 5.2B and D).

Smalliesions resulted from infection ofNorin 21 by C. tubercu/ata isolate 93-022

in epidermal and mesophyll cells (Figs. S.3A, E, and B). Although this rice variety had a

median disease severity score of"O" (immune) when inoculated with 93-022, sorne

plants developed tiny flecks which became more apparent when histological

examinations were performed. Cross-sections of lesions revealed that growth of the

infection hyphae was sparse (Figs. S.3e and D) and that the yellowing reaction was

present al the border of the lesion (Fig. 5.30). This indicates that Norin 21 exhibits a

high degree of resistance of to isolate 93..022. No sporulation was observed in bath rice

varieties inoculated with either of the two C. tuberculata isolates.

5.4.3. Responses /0 Curvularia oryzae (Iso/ale 93-061)

The reactions of IR 64 and Norin 21 to C. oryzae were similar. Spores

germinated within two hours and germ tube growth was both perpendicular (Fig. S.SA)
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and parallel (Fig. 5.5B) to the epidermal cells. Appressorium formation began 24 hours

after inoculation and preferentially developed over the stomatal region (Figs.5.4A and B)

although a few \Vere fonned over epidennal eeUs (Fig. 5.4C). Appressoria were round

(Fig. 5.4A) or clavate (Fig. 5.48). Attempted penetration was immediately accompanied

by yellowing of the stomata or epidermal cell undemeath the infection structure (Fig.

5.4E).

Penetration was accomplished by thin and narrow penetration peg (Figs. 5.48 and

5.SC). When the appressorium was removed, a small hole was found where the

penetration peg penetrated the cell (Fig. 5.50). The upper cuticle where the

appressorium is found appeared yellow while the lower cuticle and the rest of the upper

cuticle remained red from the safranin stain (Fig. S.5D). Yellowing and granulation

occurred in a stomata directly undemeath a branched genn tube (Fig. S.SE) and after the

appressorium was fonned. granulation and yellowing of the stomatal region became

more pronounced (Fig. 5.5F). The mesophyll ceUs undemeath the invaded stomata also

showed the beginnings of the yellowing reaction (Fig. S.5F). lnitially, yellowing was

confined to intercellular regions (Fig. S.5F) but later spread intracellularly even if there

was no clear evidence of penetration (Fig. 5.6E).

lmmediately after penetration, primary infection hyphae were formed and grew

within the epidennal cell (Fig. 5.6A). However, the spread orthe fungus to the

neighboring ceUs was slow (Fig. 5.68 and Cl. By 72 HPI, ooly a few ceUs in the layer of

mesophyll cells c10sest to the epidermis had been infected (Fig. 5.60) and further
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colonization of this region was slow (Fig. 5.6E). Small, brown spots were produced at

168 HPI consisting of collapsed epidennal and mesophyll cells (Fig. 5.6F) but no

sporulation occurred in these lesions.

S.s. Discussion

Leaves may be considered spore traps (Gregory, 1971) with trapping efficiency

dependent on physical characteristics such as leaf shape and the presence of hairs or

related structures. Leaf angle also affects spore deposition on leaves (Heather, 1967).

Spores were evenly distributed over the rice leaf surface in contrast ta the clumped

distribution of spores on leaves on the sedge weeds, Cypents difformis or Fimbristylis

miliacea. This could he due, in part, to the presence of papillae on the rice leaf. These

are siliceous projections on the leaf surface that may help trap the spores. In addition,

fully expanded rice leaves tend to bend with their tips tumed downward which facilitates

the deposition of spores on the leaf surface.

Surface development of two isolates of C. tuberculata and one isolate of C.

oryzae on leaves of IR 64 and Norin 21 did not differ and were similar to the events

recorded for sedge hasts (Chapter 4). Spore germination was polar and began four HPI

for C. tuberclilata while it was bipolar and started at two HPI for C. oryzae. Germination

from the Middle cells did not occur in bath pathogens. Sivanesan (1987), however,

reported that C. tubercu/ata exhibited bipolar germination, and sometimes, lateral

germination. Ihere were no obvious signs of orientation in the direction of genn tube

growth. They developed perpendicular and parallel to the long axis of epidermal cells

but there was generally less branching than in sedge hasts.
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Only simple appressoria were fonned in the nce hasts treated with any one of the

three isolates. Compound appressoria or infection cushions as described by Emmett and

