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Abstract

Disease survey revealed a total of 64 pathogenic diseases including one of unknown
etiology, possibly a virus, affecting different speciesofbamboosand rattans in nurseries,
plantations and natural stands. Altogether 56 pathogens were associated with these
diseases, of which 31 are new pathogen records for bamboosand 16 for rattans, including
13 hitherto undescribed species; 24 speciesare first record from India.

In bamboos, thirteen seedling diseases affect both bareroot as well as container
seedlingsat differentgrowth phases. With these diseases, altogether 14 fungi belonging
to 11generawere found associated. One disease,seedling foliage striping and stunting was
of unknown etiology and respected possibly caused by a virus. Of the 14 fungi found
associated with various diseases in bamboo nurseries, Rhizoctonia solani emerged as the
most dominant nursery pathogen, causing fourdiseases viz.damping-off, seedlingspear
rot, seedling wilt and web blight.

Among the foliagediseasesaffecting nursery seedlings, leaf rust caused by Dasturella
divina was widespread in occurrence as it was recorded on seedlingsof almost all the
bamboo species raised in nurseries in the State. Both uredinial and telial stages were
observed on bamboo seedlings. Bipolaris maydis, B. urochloae and Bipolarissp. caused leaf
blight; Exserohilum holmii and E. rostratum caused leaf spotson variousspeciesof bamboos.
Some of the leaf spot diseases of minor importance were caused by Dactylariasp.,
Colletotrichumgloeosporioides,Alternaria alternataand Curvulariapallescens. Seedling rhizome
rot of B.bambos caused by Rhizostilbella hibisci state of Nectria mauritiicolawas recorded in
container seedlings. Leaf striping and stunting disease, the symptoms of which were found
characteristicof those produced by a virus, occurred in B. bambos seedlings.

In bamboo plantations and natural stands, a total of 28 pathogenicdiseases caused by
35 fungi and one mycoplasma-likeorganism (MLO)wererecorded. Of these,only rhizome
bud rot caused by Pythium middletonii occurred exclusively in young plantations, while
witches’ broom caused by Balansia linearis and little leaf disease caused by MLO were
recorded only in natural stands. Rest of thediseaseswere found both in plantationsaswell
as natural stands.

Rot ofemerging culms caused by Fusarium moniliforme var. intermedium and rot of
growing culms caused by F. equisetioccurred both in plantationsand natural stands and
was widespread in the State. Both the diseaseaffected theculm production in plantations
and natural stands. Die-back of branches caused by Fusarium pallidoroseum, thread blight
caused by Botryobasidium salmonicolor affecting foliage, culms and branches, foliage blight
caused by Bipolaris maydis and Bipolarissp. and Dasturella divina, causing leaf rust, were
recorded in bamboo plantations as well as natural stands. Seventeen foliar diseases of
minor significance with which twenty two species of fungi belonging to 17genera were
alsorecorded on different species of bamboos in plantations and natural stands. Basal culm
decay and withering caused by Ganoderma lucidum and Amylosporus campbelli,and culm

stainingand die-backcaused by Apiospra sp. occurred inold clumpsin natural standsand
plantations.



In rattans, altogether 11 seedling diseases were recorded both inbareroot as well as
container nurserieswith which 13 fungi were associated. Seedlingcollar rot caused by R.
solani, Sclerotiumrolfsii,F. longipes and seedlingblight caused by Guignardia calami were the
economically important nursery diseases. Among the seven leaf spot diseases caused by

C. gloeosporioides, B. ellisii, Corynespora cassicola,A.alternata, Pestalotiosis thew, Curvularia
lunuta and Phomopsis sp., leaf infection caused by C. gloeosporioides was widespread and
occurred in most of the rattan species.

Inrattan plantationsand natural stands,altogether 12diseases were recorded.Of these
eight foliage diseases were caused by 11 fungi of which six were also associated with the
seedlingdiseases in rattan nurseries. Among the foliage diseases, leaf blight caused by a
hithertoundescribed Sphaerodothissp.was the most widespread in occurrence. C. crassipes,
F. pallidoroseum andPhyllachora calamigena werealsocaused leaf spots of minor significance.
Corynesporasp.and Phomopsis Sp. were the other two hitherto undescribed species which
caused leaf infection. In rattan plantations, fruit rot caused by F. moniiformeappeared to
has potential to become a serious disease. Thread blight caused by P.filamentosa,which
occurred in high humid areas during the wet period, and staining and stem rot caused by
B. theobromae, occurred in rattan clumps affected by ground fire, were of minor significance.



L INTRODUCTION

Bamboos and rattans are non-timber forest products which have gained considerable
importance in the recent past. Bamboos,encompassing75 generaand about 1250 species,
are versatilegroup of plants of multipleend uses; they play an important role in the rural
economy of many developing countries.It is estimated that about 21 million hectares of the
earth surface is covered by bamboo forests. They are widely distributed in the tropical to
temperate zones, fromsea level to alpineelevation (3000-4000m). In India, there areabout
128speciesof bamboos belonging to 23 genera covering an area of 10.03million hectares,
which constitute around 128% of thetotal areaof forestcoverin thecountry (Tiwari, 1991).
Morethan 50 % of the recorded bamboosoccurineasternIndia. Otherareasrichinbamboo
resourcesare the Western Ghats, Andamanand Nicobar Islands, Bastar regionof Madhya
Pradesh and Siwalik hills of Uttar Pradesh. In addition to the natural occurrence of
bamboos in forests, they have been planted ona largescale in many States. Bambusa bambos
(L)) Voss (=B. arundinacea (Retz.)Willd.), B.nutansWall., B. wigaris Schrad. Dendrocalamus
hamiltoniii Nees and D. strictus Nees are the common species raised in plantations.

In Kerala, bamboos form a significant component of the natural vegetationand occur
in tropical evergreen, semievergreenand moist deciduous forests, sub-tropical hills, and
alsoas southern moist bamboo brakes. About 17bamboo speciesbelongingto fivegenera
have been recorded in Kerala (Gamble, 1896; Mukteshkumar, 1990).Of these, B.bambos,
D. strictus, Pseudoxytenanthera bourdillonii (Gam.) Naithani, P. ritcheyi (Mum) Naithani
(=Oxytenanthera monostigma Bedd.), ~Schizostachyum beddomei (Fisch.) Majumdar (=
Teniostachyum wightii Bedd.), Ochlandra travancorica (Bedd.) Benth. ex Gam., O. scriptoria
(Dennst.) Fisch., O. beddomei Gam., O. ebracteata Raizada & Chatterji and O. wightii Fisch.
occur naturally. In addition, a largenumber of bamboo specieshave been introduced and
cultivated. In Kerala, B. bambos, D. strictus and Ochlandra spp. are the commercially
exploited bamboos. B. bambos prefersrich moist soil and growson banks of perennial river
and streams and moist valleys. It also occurs as extensive patches or as undergrowth in
mixed forests. D. strictus grows naturally in tracts receiving as low as 750mm of rainfall,
mostly in dry areas of Palakkad, Mannarkkad and Munnar Forest Divisions; sporadic
occurrenceisalsonoticed in moistdeciduousand dry deciduousforests. Ochlandra species,
popularly known as reed bamboos, occur as undergrowth in tropical evergreen, semi-
evergreenand moistdeciduous forests,and also aspure reed brakes.Reed bamboos often
form pure patches where the canopy has been opened up by shiftingcultivationor felling
of tree species (Basha, 1992).

Bamboos have also been raised in pure or mixed plantations. So far, an area of 3400
ha hasbeenbrought underbamboocultivation (Anon.,1990). Apartfrom this,bamboos are
grown traditionally in homesteads and farmlands, accounting for a total of 310 ha in
homesteads (Krishnankutty, 1991) alone. As ‘poor man's timber' bamboos play an
important role in the rural economy of the State. They are used in traditional cottage
industries for making mats and baskets and about 30,000 people aredirectlyor indirectly
dependent on this for their livelihood (Nair, 1986; Muraleedharan and Rugmini, 1990).
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Apart from the traditional uses, bamboos form animportant raw material for paper, pulp
and rayon industriesin the state.

Rattans (canes),comprising of 14generaand about 600 speciesare widely distributed
in the Paleotropics. In India,rattans are represented by four genera viz. Calamus, Daemonorops,
Plectocomiaand Korthalsia with 51 species, occurring in the Western Ghats of Peninsular
India, Eastern and North-eastern Statesand Andaman and Nicobar Islands. They are
generally found in the evergreen, semi-evergreenand moist deciduous forests. Only the
genus Calamus occursin Peninsular Indiaand more than 10specieshave been located in
different forestareas of the Kerala State (Renuka etal, 1986; Mohanan and Muraleedharan
1988,Renuka, 1992).Recently, small-scaletrial planting of rattan has been initiated in the
State. Among the various rattan species occuring in Kerala, Calamus thwaitesii Becc.,
C. gambleii Becc.C. hookerianus Becc., C.rotangL. and C.travancoricusBedd. are the commer-
cially exploited ones. Rattan industry in the State consists of cottage type small and
medium sized units and more than 60 such units are functioning in the State (Mohanan,
1992). This cotage industry is highly labour intensive and a large number of people,
especiallybelongingto theeconomicallyweakersections, areengaged inthecollectionand
processing of rattans.

The natural forests form the main source of bamboos and rattans. The productive
potential ofbamboo and rattan stands in the State is greatly affected by various climatic,
biotic and abiotic factors viz., erratic rainfall, fire, grazing, unscientific harvesting, and
pests and diseases. Bamboos and rattans are also vulnerable to various diseases which
affect them in nurseries, plantations as well as in natural stands. Limited experience in
raisingbamboo and rattanseedlings together with lack ofinformationondiseases affecting
them and theircontrol measureshaveoften resulted in partialtocomplete failureof several
nurseries. In the recent past, over-exploitation of these two important natural resources
without considerrationof sustainable management,has alsoresulted in resourcedepletion
in many areas. The dwindling supply of bamboosand rattans has affected the traditional
cottageindustriesaswell asthoseinmodernsector.lthasnowbecomeessential toconserve
and manage the existing bamboo and rattan resource bases and also to bring more area
under intensive management as well as effective utilization of the harvested material. In
this context,survey of diseases of bamboosand rattans is of crucial importance. So far, no
systematicattempt has been made to study the diseases affectingbamboos and rattans in
nurseries,plantations and naturalstandsin the state. Hence, thepresentinvestigationwas

taken up to conduct a systematicsurvey of the diseases affectingbamboos and rattans in
Kerala.



2 MATERIALS AND METHODS

2.1. Selection of study areas and sampling procedures

Initially, a reconnaissance survey was made in various bamboo and rattan growing
areasin the Stateto ascertain theirgeographicdistributionanddisease potential. Based on
this, representative plots were selected in different localities for detailed investigations.
Three plots eachof 50x50 m were selected for bamboos at random in each of the 17 localities;
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for reed bamboos 20 x20m plots were selected in each of the five areas (Appendix 1). In
addition, bamboo preservationplots, trial plots,botanicalgardens, Bambusetum,bamboo
brakes, etc. were also identifiedand selected for the study. For rattans, three plots each of
20 x 20 m were selected at random in each of the 16localities (Appendix 2). The selected
plots were visited at least twice a year, during Juneto Septemberand December to May,
and observationsrecorded on Disease Data Sheets. Information on the location of bamboo
and rattan nurseries raised in the Statefrom 1987onwardswasalsogathered fromvarious
Forest Divisions. As far as possible most of the nurseries were (Appendix 3) visited
frequently between December to June, when the seedlings were at different stages of
growth. Experimental bamboo and rattan nurseries raised at KFRI, Peechi during 1988-
1991and bamboo nursery at Chandhanathodu, Wynad raised during 1991-1992 werealso
surveyed intensively for seedling diseases. Bamboo and rattan species surveyed in
nurseries, plantations, natural stands, preservationplots, etc. are given in Appendix 4.

2.2. Disease indexing

Observationson disease incidence, severity, spread, symptomsand nature of damage
caused to seedlings, etc. were recorded in bamboo and rattan nurseries. The incidence of
a disease was recorded either by counting the number of disease patches and the
approximate area covered by them or percent seedlingsaffected for a given density of
seedlings in a seedbed (Sharmaand Mohanan, 1991a).Infected seedlings were counted
separatelyintransplant and containerbeds. A disease scoring scale(Appendix5)was used
for assessing the severity of seedling diseases.

Severity of foliage diseases, branch infection, culm necrosis, etc. was rated on a
numerical scale (0-3) of diseaseratingindex. Theaverageseverity index of a disease (DSI)
in a plantation/natural stand was calculated using the following formula (Sharmaetal.,
1985).

DSI= nLx1+nMx2+nSx3
N

Where, nL, nM, nS represent total number of clumps with low, medium and severe
disease severity; 1, 2, 3 disease severity index (DSI) for low, medium and severe
respectivelyand N, the total number of clumpsassessed in all the observation plots.

For emergingand growing culmdiseases, number of healthy, diseased, deformed and
emerged culmsdied each year, were counted separatelyfor each clump from the plotand
percent incidence calculated. The percent incidence of a particular disease in an area/
plantation was calculated using the following formula:

Percent incidence = N x 100
N
where, nd is the total number of culms/clumps affected and N is the total number of
culms/clumps observed in all the plots.

2.3. collection of infectedmaterials and isolation of causal organism
Infected materials viz., seedlings, foliage, stem, culm, culm sheath, branch, rhizome,
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roots, etc., collected from nurseriesand field, were brought to the laboratory in separate
polythene bagsand stored inarefrigerator. Isolation of causal organisms from the disease
specimens was carried out within one to two days of collection.

2.3.1. Culture mediaused forisolation and maintenance of isolates

Potato dextrose agar (PDARnd malt extractagar (MEA) were used asgeneral media
for isolation and maintenanceof fungi. Oat meal agar (OMA),Limabean agar (LBA), Rose
bengal agar (RBA), Potato sucrose agar (PSA)were also used for selective isolation of
various fungi. SMC medium (Saglioetal.,1971)was used for isolation of MLO. Nutrient
agar medium (NAM) was used for isolating and maintaining bacteria. All the culture
media (dehydrated) used in the study were supplied by Himedia, Bombay.

2.3.2. Identification of causal organism

Identificationof pure culture of microorganisms isolated from various disease speci-
menswasattempted up to species levelwherever possible,on thebasisoftheirculturaland
morphological characters. For authentic identification or confirmation, the cultures and
herbarium specimens bearing fructifications were referred to IMI, UK. The colour
standard of Kornerup and Wanscher (1978) was used for describing the fungus. The
identified cultures were subcultured regularly and stored at 25 + 20C

2.4. Microtomy and histopathology

To study the histopathology of little leaf disease of D. srictus and also to gather
morphological details of fructificationsof various fungisuch as pycnidia, perithecia and
rust sori, appropriate specimens were selected and their sections (2-8mm) cut using
Minotome cryomicrotome (IEC, USA). Samples of internodal region from young shoots
affected with little leaf diseased as well asthose of healthy D. strictus plants were selected
for histopathological studies. Samples were fixed in formalin -acetic acid-alcohol (FAA)
(Johnstonand Booth, 1989).Sectionswere cut using cryomicrotome, mounted in distilled
water and viewed under Leitz Dialux 20 microscope.Phloem tissues were examined for
any deformities.

2.4.1. Dienes' staining reaction

Free hand-cut sectionsofinternodalregion fromyoungshootsof little leaf diseasedand
healthy D. strictus were taken. The sections were stained with 0.2%solution of freshly
prepared and filtered Dienes' stain (methyleneblue, 25g;azure 11,1.25g;maltose, 10.0 g;
sodium carbonate,0.25g; distilled water,100 ml) (Deeley et al.,1979)for ten minutes, then
washed and mounted in distilled water and viewed under Leitz Dialux 21)nicroscope.

2.4.2. Fluorescence microscopy

Anilineblue, a fluorochrome used for detecting callosein the phloem of mycoplasma
infectedplant tissues (Hirukiand Shukla, 1973)was used in fluorescence microscopy. Free
hand-cut D.sectionsof little leaf diseased as well as healthy tissuesof strictus, immediately
heat-killed in boilingwater for 10minutes, werestained in 0.01%anilineblue prepared in
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1/15M phosphate buffer(Ghoshetal., 1985a,b).Stained sections were viewed under Leitz
Dialux 20Fluorescencemicroscopeand photomicrographs taken.

Hoechst 33258,a DNA binding fluorochrome (Russel etal., 1975) was also used in
fluorescence microscoy. Free hand-cut sectionswere fixed in 3%glutaraldehyde in
cacodylatebufferat40Cfor6 h.Sectionswerewashed in0.1 Mphosphatebufferand stained
in Hoechst 33258 prepared in 0.1 M phosphate buffer containing 100ugml-1 for 15 to 20
min and viewed under Leitz Dialux 20 Fluorescence microscope.

2.43. Transmissionelectron microscopy

Two millimetre bits of juvenile shootand petiole from little leaf diseased and healthy
D. strictusplantswerefixed in2.5%glutaraldehydebuffered with0.1 Msodium cacodylate,
pH 70, for24 hat4°C Sectionswere washed thoroughly in the same bufferand post fixed
in2%osmium tetroxidein0.1Mcacodylate buffer for5-6h. After washing with cacodylate
buffer (30 min.), and distilled water, the sectionswere dehydrated in acetone seriesand
embedded in Epon 812 (Morris, 1965).

Ultra-thinsectionswerecutwith LKBIII Microtome using glass knife and differentiated
with aquousurany| acetate (0.5%)nd lead citratefor 10to 15min.ineachstain (Reynolds,
1963); sectionswere viewed under Zeiss transmission electron microscope (TEM) and
photomicrographs taken.

2.4.4. Staining

Lactophenolcottonblue 0.1% glycerolanilineblue0.2%(glycerol (50%), 100ml; aniline
blue, 0.2 g )were used for staining the fungal specimens. Pyridoxin (50%)was used for
clearing the whole mount (Sharma and Mohanan, 1991a).

2.5. Pathogenicity test

Pathogenicity of various fungi associated with diseases of bamboos and rattans was
confirmed in artificial inoculationtrials by employingstandard procedures.Forsoil-borne
diseases, the soil was infested with appropriate quantity of inoculum of test fungus,raised
in corn-meal-sand medium and seeds of bamboo or rattan were sown at appropriate rate
in the infestedsoilin Aluminium trays; the trayswere maintained inahumidity chamber,
watered regularly and observed for the development of disease. For foliage diseases of
bamboos, 10-to 60days old B. bambos and D. strictus bareroot seedlingsraised in sterilized
forestsoil in metallictrays (30x 30x 5¢cm;90 x60 x 25cm), over the polyurethane foam(20
X 10x Icm)or 10-to 11 month-old container seedlings were used. Forculm and branch
infection, 3-year-old B. bammbosclumps maintained in large metallic trays were used. New
culms produced from the clump were monitored and used for inoculation trial. For
confirming the pathogenicity of fungi causing various diseases of rattans, 10-day to 4-
month-old bareroot as well as container seedlingsof C.thwaitesii,C.gamblei C.hookerianus,
C. psaudotenuisand C. rotang were used.

2.5.1. Field trial
A field trial was carried out at Thenkodum (Kaliyar Forest Range) in a 1979 teak
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plantation wherebamboo wasraisedatanespacementof 10xI0m during 1986 and large-
scalemortality of outplanted bambooswas recordedduring 1987.The pathogenassociated
with the disease was identified as Pythiummiddletonii. For assessingthe natural infection
ofrhizome caused byPythiummiddletonii,one hectare areawas planted with 18-month-old

B. bamboscontainer seedlingsduringJune 1988, in pitsof 30x 30x 30cm atan espacement
ofl0x 10m.

2.52. Screening of tetracycline for little leaf disease recovery

Twelve clumps ofDendrocalamus strictus affected with little leaf disease were selected
in natural stands at Thakarapady (Mannarkkad Forest Divn.) for tetracycline therapy.
Tetracycline-hydrochloride tree injection formula (Pfizer Ltd., Thane) (1.0 g 500 mI-)
(Ghoshet al.1985a)was applied as foliar spray (50ml shoot-1) on the selected culms.The
treated portion,nodes including nodal shoots wascovered withapolythenesheetfora day
and later removed. Observationson the remission of symptoms, if any, were recorded at
fortnightly intervals for six months.

2.6. Evaluation of fungicides for disease control

Various fungicides were evaluated (Appendix 6) for their efficacy against different
pathogens following poison-food technique and or modified soil fungicide screening
method (Sharmaand Mohanan,1991a).



3. RESULTS AND DISCUSSION
3.1. DISEASES OF BAMBOOS

3.1.1.Diseases in nurseries

In Kerala, usually 12 to 18-month-old bareroot or container seedlings are used for
outplanting. Bamboo seedlingsare raised by the Forest Department following the usual
forest nursery prescriptions. Generally,bamboo nurseriesare raised during the month of
December-January.Bamboo seeds collected during the current seeding year or properly
stored seedshaving high germinability are sownat the rate of 500gto 1.5Kg perstandard
seedbed (12x 1.2x0.25m). In many localities, seeds soaked overnight in water are used
for sowing. Shade regulation over the nursery beds and watering are done as in the case
of other forestryspecies.After 40 to 50 days of growth,the seedlings are either transplanted
into polythene containers (18 x 12 cm) filled with forest soil or in the newly raised
transplanting beds, at 15 x 15an spacing. Outplanting of one-year-old bareroot or
containerseedlings is carmied out after the onset of South-Westmonsoon i.e., during the
month of June-July.

A total of 27 bamboo nurseries comprising of 10 to 100 standard beds, raised at 18
different localities in Kerala, were surveyed for the occurrence of diseases during 1987-
1992. Altogether 13 seedling diseases were recorded in bamboo nurseries with which 14
fungi were found associated consistently (Table 1) Most of these diseaseswere prevalent
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in almost all the bamboo nurseries surveyed, while only a few were restricted to certain
nurseries.However, theseverityofeachdiseasevariedfromnurserytonurserydepending
on the local climatic factors, bamboo species raised, seedling density, nursery practices
adopted, etc.

Table I: Checklist ofnursery diseases ofbamboos recordedin Kerala during 1987-1992

Sl Disease Pathogen(s) Bamboo species
No. affected
1. Damping-off
i. Pre-emergence damping-off  Rhizoctoniasolani BB,DS,DB,TS
Fusarium moniliforme
F. oxysporum
ii. Post-emergence damping-off R .solani BB,DS,DB,TS
2. Seedlingspear rot R. solani BB,DS
3. Seedling wilt R. solani BB,DS
4. Web blight R.solani BB,DS,DB,TS
5. Leaf rust Dasturella divina BB,DS,DB,OT,TS
6. Bipolaris leaf blight Bipolaris maydis BB,DS,DB,DM,TS,0 W

11

12.

13.

. Exserohilum leaf spot

. Dactylaria leaf spot
. Colletotrichumleaf spot
10.

Curvularia leaf spot

. Alternaria leaf tip blight

Seedling rhizome rot

Leaf striping and stunting

B. urochloae
Bipolaris sp.
Exserohilum rostratum
E. holmii
Dactylariasp.

Colletotrichum gloeosporioides

Curvularia pallescens
Alternaria alternata
Rhizostilbellahibisci state of
Nectria mauritiicola
Unknown etiology
(possiblya virus)

PP

BB

BBDS

BB,P’P
BB,DS,DB,OW,TS
BBDS
BB,BV,DL,TO,0S
BBDS

BB

BB

‘BBB.bambos; DS: D. strictusPB:D.brandisii;DLD.longispathus; DM D . membranaceus TST.damend’s;
0S:0.scriptoria; 0T:O.travancorica; OW: O.wightii; PP:P.pubescens.

1. DAMPING-OFF

Occurrence

The disease, both pre- and post-emergence damping-off was recorded in B. bambos

nurseries raised at Periya (South Wynad Forest Divn.), Chandhanathodu (Cannanore
Forest Divn,), Paneli (Malayattoor Forest Divn.), Pattikad and Peechi (Trichur Forest
Divn.), Nilambur (Nilambur Forest Divn.), Kulanjithodu (Ranni Forest Divn.) and in D.
strictusnursery atDhoni (Palakkad Forest Divn.) during 1987-1992.In these nurseries,
different seed rates ranging from 750 gto 1.5 Kgper standard seedbed were used. In
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addition, the seedbedswere provided shade with thatched coconut leaves or with*jungle
leaves’and over watered. Pre-treatmentof seedswas donein all the nurseries exceptina
nursery at Kulanjithodu where severe damping-off was recorded (Table 2). Disease

incidence was found to be low in all the nurseriesexceptat Dhoni (during 1987-’88)’ and
at Kulanjithodu (during 1989-90), where medium and severe infections were recorded
respectively. Damping-off was also recorded in seedlingsof D. strictus, D. brandisiiand T.
samends in a nursery at Chandhanathodu during 1991-'92.

Symptoms

In bamboo nurseries, sown with good quality seeds but provided with either excessive
or thickshade and frequent watering, often poor seedlingemergencewas recorded even
after 7to 12daysof sowing. Thediseaseoccurredin patches in the seedbeds. The sizeand
number of the patches and the seedling emergence depended upon the severity of the
infection.When a thin layer of top soil over the patch was removed gently, a large number
of well-filled seeds covered with fungal myceliumand powdery fungal spore mass were
observed. The seed decay and pre-emergence damping-off were characterized by the
rottingof thewell-filled viableseedsand alsothejustemerged radicle. Innurseries situated
atDhoni andKulanjithodu,partialfailure of nursery was recorded due tothe poorseedling
emergenceonaccountof damping-off.Postemergencedampingaff was characterizedby
thedevelopment ofwater-soakedgreyishbrownlesionson theemergingplumulenear the
soillevel. Thelesionsspread and becamenecroticwhich resulted in collapse of the affected
plumule.

Table 2: Severity of darnping-off in bamboo nurseries at dfferen t localities in Keralasurveyedduring
1987-1992

Disease severity*

198788 198889  1989-90  1990-91  1991-'92
Sl Locality =~ Bamboo

No. species DSI DSR DSI DSRDSI DSR DSI DSR DSI DSR
1. Periya BB - - - 080 L 064 L
2. Chandhanathodu BB - - - 095 L
3. Pattikad BB - - 040 L

4 Paneli BB - - - 050 L 040 L
5. Peechi BB - - 050 L 040 L 036 L

6. Dhoni DS 113 M 075 L

7. Nilambur BB - - 05 L 022 L

8. Kulanjithodu BB - - - 210 S

DSI :Diseaseseverity index; DSR :Disease severity rating L:low; M: medium; S:severe; BB
B. bambos, Ds:D. strictus
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causal organisms

Three fungi were found causing damping-off of bamboo  seedlings.
1. Rhizoctonia sdlan Kuhn state of Thanatephorus cucumeris (Frank) Donk (IMI No.350658).
2. Fusarium moniliformeSheld(IMI N0.322571).
3. Fusariumoxysporum Schlecht.

Rhizoctoniasolaniwas isolated mostly from the damped-off seedlings which caused
radicle and plumule rot, while Fusarium moniliformeand F. oxysporum caused mainly pre-
emergence damping-off and seed decay.

Pathogenicity test

Seeds of B.bambossown in Rsolani infestedsoilshowed comparativelypooremergence
(57%) than those incontrol(96%). Though,seedling emergenceoccurred after four days of
sowingin both control and R. solani infested soil, germination completed in control within
seven days of sowing, while it took 12days in treated soil. Infection of radicle and just
emerged plumule was observed in R. solani infested soil which consequently resulted in
post-emergence damping-off. Post-emergence damping-off occurred within one to two
daysof emergenceas water-soaked greyish brown lesionson the plumuleat the soil level.
Severe infection on the emerging radicle and plumule often led to the development of
abnormal incurved seedlingswhich later succumbed.When athintoplayeroftheseedbed
soil was removed gently, the ungerminated well-filled decayed seedswere found covered
with the mycelium of R. solani. R. solani was reisolated from the infected radicle, decayed
seeds and damped-off seedlings.

