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The morphology, physiology and pathogenicity of a fungus., T. p-

wickii isolated from a world wide collection of rice seed, were studied

under controlled laboratory conditions. The fungus was commonly

associated with rice seed with infection in some samples as high as 90

percent. Colonies growing from naturally infected seed on moist filter

paper were quite uniform and often produced a pink stain around the

seed. On agar substrates the colonies were greatly variable in gross

morphology, pigmentation and ability to sporulate. Pigmentation of

colonies was influenced by nutrition, temperature, age and lighting

conditions.

Sporulation of colonies of T. padwickii growing from naturally

infected seed placed on filter papers, was quite variable. In pure

culture, ability to sporulate also differed greatly among isolates.

Sporulation was markedly influenced by light, temperature, nutrition

and aeration. While some isolates sporulated freely in darkness,
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others required exposure to light before sporulation occurred. All

isotates studied grew within the range of 10-34 C and sporulated be-

tween 12-32 C. Optimum temperatures for growth were 26-28 C and

sporulation, 28-30 C. In light quality studies on 1 isolate, wave -

lengths in the near-UV region stimulated sporulation. This isolate

produced spores profusely under continuous light as well as when

exposed daily to 12 and 16 hours to a combination of near-tJV and day-

light fluorescent lamps at 28 C. Sporulation was less profuse when

cultures were exposed to single sources of light (near and far UV,

blue and daylight fluorescent lamps). UV radiation from a Sunlamp

caused a retardation of growth and almost completely inhibited sporu-

lation.

When T. padwickii (isolate no. 8) was grown on 13 different

media, it sporulated on all substrates but only when colonies were

exposed to light. Sparse sporulation occurred on water agar in dark-

ness. When 19 isolates were grown on corn meal agar 17 isolates

sporulated, but 10 of these only when exposed to light. Two isolates

did not sporulate under any of the conditions tried. Reducing aeration

caused a reduction in conidial production.

Tretic as well as blastic conidium development was observed on

both natural and artificial substrates. Typically conidia were ob-

clavate, 4 septate (constrictious at the septa) with a long appendage.

Substrate and temperature significantly influenced the morphology and



size of conidia. Conidia were broad and had thick walls at low tem-

peratures while they were small with thin walls, sometimes single

cell, at high temperatures. Size of conidia from naturally infected

seed was always longer and broader than that in pure cultures. An

atypical form of conidium was commonly found in pure cultures.

These were fusoid and rostrate. Chlamydosporelike structures were

observed within conidia from old cultures.

Ten of the 23 isolates studied produced scierotia in culture.

Sclerotia did not form in colonies growing from seed on blotters. Two

types of scierotia were observed, one was subspherical verrucose and

the other tuberculate.

In growth chamber studies symptom commonly occurred on

roots as a brown necrosis. Ten out of 20 isolates studied caused this

symptom, but their virulence varied. Some isolates were virulent

and caused a seedling blight, others only attacked seedlings when they

were predisposed by certain treatments e. wounding. The temper

ature most favorable for infection was 28 C.
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MORPHOLOGY, PHYSIOLOGY AND PATHOGENICITY OF
TRICHOCONIS PADWICKII GANGULY, THE CAUSE

OF STACKBURN DISEASE OF RICE

INTRODUCTION

Trichoconis pwickii Ganguly is the cause of stackburn disease

and seedling blight of rice. Recently, Neergaard (1970) has reported

that it is the third most important seed-borne fungal pathogen of Oryza

sativa L. It is found almost everywhere that rice is grown. When

seed-borne, it may infest the surface of the seed coat or infect the

seed internally. Cheeran and Raj (1972) found mycelium in the embryo

of rice seed. Seed lots may be infected with trace amounts or heavily,

up to 90 percent or more. Infection causes discoloration of grains

which reduces its quality. When the fungus develops in grain stored

at a high temperature and high humidity, deterioration of the grain

results (Tisdale, 1922; Tullis, 1936). Severe infection can cause

rotting of seed, necrosis of roots and coleoptiles of seedlings and

death of seedlings. In some cases the seed fails to mature. Infected

seed may appear fully developed, but it is often weakened and may

break during milling; consequently the quality of the grain is rated low.

According to the literature, 3 different species of the genus

Trichoconis, T. caudata (Appel & Strunk) Clements, T. padwickii

Gang. and T. indica Pavgi & Singh, are associated with the stackburn

disease of rice. T. caudata was the first name chosen for the causal

agent of stackburn disease of rice by Tullis (1936) although no detailed
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descriptive characteristics of the fungus were provided. T. caudata,

however, was originally described as a fungusassociated with decayed

cocoa fruit that produced a single hya line conidium with a slightly

curved appendage. Ganguly (1947) discovered a new species of the

genus Trichoconis, T. pç1wickii which is currentlyrecognized as the

causal agent of stackburn disease of rice. T. padwickii differs from

T. caudata in conidial morphology - conidia are 3-5 septate, con-

stricted at septa and it is restricted to rice. However, M. B. Ellis

(1971) transferred T. padwickii to genus Alternaria while retaining

the same species name- Alternaria padwickii (Gang.) M. B. Ellis.

The reasons for this change were that the description of T. padwickii

given by Ganguly (1947) did not conform to the original description

of the type species of T. caudata, and morphologically it is closer

to the genus Alternaria. Ellists opinion was supported by Deighton

and Pirozynski (1972) who reviewed the type species of the genus

Trichoconis, T. caudata on a decayed cocoa fruit and also reported

11 other species. The conidial formation of T. caudata, according to

Deighton and Pirozynski, is polyblastic while T. padwickii (Syn. A.

padwickii) is polytretic, therefore T. padwickii was excluded from

the genus Trichoconis. T. indica was the last species reported to

cause lesions on leaves and glumes of rice. It differs from other

stackburn rice fungi on the basis of spore morphology and disease

symptoms. Identification of these species is based mainly on spore
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morphology, but also on disease symptoms and identity of host. How-

ever, these characteristics are not always consistent. Temperature

(Leach and Aragaki, 1970; Hawker, 1957), light (Johnson and Halpin,

1954; Hawker, 1957, 1966) and nutrition (William, 1959; Tarr and

Kafi, 1968; Ruppel, 1974) can all significantly influence spore mor-

phology in many fungi, and also in some instances affect pigmentation.

These reports suggest that in any taxonomic study the range of mor-

phology should be determined and not taken for granted. As the range

of variability of T. p!.dwickii is not known, one of my objectives was

to examine the spore morphology and growth characteristics of a

range of isolates obtained from different rice growing regions of the

world. Both naturally infected seed and pure cultures were studied

under controlled conditiors.

Trichoconis padwickii sporulates abundantly on naturally infected

seed of rice under near-ultraviolet radiation, but fewer spores or no

conidia are found in the colonies growing on seed when incubated in

darkness (Mathur and Neergaard, 1970, 1972a; Kang etal., 1972a;

Chuaiprasit etal. , 1974). In the detection of T. padwickii from in-

fected seed by the agar method, Mathur and Neergaard (1970) found

that T. padwickii sporulated sparsely on potato dextrose agar under

radiation. Several investigators (Leach, 1967a, 1971) reported that

light, particularly ultraviolet light, stimulates sporulation in many

fungi. The interaction of light and temperature (Leach, 1967b) and
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nutrition (Hawker, 1966) also significantly influences sporulation as

well as growth of fungi. The influence of other environmental factors

on sporulation including aeration and wounding are reviewed by

Hawker (1966). It has been clearly established that light induces

sporulation of T. padwickii growing on naturally infected seed, but

little is known about its growth and sporulation in pure cultures. The

second objective of this study was to determine the effects of light,

temperature, nutrition including the effect of aeration on growth and

sporulation of a number of isolates.

Ganguly's (1947) first report of T. padwickii indicated that the

fungus is a weak parasite. Others have observed the fungus asso-

ciated with rice seed but commonly it is accompanied by other im-

portant pathogens, e.g. Drechslera oryzae (Breda de Haan)

Subramanian & Jain,Fusariummoniliforme (Sheld.)Snyder & Hansen

and Pyricularia oryzae Cavara. Because of this it has been difficult

to assess its pathogenical importance as a seed-borne pathogen.

Mathur etal. (1972b) reported the importance of T. padwickii as a

serious causal agent on rice seed without considering the association

of these other parasites. A third objective of this study was to evaiu-

ate the pathogenicity of T. padwickii against rice seed and seedlings

free of other micro-organisms.
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LITERATURE REVIEW

The term stackburn disease, according to Tisdale (1922), is

commonly used in the southern part of the United States to describe

an injury of rice grain that may occur before or after milling. A

symptom of the injury is discoloration of grain, ranging from yellow-

ish to dark brown flecks to complete decay. The injury is reported

to be caused by several strains of a sclerotium-forming fungus.

Injury develops in the field, especially when the rice is shocked, also

in storage under high temperature and humidity. If the grain is

stacked damp for a period of 2-3 days at a high temperature, it is

likely to deteriorate and become stained, hence the name stackburn.

Severely discolored seed is rated poor quality and its germination is

low.

Tisdale (1922) while studying the cause and control of stackburn

disease, pointed out that although the disease was apparently caused

by a scierotium-forming fungus, several fungi including Epicoccum,

Fusar ium, He iminthosporium, Penic illiurn and Pyricularia were

present on the infected seed. Tisdale mentioned that in Louisiana

Alternaria caused a seedling leaf-spot and also flecked symptoms on

seed of rice. He did not indicate that this disease was related to the

stackburn disease caused by the sc1erotiim-forming fungus.

A disease somewhat similar to stackburn was reported even



earlier by Godfrey (1916). Later he (1920) reported that the rice

varieties Honduras and Bluerose were more susceptible to this

scierotium-forming fungus than other varieties. When Honduras seed

were heavily infected, seedlings became blighted and scierotia were

embedded in the kernel. Neither Godfrey nor Tisdale attempted to

identify the causal agent of stackburn disease. Godfrey (1920) stated

that Dr. H. B. Humphrey had identified it as a fungus belonging to

the Mycelia Sterilia and that it produced black scierotia and white

my ce hum.

Tuhlis (1936), who succeeded in Godfrey's position, continued to

study this problem. He finally observed the conidial stage of this

sclerotium.-forming fungus and tentatively identified it as Trichoconis

caudata (Appel & Strunk) Clements. T.illis did not provide a detailed

description of this stackburn fungus, but did indicate that its spores

were somewhat different in size from those reported in the original

description of the type specimen, T. caudata made by Clements

(Clements, 1909; Clements and Shear, 1931; Subramanian, 1971;

Deighton and Pirozynski, 1972). A photograph of spores in Tullis's

paper shows the spores to be obclavate, constricted at the septa, 3-4

septate and each has a long appendage.

After Tulhis's report, several other investigators used

Trichoconis caudata as the name of the causal agent of stackburn

disease of rice grain. Martin (1939) isolated T. caudata from black
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kernel rice grains and speculated that this fungus in association with

other fungi, caused black kernel; later, he and Altstatt (1940) con-

firmed that the black specks were caused by T. caudata. Padwick

and Ganguly (1945) reported that T. caudata was the cause of the dis-

colorations on rice seed which led to a failure of germination.

Ganguly (1946) associated the following seed symptoms with T. caudata

infection - emptiness of grains accompanied by a purplish-brown

discoloration with a considerable pale to white area marked off either

at the center or to one side of it, brownish tinge s turning dull grey,

and deep brown-spot, blackening at maturity. Douglas and Tullis

(1950) found T. caudata associated with a TMpecky" rice symptom

a spotted condition on rice grains.

In the earlier reports, the symptoms of stackburn disease were

mainly restricted to seed. A detailed description of a seedling dis-

ease was provided by Ganguly (1947) in his studies on stackburn dis-.

ease of rice caused by Trichoconis padwickii Gang. in India. He

described seedling symptoms under laboratory conditions as follows -

The coleoptile, first leaf and roots become discolored and bear small

black scierotia embedded in the tissue. He also observed the natural

occurrence of leaf spots. These were round to oval, 3-9 mm in

diameter, with a dark brown margin and a dull grey center containing

conidiophores and conidia. Leaf symptoms described by Ou (1972)

are more or less the same, but Ou found minute black sclerotia
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embedded in the center of the lesion.

Ganguly (1947) has described the effect of the disease on seed -

When an earhead of rice plant is severely infected, it bears
immature seed; sometimes a whole earhead is full of empty
grains. Mildly diseased seed has a purplish brown dis-
coloration with a pale white area. Sclerotia are found on
the surface of the seed, sometimes in the endosperm.

Although stackburn disease was first reported in the U. S. A.

(Godfrey, 1916, 1920; Tisdale, 1922; Tullis, 1936) with T. caudata

designated the causal agent, since Gangulyts report in 1947, T.

padwickii has generally been accepted as the cause of this disease.

Since 1947 it has received much attention. It occurs mainly in rice

growing areas (Ellis and Holliday, 1972a). Mathur etal. (1972b)

reported its occurrence in rice seed from Ghana, Iran, Japan, Korea

and Portugal. Recently, Winter etal. (1974) have reported the oc-

currence of T. padwickii in Argentina. None of these countries are

indicated on the distribution map for stackburn disease issued by the

Commonwealth Mycological Institute (CMI) in 1972. Padmanbham

(1949) using oatmeal, found that T. padwickii was the predominant

fungus isolated from the interior of healthy appearing surface-steri--

lized rice grains. During germination tests designed to detect disease

in rice grains in Malaya, Jagoe and Henderson (1953) found that T.

padwickii was the pathogen most frequently encountered. Johnston

(1958) reported that 7. 9 percent of T. padwickii was obtained from

1000 seed of 10 rice seed samples from 5 locations in Malaya.



9

Health (1956) also isolated T. padwickii from rice samples from

various locations in Malaya. Agarval et al. (1972) reported that T.

padwickii was associated with discolored rice seed. Cheeran and Raj

(1972) detected T. padwickii mycelium in theembryo of the rice seed.

When rice seed are infected, viability and quality are reduced because

of weakening leading to breakage during milling (Neergaard, 1970).

Trichoconis padwickii is not only a common seed-borne organism,

but it is also soil-borne, according to Neergaard (1970). Ou (1963)

has also reported that spores of Trichoconis spp were trapped from

the air over rice paddy fields. He also indicated that T. padwickii

was by far the most prevalent fungus among the 13 species isolated

from discolored rice grains. Other investigators (Chandwani, 1963;

Chetia, 1964) have also found T. padwickii in the air over rice fields.

Sreeramula and Seshavataram (1962) reported the occurrence of T

padwickii spores in relatively high frequencies among the pathogens

trapped from the air above rice paddy fields. In later studies, he

and Vittal (1966) found that the maximum number of spores of T.

padwickii trapped coincided with ear-ripening. On fine days there

was a diurnal rhythm with a morning maximum of air-borne spores

of T. pdwickii. A temperature between 27 and 31 C and relative

humidity at 50-70 percent were favorable for spore release by this

fungus. An increase in wind velocity up to 10 km/hr was also found

to be associated with an increase in numbers of spores trapped, but
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with higher wind velocity a decrease was observed.

Ou (1972) indicated that when T. caused leaf damage,

losses were negligible, however when the grains were attacked losses

were more important because of discoloration of the grains, resulting

in a low quality. The fungus caused reduction of germination of seed

lots and also caused considerable damage to seedlings (Ganguly, 1947;

Aguiero etal. , 1966; Cheeran and Raj, 1966; Solangi etal. , 1968;

Neergaard, 1970). Pavgi etal. (1965) observed that damage to the

rice crops and losses in the grain yield were insignificant. Mathur

etal. (1972b) observed that T. padwickii attacks the seed, roots and

coleoptiles leading to death of seedlings. He noted that when the fungus

growth was concentrated toward the embryo end, seed often failed to

germinate. When hyphae grew along the coleoptiles and roots, emerg-

ing seedlings could be killed within a few days. When Mathur et al.

transferred infected seed having an abundance of mycelium and

conidia to a pot of soil, loss of seedlings was upto 100 percent. They

reported, however, that other pathogenic fungi, such as Fusarium

solani (Mart.) Appel & Wr. and Drechslera oryzae were also found

growing together with T. padwickii. Guerrero etal. (1972) found

T. pwickii associated with 23 percent of abnormal seedlings in

germination test on moist blotter papers.