Parberry (1975) were not observed. In Botrytis and Sclerotinia, appressorial complexity

is directly related ta the nutritional status of the inoculum (Garcia-Arsenal and Sagasta,

1980; Abawi et al., 1975). However, a later study by Tariq and Jeffries (1984) shawed

that compound appressoria are more likely to he formed when the host surface is more

physically resistant to penetration. The early stage of infection cushion formation in

Rhizoctonia solani is primarily a respanse to the characteristics of the host plant surface

and not ta plant exudates (Annentrout et al., 1987). It is possible that the different

surface architecture of rice plants did not provide the appropriate stimulus for infection

cushion fonnation.

The penetration site may also carrelate with the type of infection structure

formed. Dadman et al. (1968) reported that direct penetration ofhosts by Rhizoctonia

salan; was always associated with the formation of complicated dome-shaped infection

cushions while stomatal penetration was often assoeiated with less complicated lahate

appressaria. They suggest that stomatal penetration requires less effort on the part of the

fungus and thus, only necessitates the formation of simpler infection structures.

Mast appressoria were fonned over the stomatal aperture and penetration of

epidennal cell walls occurred infrequently. This is in contrast to what oeeurs in sedge

hasts where epidermal eell wall junctions are the preferred penetration sites. Penetration

of hast cells via stomata has been reported for Cladosporium macrocarpum in barley

(Christianssen and Smedegaard, 1990), Uromyces appendiculatus in bean (Wynn, 1976)

and Cladosporium cladosporioides (Fres.) de Vries, C. herbarum (Pers.) Link and
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A/ternaria alternata in bean (O'Donnell and Dickinson, 1980). ln the rust fungi, it

appears that appressorium formation is triggered mainly by leaf surface topography

although the exact nature of the inductive signal provided by the stoma has not yet been

resolved (Allen et al., 1991). Recent results suggest that a combination of chemical and

physical signais which allow the stomata ta be accurately recognized by cereal rusts

could be the reason for the higher differentiation in hast tissues compared ta polystyrene

leaf replicas (Collins and Read, 1997).

Since there was no indication oforiented germ tube growth in both C. tubercu/ata

and C. oryzae in rice, it is possible that a substance present in the area of the stomatal

aperture could be the stimulus for appressorium formation. Evidence of the involvement

of chemical stimuli in appressorium formation has been identified for the rust fungi and

include K+ and Ca" ions (Kaminsky and Day, 1984), sucrose (Hoch and Staples, 1987),

and a volatile compound from hast plants (Grambow, 1977; Grambow and Riedel, 1977).

The occasional penetration ofepidermal cells could he due to leaching of the

stimulatory substance(s) from cuticular breaks resulting from opening and closing of the

stomata (Wheeler, 1977). Few appressoria were farmed over bulliform cells. These are

special epidermal cells in the Poaceae that cause the leaf to fold up during conditions of

water stress. Bulliform cells have been reported as the preferred penetration sites for

Pyricu/aria oryzae (Hau and Rush, 1982). Hau and Rush (1982) attributed this

preference to a lower resistance to penetration since the radial walls ofbulliform cells are

thin (Esau, 1965) and they remain longer in a pectic-cellulosic state compared to other

epidermal cells which become lignified (Clark and Lorbeer, 1976). Lower
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concentrations ofchlorogenic acid, a fungitoxin, was found in the bulliform cells

compared to other epidermal ceUs (Whitney, 1977).