B.bambosseeds coated with conidiaof Fusarium moniliformeand F. oxysporumseparately
and sown in Aluminiumculture trays showed slightlylow percent of seedlingemergence
(89%) as compared to controls (96%). Seedling emergence occurred after four days of
sowing and completed withinseven days in Fusariumtreated seeds as well as in controls.
Only pre-emergence damping-offoccurred in both theFusarium infested soilsasevidenced
by the low per cent seedlingemergence. Upon a closerexamination, ungerminated well-
filled seeds treated with both F. moniliforme and F.oxysporum found decayed. Thedecayed
seedswerecovered withwhitecottonyfungal myceliumbearingpowderysporemassover
thewholeseedsurface.Infection of thejustemerged radicleand plumule asgreyish brown
lesions was observed less frequently in seedlings infested with F. monilforme and F.
oxysporum. F. moniliforme and F. oxysporumwere reisolated from the decayed seeds, and
decayed radicleand plumule.

Discussion

Damping-off, the firstdisease to appear in the seedbed nurseriesaffectsseedlingsboth
before emergence (pre-emergencedamping-off) and after emergence (post-emergence
damping-off) within 2 to 15days after sowing; the development of the disease mainly
dependsupon the micro climaticconditionsprevailing in the nursery. Though, almostall
the nursery-grown forestry species are susceptible to damping-off fungi, the seeds of
species which germinate quickly and seedlings which grow fast possibly sustain
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damage from damping-off than slowemegingand slowgrowingspecies(Duryea, 1984).
This is also true in the case of bamboos as the seed germinates quickly and the seedling
grows rapidly. The overall incidence and damage caused by damping-off are compara-
tively lessin bambooseedlingsthan those recordedfor otherforestry species. (Bakshiet al
1972;Sharma etal 1985;Mehrotra, 1990).Pre-sowingseed treatmentisalsoknown to play
an importantrole in minimizingthe incidence and developmentof damping-off (Bakshi,
1976). Inthe case of bambooseeds, overnightsoaking in water which possibly reduces the
spermoplane microflora, and subterranean exposure of seeds prior to germination,
facilitate to minimize the incidence of damping-off. Thisexplanation holds good forthe
severe damping-off during the year 1989 recorded in a nursery at Kulanjithodu, sown
without pretreating the seeds.

Fusariurn moniliforme and F. oxysporumare associated only with the pre-emergence
damping-off, while R. solanicauses mainly post-emergence damping-off of bamboo
seedlings. The only indication of pre-emergence damping-off in nursery beds is the
presenceofsparseand patchy emergingseedlings.But it is confirmed by digging up seeds
that have not emerged and observing them for decay. A possible evidence of seedbome
nature of Fusarium pre-emergencedamping-off has been provided by the seed pathologi-
cal studiesonstored seedsof B. bambosand D. strictus, which reveal occurrenceof Fusarium
spp.in high frequencyaffectingseed germinationandseedlinggrowth(Mohanan, 1990a).

Fusariumspp. and R. solani have been recognized as the important damping-off
pathogensin forest nurseries throughout the world (BrownandWylie, 1991; Ferreiraand
Muchovej,1991;Sutherland, 1991;Ray, 1991;Borja andAustara, 1991; Arentz, 1991;Perrin,
1991).In India,R solani has emerged as the most important damping-off pathogen in forest
nurseries,especiallyin high rainfall areas (Bakshiet d., 1972Sharmaet d., 1985;Mehrotra,
1990).However, Fusarium spp. were recorded less frequently in forest nurseries in India
(Bakshi, 1976; Sharma et al., 1985).The present findings are in conformity with the earlier
observation, i.e. in bamboo nurseries R. solani has become the principal dampingoff
fungus, whereas F. moniliforme and F. oxysporum are of minor importance and cause only
seed decay and pre-emergence damping-off.

Excessive soil moisture due to over watering, thickshade, high seedling density and
high organic soil contents are the main factors contributing to initiation and spread of
damping-off (vaartaja, 1952;Gibson, 1956, Sharma and MohananJ99la). Someof these
factors are also found to be responsible for the high incidence of damping-off in bamboo
seedlings.Though, thisdiseasecannot beconsidered asa potential one, for raising disease-
freenurserystock pre-sowing seed treatmentand regulationof shade and moisturein the
seedbeds should form part of the nursery management.

2. EEDLING SPEARROT

Occurrence
The disease was observed in B. bambosnurseries at Kulanjithodu during 1989-'90, Periya
and Niravilpuzha (Wynad Forest Divn.)during 1990-91, Chandhanathoduduring 1991-
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'92 and in D.stricutsnursery at Dhoni during 1988-1989. Infection of emerging spear-like
plumule occurred withintwo to fivedaysaf emergence. Theoveralldiseaseinadence was
found low in all the nurseries. However, in B. bambos nursery at Chandhanathodu, the
diseaseincidencewasw er ein seedbeds without any shade, sown with high seed rate of
3Kg per standard bed and watered insufficiently. In seedbeds where the seeds were
covered withathick layer (>0.5cm) of soil, generally, the disease incidencewas very high.

Symptoms

The disease is manifested as small irregular water-soaked lesionson emerging spear-
like plumule near the soil level or at the pointed apical portion. The lesions coalesced and
spread ,rapidlyfrom base to the apex or from tip downwards covering the entire spear
which subsequently became necrotic. The infected spears failed to grow further and
expand to form leaves and dry up in due course. The disease occurred in patches in
seedbeds and the advanced stage of infection could easily be detected as the infected
seedlings in patches gave a burnt-up appearance.

Causal organism
Rhizoctoniasolani Kuhn state of Thanatephorus cucumeris (Frank) Donk (IMI N0.350658).

Pathogenicity test

Inartificialinoculationtrials,seedlings of B. barmbasmerged onthe fourthdayof sowing
inboth R. solani treated soil as well as control. Characteristicspear rot was observed in the
infestedsoil on theemerging seedlingplumulenear the soil level asgreyish brown water-
soaked lesionswithdarkbrown margin.The lesions spread very quickly inalinear fashion
towards the tip of the elongating spear and within three days the entire infected spear
became necrotic. Infection at the tip of the spear emerging through the soil was also
observed, where,downward spread of theinfectionwasnoticed. Inthecontrol no infection
was recorded. R. solani was reisolated from the infected seedlings.

Discussion

Seedlingspear rot caused by R. solani is the disease which affectsemerging plumule.
Itisa disease recorded for the first time on bamboos. Symptomwise, the disease appears
to be an extension of the damping-off which was probably delayed by the unfavourable
soil conditions. The disease was recorded only in five out of the 27 nurseries surveyed,
wherea thick layer of soil wasspread over the seedsand theseedbedsreceived lesswater.
Longer period ofsubterranean conditionof theemergingplumuledueto thicklayer of soil,
high soil temperatureandwater stress may have possibly enhanced thechanceofinfection
by R. solani.This circumstantialevidence clearly suggeststhat the development of spear
rot depends mainly on the nursery management practices. Occurrenceofthis disease in
bamboos confirmsthe earlierobservationthat R. solaniis highly diversein its characteris-

tics, producing different disease symptoms under different microclimaticconditions
(Baker, 1970).
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3.SEEDLINGWLT

Occurence

The disease was recorded in 20 to 40day-old B. bambosand D. gridus seedlings at
Chandhanathodu nursery during 1991-92and in 40 to 50-day-oldmntainer seedlingsof
B. bambos ina Social Forestrynursery at Kalamassery (Emakulam Social Forestry Divn.)
during 1987-1988. At Chandhanathodu, seedling wilt was observed in seedbeds with or
withoutshade, havinghighseedlingdensity (3.0Kg seeds per standard bed) and watered
copiously. In both the nurseries, disease incidencewas found to be low.

Symptoms

Initially, the infectionoccurred as water-soaked,greyish brown lesionsontheseedling
stem near the ground level. The infection spread upwards and caused lesions on leaf
sheath, basal leavesand stem; thejuvenile leaves were free from the infection. The infected
areason the stem became dark brown in colour and necrotic, which later coalesced and
became constricted. Affected seedlingsshowed symptomsof physiological wilting. Due
to loss in turgidity, the seedlings showed rolling up of the entire foliage from 11 AM
onwards, especially those in seedbedsunder directsun lightand less frequently watered.
Bending and breaking up of the seedlingstem often occurred at the constricted area and
epicormic roots developed from the lower portion of this cankered area. The wilted
seedlings rarely showed browning and decay of feeder roots. Production of small
yellowish brown sclerotial bodies on the affected basal part under high humidity wasalso
noticed. Severeinfection usually resulted in high mortality of seedlings, either in distinct
patches or scattered all over the seedbed. The infection continued for 30to 40 days in
seedbedsdependingon the microclimatic conditionsprevailinginthenursery. Inseedbeds
provided with shade, the infected seedlingscouldbedetected easily during early morning
hours.However,by the middle of theday in theshadedseedbedsand from 11.AM onwards

in the seedbeds without shade, the symptomsof physiological wilting and rolling up of
the leaves was evident.

Causal organism

Rnizoctonia: solani Kuhn state of Thanatephorus cucumeris(Frank) Donk (IMI No.350659);
anastomosisgroup - AG2-2IV.

Discussion

seedling wilt of bamboos caused by R. solani is recorded in bareroot and container
seedlingsaffectingyoung 20to 40-day-old seedlings. The pathogen affectsthe conducting
tissues of root and stem and rarely the foliageis affected. This indicates the specificity of
the fungus on host tissues. R. solaniis already known for its complex nature due to the
presencedf differentstrainswhich canaffectall thetissues of seedlings. Specificityamong
the pathogen strains in the population or even within the strain, has been reported to cause
infection of aerial partsand underground tissues (Baker, 1970).TheR. solani strain,which
caused seedling wilt, was found to be belonging to the anastomosisgroup AG2-21V.
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Isolatesof R. solani AG-2-2 are generally considered to cause root and crown rots of sugar
beet and corn (Anderson, 1982;0goshi, 1987); they also have been reported to causefoliar
diseasesand seedling decay of soybean, and sheath blight of mat rush (Ogoshi, 1987; Liu
and Sinclair, 1992).In Kerala, R. solani has been recorded to cause seedling wilt and mot
rot of Eucalyptus grandis Hills ex Maiden, E. tereticornisSm. and Casuarina equisetifolia Forst
(Sharmaet al. 1984b; Mohanan and Sharma, 1989,1993).

4. WEB BLIGHT

Occurrence

Web blight ofbamboo, a widespread seedlingdiseasein Kerala, was recorded from 23
seedbed nurseries in 15localitiesin the Stateduring 1987-1992 (Table 3). Disease was also
recorded in B. bambosD. sricuts, D. brandisii,and T. siamensis seedlings in a experimental
nursery raised at Chandhanathodu during 1991-’92. Severity and spread of infection
largely depended on the microclimatic conditions prevailing at the nursery site and also
the cultural practicesadopted in the nursery. In all the nurseriessurveyed, disease severity
was found to be low except at Niravilpuza, Kulanjithodu, Periya, Begur, Paneli and
Pezhad, wherediseaseseverity index (DSl)ranged between 1.04-1.25and diseaseseverity
rating (DSR) was medium. The disease affected 20to 30-day-old bamboo seedlings and
continued further dependingon the favourablemicroclimaticconditions prevailingin the
nursery.

Symptoms

Infection appeared in 20to 30day-old bamboo seedlings as water-soaked lesions onthe
stem nearthe soil level.Later, the infectionspread rapidly affecting the entire shoot,except
one to two juvenile leaves. Infected stem and foliage became discoloured,greyish brown
to dark brown, within two to five days of infection. Leaf necrosis was initiated either from

the leaf tip and proceeded towards the base of the leaf or from the leaf margins towards
the midrib.

The disease spread very rapidly within seedling through the fast growing rnycelial
strands of the fungus. Incitation and spread of disease between seedlings was mainly
through the physical contact of the diseased foliage with the healthy neighbouring
seedlings. The disease usually occurred as small patches comprising of 5to 10seedlings
in the seedbed which increased in size as more and more seedlingsgot affected gradually
under favourablemicroclimatic conditions. The individual infection focusin the seedbed
spread and merge with other foci leading to formation of large disease patches of upto 30
cmdia. Thediseasewas recorded in seedbeds provided with or withoutshade. However,
highdisease incidenceand itsrapid spread was usually observed inseedbedshaving high
seedling density and those watered copiously. Infected foliageshowed shades of greyish
brown, purplish grey, and pastel green discolouration which later turned into necrotic
areas. Complete necrosis often led to withering of the foliage. Under high humidity,
especially during the early morning hours fungal mycelium, which arose from the soil
epiphytically,grew over the affected seedlingsentangling their foliageand stem. Yellow-
ish brown sclerotia of the fungus developed on the decayed basal foliage and stem. The
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Table3: Severety of web blight in bamboo nurseries at different localitiesin kerala surveyed during

1987-1992
Disease severity'
S| Locality Bamboo DSl DSR Year
NO. species”
1. Vadavukodu BH 033 L 1987-1988
2. Kalamassery BB 030 L 1987-1988
3. Dhoni DS 040 L 1987-1988
0.30 L 1988-1989
4. Peechi BB 0.50 L 1988-1989
0.60 L 1989-1990
04 L 1990-1991
5 Nilambur BB 0.40 L 1988-1989
0.63 L 1989-1990
6. Pattikad BB 0.93 L 1987-1988
7. Pariyaram BB 0.75 L 1989-1990
8. Kulanjithodu BB 104 M 1989-1990
9. Vadasserikkara BB 0.76 L 1990-1991
10. Niravilpuzha BB 1.05 M 1990-1991
116 M 1991-1992
11. Thettamala BB 0.82 L 1991-1992
12. Pcriya BB 125 M 1990-1991
1.24 M 1991-1992
13. Begur BB 104 M 1990-1991
14. Paneli BB 112 M 1990-1991
1.18 M 1991-1992
15. Pezhad BB 0.93 L 1990-1991
1.20 M 1991-1992

'DSI: Disease severity index; DSR: Disease severity rating; L: low; M: medium.
'BB: B.bambos; DS: D.strictus

affected seedlings were killed outright within 10 to 20 days of infection, leaving large
circular to irregular patches of dried up seedlings in seedbeds (Plate 1).

Causal organism

Rhizoctonia solani (IMINos. 350660,350661,350662,350659); anastomosisgroups- AGl-
1A, AGI-IC, AG2-21V.

Discussion

Among the nursery diseasesof bamboos recorded, webblight caused by R. solani is the
most wide spread and potential one. Thedisease occursinalmostallthebamboo nurseries

16



surveyed and theseverity varies considerablydepending on the microclimaticconditions
prevailinginthenursery. Though,webblight affects20 to30day-old seedlings,the disease
continued (90 to 120 days)till the microclimatic conditions in the nursery favoured the
growth and development of the fungus. Heavy and incessant rain for a couple of days
followed by an overcastweather for 5to 6-daysform the ideal condition for the disease to
become severe. High density of seedlings, thickshading over the seedbedsand free water
on seedlings also influenced greatly the developmentand spread of the disease.

In forest nurseries in India, web blight caused by R solani hasearlierbeen recorded in
Khasi pines (pinus kesiyaRoyle ex Gord. (Mehrotra, 1989), Cusuarina equisetifoliaForst in
Kerala (Mohanan and Sharma, 1989,1993), and a large number of broad leaved forest
species viz., Ailanthustriphysa (Dennst.) Alston, Azadirachta indica A. Juss., Bombax ceibal_,
Casda nodosa Ham., Ceiba pentandra(L.) Gaertn., Derruis robustaBenth, Eucalyptus spp.,
Gmelina arborea L.,Melia azedarach L.,Micheia champaka, (L) Piers., Paraserianthes falcataria (L.)
Nielson in different parts of the country (Sharma and Sankaran,1984; Sharma et al.,
1984b,1985; Florenceet al., 1985; Mehrotra, 1989; 1990; Mohanan and Sharma, 1993; Ali,
1993).In bamboos, R. solani causingweb blight belong to AG1-IA, AGI-IC, and AG2-2IV.

Management of web blight has been suggested in other forestry specieswhich include
sanitation, modification of cultural practices and use of fungicides. Sanitary measures
recommended were disposal of leaf litter in the nursery and seggregation of diseased
seedlings, soon after their detection for preventing the lateral spread of the disease which
occurs through contact of the overlapping foliage of the adjoiningseedlings (Mehrotra,
1989; Sharmaand Mohanan, 1991a). Regulation of the shade over the nursery beds (no
shade)and watering can checkthe disease; reducing the seedling density in the seedbeds
was also suggested (Mohanan,1994a). Application of carboxin (0.1%a.l.) after 7and 21
days of seedling emergence has been suggested for controlling the disease (Mohanan,
199%4a).

5. LEAF RUST

Occurrence

Leaf rust of bamboo seedlings was recorded from almost all the nurseries surveyed
during the study. Rust appeared during the month of August affecting 4 to 8-month-old
barerootas well as container seedlings;infection continuedtill lateMay.Rustwas recorded
on seedlings of B. bambos, D. strictusD. brandidi,Oxytenanthera monostigma, Ochlandru
travancorica, 0. scriptoriaand T. siamensis, Of these B. bumbosand D. strictus were the most
susceptible species. Though, rust occurred in all the nurseries surveyed, the severity of
infection was found low to medium except in a B. bambosnursery at Chandhanathodu
during 1991-'92 Severeinfection occurredin 8-month-old seedlingsand14 seedbedswere
completelydevastated by the disease.Medium infection wasrecordedinB. bambos nursery
atPezhadandPaneliduring1990-91,Nilamburduring 1989-90and Periyaand
during 1991-'92.
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Symptoms

Infection usually appeared during the month of August on the mature leaves in the
formof greyish brown minute flecks; usually, thejuvenile leavesdid notgetany infection.
Thesmallfleckscoalescedand formed spindleshaped darkbrownpustuleswith pale halo
around. Matureleaveswere found moresusceptibletoinfectionthanyoungerones; higher
density of uredinia wasobserved on the formerthan the latter. Uredinia, yellowish brown
incolour,developed in the flecksontheadaxialsurfaceof leaves.Developmentof uredinial
sori was observed rarely on the abaxial surface. In severe cases, the adaxial surface of the
entire leaf lamina became completelycovered with uredinia imparting yellowish brown
colour. The rust infection continued till late May. Dark brown teliosori developed either
in mature uredinial soriorseparatelyon theadaxial surfacein linear rows during January.
Necrosisand withering of mature leaves occurred due to severe rust infection.

Causal organism
Dasturelladivina (Syd.)Mundk. & Khesw.(IMI Nos. 322078,322081).

Discussion

Dasturella divina causing leaf rust is widespread in bamboo nurseries in the State.
Seedlingmortalitydue to rust infectionwas recordedonlyin a nursery at chandhanathodu,
Wynad during1991-’92 wherecent percentrust incidence occurred.Seedlings completely
died due to heavy infection in 14outof 80seedbeds. Thisclearly indicates the potential of
the leafrust in causing mortality of bamboo seedlings. It is interesting to note that bamboo
seedlings were raised for the first time in Chandhanathodu nursery and during the past
20 years no bamboo was raised in that locality.Also, there are no bamboo stands in nearby
areas which may have served as the reservoir of the inoculum.D divina is recorded as a
heteroecious rust having an alternate host Randia spp.(=Catunaregumspp.) on which it
produces pycnia and aecia (Bakshiet al., 1972). However, no alternate host of the bamboo
rust could be detected in the natural forest which surrounded the nursery. Under these
conditionsitis not clearthat how suchasevererust infectionoccurred at Chandhanathodu.
From India,so far, two species of Dagturdlaviz., D. divina (=D .oxytenantheraeSathe)and D.
bambusinahave been recorded on differentbamboos (Mundkurand Kheswala, 1943; Sathe,
1965; Bakshi and Singh, 1967; Rangaswami etal .,1970). D bambusina differsfrom D. divina
mainly in the number of teliospores per chain and depth of telial coloumn. Though, rusts
collected from differentbamboo speciesin the Statealso showed variation in morphologi-
cal characters of urediniospores and teliospores, these characters were not reliable in
diffferentiatingthem intoseparatespecies.D. divina has also been recorded from Australia,
Japanand Taiwan (Cummins,1971; Hsieh, 1984; Johnson, 1985).This is the first record of
the rust on bamboos in Kerala as well as first record of D. divinaon T.silamensisin India.Since,
the leaf rust can cause considerable loss to the nursery stock, detailed studies on
epidemiology, disease cycle and possible control measures are warranted.
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6.BIPOLARIS LEAF BLIGHT

Occurrence

Leaf blight, affecting both young and mature leaves of 2 to 18-monthaid bamboo
seedlings, was found widespread in the nurseries surveyed. The infection appeared in
young seedlings during the months of March-April and it continued till outplanting of
seedlings. Thedisease was recorded in bareroot as well as container seedlingsof B. bamhos
at Pattikad during 1987-'38, Nilambur during 1988-1990, Peechi during 1988-’91,
Kulanjithodu during 1989-’90, Pariyaram during 1989-90, Paneli, Pezhad and Periya
during 1990-"92, Vadasserikkara during 1990-°91, Thettamala, Niravilpuzha, Vattapoyil
and Chandhanathodu during 1991-921n addition,various other species of bamboos were
also found affected by the disease: D. strictus at Dhoni during 1987-‘89, Phyllostuchys
pubescensatPeechiduring 1989-'90, D. brandisii, D. grictusand T siamensis at Chandhanathodu
during 1991-92, D. membranaceusand O.wightii at Palappilly during 1991-’92.1n all the
nurseries, disease severeity was found low. However, in Chandhanathodu nursery, during
the month.. of December to January, when cool nights alternate with hot days, severe
infection was encountered. The disease incidence was higher in beds exposed to direct
sunlight than those provided with shade. In thickly shaded beds seedlings located in the
extreme end of the beds, which were exposed to direct sunlight, had higher disease
incidence.

Symptoms

The disease manifested asminute,spindle-shaped water-soaked lesionson both young
and mature leaves, which later turned into dark bmwn to dull violet lesions with greyish
brown centres. Lesions coalesced and formed large necroticareas. Necrosis of leaf tissues
started from the leaf tip downwards or from the leaf margins towards the midrib. Usually,
darkbrown cross bands occurred in the necroticarea. The colour of thelesions,spread, etc.
depended on the bamboo species affected, leaf maturity, and the pathogen species
associated. Under high humidity,sporulation ofthe fungus was observed and sporeswere
produced as dark greyish black mass in the necrotic tissues on the adaxial surface of the
leaf (Plate 2).

Causal organisms

Three species of Bipolaris were found causing the leaf blight:
1. Bipolaris maydis (Nisikado & Miyake) Shoem. anamorph of Cochliobolus heterostrophus

(Drech.) Drech.(IMI No. 326944).
2. Bipolarisurochloae (Putterill) Shoem.(IMI No. 326947)
3. Bipolarissp. (IMI Nos. 326946, 326947).

Since, the symptoms varied depending upon the species of Bipolaris involved, details
of symptoms produced by each species are given below.

B. maydiswas isolated from B. bambos seedlings in nurseries at Paneli, Pezhad, Periya,
Thettamala, Niravilpuzha, Chandhanathodu and Peechi; from D. membranaceus and O.
wightii seedlings in nursery at Palappilly and from D. brandisii, D. strictus and T.siamensis
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seedlings in a nursery at Chandhanathodu.B.maydis produced dark brown lesions with
greyish brown centre.

B. urochloae was isolated from 8-month-old Phyllostachys pubescens seedlings ina nursery
at Peechi. B. urochloae produced dark brown to blackish brown linear to irregular lesions
which spread rapidly to the entire surface of the leaf lamina of both young and mature
leavesunder high humidity. Bipolaris sp.was isolated from B. bambos seedlingdn nurseries
at Nilambur, Peechi, Chandhanathodu, Kulanjithodu, where itoccurred intermixed with
B. maydis. The symptoms produced by this species were similar to those of B. maydis.

Pathogenicity test

Pathogenicity of isolates of Bipolaris sp. and B. maydis was tested on 2-month-old R.
bambos seedlings raised on polyurethane sheet. B. urochloae was tested on 11-month-old P.
pubescens container seedlings. Foliage infectiondeveloped on young and mature leavesas
tiny water-soaked specks aftertwo days of incubation.InB. urochloaeinoculatecseedlings,
infection developed as minute greyish brown to dark brown lesions on young as well as
mature leaves after 36 h of incubation. The infection spread rapidly when the inoculated
seedlings removed from the humidity chamber and exposed to direct sunlight. No
significant difference was observed in the initial symptoms produced by different Bipolar is
spp. However, in B. urochloaeinoculated P.pubescensseedlings, the infection spread very

fastand theentireseedling becameinfected and defoliation occurred within onemonthof
inoculation.

Discussion

Information on seedling disease caused by Bipolarisspp. in forest nurseries is very
meagre, although many species are known to attack graminaceous agricultural crops.
Recently, a severe outbreakof foliage disease of Popul us deltoides Marsh.causety B. maydis
has been recorded in nursery and plantation in Punjab (Chauhan and Pandey, 1992).
Bipolaris spp, causing foliage infection in Eucalyptustereticornis and Calamus thwaitesii has
also been recorded recently from Kerala (Mohananand Sharma, 1986; Mohanan, 1990b).
B. urochloae (= Helminthosporium urochloae(Putterill)Subram.) has not been recorded earlier
on any forest tree seedlings in India, although, on other graminaceous agricultural hosts
it is well established. All the three fungi viz., B. maydis,RurochloaeandBipolarissp. which
caused seedling leaf blight are new pathogen record for bamboos. Bipolaris sp. (IM1 Nos.
326946,326947) recorded on bamboos differs from the earlier reported Bipolaris spp. in
culturaland morphological characters(Sivanesan,IMl,pers.commun.).It represents new
species of the genus and hence will be validly published elsewhere. In the pathogenicity
trial, the developmentand spread of infectionin inoculated seedlings was rapid when the
seedlingswereremoved fromthe incubationchamberand keptindirectsunlight. The high
incidence of disease in seedbedsin direct sunlight than those under shade also confirms
this observation. This clearly showsthe role of lightand high temperature for the disease
development. Even though, the disease iswidespread in bamboo nurseries in the State, it
did not cause any potential damage to the seedling stock.
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7.EX3EEROHILUM LEAF SPOT

Occurrence

Infection was observed in 2 to8-month-old bare root as well as container seedlings of
B. bambos, D. strictus and 8-month-old container seedlings of P. pubescensin a nursery at
Peechiduring April-May, 1989-90.Disease incidence in 6-month-oldD. strictus seedlings
was found to be low, while in B. barrbosand P. pubesoans infectionvaried from medium to
severe causing defoliation. Infection spread rapidly during the wet periods, (June-July),
affecting the entire foliage of the seedlings.

Symptoms

Leaf spotswere observedas minutegreyishbrown watersoaked lesionson themature
leaves. Under warm-humid condition, the individual lesions coalesced to form large
spindle-shaped toirregular lesionswith greyishwhitecentreand darkbrown tochocolate
brown margin (Plate 3). The diseased areas became necrotic and under high humidity
sporulation of the fungus occurred as greyish black spore mass on the adaxial surface of
the necroticlesions. Severeinfectionled to the spread of lesions to the entire leaf lamina
followed by withering of the affected leavesand premature defoliation.

Causal organisms
1. Exserohilum rostratum (Drech.) Leonard & Suggs anamorph of Setosphaeria rostrata

Leonard (IMI No. 326945).

2. Exserohilum holmii (Luttr.) v. Am. anamorph of Setosphagria holmii (Luttr.) Leonard &

Suggs (IMINo. 327737).

E. rostratum was isolated from B. bambos andD.srictus seedlings and E. holmii from
seedlings of B. bambosand P. pubescensE. holmii produced greyish brown to greyish black
water-soaked lesionson P. pubescens which coalesced and spread to the entire leaf under
warm humid condition. While on B. bambos the pathogen produced greyish brown
irregular lesionswith greyishwhite centres. Heavy sporulation of the fungusoccurred on
the adaxial surface of the affected leaves of both the bamboo species.

pathogenicity test

Pathogenicity of isolates of Exserohilumrostratumand E. holmiitested on 2-month-old B.
bambosseedlings gave positive results. Infection occurred in inoculated seedlings of E.
rostratum and E. holmii within two days of incubation as tiny water-soaked specks. The
disease developed rapidly when the inoculated seedlings were removed from the
humidity chamber and kept outdoor. E. rostrutumand E. holmiiwere reisolatedfromthe
'infected tissues which confirmed pathogenicityof the isolates.