Assuming T. pdwickii to be an important seed-borne fungus,

several investigators have tried to detect it when associated with seed.
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Neergaard (1970) suggested in the detection of seed-borne T.

padwickii, the blotter method was more accurate than the agar method,

because better sporulation occurred on infected seed allow il2g it to be

readily recognized. Healso suggested that the incubation period

should be prolonged to 10-12 days rather than the 8 days as in the

standard procedure recommended by the International Seed Testing

Association (ISTA, 1966). Mathur and Neergaard (1970), however,

recommended that the agar method should be given priority in routine

seed health testing because the colony characteristics of this fungus

on potato dextrose agar are quite distinctive and easily recognized

from other fungi even though sporulation is poor. He describedits

growth on potato dextrose agar as circular, flat and spongy with a

color ranging from buff, tawny to almost white. The mycelium was

always sticky to the touch of a dissecting needle. By using the agar

method, Vaidehi and Ramarao (1972) isolated T. padwickii from two

rice seed varieties. Agarval etal. (1972) also detected T. padwicicii

on rice seed samples when using this method and indicated that pre-

treatment of sodium hypochiorite increased the infection count of T.

padwickii.

Recently, Kulik (1973) has developed a new method for the de-

tection of T. padwickii and other seed-borne fungi that utilizes the

characteristic color that results from the reaction of certain fungal

metabolites with various chemicals. He uses Czapek-Dox agar as the
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basic medium and adds different phenolic compounds at various con-

centrations. These media when inoculated and incubated for 5 days at

25 C in darkness produce halos of different colors as the concentra-

tions of phenolic compounds are changed. T. padwickii produced a

dark brown to brown-black halo with caffic acid, gallic acid, phlo-

roglucinal, protocatechuic acid and resorcinal. However, these colors

were sometimes similar to those produced by other fungi, such as

Curvularia geniculata (Tracy & Earle) Boedijn., c. limata(Wakker)

Boedijn. , Drechslera oryzae, D. tetramera (McKinney) Subram. &

Jam, pcoccum purpurascens Ehrenb. ex Schlecht. and Piricularia

oryzae. KuJ.ik noted that T. padwickii produced a pink color around

infected seed sown on moist blotters, and suggested that this could be

used to roughly assess seed for the presence of the pathogen, though

other fungi, such as Epicoccum purpurascens, Fusarium spp. also

produced a pink color on moist blotters.

Light and temperature play a significant role in inducing sporu-

lation in many fungi (Leach, 1967a, 1967b, 1971). These factors also

influence sporulation of T. pdwickii. Mathur and Neergaard (1970,

l972a) reported that when the blotter method was used for the detection

of seed-borne T. padwickii, the fungus sporulated profusely and pro-

duced a pink color around the infected seed on moist blotters under

near-ultraviolet (NUV) radiation. He also observed that this fungus

produced few or no spores in darkness when seed were sown on moist
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blotters. This lack of sporulation in darkness was also observed by

Chuaiprasitet al. (1974). Furthermore, Mthur and Neergaard noted

two types of growth by T. padwickii when infected seed was sown on

moist blotter papers and incubated under NUV radiation at 28 C. One

was a mycelial type having mainly mycelium and few conidia, the other

type had many more spores and less mycelium. Mathur and Neergaard

also discovered that infection counts on seed samples containing T.

padwickii were highest when seed were incubated on moist blotter

papers under NUV lamps or daylight fluorescent lamps at 28 C rather

than 20 C. He recommended that for the detection of seed-borne T.

padwickii, seed should be incubated in tropical laboratories at ordin-

ary room temperature using daylight or black-light fluorescent lamps.

Aulakh etal (1974) reported that T pdwickii was found in high

percentages in rice seed lots when infected seed were incubated under

NUV radiation. Mathur and Neergaard (1970) pointed out that pre-

treating infected seed with sodium hypochiorite yielded a lower per-

centage of infection than could be obtained from untreated seed. Kang

etal. (l972a) reported that the maximum infection count of .

padwickii from infected seed lots resulted from 8-day incubation

period consisting of 16 hours daily exposures to NUV radiation from a

black-light fluorescent lamp at 28 C. The result of this test at 28 C

was comparable to that from the ISTA standard procedure (seed are

incubated on moist blotters under a 12 hour daily exposure to radiation
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from a black-light fluorescent lamp for 8 days at 21 C).

Chuaiprasitetal. (1974) found that T. padwickii cannot be de-.

tected when the infected seed is incubated in darkness at 21 C, but a

high percentage of infection is obtained by using the standard ISTA

procedure because of increase sporulation. They also discovered that

to obtainthe maximum counts, seed should be incubated under black-

light fluorescent lamps immediately after sowing on moist blotter

paper, and that the shorter ultraviolet radiation from one sunlamp

(Westinghouse F40) was equally as effective as the longer wavelength

of ultraviolet radiationfrom 2 black-light lamps (Westinghouse F40

BLB).

Srinivasan etal. (1971) has discovered a simple method for

inducing sporulation in several fungi, including T. padwickii. The

fungus is inoculated on autoclaved leaves of Pennisetum laucum

(L.) R. Br. (pearl millet) laid on water agar and incubated under NUV

radiation. Mass spore production was obtained on the inoculated

leaves.

Little has been done on the physiology of growth and sporulation

of T. padwickii. Mathur and Neergaard (1970) found that the maximum

radial growth of this fungus on potato dextrose agar was at 28 C.

Growth sharply declined above 32 C

Few studies have been conducted on pathogenic ity of T. padwickii.

Johnston (1958) tested the pathogenic ity of T. on rice
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seedlings and found that it attacked 19 percent of the seedlings and of

those 14 percent were killed. Mathur etal. (1973) isolated T

pwickii from pearl millet, Pennisetum typhoides (Burm.) Stapf. et

C. E. Hubb., obtained from India. They tested its pathogenic ity and

found that it produced a leaf-spot, but they could not subsequently

isolate the fungus from diseased lesions. Mathur and Neergaard

(1970) also found that a temperature of 28 C favored thedevelopment

of symptoms on coleoptiles of rice. A temperature of 25 C was almost

favorable; but no symptoms were observed at 15 C.

The control of stackburn disease has been studied by

Suryanarayana etal. (1963). They found that infection on rice seed

variety Kurvai PDT 20 was slightly reduced by fungicide treatment,

but was completely eliminated by hot-water treatment at 50 C for 15

mm; however, this treatment also reduced germination to 62 percent.

Treatment at 52 C for 10 mm. or 54 C for 5 miii, reduced infection

to 4 percent, and germination remained at 87 and 90 percent respec-

tively. Presoaking seed before heat treatment eliminated infection,

but reduced germination to 20-25 percent. Chauhan and Singh (1968)

reported thatwhentheytested the effects of fungicides on the growth of

T. padwickii growing on 2% potato dextrose agar, aretan at 40 ppm

and ceresan WP at 250 ppm applied to the medium gave the best re-

suits for reducing or even completely inhibiting the growth of this rice

pathogen. Complete control of T. padwickii on rice seed was obtained
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by seed treatment with Dithane M-45 and ceresan (Dharam Vir etal.,

1971). Agarval etal. (1972) found that treating seed with thiram

or captan reduced count of T. padwickii in the blotter test. Kang and

Kim (1972b) used Dithane M-45 WP at 0. 2 percent to control T.

padwickii on rice seed. It gave good control in the laboratory, but

hinozan and basugausin were more effective under field conditions.

Trichoconis caudata (Appel & Strunk) Clements was first given

as a name to the causal agent of stackburn disease of rice by Tullis

(1936). He stated that his identification was tentative and he gave no

descriptive characteristics of the stackburn fungus, except he men-

tioned that the only difference between the rice fungus and the original

type species, T. caudata was a slight divergence in spore sizes T.

caudata was originally described as Pyriculariacaudata by Appel and

Strunk in 1904 (Saccardo, 1906; Ganguly, 1947). The description of

P. caudata given by Appel and Strunk is summarized herewith -

Conidiophores are erect, mycelium-like, 100-150 long. Conidia are

short fusoid, 36-45 i long with an awn-like tip of about the same length

of conidial body, and 2-4 septate. The basal cell and the ce1l at apex

always shrink. Therefore, conidia are found in which 2-3 middle cells

appear to be well developed. The host of P. caudata is cocoa.

Saccardo (1906) classified P. caudata in one subgroup of genus

Pyricularia, having a filiform seta at the apex of conidia. Saccardo

also described conidia of P. caudata as not constricted and hyaline,
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characteristics that were not mentioned by Appel and Stru.nk.

Clements (Clements, 1909; Clements and Shear, 1931;

Subramanian, 1971) segregated P. caudata from other Pyricularia

species because P. caudata produces filiform seta at the apex of

conidia. Hefelt that this characteristic was distinctive and not

present in other species ofia. Therefore, he proposed the

new generic name, Trichoconis and renamed P. caudata as Tricho-

conis caudata.

Trichoconis cauclata had been used as the name of stackburn

fungus since Tullis' proposal (1936). However, the name of T. caudata

had been disappeared from the literature since Ganguly (1947) dis-

covered another stackburn fungus, T. padwickii on rice in India. He

felt that the latter was distinctly different from the former in spore

size, septation, shape and its host. The size of conidia of the stack-

burn fungus was 3 times that of T. caudata and the number of

septa was greater than that of T. caudata. Spore walls of the stack-

burn fungus were constricted at the septa but not in T. caudata. The

appendage was thicker, longer and more rigid than that of T. caudata.

Rice was the host of the stackburn parasite which was different from

the host of T. caudata, cocoa. On the basis of these differences,

Ganguly named the fungus a new species, Trichoconis padwickii Gang.

This name has been generally accepted and used as the name for the

causal agent for stackburn disease and seedling blight of rice.



Bugnicourt (1952) in his study of the history, distribution, nomencla-

ture and biology of T. p!dwickii in Indo-China, concluded that T.

padwickii was probably synonymous to T. caudata.

Pavgi etal. (1965) isolated a new species of Trichoconis, L
indicaPavgi & Shingh from lesions on leaves and glumes of rice.

Conidia are broader and longer than that of T. padwickii and have

from 3 to 6 septa. T. 2wickii is reported to have from 3-5 septa.

At times the terminal appendages of T. indica are branched and the

basal cell of spores are often finelyverrucose near the scar. The

conidiogenous cell, on the conidiophore, is dark and finely verrucose.

T. indica produces a brownish oval to irregular leaf blotch, surrounded

by a chocolate brown reddish ban. Spots start at the tip of the leaf and

exterded downward resulting in the dropping and withering of the leaf.

The fungus causes a distinct brown patch on the glumes. Pavgi etal.

considered the symptoms caused by T. indica, as well as the morphol-

ogy of conidiophore and conidium different enough to establish a new

spec ie S.

Ellis (1971) considers that the original description of Trichoconis

padwickii Gang. does not conform to the genus Trichoconis and the

fungus is more closely allied to the genus Alternaria. He has re-

named T. p!dwickii as Alternaria padwickii (Gang.) M. B. Ellis. In

a private communication between Dr. C. M. Leach (Oregon State

University) and Dr. M. B. Ellis, Ellis further expressed his reasons
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for changing T. ,ckii to A, padwickii. The type species of Tri

choconis, T. caudata (Appel & Strunk) Clements, has colorless

conidiophores which bear colorless conidia on long cylindrical denticles

while A. ckii (Syn. T. jii) forms its conidium through

minute channel in the wall of the conidiaphore (tretic development).

Both conidiophores and conidia of A. padwickii eventually become

golden brown although often remaining colorless for some time. Ellis

also stated that the fungi most closely related to T. padwickii are

Alternaria longissima Deigh. & MacGa. and A. (Subram.)

Deigh. According to Ellis's investigation, these species seldom form

any longitudinal septa on natural substrate but they can be induced to

do so in culture. Ellis has not been able to induce A. padwickii to

form longitudinal septa but he did not believe this structure to be

especially important.

Recently, Deighton and Pirozynski (1972)have reviewed thegenus

Trichoconis. They describe the type species, T. caudata and in-

dude 11 new species. The descriptive characteristics of T. caud3ta

given by Deighton at this time were based on his own collection made

from decayed cocoa pod in West Africa. T. caudata is a hype rpara-

site grew over Botryodiplodia theobromae Pat. Deighton and

Pirozynski concluded that their description of T. caudata conforms to

that given by Appel and Strunk and they concluded that their collection

was undoubtedly the same as the original specimen collected by Appel
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and Strunk. Deighton and Pirozynskis description of T. caudata is

as follows - Colony is whitish, effuse. Conidiophores are erect,

branched, 1 -Z septate and polyblastic. Conidia are formed on a sub-

cylindrical denticle structure, fusiform, smooth, mostly straight, not

or only very slightly constricted, usually 5 septate. The broadest

part of the conidia is at the third or second cell from the base. A

portion of denticle cell remained attached to the basal cell of the

conidia when conidia released from the conidiophores. The wall of the

basal cell of old conidia is thin, sometimes collapses, therefore

conidia appear containing 2-3 cells. The apical cell of the conidia is

rostrate, 9.5-30 long, very variable and often broken. Conidia are

colorless but sometimes at the second to fourth cells develop a slight

greenish tinge. The other 11 species of the genus Trichoconis were

identified on the basis of shape and size of their conidia. Deighton

and Pirozynski also commented that the genus Trichoconis is similar

to genus Pyricularia in producing conidia at the end of separating cells

(denticles) which are separated by a basal septum from the conidio-

phore and by another septum from conidium. The conidium is liberated

by fracture of this separating cell, sometimes at the middle, some-

times near conidial base and sometimes very close to the base of the

conidium. This leaves a persistent open-ended denticle on the con-

idiophore and a shorter or longer length (or sometimes only a minute

frill) attached to the base of the conidium. Trichoconis differs from
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Pyricularia in being almost without color, in the shape of its conidia

which are not obpyriform and in the hype rparasitic habit. He stated

that T. padwickii has polytretic sporogenous cells and therefore

should be excluded from genus Trichoconis.

Salam and Rao (1954) reported another species of the genus

Trichoconis, T. crotalariae Salam & Roa which causes white mouldly

patches on leaves, flowers and mature pods of crotalaria, Crotalaria

verrucosa L. The spores are dark brown, elongate or fusiform with

a slightly curved, hyaline, nonseptate appendage. The spores have

a dark scar at the basal cell and are 5-8 septate. The walls are thick

and not constricted at septa. Size of T. crotalriae's conidia are 46.8

-95.5 by 10.4-18.2 p.. The appendage is the same length, or longer

than the conidial body. This fungus produces black sclerotia which

are cylindrical or irregular and covered with stiff bristles.

Subramanian (1971) transferred the genus to Phaeotrichoconis and the

crotalaria species to P. crotalariae (Salam & Roa) Subram. This

change was made because of its dark-colored spore and the dark thick

scar at the point of attachment of spore to conidophore. Deighton and

Pirozynski (1972) agreed to the change and also commented that T.

crotalariae should be excluded from the genus Trichoconis because

P. crotalariae has polytretic sporogenous cells. P. crotalariae was

found on crotalaria plants only, however, Vaidehi (1971) has isolated

this fungus from rice seed.
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It is obvious from my review that the fungi, Trichoconis caudata,

T. padwickii, T. indica and Alternaria padwickiiare all involved in

stackburn disease and seedling blight of rice. For a quick comparison

of the descriptions and morphological characteristics of these species,

as well as copies of original drawings, these are summarized On

pages 23 and 25. The additional description of T, caudata by Deighton

is also included.