Stomata occur on the adaxial and abaxial sides of the nce leaf in files between

veins (Hoshikawa, 1989) while in the sedges, they are found ooly on the abaxial side

(Metcalfe, 1971). Huge hydathodes or hydropores occur along the leaf margins at the

edges of the rice leaf blade. These structures have pore diameters more than twice as

large as those of ordinary stomata and are involved in the guttation ofwater from the lcaf

when active water uptake is occurring in the plants (Hoshikawa, (989). Since lesions

observed along leaf margins developed from the edge to the inner part of the leaf lamina

(Fig 2G), this suggests that hydathodes are also sites of penetration by C. tubercli/ata and

C. oryzae in riee.

Whether the preferred penetration site is related to the percentage leaf area

occupied by stomata in nce remains ta be determined. Work done with

He/minthosporium victoriae. H. sorokiana, and other foliar pathogens showed that they

have a tendency ta penetrate ceUs adjacent ta stomata such as guard cells and subsidiary

cells (Wood 1967; Wheeler, 1977). However, it was not clearly established if the choice

of penetration site was a function of topography or other factors. [t is likely that, in riee,

stomatal penetration is due ta the greater ease at which the pathogens can enter the plant.

There was a delay in the initiation of infection structures by about 12 h. [n sedge

hasts, infection structures were observed between eight to 12 HP[ but in rice, appressoria

did not fonn until about 20 to 24 HPI. The repression of the ability of pathogens to fonn

infection structures can be viewed as a defense mechanism to disease (Marshall and

Rush, 1980).
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The mode of penetration of rice by the three isolates followed the same pattern as

that observed in the sedge hosts. A fine penetration peg that emerged from the

appressorium (Fig. SAC) accomplished penetration. Bath mechanical force and

enzymatic action was apparently required for penetration since a hale was present (Fig.

5.40) and yellowing of the cuticle beneath and adjacent to the appressorium was

observed (Fig. S.4F). Alterations of the cuticle under and around infection structures and

the imprints left by these structures led Garcia-Arsenal and Sagasta (1980) ta suggest that

bath mechanical force and enzymatic factors are involved in the penetration of Phaseolus

vulgaris by B. cinerea. ln this study, a yellowing reaction occurred in the cuticle beneath

and immediately adjacent to the appressorium. Differentiai staining orthe area beneath,

adjacent, or just ahead of hyphal tips and infection structures have been previously

reported. Skoropad and Amy (1956) found that the area just ahead of swollen hyphal tips

of Helminthosporium gramineum stained red temporarily in the susceptible barley hasts

but this area was intensely red in the resistant hosts. Q'Connell et al. (1985) attributed

this change in staining properties of the cell wall to chemical modifications, probably due

to enzymatic activity.

After penetration, primary infection hyphae were observed but their growth was

restricted and slow (Figs. 5.2B, C, and 5.5C). Restricted colony and lesion formation is

cansidered a component of resistance since it reflects the growth rate of the pathagen in

the hast and therefore its spore production (Parlevliet.. (979). Johnson (1975 cited in

Bassi et aL, 1979) studied resistance to sail rot caused by Rhizoctonia so/ani in tomatoes

and found tbat infection was delayed and lesion development was slow in partially

resistant fruits. In Malvaceae weeds inoculated by Co/letotrichum gloeosporioides f. sp.
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malvae, the infection hyphae progressed more slowly in the moderately resistant hosts

than in highly susceptible hosts (Morin et aL, 1996). Milholland (1973) attributed the

symptoms of blueberry resistant to Gloeosporium minus to a hypersensitive reaction

where the host tissue immediately accumulates a dark-staining material after penetration

and growth of the fungus is restricted to a very few cells in the vicinity of the infection

court. Sridhar et al. (1972) studied lesion development of Philippine races of Pyricular;a

ory=ae on the rice cultivar Peta and found that in the resistant type of host-pathogen

combination, browning of the tissues occurred al a faster rate, inhibiting lesion formation

which resulted in a resistant type of spot. In a subsequent study, Peng and Shishiyama

(1988) reported that expression of race-specifie resistance to P. oryzae results in

inhibition of fungal hyphae accompanied by light browning ofepidermal cells in rice

leaves.