Discussion

Exserohilum leaf spot, affecting both barerootand container seedlings, was recorded
only froma nursery atPeechi. Thisisthefirst recordof E holmii on bamboosas well as first
pathogen record from India. Similarly, E. rosratumcausing leaf spot of B.bambosand
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Phyllostachys pubescensiis the first pathogen record. Earlier,E.halodegDresch.)Leonard and
Suggswas reportedto cause leaf blight of B.arundinacea (Retz.) Willd (=B.bambos)in forest
nursery at Dhanvard, Karnataka (Bhatet al . 1989). E.rogratum has also been recorded to
cause seedling foliage infection df Eucalyptus grandisand E. tereticornisin southern India
(Mohanan and Sharma,1986). The rapid development of Exserohilum infection in
inoculated seedlings kept outdoor clearly indicates that for expression of disease symp-
toms high humidity is not a limiting factor. Since,the pathogens cause withering and
premature defoliation only under conducive microclimaticconditions, the disease seems
may not pose problemsin raising bamboo seedlings.Hence,Exserohilum leaf ~ spotmaybe
rated as economicallyinsignificantdisease.

8. DACTYLARIA LEAF SPOT

Occurrence

Dactylaria leaf spot was widespread in bamboo nurseries in Kerala and usually
occurred in 1to 10-month-old barerootand containerseedlingsof B. barmbosand D.strictus
in most of the nurseries surveyed during 1987-’92, and seedlings of D. brandisiiand T.
damengsatChandhanathoduand O. wightii atPalappillyduring1991-’92.Incidenceof the
disease was generally low in all these nurseries; B.bambos and D. strictuswere the most
affected species.

Symptoms

The disease manifested as minute watersoaked lesions near the leaf tips. The lesions
coalescedand spread to form large circular toirregulargreyishbrown lesionswithgreyish
whitecentresanddarkbrownmargins.Inseedbedsprovided with thickshadeand profuse
watering which led to severe infection, withering of leaf tips was noticed; leaf sheathand
petioles were alsogot affected with the disease. Under high humidity, heavy sporulation
of the fungus was observed on the necrotic leaf spots.

Causal organism
Dactylariasp.(IMI Nos. 327745,327746)

Pathogenicity test

Pathogenicity of Dactylariasp.was tested on 1-month-oldB. bambosseedlings. Infection
appeared as water-soaked specks after 48 h of inoculation. The specks developed into
characteristicgreyishbrowncircular to irregular lesions with darkbrown margins within
15days of incubation. Dactylaria sp. was reisolated from the infected tissues.

Discussion

Dadylaria Sacc. is a genus consisting of plant pathogenic, saprophytic as well as
nematode trappingspecies. Sofar,nearly35speciesof Dactylariahavebeenreported (Das
Gupta et al.,1964; Ellis, 1976; Choudhry, 1982). Recently,D. chysosperma(Sacc.) Bhatt &
Kendrickand D.arundica Choudhry have been recorded on fallen twigs of bamboos viz,
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Ochlandratravancorica and Arundinariaspp. respectively from Kerala and Uttar Pradesh
(ManiVarghese and Rao, 1979; Choudhry, 1982). Since,the Dactylaria isolatefrom bamboo
seedlings vary in cultural and morphological characteristics from the Dactylariaspecies
recorded so far, it is possibly a new species. The disease is economically insignificant.

9. COLLETOTRCHUM LEAFSPOT

Occurrence

Disease was recorded in 15-day-old to 10-month-old bare root as well as container
seedlings of B. bambos in nurseries at Kulanjithodu, VVadasserikkara, Palappilly, Peechi,
Niravilpuzha,Begur and Pariyaram during 1988-92and D. strictusnursery at Dhoni
during 1988-’89; disease severity was found low in all the nurseries. Colletotrichum leaf
spots were often found intermixed with other leafspots such as those caused by Bipolaris
maydis and speciesof Dactylariaand BipolarisHowever, pure infection was also observed
in many nurseries.

Symptoms

Disease appeared as minute water-soaked lesionson the abaxial surface of the mature
leaves. The lesions spread and formed large reddish brown areas linear to irregular in
shape which often concentrated either at the leaf base or at the margins and tips. The
discoloured areas later became necrotic. Merging of lesions with those of other leaf

infecting fungi was observed. Infection was also recorded on leaf sheath and petioles of
bamboo seedlings.

Causal organism

Collectotrichum gloeosporioide{Penz.)Penz.&Sacc.and its teleomorphGlomerella cingulata
(Stonem.) Spauld.& Schrenk (IMI Nos. 331635,331798).

Pathogenicity test

Pathogenicity was tested employing 25-day-old B. bambos seedlings raised over
polyurethane sheet. The seedlings inoculated by spraying conidial suspension of the
fungus were kept in the humidity chamber. Infection developed only on mature leavesas
minute lesionsafter 48h of inoculation. The lesions developed into necroticareas within
12days of inoculation.C. gloesporioides was reisolated from the infected tissues.

Discussion

C. gloeosporioides isa common leaf infecting fungus in forest nurseries which has been
reported from a large number of forestry species viz., Ailantustriphysa, Bombax ceiba,
DalbergialatifoliaRoxb., Eucalyptus spp., Gmelina arborea,Lagersroemiaspedosa (L.) Pers,, etc.
(Bakshi etal, 1972; Sharma et al., 1985; Ali, 1993)Earlier the fungus has been recorded on
bamboos from U.S.A. (Anon.,1960) and from Malaysia (Azmy and Maziah, 1990).
Recently, C. gloeosporioides has been recorded on different species of bamboos from
Meghalaya (Deka et al., 1990).Though, in bamboos, Colletotrichumleaf spot is not very



serious; along with other foliage pathogens viz, Bipolarisspp.; Exserohilumspp. and
Dactylariasp. it may cause severe infection and withering of leaves.

10. CURVULARIA LEAF SPOT

Occurrence

Curvularia leaf spot was recorded to infect 1to 2-month-old bareroot seedlingsdf B.
bambos at Nilambur and leaves of 40-day-old vegetatively propagated D. longispathus;T.
oliveri and O. scriptoriain a nursery at KFRI Campus, Peechi during 1988-’89. Disease
seventywasfound lowin B bambos,T.oliveri and 0. scriptoria.Severeinfectionwasrecorded
only in vegetatively propagated shoots of D. longispathus.

symptoms
Infection appeared as watersoaked lesions with yellow halo on young and mature
leaves.The lesions coalesced and formed circular to irregular greyish black spots with dark

yellowhalo.The lesionsdevelopednear the leaf tipsand margins coalesced fastand formed
large necrotic areas. The affected leaf tips rolled in and dried up.

Causal organism

Curvularia pallescens anamorph of cochlioboluspullems (Tsuda &Veyama) Sivan. (IMI
No0s.320689,327773).

Pathogenicity test

Pathogenicity of the isolate was confirmed by spraying conidial suspension of C.
pallescens on theleavesof I-month-old Bbambosseedlingsraised overpolyurethanesheets.
Infectiondeveloped as minute greyish brown todarkbrown watersoaked lesionsonboth
young and mature leaves after 72 h of incubation in the humidity chamber which later
coalesced and formed irregular greyish black lesions within one week of incubation. C.
pallescens was reisolated from the infected tissues.

Discussion

The leaf spot caused by C. pallescens is of minor importance. C. pallescens is a weak
pathogen and has been recorded as causing foliage infections of minor significance on
many forestrycrops in Kerala (Sharmaet al., 1985). Recently, C. andropogonis(Zim.)Boed.
has been reported as causing leaf spot of O. scriptoriaand O. travancorica in Kerala
(Balakrishnan et al., 1990). C. pallescens is a new record on bamboos.

11. ALTERNARA LEAF TIP BLIGHT

Occurrence

The disease was recoded in 1 to 3-month-old bare root seedlings of D.strictus at Dhoni,
B. bamboshareroot as well as container seedlingsat Nilambur, Pariyaram, Kalamassery;



Vadasserikkara, Begur, Vadavukodu, Thettamala and Kulanjithodu nurseriesduring the
months of April-May. Severe foliage infection led to seedling leaf tip blight.

Symptoms

Infection manifested as minute greyish brown linear to spindle-shaped lesions near
margin, baseand tip of both young and mature leaves. The lesionscoalesced and caused
necrosis of the affected leaf tissues. Infection spread downward under warm-humid

conditions. Usually, leaf tips were found severelyaffected which led to seedling leaf tip
blight.

Causal organism
Alternaria alternata(Fr.) Keissler (IMI Nos. 331799,327736).

Pathogenicity test

Pathogenicity of A.alternatawas tested on 1-month-old D. sricus and B. bambos
seedlings. Infection developed as minutegreyish brown lesionsmostlyat the tipsand leaf
margins on young and mature leaves of both the species within three days of incubation
in humidity chamber.The lesions later turned into darkbrown linearto irregular necrotic

areas with pale to dark yellow halo around. A. alternata was reisolated from the infected
tissues.

Discussion

A. alternatacausing leaf tip blight of B. bambosand D.strictus seedlings during hotseason
(April-May)occurs in nurseries under water stress. A. atenata is a weak pathogen and
causes foliageinfectionon many forestryspecies. In Kerala, the funguscausesinfectionon
Eucalyptus grandis and E. tereticornis (Sharma, et al.,1985).A. alternata is a new pathogen
record on bamboos.

12.SEEDLING RHIZOME ROT

Occurrence
Seedlingrhizomerot was recorded in 11-month-old containerseedlingsof B. bambosin
anursery at Pattikad during 1987-"88andPeechiduring 1988-"89.In boththenurseries, the

disease observedduring May-June,which caused four percentseedlingmortalityat Peechi
and five percentat Pattikad.

Symptoms

The above ground symptoms of disease were manifested as general wilting of
seedlings, rolling up of foliage, yellowing of mature leaves and finally premature
defoliation.The affectedseedlingswhenuprooted carefullyshoweddarkyellowish brown
discolourationanddecayof growingportionof therhizome, especiallyaround therhizome
buds. Usually, the fleshy rhizome buds become discoloured and decayed. Later the
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infection spread to the entire rhizome of seedlings. The diseased seedlings were killed
outright.

Causal organism

Rhizogtilbella hibisci (pat.) Seifert state of Nectriamauritiicola (Henn.) Seifert & Samuels
(IMI No. 326955).

Pathogenicity test

Pathogenicity test was conducted with 12-day-old PDA-grown culture of R. hibisci.
Container-grown 10-month-old B. bambosseedlings were inoculated by injuring the
rhizome buds and young growing tip of the rhizome using sterile scalpel blade. Above
ground symptomsdeveloped after 30daysof inoculation.Discolouration and decayof the
rhizome led to outright killing of the shoots and also decay of the rhizome. Yellowish
brown, branched, large rhizomorphs and slimyspore heads of the fungus developed on
the decayed rhizome buds. Seedlingsinoculated withoutinjury, developed no symptoms
even after two months’ of incubation.

Discussion

Rhizome rot of container seedlings of B. bamboscaused by R. hibisci state of Nectria
mauritiicolaisa new disease record on bamboosaswell asnew pathogen record from India.
Earlier,twocloselyrelated fungi viz., Sohaerostilbe bambusae Pat.and S. hypococoides Kalchbr.
& Cke. have been recorded to cause root rot of bamboos from India (Mathur, 1936).
Recently, Amylosporus campbelli (Berk) Ryv. has beenreported ascausingrootand rhizome
rot of D. strictusseedlings in nursery at Jabalpur (Tahiret al., 1992).

R hibisci causes browning and rot of the entire rhizome resulting in outright killing of
current shoots as well as rhizome buds. The rot of rhizome buds hinders the production
of new shoots,and alsorhizomegrowthand itsproliferation.In container nurseries, where
rhizome rot was recorded, possibly the infection is manifested through mechanical
wounds to the rhizome caused during transplanting operation. Pathogenicity trial con-
firmsthe role of injury in the manifestation of the disease as the infection developed only
inwound inoculatedseedlings.Since, the rhizomerot isnot commoninbamboo nurseries
it is of minor importance. The disease can be managed by adopting proper nursery

management practicesand alsocareduring transplantingtoavoid injuriesto the seedling
rhizome.

13 LEAF STRIPING AND SEEDLING STUNTING

Occurrence

The disease occurred in 14-month-old container seedlingsof B. barrbosat Pezhad and
Kulanjithodu and 4-month-old B. bambosbareroot seedlingsat Paneli and Periya during
1990-91; disease incidence was low in all the nurseries. In the Pezhad nursery 5.6% of
seedlings were found infected due to which a large number of otherwise plantable
seedlings had to be discarded.
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Symptoms

Diseasemanifested as paleyellowishwhite togreenishwhitestripesonbothyoungand
mature leaves. Stripingof leaveswas also observed in the new shoots developed from the
rhizome. The affected leaves become leathery and often the individual stripes merged
together and the leaves become greenish white in colour. Affected seedlings showed
stunted growth and thin, fragile, pendulousstem whichsnapped easily. Fifteen 10-month-
old diseased container seedlings brought from the nursery to the laboratory and main-
tained for two years for close observationrevealed the systemicnature of infection. All the
new shoots developed from the rhizome also showed similarsymptoms.

Causal organism

Unknown etiology. Leaf stripping, mottling, stunting and mosaic diseases of plants
were earlierreported to be caused by avirus. The symptomatology of the leaf stripingand
stunting disease of bamboo seedlingsshowed the possibility of viral pathogen.

Discussion

Leaf striping and stunting of B. bambos seedlingsis a new disease record from India.
Symptomatically,thediseaseappears tobecaused byavirus. However,further studies on
etiologyof the disease need to be undertaken to confirm the causativeorganism. A similar
diseasehasearlierbeenreported oncultivated speciesofbamboosinplantations inTaiwan
(Lin etal.,1979).The disease was reported to be caused by Bamboo mosaic virus (BoMV)
belonging to the group of potex virus (Lin et al., 1993).

3.1.2. Diseases in plantations and natural stands

In Kerala, planting of commercially important bamboos viz., B. bambos and D. strictus
indegraded forests,poorly stocked softwood plantationsand old teakplantations has been
taken up recently. Small-scaletrials of D. longispathus, O.travancorica, T. oliveri,etc.have also
been initiated recently. Usually, 12to 18-month-oldbarerootaswell as containerseedlings
are utilized for planting. For large-scale planting, bareroot seedlings maintained in the
transplanting beds atan espacementof 15x 15cm are used. Seedlingswith intactrhizomes
arecollected by dismantling the beds carefully.Pruning of shootsabout 30-40 cmfromthe
base of the seedlings is often practised in certain localities. Planting is done in pits taken
atan espacementof 8x8m or 10x 10m after the onset of south-west monsoon during the
month of June-July.

Diseasesurvey, conducted in 22 selected representativeareas in eight bamboo planta-
tionsand 14 natural stands and varioustrial plotsand a Bambusetum, in the Stateduring

1987-791 recorded a total of 29 diseasesaffectingbamboo culm, rhizome, branch, foliage,
culmsheath, etc. (Table 4). Among these a fewwere found economicallyimportantwhich
affected the stand productivity considerably, while others were of minor importance.
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Table4: CheMig of diseases m barrboo plantationsand natural $andsin Kerala recorded during

1987-1991

sl. Disease
No.

Pathogen(s)

Bamboo species
affected'

1.Rhizomebud rot

2. Rot of emerging culm

3. Rot of growing culm

4, Branch die-back
5.Necrosisof culm internode
6. Witches' broom
7.Littleleaf

8. Thread blight

9. Foliageblight
10. Leaf rust
11. Exserohilum leaf spot

12. Zonate spot
13.ColletotrichumIleaf spot
14. Ascochyta leaf spot

15. Tar spot

16. Petrakomyces leaf spot
17. Phoma leaf spot

18. Phomopsis leaf spot

19. Stagonospora leaf spot
20. Septoria leaf spot

21. Chaetospermum leaf spot
22. Curvularia leaf spot

23. Altemaria leaf tip blight
24.Rosenscheldiella leaf spot
25. Coccodiella leaf spot

26. Cerodothis leaf spot

27. Culm sheath spot

28. Culm staining and die-back
29. Basal culm decay

Pythium middletonii

BB

F.moniliformevar. intermedium BBDSTOBB ADLBPBV

F. equiseti

F. pallidoroseum
Curwdlaria lunata
Balanda linearis

MLO

Botryobasidium
salmonicolor
Bipolaris maydis
Bipolaris p.
Dasturella divina

Exserohilum holmii

E rostratum
Dactylaria sp.
C.gloeosporioides
Ascochyta sp.
Phyllachora ischaemi
P longinaviculata
P.shiraiana
Petrakomyces indicus
Phoma herbarum

P . sorghina, Phoma sp.
Phomopsis Sp.
Sagonospora Sp.
Septoria sp.

Chaetospermum carneum

Curvularia lunata
Alternaria alternata
Rosensheldiella  sp.
Coccodidla  sp.
Ceridothis aurea
Pestalozziella sp.
Apiospora Sp.
Ganoderna lucidum
Amylosporus campbelli

BB,BBABP,DB,DS,DL, TO
BBBVDS

TO

OE,0S,0T,0TH

DS
BB,BBA,BP,BV,DB,DL,DS,0T,
OS,0E, TSBG,BPBT,BVE
BB,DB,DL,DSBP.OM
BB,DSDL
BBABB,BG,BPBTBVEBV,
DB,DH,DL,DS,OM,TO,TS
BB,BPDL

BB,DS
BB,DS,DL,BP,OE,0S,OT, TS, Ts
AsBB,DS,0E0S,OT
BBDSTS

BB

BB,DSOM
BBBVDSOT,0S
AsBB,DS,0E,0S,Ts
BB,DS

BB,DS

BBDS,Ts

BB,DS

Ts

BB

AsOE,0S,0T,Ts

BBDS

oT

oT

DS

BB,BPBV,DBDS,

BV,DL

BBDLDS

‘As: Arundinaria sp.; BBA: B balcooa; BB: B. bambos;BG: B glaucescens, BP: B.polymorpha; BV B.
vulgaris,BVE: B.ventricosa; BT B. tulda;DH D. hamiltonii; Ds: D. dridus  DB:D. brandisi; DL:
D.longispathus, OE 0. ebracteata; OS:0. scriptoria; OT: O.travancorica; 0TH: 0. travancorica var.
hirsuta; OW: 0.wightii;PP:P. pubescens TO: T. oliveri; TS: T. siamensis, TS: Thyrsostachys  SP.



1.RHIZOMEBUD ROT

Occurrence

Thediseasewasrecorded in 1-year-old B.bambos plantations at Kaliyar(Kothamangalam
ForestDivn.), Ezhattumugam (Vazhachal Forest Divn.)and Irumpupalam (Trichur Forest
Divn.)during 1987.Infectionwasobserved during the months of september-October inthe
low lying and water-logged areas in the plantations. Though, the disease severity in
Ezhattumugamand Irumpupalam plantationswas low,35.6% and 15.6% of theoutplanted
seedlings respectively were affected. While at Kaliyar, the disease severity was found to
be medium and 71.4% of the outplanted seedlings were diseased. (Table 5).

Table5: Incidence and severity of rhizome bud rotof  B. bambos caused by Pythium middletonii
in plantations at different localitiesin Kerala during 1987

S Percent Disease severity.

No. Locality incidence DSl DSR
1. Kaliyar 7142 171 M
2. Ezhattumugam 35.59 0.88 L
3. lrumpupalam 15.62 0.40 L

DSl:Disease severity index; DSR Disease severity rating; L: low; M: medium.

Symptoms

Above ground symptoms of the disease manifested as yellowing of the entire foliage
of shoots resulting in completed defoliation. Since pruning of shoots was done at Kaliyarand
Ezhattumugam plantations, defoliationof the affected plants was very fastand within 15
to 20days completedefoliationoccurred. The affected plants showed browning and rot of
the rhizome buds and tender tissues around the buds (Plate 4); both pointed scaly buds
which gave rise to new shoots in the growing season and flat buds which promoted
rhizome proliferation, wereaffected by the disease. As rhizomesof eventheyoung, I-year-
old plant was very hard and woody, the discolouration and rot were usually found
restricted to the fleshy buds and tender tissues at the growing points. However, the
infectionspread through the hard and woody rhizometissuesvery slowly, oftenreaching
up to the base of the shootsresulting in the symptomexpressionofdisease. Since, thescaly
buds, flatbuds, and the tender portionswere also infected, the new shoot production as
well asrhizome proliferationwere greatly affected, thus, resulting in stunted growth and
mortality of the plants. Mechanical wounds caused to the seedling rhizome during
collection, transportation, planting,etc. and also injurycaused by rodents, porcupines and
pigs in the field were the other entry points for the infection.
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Causal organism
Pythium middletonii Sparrow (IMI No.327739).

Pathogenicity test

Pathogenicity of P.middletonii isolate,grown onOMA was tested employing 1-year-old
seedlings of B.bambosgrown in large metallic trays (90 x 60 x 20 cm). Infection developed
only in seedlings inoculated by injuring the rhizome with sterile scalpel blade. Typical
above gmund symptoms and rhizome bud rot developed after 30 days o inoculation. P.
middletonii was reisolated from the decayed rhizome buds. The seedlings inoculated
without injury did not develop infection even after three months' of inoculation.

Field trial

Observations on disease incidence and survival showed about 96percent survival of
the planted out seedlings with 12percentdisease incidence. Infection was observed only
in water-logged seedlingsand also in those which had the rhizomes injured.

Discussion

In young bamboo plantations, rot of fleshy rhizome buds and subsequent death of
outplanted seedlings caused by Pythium middletonii is a new disease record on bamboos.
P. middletonii has earlier been recorded from India as the causal agent of damping-off and
other seedling diseases of differentagricultural as well as forestry crops (Singhand Pavgi,
1974;Rajagopalan and Ramakrishnan, 1967; Ali, 1993). Since, the pathogen causes rot of
scaly and flat buds of rhizome, it hinders the production of new shoots in the growing
season as well as the subterranean proliferation of the rhizome. The pathogen seemsto
enter through the injury caused during either planting operation or the injury caused by
rodents, porcupine, etc. after the planting in the field. Pathogenicity and field trials also
confirm the entry of the pathogen through the wounds as the infection develops only in
injured rhizomes. Since the disease could be recorded only from newly raised bamboo
plantations, it can be managed by improving the cultural and management practices in
the plantations.

2. WITCHES' BROOM

Occurrence

Witches' broom disease is wide-spread in reed bamboo growing areas of the State. It
affected all the commercially important reed bamboos viz., Ochlandra travancorica, 0.
scriptoriaand 0. ebracteata; the disease was recorded from all the plots of reed bamboos
selected for the study. The incidence of disease varied depending upon the locality; the
maximum incidence (2.65%) was recorded at Periya during 1989-90 and the minimum
(5.98%) at Kottoor duringl988 (Table 6). In addition, infection was also recorded in 0.
travancoricaand O.travancoricavar.hirsutain reedcatchmentareas at Kulathupuzha,Palode
(Trivandrum Forest Divn.); Chalakkayam,Nilakkal, Kakkiand Muzhiyar (Ranni Forest
Divn.); Adimaly, Devikulam, Bhoothathankettu, Pooyamkutty, Edamalayarand Kappayam
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(Munnar Forest Divn.); Adirappally, Epra and Sholayar (Vazhachal Forest Divn.);
Nelliampathy and Pothumala (Nenmara Forest Divn.) and on O.scriptoriaat Alat (South
Wynad Forest Divn.) and Kottiyoor (Cannanore Forest Divn.). The disease was also
recorded ona grass, Pennisetum polystachyon (L.) Schultes, which might have served as an
alternatehost,as it was seen growing inthevicinityof theaffected reedbamboos.Usually,
broomingsymptomsbecameprominentduring the months of December-January with the
production of incurved, black shining fructificationsof the fungus on the affected shoots.

Table6: Incidenceand ®aity dfwitchesbroom disease innutural standsofresd bamboosaneed
during 1988-1991

Disease Severity

SI. Locality Bamboo 1988 3989 1990 1991
No. Species

% inci- DSI DSR % inci- DSI DSR % inci- DSI DSR%inci- DSIDSR

dence dence dence dence
1. Periya OS 2191 023 L 2465 026L 2465 026 L - ..
2. Watchumaram OT 857 008 L 928 011 L1000 012 L 1071 014 L
3. Vazhachal OS 983 011 L 1147 013 L 1147 013 L 1475 0.19 L
4. Pachakkanam OT 7.69 008 L 833 010 L 897 012 L 9.61 016 L
5. Kottoor OE 598 005 L 769 008 L 854 011 L 940 013 L

aDS| Disease severity index; DSR: Disease severity rating.
.OE: O.embracteata, 0S 0. scriptoriaOT: 0. travancorica;- Observationsnot recorded due to flowering.

Symptoms

Manifestation of the disease was indicated by the development of numerous stunted
shoots at the nodes of the mature culms which had normal branchesand foliage. These
abnormal shoots did not develop into normal branchesand produced successivelyonly
highlyreduced shoots fromtheirnodes.The stunted internodesofthese shoots varied from
0.5 t0 5.0 em in length; culm sheaths which covered the internodes also became highly
shortened in size and became boat-shaped often with a prominent ligule. Foliage
developed from theabnormal shootswas yellowish greenand highly reduced insize.The
leaf size varied from 1.5-8.5x 05-1.0 cm as against 3540 x 80-215 cm of healthy normal
leaf of 0. travancorica. The internodesshowed purplish pink to purple discolourationwith
highly reduced pale green foliage. Successive development of a large number of highly
shortened thin shoots in tuft from the nodes of the infected culms gave rise to the
appearanceof witches’broom. Newshootsemerged fromtherhizomeduring thegrowing
season alsoshowed pronounced brooming symptoms. From an infected rhizome, a large
number of abnormal, highly shortened shoots, often ranging from 30 to 800 in number,
developed. The shoots grew only up to 10to 50cm in height showing typical symptoms
of the disease. Often one or two normal culmsalsodeveloped from the infected rhizome
which gave rise to apparently healthy branchesand foliage. Possibly dueto these healthy
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culms, the diseased clumps were not killed outright.

Fungal fructification developed on the affected shoots after five to six months of
infection. Initially, shining white fungal mycelial weft appeared on the infected shoot,
culm sheath, and foliage. The internodescovered by the boat shaped small culmsheaths
became purplish pink to deep magenta in colour with closely adhering white fungal
myceliumover them. Thedistal end of the abnormal shoot as well as the shoot developed
immediately from each node of the abnormal shoot became modified into fungal fructifi-
cation bearing structures. White powdery fungal stroma developed at the base of their
nodes and spread to the proximal end which later developed into greyish white to pale
yellow, uniformly raised ascomata. The ascomatal stroma extended from the base of the
nodes to the distal end except 1to 2cmat the terminal portion. As the development of the
fructification progressed, the whole structure turned to shining brown to greyish brown
in colour with awhitebasal portion. Atthisstage, the shoot portionbearing thedeveloping
fungal fructificationbecame free from culmsheathand formedan incurved sickle-shaped
structure. The fructification further matured and became shining black in colour (Plate4).
Development of the fructification started during September-October and it usually
matured duringJanuary-February.After thedischarge of the ascospores, the fructification
got degenerated during the month of May-June.As new shoots were produced succes-
sively from the infected abnormal shoots, the disease also spread to the new shoots. The
fungus also produced long, hair-like black rhizomorphs on the affected withered shoots,
foliage, and culm sheaths during the dry period.

Causal organism
Balandalinearis(Rehm.) Diehl (IMINos. 322086,322087,326955).

Pathogenicity test

Mycelial disks of 15-day-old culturesof the fungus, raised from infected tissuesaswell
asthe mature ascocarpswereinoculatedon culm nodes of developing shoots of 2-year-old
0. sorptoria clump. The infectiondevelopedon the branchbuds only inthree outof twelve
inoculated culms after two months of inoculation. Silvery white mycelial strands, which
closely stuck over the shoots, were produced from the inoculated node. The nodal shoots
showed reduction in their internodal lengthand foliagesize; however, fructificationof the
fungus did not develop in the infected shootseven after one year of inoculation.