Table L Moruhological arid other distinguishing characteristics of 3 species of genus Trichoconis

A. T. caudata B. I. padwickii

I. I, caudata *11. 1. caudata I. I. padwickii **II. Alternaria padwickii C. T. indica Pavgi & Singh

(App. & Str.
)

Cle. (App. & Str.
)

Cle. Gang. (Gang.
)

M. B Ellis

Mycelium hyaline, 3-4 p broad 2. 5-4. 5 p wide, very sinuous hyaline when young, creamy partially superficial and subhyaline to light yellow-
and interwined to form a yellow when mature, slender, partially immersed in brown, branched septate,
dense network, colorless branched septate, 3.4-5. 7p medium 2 6-6.5 p broad.

broad, 2O-25p sepate
interval

Conidlophore erect, 100-150 p long, erect, branched, smooth mycelium-like, 100-175 p micronematous, up to undifferentiate hyphae-like
sparsely septate, filiform 1-2 septate, straight, 67-75 long, 3. 4-5. 7 p wide 180x3. 4 p, often swellon slightly dilated apically,

p long, 5-6. 5 p wide at at apex, 5-6 p broad,smooth 90-145 p long, terminal cell
base, 3-5 wide at apex, except apex having minute darker, verrucose around the
having long subcylindric echinulate base of conidium
denticle (4-5. 5 p long)

Conidiuni terminal conidsum, short fusiform smooth mostly
straight,'usually septate,

.elongate, fusoid, non straight or curved, fusiform borne singly, ochraceous buff,
fusoid, straight, 2-4 septate, not or only slightly constric- decideous, 3-5 septate, to obclavate, rostrate, first medium thick wall, ovate to
not constricted at septa, ted, broadest at the third creamy yellow, terminal hyaline, later straw-color to ellipsoid, 3-6 septate, promi-
hyaline, 36-45 x 9-12 p cell, rostrate apex, borne on conidium, staright, thick golden brown, smooth or nantly constricted at septa,

denticle, liberated by a wall constricted at septa echinulate only near scar 75-245x 9-25 p (ave. 47. 5
fracture, leave a short por- 103 2-172.7 by 8.5-19.2 p 95-170 (130)xii-12 (15. 7)p x81. Sn) excluding append-

of conidium, colorless, 3-5 septate, commonly age, finely verrucose at
78. 3-103 p long, 6.5-12 p transverse septa, sometimes basal cell around the scar
wide ctedat!t!

.ppendage straight to curved ieta, rostrate shape, 9. 5-30p straight or curved, septate beak at least hail and often terminal appendage,
nearly equal length of long, vary variable in length 2-5 p thick, equal or longer more than half of the body occasionally branched,
conidial body, 35-45p long and often broken than conidial body length, l 5-5 (2. 7)p thick, 36-195x4-65 p

often one or more septa in
beak

Sclerotium none none

_________________________

black, almost spherical spherical or subspherical, none
embedded in host tissue, black with recticulate wall,
52-195 (124)p diameter mostly so-200 diameter

Habitation on decayed cocoa fruit, on decayed cocoa pod, on leaves and seedof on leaves and seed of on leaves arid seed of
and Theobroma cacao L. overgrowing on Botryodiplo sativa L. sativa L. sativa L.
host dia theobromae Pat.,

hyperparasitic

leferences Clements, 1909, 1931; Deighton, 1972 Ganguly, 1947 Ellis, 1971 Pavgi, 1965
Subramanian, 1971

* most recent description of I. caudata by Deighton, 1972.
** most recent description of I. padwicidi (=i. padwicidi) by Ellis, 1971
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Figure 1. Original drawings of three species of the genus
Trichoconis.

A. T. caudata (Appel & Strunk) Clements

I. T. caudata after Appel & Strunk

II. T. caudata after Deighton

T p!dwtckLl Ganguly

I. T. padwickii after Gang uly

II. Alternaria padwickii (Gan.) M. B. Ellis (Syn.

T. pdwickii) after Ellis.

C. T. indica Pavgi & Singh after Pavgi
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MATERIALS AND METHODS

General Equipment

Lamp

26

Five types of fluorescent lamps, Black Light Blue (BLB), Blue,

Sunlamp, Cool White (CW) and Soft White Natural (SWN) were em-

ployed either as sources of radiation for irradiating fungal cultures

or as illumination for plant growth. The spectral energy distributions

of these lamps are shown in Figure 2B. The BLB fluorescent lamp

emits energy in the region of 310-420 nm, with high relative energy

in the near-ultraviolet (NUV). Peak emission is at 360 nm. The Blue

fluorescent lamp emits a broad spectrum ranging from 300 to 700 nm,

but radiates most strongly from 400 to 500 nm. The fluorescent

Sunlamp emits a considerable portion of its energy in the far-ultra-

violet region, having a peak of emission at 310 nm. The spectral

energy distribution of CW is similar to Blue fluorescent lamp, but

emits a high relative energy in the region of 550-620 nm. The emis-

sion of the SWN fluorescent lamp is similar to that of CW fluorescent

lamp.

Incubator -Lighting

A 17 cu-ft incubator with a fan was used to incubate the fungal

cultures and the infected rice seed for the detection of micro-organ-

isms. The temperature was set either at 21 or 28 C constant.
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Figure 2A. Transmission of radiation by four filters, DuPont's
"Mylar" W plastic (a); Pyrex glass (b); "Cinemoid" blue
filter (c) and a combination of "Cinemoid" red and yellow
filters (d).

Figure ZB Comparison of radiation emitted by 5 different lamps
40W Westinghouse. Sunlamp (a); 40W Westinghouse,
Black Light Blue (b); 40W Westinghouse, Blue (c) and
40W Sylvania Cool White fluorescent lamps (d).
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Cultures were exposed to radiation from a combination of 1, 20W BLB

and 1, 20W CW fluorescent lamps (Figure ZB) suspended 20 cm above

the cultures. Intensity of NUV radiation was approximately 250

p.w/cm2 measured with a NUV meter (J-.221, Black-ray Ultraviolet

Meter). Rice seed infected with T. pdwickii were exposed to 1 20W

BLB fluorescent lamp because this stimulates sporulation (Mathur and

Neergaard, 1970, 1972a; Chuaiprasit etal. , 1974). The BLB fluores-

cent lamp was installed 20 cm above the seed and provided an intensity

of200-250p/cm2 approximately. In general, the light regime was an

alternating cycle ofi2. hours lightand 12 hours dark controlled by atimer.

Temperature Gradient Plate and Lighting

A temperature gradient plate (2. 5 x 60 x 120 cm aluminum plate)

was used to study the interaction of light and temperatures on growth

and sporulation of T. padwickii. It was located in a controlled constant

temperature room. One end of the aluminum plate was heated by cir-

culating hot-water while the other end was cooled with refrigerated

water. The plate was set to any desirable range of constant tempera-

tures. Details of this apparatus are described by Leach (1967b).

Four, 40W fluorescent lamps (types varied withexperiments) were

installed above the temperature gradient plate, except in one experi-

ment on light quality in which 2, 40W fluorescent Stmlamps were used.

As light, especially NUV stimulates sporulation in many fungi (Leach,

1967a, 1971), only radiation emitted in the NUV region was measured.

Intensity measurements were made at the surface of the temperature



gradient plate. The intensity of NUV radiation emitted by the BLB

fluorescent lamps was the highestand averaged 200 iw/crn2. NUV

emitted by the CW and Blue fluorescent lamps was only 20 and 40

i.iw/cm respectively. NUV emitted by Sunlamps was half of that

emitted by the BLB fluorescent lamps. The light regime of 12 hours

light and 12 hours dark was used.

Growth Chamber

In the pathogenicity studies, rice seed and seedlings were incu-

bated in a circulating air growth chamber Humidification was by

means of a heated water reservoir at the bottom of the chamber. The

growth chamber was illuminated by a combination of white light fluores-

cent and incandescent lamps. Six, 40W SWN fluorescent lamps were

mounted vertically on the back wall inside of the chamber, 4, 40W

CW fluorescent lamps were installed vertically on the front door. Six

of 25W incandescent lamps were also included to accommodate phyto-

chrome responses (660 and 735 nm), i.e. seed germination, seedling

growth, cell elongation, anthocyanin synthesis and photoperiodism

(Wilkins, 1969). The intensity emitted by these lamps measured at

the center of the chamber was 12-13 Joule/rn2 sec (YSI-Ketlering,

65A Radiometer). Illumination was generally set for 12 hours light

alternating with 12 hours darkness.
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Experimental Methods and Materials

Isolation of T. padwickii from Infected Rice Seed

Cultures used in this study were isolated from infected rice seed

obtained from Arkansas, Texas and the Institute of Seed Pathology for

Developing Countries, Copenhagen, Denmark. Samples sent from the

Institute originated from India, Indonesia, the Philippines, South Viet

Nam and Thailand. To isolate T. padwickii, seed was sown on three

layers of moist blotter paper (Whatman's filter paper no. 3) laid in-

side a 9 cm diameter TPyrex" glass petri-dish, 25 seed per dish,

irradiated 12 hours daily with a 20W BLB fluorescent lamp at 21 C

for 8 days. This is a standard procedure recommended by ISTA for

seed health testing (Proc. ISTA, 1966). Incidence of T. padwickii on

infected seed was observed microscopically and recorded. Single

spores were transferred by a needle to 2% malt extract agar (2% MA,

Appendix II). After incubation at room temperature for 2 days, colony

appearance ranged from white, very pale mouse grey' to mouse grey

when viewed from the top, and light olivaceous grey when viewed

from below. Isolates were transferred to 2% MA slants and stored at

room temperature as stock cultures.

Samples from a total of 105 rice seed lots were plated, 60

samples were from Arkansas, 30 from Texas, 5 from California, 5

'Colors are from Rayner (1970).
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from Indonesia, 2 from the Philippines and 1 sample from each of the

other countries. Twenty..three isolates were selected for the detailed

studies:

Isolate no. Stock culture no. Seed lot no. Location

1 S1547-1 1547 India

2 S2860-5 2860 Philippines

3 S1963-5 1963 South Viet Nam

4 S2516-5 2516 Thailand

5 S2783-3 2783 Indonesia

6 S2783-5 2783

7 2459-1 2459 Ii

8 S11-0].03(J) 11-0103 Cross Co., Arkansas

9 S11-0312(1) 11-0312 Arkansas Co.,

10 S11-0602(1) 11-0602 PoinsettCo., H

11 S11-0806(1) 11-0806 Fairoaks Co.,

12 S11-0811(1) 11-0811 Arkansas Co. ,

13 S11-0812(1) 11-0812 Lonoke Co. ,

14 S11-1003(1) 11-1003 Jonesboro-
craighead Co,

15 S11-1208(1) 11-1208 LonokeCo.,

16 S11-1218(1) 11-1218 Cross Co. ,

17 C-i C St Francis Co '

18 C-3 C IT I!



Isolate no. Stock culture no. Seed lot no

19 C-4 C

20 D-1 D

Zi E-1 E

22 T2-1 T2
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Location

St. Francis Co.
Arkansas

Arkansas Co. , "

Desha Co. ,

Elizabeth Rice
Dryer, Texas

23 T5-4 T5

In addition to these selected isolates, another isolate (no. 24) was

obtained from the Commonwealth Mycological Institute, Kew, Surry,

England (CMI no. IMI 136436a). This isolate was originally from

infected rice seed from Kenya and maintained as a type specimen for

Alternaria padwickii by M. B. Ellis of the Commonwealth Mycological

Institute.

In general, isolates used were subcultured from stock cultures

to fresh 2% MA, then incubated at 28 C in darkness for 7 days before

being used in experiments. As colonies of this fungus frequently pro-

duced sectors of abnormal or irregular growth, to obtain "normal"

uniform, smooth colonies, they were frequently subcultured to fresh

2% MA from "healthy" portions of colonies. Small plugs were taken

from the periphery of colonies using a 4 mm diameter "biscuit" cutter

device (Leach, 1964), and these were used to iioculate media in all

experiments.
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Studies on General Colony Characteristics
Including Scierotial Formation

All 24 isolates were examined for growth and sclerotial forma-

tion, except isolate no. 21. Isolates were inoculated onto 2% MA, at

pH 5. 1 in 'Pyrext glass petri-dishes (30 ml medium/dish) and incu-

bated at 28 C in darkness. Five replications were used for each

isolate. Colony appearance and scierotial formation were observed

and recorded daily.

Morphological Studies

Twenty of the 24 isolates were examined for their morphological

characteristics. Isolates were inoculated on 2% MA, at pH 5. 1 and

"Difco" cornmeal agar (CMA), at pH 6. 0 (formulae and preparations

in Appendix II) Inoculated dishes were irradiated 12 hours daLly by a

combination of 1, 20W BLB and 1, 20W fluorescent lamps, hung 20

cm from the dishes, at either 21 or 28 C. The characteristics of the

mycelium, conidiophore and conidium of these isolates were observed

microscopically after a week of incubation.

Studies on Growth and Sporulation

Interaction of light and temperatitre - To determine the effect of

interaction of light and temperature on growth and sporulation, 10

isolates, nos. 1, 2, 3, 4, 5, 7, 8, 9, 23 and 24 were used. They

were inoculated on 2% MA in 9 cm diameter dishes and pre incubated

2 days in the dark at 21 C. On the third day, a set of 60 inoculated



35

dishes was placed on the temperature gradientplate between 16 to 35

C, with approximately 1.5 C differences at 10 cm increments along the

plate.

0000000000 00
000000000000

25 000000000000
15 000000000000o:t
000000QQQQQO
0 10 20 30 40 50 60 70 80 90 100 110

LONG DISTANCE [CMI

Warm end Coolend

Figure 3. Diagram showing the arrangement of inoculated petri-
dishes on temperature gradient plate.

The temperatures along the gradient were constant. Inoculated dishes

were arranged in 12 columns of 5 plates. Colonies were replicated

(x5) at each temperature as shown in Figure 3. Temperatures at 10

cm increments along the plate were recorded 4 times daily by means

of thermocouples (embedded in plate) and a temperature potentiometer

(Leeds and Northrup Co., Philadelphia, Pennsylvania). Readings
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were made 1 hour before and 1 hour after the end of the 12 hours

illumination and dark period. Cultures were exposed to 12 hours of

light daily for 4 days using a combination of 2, 40W BLB and 2, 40W

CW fluorescent lamps suspended 41 cm above the dishes. The con-

trolled sets were treated identically but kept in darkness. Diameters

of colonies were measured daily. At the end of the experiment, the

spores were harvested. Spores were harvested by transferred each

colony to a 125 ml flask containing 10 ml 70% ethyl alcohol. This

stopped growth and preserved specimens until they could be examined.

To remove spores, colonies were shaken in a rotary shaker for 10

mm and the suspension was drained and stored ma glass vial. Quanti-

tative measurements of sporulation were usually made at a later date.

To count spores, suspensionswere first shaken vigorously and then

using a medicine dropper, a single drop of suspension was put on a

clean slide and covered with a coverslip. All spores under the cover-

slip were counted under a compound microscope (bOx); this was

repeated for each replication. This same spore harvesting and

counting technique was used in all experiments in which quantitative

measurement for spore production was made.

To determine maximum and minimum temperatures for growth

and sporulation, in one experiment the gradient temperatures were

set from 6 to 40 C. Only one isolate no. 6, was examined in this

experiment.
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Interaction of light quality and temperature - The effect of

interaction of light quality and temperature on growth and sporulation

was determined in 2 ways: colonies were either exposed to light

through various filters at different temperatures, or exposed to

different sources of light at various temperatures. Isolate no. 8 was

selected for studies on growth and sporulation as influenced by light

quality and temperature and other conditions in subsequent experi-

ments. The appearance of this isolate was typical of most isolates

and it produced a mnormalu uniform, smooth colony. Moreover,

sporulation of this isolate was stimulated by light.

To determine the interaction of light quality and temperature on

growth and sporulation using filters, 2-day old colonies of isolate

no 8, grown on 2% MA in 9 cm diameter dishes at 21 C, were

covered with 3 different filters; TCinemoid blue, DuPonttms

?Mylar!m W plastic and a combination of ImCinemoidi? red and yellow

(Figure 2A). Source of light was a combination of 2, 40W BLB and

2, 40W CW fluorescent lamps suspended 41 cm above the dishes.

This combination gave a broad spectrum of electromagnetic wave-

lengths (Figure 2). The "Cinemoidtm blue transmitted wavelengths

between 380-540 nm, DuPonttms Mylar? W plastic removed all wave-

lengths below 400 nm and a combination of "Cinemoid" red and yellow

transmitted only wavelengths above 560 nm. Each filter (15 x 100 cm)

was mounted on a 60 x 120 cm wooden frame divided into 4
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compartments. The first compartment was left uncovered, on

the other 3 compartments were mounted with the filters. Each filter

covered 10 inoculated dishes evenly spread on the temperature gradi-

ent plate from 16-34 C. Inoculated dishes were irradiated 12 hours

daily for 4 days. Diameter of the colonies was measured at the end

of this period at which time spores were also harvested. Dark con-

trols were not included because it had been previously shown that this

isolate did not sporulate in darkness.

Colonies were also exposed to different sources of light on

temperature gradient plate. BLB, CW fluorescent lamps and a Sun-

lamp induce sporulation of T. padwickii growing from infected seed

(Chuaiprasit etal.., 1974), but they have not been used to induce

sporulation in pure cultures. To determine their effects on pure

cultures, colonies of isolate no. 8 grown on 2% MA, were irradiated

as follows - Inoculated dishes were first pre incubated for 2 days in

darkness at 21 C, then placed on the temperature gradient plate

(16-34 C). Replicated colonies (x5) were exposed to radiation from

4, 40W BLB fluorescent lamps suspended 41 cm above the dishes.