Sporulation is often the most sensitive indicator of vertical or horizontal

resistance (Johnson and Taylor, 1976), and inhibited infection and colonization often

accompany it (Cohen and Rotem, 1987). Resistance of Clicumis melo to

Psuedoperonospora cubensis and to Sphaerotheca fuliginea race 2 was characterized by

small lesions with few spores (Cohen et aL, 1984; Cohen and Cohen, 1986). In tobacco,

resistance to powdery mildew does not result from a failure of the pathogen to infect but

From inhibition of both mycelial growth and sporulation (Cohen, 1982). This study

showed that in rice cultivars IR 64 and Norin 21, partial resistance to Curvu/aria

tuberculata and C. oryzae was operative during the pre-penetration phase expressed as

the delay in initiation of infection structure fonnation. Post-penetration resistance
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mechanisms were expressed as inhibition of fungal growth aller penetration and lack of

sporulation.
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Figure S.l. Infection of Oryza saliva cv. IR 64 by Curvularia luberclilara (93-020;

C,D,E and 93-022; A and B), 24 to 72 hours post inoculation (HPl). A. Germinated

spores on the leaf surface al 24 HPI. C, conidium. B. Appressorium (A) formation

on stomata, 24 HPI. C. Restricted growth of infection hyphae (lH) within epidermal

cells. o. Mesophyll cells (MC) showing the yellowing reaction in the vicinity

of infection hyphae (IH) visible beneath the stomatal guard cells. E. Transverse

section ofa smaillesion (L) on the leaf blade, 72 HPI.
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Figure S.2. Infection of Oryza saliva cv. Norin 21 by Curvu/aria lubercu/ata

(93-020, A and C; 93-022, Band 0), 24 to 72 hours post inoculation (HPl).

A. Longitudinal section of the lcaf with a germinated spore on the surface,

24 HPL C, conidium; GT, germ tube; EC, epidermal celi. B. An epidennal

cell (EC) beneath a mass of germ tubes (GT) exhibited a granular appearance

at 72 HPI. C. Transverse section ofa conidium (C) and appressorium (A) over

bulliform ceUs. O. Granular appearance of mesophyll ceUs (MC) beneath a

stomata (ST) with an appressorium (A), 72 HPI.
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Figure 5.3. Lesion fonnation in Oryza sativa cv. Norin 21 by Curvu/aria

tuberculata (93-020, A; and 93-022, B, C, and D), 168 hours post inoculation

(HPI). A, B. Restricted lesion CL) formation on the leafblade at 168 HPI. C. High

magnification view of leaf spot in C showing sparse growth of infection hyphae

(lH). D. Fungal growth (IH) in C was bordered by light yellow to yellow-stained

areas in the leaf. Bar = 10 Jlrn except A and B.
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Figure 5.4. Infection of Ory=a saliva cv. IR 64 by Curvu/aria oryzae (93-..061),

24 to 144 hours post inoculation (HPl). A. Fonnation of an appressorium (A)

over a stomata (ST), 24 HPI. C, conidium; GT, genn tube. B. Penetration ofa

stomata (ST) by a penetration peg (PP) arising from an appressorium (A), 36 HPI.

C. Appressorium (A) fonned on an epidermal wall junction (EWJ). Note yellowing

reaction near the appressorium. o. Infection hyphae (IH) visible under an

epidermal ceU exhibiting the yellow reaction, 72 HPI. E and F. Infection hyphae

([H) in transverse leaf sections 144 HPI. Bar = 10 Ilm.
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Figure S.6. Infection of Ory:a saliva cv. Norin 21 by Curvularia oryzae (93-061),

48 to 168 hours post inoculation (HPI). A. Primary infection hyphae (PIH) within an

epidennal cell, 48 HPI. Band C. Infection hyphae (IH) are restricted to a few adjacent

eeUs. O. Yellowing reaction (YR) is evident in the infection site (IS) involving adjacent

epidennal ceUs and sorne mesophyll cells (MC), 72 HPI. E. Infeeted mesophyll eeUs

(MC) undemeath conidia (C) and genn tubes (GT), 72 HPI. F. Smalliesion on the leaf

blade, 168 HPI. Bar = 10 Ilm except F.
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Rice Variety

Table S.l. Reactions of two rice varieties to three Curvu/aria isolates at seven days after

inoculation (DAI).*

Isolate

93-020 (Curvu/aria tubercufata)

93-022 (Curvularia tubercufata)

93-061 (Curvularia ory=ae)

IR 64

HR

MR

Norin 21

HR'

HR

MR

:41 Seedlings were inoculated with spore suspension at the rate of 1 x. 1Oll spores/m~ and

scored for disease severity at seven DAI.