Discussion

Witches’ broom disease caused by B. linearis, affecting commercially important reed
bamboos, swidespread in the reed catchmentareas of the State. Since, the macroconidial
Ephelidia stateof the fungus could not be detected either in naturally / artificially infected
host tissuesor in culture medium,ascospores produced in large quantityare suspected to
be the source of infection in the natural stand, as also reported by Zhu (1989a)in the case
ofB. take in china. Witches’ broom disease of bamboo has earlier been recorded from china,
Indonesia, Japan, Taiwan and Vietnam (Shinohara, 1965; Chen, 1970;Zin et al., 1981; Mao,
1993). Balansia take causing witches‘ broom of Phyllogtachysviridisand P. glauca has been
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recorded from China. Thedisease is found widespread in Hunan Provincecausing 95to
100percent infection (Linand Wu, 1987). The pathogen over-wintersin infected bamboo
branchesand produces conidia in the spring sprouts of infected bamboos, which form the
source of infection. Other fungi identified to cause witches’ broom of bamboos are Epichloe
bambusae on B. vulgaris, D. asper, Gigantochloaspp. in Indonesia and Loculistroma bambusae
on Pkyllostachys and Aciculosporium take on Bambusa sp. in China (Shinohara, 1965; Chen,
1971; Nozu and Yamamoto, 1972; Kao ad Leu, 1976.Linet al, 1981).Lin and Wu (1987)
reported association of a bacteria-like organism and B. take with the witches’ broom of
Phyllostachys aurea.

The underground rhizome was reported as free from infection (Zhu, 1989a,b). How-
ever, production of large number of wiry shoots with brooming symptoms from the
underground rhizome of the witches’ broom diseased bamboo clumpsin Kerala, indicates
the spread of infection to the rhizome as well as systemic nature of the disease. B. linearis
isa new pathogen record on bamboos as well asa new record of fungus fromindia.

3. LITTLE LEAF DISEASE

Occurrence

Thediseasewas recorded in D.strictusclumpsinnatural stands at Agaly, Thakarapady,
Goolikadavu (Mannarkade ForestDivn.) and Chinnar (Wild Life Divn.dukki). Little leaf
disease also affected D. strictus clumps in sandal reserves at Marayoor (Munnar Forest
Divn.), where sandal spike disease also occurred. The disease incidence varied from
localityto locality,the highestbeing at Thakarapady followed by Agaly and Goolikadavu
(Table7).In Chinnar, percent incidenceof diseasewas comparativelylowthan inthe areas
ofMannarkkad Forest Division. Clump to clumpspread of infection was found to be slow
and an increase of 6% was recordedat Agaly,12.50%atThakarapady,9.38%atGoolikadavu,
and 2.32% in Chinnar over a period of four years. The disease severity rating (DSR) at

Thakarapady was recorded to be medium (M)rom 1989onwards and at Goolikadavu
during 1991.

Table 7: Incidence and severity of little leaf disease of Dstrictusin natural stands in Kerala during

1988-1991

Sl Locality 1988 1989 1990 1991
No.

% inci- DSI DSR % inci- DSI DR % inci- DSI DSR % inci- DSI DSR

dence dence dence dence
1. Agaly 640 076 L &0 0m L /16 0% L M14 114 L
2 Thakarapady 7750 1.00 L 87.50 12 M & 1B8M 0.0 1% M
3 Goolikadavu .37 02 L 9937 068 L PF 071 L &85 11 M
4. chinnar .00 L 93 0L 0.9 01 L 1ne 018 L

DSI: Disease severity index; DSR: Disease severity rating; L. low; M: medium.

33



Symptoms

The disease was characterized by the development of numerous highly reduced
abnormal bushy shoots from the nodes of the newly emerged culms and also from culm
branches. The internodes of these abnormal shoots were highly reduced in size and the
branchesdeveloped fromtheir respetive nodes also became highly shortened.The foliage
developed from theseshoots, which showed prominentreductionin size,was needle-like.
Profusedevelopment of theseabnormalshoots from eachnode of thedevelopingculmand
their successive growth gave rise to a massive bushy structure around each node. The
disease also affected the culm elongation; infected culms showed stunted growth and
became incurved mainly due to the weight of the abnormal shoots at the nodes (Plate 5).
From low to moderately infected clumps, healthy looking, straight growing culms were
alsoproduced. In this case development of abnormal shoots occurred from the culm branch
nodes. Even though, the growth of the culm was completed within six months of
emergence, the abnormal shoots continued to develop from the culm nodes and branch
nodes year after year and formed a massive structure of highly reduced and branched
nodal shoots. In a severelyaffected clump, all the culms produced from the rhizome in a
growingseason became infected. Thewholeclumpbecamebushy with a fewdiseased and
highly deformed culms.

Histopathology

Transverse sections of diseased as well as healthy tissues of D. strictus prepared by
cryomicrotomeand observed under Leitz Dialux 20 Microscope showed necrosisin the
phloem tissues of the diseased specimens; phloem necrosis or any deformity was not
observed in the healthy tissues. Generally, phloem tissues in the diseased nodal and
internodal tissues were found more than those of healthy tissues.

Dienes’ stain reaction

Dienes’stain (0.2%) gave excellentdifferentiationof the little leaf diseased tissuesof D.
strictus Dark blue stained distinctareas could be detected in the phloem tissues, while no
such distinct blue stained areas were observed in healthy tissues. This indicated the
presence of MLOs in the phloem of the diseased tissues (Plate 5a).

Fluorescence microscopy

Transversesections taken from diseased and healthy shoots of D.strictuswhen stained
with Aniline blue (0.01%)gave excellent differentiation under fluorescence microscope.
Bright yellow green fluorescent spots were observed throughout the phloem tissues of
diseased specimens. Transverse sections of a comparable tissues from healthy shoots
showed no such fluorescent spots in the phloem (Plate 8b). This indirectlyindicated the
presence of MLOs in the phloem of the diseased tissues. Cell walls of xylem and their
sclerenchymatous tissues, from both diseased as well as healthy shoots, also showed pale
yellow fluorescence (Plate 6).

Hoechst 33258, a fluorochromestain (0.01%)did not giveany positive fluorescencein
the phloem tissues of the diseased as well as healthy shoots.

Transmission eectron microscopy

Ultra-thin sections of little leaf diseased D. gtrictusshoots revealed pleomorphicbodies
inside the sieve elements. Thesebodies were not observed in comparable sections taken
from healthy shoots. Theabundance ofthese bodiesvaried from cell tocell. However, over
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all concentration of these bodiesin the phloem cells was low. Insizeand morphology,these
bodies were similar to mycoplasma-likeorganisms (MLOs) reported to occur in phloem
cells of plants affected by yellows type of diseases. Other microorganisms like bacteria,
virus-like particlesor fungi were not detected fromany of the sectionsexamined (Plate6).

Causal Organism
Mycoplasma - like organism (MLO).

Isolation and culture of MLOs

In the inoculated tubes containing the SMC culture medium, no colour change was
noticed even after 10days of incubation which indicated the absence of MLO multiplica-
tion. Samples of inoculated medium were periodically examined under dark field
microscope for any microbial growth. However, no such growth was observed.

Screeningof tetracycline for disease recovery

The developing young bamboo culms showing advanced symptoms of little leaf
disease, applied with Tetracycline hydrochloride (0.59/250 ml) as foliar spray showed
disease remission symptoms; seven out of 12 treated culms showed the remission
symptoms within one month of treatment. Developmentof few medium-sized to normal
foliage from the abnormal treated shoots was observed; elongationaf internodes was also
observed in Tetracycline hydrochloride treated shoots. However, in most of the treated
bunches of the nodal shoots, after the development of few normal leaves, the disease
symptoms reappeared after three months of treatment.

Discussion

Little leaf disease caused by MLO was recorded only in D. strictusgrowing in natural
stands,situated in the dry tracts of the State.Disease wasalsoobserved in bambooclumps
growing insandal reserves at Marayoor and Chinnar, where severe sandal spike disease
also occurred. Earlier, D. strictus has been identified as a collateral host of thesandal spike
pathogen (Nayarand Ananthapadmanabha, 1977).However,in Attapady Forest Reserve,
where90%disease incidencewas recorded, no sandal trees could be found in the vicinity.
This probably implies that D. strictus is doubtful as a collateral host of sandal spike
pathogen.

In Kerala, MLOassociateddiseasesrecorded on foresttree speciesinclude sandal spike
and little leaf of eucalypts (Sharmaet al., 1983; Ghosh et al.,1984,1985a,b). In the present
study, Aniline blue (0.01%)gave positive bright yellow green fuorescence indicating the
presenceof MLO in the phloem sieve cells.Hoechst 33258, a benzimidole derivative DNA
binding fluorochromegave negative result. Negative result with Hoechst 33258 has also
been reported in the detection of little leaf of eucalyptsby Ghosh et al.,, (1985b). Dienes’
staining reactiongave excellentdifferentiationof the diseased bamboo tissues. Deep blue
stainingoccurred in the phloem of little leaf diseasedtissueswhereassuchstaining wasnot
found in healthy tissues. Electron microscopy proved the presence of MLOs in the sieve
cells of the diseased tissues, though their concentration in the phloem cells is low.

Attempts to culture the MLO associated with bamboo little leaf using SMC medium
were unsuccessful. Although, culturing of MLOs has been attempted by various workers
usingseveralmedia (Nayarand Ananthapadmanabha, 1970; Muniappa etal.,1980; Ghosh
etal .1985a),exceptforthe genus Sargplasma allattemptshave been unsuccessful. Though,
several claims on cultivation of MLO have been reported, none of them have been



confirmed.

Antibiotictreatment tocontrol plant diseases associated with MLO has been attempted
after the discovery of suppressive effect of tetracyclinegroup of antibioticson symptom
development of mulberry dwarf disease (Ishiie et al., 1967) and tetracycline and
chloramphenicol against aster yellows disease (Davis et al., 1968). Since, in bamboos, the
process of culm production, elongationand development iscompleted within six months
and after that only abiological consolidation takes place,it is not worth tocontrol thedisease
ofemerged culmsbychemicalsorantibiotics. Foliarapplicationoftetracyclineistried only
to prove the etiology by the production of positive remission symptoms. For practical
control measures, the rhizome of the diseased clumps should be treated with theantibiotics
much before the production of new shoots.

4. ROT OF EMERGING CULM

Occurrence

Most of the bamboo plots selected in plantations and natural stands for the survey
recorded the disease.The incidence and seventy of thediseasevaried with the localityand
thebamboospecies. In B.bambos plantations at Nilambur, Kollathirumedu,Ezhattumugam,
Palappilly, and Irumpupalam, the incidence was low and varied from 5.5%to 15.1%
during 398891 (Table 8).

In D. strictus, the disease incidence was 25.5% recorded at Nadukani during 1988;
however, during the following years comparativelylow percent incidence was observed.
Of the bamboo plantations surveyed, T. oliveri at Mundoor, recorded the lowest disease
incidence which ranged from 3.2 to 4.4%.

Table8:Incidenceof rot of emerging culms in bambooplantationsin Kerala during 1988-1991

Sl. Locality Bamboo  No.of Percent incidence
No. species  clumps

affected observed 1988 1989 1990 1991
1. Nilambur 102 5.50 403 6.04
(109) (124) (149y
2. Kollathirumedu BB 67 12.59 1346 8.57
(127) (156) (140)
3. Ezhattumugam BB 59 12.60 1232 14.86
(119) (146) (148)
4. Palappilly BB 60 1040 11.11 10.18
(125) (144) (167)
5. lrumpupalam BB 64 6.80 1192 1511 14.00
(132) (151) (172 (0)
6. Nadukani Ds 43 25.49 1823 14.70 17.96
(159 (159) 16 (128
7. Mundoor TO 96 3.78 3.4 4.14 442
(317) (30) (362 (294)

'Figures in parenthesis are total number of newly emerged culms.
BB B. bambos; Ds: D. strictus; TO : T oliveri; - Observations not recorded.
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In a Bambusetum at Nilambur, rot of emerging culm was recorded on B. balcooa B.
bambos, B. polymorpha, B. vulgaris, D. longispathus, D. srictus and T. oliveri. The disease
incidenceamong the seven species of bamboos varied considerably.B. bambosD.longispathus
and D. strictus recordedcomparativelyhigh percentinfectionduring years 1988-"91 (Table
9); B. bambos recorded highest disease incidence (20%) during 1988.

Rot of emerging culm was recorded in natural stands at Thirunelly, Noolpuzha,
Muthanga, Anamari, Marayoor,and Chinnarduring 1987-’91. Disease incidence varied
from14.5%to 24.8%during 1987to 1991 in B.bambos plots at Thirunelly. In Noolpuzha,
percent disease incidence ranged from 17.1to 26.8 during 1988-"90(Table 10).Among the
B. bambos plots in natural stands, highest percent disease incidence was recorded in
Anamari (33.7) during1991 .Plots at Muthangaand Marayoor recorded comparativelylow
incidence throughout the survey period. Percent disease incidence was also low in D.
strictusstands at Chinnar.

Table9: Incidenced rot of emerging culmsin a Bambusetumat Nilambur during 1988-1991

S Bamboo No. of Percent incidence
No.  species clumps
affected observed 1988 1989 1990 1991
1. B. balcooa 4 6.66 5.26 454 8.69
(15) (19) (22) &)
2. B. bambos 5 20.00 17.64 15.78 19.04
(20) (17) (19) 1)
3. B.plymorpha 4 10.00 13.04 12.00 952
(20 (23) (25) (21)
4. B. vulgaris 19 5.26 2.94 2.06 243
(76) (102) 97) (82)
5. D. longispathus 12 7.29 8.08 11.60 16.66
(96) 99 (112) 74)
6. D.strictus 18 15.78 1750 16.21 17.77
(38) (40) 37 (45)
7. T.oliveri 3 0 0 0 5.88

(12)

‘Figure in parenthesis is total number of newly emerged culms.
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Table 10 : Incidence of rot of emerging culmsin bamboo natural standsin Kerala ~ surveyed during

1987-1991
SI.  Locality Bamboo No.of Percent incidence
No. species clumps
affected  observed 1987 1988 1989 1990 1991
1. Thirunelly BB 114 1451 14.65 18.39 24.75 24.68
5317% (423) (397) 5412 (316)°
2 Noolpuzha BB %8 71 25.00 2758 6.7
(368)  (268) (116)  (116)
3. Muthanga BB 68 8.02 5.38 16.73 19.45 19.12
(212 (260) (257) ) (272
4. Anamari BB 120 22.8 13.99 18.85 %Z 33.6
(228) (286) (382; 5447% (558)
5. Marayoor BB 55 1111 13.33 8.0 0.3
(117) (135) (1618 (165g
6. Chinnar DS 43 10.62 12.4 7.9 6.12
(113) (121) (88) (98)

'Figure in parenthesis is total number of newly emerged culms.
« BB: B. bambos; DS:D. strictus; - Observations not recorded.

Symptoms

Rotofemergingculmsmanifested asgreyishbrown lesionssurrounded by darkbrown
margin on the outermost culm sheath of emerging bamboo culms, belonging to 'komali’
stage(15-to30cm in height), near the ground level. Lesions were also formed on tipsand
margins of culm sheaths. These lesionsspread rapidly, became necrotic and covered the
entire area of the external culm sheath. Since, at this stage, the culm sheaths of emerging
shoots were telescopicallyarranged tightly one over the other, the infection spread very
fast from the outer most culm sheath, which was in contact with the soil, to the inner culm
sheaths. As the tissues of the emergingshootsat this stage were very tender and succulent,
theinfectionspread rapidly,and thetissuesbecamediscoloured anddecayed withastrong
smell of molasses. Since, growth of the emerging culm at this stage was extremely slow
lasting for 10to 15days after emergence, thediseasespread to theentireemerged culmand
hindered its further growth and development. Usually, severe infection and mortality
wereobserved at this phaseofgrowth. When the intact culm sheaths of thediseased shoots
were removed one by one, the discolouration and spread of rot was observed from
outermost sheath totheinnermost one andalsoto theundifferentiatedportionoftheshoot.
Severely infected emerging culms ceased their further growth and became completely

decayed (Plate 7). The diseased and later decayed emerging culms came off easily when
pulled.
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Histopathology

Longitudinalmedian (LMS)and transverse sections(TS) of the diseased shoots showed
that infectiondeveloped on theoutermost culm sheathand spread towards the innermost
undifferentiated tissues. Browning and rot were found severe on the outermost four to
sevenculmsheathsonly.The fungal mycelium wasdetectedin theaffected vasculartissues
and intercellular spaces. In LMS, the spread of discolouration was seen from shoot tip
downwards. However, this type of infectiondid not spread to the inner tissues but caused
browning and necrosison the marginsand tipsof two to three outer culm sheaths. In many
casesapicalportions ofthesheaths remained free from discolouration.Mining insect larvae
were frequently detected in the decayed tissues of the outer culm sheaths.

Causal organism
Fusariummoniliforme Sheldon var. intermedium Neish & Legget ~ (IMI N0.350751)

Pathogenicity test

Pathogenicity of F. moniliforme var. intermedium was tested employing 3-year-old B.
bambos maintained in large metallic trays (90 x 60 x 25 cm). The emerging shoots were
inoculated with conidial suspension of the fungus with and without injuries on the culm
sheath at theground level during June1991and May 1992.During 1991a Sarocladium like
fungus (IMI Nos. 350747,350748,350749,350750) associated with the rot of the emerging
culms in many localitieswas also included in the infectionstudies. However, the infection
developed only in Fusarium inoculated shoots in treatment with injuries;of the ten shoots
inoculated, infection developed only in seven shoots. Severe infection and death of the
infected shoots was observed during 1992 tests which occurred within 35 days of
inoculation. F. moniliforme var. intermediumwas reisolated from the infected tissues.

Discussion

Rotof emergingculms, occurringboth in plantationsand natural stands, is widespread
in bamboo growing areas of Kerala affecting most of the species. Comparatively, the
disease incidence is more in the natural stands than plantations. In natural stands, where
water logging is observed, the disease incidence is usually found high. Among the
bamboos surveyed, B. bambos, D. longispathus and D. strictus are the most affected species.
Very high disease incidenceand mortality occur in emerging culms of 15 to 30cm height;
this growth stage of the culm is usually referred to as 'Komali' stage (Kondas, 1982). The
emerging shootsat this phase showed a period of very slowgrowth or remained without
any elongation forabout 10to 15 days. Thisgestation period facilitatesthe incitationand
spread of the infection into the innermost tissues. Fusariummoniliformevar. intermedium
associated with the disease is a soil-borne pathogen and the mechanical injuries on the
culmssheath caused either during the process of penetration through the soil, or by the
mining insectmay possiblyserve as theavenues for infection. Though, Sarocladium sp.was
also isolated from the decayed culm sheath, inoculation trials with the same failed to
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produce any infection. Sacrodadium oryzae causing sheath rot of paddy has recently been
recorded asthecasual agentof bambooblight in Bangladesh (Boa, 1987). The pathogen has
also been recorded from India causing blight of B. nutansin coastal belts of Orissa
(Jamaluddin et al.1992).Thebamboo blightaffectsthedeveloped culmsand and it spreads
from culm tip downwards. However, the culm rot in Kerala affectsonly the justemerging
culms. Fiveyears’dataondiseaseincidenceinnaturalstands, plantationsand Bambusetum
reveal that large-scale mortality of the emerging culmsdue to this disease, along with the
damageand destructionby thecattleand wildanimals may poseserious threat to the stand
productivity. Detailed investigation on epidemiologyof the diseaseand control measures
are needed. Fusariummoniliformevar. intermediumis a new pathogen record on bamboos.

5. ROT OF GROWING CULM

Occurrence

Rot of growing bamboo culms was observed both in plantations and natural stands
surveyed in the Stateduring 1987-1991.Disease was observed in plantationsatNilambur,
Kollathirumedu, Ezhattumugam, Palappilly, Irumpupalam, Nadukani and Mundoor. In
Irumpupalam, 12.1% disease incidence was recorded in B. bumbos clumps during 1988;
however, inthe following years, diseaseincidencewas comparativelylowand it wasonly
3% during 1991 (Table 11). During 1989, in B. bumbos plantations at Ezhattumugam,
Palappilly, Nilamburand Kollathirumedu,the percentincidencewas 10.4,11.2,11and 8.7,
respectively which decreased subsequently during the following years in all these
localities (Table 11).Percent incidence was found low in D. grictus at Nadukani, and T.
oliveriat Mundoor during the five years of survey from 1987t0’91.

In natural standsat Noolpuzha, Muthanga and Anamari, comparatively low percent
disease incidence was recorded during the survey. Of these, highest percent disease
incidence of 14.65was recorded in Noolpuzha during 1989.

In a Bambusetum at Nilambur, five species of bamboos viz., B. balcooa, B. bumbos, B.
polymorha, D. longispathus and D. stridus were found affected with the disease. Of these,
B. bambos, B. polymorpha and D. stridus, were severely affected during 1987and 1988.1n B.
bumbos, B. polymorphaand D. strictus which recorded high incidence of the disease during
1987and 1988, there was a gradual decline in the disease incidence reaching the lowest
incidenceduring 1991.0n the contrary in D. longispathus, the incidence steadily increased
from 4.2 to 17.6%during 1987to 1991 (Table 11).

Symptoms

Infection appeared as water-soaked greyish brown spindle-shaped lesions usually at
the base of the culm sheaths attached to the nodes. In growing culmsof 1m and above in
length, the culm sheaths covered the expanding internodes more or less completelyand
also protected.
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Table 11 : Incidence of rot of growing culmsin bamboo plantations, natural stands and Bambusetum
surveyed during 1987-1991

sl. Locality Bamboo Percentincidence
No. species
affected" 1987 1988 1989 1990 1991
1. Nilambur BB - - 11.00 645 335
‘ (109) (124)  (149)
2 Kollathirumedu BB - - 8.66 7.69 6.42
(127) (156)  (140)
3. Ezhattumugm BB - - 1043 727 593
(119) (146) (148
4. Palappilly BB - - 1120 11.80 718
(125) (144) (167
5. Irumpupalam BB - 12.12 728 523 3.0
(132) (151) (172)
6. Nadukani Ds 8.53 5.88 440 441 6.25
(164) (153) (159) (136)  (128)
7. Mundoor TO 3.82 3.78 2.35 249 239
(366) (317) (340) (362)  (294)
8. Noolpuzha" BB 1141 8.21 14.65 10.34
(368) (268) (116) (116)
9. Muthanga" BB 991 5.76 428 2.38 0.73
(212) (260) (257) @93) (@72
10. Anamari® BB 526 279 157 156 161
_ (228)  (286) (382 (47 (=8
11. Nilambur BB 16.66 25.00 17.64 10.52 47
(Bambusetum) (18) (20 (17) 19) (21
BBA ) 0 454 0 8.6
(18) (15) (19) (22) (23)
BP 18.18 25.00 13.04 8.00 476
(22) (20) (17) (19) (21%
DL 422 520 6.25 1517 175
(1) (96) 99) (112) (74)
Ds 14.70 1842 20.00 1891 8.88
(34) (38) (40) (37) (45)

'Figures in parenthesis are total number of newly emerged culms. "Natural stands,@ BB: B.
bambos; BBA: B. balcooa ;BP: B. polymorpha;Ds:D. strictus; DL D. longispathus; TO: T. oliveri;-
Observations not recorded.

the buds at the nodes from mechanical injuries. Infection was predisposed by the injuries
made by a sap sucking insect,Purohitha cervina Distant (Fulgoridae)on culmsheath at the
nodal region. Oozing of sap fromthe pin-prick like injuries made by the insect occurred
and the infectiondeveloped in and around the wounds. The lesions coalesced and spread
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to form dark greyish brown irregular necrotic areas with dark brown margins; theinfection
oftenspread to the entire culmsheath covering the internode. Subsequently, the infection
also spread to the tissues beneath the sheath i.e., branch buds, culm node and internodal
tissues. Since, the culms at this stage were tender and succulent in nature and grew rapidly,
the rot of the affected tissues progressed from one internode to another at a faster pace.
Severelyinfected culm ceased itsgrowth, became shriveled,decayed and fell off. Inmany
instances, diseased culmsfell off before they completetheir elongation phase. Medium to
severeinfection caused various deformitiesto the culm including shrivelingand necrosis
of culminternodes, twistingand bending of culmsdue to severe necrosison one sideof the
culm, partial development of branches, breaking of culmat the point of infection,etc (Plate
8).Theinfected culmsheaths became closelyattached to the internodesand did not fall off
even at the time of development of branches. Infection on branch buds hindered the
development of normal branches from the nodes.

The causal fungus sporulated profusely on the necrotic tissues of the culm internode
and culm sheath.Build up of the insect(P.cervina) populationattheculmelongationphase
was found responsible for the spread of the disease within the individual culm oramong
the culms and clumps by way dof dispersal of fungal spores mechanically.

Causal organism
Fusarium equiseti (Corda) Sacc. (IMI No.322572)

Pathogenicity test

Pathogenicity of Fusarium eguiseti was tested during July 1992 by employing young
growing culms from 3-year-old clumpsof B. bambos. Infectiondeveloped onlyin the injured
and inoculated culms;uninjuredinoculated culmsdid notdevelopany infection. Infection
occurred as discrete necrotic lesionsaround the wounds after three days of inoculation
which coalesced and spread to the base of the culmsheath. When the infected culm sheath
was removed, discolouration and necrosis could be seen on the nodes and expanding
internodes. Since, the inoculation was done at the base of the unexpanded internodecf the
growing culm, the infection reached upto three to five internodes above the inoculated
node. F. equiseti was reisolated from the infected tissues.

Discussion

Rot of growing culms, caused by Fusarium equiseti occursin most of the bamboo species
surveyed both in plantations and natural stands. Young 2 to 4-year-old clumps of B.
bambos, D. longispathus and D. strictus in plantations and Bambusetum were found to be
severely affectedand succumbed to infection. After the initial period of slowgrowth, the
culm elongation takes place in spurts of increasing rates and the whole process of culm
elongation iscompleted within 70 to 90days of culmemergenceas in the caseof B. bambos.
Since, the bamboo culms lack terminal growth and all the culm internodes are arranged
telescopicallyoneabovetheother,injuriesmadeby the sap sucking insect,Purohitha cervina
on the outermost culm sheath, also affecta few inner culm sheathsand the unexpanded
culm internodes. Later, the infection also spreads to the tissues of culm internodes. The
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wounds made by the sapsucking insect serveas theavenue for the infection by F. equisd.
The pathogenicity test also confirmsthat the infection occurs only through the injuries
made on the culm sheaths or culm internodes. F.equiseti has earlier been recorded as the
causal agent of various diseases in forestry aswell asagricultural crops in India (Shukla
and Bhargava, 1975;Singhand Joshi, 1972).Symptomatically thediseaseisdifferent from
culm blight of village bamboos caused by Sarocladium oryzae, reported from Bangladesh
(Boaand Rahman, 1987)and those reported fromcoastal beltsof Orissa (Jamaluddin etal.,

1992). Though, oftena  Sarocladium like funguscould be isolated from the diseased culms,
in pathogenicity trials it failed to produce any disease symptoms. Five years' data on the
disease from selected plots in plantations, natural stands and Bambu setum reveal that,
high incidence of disease which occurred during 1987-1988can be well correlated with the
heavy build up of the insect population which was observed during these years. In the
following years, as the insect population, which usually builds up during the months of
June-July, was found diminishing in the bamboo plots (Bambusetum), the disease
incidencealsoshowed a decreasingtrend. Since, the disease may pose practical problems
inbamboostands, especially those in theestablishingphase, closemonitoring of thedisease
and sap sucking insect is required.