Exposures were 12 hours daily for 4 days. Similar experiments were

also conducted using otherlamps,i.e. 4, 40W CW; 4, 40W Blue

fluorescent lamps and 2, 40W Sunlamps. Dark controls were also

included but on another temperature gradient plate. The diameter of
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the colonies was measured daily and conidia were harvested on the

sixth day of incubation.

Effect of length of lightexposure - To ascertain the effect of

length of exposure on growth and sporulation, isolate no. 8 was grown

on CM.A. Colonies were preincubated in darkness for 2 days at 21 C,

then irradiated daily with different exposures of radiation emitted

from a combination of 1, 20W BLB and 1, 20W CW fluorescent lamps.

Daily exposures over a period of 4 days were 10, 20, 30 mm, 1, 2,

4, 8, 12, 16 and 24 hours. Temperature was kept constant at 28 C.

Each treatment was replicated 5 times with similar numbers of dark

controls. The diameter of colonies was measured at the end of ex-

periments, at which time spores were also harvested.

Effect of substrate - The effect of 13 different media on growth

and sporulation was determined. They were basic medium agar (BA),

basic medium agar with dextrose cBDA), basic medium agar with

sucrose (BSA), cereal mixed agar (CrMA), CMA, 2% MA, potato

dextrose agar (PDA), rice polish agar (RPA), rice sap agar (RSA),

2% plant part agar (2% PPA), 4% rice plant part agar (4% PPA), V-8

juice agar (V-8A) and water agar (WA) (refer to Appendix II for

details). Inoculate dishes were preincubated in darkness at 21 C for

2 days, then exposed to radiation emitted by a combination of 1, 20W

BLB and 1, 20W CW fluorescent lamps for 12 hours daily for 4 days

at 28 C constant. Five replications were made for each medium
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Controls were kept in darkness. At the end of the incubation period,

diameter of the colonies were measured and spores were harvested

for examination.

Effect of pH - To study the effect of pH on growth and sporula-

tion, again 2% MA was used, but instead of distilled water, Mcllvaine' S

citrate-phosphate buffer solution (Mcllvaine, 1921) was used for

making up the medium. Amounts of 0. 1 M citric acid solution and

0.2 M sodium monophosphate solution to obtain pHs of 3, 4, 5, 6 and

7, are also shown in Appendix II. The buffer solution was added to 20

g of malt extract. As this caused a slight change of pH, a readjust-

ment of pH was made with either 0.. 1 N HCI or 0. 1 N NaOH. Agar

(20 g) was then added, and the medium autoclaved at 20 lb atm press.

for 15 mm. The pH of the buffered medium after autoclaving was

unchanged. Unbuffered 2% MA had a pH of 5. 1 after autoclaving. The

buffered and unbuffered media (5 replications) were inoculated with

isolate no. 8. Incubation conditions and measurement of growth and

sporulation were the same as previously described.

Effect of aeration To determine the effect of aeration on growth

and sporulation, 2 media, 2% MA and CMA were used. Replicated

dishes, inoculating with isolate no. 8, of each medium were sealed

with a paraffin film, controls were left unsealed. Inoculation, incu-

bation conditions and measurement of growth and sporulation were

the same as previously mentioned, except the effect of dark condition
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Pathogenic ity Studies

To test the pathogenicity of T. piickii, two groups ofexper-

ments were conducted.

1. Inoculation of of unsterilized seed and seedlings - In the first

group of pathogenic studies, spore suspension of isolate no. 23 was

used to inoculate seed, freshly emerged seedlings and seedlings

having 3-4 leaves. The seed used in these experiments was unster-

ilized and a short grain variety (Calrose) supplied by the Crops

Improvement Association, Davis, California. As isolate no. 23

sporulated heavily in darkness at 21 C, spores were obtained by

growing it on 2% MA for 11 days. Cultures were macerated, put into

a 250 ml flask containing 50 ml sterilized distilled water, shaken by

a rotary shaker for 10 mm and finally filtered through cheese cloth.

The spore suspension was thencentrifuged at 3000 rpm for 5 mm,

and the pellet was stored at 5 C, later to be used as inoculum.

1. 1. Inoculation of seed To test pathogenicity of T. padwickii

on seed, 80 dry seed were thoroughly mixed with 2, 7 g of inoculum

pellet and then sown on vermiculite submerged in IRRI solution (its

formula and preparation are shown in Appendix I) using 20 seed per

pot (8 cm diameter). Uninoculated seed were sown in 4 other pots as

controls. Pots were placed in a growth chamber and illuminated 12

hours daily at 21 C.
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1.2. Inoculation of freshly emerged seedlings - To test the

pathogenicity of T. pçIwickii on freshly emerging seedlings, seed were

sown on moist blotters at room temperature and allowed to germinate

until they showed small sprouts. They were then rinsed with running

water for 2-3 hours before mixing them withinoculum pellets. In-

oculated seedlings were sown on vermiculite submerged in IRRI

solution, with 9 seedlings per pot. Uninoculated controls were treated

in the same manner. Pots were incubated (21 C) in a growth chamber

with 12 hours daily illumination.

1.3. Inoculation of seedlings having 3-4 leaves - To determine

the pathogenicity of T. padwickii on older seedlings, seed were sown

on vermiculite submerged in IRRI solution, and placed in a growth

chamber (21 C, 12 hours light/12 hours dark) until they germinated

and had 3-4 leaves. Prior to inoculation, they were covered with a

plastic bag for 2-3 hours, then sprayed (automizer) with a spore

suspension made from an inoculum pellet dissolved in 3 ml sterilized

distilled water. After inoculation, seedlings were covered with a

plastic bag for 1 more day and incubated in the growth chamber.

Symptoms were observed daily.

2. Inoculation of sterilized seed and seedlings - To determine

the pathogenic ity of T. padwickii in the absence of contaminating

organisms, seed were treated with hot-water at 54 C for 15 mm, dried

and kept as clean seed stock. Before seed were inoculated they were
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first surface-sterilized by 6% sodium hypochiorite solution for 10

mm, then rinsed several times with sterilized distilled water.

2. 1. Pathogenicity studies on isolate no. 9 - In these studies,

single isolate no. 9 which was sporulating profusely was used to

inoculate seed. Inoculated seed were sown in 'Seed-Pak Growth

Pouches". The "Seed-Pak Growth Pouch" invented by Northrup King

Seed Company, is a specially designed plastic bag with an absorbent

paper filter used for germinating seed. It is shown in use in Figure

4. It can be sterilized by autoclaving before use. In the following

pages, the 'germination bag" will be substituted for "Seed-Pak Growth

Pouch". The germination bag was modified when used in these

studies. Two holes were punched into the bottom of the bag and the

bag was then inserted in a specially designed plastic box containing

either IRRI solution or water. The liquid moved into the germination

bag through the holes.

2. 1. 1. Inoculation of seed - To test the pathogenicity of single

isolate of T. padwickii against seed, surface-sterilized clean seed

were rolled on culture (2% MA) of isolate no. 9, then sown in the

"germination bags", 4 seed per bag (4 replications). One set of 4

bags contained uninoculated seed. Seed were incubated in the growth

chamber at 28 C with 12 hours daily illumination for 2 weeks.

2. 1.2. Incubation of inoculated seed by immersing method - It

has been observed that spores of T. ckii germinated and grew
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in water. Whether the infection could occur when seed were im-

mersed in IRRI solution, a similar procedure to that of the previous

experiment was conducted. Instead of the "germination bags" being

partially submerged in the IRRI solution, the plastic box was filled

to the level where inoculated seed were seated.

2. 1,3. Effect of inoculum density - The effect of inoculum

density was determined. A spore suspension was made from culture

no, 9 grown on 2% MA at 28 C in darkness. Five ml of sterilized

distilled water were added to a dish containing a full-grown culture.

Myce.ium and spores from 2 colonies were scraped off and poured

into a beaker, and homogenized in an Omni mixer for 1 mm at 60

rpm. A portion of this concentrate (11,440 spores/mi) was diluted

to 10, l0 and 10 with sterilized distilled water. The final

volurxm of each spore suspension was 5 ml. Sixteen surface-sterilized

seed were dipped into each different concentration solution, then

transferred to the "germination bags" which were partially immersed

in the IRRI solution. Each bag contained 4 seed and was replicated 4

times. Another set of aninoculated seed was dipped into sterilized

distilled water and sown in "germination bags" as controls. Seed were

incubated in a growth chamber having a incubation condition as pre-

viously described for 2 weeks. Symptoms were observed.

2. 2. Virulence of different isolates - In previous experiments,

a single isolate was tested. In these studies, several isolates of T
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padwickii weredetermined for their virulence.

2.2. 1. Incubating inoculated seed in 'germination bags" par-

tially immersed in IRRI solution -Nineteen isolates, nos. 1, 2, 3, 4,

5, 6, 7, 8, 9, 10, 11, 13, 14, 15, 17, 20, 22, 23 and 24 were tested.

Inocula were obtained from cultures grown on CMA, incubated at 28

C with 12 hours daily illumination by a combination of 1, 20W BLB

and 1, 20W CW fluorescent lamps. Seed were rolled on these cultures

and sown in "germination bags" partially submerged in IRRI solution,

4 seed per bag. Replicated (x3) bags were set for each isolate, with

1 bag containing uninoculated seed as controls. All the seed were

incubated in thegrowth chamber with 12 hours 'daily illumination at

28 C for 2 weeks.

2. 2. 2. Incubating inoculated seed in "germinatiDn bags" partially

immersed in water Seedlings grew vigorously in IRRI solution.

They might become resistant to T. padwickii. Moreover, it was not

necessary to use the plant growth solution for the early stage of growth

of the seedling; therefore it was decided to replace it with water.

Seven selected isolates, nos. 1, 6, 7, 8, 17, 22 and 23 had been

shown as pathogenic potential, were inoculated seed with inoculating

method as previously described. Seed then were sown in the "germin-.

ation bags" submerged partially in water and incubated in the growth

chamberhaving an incubation condition as above mentioned for 3 weeks.

Symptoms were observed.
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2. 2. 3. Inoculated seed sown on 0. 5% IRRI agar - To determine

the virulence of various isolates ofT. padwickii, inoculated seed

were also sown singly on 0. 5% IRRI agar (refer to Appendix I) in

test tubes. Nineteenisolates identical to the ones used in the previous

experiment, and isolate no. 21 were tested. Seed were rolled on

these cultures which were grown on CMA under radiation, then placed

on 0. 5% IRRI agar. They were incubated in the usual manner for 2

weeks and symptoms were observed.

2. 2. 4. Inoculation of older seedlings - To determine the viru-

lence of various isolates on the aerial parts of seedlings, the seed-

lings were sprayed (automizer) with spore suspension. Ten seed

were sown in a pot (8 cm diameter) of soil incubated in the growth

chamber at 28 C with 12 hours daily illumination until seedlings had

3-4 leaves. Seven selected isolates having pathogenic potential (nos.

1, 2, 4, 6, 7, 8 and 24) were tested. The spore suspension was pre-

pared by adding 10 ml sterilized distilled water to 2 full-grown

cultures, mycelium and spores were scraped out and filtered through

the cheese cloth. Prior to inoculation, seedlings were covered with a

plastic bag for 1 day. A set of 4 pots was used for each isolate, but 1

pot was sprayed with sterilized distilled water as a control. The

inoculated seedlings were covered with a plastic bag for another 1

day and kept in the growth chamber at 28 C. They were examined

frequently for symptoms on the aerial parts.
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2. 3. Effect of wounding on pathogenicity - To determine the

effect of wounding on pathogenicity of T. pdwickii, young emerging

seedlings were wounded before they were inoculated. Seed were

allowed to germinate on moist blotters at room temperature until they

showed as small sprouts. They were rinsed with running water for

23 hours then punctured with a needle and dipped in a spore sus-

pension prepared as described in the preceeding experiment. Seven

isolates, nos. 1, 6, 7, 8, 17, 22 and 23 were tested. The inoculated

seedlings were sown in the "germination bags" immersed partially

in water, and incubated in the growth chamber in the usual manner for

3 weeks. Symptoms were observed. Shoots and roots were measured

at the end of incubation period.

2. 4, Temperature affecting on pathogenicity - In all previous

experiments, one temperature was employed. In the last 2experi-

ments, various temperatures affecting infection were determined.

2.4. 1. Incubating seed on a temperature gradient plate - To

determine the effect of various temperatures on pathogenic ity, seed

inoculated with isolate no. 9 sowing on moist blotter papers were

incubated on a temperature gradient plate (16-35 C). Seed were rolled

on the culture (2% MA, incubated at 28 C in darkness), then laid on

moist blotter papers in a dish (9 cm diameter), S seed per dish. The

dishes were arranged in 12 columns and 5 rows as shown inthedia-

gram on page 35. Two dishes located on both ends of the columns
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hours daily by a combination of 2, 40W BLB and 2, 40W CW fluorescent

lamps suspended 41 cm above the seed. After 2 weeks of incubation,

shoots and roots were measured. Symptoms were observed

2. 4. 2. Incubating seed in a water temperature gradient incu-

bator The effect of various temperatures on the pathogenicity of

T. ckii was also observed by using a water temperature gradient

incubator (Figure 4). Seed were rolled on the culture no. 8 (CMA,

incubated at 28 C under illumination) and sown in the "germination

bags" which were not punched with any holes, but filled with 30 ml

tap water, 4 seed per bag. Four bags were replicated, but 1 contained

uninoculated seed as control. The water temperature gradient incu-

bator (invented by Leach, unpublished) was made as a tank filled with

water. One end was heated at 34 C another end was cooled at 15 C.

The principle of establishing a nearly linear gradient temperature

is the same as that of the temperature gradient plate (Leach,

1967b) except water being used as heat conductor. There were 8

compartments in the water tank. When the temperature came to

equilibrium, it was more or less constant in each compartment. The

compartment having the lowest temperature was not used to incubate

seed. Three, 30W and 1, 40 W CW fluorescent lamps together with 2,

25W incandescent lamps were the sources of illumination for the plant

growth, installed 30 cm above the seedlings and gave the intensity of
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18 Joule/rn2 sec. Seedlings were illuminated 12 hours daily for 3

weeks. Shoots and roots were measured. The aerial parts of the

seedlings were examined frequently for symptoms, and roots were

examined at the end of incubation.

a

14.

Figure 4. Water temperature gradient incubator (heated at the left
end and cooled at the right) - Combination of fluorescent
and incandescent lamps (a); Air driven stirrers (b);
Seedlings in Tgermination bagstt (c).
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RESULTS

Association of T. padwickii with Seed

To obtain T. p!dwickii isolateê, infected rice seed of 105 seed

lots from Arkansas, California, Texas, U.S.A.; India, Indonesia,

the Philippines, South Viet Nam and Thailand were plated on moist

blotter papers, and incubated under NUV radiation for 8 days (IS TA

recommendation procedure, 1966). The NUV radiation induced

sporulation of T. padwickii growing on seed, consequently allowing it

to be easily recognized. The general microscopic and macroscopic

appearance of T. padwickii were noted and single spores were trans-

ferred to 2% MA. Percentage of infections of seed lots are shown in

Table 2. Other pathogenic fungi, Drechslera oryzae and Pyricularia

oryae, were also observed.

The general appearance of T. padwickii growing from infected

seed on blotters was as follows - Colonies were cottony and mouse

grey to olivaceous grey. Sporulation varied among colonies. In a few

colonies with more than normal mycelium growth, sporulation was

sparse; in others sporulation was profuse with conidia mainly located

in the peripheral hyphae. A pink stain commonly occurred in the

blotter surrounding the infected seed, though seed surrounded by this

color harbored other fungi such as Alternaria longissima Deighton &

MacGarvie and Epicoccum purpurascens.
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Table 2. Percentage of infection by T. adwickiiin 105 rice seed lots.

Countries of Ave. percentage Ranges of Number of
origin of infection % infection seed lot

Arkansas, U.S.A. 15.3 0 -50 60

California, U.S.A. 0 5

Texas, U.S.A. 9.4 0 -52 30

India 69.0 - 1

Indonesia 52.6 26 - 87 5

Philippines 73. 5 68 - 79 2

South VietNam 35.0 - 1

Thailand 65.5 - 1

Seed samples from California were free from T. padwickii. In

these samples Alternarja tenuis Nees and Nigrospora oryzae (Berk.