1 Highly resistant; few to many brown specks, O.S to 1.0 mm in diameter, grayish-green

to light brown leaf tips and margins

2 Moderately resistant; discrete brown lesions with or without chlorotic halo,

1.0 to 2.0 mm long, brown leaf tips and margins.
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Chapter 6. General Conclusions

This study investigated the pathogenicity of three isolates of Curvularia from the

Philippines on sedge weeds and rice (Oryza saliva). Cypenls dijJormis, C. iria, C.

rotundus, and Fimbristylis mi/iacea are serious weeds of rice in Southeast Asia that have

been targeted as candidates for biological control.

Two isolates of Curvufaria tubercufata (isolate 93-020 and 93-022) and one

isolate of C. ory=ae (isolate 93-061) were virulent on their sedge hosts and were shawn to

have potential ta control these weeds based on high mortality and dry weight reduction.

Inoculations using spore suspensions at the rate of 1x 108 spores/m2 praduced leaf spots

and coalescing lesians that developed ioto a rapid blighting reaction. Weed seedIings

were killed within one ta two weeks after spraying.

This study also demonstrated that the three fungal isolates are cross-pathagenic ta

three closely related weeds. C. difJormis and C. iria were highly susceptible to three

fungal isolates while F. miliacea was maderately susceptible to the C. tubercufata

isolates and highly susceptible to C. oryzae. A bioeontrol agent that is virulent an these

three weeds is desirable sinee they occur together in irrigated rice fields. C. rotundus,

however, was resistant to bath C. tubercuJata and C. oryzae. Although brown tlecks and

dried leaf tips and margins developed, no plants died as a result of the infection. Perhaps

two or more applications of the fungal pathogen might be needed ta increase leafarea

damage ta the point where tuber production is also reduced. Integration of the fungal

pathogen with insects or herbicides to control C. ra/undus also warrants further study.
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The thirteen rice varieties included in this study were mostly resistant to the

Curvularia isolates. Flecking and brown leaf tips and margins occurred but damage was

minimal. C. luberculata isolate 93 ..022 was the least pathogenic ta riee.

Compatibility between the fungal isolates and their sedge hosts was clearly

established. Histological studies showed that spore gennination was high and occurred

between two to four hours post inoculation (HPI) under optimum dew period and

temperature conditions. Appressoria al tips of genn tubes and/or their branches were

initiated on epidennal eells eight hours after inoculation. Thus, a single conidium eould

be capable of penetrating more than one eell. Complex infection cushions were also

fonned. [nfection hyphae grew intercellularly and intracellularly, attacking epidennal

and mesophyll cells but not the vascular bundle. Colonization of hast tissues was rapid

and eonidiophores emerged From stomatal apertures by 96 h.

80th C. lubercu/ata and C. oryzae are capable of infecting C. rotundus since

appressoria and infection cushions were formed over epidermal cells and penetration

occurred through penetration pegs. However, there was a delay in infection structure

initiation and fungal growth was restricted and slow, producing small fungal colonies.

No sporulation was observed in C. rotundus.

Rice varieties were also penetrated by appressoria of C. tllberculata and C. ory:ae

but they were formed over the stomatal aperture. No infection cushions were fonned.

Resistance was expressed mainly at the post-penetration stage indicated by slow fungal

growth and lack ofsporulation.
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Chapter 7. Contributions to Knowledge

The following are considered to be key contributions to knowledge arising from the

research described in this thesis:

1. Results from this research indicate two isolates of Curvu!aria tllberculata and one

isolate of CurvlIlaria oryzae have potential to control Cypenls difJormis, (~pents

iria, and Fimbristy/is miliacea in rice.

2. Cross-pathogenicity of the three Curvularia isolates to three other sedge weeds was

demonstrated. However, Cypents rotllndus was resistant to infection.

3. Most of the rice seedling varieties included in this study were resistant to C.

lubercu/ata and C. oryzae. Flecking on older, inoculated leaves occurred but damage

was minor and sporulation was not observed.

4. Findings in this study indicate that C. tubercu/ata isolate 93-022 was safe to rice. A

broad hast range study is needed to accurately delimit hast specificity of this

candidate biocontrol agent.

5. This is the tirst study ta describe, in detail, the infection process of C. tubercu/ata

and C. oryzae.
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