6.BRANCH DIE-BACK

Occurrence

Branch die-back was found widespread in B. bambos and D. srrictus plantations and
natural stands surveyed. The disease was common in new culms. Branch die-back was
recorded in B.bambos plantations a t Nilambur,Kollathirumedu, Ezhattumugam, Palappilly,
I[rumpupalam and D. srictus plantation at Nadukani and natural stands at Thirunelly,
Noolpuzha, Muthanga, Anamari, Marayoor and Chinnar during 1989-91. The disease
was also recorded in clumps of B. vulgaris and D. strictus in @ Bambusetum at Nilambur
during 1989-'91. Though, the disease severity was low in all the plots surveyed, percent
disease incidencewas found comparativelyhigh in plantationsthan natural stands (Table
12).Culmsinyoungdevelopingclumps in plantationswere found severelyaffected by the
disease. The diseaseoccurredduring the monthsof September-Odober and becamesevere
during December-Januarycausing die-back of branches at the top and culm tips.

Symptoms
Infection was recorded on the branchesand top three to five internodes of young culm in
the form of small greyish magenta coloured linear lesions which later developed into
necrotic streaks.Infectionwas observed on the foliageaspale yellowish linear lesions, later
spreadingtotheentireleaflamina, whichresultsin leaf necrosis,withering and subsequent
prematuredefoliation. Thenecroticstreaksonthebranchesand culminternodes coalesced
to form largestreaks; often the entire length of apical three to fiveculm internodes as well
as the affected branches became discoloured. As the leaves of the infected branches
defoliated prematurely, discolourationand necrosison the branchesand culm tipbecame
very prominent. Infection spread from branches to the culmnode and from there to the

43



internode downwards. Under high humidity, causal fungus sporulated on the infected
necrotic areasof the culm internodesand branches. Infectioncaused premature defoliation
and die-back of branches and culm tip.

Table12: Savityof branch die-back caused byFusarium pallidoroseum in bamboo plantations,
natural standsand Bambosetum in Kerala surveyed during 1989-1991

Disease Severity*

Sl Locality = Bamboo 1989 1990 1991
No. species
affected@ %inci- DSI DSR % inci- DSI DSR %inci- DSI DSR
dence dence dence

Plantation
1. Nilambur BB 4411 080 L 3333 066 L 3333 055 L
2. Kollathirumedu BB 4776 067 L 4% 05 L 4776 059 L
3. Ezhattumugam BB 0 0 0 3438 044 L 3006 050 L
4. Palappilly BB 0 0 O 3766 046 L 5166 052 L
5. Irumpupalam BB 3437 034 L 1406 015 L 2031 021 L
6. Nadukani DS 3023 032 L 2558 025 L 3023 034 L
Natural stands
1. Thirunelly BB 1052 011 L 614 007 L 351 003 L
2. Noolpuzha BB 408 004 L 612 007 L 306 003 L
3. Muthanga BB 1059 012 L 882 008 L 735 007 L
4. Anamari BB 583 005 L 250 003 L 166 002 L
5. Marayoor BB 909 009 L 364 004 L 1010 013 L
6. Chinnar Ds 1395 013 L 930 012 L 698 007 L
7. Nilambur BV 2100 0.26 L 3157 042 L 3684 042 L

(Bambusetum) DS 5000 057 L 5555 083 L 6666 0% L

‘DS1:Disease severity index; DSR: Diseaseseverityrating; L: low; M: medium;@BB: B. bambos; BV:
B.vulgaris;DS: Dstrictus.

Causal organism
Fusarium pallidoroseum (Cooke) Sacc. (IMI No. 320686)

Pathogenicity test

Pathogenicityaf F. pallidoroseum was tested on fully developed new shoots of 3-year-old
B. bambos clump. Infection developed within four days of inoculation both on injured and
uninjured culmtipsand branchesaswell asthe foliagewhichweresprayed with a conidial
suspension of the fungus. Characteristic linear greyishmagenta coloured lesions devel-
oped on the culm internodes and branches, which later spread and became necrotic.
Infedionalsodevelopedonpetiole,leaf sheath and leaves aspaleyellowlesionswhichlater
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spread and became necrotic. Foliage blight, withering and premature defoliation were
observed within 40days of inoculation. F pallidoroseum was reisolated from the diseased
tissues.

Discussion

Recently, foliage infections caused by F. pallidoroseum on bamboos in North Eastern
states (Deka etal.,1990)and by F. semitectumin Kerala (Balakrishnan etal.,1990)have been
recorded. A similar disease affecting the foliage of basket bamboo(Phyllostachys sp.),
caused byFusarium sp., has been recorded from Yontai County, Fujian Province, China
(Kuai, 1987). The disease caused more than 30%infection; the leaf tips and outer margin
of the leavesbegin to wither which are finally defoliated. F. semitectum causing wilt of D.
latiflorus has also been reported from the same area (Xieet al, 1987).The cold injury was
found to be the predisposing factor for the infection. In Kerala, F.pollidoroseurnhas been
recorded on Acacia auriculiformus,A. melanoxylon causingfoliageand twigblight (Mohanan
and Sharma,1988), and on Calamus thwaitesi and C. hookerinus causing foliage infection
(Mohanan, 1990b).

7. NECROS SOF CULM ITERNODE

Occurrence

The disease was recorded only in a Thyrsostachysoliveri plantation at Mundoor
(Palakkad Forest Divn.) during 1988-1990. The infection occurred in new culms which
were produced late in the growing Season i.e., in the months of August-September.
Severity of the disease was low and the percent incidence of the disease during 1988, '89,
‘90 was 2.8,1.5 and 1.1, respectively. Possibly, mechanical injury caused by the cattle on
the new developing culms predisposed the infection.

Symptoms

Thediseasemanifested as small darkbrown toblacklesions, invariablyassociatedwith
asmall longitudinal splitor crack, at the culm node. The internodal lesionsspread rapidly
in the upward and downward direction, causinginfection of both the internodes forming
a large necrotic area with pale yellow halo. Under high humidity the pathogen produced
spores on the necrotictissues. The infection resulted in formation of numerous abnormal
shoots from the affected nodes. The internal tissues of the node and internodes showed
pronounced discolouration.Such affected culms got snapped easilyby wind or animalsat
the point of infection.

Causal organism

Curwvularia lunata(Wakker) Boedijn,anamorph of Codhlicoduslunatus Nelson &
(IMI No. 326949)
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Pathogenicity test

Pathogenicityof Curvularialunatawas tested on new culms of T.oliveri duringJune 1991.
The shook were inoculated with conidial suspension df the fungus after making small
injury at the node by sterile scalpel blade. Infection developed as watersoaked greyish
brown to darkbrown lesionaround the injury within sevendays of inoculation. Later, the
infectionspread and theentire internodebecamenecroticwithinonemonth of inoculation.
The inoculated uninjured shoots did not develop any infection. C. lunatawas reisolated
from the necrotic tissues of the infected shoots.

Discussion

Among the bamboo species surveyed, only very few diseases have been recorded on
Thyrsostachys oliveri.C. lunatacauses necrosisof culminternodes,on the lateemerged culms
of T. oliveri. Since, the diseaseaffects mostly the lateemergedand otherwiseslow growing
culms, which are usually very few in number, it is not considered to be economically
important. C. lunatais a weak pathogen and usually causesinfection on fleshytissues; the
infection of supple bamboo culm is predisposed by the mechanical injury caused on the
culm; pathogenicity trial also confirms the mode of infection.

8 THREAD BLIGHT

Occurrence

Disease was recorded in B. bambos plantations at Nilambur, Kollathirumedu,
Ezhattumugam, Palappillyand Irumpupalam, in D. strictus plantation at Nadukani, and
in T. oliveri plantation at Mundoor during 1989-1991; in natural stands, the disease was
recorded in O. scriptoria at Periyaand Vazhachal, in 0. travancorica at\Watchumaram and
Pachakkanam, in O.ebracteata in Kottoor, in B. bambosa t Thirunelly, Noolpuzha, Muthanga
and Anamari. Disease severity was low in all the localities surveyed (Table 13).In a
Bambusetum at Nilambur, a total of eleven species of bamboos were found affected with
the disease (Table 14). Disease severity was low in all the bamboo species in the
Bambusetum exceptin B. vulgaris which showed medium seventy with 94.7%and 94.9%
disease incidenceduring 199(nd 1991 (Table 13). The disease was also observed in all
the reed bamboo catchment areas of the State, surveyed. Since, free water on the host
surface and high atmospheric humidity were the favouring factors for the development
and spread of the infection, diseaseappeared during the monsoons, subsided and almost
disappeared during the dry period. Usually, infection occurred after the onset df South-
West monsoon duringJuneand continuedtill the end of North-Eastmonsoon ie,, during
September-October. Infection on the new foliage developed either from the mycelial
threads which perennated on the culms and branches or from the air-borne asexual or
sexual spores of the fungus. In high elevated areas, the disease affected reed bamboos
during the months of June-Julyanditcontinued till December-January,often affecting the
entire shoots of the clump depending on the prevailing climaticconditions.
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Table 13: Incidence andseverityofthread blight in bamboo plantationsand natural stands at different
localitiesin Kerala surveyedduring 19891991

Disease Severity'

Sl Locality Bamboo 1989 1990 1991
No. species

affected@ % inci- DSI DSR  %inci- DSI DSR % inci- DSI DSR

dence dence dence

Plantation
1 Nilambur BB 3529 038 L 2549 025 L 2941 032 L
2. Kollathirumedu BB 3582 040 L 4626 049 L 1194 016 L
3. Ezhattumugam BB 3877 035 L 338 040 L 1864 020 L
4. Palappilly BB 4166 041 L 1940 025 L 3582 04 L
5. lrumpupalam BB 3437 037 L 3281 032 L 1406 014 L
6. Nadukani DS 679 006 L 1627 016 L 1395 014 L
7. Mundoor TO 0 0 - 313 031 L 208 002 L
Natural stand
1. Thirunelly BB 1403 014 L 965 009 L 614 006 L
2. Noolpuzha BB 510 005 L 1428 014 L 1428 014 L
3. Muthanga BB 1470 015 L 1470 015 L 1912 019 L
4. Anamari BB 666 067 L 916 009 L 500 005 L
5. Periya 0S 1503 015 L 3013 032 L 1917 021 L
6. Watchumararn OT 178 022 L 1214 017 L 1285 019 L
7. Vazhachal OS 1475 015 L 1639 020 L 2622 039 L
8. Pachakkanam oT 1858 023 L 897 010 L 1410 004 L
9. Kottoor OE 940 010 L 1282 014 L 1452 018 L

'DSI :Disease severity index;DSR : Disease severity rating; L: low; M medium; @BB: B. bambos;
DS D. strictus; TO: T. olivevi; OE: 0. ebracteata; OS 0.scriptoria; OT: O.travancorica.

Symptoms

Infectionon the foliage manifested as large water-soaked irregular lesionswith greyish
greencentreand greyishwhite margin.Usually, the lesionsappeared at the base of the leaf
and advanced towards the leaf tip or at any place on the foliageand subsequently spread
throughout the lamina. Fine silvery white fungal mycelial strands appeared on the lower
surfaceof the corresponding lesions on the foliage (Plate 9).

Spread of the disease was mainly through the physical contactof the advancing fungal
hyphae on the diseased foliage with the healthy neighbouring foliage. Free water on the
foliagesurfaceand high ambienthumidity favoured the mycelial growth of the funguson
the hostand also thespreadof the disease.Rapid spread of thediseasecouldbejudged from
a linear hyphal growth of 80 mm recorded on infected intact leaf of B. vulgaris within 48
hours. Diseased foliagestucktogether closelydue to the mycelial weft of the fungusatthe
leaf margins, leaf tips and leaf bases where they came into contact with each other. The
whole foliage of the affected shoot became greyish white, and often appeared as affected
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withchemical toxicity.Infection caused browning and necrosis leadingtoblightoftheculm

and branches,especially of foliage.Whiteto paleorange pustules developed on the affected

plant parts. During the dry period the blighted foliagedried up, withered and defoliated,;

but many leaves remained stuck together on the dried up twigs because of the mycelial
strands.The mycelialthreads on the dried up and partlykilledbranchesperennated during

the dry period and formed the sourceof infection during the wet period.

Table 14: Incidence and severity of thread blight in Bambusetum at Nilambur - during 1989-1991

Disease Severity'
Sl Bamboo No.of 1989 1990 1991
No. species  clumps

affected  observed % inci- DSI DSR  %inci- DSI DSR %inci- DSI DSR

dence dence dence
1. B. balcooa 4 5000 050 L 5000 050 L 250 05 L
2. B. bambos 5 4000 040 L 4000 040 L 2000 020 L
3 B.glaucescens 1 0 0o - 0 0 - 10000 100 L
4. B. polymorpha 3 3333 033 L 6666 066 L 333 033 L
5. B.tulda 1 0 0o - 10000 100 L 0 0o -
6. B.ventricosa 2 0 0 - 5000 050 L 500 050 L
7. B. wlgaris 19 6315 105 L U73 137 M 9493 132 M
8. D.brandisii 1 0 0o - 0 0 - 10000 100 L
9. D.longispathus 12 5000 058 L 4166 042 L 3333 042 L
10. D.strictus 18 B8 050 L 5000 066 L 4444 072 L
11. T. siamensis 1 0 0o - 0 0 - 10000 100 L

'DSI :Disease severity index; DSR :Disease severity rating; L low; M medium;- Nil.

Causal organism
Botryobasidium salmonicolor (Berk &Br.) VVenkatanarayanan (IMI N0.327740).

Discussion

Thread blight of bamboos caused by B. salmonicolor was recorded in plantations and
natural stands; severe infection is observed on B. bambos,B. vulgarisand D. strictus in
plantationsand Ochlandra species in natural stands. Thread blightisa common diseasein
natural forestand it has been recorded on many plantation cropsas well as other species
growing in natural forests (Butler and Bisby, 1931; Anon., 1951). Thread blight was
recorded in bamboos as early as in 1943by Rogers from Karnataka and recently by
Balakrishnan et . (1990)from Kerala. Among the bamboo speciessurveyed, B.vulgarisis
the severely affected species which showed 94.7% infectionduring 1990 and 1991.Even
though, the disease is widespread, especially in tracts of high rainfall areas, and caused
large-scale defoliation, it seems to be economically unimportant.
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9. FOLLAGE BLIGHT

Occurrence

Most of the bamboo specieswere found affected with the foliageblight; B. bambos and
D. longispathuswere the most affected ones. The disease was recorded in plantations and
naturalstandsof B. bambosand D. strictus during 1988-1991 (Table15).Disease severity was
low in all the areas except in a plantation at Nilambur where severity was found to be
medium in 1990 and 1991, the disease incidence being 97% and 80.4%respectively.Foliage
blight was also recorded in B. brandisii, D.longispathusand D. strictusin a Bambusetum at
Nilambur. Inaddition to the selected plots, thedisease was also recorded in natural stands
of B.bambosandD.strictusat Thudukky, Kadukuman and Anavay during 1988-1990.

Table 15: Incidence and severity of foliage bligh f in plantations and natural stands of bamboos in
different localitiesin Kerala surveyed during 1988-1991

Disease Severity'

SI.  Locality = Bamboo 1988 1989 1990 1991
No. Species

affected®% inci-DSI DSR % inci- DSI DSR % inci-DSI DSR % inci- DSI DSR

dence dence dence dence

Plantation
1. Nilambur BB 6176 075 L 715 087 L 9705 1.13 M 8039 1.18 M
2. Kollathirumedu BB 7910 086 L 5373 056 L 5970 0.72 L 8208 098 L
3. Ezhattumugam BB 40.67 047 L 4406 047 L 3559 042 L 4745 061 L
4. Palappilly BB 9166 098 L 9500 098 L 10000 1.08 L 9500 1033 L
5. Irumpupalam BB 4219 045 L 4688 044 L 2500 025 L 4531 053 L
6. Nadukani DS 3023 033 L 279 030 L - - - 3488 037 L
Natural stand
1. Thirunelly BB 1491 015 L 1842 018 L 2192 024 L 2105 024 L
2. Noolpuzha BB 2347 023 L 2142 023 L 2143 024 L 2755 032 L
3. Muthanga BB 3529 043 L 4558 050 L 5588 062 L 2794 032 L
4. Anamari BB 1833 023L 3083 034 L 3583 048 L 2250 028 L
5. Marayoor BB 2366 025 L 3272 036 L 2909 035 L 2181 025 L
6. Chinnar DS 1860 023 L 3488 039 L 3720 044 L 16.28 019 L
7. Agaly DS - - 89 008 L 1791 018 L 1342 013 L
8. Goolikadavu DS - - 3437 037 L 2812 028 L 56.25 069 L
9. Thakarapady DS - - 4750 043 L 2250 025 L 4500 053 L

'DS| : Disease severity index; DSR : Disease severity rating; - Observations not recorded; L: low;
M: medium; @BB: B.bambos, DS: D. strictus.

Symptoms
Infection appeared as small water-soaked greyish brown spindle-shaped lesions on
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both young and mature leaves during August-September. Around the small lesions, pale
yellow to yellowish orange halo developed. These lesions coalesced and formed large
spreading greyish brown to yellowish brown irregular lesions with dark brown border,
often covering theentireleaf lamina. Suchleavesbecame nercrotic and blighted. The colour
of the lesion,its size and natureofspread variedslightlydependingonthebamboospecies,
leaf maturity, fungal species associated and microclimatic conditions. Generally, in D.
longispathus, water-soaked, spindle-shaped lesions became circular to irregular, fast
spreading necrotic spots with dark brown concentric area alternate with pale brown area.
The necrotic spotsspread to the entire foliageand caused foliageblight. In B. bambosand
D. grictus, infectionappeared mainlyatthe foliagetipsand spread towards the base of the
foliage. Severeinfection caused yellowing of the foliage followed by leaf blight and later
withering. Oftengreyish black toblackfungalsporemassdevelopedonthe abaxial surface
of the necrotic areas on the blighted foliage.

Causal organisms

1. Bipolarismaydis (Nisikado &Miyake) Shoem., anamorph of Cochliobolus heterostrophus
(Dresch.) Dresch.(IM1 N0.326944).

2. Bipolarissp. (IMI No. 326947).

Usually, B. maydis produced dark brown lesions with greyish brown centre. In O.
monostigma, the disease symptoms were the production of greyish yellow water-soaked
irregular lesions, usually near the leaf tip, while in D. longispathusthe lesionswere water-
soaked and spindle-shaped which later spread fast and became irregular necrotic spots
with dark brown margin. The fungus sporulated heavily on the adaxial surface of the
necrotic lesions. The cultural and morphological charactersof the two pathogens were
identical to those of B. maydisand Bipolaris sp.(IMI N0.326946) causing leaf spotinbamboo
seedlings.

Pathogenicity test

The pathogenicity test of Bipolarissp. and B. maydisis provided under the Nursery
diseases.

Discussion

Bipolaris spp., the common foliage pathogens of agricultural crops belonging to
Gramineae have also been recorded on forestry crops viz., Populusdeltoides, Eucalyptus
tereticornis, Acaciaauriculiformis A. Cunn., A. melanoxylonR. Br,, etc., causing foliage blight
(Mohananand Sharma, 1986,1988;Chauhanand Pandey, 1992)Earlier, Drechslera rostrata
and Exserohilumhalodes, two closelyrelated fungi were recorded as causing foliageblight
in bamboo nurseries and plantations from Madhya Pradesh (Harsh & al., 1989) and
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Karnataka (Bhat e al., 1989). In the present study, young (2 to 4-year-old) bamboo
plantations of Bbambosand D.longispathus are found to be severelyinfected in successive
years which in turn affect the clump vigour. Since, the new culms produced from such
infected clumps become stunted in height and show low vigour, appropriate control
measures for the disease have to be worked out. Harsh et al.(1989) suggested application
of Difolatan (0.2% a.i.) or Fytolan (0.4%a.i.) for controlling the foliage infection caused by
D. rostrata.B.maydis, B.urochioaeand hitherto undescribed BipolarisSp. are also recorded
from bamboo nurseries during this study. Foliageblight of bamboos caused by Bipolaris
spp. is a new disease record.

10. LEAF RUST

Occurrence

Foliage rust of bamboosiswidespread in Kerala. The diseasewas recorded in B. bumbos
and D. strictus in plantationsand natural stands. In plantationsat Nilambur,cent percent
diseaseincidence was recorded during 1988-"91with medium disease severity (Table 16).
In natural stands at Marayoor cent percent disease incidence was observed only during
1988and 1991 and the disease severity was rated as medium. In D. srictus, disease
incidenceas well as disease severity were low in plantationsas well as natural stands. In
a Bambusetum at Nilambur, among the 14 species of bamboos affected by rust, the
maximum disease severity was only moderate in B. bumbos, B. vulgaris, B.ventricosa, D.
strictusand O. monostigma; in other speciesthe severitywas low (Table 16). Rust infection
was also recorded in B. ventricosa in the Botanical Garden, Calicut University and in O.
travancorica at Kakki and Pamba.

Symptoms

Initially, infection appeared as minute pin-head, water-soaked flecks on the adaxial
surfaceof the foliagewhere yellowish orangeto rustbrown linearlyarranged urediniosori
developed.On thecorrespondingabaxialsurfaceofthe flecksgreyishbrowntodarkbrown
lesions with yellowish orange halo formed. Often, numerous such lesions developed on
a single leaf lamina which later coalesced and spread to the entire leaf. Severe infection
caused yellowing and necrosis of the leaf tissues between the spots. Uredinia developed
during August-Septemberand continued to produce bright yellowish orange coloured
urediniosporestill April-May. Developmentof uredinia onthe abaxialsurfaceof theleaves
was rarely observed (Plate 10).Teliosori developed linearly on the adaxial surface ofthe
foliage either in the degenerating urediniosori or separately during December-January.
Severe uredinial infection caused abnormal defoliation even before the development of
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Table 16: Incidence and severity of leaf rust caused by Dasturella divina in bamboo plantations and
natural standsin different localitiesin Kerala surveyed during 1988-1991

SL  Locality  Bamboo

Disease Severity'

1988

1989

1990

1991

No. sPeues

fected % inci-DSI DR % inci- DSI DSR %inci-DSI DSR %inci-DSI DSR

dence dence dence dence

Plantation
1. Nilambur BB 10000 1.15 M 10000 130 M 100.00 119 M 10000 128 M
2. Kollathirumedu BB 9552 100 M 9850 118 M 9701 1.13 L 9701 118 M
3. Ezhattumugam BB 8475 120 M 844 100 L 8983 101 L 9661 103 L
4. Palappill BB 8333 087 L 7500 0.77 L 10000 1.07 L 10000 122 M
5. Irumpupalam BB 8750 092 L 9219 100 L 988 098 L 9375 097 L
6. Nadukani DS - - 5581 060 L 5581 060 L 5581 058 L
Natural gand
1. Thirunell BB 3684 040 L 3333 036 L 2807 030 L 5263 054 L
2. Noolpuz BB 6939 074 L 6224 067 L 7347 091 L 4592 049 L
3. Muthanga BB 3823 041 L 7205 081 L 5441 063 L 5147 069 L
4. Anamari BB 9083 093 L 5917 066 L 5000 057 L 56.67 059 L
5. Marayoor BB 10000 155 M 9636 125 M 9455 133 M 10000 1.35 M
6. Chinnar DS 4419 047 L 6512 072 L 7674 090 L 6279 067 L
7. Agal DS - 6418 069 L 5223 058 L 4030 045 L
8. Goolikadavu DS - - 5313 053 L 5938 059 L 59.38063L
9. Thakarapady DS - - 4250 043 L 4500 048 L 4750 050 L

-DSI: Disease severity index; DSR Disease severity rating; @BB B.barbos, DS:D.strictus.

- :Observations not recorded L Iow M medium.

Table 17: Incidence and severity of leaf rust caused by Dasturella divina in Bambusetum at
Nilambur during 1989-1991

Disease Severity'

SL  Bamboo No.of 1989 1990 1991
No. s cies clumps —— . .
a ected observed %inci- DSI DSR  %inci- DSI DSR %inci- DSI DSR*
dence dence dence
1. B.baloooa 4 5000 050 L 5000 050 L 700 075 L
2. B.bambos 5 10000 120 M 10000 140 ™M 10000 120 M
3. B.glaucescens 1 - 0 0 - 10000 100 L
4. B polymorpha 3 10000 100 L 10000 100 L 10000 100 L
5. B.tulda 1 - - 0 0 - 10000 100 L
6. B.ventricosa 2 - 10000 200 M 10000 200 M
7. B.wlgaris 19 10000 111 M 10000 121 M 10000 132 M
8. D.brandidi 1 10000 100 L 10000 1.00 L 10000 100 L
9. D.hamiltonii 1 - - 0 0 - 10000 100 L
10.D. longispathus 12 4166 042 L 336 033 L 5833 058 L
1 D.drictus 18 10000 117 M 10000 133 M 10000 144 M
12.0. monogtigma 1 10000 1.00 L 10000 200 M 10000 200 M
13. T. oliveri 3 0 0o - 0 0 - 10000 100 L
14.T. samensis 1 - . 0 0 - 3333 033 L

DSI : Disease severity index; DSR :

L: low; M: medium.

Disease severity rating;
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causal organism
Dagturdladivinu(Syd.)Mundk & Khes. (IMI Nos. 322081,322078).

Discussion

Leaf rust caused by D. divinais found to be widespread affecting most of the bamboo
species in Kerala; B. bambos, B. Vulgaris, B. ventricosa, D. strictus and 0. monostigma are
observed to be the most affected species, whereas T.oliveri is the least. D .divinu has earlier
been recorded ashaving 0 to IV stagesand of these 0 to | stagesoccur on Ruadia spp. (=
Catunaregumspp.) and other two stages on bamboos (Bakshi et al., 1972). In the present
study,no alternate hostisobserved either in plantations or natural stands. Though,Randia
spp. occur in bamboo natural stands in Kerala, rust infection was seldom observed.
However, undergrowth belonging to Gramineaeis found affected with the same leaf rust.
Among the rust fungi viz., D. divinu, D. bambusina, Puccinia spp., and Tunicospora bagchi,
recorded on bamboos from India, D. divinu is the most widespread in the country (Sujan
singh and Bakshi, 1964; Nema and Mishra, 1965; Sujan Singhand Pandey, 1971; Bakshi et
al,, 1972).D.divina isanew pathogen record on B. balcooa, B. polymorpha, B. tulda, B. ventricosa,
B. wlgaris, D. brandisii, D. hamiltonii, D.longispathus, Oxytenanthera monodtigng, T.oliveri and
T.damenss

11. EXSERCHILUM LEAF SPOT

Occurrence

Leaf spot was recorded in B. banbosplantations at Nilambur, Irumpupalam and
Ezhattumugam during1990 and1991and also innaturalstandsatMarayoorduring 1989.
In D. grictus the leaf spot was observed in natural stands at Agaly, Thakarapady and
Chinnar. Disease was also recorded in D. longispathusand B.polymorpha in a Bambusetum
at Nilambur and also few clumps in natural stands at Anavay and Kadukuman during
1988.The disease occurred on mature leavesduring August-Septemberand was sporadic
in distribution in the plots surveyed.

Symptoms

Infectionmanifested as small water-soaked greyish blacklinearto irregular lesionson
mature leaves, which later coalesced and spread to the entire leaf lamina. The infection
appeared in August-September; leaf necrosis, withering and premature defoliation

recorded in October. The fungus sporulated profusely on the lower surfaceof the affected
leaf.

Causal organisms

1. Baohilumrogratum(Dresch.) Leonard & Suggs, anamorph of Setosphaeria rostrata
Leonard (IMI No. 326945).

2. Bxgrohilum halmi (Luttr.) v. Arx., anamorph of Setosphaeria holmii (Luttr.) Leonard &
Suggs (IMI No. 327737).

E.rostratumproduced greyishblacklinearto irregularlesionsonthe foliagewhich later
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spread to the entire leaf lamina. The fungus sporulated heavily under high humid
conditions on the lower surface of the necrotic lesions on the affected foliage. E. halmii
produced darkgreyish brown to greyish black watersoaked lesions which often spread
to the entire leaf lamina. Generally, no marked difference in symptoms was observed in
differentbamboo species,except injuvenile leavesof D.longigoathuswhere thelesions were
oliveyellow,spindle-shaped and water-soaked, whichlaterspread to theentireleaf lamina
and became necrotic.