& Br.) Petch. were predominant while Fusarium moniliforme

occurred in trace amounts in 2 samples of the rice varieties Caloso and

Calrose. Only 7 out of 60 rice seed samples from Arkansas were not

infected by T. padwickii. Infested samples ranged from 2 to 50

percent infection. Drechslera oryzae was also abundant in the Arkansas

seed and sometimes it was mixed with T. padwickii. Usually, colonies

of ID. oryzae grew more rapidly and spread from the infected seed

over the moist blotter paper, while the colonies of T. pdwickii were

mainly confined to the immediate vicinity of each seed. Pyricularia

yzae was observed once in Arkansas seed in the rice variety Arkose.
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Infection of Texas seed by T. pdwickii was low except for 1 sample

of the variety Dawn (52%). Several samples of Texas seed were free

of T. pdwickii and all were free of P. oryzae.

The few seed samples obtained from India and Southeast Asia

were highly infected by T. pwickii. A high incidence of D. oryzae

and P. oryzae also occurred commonly in these samples and they

were sometimes pre sent with T. Ec!i on the same seed.

During the isolation of T. p4wickiifrom infected rice seed,

disease symptoms were also observed. Seed entirely covered with

T. padwickii often failed to germinate. A brown discoloration of

roots was evident, but it was not possible to be sure that this was

caused by T. padwickii because other fungi, especially ID. oryzae,

were mixed with T. padwickii. In some seedlings with brown dis-

colored roots, T. padwickii was not present, though other fungi were

evident such as the saprophytes, Aspçrgillus spp, Alternaria tenuis,

pcoccum purpurascens, Nigrospora and Penicillium spp and

the pathogen D. oryzae.

General Cultural Characteristics of T. padwickii

Appearance of Colonies Grown, in Darkness

When 23 isolates of T. padwickii were grown (2% MA at 28 C)

in darkness and observed daily for a period of 5 weeks, they showed
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considerably variation in color and gross morphology (Figure 5).

Typical young colonies (2-day old) were pale mouse grey viewed from

above and light olivaceous grey when viewed from below. Aerial

mycelium was abundant and appeared velvet to very finely tufted.

There werevariations, however, in the less typical colonies colors

ranged from rosy buff (isolate no. 16), brown (isolates, nos. 5, 9 and

22) to white (isolate no. 18) when viewed from above and light brown

(isolates, nos, 5, 1.6, 19 and 22) to light yellow (isolate no. 18) when

viewed from the reverse side of the dish. In some isolates (nos. 1,

13, 19, 21 and 24) colonies appeared the same color - very pale mouse

grey when viewed from above, but different from below ranging from

light yellow to light brown, In atypical isolates, nos. 5 and 20 for

example, little aerial mycelium occurred and the colonies had a

flattened appearance.

As the cultures aged, colors of most isolates became darker.

The typical color of 7-day old colonies, (isolates nos. 3, 4, 8, 10, 11,

17, 19 and 23) was mouse grey from above and olivaceous grey from

below (Figure 5). Other colors were light olivaceous brown from both

above and below (isolates, nos. 5, 20 and 22), pale mouse grey from

above and light brown from below (isolates, nos. 1, 6, 13 and 18),

pale mouse grey above and olivaceous grey below (isolates, nos. 2, 7,

12, 15 and 24), olivaceous grey above and below (isolates, nos. 9 and

14) and rosy buff above and below (isolate no. 16).
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Figure 5. Colony appearance of Z3 isolates of T. padwickii grown in
darkness (7 days old on 2% MA at 28 C). Surface view (A);
bottom view (B). Diagram (above) indicates the location of
isolates in the pictures.
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After 2 weeks of incubation, most isolates became dark mouse

grey viewed from above and dark olivaceous grey when viewed from

the reverse side of the dish. The pigmentation of atypical colonies

were: isolate no. 6, pale mouse grey, and isolate no. 16, olivaceous

brown (both sides). Cultures left in the incubator for 50 days began to

dry out and at this time all isolates were more or less alike, i.e.

a very dark mouse grey to olivaceous grey viewed above and either

dark oI.ivaceous brown or black viewed from the reverse side of dish

Appearance of Colonies Exposed to Light

The appearance of 20 isolates exposed to light (2% MA or CMA

at 21 and 28 C, under 12 hours daily exposure to light emitted by a

combination of 1, 20W BLB and 1, 20W CW fluorescent lamps) also

varied. Comparisons were made among 7-day old colonies. At 28 C,

the typical color of colonies on 2% MA was dark mouse grey (above)

pl.ivaceous grey (below). Pigmentation was considerably darker than

for dark reared colonies. Atypical pigmentation was cinnamon

(ioate no. 21) and very pale mouse grey (isolates, nos. 1 and 17).

At 21 C on 2% MA, pigmentation of typical isolates was the same as

for 28 C. Two atypical colonies were pigmented citrine and buff.

Most of the isolates exposed to light when growing on CMA at

both temperatures, were olivaceous grey from above and below.
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Atypical pigmentation on CMA occurred in some isolates - isolate no.

17 was smoky grey (above) and light olivaceous green (below) when

grown at 28 C; isolates, nos.3and 23 at 21 C were the same as: isolate

no. 17 grown at 28 C. Rosy buff (isolates, nos. 16 and 21) and citrine

(isolate no. 20) were observed both at 21 and 28 C.

Growth

Most isolates grown on 2% MA in darkness at 28 C covered the

medium after 10 days. Some isolates grew faster (isolates, nos. 17

and 18), other isolates, nos. 5, 6 and 22 grew slower. One slow

growing isolate, no. 3 always produced sectors of abnormal or irregu-

lar growth, and required 2 weeks to cover the medium.

Zonat ion

No zonation was observed when isolates were grown on 2% MA

at 28 C in darkness. Zonation (Table 3) occurred among some isolates

grown on either 2% MA or CMA at 21 and 28 C when exposed daily to

12 hours of light emitted from a combination of lamps (1, 20W BLB

and 1, 20W CW fluorescent lamps). Zonation consisted of concentric

rings of alternating light and dark pigmentation. The dark zones con-

tained more mycelium and spores than light zones. Three isolates,

nos. 1, 8 and 24, were zonate under all conditions when exposed to

light. Some isolates, however, were zonate under one set of conditions
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but not under others. Some were only inconspicuously zonate.

Table 3. Occurrence of zonation in colonies of T. pç1wickii exposed
to a diurnal cycle of light* and dark (12 hours light/12 hours
dark) at constant temperature. No zonation occurred in
darkness.

Isolate no. 2% MA, 28 C 2% MA, 21 C CMA, 28 C CMA, 21 C

1 yes yes yes yes

2 ? ? ?

3 no ? yes no

4 ? yes yes yes

5 ? ? ? yes

6 ? no yes ?

7 ? yes yes

8 yes yes yes yes

9 ? ? ?

10 ? ? ? ?

11 no ? yes yes

14 ? ? ? ?

15 no no ? no

16 ? ? ? no

17 ? ? ? no

20 no ? yes no

21 yes yes no yes

22 yes ? yes yes

23 no no no yes

24 yes yes yes yes

*
Emitted by a combination of a 20W BLB and a 20W CW fluorescent
lamps.
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Sporulation in Darkness

Sporulation was observed in 6 (nos. 4, 5, 9, 16, 22 and 23) of

23 isolates, grown on 2% MA in darkness at 28 C. The first 4 iso-

lates produced conidia after only a day of incubation while the last 2

sporulated after 4 and 5 days respectively.

Sporulation Under Illumination

When 20 isolates were grown on either 2% MA or CMA and

exposed (12 hours daily) to light emitted from a combination of lamps

(1, 20W BLB and 1, 20W CW fluorescent lamps) at 21 or 28 C,

sporulation was induced but it varied among isolates and conditions.

Most isolates sporulated on CMA at both temperatures. Isolates,

nos. 4, 7 and 10 failed to sporulate on 2% MA at 28 C but did sporulate

at 21 C. In contrast, isolates, nos. 1, 11, 22 and 24 produced

conidia on 2% MA at 28 C but not at 21 C. Isolates, nos. 14 and 17

did not sporulate on 2% MA at either temperatures. Two isolates,

nos. 15 and 20 did not sporulate under any conditions tested. An

isolate (no. 23) that normally sporulated heavily in darkness or when

exposed to light condition, for an unknown reason did not sporulate in

this experiment.



Sclerotial. Production and its Morphology

In darkness: Observations on scierotial production and mor-

phology were made for the 23 isolates grown on 2% MA in darkness at

28 C. Ten isolates produced sclerotia,. 13 did not. Sclerotia were

usually produced after the cultures had been incubated for 2 weeks.

In 1 isolate, no. 1, sclerotia were not observed until the culture was

50 days old; in another isolate, no. 22 sclerotia were evident in 5-

day old colonies.

A typical sclerotium was verrucose, subspherical as shown in

Figure 6, A-D and formed singly or in groups. When young their

color was light brown. The wall of the young scierotium was an

irregular-net-like pattern (Figure 6, B and D). This pattern could not

be seen in old scierotia because of the black pigmentation (Figure 6,

C). Isolate no. 11 produced scierotia that were atypical. They were

tuberculate as shown in Figure 6, E to I. Isolate no. 10 produced

both types of scierotia. Size of sclerotia (Table 4) commonly ranged

from 57. 1 x 47.3 .i to 125. 1 x 103 However, several isolates

(nos. 1, 2 and 3) formed large sclerotia up to 285.0 x 264.Ot.i.
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Figure 6. Two types of scierotia produced by T. padwickii on 2% MA
in darkness at 28 C: verrucose type, young scierotia (A,
B and D); mature scierotia (C); tuberculate type, young
micro-sclerotja (F and F) and mature micro-scierotia
(G, H and I).
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Table 4. Sizes of 14-day old scierotia of 10 different isolates, T.
pdwickii grown on 2% MA at 28 C in darkness.

Isolate no. Average size (t-')

1 241.5 x 211.5*

2 285.0x264.0
3 250.5x204.0
4 73.lx 62.4

10 82.6x 69.4
11 57. 1 x 47.3
12 72.lx 55.1
14 77.5x 68.0
22 113.2x101.0
24 125. 1 x 103.4

Measurements from a 50-day old colony.

Under illumination: Scierotial. development was examined among

20, 7-day old isolates exposed to light while growing on either 2% MA

or CMA at either 21 or 28 C. Colonies were exposed to a diurnal

cycle of light (12 hours light and 12 hours dark) from a combination of

lamps (1, 20W BLB and 1, 20W CW flucrescent lamps). Only 3

isolates, nos. 10, 11 and 22, produced scierotia. Isolate no. 22

produced a verrucose type while isolate no. 11 formed tuberculate

sclerotia. Both types of scierotia were light brown and both were

produced by isolate no. 10. Isolates, no. 10 and 22 formed sclerotia

under all conditions, while isolate no. 11 produced sclerotia only on

2% MA and CMA at 28 C. No attempt was made to compare the size
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of scierotia grown under illumination with those produced in darkness.

Morphology of L padwick in Pure Cultures
and in Association with Seed

A comparison was made of the morphology of 20 isolates grown

in pure cultures and in association with naturally infected seed. The

conidial morphology of these isolates was observed only on the cul-

tures exposed to light because sporulation of several isolates was

stimulated by light. Cultures (2% MA and CMA) were exposed to a

diurnal cycle of light (12 hours light/12 hours dark) emitted by a

combination of lamps (1, 20W BLB and 1, 20W CW fluorescent lamps)

at either 21 or 28 C constant. The morphology of conidia associated

with naturally infected seed was also examined but only in colonies

exposed to NUV radiation at 21 C, mainly because it was difficult to

recognize T. dwickii unless sporulation is induced by light

(Chuaiprasitetal. 1974).

Morphology of Hyphae and Conidia in Pure Cultures

Mycelium was branched, septate and filamentous. It was pro-

duced aerially as well as submerged. Its colors ranged from sub-

hyaline to light brown when young, and from light to dark brown when

mature. C onidiophore s were micronematous, septate, flexible and

always swollen at the apex which was smooth. They were either
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unbranched or frequently branched. Lengths of conidiophores varied

greatly within single isolate ranging from 88 1.1 to 530 por longer

(e.&. isolate no. 6). Because of this great range in length, size was

considered a poor criterion for identification and it was generally

ignored.

Conidium morphology was observed when cultures were 7-day

old. Drawing of conidia from 20 isolates grown under different

conditions are shown in Figures 7, 8, 9, 10 and 11. In general,

conidium development was tretic, i.e. the conidium developed through

a pore at the apex of the conidi.ophore. However, in some cases,

conidia were connected with the conidiophores by somewhat a stalk-

like connecting hypha as shown in Figure 7; isolate no. 2 on 2% MA,

no. 3 on CMA, no. 4 on 2% MA and in Figure 8; isolate no. 5 on

CMA at 21 C. A portion of this connecting hypha was found left at

the basal cell of the conidium as shown in Figure 7, isolate no. 1 on

CMA, no. 4 on CMA and Figure 8, no. 6 on 2% MA at 21 C. The

conidia most commonly encountered under a variety of conditions,

were obclavate with a long, non-septate appendage or beak, constricted

at septa and 4 septate. No longitudinal septa were observed in conidia

of any isolates under any conditions. Isolates tended to form fusoid

conidia with a long appendage or rostrate type of conidia when pro-

duced on CMA at both temperatures. An unusual, small fusoidor

rostrate type of conidia was observed in isolates, nos. 16 and 17 on



Figure 7. Conidium morphology of T. padwickii, isolates, nos. 1, 2,
3 and 4 grown for 7 days on either 2% MA or CMA at either
21 or 28 C under a diurnal cycle of light (12 hours light/
12 hours dark) emitted by a combination of lamps (1, 20W
BLB and 1, 20W CW fluorescent lamps).



N

/
033SVIN3VIAI%

3I

/
11

I.

ou

ajeiosi



68

Figure 8. Conidium morphology of T. padwickii, isolates, nos. 5,6,
7 and 8 grown for 7 days on either 2% MA or CMA at either
21 or 28 C under a diurnal cycle of light (12 hours light!
12 hours dark) emitted by a combination of lamps (1, 20W
BLB and 1, 20W CW fluorescent lamps).
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Figure 9. Conidium morphology of T. padwickii, isolates, nos. 9,
10, 11 and 14 grown for 7 days on either 2% MA or CMA
at either 21 or 28 C under a diurnal cycle of light (12
hours light/12 hours dark) emitted by a combination of
lamps (1, 20W LB and 1, 20W CW fluorescent lamps).
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Figure 10. Conidium morphology of T. pdwickii, isolates, nos. 15,
16, 17 and 20 grown for 7 days on either 2% MA or CMA
at either21 or 28 C under a diurnal cycle of light (12
hours light/l2 hours dark) emitted by a combination of
Lamps (1, 20W BLB and 1, 20W CW fluorescent lamps).
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Figure 11. Conidium morphology of T. padwickii, isolates, nos. 21,
22, 23 and 24 grown for 7 days on either 2% MA or CMA
at either 21 or 28 C under a diurna1 cycle of light (12
hours light/12 hours dark) emitted by a combination of
lamps (1, 20W BLB and 1, 20W CW fluorescent lamps).
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both substrates at 28 C (Figure 10). The walls of conidia were always

constricted at septa as shown in the drawings. Young conidia were

not constricted.

The lengths of conidia with and without appendages, and the

width of conidia at the broadest part, were measured and are shown

in Figures 12 and 13 respectively. Although average length (62 i)

of conidia without appendage of all isolates was fairly stable under

different conditions, the actual lengths of conidia varied greatly,

17.0 p. to 122.0 p.. Isolates, nos. 16 and 17 produced small conidia

compared to other isolates. When the appendage was included in

measurements, the conidium lengthvaried greatly from one isolate to

another. However, the means of each isolate were fairly similar

under the different conditions. The shortest conidium measured

49. 0 p. while the longest one was 207. 4 p.. An average of all isolates

was 122.0 p.. The average length of conidia within individual isolate

grown under a diversity of conditions showed little variation, except

isolate no. 16. It produced short conidia on 2% MA at 21 and 28 C

and on CMA at 28 C, but long conidia under the other conditions. The

averages of the width of all isolates in pure cultures at both temper-

atures were nearly the same (average of all means was 11.2 p.), but

width measurements were slightly variable among isolates, especially

isolates, nos. 16 and 17.
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Four septate conidia predominated among the 20 isolates tested

(Figure 14), though septation of mature conidia ranged from one to

six. Young conidia sometimes were non-septate. Septation of the

appendages was rare, but some multi-septate appendages (up to eight

septa) were observed.