Discussion

E. holmii and E. rostratumare new pathogen record on bamboos. Recently, E.halodesand
Drechderarograta have beenrecorded from Karnataka and Madhya Pradesh respectively
as causing foliage blight on Bambusa sp. (Bhat et al.,., 1989; Harsh et al,1989). During this
study, E. hdmii and E.rogratumhave also been recorded in bamboo nurseries in Kerala.
Earlier, Exsrohilum spp. causing foliage infection have been recorded in Eucalyptus
tereticornis, Acacia auriculiformis, A. melanoxylon, Calamus thwaitesii Becc. and C. psuedotenuis
Becc. ex Becc. & Hkf. in Kerala (Mohananand Sharma, 1989; Mohanan, 1990b).

12.ZONATE LEAF SPOT

Occurrence

The disease was recorded in all the plots of B.bambos, D. strictus, O. travancorica,0.
scriptoria and O. ebracteata surveyed during 1987-1991. However, the disease incidence as
well as severity were very low in all the areas surveyed. Zonate leaf spot was also recorded
in B. polymorpha and D. longispathus, Oxytenanthera monogigmaand T. Samenssin a
Bambusetum at Nilambur, and in Thyrsostachyssp. in Kulathupuzha during 1988-1991.
Infectionoccurred usually on foliage in the lower branches. The development and spread
of infectiondepended on the bamboo speciesas well as the local microclimaticconditions.

Symptoms

Infectionappeared late in Julyas minute greyishbrown spots of 2to 3mm across. The
spotsenlarged to 5to 8mm in diaand became yellowish brown with darkbrown margins.
The spots spread further and formed reniformsemicirculartocirculargreyishbrown areas
of 5to 10mm in width with dark brown wavy margin around the light coloured central
spot; later these developed into a largezonate leaf spots of 3to 12cmin dia dependingon
the host species and climatic conditions. In O. travancoricaand O. eoracteata,a single spot
oftenspread and developed intoa large zonate spot of 10to 12cmdia extending the whole
width of the foliage.In B.banmbosandD.grictusonly two to threeconcentricringsdeveloped
around thecentralspot, In Oxytenanther amonodigmaand T.9amendgsafter thedevelopment
of one to two rings around the central spot, under high humidity the outer rings, deep
magenta to dark brown in colour, spread to the entire leaf lamina (Plate 11).

Causal organism
Dactylariasp. (IMI No 322576).



Thisfungusshowed similarculturaland morphologicalcharacters of Dactylaria sp. (IMI
Nos. 327745,327746) causing leaf spot of bamboo seedlings.

Discussion
Zonate leaf spotcaused by Dactylariasp.,whichaffectsninespeciesof bamboosisanew
pathogen record on bamboos. The disease is also observed on bamboo seedlings in

nurseries in Kerala. The zonate leaf spot becomes very prominent on the foliage of reed
bamboos, because of their large size.

13.COLLETOTRCHUM LEAF SPOT

Occurrence

In B.bambos plantations, thedisease wasrecorded from Kollathiru medu,lrumpupalam,
and Palappilly; in natural stands, itoccurredat Thirunelly, Anamari and Marayoor. In D.
strictus plantations, the leaf spot was observed at Nadukani and at Agaly and Chinnar in
natural stands. The disease was also recorded in all the selected plots of reed bamboos.
Besides, it wasalsorecorded in D.strictusclumpsat Thudukky and Anavay (Mannarkkad
Forest Divn.)and in Arundinaria sp. atMunnar. Infectionoccurred onthe foliage,especially
those on the lowerbranchesof the new culms,during themonthsof September-November.

Symptoms

The disease manifested as water-soaked smallgreyish brown spotsonjuvenileas well
as mature leaves. These spots spread and coalesced to form large dark purple, linear to
irregular areas which often covered the entire leaf lamina, as in O. travancorica and O.
ebracteata.Infected foliagebecame pale yellowish greenand leathery. Infectionalsospread
to branches and caused discolouration and necrosis of the branches. Infection often led to
leaf necrosis and premature defoliation. Usually, Colletotrichum leaf spot was found
intermixed with Zonate leaf spot caused by Dactylaria sp.

Causal organism
Colletoh-ichum gloeosporioides (Penz.) Penz. & Sacc., anamorph of Glomerella cingulata
(Stonem.)Spauld & Schrenk (IMI Nos. 331798,331801,331802,331803,331804).

Discussion

Colletotrichum gloeosporioides, a common foliage pathogen, hasbeen recorded onalarge
number of forestryspeciescausingvarious diseasesymptomssuchas leaf spot,shot-hole,
leaf blight, leaf withering,etc. (Bakshi, 1976;Sharma e al.,1985;Sankaranand Balasundaran,
1986,Mohanan, 1988,1990a,b). In the present study, the fungusisalsorecorded ascausing
seedling foliageinfection. In India, the pathogen has earlier been recorded on bamboos in
Meghalaya (Deka et al, 1990). Colletotrichum foliage infection has also been recorded on
bamboos from Malaysia (Azmy and Maziah,1990)and US.A. (Anon., 1960).

55



14.ASCOCHYTA LEAF SPOT

Occurrence

The disease was recorded in plantations as well as natural stands during November-
December; B.bambos, D. strictus and Thyrsodachys sp. were the affected bamboos. In D.
drictus, the disease was recorded at Agaly, Thudukky, Kadukuman, Marayoor and
Chinnar; in B.obambosat Anavay, Kodanad and Kollathirumeduand in Thyrsostachys sp. at
Kulathupuzha.

Symptoms

Infectionappeared asminute spindle-shapedyellowishbrown tobrownwatersoaked
spots on the upper surfaceof the leaf. Both juvenileand mature leaveswere found affected
by the disease. Thespotspread to form 3to 5mmin diawith greyish white centre.During
December-January,dark brown to black pycnidia developed over the necrotic spots from
which pinkish white spore mass oozed out under high humidity. In severe infection,
necrosis of the affected leaf tissues and foliage blight occurred (Plate 12).

Causal Organism

Ascochyta sp. (IMI No. 331647).

Discussion

Leaf spot caused bya hitherto undescribed species of Ascochytaisa new pathogen record
on bamboos. Earlier, A. bambusina Rao has been recorded on B. nana from Maharashtra
(Tilak and Rao, 1967) and A..phaseolarum Sacc. on Bambusasp. from Kerala (Balakrishnan
etal.,1990).The present isolate was quite near to Ascochyta caryoticola Punith.in taxonomic
details, but differed in having conidia of variableshapes (B.C.Sutton,IMI, pers. communi-

cation). This Ascochyta sp. appears to be an undescribed species which will be validly
published elsewhere.

15. TAR SPOT

Occurrence
Usually, the tar spot was observed on the foliage of the lower branches of the culms,
affectingboth thejuvenileand matureleavesand alsotheleafsheaths. B. bambos, B.vulgaris,

D. drictus, Oxytenanthera monostigma, Thyrsostachys sp., Ochlandra scriptoria, 0. travancorica
were the species found affected.

Symptoms

Infection appeared as pin-head pale to dark yellowish brown lesions on the abaxial
surface.of the leaf. The lesionsspread and developed into oval to circular spotswith dark
brown centre and pale yellow margin. Usually, four to six small spots (3-6 mm dia),
appeared on the leaf lamina, as well as on the leaf sheath. Ascocarps developed as dark
brown to black raised structures in the necrotic spots. Though, three speciesof Phyllachora
were recorded, no difference was observed on symptoms produced.
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causal organisms

1. Phyllachora longinaviculuta Parbery (IMINo. 3220777).
2. P.shiraiana Sydow. (IMI No. 322079).

3. P. ischaemi Sydow.(IMI No. 322807).

P. longinaviculatawas recorded on B. bambosin plantations at Nilambur,Kollathirumedu,
and Palappillyand alsoin natural standsat Muthanga, Noolpuzha and Marayoor. On D.
strictus it was recorded from Agaly, Goolikkadavu and Chinnar. P. shiraiana was recorded
on B. bambos in plantationsat [rumpupalam and Ezhattumugam; on D. stricuts in natural
stands at Thudukky and Anavay (Mannarkkad Forest Divn.); on O. travancorica and O.
scriptoria atVazhachal;on B. vulgaris inNilambur;and on Thyrsogtachys sp.atKulathupuzha.
P. ischaemi was recorded in a plantation of B. bumbosat Nilambur.

Discussion

Of the three species of Phyllachora causing tar spot on differentspeciesof bamboos, P.
longinaviculata and P. ischaemi are new pathogen record on bamboosaswell as new record
of fungi from India. From Kerala, P. barmbusae and P. malabarensis causing tar spot have
earlierbeenrecorded. P.shiraina already recorded on bamboos from Maharashtra (Sydow
and Butler, 1911), is a new record on Ochlandratravancorica, O.scriptoriaand D. stridus.

16. PETRAKOMYCES LEAF SPOT

Occurrence

This leaf spot disease was recorded during July-Septemberboth in plantations and
natural stands. The disease was observed in B. bambos plantations at Nilambur,
Irumpupalam, Ezhattumugam and Kollathirumedu,and in natural standsat Muthanga,
Thirunellyand Noolpuzha; B. bamboswas also found affected in trial plots at Mallanaand
Kalady (Malayattoor Forest Divn.). In D. strictus, the leaf spots were observed in natural
standsat Agalyand Chinnarand alsoisolated clumps at Thudukky and Kadukuman.The

disease was also recorded on Arundinariasp. (Munnar), Thyrsogtachyssp. (Kulathupuzha),
O.scriptoria(Periya)and O.ebracteata (Kottoor).

Symptoms

The disease manifestedas pin-head sized brown water-soaked lesions on the foliage,
especiallythe loweronesonthe new culms.These lesions enlarged to form 3-5mm dia oval
to elliptical dark violet spots with pale yellow halo.Later, the spots appeared as raised black
structuresbearing pycnidia of the fungus (Plate 13).

Causal organism
Petrakomyces indicusSubram. & Ramakr.(IMI No. 322075,322084).

Discussion

Petrakomyces  indicus causing leaf spot of Arundinaria sp., B. bambos, D. strictus, Ochlandra
ebracteata, 0. scriptoria and Thyrsostachysis a new pathogen and host record. Earlier, P. indicus
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has been recorded on Bambusasp. from Tamil Nadu and Karnataka (Subramanian and
Ramakrishnan, 1953; Rangaswami etal .,1970).

17.PHOMA LEAF SPOT

Occurrence

In D.strictus, Phoma leaf spot was observed in natural stands at Agaly, Thakarapady,
Goolikadavu (Mannarkkad Forest Divn.), Chinnar and in plantationsat Nadukani. In B.
bambos,the infection was observed in plantations at Nilambur, Palappilly and
Kollathirumedu and also in clumps at Kumily (Kottayam Forest Divn.), and Kannavam
(Cannanore Forest Divn.).

Symptoms

Infection occurred as small pin-head sized brown lesionson the adaxial surface of the
leaves. Both juvenile and mature leaves were found affected. The spot turned spindle-
shaped and later coalesced to form largeirregularspot withgreyish whitecentreand dark
brown margin. Thespotdeveloped during August-Septemberand pycnidia were formed
in the necrotic lesions during November-December as erumpent structures. Under high
humidity, cream to pink coloured gelatinous spore mass was produced in cirii from the
pycnidia. Though, three speciesof Phomawereassociated with the infection, no difference
in symptoms produced on the host was observed.

Causal organisms

1. Phoma sorghina (Sacc.) Boerma, Dorenbosch &Van Kesteran (IMI NO. 331797).
2. Phoma herbarum Westend. (IMI NO. 331645).

3. Phornasp(IMI No.331646).

Discussion

Three species of Phoma viz., P. herbarum, P.sorghinaand a hitherto undescribed Phoma
sp. were found causing leaf spot on bamboos. Sofar, no Phoma species has been recorded
on bamboos; all the three Phoma species recorded in the present study are new pathogen
record. The isolates of Phoma sp. was found to be near to P. macrostoma, but differed in
conidial characters (Punithalingam, IMI, pers. communication).Since, it appears to be an
undescribed species, it will be validly published elsewhere.

18. PHOMOPS SLEAF SPOT

Occurrence
In B. bambosspot caused by Phomopsis sp. was recorded in plantation at Palappilly,
natural stand at Kadukuman and in isolated clumps at Arippa (Trivandrum Forest Divn.).
Thedisease wasalso recorded in natural stands of D grictusat Anavayand Thudukky; in
Thyrsostachys sp. the disease was observed at Kulathupuzha.
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Symptoms

Theinfection occurred as minute greyish brown water-soaked lesions on the mature
leaveswhichlater spread to form circular to irregular spots with dark brown wavy margin.
In D.strictus, the spots enlarged to form larger spots 5 to 8mm in dia with dark brown 2
to 3 concentric rings. Pycnidia developed in the necrotic tissues during November-
Decemberand the conidia oozed out in yellowishcirii (Plate 13).

Causal organism
Phomopss sp. (IMI Nos. 331633,331641).

Discussion

Thegenus, Phomopsis consisting of a largenumber of species hasbeen reported to cause
foliage disease of various forestry tree species in the country (Bakshiet al., 1972;Bakshi,
1976;Sharmaet al.,1985; Mohananand Sharma,1987a,b; Sankaran et al.,1987,1988). Sofar,
no Phomopsis sp. has been recorded on bamboos. Since, thisis the firstrecord of Phomosis
sp. on bamboos (B.bambos, D. strictusand Thyrsostachyssp.) and it appears to be an
undescribed species, it will be validly published elsewhere.

19. STAGONOSPORA LEAF SPOT

Occurrence

The leaf spot was recorded in natural stands of B.bambosat Thirunelly, and Thudukky
and in natural stands of D.strictusat Agaly and Chinnar.The disease affected matureleaves
during the months of December-January.

Symptoms
The infection appeared as dark brown irregular lesions of 3 to 5 mm dia on mature

leaves, which later enlarge and became brownish black necrotic spots. The spots usually
developed along the leaf margins.

Causal organism
Stagonospora sp. (IMI No. 322076).

Discussion

Alargenumber of Stagonospora spp. have been recorded on forestrytreespeciesin India
(Sydow and Butler, 1916; Sydow and Mitter, 1933; Thirumalachar, 1950;Singh and
Khanna, 1970). Sofar, no Stagonospora has been recorded on bamboos. The present isolate
of Sagonosporasp. isa new pathogen record on B.bambosand D. grictus As the fungus
appears to be an undescribed species, it will be validly published elsewhere.
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20 FPTORA LEAFSPOT

Occurrence

The leaf spot was recorded on mature leaves df Thyrsostachys Sp. in a trial plot at
Kulathupuzha in the months of December-January,during 1987 to 1991.

Symptoms
Infectionappearedasgreyish brown to dark brown lesions of 2 to 4 mm dia on the upper
surfaceofmature leaves. Paleto darkbrown pycnidia developed in the centre of thelesion.

Usually, leaf spots caused by Phomopsis sp., Petrakomyces sp., and Septoria sp. were found
intermixed on the same leaf.

Causal organism
Septoria sp. (IMI No.322084).

Discussion

Sytaria species causing foliage infection on forestry tree species have earlier been
recorded from India (Patel et al.,1949; Tilak andViswanathan, 1960).This is the firstrecord
ofSeptoria on bamboos. Since, the present fungus appears to be an undescribed species, it
will be validly published elsewhere.

21. CHAETOSPERMUM LEAF SPOT

Occurrence

The leaf spot was recorded in plantationsof B.bambosat Ezhattumugam during 1987-
1988, at Kollathirumeduand trial plot at Mallana (MalayattoorForest Divn.) during 1989.
Thedisease wasobserved during the monthsof August-September, usuallyon themature
leaves of the lower branches of culms.

Symptoms

The disease manifested as numerous minute pale yellow lesionsarranged linearly on
the upper surface of the mature leaves. Free water on the leaf surface possibly helped in
rapid spread of the lesions.Usually, developmentof a large number such lesionson the leaf
imparted yellowish colour to the affected foliage. Yellowish brown minute pycnidia
developed in the necrotic areas during October.

Causal organism
Chagtospermum carneumTassi (IMI No. 331638).

Discussion

Sofar, fourspecies of Chaetospermumhave been recordedto causeplant diseasesin India
(Mukerji and Bhasin, 1986). C. carneum causing leaf spot is a new pathogen record on
bamboos as well as a new fungus record from India.
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22 CURVULARIA LEAF SPOT

Occurrence

The leaf spot was recorded in Arundinariasp. at Munnar and Thyrsostachys Sp. at
Kulathupuzha during 1988 and inreed bamboosviz.,0.travancorica, . scriptoria and O.
ebracteataat Pachakkanam (Ranni Forest Divn.), Peruvannamuzhy (CalicutForest Divn.)
and Kottoor (Trivandrum Forest Divn.) respectively duringthemonthsof June-Julyin 1989
and 1990.The disease affected only the juvenlie foliageof new culmsand the disease was
found restricted only to a few clumps in each locality.

Symptoms
The leaf spotsappeared asgreyish black irregular lesions on the juvenile expanding
foliage,especially those in the lower branches of new culms.Later,the lesions enlarged and

covered the entire leaf lamina and became necrotic. The causal fungus sporulated
profusely on the affected tissues.

Causal organism

Curvularia lunata(Wakker) Boedijn, anamorph of Cochliobolus lunatusNelson & Haasis
(IMI Nos. 326949,326950,326951).

Discussion

C. lunata,causing leaf spot, isa new pathogen record on bamboos. C.lunatais a weak
pathogen and has also been recorded as causing foliage infection on many agricultural,
horticultural and forestryspeciesin India (Mukerjiand Bhasin, 1986;Bilgrami et al.,3991).
Inthe presentstudy. C.lunata hasalsobeen recorded ascausing necrosis o fculm internodes

of T.oliveri, Earlier,C.andropogonis has been recorded ascausingfoliageinfectionof Bambusa
sp. from Kerala (Balakrishnan et al., 1990).

23.ALTERNARIA LEAF TIP BLIGHT

Occurrence

The leaf tip blight was recorded in B. bambos plantations at Ezhattumugam,
Kollathirumedu and Palappilly during 1990 and 1991. The leaf spotwas also recorded in
natural stands of D.strictusat Goolikadavu and Chinnarduring 1989. Usually, theinfection
was also observed in mature leaves, especially those of the lower branches.

Symptoms
Thedisease manifestedassmallyellowishbrown irregularlesionsusually near the leaf
tip, which later spread to form necrotic spots. The infection caused blight of the leaf tip.

Causal organism
Alternaria dternata (Fr.) Keissler (IMI No. 327736).
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Discussion

A. aternata isa common leaf spot fungus and has been recorded on a large number of
agricultural as well as forestry species in India (Bakshi, 1976; Bilgrami etal.,1991)In
Eucalyptus spp. it causes leaf tip blight (Sharma et al., 1985);in Albiza lebbeck and Melia
azadirach itcauses leaf spots. In the present study, A. alternata isalso found to becausing leaf
tip blight of B.bambosand D.strictusnursery seedlings.

24.ROSENSCHELDIELLA LEAF SPOT

Occurrence

This leaf spot was recorded in O. travancorica in natural stands at Watchumaram and
Pachakkanam, and in trial plot at Peruvannamuzhy and also in natural stands at
Adirappally (Vazhachal Forest Divn.) during the months of September-October,

Symptoms

The infectionappeared as minute yellowish brown linear lesionson the mature leaves
during September-October.The lesionsenlarged and formed 3 to 5mm dia necrotic spots
with yellow halo.The fungal fructificationsdeveloped in linear rows overthe nerotic spots
on the upper surface of the leaf (Plate 14).

Causal organism
Rosenscheldiella sp. (IMI No. 349072).

Discussion

Rosenscheldiella sp., recorded on leaves of O. travancorica, is a new pathogen record on
bamboos. Earlier, R. cinnamomi Muthappa (Muthappa,1967), R. eugeniae Petch
(Ananthanarayanan, 1962) and R. indicaAnahosur (Anahosur, 1970) have been recorded
on forestry tree speciesin India. Since, this isolate appears to be an undescribed species, it
will be validly published elsewhere.

25. COCCODIELLA LEAF SPOT

Occurrence

The leaf spotwas recorded in natural stands (Watchumaramand Pachakkanam) and
in a trial plot (Peruvannamuzhy) of O. travancorica. The disease was observed on mature
leaves during the months of September-October.

Symptoms
Theinfedionappeared asyellowishbrownminutelesionswhich enlarged to form dark

brown linear necrotic spot. Fructifications of the causal fungus developed in the necrotic
spot on the lower surface of the leaf (Plate 14).

Causal organism
Coccodidlasp.(IMI N0.349068).
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Discussion

Sofar,only C.quericifolia Bose and Mueller has been recorded on leavesaf Quercus glauca
Thumb. from India (Bilgrami et al., 1991).Coccodiella sp. is a new pathogen record on
bamboos. The present isolate appears to be an undescribed species as all the currently
known species of Coccodidllafrom monocots have smaller ascospores (B.C.Sutton,M, IMI pers.
communication).The fungus will be validly published elsewhere.

26 CHERODOTHIS LEAF 3POT

Occurrence

Theleafspotwas recorded in D.drictusand B.bambos natural stands at Attapady,Agaly
and Wadakkanchery and in Thyrsostachys sp. plantation at Kulathupuzha. The disease
occurred on both mature and juvenile leaves during December -January.

Symptoms

The infection manifested as tiny, pale yellow spots on the upper surface of the leaves.
No necrotic spots were formed on the leaves as the disease progressed. The ascocarps of
the causal fungus became erumpent through the ruptured epidermis. At maturity, the
ascocarpsappeared as tiny golden yellow streakson the leavesand arearranged in linear
rows. Hyaline to pale yellow microconidia of the fungus were also produced in the
microconidial loculeswhich developed close to the margin of the developing ascostroma
or produced separately. The microconidia wereextruded as pale to golden yellow masses
to the leaf surface through a pore formed in the locule. Under conducive microclimatic
conditionsthe entire leaf surfacebecame covered with the spore masses. Severeinfection
caused,yellowingof the foliage which later dried up.

Causal organism
Cerodothisaurea Muthappa

Discussion

Earlier, Cerodothisaurea causing leaf spot has been reported in B. bambosstands in
Karnataka State (Muthappa, 1969).In D.srictus stands, golden yellow fructification and
sporemassesof C.aureaon the upper surfaceof the leavesaswell asrust pustulesof D.divina

on the lower surface of the same leves were observed. The multiple infection causes
premature defoliation.

27. CULM SHEATH SPOT

Occurrence
Culm sheath spot was recorded inB.bambos plantations at Irumpupalam,Ezhattumugam,

Palappilly, and Kollathirumedu and in D. strictusplantation at Nadukani during 1987-
1991. Infection was also recorded in B. vulgarisintrial plot at KFRI Campus, Peechi, and in
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D.brandisii and B.polymorpha in a Bambusetum at Nilambur. The spots were observed in
culmsheaths of expanding culm internodesduring the months of June-July.The infection
on the culm sheaths did not spread to the culm nodes or internodes.

Symptoms

The infection appeared as small brown spindleshaped to irregular lesions, usually at
themarginand tip of the culm sheath.The lesion spread toform large 5-12 mm diairregular
necrotic spots with dark brown to purple margin. The infection caused browning and
necrosisof margin and tip of the sheath. Sheathspot and necrosis were more pronounced
in sheaths covering the lower 4 7 culm internodes.

Causal organism
Pestalozziella sp. (IMI No. 331637).

Discussion

The disease affected the culm sheaths protecting the developing culm internodes as
well as nodal buds. Since, the culm sheath fall off after the development of the branches
fromthe nodes,and theinfectiondoesnot spread tothe culm, suchaspotdiseaseisunlikely
to become important. So far, only three species of Pestalozziellahave been recorded from
India, of which P. artocarpi Nag Raj & Kendrick caused leaf spot of tees (Nag Raj and
Kendrick, 1972).Pestalozziella sp., a hitherto undescribed species causing spot disease of
culm sheath of bamboos isa new pathogen record.

28. CULM STAININGAND DIE-BACK

Occurrence

The disease was recorded in 7-year-old clumps of B.wulgaris and D. longispathus in a

Bambusetum at Nilambur.Disease occurred only in new culms during the months of July-

August. Of the 19clumps of B.vulgaris observed, infection was observed in two clumps
during 1990, seven during 1991 which increased to 16 clumps during 1992. In B.vulgaris
culm infection was 10%, 46% and 98%, respectivelyduring these years. Diseaseincidence
in D.longispathus was low and of the 12 clumps in the plot, only two were infected during
1992; about seven percent of the new culms were affected.

Symptoms
Infection was found to be predisposed by injury made by the bamboo hispine beetle,

Edtigmena chinendsHope on the new culms.The culm borer attacked  thejuvenile culmsand
made bore holes of 1 to 2 mm dia usually at each node. The severity of the infestation
depended on the insect population and their activities. Usually, bore holes were found

made on almost all the nodes of the culm as well as branches. Pale purple to dark brown
linear lesions developed around each bore hole which later spread to the entire culm

internodeand became necrotic. Raised blackfructificationsofthecausal fungusdeveloped
on the affected internodes during. September-October.Infection also spread to the branches.
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Usually, the discolourationof the culminternodesand later necrosisand die-backstarted
fromthe distal end towards the base of the culm. Infection caused die-backofthe branches

and culm, which later became completely covered with the black fructifications of the
fungus (Plate 15).

Causal organism
Apiospora sp. (IMI N0.349066).

Discussion

Earlier, A. indicaTheiss &Syd.has been recorded on twigand culmsof Bambusa spfrom
Keralaand elsewhere (Berkeley, 1856; Butler and Bishy, 1931).A. montagnei Sacc. and
Arthrinumstate of A.camptospora Penz. et Sacc.have also been recorded on dead bamboo
culms (C.Mohanan, unpublished observation),however, they are notassociated with the
die-back Since, the culmstainingand die-backof D.longispathus and B.wilgaris caused by
Apiospora sp. is predisposed by the infestation of the borer, the build up of the borer
population has to be checked in order to avoid the infection by the Apiospora, especially in
preservation plots and Bambusetum. This disease does not appear to become important
as it was recorded only in a Bambusetum at Nilambur.

29.BASAL CULM DECAY

Occurrence
Basal culm decay was observed in R.bambos in natural stands at Anamari, Enjar,
Thirunelliand in D. strictus stands at Chinnar. Basal culm decay was also observed in D.

lonspathus and B. vulgaris clumps in a Bambusetum at Nilambur. Usually, decay was
observed in old clumps affected by annual ground fire.

Symptoms

Injury caused at the basal part of the mature culms due to severe ground fire
predisposed the infection by the decay fungi. Discolourationand decay occuurred around
the fire scar and spread both downward and upward directions; rhizomeand rootsystem
were also found affected.Sporophoresof the causal fungus developed from the basal part
of the affected culmsat the soil level. As the decay of the basal part of the culm progressed,
yellowing of the leaves followed by complete defoliation of the affected culm. was
observed;later shrinking  and withering ofthe basal portionof the affected culms occurred.

Causal organisms
1 Ganodermalucidum(Fr.) Karst.
2. Amyioporus campbelli (Berk) Ryv.

Discussion

Decayof basal culm,root and rhizome of B. barmbosand other species of bamboos caused
by various decay fungi has been recorded from different bamboo growing areas of the
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country(Mitter and Tandon, 1932;Banerjee,1947;Bakshi, 1971).G. lucidum is aserious root
rotpathogen and has earlier been recorded on many forestry speciesaswellasonbamboo
causing basal rot and rhizome decay (Sharma et al., 1985; Balakrishnan et al., 1990).
Recently,Amylospora campbelli (Berk)Ryv.causing root and rhizome decay of D. strictushas
been recorded fdrom Madhya Pradesh (Tahir et al., 1992). Since, the basal culm decay was
observed in fire-prone areas, the disease can be avoided by proper stand management.