In one experiment designed to study the effect of the interaction

of light and temperature on growth and sporulation, it was found that

conidial morphology of isolate no. 23 was affected by temperature as

shown in Figure 15. Conidia tended to be big and had thick walls at

lower temperatures, and small when the temperatures were increased.

Single-cell conidia occurred frequently at high temperatures (26. 1

to 30.8 C) both in illuminated colonies as well as those grown in

darkness. This was not observed in other isolates.

Morphology of Hyphae and Conidia Associated
with Naturally Infected Seed

The morphological characteristics of T. padwickii associated

with seed were observed in 7-day old colonies grown under NUV

radiation at 21 C. The characteristics of mycelium and conidiophores

were not different from those in pure cultures. Drawings of conidia

of all isolates, except isolates, nos. 22 and 24 are shown in Figures

7 to 11. Conidia were typically obclavate, constricted at septa with a

long septate-appendages. A fusoid type of conidium was also observed
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Figure 15. Effect of temperature on conidial morphology of T.
padwickti, isolateno. 23.
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(isolate nos. 9, Figure 9), but it was uncommon. Measurements of

length, width and number of septa are presented in Figures 12, 13

and 14 together with pure culture comparisons. The average length

(62 t) of all isolates without appendages was fairly close to pure

culture measurements, but much longer (147 i, mean of all isolates)

when the appendage was included. Average conidium width (14.5 }J.,

mean of all isolates) for isolates growing from seed was broader than

for pure cultures. Four septate conidia predominated in all isolates

and in no instance were longitudinal septa observed. Septation of

appendages was common at least two septa were formed.

Conidia were subhyaline to light brown when young and became

straw color to brown when old. Germination occurred on all cells

of conidium and appendage. These were observed on conidia from

colonies growing both on naturally infected seed and agar media.

Chlamydospore s

Cultures incubated for extended periods in darkness at 28 C,

tended to form chlamydospores within conidial cells (Figure 16).

This phenomenon was observed in only three isolates, nos. 4, 9, and

24. These isolates sporulated in darkness.
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Figure 16. Chlamydospores produced within conidia in darkness at
28 C in old culture: isolate no. 9 (A); isolate no. 4 (B)
and isolate no. 24 (C).
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Studies on Growth and Sporulation

Effect of Interaction of Light and Temperature
on Radial Growth and Sporulation

The interaction of light and temperature on radial growth and

sporulation of different isolates of T. padwickii are shown in Figures

17 and 18. Eleven isolates were studied. Temperatures on the

gradient plate ranged from 16 to 34 C except in 1 experiment (6-40 C)

to determine maximum and minimum temperatures. In this experi-

ment (Figure 17) growth of isolate no. 6 stopped at temperatures

above 38.5 C or lower than 6.5 C, when exposed to light or in dark-

ness.

40

30

' 20

Cfl 10

Figure 17

5.0

2.0
0
0

C.,
6 8 10121416182022242628303234363840

Temperature (C)

GROWTH
LightDark (l2hrLight/l2hrDark) _______

Dark .............

LightDark (12 hrLight/l2hr Dark)
SPORULATION

Dark

Radial growth and sporulation by isolate no. 6 at a broad
range of temperatures, 6 to 40 C under light (12 hours
light/12 hours dark, BLB and CW fluorescent lamps) and
dark conditions. Spore production was measured at 1.5 C
incruments.
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Radial growth rate was similar among all isolates (Figure 18)

except isolate no. 3. Growth of isolate no. 3 was slow because it

always produced abnormal irregular colonies. Growth declined above

32 C and was greatly retarded at low temperatures. Maximum radial

growth of most isolates occurred between 28 and 30 C. Growth pat-

terns were not significantly influenced by exposure to light as corn-

pared to those incubated in darkness.

Pigmentation of colonies on 2% MA was darker at low temper-

atures both in light and in darkness. At high temperatures above

32 C, the 2% MA tended to dry out rapidly and this may have influenced

the results.

The effect of the interaction of light and temperature on sporu-

lation differed among isolates. In 11 isolates tested, S (nos. 2, 5,

9, 23 and 24) sporulated in darkness, the remainder only sporulated

when exposed to light. The sporulation in isolate no. 6 occurred

between 12 to 32 C, however, this range differed considerably among

isolates. The maximum spore production of most isolates occurred

between 28 to 30 C, however, some isolates sporulated heavily from

20 to 24 C. Maximum sporulation of isolate no. 6 was quite different

from the others. It had a very low temperature range, 18-20 C

(Figure 17). Among isolates that sporulated in darkness, the tempera-

tures affecting the maximum spore production were nearly the same

as those for illuninated colonies. Isolates, nos. 2 and 24 were



Figure 18. Radial growth and sporulation at various temperatures
under exposure to light (12 hours light/12 hours dark,
BLB and CW fluorescent lamps) and in darkness. Spore
count was made at 1. 5 C interval approximately.
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exceptions with very low spore productions in darkness not compar-

able to other isolates.

Effect of Light Quality and Temperature
on Radial Growth and Sporulation

The effect of the interaction of light from different lamps, BLB,

CW, Blue fluorescent lamps and a Sunlamp, and temperature on iso-

late no. 8, is shown in Figure 19. Maximum radial growth of this

isolate was at 28-30 C and it was not appreciably different when ex-

posed to light from the different lamps or grown in darkness. How-

ever, it grew faster under CW fluorescent lamp illumination than in

darkness. Exposure to the Sunlamp retarded growth. This retarda-

tion was possibly due to the far-ultraviolet wavelengths emitted by

the Sunlamp. Maximum spore productions under different lamps were

at the same temperature, 31 C, however, these spore counts were

much lower than counts obtained from cultures exposed to a combina-

tion of BLB and CW fluorescent lamps (Figure 18, isolate no. 8).

Various filters, a combination of "Cinemoid" red and yellow,

'Cinemoid' blue and DuPont's "Mylar" W plastic were also used to

test the effect of the interaction of light quality and temperature on

radial growth and sporulation. These filters transmitted broad wave-

lengths emitted from a combination of BLB and CW fluorescent lamps

(Figure ZA). The results are shown in Figure 20 (isolate no. 8).
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Radial growth was unaffected by light quality. Sporulation, however,

varied significantly with light qualities. Sporulation was thegreatestin

cultures exposed to unfiltered light with maximum spore production at

22 C. This optimum differed from earlier results (maximum spore

production at 28-30 C). The results indicate that only wavelengths

shorter than 400 nm will induce sporulation.

Effect of Length of Daily Exposure to Light
on Radial Growth and Sporulation

The effect of length of daily exposure to light on radial growth

and sporulation is shown in Figure 21. In this study, isolate no. 8

grown on CMA, was exposed daily to different periods of light emitted

from a combination of lamps (1, 20W BLB and 1, 20W CW fluorescent

lamps) over 4 days. The results indicate that the greatest sporulation

occurred in cultures exposed to continuous light, also to 12 and 16

hours daily. Other treatments sporulated very sparsely and no

sporulation occurred in darkness. The growth rate appeared to be

little affected by lengths of exposure and were similar to the dark

control.

Effect of Substrate on Radial
Growth and Spprulation

The effects of different substrates on radial growth and sporu-

lation of T. padwickii are shown in Figure 22. Isolate no. 8 was used
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in this study because its sporulation was stimulated by light and it was

unable to form spores in darkness. When this isolate was grown on

various media at 28 C under light (12 hour daily exposure to a corn-

bination of BLB and CW fluorescent lamps) and in darkness, it grew

most rapidly on cereal mixed agar, 2 and .4% rice plant part agar,

rice polish agar and V-8 agar, and slowly on basic medium agar. It

produced abnormal irregular growth on the basic medium agar con-

taming either dextrose or sucrose; and its growth was both retarded

and restricted to the point of inoculation. Rate of growth in exposed

colonies was little different from that in dark controls.

Sporulation was absent on the basic medium with dextrose or

sucrose either under light or in dark conditions. Conidia were pro-

duced on all the other media under light but not in darkness, except

very sparsely on water agar. Sporu ation was greatest on CMA, and

fairly high on 2% MA. Water agar and basic medium agar allowed

some sporulation but spore production was sparse. Other media

supported little or no sporulation

CMA proved to be an excellent substrate for sporulation in iso-

late no. 8 at 28 C and consequently 19 other isolates grown on CMA

under identical conditions. The results are shown in Figure 23. The

radial growth of individual isolates under light and dark conditions

varied slightly with isolates, no. 3 the lowest. Seventeen out of 20

isolates sporulated. Among these sporulating isolates, isolates,
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nos. 3, 4, 5, 9, 16, 17, 21, 22 and 23 sporulated under both condi-

tions (light and darkness), but sporulation was great in illuminated

coloiies (12 hours daily exposure to light emitted by a combination of

BLB and CW fluorescent lamps). Two isolates, nos. 15 and 20 failed

to sporulate. Other isolates sporulated only when exposed to light.
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C.,1.0

3.0 4.0 5.0 6.0 7.0
pH

____ = Light-Dark [l2hr/l2hr]

:Dark

Unbuff.r.d control

Figure 24. Radial growth of T. pç1wickii, 7-day old isolate no. 8
grown on 2% MA with various pH at 28 C.



Effect of pH on Radial
Growth and Sporulation

The influence of pH on radial growth is shown in Figure 24. The

citrate-phosphate buffer solution was used to control pH of the medium

(2% MA). The medium did not solidify at pH 3 and 4. Growth of

isolate no. 8 was inhibited at pH 3 and retarded at other pH concen-

trations in comparison to unbuffered 2% MA. Radial growth was

similar for the different pHs whether the fungus was exposed to light

or grown in darkness. The fungus sporulated only on the unbuffered

illuminated medium indicating that the buffer solution was inhibiting

sporulation.

Effect of Aeration on Radial
Growth and Sporulation

It was observed that some incubators provided good aeration

while others did not. Cultures grown in the well aerated incubators

appeared to produce conidia much more profusely than the cultures

kept in poorly aerated incubators. The effect of aeration on radial

growth and sporulation was therefore studied.

Sealed and unsealed inoculated dishes of isolate no. 8 grown on

2% MA and CMA were incubated at 28 C under a daily cycle of light

(12 hours light/12 hours dark, BLB and CW fluorescent lamps).

Spore production in unsealed dishes was about S folds of that in sealed
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dishes, especially on CMA. The fungus did not sporulate at all on

2% MA when the dishes were sealed. Radial growth was unaffected by

aeration.
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Figure 25. Effect of aeration on radial growth and sporulation of
isolate no, 8 grown on 2% MA and CMA at 28 C under
light condition.
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Pathogenic ity Studies

Inoculation of Unsterilized Seed and Seedling

Seed and freshly emerging seedlings were inoculated with a

spore suspension of isolate no. 23 and incubated in the growth chamber

at 21 C. After 7 days, the seed were germinated and the seedlings

visually looked as healthy as those from the uninoculated seed. The

inoculated freshly emerged seedlings grew just as vigorous as those

in the control pots and there were no symptoms of disease on the

aerial parts of the plants. However, when older seedlings were

inoculated with the same spore suspension and incubated at 21 C,

infection was evident. Tiny brown pin-head spots appeared on leaves

after 2 days of incubation. The fungus was reisolated from the

lesions. When this pathogenicity experiment was repeated, infection

failed to occur.

Inoculation of Sterilized Seed and Seedlings

To test the pathogenic ity of T. padwickii against seed and seed-

lings in the absence of other micro-organisms, seed were treated

with hot-water at 54 C for 15 mm before use. The germination of

seed was not reduced and it remained as high as that of the untreated

seed. Seed-borne micro-organisms which mostly fungi, were re-

duced 94 percent. Alternaria tenuis, Nigrospora oryzae, Penicillium
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spp and Cladosporium spp were predominant on the seed before the

hot-water treatment.

Studies on Single Isolate No. 9. Because isolate no. 9 sporu-

lated freely in darkness, it was convenient source of inoculum and

was used. Several methods of inoculation were used. First, clean

seed were inoculated, and incubated in 'germination bags", kept in a

growth chamber at 28 C. After 2 weeks of incubation, a brown dis-

coloration appeared distinctly on roots near the base of stem. When

roots with this symptom were cleared by soaking in warm lactophenol,

and examined microscopically, only the epidermal layer showed

discoloration. No mycelium had penetrated below the epidermal layer,

however, mycelium and conidia of the fungus covered the surface of

the roots. No symptoms were evident on the aerial parts of the plants.

In the previous experiment, the "germination bags" were

partially submerged in IRRI plant solution. In a second experiment

they were immersed in the plant solution until the inoculated seed

were below the level of the nutrient solution. This was done to

stimulate the growing habit of rice, also because it was observed in a

preliminary experiment that T. padwickii grows when submerged in

water. After a week of incubation at 28 C under these conditions, the

seed did not germinate at all. Some nutrient solution was removed

leaving the inoculated seed now above the level of the solution. The

seed now germinated, but fungus growth was poor. Plants were kept
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in the growth chamber another 10 days before examination for symp-

toms. No symptoms were found in the seedlings. Colonies of T.

padwickii were restricted around the seed and the fungus appeared to

be inactive.

In a third experiment, the possible effect of inoculum density

of isolate no. 9 was studied. Seed were inoculated with different

concentrations of spore suspension, incubated in "germination bags"

partially submerged in IRRI solution, kept in a growth chamber at

28 C. The result was negative, though the fungus grew well on the

absorbant paper of the "germination bags."

Virulence of Different Isolates. It was obvious that isolate no.

9 was not virulent, therefore other isolates were tested for patho-

genic ity.

Screening of 19 isolates for pathogenicity - Inoculated seed

sown in the "germination bags" partially submerged in IRRI solution

and incubated in a growth chamber at 28 C. Because of an observa-

tion that inoculated seed developed a brown discoloration of roots,

this symptom was used in the screening of isolates. After 2 weeks of

incubation of inoculated seed, it was found that 10 isolates, nos. 1, 2, 4,

6, 7, 14,17, 22, 23 and 24 caused discoloration of roots. In addition,

4 isolates, nos. 4, 22, 3 and 10 formed sclerotia. Isolates, nos. 4

and 22 produced scierotia on roots of seedlings as well as on the

absorbant paper, while isolates, nos. 3 and 10 formed sclerotia on
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the absorbant paper only. The fungus also produced a pink cobra-

tion of the 'germination bag" around the inoculated seed. A pink

color was caused by all isolates whether or not they caused root

dis coloration.

In another experiment, seed inoculated with 20 isolates were

sown on 0. 5% IRRI agar and incubated in a growth chamber at 28 C.

After 2 weeks of incubation, 7 isolates, nos. 1, 2, 4, 6, 7, 8 and 24

caused a brown discoloration of roots (Figure 26). Isolates nos. 14,

17, 22 and 23 which were able to cause the brown discoloration on

roots in the "germination bag', did not do so on 2% IRRI agar.

Scierotia were formed on roots of seedling inoculated by isolate no.

4 (Figure 27).

Because seedlings growing vigorously in IRRI solution might

become resistant, another experiment was conducted in which the

IRRI solution was replaced by water. Seven isolates, nos. 1, 6, 7,

8, 17, 22 and 23, selected because of their pathogenic potential in

previous experiments, were retested. All isolates, except no. 17,

caused a brown discoloration of roots. The roots of seedlings in-

oculated with isolate no. 22, harbored a large number of scierotia

(Figure 28 B). Some seedlings inoculated with this isolate were

severely damaged and blighted (Figure 28A).
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Figure 26. Pathogenicity of 7 isolates of T. padwickii on rice seed-
lings. Seed artificially inoculated and placed on 0. 5%
IRRI agar (isolate nos. from left to right are: 2, 7, 4,
8, 1, 6, 24 and an uninoculated control).



106

'I

Figure 27. Infected seedling (artificially inoculated with isolate no.
4) showing brown discoloration of roots; also the presence
of scierotia on roots.
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Figure 28. Pathogenicity of T. padwickii.

A. The seedling on the left was uninoculated, others are
infected to various degrees by isolate no. 22.

B. Enlargement of an infected seedling showing brown
discoloration of roots (harbored sclerotia).



T
T

c
C

1
0
8



109

An attempt was also made to infect the leaves of the older seed-

lings using 7 potentially pathogenic isolates mentioned in the previous

experiment. Some isolates of the isolates used were unable to sporu-

late in darkness and to obtain spores for inoculum, these isolates

were grown on CMA and exposed to a diurnal cycle of light (12

hours light/12 hours dark) emitted by a combination of BLB and CW

fluorescent lamps. Seedlings having 3-4 leaves were sprayed with

spore suspension and incubated in a growth chamber at 28 C. After

incubating the seedlings for 2 weeks, no symptoms were observed

for any of the isolates tested.