3.2. DISEASES OF RATTANS

3.2.1 .Diseases in nurseries

Usually, rattan seeds are either sown directly in polythene containers filled with
sawdust-soil mixture or in nursery beds; germination occurs about 10to 15 days after
sowing. After 2 to 3 months of growth in nursery beds, the bareroot seedlings are
transplanted to polythene containers. The transplanted seedlings are retained in the
containerbedsforabout oneyearbeforeoutplantingin thefield. The survey revealed atotal
of 11diseases occurring both in barerootaswellascontainerseedlingswith which 13fungal
pathogens were found associated (Table 18).

Table 18. Checklist of nursery diseases of rattans and associated fungi

SI.No. Disease Fungi associated Rattan species
affected’
1. Damping-off Fusarium oxysporum CH,CP,CR,CT
2. Seedlingcollar rot F.longipes CHCT,CPCT
Sclerotium rolfsii CPCT
Rhizoctonia solani CH,CP,CT
3. Seedling blight Guignardia calami CH,CP.CT,CRCTRA
4.  Seedling wilt Fusarium solani CH,CT
5. Colletotrichumleaf spot  Coll.gloeosporioides CH,CPCTCRCTRCTRA
6. Bipolaris leaf spot Bipolaris ellisii CT,CPCH
7. Corynespora leaf spot Corynespora cassicola CP,CT,CH,CRCTRA
8  Alternaria leaf spot Alternaria alternata CT,CC,CP
9. Pestalotiopsis leaf spot Pesatlotiopsis theae CcP
10. Curvularialeaf spot Curvularia lunata
11. Phomopsis leaf spot Phomopsis sp. CH,CPCTCTR

0G Calamusgamble, CH: C.hookerianus,CP : C.pseudotenuis, CR: C.rotang CT. C.thwaitesii,
CTR:C.travancoricus, CTRAC. trachycoleus CV :C.vattayila

1. DAMPING-OFF

Occurrence
Damping-off was recorded in C. thwaitessi, C. travancoricus, C.rotangand C. pseudotenuis
nurseries raised at KFRI campus, Peechi during 1988-91 and C. pseudotenuis nursery at
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Peermedu during 1987, where the containers and seedbeds were over-watered. The
disease often goes undetected because of misidentification as failure of germination of
“poor seeds”.

Symptoms

The disease, characterised by rotting of the emerging radicle and plumule, was
observed within 3to 5 days of sowing. Watersoaked necrotic lesions appeared on the
emerging plumule at the soil level. The lesions spread and the affected areas became
constricted and decayed. The affected plumule collapsed at the soil level. White fungal
spore mass usually observed on the decayed plumule. Browning and necrosis were
observed on the emerging radicle of the germlings (Plate 16).

Causal organism
Fusarium oxysporum Schlecht

Control measure

Inanursery at Peechi, damping-off was effectivelycontrolled by application of thiram
75 WP as pre-sowing seed treatment (2 g/Kg of seeds). Captan 75WP was also found
equally effectivein controlling the disease. Applicationof fungicide (Captan0.05%a.i.) as
post-sowing soil drench also controlled the disease.

Discussion

Fusarium oxysporum is @ common damping-off and collar rot pathogen capable of
causing lafge-scale mortality of young seedlings under favourable nursery conditions
(Sharma etal., 1985).Immersing the rattan fruitsin water fora longer period for depulping
and separation of seeds, using contaminated sawdust as a sowing medium in the
containersand overwatering theseedbedor containerarethe possible factorsforthesevere
occurrene of the disease. Earlier, infection of tissue cultured rattan seedlings caused by
Fusariumsp. has been recorded from Malaysia (Maziah, 1986). Damping-off of rattan
seedlings caused by F.oxysporumis a new disease record.

2 SEEDLING COLLAR ROT

Occurrence

The disease was recorded in 2 to 5-month-old bareroot seedlings of C. thwaitesii, C.
hookerianusand C.pseudotenuis, ina nursery atPeechi during 1988-’89. Diseaseoccurred in
small patchesof five to ten seedlingsin the seedbeds and caused 34 to 40% mortality of C.

pseudotenuis and C. hookerianus seedlingsduring 1989. The infectionwas observed during
the South-Westmonsoon ie., June-July.

symptom . :
The infection occurred at the basal collar region of the seedling stem, as water-soaked
greyish brown lessionswhich later became necrotic. Infectionalsospread to the petiole of
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the lower leaves. Fungal mycelial strands were Seen spreading from the soil to the stem
and petioles. The affected seedling stem at the collar region became constricted, and the
tissues decayed. A large number of small white sclerotia of the causal agents (Sclerotium
rolfsii or R. solani) were found produced on the decayed stem and petioles. Diseased

seedlings also showed browning and decay of the roots. Severe infection often resulted in
collapse of the seedlings.

Casual organisms

Three fungi were found associated with the disease.
1. Sderaiumrolfsii Sacc.
2. Rhizoctoniasolani Kuhn state of Thanatephorus cucumeris  (Frank)Donk
3. Fusariumlongipes Wollenw. & Reinking (IMI NO. 322577)

Among these F. longipes was found associated with seedling collar rotof C.hookerianus.
While S rolfsii and R. solani were recorded  on C. thwaitesii and C. pseudotenuis.

Control measure

Collar rot of rattan seedlings was controlled by drenching the seedbeds twice with
MEMC (0.003%a.i.) or carboxin (0.2%a.i.)at an interval of ten days. Since, the disease is
manifested under high soil moisture levels, the watering frequency as well as quantity
should be reduced after the appearanceof the diseasein order to check its further spread.

Discussion

Sdeaiumradfsi and R. solani, the two sclerotial pathogensareworld wideindistribution
and areknown to be pathogenictoa large number of crop plants in tropical and subtropical
areas(Aycock, 1966;Bakshi,1976;Sharma et al.,1985).Both the pathogenshave earlier been
recorded on various forestry species causing seedling infection in Kerala (Sharma et al.,
1984b,1985;Mohanan and Sharma, 1989).This is the firstrecord of Srolfsi causing seedling
infection of rattans. Earlier,collar rot d C. manan seedlingscaused by F.oxysporumhasbeen
recorded from Malaysia (Noraniand Maziah, 1988). Though, Fusarium spp.are known to
cause seedling infection of various agriculturaland forestry species, collar rot of rattan
caused by F. longipesis a new disease record as well as new pathogen record from India.
In forest nurseries, seedling diseases caused by sclerotial pathogens like R. solaniand S.
rolfsi are effectively controlled by application of mercury based fungicide (MEMC) or
systemic fungicide like carboxin. Carboxin is found equally effective against F. longipes

3. SEEDLING BLIGHT

Occurrence
The diseasewas recorded in 2 to 6-month-old container aswell as bareroot seedlings
of C. thwaitesii, C.trachycoleus, C hookerianus and C.rotang in a nursery at Peechi and in 8-
month-old C. pseudotenuis container seedlings at Peermedu. Disease incidence was very
high (60-70%) in C. pseudotenuis container beds and caused 10 to15% mortality.
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The infection was observed during the months of January - February and it persisted till
May.

Symptoms

The disease manifested as minute watersoaked lesions on the leaves, usually on the
marginsand tips of the lower fronds. The lesions later coalesced and spread to form dark
brown to shining chocolate brown, spindieshaped lesions with pale yellowish brown
margins. Later, the infection spread further, covering the entire leaf, the petiole and the
seedling stem, which resulted in necrosis of the affected tissuesand later seedling blight.
Fructifications of the causal fungus were produced in concentric rings on the necrotic
lesionsunder high humid conditions (Plate 16).

Causal organism

Guignardiacalami (H. Sydow &Sydow)von Arx &E. Muller (M Nos. 319290,319291,
320692).

Control measure

In rattan nursery at Peechi, seedling blight was controlled by two application of
carbendazim (0.02%a.1.) as foliar drench at ten days interval.

Discussion

Guignardia spp. haveearlierbeenrecordedon forestry seedlings as causal agents of foliar
infections(Mohananand Sharma,1989). G.calamicausingseedlingblightofrattansisa new
diseaserecord from IndiaForensuringhealthyseedlingstock,applicationof carbendazim
(0.02% a.i.) as a prophylactic measure has to be carried out at proper time.

4. SEEDLING WILT

Occurrence

The disease was recorded in 6-month-old C. thweitesi and C. hookerianus container
seedlings in a nurserry at Peechi. Usually, the disease was observed in over-watered
containers. Disease incidence was found very low in both the rattan species.

Symptoms

The initial symptom of thediseasemanifestedasyellowing and drooping of the foliage.
Theaffected seedlingsshowed pronounceddiscolouration ofroots. Thediseased seedlings
showed general symptoms of physiological wilting,

Causal organism
Fusariumsolani (Mart.) Sacc. (IMINO. 327741).

Discussion
Seedlingwilt caused by Fusariumsolani hasearlierbeen recorded invarious agricultural
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aswell asforestryspecies. F.solani is a soil-borne pathogencapableof causing root infection
and thereby seedling wilt, especially in seedlings under physiological stress.Pathogenicity
trial also provesthat injurycaused to the root system during the transplanting process may
be the predisposing factor for the infection by Fusariumsp. Since, the disease incidence is
very low and the disease only affectsthe seedlingsin over-watered containers, it can be
managed by proper nursery practices.

5. COLLETOTRICHUM LEAF SPOT

Occurrence

The disease s widespread in rattan nurseriesand has been recorded in 3 to 10-month-
old C. thwaitesii, C. hookerianus, C. pseudatenuis, C. travancoricus, C. rotungand C.trachycoleus
seedlings. Infection was recorded throughout the year; diseaseseveritydepended largely
on the microclimatic conditions prevailing in the nursery as well as the rattan species

raised. Among the six rattan species, C. thwaitesii and C. hookerianus were found severely
affected.

Symptom

The infection manifested as water-soaked, small pin-head to spindle shaped greyish
brown lesions,which under conducivenurseryenvironmentcoalescedand spread to form
largeangulartoirregular necroticareas.Smalllesionsnear the leaf tip coalesced and caused
necrosis of the leaf tips (Plate 16).

Causal organism
Colletotrichum glosogporioides (Penz.)Penz.& Sacc. state of Glomeralla cingulataStonem.

Discussion

In forest nurseries, foliage infection caused by C. glosogporiaides is very common and
almost all the speciesgrown in the Stateare affected by this pathogen. Since, the infection
is found to be insignificantany control measures for the diseaseare not necessary. Earlier,
C. goeosparioides causing seedling infection of C. trachyooleushas been recorded from
Malaysia (Noraniet al.1985;Norani and Maziah, 1988).C.gloesporioidesisa new pathogen
record on rattans from India.

6.BIPOLARISLEAF SPOT

Occurrence

Bipolarisleaf spot was recorded in 3to 8-month-old C. thwaitesi,C. pseudotenuisand C.
hookerianus bareroot and container seedlings in nurseriesat Peechi and Palappilly. The
disease appeared during the months of March - April and persisted till June.
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Symptoms
The disease manifested as water-soaked greyish brown spindle shaped to irregular

lesionswhich laterspreadand coalesced toformdarkbrown togreyish black large necrotic
areas with dark brown margin.

Causal organism

Bipdarisellisii (Danquah) Alcorn, anamorph of Cochliobolusellisii Alcorn (IMINO.
326948).

Discussion

Bipolaris spp. have earlier been recorded as causing seedling foliage infection in
agricultural crops. In forestry seedlings, Bipolaris spp. have been recently recorded from
Punjab and southern India ( Mohanan and Sharma, 1988,1989; Chauhan and Pandey,
1992). Bipdlarisspp. causing foliage infectionis also recorded in bamboos. B.€llisi causing
seedlingfoliageinfectionon rattan isa new disease record as well as new pathogen record
from India.

7 CORYNESPORA LEAF SPOT

Occurrence
Theleaf spotwas recorded in 4 to 7-month-old C.thwatesi, C pseudotenuis C.hookerianus,
C.rotangandC. trachycoleus.Inection occurred during the month of August and persisted

till December. Among the four species of rattans, C. hookerianusand C. pseudotenuiswere
found severely affected by the disease.

Symptoms

Disease appeared as pale greyish brown water-soaked spindle shaped lesions on the
abaxial side of the leaf. Lesions coalesced and formed large necroticangular to irregular
patches whichoftencovered the entire leaf lamina.Heavy sporulation of the causal fungus
obsered on the adaxial surface of the necroticlesions asgreyish black spore mass. Severe
infection caused foliage blight.

Causal organism
Corynespora cassicola (Berk & M.A.Curtis) Wei (IMI NO. 327744).

Discussion

Corynesporacassicola is a common leaf infecting fungus in forest nurseries and
plantations (Bakshi et al., 1972; Bakshi, 1976; Sharmaet al.1985;).C.cassicola isanew record
on rattans.

8,ALTERNARIA LEAF SPOT

Occurrence
Alternarialeaf spotwasrecordedin 3 to 8-month-old container seedlings of C. thwaitesii,
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C. gamblei and C. pseudotenuisin a nursery at KFRI campus during 1989-'90. Disease
incidence was low in all the three species. The disease occurred during the months of
September-Octoberand persisted till April-May,

Symptoms
Thediseaseappeared asyellowishbrown to pale brown angular lesionsusually at the

tip of the leaves. The individual lesions spread and coalesced to form yellowish brown large
necrotic areas at the leaf tip.

Causal organism
Alternaria alternata  (Fr.) Keissler (IMI NO. 327736).

Discussion

A .adternariacausing seedlingleaf infecationhasearlierbeen recorded invarious forestry
crops in Kerala (Sharma et al., 1985).A. alternaria causing leaf spot  isa new record on rattans.

9.PESTALOTIOPS S LEAF SPOT

Occurrence

Leaf spotwasrecorded only in C.pseudotenuisseedlingsina nursery atPeermedu during
1987.The leaf spot was found intermixed with Colletotrichum leaf spots.

Symptom
The infecion manifested as pale brown angular lesions on the abaxial surface of the

mature leaves. The lesions spread and coalesced to form irregular dark brown necrotic
areas. The causal fungus sporulated on the adaxial surface of the necrotic lesions.

Causal organism

Pestalotiopsis theae (Saw.) Steyaert,

P.theae is a weak foliar pathogenand has earlier been recorded in many forestry crops
grown in kerala (Sharmaet al.,1985).Earlier,Pestalotiopsssp. has been recorded on rattan

from Malaysia as causing leaf spot (Noraniand Maziah, 1988).P. theaeis a new record on
rattan.

10. CURVULARIA LEAF SPOT
Occurrence

Curvularia leaf spot was recorded in 12-month-old C. pseudotenuis and C. thwaitesii
container seedlings in a nursery at KFRI campus, Peechi.

Symptoms
Infection manifested as small pin-head sized greyish brown, water-soaked lesionson
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the abaxial surface of the leaves. Under high humidity and presence of free water on the
surfaceof the foliage,the lesions spread and coalesced toform larger greyish black necrotic
lesions, usually at the leaf margins and leaf tip.

Casual organism
Curwlaria lunata(\Wakker) Boedijn,

Discussion

C.lunataisa common weak pathogen which usually cause infection of tender tissues.
Earlier, a Curvulariasp. has been recorded on rattan as causing leaf spot (Norani and
Maziah, 1988). Leaf spot of rattans caused by C.lunatais a new disease record.

11.PHOMOPSS LEAF POT

Occurrence

Phomopsis leaf spot was recorded in 10to 16-month-old C.hookerianus,C. pseudotenuis,
C. thwaitesii and C. travancoricus container seedlingsin a nursery at KFRI campus. The
foliage infection was rcorded during the months of July-August.

Symptoms

Infectionappearedas greyish brown water soaked,spindle shaped small  lesionsonthe
abaxial surfaceof the mature leaves. Later, the lesion spread and coalesced to form large
oval to irregular dark brown necrotic lesions withapaleyellowhalo.The centre of thelesion
becomes greyish black and fructifications of the causal fungus developed as raised black
structures on the abaxial surfaceof the lesion. Under high humidity the spore mass of the
fungus extruded as pale yellow cirrii.

Causal organism
Phomapsissp. (IMI No. 331634).

Discussion

Phomopgsspp. have been recorded as causingfoliageinfection inalmostall the forestry
crops grown in Kerala (Sharma et al., 1985; Mohanan and Sharma, 1989; Sankaran et al.,
1986). Earlier, a Phomopsssp. has been recorded from Malaysia on C. manan and C.
trachycoleus as causing leaf spot (Noraniand Maziah, 1988). The present isolate, a hitherto

undescribed species of Phomopsis causing leaf spot is a new disease recordon rattan from
India.

3.2.2.Diseases in plantationsand natural stands

In Kerala, small-scale trial planting of commerciallyexploted rattans has been takenup
recently. One to two year-old container seedlings or wildings collected from the natural
forest are used.Planting is done(usually underplanting)in pits taken at an espacement of
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10x 10m after the onset of South-West monsoon. Disease survey conducted in rattan

plantaions/trial plots and natural stands recorded atotal of 12 diseases affectingvarious
rattan species (Table 19).

Table 19: Checklist of diseases of rattans in natural forests and trial plantations and fungi associated

SI.No. Disease Fungi associated Rattan species
affected
1. Colletotrichum leaf spot Colletotrichum gloeosporioides CG,CH,CP,CT,CTR,CV
C.crassipes CD,CP,CV
2 Bipolaris leaf spot Bipolaris ellisii GG,CH,CTR
3. Corynespora leaf spot Corynespora cassicola CPCT
Corynespora sp. cP
4. Fusarium leaf blight Fusarium pallidoroseum CT
5. Guignardia leaf spot Guignardia calami CG,CH,CPCT,CR
6. Pestalotiopsis leaf spot Pestalotiupsistheae CG,CH,CP,CTR,CV
7. Phomopsis leaf spot Phomopsissp. CC,CHCT,CTR
8. Tarspot Phyllachora calamigena CH,CT
9. Sphaerodothis leaf blight Sphaerodothis sp. CD,CG,CH,CPCT,CR
10. Fusarium fruit rot Fusarium moniliforme CH,CP
11. Thread blight Pelliculariafilamentosa CH,CTR,CP
12. Stemrot Botryodiplodia theobromae CG,CT,CH

*CD: Calamus drensefieldii, CG :Calamus gamblei, CH : C.hookerianus,CP : C.pseudotenuis,CR :
C.rotang CT :C. thwaitesii, CTR :C.travancoricus,CTRA : C.trachycoleusCV :C.vattayila

1. COLLETOTRICHUM FOLLAGE INFECTION

Occurrence

Disease is widespread in rattan growing areas in the State and was recorded in C.
drensefieldii, C.gamblei, C.hookerianus, C. thwaitesii, C. travancoricus and C.vattayilainall the
plots in natural stands surveyed and in a C.psaudotenuisplantation at Peermedu during
1987-91. Disease severity was found low in all the plots. Among the rattan species

surveyed, C. thwaitesii was found severly affected by the disease during South-West
monsoon.

Symptoms

Infection occurred as smallgreyish brown angulartoirregular lesions, usually on the
newly expanded fronds. Infection was also observed on the unopened spear, and the
lesionsspreadvery rapidlyaftertheexpansionofthefronds. Severe infection was recorded
during the South-West monsoon (June-July)often leading to rotting of young fronds. C.
thwaitesi appeared to be moresusceptibletofoliar infection than other rattan species. Some
rattan species showed distinct foliarsymptoms. For example, leaf necrosisand withering
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of the leaves were recorded in C. travancoricus  while in C. vattayila, infection caused circular
to irregular large necroticareas.

causal organisms
Two species of Colletatrichum  were found associated with the disease.

1. Cdleatrichum state of Glomerdllacingulata  (Stonem.)Spauld. &Shrenk.(IMIN0.331798).
2. Cdleatricumcrasspes  (Speg.) Arx.

Discussion

C. glososparioides isacommon foliar pathogen in forestryspeciesin Keralaand has been
recorded as causing diseases lie shot hole, leaf spot, leaf blight, anthracnose, etc. in
Ailanthes triphysa, Tectona grandis, Eucalyptus spp., Gmelinaarborea, Acaciaspp., etc. (Sharma
et al., 1985;Mohanan and Sharma, 1988; Sankaranet al.,1989).Foliageinfection caused by
C.gloeosporioides has been recorded on various rattan species from Malaysia (Norani et al .,
1985;Norani and Maziah, 1988).C.crassipes,a Weak pathogen hasearlierbeen recorded as
causing foliage infection in Leucaenaleucocephala (Mohanan, 1988). Foliage infection on
rattans caused by both the Colletotrichum species is a new disease record from India, and
C.crassipes isa new pathogen record on rattan.

2. BIPOLARS LEAF §°OT

Occurrence

Bipolaris leaf spot was observed in C,gamblei, C. hookerianus and C. travancoricus in
natural standsatNelliampathy, Chalakkayam, Ambumala,Kottiyoor and Chully.Disease
seventy was found low in all these localities.

Symptoms

Infection appeared as pale brown spindle-shaped, water soaked lesions on young
leaveswhichlaterspread and coalesced toform large oval to irregular,dark brown necrotic
lesionswith greyish brown margin. Heavy sporulation of the causal fungus was observed
on the adaxial surface of the necrotic lesions during April-May.

Causal organism
Bipolaris ellisii (Danquah)Alcom anamorph of Cochliobdlusélisi Alcorn (IMIN0.326947).

Discussion

Bipolaris spp. are commonly recorded as associated with foliage infections of
gramineaceous agricultural crops.Recently, B.maydis, B.spicifera, B. urochloae have been
recorded on forestry crops in Kerala (Mohanan and Sharma, 1988).Bipolaris spp. are also
found associated with foliage diseases of bamboos in the present study. B. ellisii is also

recorded as causing seedling foliage infection of rattans. The fungusis a new pathogen
record from India.
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3. CORYNESPORA LEAF SPOT

Occurrence

Corynespora leaf spot was recorded in a plantation of C.pseudotenuisat Peermedu and
plots of C.thwaitesii in natural standsat Peruvannamuzhy during 1987-1991.The leaf spot
disease occurred during the months of April-May.

Symptoms

Infectionappeared as pale brownsmallangular to irregular lesions on theyoung leaves.
Later, individual lesionsspread and coalesced to form largeirregular darkbrown necrotic
lesionsoften covering the entire leaf lamina. The causal fungussporulated heavly on the
adaxial surface of the necrotic lesions which appeared as greyish black mass.

causal organisms
1. Corynesporacassicola (Berk & M.A. Curtis) Wei (IMI NO. 327744).
2. Corynesporasp. (IMI NO. 326952).

Discussion

C. cassicola has been recorded on many forestry species as causing foliage infection
(Bakshi et al.,1972;Sharma et al.,1985).Cassicola is also found associated with theseedling
foliage infection of rattans in the present study. This hitherto undescribed species of
Corynespora and C. cassicola are new pathogen record on rattans.

4. FUSARIUM LEAF BLIGHT

Occurrence

Disease is widespread in rattan growing areas in the Stateand was recorded in all the
rattan speciessurveyed. Infecation usually occurred indry period during February - May.

Symptoms

Infection appeared as pale yellowish brown small lesions usually at the leaf margins
and tips. The lesions coalesced and spread to form large yellowish brown to dark brown
necrotic areas. Infection spread from leaf tip towards the leaf base as well as from the leaf
margin towards the midrib. Severe infection lead to leaf blight and leaf withering. C.
thwaitesiiand C. hookerianus were found to be the severely affected rattans.

Causal organism
Fusarium pallidoraseum(Cooke) Sacc. (IMI NO. 322579).

Discussion

F . pallidoroseum is a common foliage pathogen and has been recorded as causing leaf
blightof Acacia spp. and bamboos in Kerala (Mohananand Sharma,1989;Mohanan, 1992).
F.pallidoroseumis a new pathogen record on rattan.
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5.GUIGNARDIA LEAF SPOT

Occurrence
The disease, widespread in rattans was recorded in almost all the rattan species

surveyed. The leaf spot was recorded during the months of June-August. The disease
severity was found low in all the plots surveyed.

Symptoms

Disease manifestedassmallpin-head sized,water-soaked greyish brown lesions on the
abaxial surfaceof both young and mature leaves. Under high humidity, the lesionsspread
and coalesced to formcirculartoirregular, largegreyishbrown necroticareas with adark
brown margin. Often two to three pale greyish brown concentricrings observed in the
lesions.

Causal organiism
Guignardia calami (H. Sydow.& Sydow)von Arx. &E. Muller (IMI No. 319292).

Discussion
G.calami causing foliage infection isalso recorded in rattan nursery both in bareroot as
well as container seedlings. G.calami is a new pathogen record on rattans from India.

6. PESTALOTIOPSSLEAF SPOT

Occurrence
Pestalotiopsis leaf spot was recorded in C.gamble, C. hookerianus, C. travancoricus, C.

vattayila and C.pseudotenuis from natural stands and plantations. Infection was recorded
during the south west monsoon, June-August.

Symptoms

Infection initially appeared as greyish brown irregular lesions on both young and
mature 1eaves.Under high humidityand with the freewater onthehostsurface, thelesions
coalesced and spread fast to form large greyish black irregular necrotic areas.

Causal organism
Petalatiopgs theae(Sawada) Stey.

Discussion

Pegtalotiopsis theee is a weak facultative pathogen which has earlier been recorded in
forestry as well as agricultural crops (Bakshi et al.,1972; Bakshi, 1976; Sharmaet al., 1985).
P. theae causing leaf spot in rattan is a new pathogen record.



7PHOMOPSSLEAF SPOT

Occurrence
The disease was recorded in C. hookerianus, C. thwaitesii and C. travancoricus in natural

standsand trial plotsand in C.caedusclumps at Sylvan, Kalady. Infectionappeared during
the months of May-July.

Symptoms

Thedisease manifested assmall, pin-head sized,greyishbrown, water-soaked lesions,
which laterspread and coalesced to form oval to circularnecroticlesionswith darkgreyish
brown irregular margin. Usually, two to three such large necrotic patches wereobserved

in one leaf. Severe infection was recorded in C caeciusclumps at Silvan, Kalady, which
caused leaf blight and withering.

Causal organism

Phomopsis sp. (IMI No. 331633).
The isolate is very similar in cultural and morphological characters to P. palmicola
(Winter) Sacc.

Discussion

In Kerala, most of the forestry species are found affected by species of Phomopsis and
several new species have been errected on the basis of the host plant affected (Sharmaet
al., 1985; Sankaran etal., 1987; Mohanan, 1991). In the present study another Phomopsis
spp.(IMI Nos. 331634,331634) differring in cultural and morphological characters are
recordedascausingseedlingfoliageinfectionand leaf spot of rattansrespectively. Phomopsis
spp. recorded on rattans are new pathogen record from India.

8. TAR SPOT

Occurrence
Tar spoton foliage was recorded in C.hookerianus and C.thwaitesii in natural standsand

trial plots surveyed during 1987-91. Disease was recorded during the dry period, April-
May.

Symptoms

Infectionappeared as small paleto dark yellowish brownspindle-shaped lesionson the
abaxial surfaceof the mature leaf. Later, the lesions spread and developed into large oval
to spindle shaped spot with dark brown centre and pale yellow margin. Ascocarps
developed as dark brown to black raised structures in the necrotic spot (Plate 17).

Causal organism
Phyllachora calamigena (Berk.&Broome) Sacc. (IMI N0.322085).
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Discussion

Tar spot on foliage caused by various speciesof Phyllachora has earlier been recorded
onvarious forestry crops including bamboos in the present study from Kerala. P.calamigena
causingtarspotis anewdiseaserecord onrattanaswell asnew pathogenrecord from india.

9. PHAERODOTHIS LEAF  BLIGHT

Occurrene

The disease,widespread inrattanshothin plantationsandnaturalstands, wasrecorded
in all the plots surveyed during 1987-91. The infection in rattan foliage persisted year-
round and became Severeduring the months of April-May. Though, all the rattan species
were found affected by the disease, C. thwaitesiiand C. pseudotenuis were the severely
affected ones.

Symptoms

The disease manifested assmall spindleshaped, pale yellow lesionson the leaves, and
spread very fast by coalescence of the lesions; later the lesionsbecame pale to dark brown
with ayellowhalo. Occasionally,infection also spread totheleafrachiiand thentothe stem.
Dark brown to black coloured fungal fructifications, arranged in linear rows, developed
on the necrotic areas of the lesions on the adaxial surface of the leaves; often the
fructificationsalso developed on leaf rachis and stem. Occasionally, fungal fructifications
produced in linearrows spread to theentire adaxial surfaceof leaves. Though, infection
was recorded in most of the rattan species in natural stands and plantations, C. thwaitesii

and C.pseudotenuiswere the severely affected ones. Severe infection of leaves resulted in
foliage blight (Plate 17).