Wounding Seedlings Affecting Pathogenicity
of T. pdwickii

Freshly emerging seedlings were wounded by a needle before

inoculation. They were inoculated with 7 isolates, nos. 1, 6, 7, 8,

17, 22 and 24. Inoculated seedlings were sown in the "germination

bag" partially submerged in water and incubated in a growth chamber

at 28 C. Seedlings in a control showed brown lesions at the pin-ic-

tured points and roots became light brown, however, all new roots

were white and healthy. In contrast, the inoculated seedlings showed

brown discolorated root. Shoots of some inoculated seedlings turned

dark brown, and they eventually died (Figure 29B). Sclerotia

developed on the dead tissues. Roots and shoots of inoculated
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Figure Z9. Pathogenic ity of T. padwickii.

A. Effect of different isolates: left seedling was unin-
oculated, the others were inoculated with different
isolates (beginning with the second seedling from the
left they were isolates nos. 8, 24, 1, 7, 6 and 22).

B. Effect of wounding: seedlings became infected after
wounded; the first 5 seedlings (left) were inoculated
with isolate no. 22, the two seedlings (right) were
uninoculated.



-
1

V

I
'
T
\

r

/

/



112

seedlings were shorter and smaller than the unwounded seedlings

(Figure 25A).

Temperatures Affecting Pathogenicity
of T. padwickii

Effect of temperatures on disease development was observed in

2 experiments. First, the inoculated seed (isolate no. 9) were sown

on moist blotter paper in petri-dish and these were then incubated

on a temperature gradient plate (18-33 C). Seed were illuminated

12 hours daily by 2, 40W BLB and 2, 40W CW fluorescent lamps

suspending 41 cm above the temperature gradient plate. As water

from the blotter evaporated rapidly, at the warm end of the gradient,

dishes located in this area were remoistened with sterilized distilled

water. The seed germinated after 4 days of incubation at tempera-

tures between 27 and 33 C but not at lower temperatures. It took a

week for seed at 18-20 C to germinate. The fungus grew quickly at

warm temperatures, but slowly at low ones, or at those above 30 C.

After 2 weeks of incubation, seedlings at the two-leaf stage were

examined for symptoms and length of shoots and roots were measured.

As would be expected, shoots and roots of seedlings incubated at high

temperatures were longer than those of ones incubated at low tern-

peratures. Several apparently healthy seed did not germinate at

18 C. Brown discoloration of roots of inoculated seed occurred at
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all temperatures. Shoots of the inoculated seedlings were as healthy

as those of the controls.

In a second experiment, seed were inoculated with isolate no.

8, placed in "germination bags" and incubated in a water temperature

gradient incubator (Figure 4). Temperatures of the incubator ranged

from 15 C to 34 C. Temperatures in the compartments of the incu-

bator were 34.3, 30.2, 28.5, 26.6, 22.9, 21.0, 18.4andl5.1C. Seed-

lings grew most rapidly at 28.5 C. A brown discoloration was found

on roots grown from 26. 6-34.3 C. The highest number of seedlings

showing this symptom was at 28.5 C. The next most favorable

temperatures for symptom development were at 30.2 C and 34. 3 C.

Only one seedling showed this symptom at 26. 6 C and none at lower

temperatures.
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DISCUSSION

Trichoconis pwickii, a fungal pathogen of rice, causes stack-

burn disease and seedling blight and was first discribed by Tullis in

1936. Although the fungus has been known for more than 30 years,

its biology, variability and its pathogenic potential have received

little attention. In this study I first attempted to obtain representative

isolates of the fungus from some of the major rice growing regions

of the world. I then studied the cultural and morphological variability

of these isolates under controlled conditions, also the effect of certain

environmental factors on sporulation and scierotial formation, and

finally I investigated the pathogenicity of representative isolates

against seed and seedlings.

My method of obtaining isolates of the fungus was to isolate it

from infected seed as seed transmission has been reported by numer-

ous workers (Noble and Richardson, 1968; Ellis and Holliday, 1972a,

1972b; Mathur and Neergaard, 1970, 1972a; Mathur etal. , 1972b;

Neergaard, 1970; Ou, 1972).

My results further demonstrate that T. padwickii is commonly

seed-borne, particularly in seed originating from tropical and sub-

tropical countries where levels of infestation were as high as 90

percent. However, California seed was completely free of T.

padwickii. California is not typical of the world's rice growing areas
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in that it has a "Mediterranean climate", i.e. arid summers and with

very low average relative humidity. My isolations suggest that T.

padwickii thrives best in humid climates.

The widespread occurrence of seed-borne T. pdwickii could

be economically important. My pathogenicity studies (see later

discussion) have clearly indicated that certain isolates are quite

virulent against seedling under certain conditions. However, most

of my seedling studies were confined to the use of pure cultures and

they were therefore free of the many interactions that occur in natural

soil. Clearly further studies need to be conducted to learn the signifi-

cance of seed transmission in seed sown under natural conditions.

The general appearance of colonies of T. padwickii associated

with naturally infected seed plated on moist blotters was fairly uni-

form. Typically, colonies were cottony, mouse grey to olivaceous

grey with growth restricted to the seed. However, the ability of

isolates to sporulate when associated with seed varied considerably.

Some colonies sporulated heavily, others produced few or no conidia

and more mycelial growth. In heavily sporulating colonies, conidia

were borne singly on erect conidiophores while in sparsely sporulat-

ing colonies conidia still attached to conidiophores tended to germin-

ate to form new conidiophores and conidia. In these instances coni-

dia appeared to be mixed with a mass of mycelium. Frequently,
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cells in the appendage also germinated to form either vegetative

hyphae or more conidia.

Trichoconis padwickii plated on filter paper commonly produced

a pink stain near infected seed, but there were exceptions. Mathur

and Neergaard (1970) and Kulik (1973) suggested that this pink stain

could be used as an indication that seed were infected with T.

wickii . However, they also noted that other fungi, such as Epicoc-

cum purpurascens and Fusarium spp created similar pigmentation.

In examining 105 samples of rice seed, I observed that pigmentation

was commonly associated with seed infected with T. padwickii, but

there were many exceptions in which the filter paper near infected

seed failed to show pigmentation. In my opinion, pigmentation of

blotters could be used as a rough indicator for the presence of T.

adwickii, however, if an accurate assessment of infection is to be

made, then seed must be individually examined microscopically for

the presence of conidia.

Pigmentation of colonies of T. padwickii grown on artificial

substrates was quite variable. A diversity of colony coloration was

evident among different isolates when grown under the same condition.

Single isolates also varied when grown on different substrates or at

different temperatures or under varying conditions of light and dark-

ness. When 23 isolates of T. padwickii were grown on 2% MA at 28 C

in darkness, colors ranged from white to dark olivaceous grey viewed
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above and from light ohvaceous grey to dark ohvaceous brown or

black viewed below of the dish. However, the typical colors of a

7-day colony were mouse grey viewed above and olivaceous grey

viewed below. Other colors were rosy buff, cinnamon and citrine.

The colors of colonies of some isolates exposed to light were gener-

ally darker than those in darkness. Colors of colonies exposed to

light also varied under different temperatures. Isolates, nos. 1 and

11 appeared as mouse grey, the typical color, at 28 C, but became

buff at 21 C; isolate no. 20 at 28 C was light olivaceous brown while

at a low temperature, 21 C, it became citrine; isolate no. 21 showed

as cinnamon at 28 C but as olivaceous grey at 21 C.

When 20 isolates were grown on CMA and exposed to light, the

pigmentation of most of them were more or less consistent, as

olivaceous grey even under two different temperatures, 21 and 28 C.

A few isolates exhibited color variations, such as isolates, nos. 16

and 21 which were rosy buff. As the cultures aged, colors of colonies

became alike and were olivaceous grey viewed above and olivaceous

brown or black viewed below of the dish.

The surface texture of the colonies was fairly similar in most

isolates examined, i.e. raised and velvet-like, consisting of abundant

aerial mycelium. Two isolates (nos. 5 and 20) were exceptions and

these formed less aerial mycelium and appeared flattened.
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Mathur and Neergaard (1970) recommended the use of a macro-

scopic method for the detection of T. p wickii associated with seed.

In this method, colony characteristics on agar medium were used as

criteria to identify the fungus. An incubation period of 13 days was

necessary to accurately assess levels of infestation. The results of

my studies indicate that there is considerable variation among iso-

lates of T. Radwickii. Colony characteristics of T. padwickii appear

to have a genetic basis that is partially independent of external fac-

tors, but which can also be manipulated by various environmental

conditions, such as substrates, temperatures and period of incuba-

tion. If a macroscopic technique (agar method) is designed for the

detection of this fungus associated with seed, it is essential that a

trained person be employed and that colonies are examined at the

early age (7-day old) because colony characteristics are fairly uni-

form in young colonies. As cultures age, their colors become darker

and somewhat similar to other seed-borne fungi, such as species of

Alternaria, Curvularia and Drechslera which are commonly asso-

ciated with rice seed. CMA is recommended as a substrate for the

identification of T. padwickii because on it colony characteristics are

more consistent than on 2% MA and because CMA favors sporulation.

Colonies grown on CMA are uniform both at 21 and 28 C, and there-

fore, either temperature is suitable for identification. Although the

color of colonies under illumination is slightly darker than thatof
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colonies in darkness, infected seed sown on CMA should be exposed

to light (a combination of BLB and CW fluorescent lamps) because

sporulation of some isolates, but not all isolates, only occurs when

stimulated by light.

In the development of conidia by T. pdwickii, a minute pore

forms in the swollen apex on conidiophore and through this pore the

young spore extruded (tretic development). This was observed in

colonies growing from naturally infected seed as well as on artificial

substrates. This type of development is in agreement with Ellis's

report (1971). Under certain conditions, however, a short hypha-

like structure developed from the swollen apex and a conidium formed

on this structure. It appeared like a "connecting hypha" between

conidium and conidiophore. This was observed in colonies growing

from natural as well as artificial substrates. A part of this "con-

necting hypha" sometimes remained attached to the conidium. The

"connecting hypha" was both straight and non-septate and suggested

that conidial development might be holoblastic. Deighton and

Pirozynski (1972) excluded T. padwickii from the genus Trichoconis

because conidium formation by T. padwickii is tretic, not like the

type species T. caudata which produced conidia on cylindrical den-

tides (polyblastic development). If the "connecting hypha" I observed

in several isolates of T. padwickii is comparable to the denticle of T.

caudata, it is possible that T. 'jii is a valid Trichoconis species.
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Occurrence of transverse septum on denticle is considered another

diagnostic characteristic for the genus Tr ichoconis (Deighton and

Pirozynski, 1972), but this was not observed among isolates of T.

padwickii I examined. However, I do not feel that the presence of

this structure is an important criterium for the identification of the

genus Trichoconis because of its inconsistency. In my studies I

observed that transverse septation on the appendage was sometimes

lacking while under othe conditions multi-septate appendages were

pre sent.

The conidiophores of T. pdwickii I observed, were slender,

flexible, mycelium-like and always swollen at the apex. These

characteristics are similar to those described by Ellis for Alternaria

padwickii, except that the minute echinulate structures on the apex

of conidiophores mentioned by Ellis (1971) were not observed in my

isolates of T. padwickii, even at oil immersion magnification. How-

ever, a similar structure was seen near the abscission scars of

conidia at oil immersion magnification. Pavgi et al. (1965) made a

similar observation on conidia of T. indica.

The conidium morphology of T. padwickii observed from

naturally infected seed from various seed samples was more or less

uniform. The typical conidia were obclavate with a long appendage,

usually longer than the length of the conidium. The broadest part was

always at the second cell form the basal end of the conidium. The
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cell walls were always constricted at the septa in older spores, but

not when conidia were young. Conidia with 4 transverse septa were

commonly formed. Usually 2 septa occurred along the appendages

although it was not uncommon to find non-septate appendages. In no

instance werelongitudinal septa observed. The presence of longi-

tudinal septa are considered an important criterium in the descrip-

tion of the genus Alternaria (Wiltshire, 1933; Neergaard, 1945;

Simmons, 1967; Subramanian, 1971). However, Ellis (refer to

literature review) does not consider that the presence of this struc-

tu.re is necessary for the identification for Alternaria spp. As

already mentioned, the most important criterium for separating

Alternaria from Trichoconis is the type of conidium formation. The

conidium development of the former is tretic while the latter is

blastic. It has already described that conidium formation of some

isolates of T. adwickii I studied was blastic, therefore, even with-.

out considering the longitudinal septation, T. padwickii in my opinion

is still a valid species of the genus Trichoconis.

The conidial morphology of T. padwickii grown on artificial

substrates was highly variable under different conditions, particu-.

larly at different temperatures. The age of cultures and nature of

the substrate also affected the conidial morphology, but to a lesser

extent. Light had no appreciable effect on conidium morphology.
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Conidia produced on artificial media were generally similar to those

described on naturally infected seed. However, atypical fusoid

and rostrate forms did occur fairly frequently on artificial substrates,

especially on CMA. The effect of temperature on conidium mor-

phology is clearly demonstrated in the results for isolate no. 23

(Figure 15) in which conidia were broad and their walls were thick

at low temperatures, while at higher temperatures conidia were

small with thin walls.

Length of conidia without appendages obtained from infected seed

was nearly the same as that for conidia produced on artificial sub-

strates (Figure 12). However, the combined length of conidia and

appendages, as well as the width of conidia associated with seed, were

consistently longer and broader than those on artificial substrates.

My measurements of conidia from natural substrates (Figures 12 and

13) were very close to those reported by Ellis (1971) for A. padwickii,

by Pavgi et al. (1965) for T. indica and for T. padwickii as originally

described by Ganguly (1947). However, these measurements were

significantly different (longer and broader) than those described by

both Clements (Clements, 1909; Clements and Shear, 1931) and

Deighton and Pirozynski (1972) for T. caudata. Two other forms of

conidia, fusoidandrostratewereobservedbutveryrare(Figures7toll).

The color of conidia produced by my isolates did not vary when

growing conditions were changed. They were subhyaline to light
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straw color when young and straw color to brown when old. These

colors are the same as those described for A. pdwickii (Ellis,

1971; Ellis and Holliday, l972b), but slightly different from those

defined for T. indica (ochraceous buff) by Pavgietal. (1965) and

the hyaline conidia of T. caudata (Deighton and Pirozynski, 1972).

When cultures were kept for several months, conidial walls became

thick and cells within conidia tended toformas chiamydospore-like

structures. This has not been previously reported for T. pwickii

nor for the related species, T. caudata and T. indica.

Scierotia did not form in colonies of all isolates growing from

naturally infected seed on blotters. Ten of the 23 isolates studied

produced sclerotia on artificial media. Among scierotium-forming

isolates, isolate no. 22 developed sclerotia after 5 days of incubation

while others formed them after several days of incubation. Scierotia

were verrucose similar to those reported by Ellis (1971), but also

observed was a tube rculate type of scierotia which has not been

previously reported. Size of scierotia varied, some isolates formed

sclerotia much larger than those reported by Ellis (1971) and Ganguly

(1947) and these developed either singly or in groups. Neither light

nor different substrates had any influence on sclerotium formation or

morphology and most isolates produced them under a wide range of

conditions. Young sclerotia were subhyaline to light brown with

rectangular-net surface pattern. As sclerotia aged, they turned black
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and the surface pattern could not be seen. Pavgi etal. (1965) did not

mention the presence of sclerotia in colonies of T. indica associated

with naturally infected seed or on artificial media; nor have scl.erotia

been reported for T. caudata.

Considering the foregoing discussion, it is obvious that the

conidial morphology of 23 isolates of T. padwickii I studied are not

different from the T. padwickii described by Canguly (1947), A.

padwickii reported by Ellis (1971) nor T. indica defined by Pavgi

etal. (1965). Only T. caudata appears to have slight but distinct

difference, e. g. it forms hya line, five septate con idia. T. caudata

was found growing on Botryodiplodia theobromae as a hyperparasite

with cocoa as the host. T. padwickii has not been reported as a

hyperparasite and has rice as its host. In my opinion, T. padwickii

is distinct from T. caudata and the latter should not be used as the

name of the causal agent of stackburn disease of rice.

One of the criteria used in distinguishing the genus Trichoconis

is that conidium development is polyblastic (Deighton and Pirozynski,

1972). Ihave observed the blastic development in my isolates and

consider that T. padwickii should be accepted as the binomial, rather

than Alternaria p4wickii proposed by Ellis (1971). I do not feel that

this species should be included in the genus Alternaria because

conidium development of the genus Alternaria is tretic and its

conidium morphology is more or less confined to rnuriform type.
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Moreover, the conidium morphology of the type culture (isolate no.

24) of A. padwickii is not different from the other isolates I studied.

Although I did not have an opportunity to examine the type culture of

T. indica Pavgi & Singh nor a specimen of this species, according to

the description given by Pavgi etal. (1965), it does not appear to be

distinct from my isolates T. padwickii, Although the color of conidia

described for T. indica appears to be slightly darker than T.

padwickii, in my opinion this criterium alone is insufficient to separ-

ate it from T. padwickii. I consider that T. indica is synonymous

with T. padwickii.

In cultural studies, radial growth of the 11 isolates studied did

not vary significantly when exposed to light versus darkness, but

growth was greatly influenced by temperature. Most isolates grew

over a broad range of temperature (10-34 C) with optimum growth

around 28 C. Growth declined rapidly above 32 C and stopped below

6C.

Light induced the sporulation of some isolates (nos. 1, 3, 6,

7 and 8), but several isolates (nos. 2, 5, 9, 23 and 24) were able to

sporuate freely in darkness. All isolates studied formed spores

over a broad range of temperatures, 12-32 C, temperatures that also

supported growth. The optimum temperature for sporulation of most

isolates was 28-30 C which was also nearly the same as that found for

optimum growth. Some isolates revealed a lower optimal temperature
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for sporuiation (21-24 C). This suggests that there are distinct

physiological strains of T. padwickii. It was also discovered that a

few isolates had 2 distinct temperature maxima for sporulation, e.&.

isolate no. 3. Isolate no. 3 always formed sectors in which some

sectors sporulated profusely, others produced few conidia. Possibly

a heterocaryotic condition contributed to this sectoring and the double

temperature maxima.

Sporulation of isolate no. 8 was induced by light. When this

isolate was exposed daily for various lengths to a broad spectrum of

BLB and CW fluorescent lamps at 28 C, it sporulated heavily under

continuous illumination and did not form conidia in darkness. Abundant

conidial production was also obtained when the cultures were exposed

daily for 12 and 16 hours of light alternating with darkness. These

exposures also favored sporulation of T. padwickii growing from

naturally infected seed (Kang et al., 1972a; Chuaiprasit et al. , 1974).

The behavior of this isolate fits into the category of 'Constant Temper-

ature Sporulators' (Leach, l967b), fungi whose sporulation is stimu-

lated by light but which do not require a subsequent period of darkness,

nor a nocturnal lowering of temperature.

Photobiological effects are wavelength dependent and therefore

the effect of light quality on both growth and sporulation were studied.

Profuse sporulation occurred when the cultures of isolate no. 8 were

exposed to a combination of BLB and CW fluorescent lamps.
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Sporulation was less abundant when cultures were exposed to a singLe

source of light, either from BLB, CW, Blue fluorescent lamp or a

Sunlamp. Indeed radiation from the Sunlamp had an adverse effect

on both radial growth and sporulation. This adverse effects are

probably due to excessive exposure to the far-ultraviolet radiation

emitted by Sunlamp (Koller, 1965; Leach, 1967a), radiation capable

of passing through the TTPyrextt petri-dish used in this study. Had

cultures been grown in plastic petr i-dishes and then exposed to a

Sunlamp, adverse effects would probably had been eliminated because

the plastic absorbs far-ultraviolet radiation (Koller, 1965).

When colonies were exposed to light through various filters,

using a combination of BLB and CW fluorescent lamps, it was found

that the wavelengths in the blue region (400 -500 nm), or longer, either

inhibited or did not stimulate sporulation, yet sporulation occurred

when the cultures were exposed to unfiltered light. Sporulation was

induced at wavelengths lower than 400 nm, i.e. NUV radiation was

stimulatory. When BLB (emits mostly NTJV radiation) or CW fluores-

cent lamp was used alone, conidial production was lower than for

cultures illuminated a combination of BLB and CW fluorescent lamps.

Aragaki etal. (1973) reported that conidia formation of .Alternaria

tomato (Cke.) Weber. was inhibited by blue light at 25 C and induced

at 20 C. Honda and Sakamoto (1968) indicated that a portion of the blue

region emitted by the BLB fluorescent lamp inhibited sporulation of
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Drechslera oryzae. Later they (1969) reported that the blue light

inhibition was reversed by NUV light. This potoreversible reaction

also affected spore formation of Botrytis cinerea Pers. ex Fr. (Tan

and Epton, 1973). TheBLB fluorescent lamps used in this study emits

a relatively small amount of blue radiation while the CW fluorescent

lamp emits a larger amount in this region. The phenomenon of blue

wavelengths inhibiting sporulation may explain the reduction of con-

idial production of isolate no. 8 when illuminated by either CW or

BLB fluorescent lamp, however, it fails to explain the profuse sporu-

lation in cultures exposed to a combination of BLB and CW fluorescent

lamps.

Sporulation and radial growth of T. padwickii were also

affected by different substrates, aeration and pH. The radial

growth of isolate no. 8 on 13 different media, varied considerably

Optimum growth was on CMA. Basic agar media containing dextrose

and sucrose had an adverse effect on growth and colony development.

Sporulation (isolate no. 8) occurred on all media exposed to light,

except on the basic media containing dextrose and sucrose; however,

in darkness sporulation was lacking except for sparse sporulation on

water agar. Profuse sporulation was supported by CMA; nearly as

suitable for sporulation was 2% MA. When 19 isolates were tested

on CMA, radial growth was quite similar among isolates both exposed

to light and in darkness. Seventeen of these isolates sporulated on
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CMA, but 10 formed conidia only when illuminated. Two isolates

failed to sporulate either under illumination or in darkness, while

isolate no. 23 lost its ability to sporulate presumably because of

frequent subculturing. Cochrane (1958) and Hawker (1966) have ex-

plained the phenomenon of spore induction on the basis of starvation.

It is quite common in nature that many fungi tend to preserve their

species by producing offsprings when they are subjected to adverse

effects, e.. food supplies are exhausted. T. padwickii (isolate no. 8)

sporulated much more on CMA than 2% MA possibly because CMA is

less nutritious and composes mainly starch. Two percent MA and

other media, except water agar and basic medium agar are rich in

those nutrients that favor vegetative development and on these the

fungus tended to produce more aerial mycelium growth. In contrast,

sporulation (sparse) occurred on water agar in darkness. This evi-

dence appears to favor a Tistarvation hypothesis to explain sporula-

tion.

During the study in certain incubators there was an apparent

effect of aeration on sporulation. When I investigated this possibility

using sealed and unsealed cultures, sporulation was most profuse in

unsealed dishes, especially on CMA, but poor in sealed dishes. This

was a preliminary study and it needs to be persued further under

precisely monitored conditions. It is well known that low oxygen

levels and accumulation of carbon dioxide and various voatile
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compounds can inhibit sporulation in some fungi (Hawker, 1966).

The effect of pH on growth and sporulation was investigated.

Unfortunately, the citrate-phosphate buffer solution used had an

inhibitory effect on sporulation (isolate no. 8) and it also retarded the

growth. Other non-inhibitory buffer systems should have been tried

but I did not have time to explore them and therefore my pH studies

are inconclusive.

The virulence of T. padwickii as a parasite of rice, has never

been well documented. I therefore attempted to learn under controlled

laboratory conditions, whether this fungus should be considered a

potentially important pathogen. Isolate no. 23 produced small brown

pin-head spots on leaves of seedlings incubated at 21 C and the fungus

was reisolated from the lesions. However, symptoms of disease were

mild and infection could not be repeated in subsequent experiments.

When 7 other isolates were tested for their pathogenic abilities on

leaf inoculated seedlings incubated at 28 C, again no infection oc-

curred. Ganguly (1947) also tested the pathogenicity of T. padwickii

on several varieties of rice and he reported that it was only a weak

parasite. It seems likely that either the leaves of the rice variety I

used were resistant, or my isolates were avirulent. Inoculation of

unsterilized seed and freshly emerged seedlings with isolate no. 23

also gave negative results, though Ganguly has reported that seedlings

germinated from naturally infected seed became blighted. Mathur
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and Neergaard (1970) also reported that this disease was severe on

young emerging seedlings and resulted in decay of the coleoptiles.

My negative results did not support these reports. As my pathogeni

city tests were conducted on a single variety of rice (Calrose), it is

possible that this variety is somewhat resistant to T. padwickit.

Inoculation of sterilized seed followed by incubation at 28 C,

resulted in disease symptom; these consisted of a brown necrosis of

the roots. Microscopic observation revealed that the fungus grew on

the surface of the roots but did not penetrate into the root tissues.

This suggests that it may produce phytotoxins that kill the underlying

tissues. It is not uncommon for certain types of pathogens to secrete

toxins which kill tissues without actually invading them. Later these

dead tissues are invaded by the pathogen - the "necrotrophs" of

Gaumann (1950). Necrosis of roots was caused by some isolates,

but only under certain conditions. For example, isolate no. 9 caused

brown discoloration of roots of seedlings grown in Tgerminationbags,

however, it did not infect inoculated seedlings floated in IRRI plant

solution. When the pathogenicity of 20 isolates were tested against

seed and seedlings, 10 isolates caused a brown discoloration of roots

in Ttgermination bags' or placed on 0.5% IRRI agar. Another obser-

vation in these pathogenicity tests was that some isolates produced

sclerotia on the abs orbant paper surrounding inoculated seed. Two

isolates also formed sclerotia abundantly on necrotic roots. One
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isolate (no. 22) caused most severe symptom when seedlings were

grown in "germination bags" partially immersed in water - the seed-

lings became severelyblighted. Wounding of freshly emerged seed-

lings before inoculation resulted in severe infection and seedlings

deteriorated, softened and died.

Temperature has a marked effect on host susceptible and patho-

genicity of many fungi (Coihoun, 1973). A temperature effect on

infection by T. padwickii was observed. Though 1 isolate (no. 9)

caused a brown discolored necrosis on roots of seedlings over a broad

range of temperatures, another isolate (no. 8) was most pathogenic

at 28 C, a temperature which also favors growth of seedlings. In this

isolate no infection occurred at temperatures below 22 C. Mathur

etal. (1972b) has also reported 28 C as a favorable temperature for

disease development. The infection of rice seedling over a broad

range of temperatures by isolate no. 9 may have been due to an

increase in susceptibility of seedlings grown under a relative low

light intensity (BLB and CW fluorescent lamps).

The results of pathogenicity studies suggest that physiological

races may exist in this fungus. Some isolates induced only brown

necrosis on roots, others cause seedling blight. As only one variety

of rice (Cairose) was used, a further investigation is needed to study

the susceptibility of other varieties of rice, Factors predisposing

plants to disease may also be important, e.g wounding and growing
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conditions (low intensity of light; nutrition, etc.). My pathogenic ity

studies were conducted under controlled laboratory that lacked many

of the interactions that occur in natural soil. The results provide

some indication of the pathogenic potential of T. padwickii, however,

to determine the 'real' pathogenic potential of this fungus, field

studies are now needed.
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APPENDIX I

Rice Culture Solution and Preparation

Rice Culture Solution (Yoshida et al.,, 1972).

Preparation of rice culture solution used in this study followed

the procedure used by the International Rice Research Institute, Los

Banos, Laguna, Philippines (IRRI solution).

The stock solution was prepared first from chemical reagents

tabulated in Table 5. The first 5 chemical reagents were made in 1

molar concentration. The rest of the chemicals were dissolved

separated, then combined with 50 ml conc. H2SO4, and made up to 1

liter with distilled water.

For preparation of the culture solution, 5 ml each of the first 5

elements of stock solution and S ml of a mixture of the minor elements

were dissolved in 1 liter of distilled water, then adjusted to pH 5. 0

with either 0. 1 N HC1 or 0.1 N NaOH.

Table 5. Stock solution.
Elements Chemical compounds g/L of dist.

water

N NH4NO3 91.4
P NaH2PO42H2O 40.3

K K2SO4 71.1

Ca CaC12 88.6

Mg MgSO4 7H20 324. 0

Mn MnCI24H2O 1.5
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Table 5. Continued.

Elements Chemical compounds g/L of dist.
water

Mo (NH4)6. Mo7O24 4H20 0. 074

B H3B03 0. 934

Zn ZnSO47H20 0.035

Cu CuSO45H20 0.031

Fe FeCl36H20 7.7

citric acid 11.9
monohydrate

Table 6. Preparation of culture solution.
Elements Milliliters of stock sol" Conc. of ele.

per one L of diat. water in nutrient sol"
(ppm)

N 5.0 160.0

p 5.0 100.0

K 5.0 400.0

Ca 5.0 400.0

Mg 5.0 400.0

Mn 2.0

Mo 0.2

B 0.8

Zn
5.0 0.04

Cu 0.04

Fe 8.0
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0. 5% IRRI agar.

IRRI solution 1 L

agar 5 g

Dissolved agar in 1 liter of IRRI solution and filled 10 ml into

60 ml test tube, autoclaved at 15 lb atmp. press. for 15 mm.
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APPENDIX II

Media and Preparations and
Mcllvaine Buffer Solution

Media and Preparation

A. Basic medium

IRRI solution 1 L

agar 20 g

pH 5.0

Dissolved agar in IRRI solution having pH 5.0, then autoclaved

at 15 lb atmp. press. for 15 mm. This sterilization procedure was

applied to other media.

B. Basic medium with dextrose

IRRI solution 1 L

dextrose 20 g

agar 20 g

Adjusted to pH 5.0 for IRRI solution, added dextrose, then agar

and autoclaved.

C. Basic medium with sucrose

IRRI solution 1 L

sucrose 20 g

agar 20 g

Prepared as above mentioned
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D. Cornmeal agar

IDifcoT? cornmeal agar 17.5 g

distilled water 1 L

Dissolved and autoclaved.

F. Malt extract agar

TDifcot' malt extract 20 g

agar 20 g

distilled water 1 L

Dissolved and autoclaved.

F. Potato dextrose agar

!Difcotl dextrose agar 38.5 g

distilled water 1 L

Dissolved and autoclaved.

C. V-8 juice agar

V-8 juice 200 ml

CaCO3 3 g

agar 20 g

distilled water 1 L

Dissolved and autoclaved.
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H. Trion&s mixed cereal agar

mixed cereal (Gaber brand) 50 g

sucrose 15 g

Thiamine-HCI S mg

agar 20 g

distilled water 1 L

Dissolved all ingredients in distilled water except Thiamine-

HC1, then autoclaved. Thiamine-HC1 was sterilized by filtered

through sterilized millipore filter, then added to mixed cereal agar

which had been autoclaved.

I. Rice polish agar

rice polish 20 g

agar 20 g

distilled water 1 L

Dissolved and autoclaved.

J. Water agar

1tDifco' 20 g

distilled water 1 L

Dissolved and autoclaved.

K. Rice sap agar

rice sap 300 ml

agar 20 g

made up with distilled water to 1 L



148

Chopped whole rice plants into small pieces, 157. 24 g, added

to 200 ml distilled water and blended in Oster mixer, filtered through

cheese cloth, added agar to 300 ml rice sap, autoclaved.

L. 2% rice plant part agar

chopped whole rice plants 20 g

agar 20 g

distilled water 1 L

Put the ingredients into water, autoclaved.

M. 4% rice plant part agar

chopped whole rice plants 40 g

agar 20 g

distilled water 1 L

Prepared as above mentioned.

pH. Mclllvaine buffer solution

Mcllvaine buffer solution consisting of 0. 1 M citric acid mono-

hydrate (C6H806. H20) and 0. 2 M Na2HPO4 was used to control pH.

Certain amounts of these 2 solutions were mixed to make a desirable

pH:

pH x ml 0. 1 M citric acid y ml 0.2 M Na2HPO4

3 7945 20.55

4 61.45 38.55

5 48.50 51.50
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pH x ml 0. 1 M citric acid y ml 0. 2 M Na2HFO4

6 36.85 63. 15

7 17.65 82.35

One liter of desirable pH was made, and replaced water for

preparation of the medium.