Causal organism
Sohagradothissp. (1M1 Nos. 322088,322089).

Discussion

Amongthe various foliagediseasesrecorded in rattans, Sphaerodothisleaf blightisthe
most widespread in occurrence and it affectsall the rattan species in Kerala.So far, only
three Sphaerodothis species have been recorded from India (Bilgramietal., 1991).Earlier, S
coimbatorica Ramkr. has been recorded on C. rotang from Tamil Nadu (Ramakrishnan,
1951).Thepresent isolateof Sohaerodothis sp.differs from theearlierrecorded S coimbatorica
in morphological characters, especially shape and size of ascospores. This hitherto
undescribed species of Sphaerodathisis a new pathogen record .onrattans.

10. FUSARUM FRUIT ROT

Occurrence

Fruit rot was recorded in C.hookerianusand C. pseudotenuis plots at Nelliampathy and
Peermedu, respectivelyduring the years 1990 and 1991. Disease affected the developing
fruits during the months of December-January.
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Symptoms

Infection manifested as water-soaked greyish brown lesions on the developing fruits
in the bunch; the lesion spread to the entire fruitand also to the pedicel and neighbouring
fruits in the bunch Cool nights alternating with hot days increased the disease severity and
the infection oftenspread to all the fruitsin a bunch. Theaffected fruitsbecame shrivelled
and the causal fungus were sporulates heavily on the necrotictissues.

Causal organism
Fusarium moniliforme Sheldon

Discussion

F. moniliforme has earlierbeen recorded as causing infectionon tender shoots, fruitsand
seeds of agricultural and forestry crops (Bilgrami etal.,1991).F. moniliforme causing fruit
rot of rattan is a newdisease record. As the rotofdevelopingfruits adversely affects the seed
production,especially in a rattan seed orchard, control measures have to be adopted if the

disease attains severe status. Application of Mancozeb (0.2%a.i.) has been suggested for
controlling the infection.

11. THREAD BLIGHT

Occurrence
Thread blightoccurred in clumps of C.hookerianusand Citravancoricus in natural stands

and in C.pseudotenuis in a plantation at Peermedu. Infection was recorded during the
months of August - October.

Symptoms

Infection was observed as growth of white mycelial strands over the basal part of the
stem which arose from the debris on the forest floor. Fan-shaped mycelial strands of the
fungus spread further to the upper part of the stem, rachisand leaves. Infection caused
necrosis of the affected tissues followed by withering of the leaves, and white spongy rot
of the stem and rachis(Plate17)..The infection spreads very fast under high humidity and
often the whole clump became affected. Severeinfection caused rot and withering of the
whole clump.

Causal organism
Pellicularia filamentosa (Pat.) Rogers

Discussion

Thread blight caused by P.filamentosa is a common diseasein natural forestsand also
recorded on many forestry species raised in plantationsvery close to the natural forests.
High humidity and free water on the host surfacefacilitatethe rapid spread of the fungus
over the host. P-filamentosa causing thread blight is a new disease record on rattan.
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12 STEM NECROSSAND ROT

Occurrence

Thediseasewasrecordedin Cgamblei, C.thwaitesii and C.hookerianus clumpsinnatural
stands at Nilambur, Peruvannamuzhy, Achenkoil and Kottiyoor, where annual ground
firesoccurred. The infection was found to be predisposed by the fire injury on the stem.

Symptoms

Infectionappeared as dark brown to black discolouration on the stem around the fire
injury. Infectionalso spread to the core of thestemand caused severestaining. The causal
fungus produced black fructifications and spore mass on the outer cortical tissues just
beneath the outer rind of the affected stem. Usually, infection of fire-injured immature
rattans caused severe stainingand rot.

Causal organism
Botryodiplodia theobromae Pat. (IMI NO. 331794).

Discussion

B.theobromaehas been recorded asthe principal stainingfungus in post-harvestrattans
causing considerableloss of raw material (Mohanan, 1991,1992).Fire injury is known to
predispose infection by a weak parasite like B.theobromae which causes staining and
blemishesontheaffectedcanes.Since, the fungusentersthe host tissuesthrough fireinjury,
to avoid the fungal staining and necrosis of the rattan canes, rattan stands have to be
protected from fire hazards.



GENERAL DISCUSSION AND CONCLUSIONS

Periodical or continuous forestdiseasesurvey istoassess general diseasesituations, to
detect or even predict disease outbreaks, to understand the actual potential threat of
disease, appraiseand diagnose the causeand a view to suggestcontrol measures. Above
all, disease surveyformsthe factual basis for assigningprioritiesfor intensiveresearch on
specificdisease problem. Recently, Sharma et al. (1985)carried out a systematic disease
survey in foreststandsin Kerala, coveringa large number of industrially important forest
plantationspecies,excludingbamboosand rattans. Thepresent survey,carried outduring
1987 t0 1992, hasgenerated a wealth of qualitativeaswell as quantitative data on diseases
of bamboos and rattans in nurseries, plantationsand natural stands. Thissurvey has also
led to identify economically important diseases which require detailed investigation.

The disease survey carried out in representativebamboo plantations, natural stands,
nurseries, bamboo trial plots, Bambusetum, etc., facilitated a comprehensive coverage of
bamboo speciesgrowninKerala,and also to record a large number of diseasesof bamboos
of both major or minor significance. The survey records a total of 42 pathogenicdiseases
including one of unknown etiology, possibly a virus, affecting different species of bamboos
innurseries, plantationsand natural stands. Altogether40 fungiand one mycoplasma-like
organism (MLO)are found associated with these diseases (Table 20). Of these 30 fungal
pathogens, including ten hithertoundescribed speciesand one MLO, are recorded for the
first time on bamboos; 17 fungi including ten hitherto undescribed fungal species are
recorded for the first time from India. Of these eight fungal pathogens are common to
nursery, plantation and natural stand, whereas 22 fungi are common both in plantations
and natural stands. Six fungal pathogensand one of unknown etiology (possiblya virus)
restricted their occurrencein nurseries, whereasone fungus causing witches’ broom and
MLO causing little leaf recorded exclusively in natural stands. Since, the survey was
exhaustive and intensive, it facilitated to assess the overall impact of diseaseson bamboo
production, besides it helped to expand the host list of pathogen(s) earlier recorded on
bamboos. Majority of the pathogens recorded on bamboos are already established on a
number of forestryaswell asagriculturalcropsin the State. However, the pathogens like
Bipolaris urochloae, Exserohilum holmii, Rhizostilbella hibisci, Dactylaria sp., Balansia linearis, etc.
are new ones.

82



Table 20: List of pathogens recorded on different species of bamboos during the survey in Kerala and

their status

Sl
No.

Pathogen

Nursery Planta-

tion

Natural
stand

New First
pathogen record
record for from India
bamboos

New
species

Alternaria alternata
Apiospora sp.
Ascochyta sp.
Amylosporus campbelli
Balansia linearis
Bipolaris sp.

B. maydis

B. urochloae. ..

Botryobasidium salmonicolor
Chactospermum carneum

. Coccodiella sp.
Colletotrichum gloeosporioides

Curvularia lunata
C. pallescens
Dactylaria sp.
Dasturella divina

" Exserohilum holmii

E. rostratum
Fusarium equiseti
F. moniliforme

. F. moniliforme var.intermedium

F. oxysporum
F. pallidoroseum

Ganoderma luctdum
Pestalozziella sp.

. Petrakomyces indicus

Phoma sp.

P. herbarum

P. sorghina
Phomopsis sp.
Phyllachora ischaemi
P. longinaviculata
P. shiratana
Pythium middletonii
Rhizoctonia solani
Rhizostilbella hibisci

. Rosenscheldiella sp.

Septoria sp.
Stagonospora sp.
MLO

Unknown etiology
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+ +

+ +

+ + + +
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Diseases in bamboo nurseries

Disease survey in 27 bamboo nurseries situated in 18 localities during 1987-"92 revealed
a total of 13seedlingdiseasesaffecting 12species of bamboos. Thedisease incidenceand
severityvaryamonglocalitiesdependingon the microclimatic conditions, ageof seedlings
and the nursery practices. Seedlingsof B.bambos raised on a large-scale throughout the
State, are found affected by most of the diseases recorded. Rhizoctonia solani, a facultative
pathogen, has come to the forefront as the most destructive major nursery pathogen of
bamboos causingfour nursery diseasesviz., damping-off,seedling spear rot, seedling wilt
and web blight. Among these, web blight is the most widespread and economically
important disease capable of causing high mortality under conducive microclimatic
conditions.

Among the foliar diseases, leaf rust caused by Dadurella divinais a potential disease
recorded in bamboo nurseries. It causes considerableloss of nursery stocksdue to severe
infectionasobservedat Chandhanathoduduring 1991-"92. Though,D. dvira wasrecorded
on bamboos in India long time back there is not much information available on this
pathogen. Consideringtheseriousnature of the diseasein Kerala,epidemiology of the leaf
rust and control measuresare needed. Bipolarisrmaydis, B. urochloae, Bipolarissp., Exserohilum
rostratumand E.holmii,which cause leaf blight and leaf spotdiseasesof minorsignificances
arealso new pathogen records. Other new diseaserecordsincludean undescribed species
of Dactylariacausing leaf infection, and leaf striping and stunting of bamboo seedlings
caused by an unknown etiology, possibly a virus. The symptoms,occurrenceand spread
of the latter indicate that it is possibly transmitted through seeds. Since,information on seed
transmitted diseases of tropical forestry speciesis lacking, the leaf striping and stunting
disease of bamboo seedlings offersdetailed investigations.

The survey has clearly demonstrated that there is a heavy pressure of different types
of diseasesonbambooseedlingsin Keralawhichaffect them tovaryingdegreesdepending
upon the various factors including microclimatic conditions in the nursery, seedling age,
etc. Nurseries located in the high rainfallareas of the State (Wynad Forest Divn.) recorded
high disease severity as well as maximum number of diseases; intensiveobservations at
periodicintervalspossibly helped torecord numerous diseases. Ingeneral, high incidence
and spread of diseases in certain bamboo nurseries, which resulted in heavy mortality of
seedlings, appears to be mainly due to the improper nursery practices followed. As pre-
treatment of seeds can minimize the incidence of damping- off, this has to be done prior
to sowing. Many of the nursery diseases can be checked by adopting proper nursery
management practices, and prophylactic chemical control measures depending on the
local climaticand edaphic conditions. The control measures to be adopted in a particular
nursery have to be specificfor a particular disease.

Diseases in bamboo plantations and natural stands

A total of 29 pathogenicdiseases caused by 35 different fungi, belonging to 27 genera
and one mycoplasma-likeorganism (MLO), are recordedfrombamboo plantations and
natural stands. Most of these diseases are common in plantationsand natural stands;
witches’ broom and little leaf diseases occur exclusivelyin natural standswhile rhizome



rot occurs only in young plantations. The diseasesaffectall the partsviz., rhizome, root,
culm, sheath, branch and foliage, but their incidence, severity and spread vary in
plantations and natural stands depending on the bamboo species, the microclimatic
conditions prevailing in the localityand cultural and management practices followed; in
natural,stands, where bamboo clumps are left unmanaged, the disease incidenceis high
possibly because of the incidence of annual ground fire and activities of wild animals.

Inbamboo plantationsand natural stands, rot of emergingand growing culms caused
by Fusarium moniliforme var. intermediumand F. equiseti, respectively are the most wide-
spread and economically important diseases affecting the stand productivity consider-
ably.The former disease is soil-bone affecting  the emerging culms of 15to30cm in height,

while the latter is an air-bornedisease, probably predisposed by the injuriesmade by the
sap sucking insect, Purohitha cervina on the growing and expanding culms. Though,
emerging culms of seven species of bamboos are affected by the disease, B.bambos, the
widely occurring species in the State, is the one severely affected. These culm diseases
recorded in the present study are different in etiology and symptomatology from the
bamboo blight, the most dreaded disease of bamboos earlier recorded from Bangladesh
and recently from coastal belts of Orissa in India. Rot of emerging and growing culms have
to be treated as potential diseasesofbamboos, asthey affectthestand productivity aswell
as pose threat to the establishment of young bamboo plantations.
Rhizome rot, though recorded only in a few plantations may pose problem in young
plantationsduring the establishing phase. Asthe study indicates, the mechanical injuries
during and after the planting, predispose the fungal infection, the plantingstocks have to
be handled properly in order to minimize the disease hazards. Witches' broom and little
leaf diseaseswhich occur exclusively in natural standsare new disease records as well as
pathogen records on bamboos. Though, witches' broom caused by Balansia linearisis
widespread in reed bamboo growing areas, the overall disease incidence and severity at
present are low; since, the disease appears to be systemicand the inoculum is produced
in large quantitiesin the affected areas, possibility of its further spread attaining economic
dimensions can not be ruled out. Little leaf of D.stricutsoccurring in the dry tracts of the
Stateis found to be caused by MLO. It also affects thestand productivityconsiderably.The
present study shows that more than 90% of the clumps of D. srictus in the plots at
Mannarkkad Forest Division succumbed to little leaf infection with a medium severity.
Since, the disease incidence of little leaf isvery high further detailed investigationson its
nature of spread, epidemiology and control measures are needed, so that appropriate
measures may be adopted.

Branch die-back caused by Fusarium pallidoroseum and thread blight caused by
Botryobasidium salmonicolor are the other important diseases recorded both in plantations
and natural stands. Though, theseverityofbranchdie-backislowin all the areas surveyed,
percent incidence is comparativelyhigh in plantations affecting mostly the new culms.
Threadblightisfound widespreadbothinplantationsand natural stands,especially in the
high rainfallareasof the state affecting more than 15 species of bamboos. Necrosis of culm
internodes caused by Curvdlaria lunataisencountered only ina plantation of Thyrsostachys
oliveri and the disease is unimportant since it affects only the culms emerged late in the

85



season.

Among the foliar diseases affecting the bamboos in plantations and natural stands,
foliageblight caused by Bipdlarismaydis and Bipolaris sp., and leaf rust caused by Dasturella
divianaare widespread which affect most of the bamboo species in the State. B. maydis and
Bipolaris sp., thefoliarpathogensrecordedinbamboonurserycauseinfectionin plantations
and natural stands. Similarly, D. divina, the leaf rust pathogen recorded in nursery
seedlings,alsocausesinfectionof 14species of bamboosin plantationsand natural stands.
Among these, B.bambos, B.vulgaris, B. ventricosa, 0. monostigma and D. strictusare the severely
affected bamboos; eleven bamboo speciesare new host record for the leaf rust.

Since, the disease survey was carried out extensively for a period of five years, quite a
large number of fungi causing diseases of minor importance also could be recorded.
Altogether 24species of fungi belonging to 19genera causing leaf spot, culm sheath spot,
culm staining and die-back and basal culm decay were recorded. Leaf spot diseases of
minor significanceare found to be caused by 20differentspeciesof fungibelonging to 15
genera. Among these, Exserohilum rostratum, E. holmii, Dactylaria sp., Colletotrichum
gloeosporioides are widespread in occurrence in bamboo plantations and natural stands in
the State. These fungiarealsorecorded as causingseedlingdiseasesin bamboo nurseries.

Disease survey inplantationsand naturalstands clearlydemonstrates that thebamboo
species raised in plantations as well as growing in natural standsare equally vulnerable
to various diseases. Diseases like little leaf and witches' broomare host specificand occur
only in natural stands. The former disease restricted in dry tracts of the State, affects the
stand productivity to agreat extent, while the latter iswidespread and occursin almostall
the reed bamboo growing areas of the State; on accountof its serious nature, the witches'
broomdiseasemay posethreat to culm produdion in future. Among the culm diseases, rot
of emerging culms, which occurs in most of the bamboo species surveyed, is the
economically important disease affecting the stand productivity considerably. The
incidence and seventy of the disease vary depending on the bamboo speciesand locality.
A detailed study on the epidemiologyand disease management is warranted. Since, rot
ofgrowing culmsin plantationsand natural standsis predisposed by the injury caused by
the sap sucking insect, disease incidence can be managed by taking appropriate steps in
reducing the build upoftheinsect populationin the plantationornaturalstandduring the
period of culm production. Among the bamoo speciesraised in plantations, T. oliveri is
affectedby only a few pathogens that too of minor significance. Thismay possibly be due
to the resistant nature of the speciesas well as the proper stand management. In general,
the severity of culm diseasesis low in plantations than in natural stands where bamboos

are unmanaged.These observations suggest thatby proper stand managementthedisease
can be minimized to a greater extent.

Diseases of rattans

Until recently, very little attention was paid to commercial cultivation of rattans, and
alsotostudy the factorsaffectingregenerationand growth. Thediseasesurveyconducted
in representative plots in rattan natural stands (11) andplantations/trial plots (5) and
nurseries (4) facilitated a comprehensive coverage of as many rattan species as possible
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grown in the Stateand also to record a large number of diseasesaffectingrattans, though,
mostof them are of minor significance.The survey records a total of 23 pathogenicdiseases
affecting different species of rattans in nurseries, plantations and natural stands. Alto-
gether 21 fungi are found associated with these diseases. Of these, 13fungi are recorded

in rattan nurseries, 14 in plantationsand natural stands. Sixfungi occur both in nurseries
as well as natural stands / plantations.

Table 21 : List of pathogens recorded on different species of rattans during the survey in Kerda and

their status
Sl Nursery  Plantation/ New First New
No. Pathogen natural pathogen record species
stands record for  from India
rattans
1. Alternaria alternata t t
2. Bipolaris ellisii t t t t
3. Botryodiplodia theobromae +
4. Colletotrichum crassipes t
5. C.gloeosporioides u t t
6. Coynespora cassicola t t t
7. Corynespora Sp. t t t t
8. Curvularia lunata t t
9. Fusarium longipes t + +
10. F. moniliforme t t
11. F. oxysporum t
12. F. pallidoroseum + t
13. F. solani u u
14. Guignardia calami + t
15. Pelliculariafilamen tosa t +
16. Pestalotiopsis theae t t t
17. Phomopsis sp. t + u + +
18. Phyllachora calamigena t + t
19. Rhizodonia solani t
20. Sclerotium rolfsii + t
21.  Sphaerodothis sp. + + t +
Total 13 14 16 7 3

The diseasesurvey in rattan nurseries indicates that all the rattan speciesraised both
in seedbeds and containers are susceptible to various diseases. Among the 11 nursery
diseases recorded, seedling collar rot isan economically important disease sinceit affects
the seedling stocks considerably. seedling collar rot, a complex disease caused by three
pathogens viz., Fusarium longipes, Rhizoctonia solaniand Sclerotium rolfsii affects both the
bareroot and container seedlings. Seedling blight caused by Guignardia calami is also a
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potential disease, as it affects most of the rattan species to the level of medium severity. By
prophylacticfungicidalpre-sowing and post-sowing treatments, the disease incidence can
be minimized and thereby healthy planting stockscanbe assured. Among the seven foliar
diseasesencountered in rattan nurseries, leaf spot caused by Calletatrichum gloeosporioides
is the important one which affects most of the rattan species. Alternaria alternata, Bipolaris
ellisii, Corynespora cassicola, Curvularia lunata, Pestalotiopsis theae and Phomopsis sp., which
cause leaf spots of minor significance, are new pathogen records.

Disease survey in rattan plantation and natural stands reveals that rattans are not
affected by serious diseases which affect the survival and stand productivity. However,
comparatively a large number (9) of foliage diseases are found affecting all the rattan
species,both in plantations/trial plotsand natural stands. Among these leafblight caused
by a hitherto undescribed species of Sphaerodothis is widespread and almost all the rattan
species are susceptible to it. Fungi causing leaf spots in nurseries viz., B. dlisii,C.
gloeosporides, corynespora cassicola, G. calami, P. theae, Phomopsis sp. also cause leaf spots in
plantations/trial plots andnatural stands. C crassipes, a weak pathogen is also found
associated with the Colletotrichum leaf spots of rattan. Though, most of the fungi causing
foliar infections also caused minor lesions on the rattan cane, none of them caused any
serious damage. F.moniliforme causingrot of developingfruits of rattans isa noteworthy
disease. Thisdiseaserequirsfurther detailed investigationasit may pose threat to the seed
production, especially in rattan seed orchard. Botryodiplodia theobromae, the important
staining fungus of post-harvest rattan canes, affects the rattan stands stressed by fire
injuries. Fungal staining and deterioration of post-harvest rattan canes are the major
problem confronting the rattan industry in Kerala which deteriorate the physical
properties as well as lowers the aestheticand economic value of rattan canes and their
products.To avoid infectionofrattancanesinthe clumps by B. theobromae, proper protective
measures against incidence of fire in the rattan growing areas need to be adopted.
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Appendix 1:List of representative plots selected in bamboo natural stands and
plantationsin Kerala for disease survey during1987- 1991

S1.No. Locality Forest Division Year of planting Bamboo species
Natural stands

1. Thirunelly Wildlife Divn. Wynad Bambusa bambos

2. Muthanga WiIdIifeDivn.t//&nad B. bambos

3. Noolpuzha Wildlife Divn. Wynad B. bambos

4. Periya North Wynad Ochlandra scriptoria
5 Anarnari Nilambur B. bambos

6. Agaly Mannarkkad Dendrocalamus stridus
7. Thakarapady Mannarkkad D. strictus

8. Goolikadavu Mannarkkad D. dtrictus

9. Watchurnararn Vazhachal 0. travancorica

10. Vazhachal Vazhachal 0. scriptoria

11. Marayoor Munnar B. bambos

12. Chinnar Munnar D. drictus

13. Pachakanam Ranni 0. travancorica

14. Kottoor Trivandrum 0. ebracteata.
Plantations

1. Nilambur N ilambur 1987 B. bambos

2. Nadukani Nilambur 1970 D. stridus

3. Mundoor Palakkad 1973 T. oliveri

4. lrumpu alam Trichur 1986 B. bamhos

5. Palapply Chalakkudy 1986 B bambos

6. Ezhatturnugarn Vazhachal 1986 B. bambos

7. Kollathirumedu Vazhachal 1986 B. bambos

8. Kaliyar Kotharnanagalam 1986 B. bambos

Appendix 2: List of representative plots selected in natural stands and plantations of

rattansfor disease survey during 1987-1991

SLNo.  Locality Forest Division Rattan species
1. Kottiyoor Wayanad CT.CGCH,CV
2. Ambumala Nilambur CT,CH, CG
3. Mancheri Nilambur CT,CG, CH
4. Nelliampathy Nenmara gT, %H_gv
5. Peruvannamuzhy Calicut T,CH, CG,CV, CTR
6. Chully' Vazhachal CT, CH

7. Dhoni Palakkade CT,CH,CD
8. Nilakkal Ranni CT,CH

9. Achenkoil Thenmala CT,CH

10. Chauzhiacode' Trivandrum CTCHCTR
1 Arippa’ Trivandrum CT,CH

12. Kottoor Trivandrum CT,CH

13. Harippad™ Quilon CR

14. Chenagiri Thenmala CT,CH,CTR
15. Peermedu’ Peermedu CP

16. Chalakkayam Ranni CT,CH

' Plantation/trial plot, "Sacred groves. CD: C. dransfieldii CR: C.rotang, CT: C.Thwaitesi, CH:C.
hookerianus,CP:C pseudotenuis, CTR:C travancoricus, CV:C.vattayila
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Appendix 3: List of bamboo and rattan nurseries surveyed during 1987-1992

Sl. Locality Forest Year Bamboo and

No. Division rattan species

Bamboo

1 Vadavukodu Emakulam 1987-’88 BB

Social Forestry

2 Kalamassery Emakulam S.F.  1987-88 BB

3. Dhoni Palakkad 1987-'88 Ds
1988-'89 Ds

4. Peechi Trichur 1988-'89 BB,0S,0T
1889-"90 BB,PP
1990-91 BB,DL

5. Nilambur Nilambur 1988-'89 BB,DS
1989-"90 BB,DS

6. Pattikad Trichur 1987-°88 BB

7. Pallappilly Trichur 1990-'91 BB,DM,0W
1991-°92 BB,DS,DB

8. Pariyaram Chalakkudy 1989-90 BB

9. Kulanjithodu Ranni 1989-'90 BB

10. Vadasserikkara Ranni 1990-91 BB

11. Niravilpuzha South Wynad 1990-"91 BB
1991-92 BB

12. Thettamala South Wynad 1991-°92 BB

13. Periya South Wynad 1990-91 BB
1991-'92 BB

14. Vattapoyil South Wynad 1991-92 BB

15. Begur South Wynad 1990-91 BB

16. Paneli Malayattoor 1990-'91 BB
199192 BB

17. Pezhad Malayattoor 1990-91 BB
1991-92 BB

18. Chandhanathodu Cannanore 1991-'92 BB,DS,DB,TS

Rattan

1. Peechi KFRI Campus 1987-°92 CG,CT,CH,CP,CTR,CTRC

2. Palappilly Trichur 199192 CT,CH,CP

3. Nilambur Nilambur 1990-°91 CT,CH

4. Peermedu Peermedu 1987-'89 CP

‘Container seedlings.

BB:B.hambos;DB: D.brandsii; DS: D.strictus;DM D.membranaceus; DL D. longispathus, OS: ochlandra
scriptoria; OT: O.travancorica; OW: O.wightii. TS: Thyrsostachys siamensis, PP : Phykkistacgts pubescens;
CG:C.gamble;CT: C thwaitesii; CH:C.hookerianus; CR: C.rotang; CTR:C. travancoricus, CTRC:
C.trachycoleus; CP:C. pseudotenuis
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Appendix 4: List of bamboo and rattan species surveyed in Kerala during 1987-1992

Sl. Species Habitat
No.
Bamboos
1 Arundinaria Michaux. sp. NS
2. Bambusa balcooa RoOX. BM,PP
3. B.bambos (L.) Voss N,PN,PP,.BM
4. B. glaucescens (Willd.) Sieb. ex Munro BM
5. B. paymorpha Munro BM,PP
6. B.tulda Roxb. BM
7. B.ventricosa Kurz. BM,BG
8 B.wulgaris Schrad BM,BG,PP
9. Dendrocalamus brandsi Kurz. BM
10. D.hamiltonii Nees BM,PP
11. D.longispathus Kurz. BM,PP
12. D. membranaceus Munro BM,N
13. D. strictus Nees N,PN,BM,PP
14.  O.ebracteata Raizada & Chatterji NS
15. Ochlandrascriptoria (Dennst.)Fisch. NS,BM
16. O.travancorica (Bedd.)Benth.ex Gam. NS,BM,PP
17. O.travancoricaBenth.var. hirsuta Gam. NS
18. Owightii Fisch. N
19. Oxytenanthera monostigma Bedd. BM,NS,PP
20. Phyllostachys pubescens Mazelex Lahaie N
21. Thyrsostachys oliveri Gamble PN,BM, PP
22. T.siamensis Cam. N
23. Thyrsostachys sp. PP
Rattans
1. CalamusCaesius BI. PP
2. C.drandiddii Ren. NS
3. C.gamblei Becc. NS,N
4. C. hookerianus Becc. NS,N
5. C.pseudotenuisBecc. N,PN
6. C.rotang L N,NS
7. C.thwaitesii Becc. NS,N,PN
8. C.travancoricus Bedd. NS,N,PP
9. C.trachycoleus N
10. C.vattayilaRen. NS

N:Nursery; NS:Natural stand; PN:Plantation; PP:Preservation plot; BM:Bambusetum;BG:

Botanic garden
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Appendix 5: Disease index to assess the severity of diseasesin nurseries, plantations
and natural stands

Disease Damping-off Web blight Foliage Culmand branch Disease
severity infection infection seventy
rating
Nil Nil Nil Nil Nil 0
low (L) 1-25damped-off ~ 1-25 infection upto 25%daf the upto 25%0f the 1 (0.1-1)
patchesin 12xdm fociin 12x1 m  foliage affected culmand branches
seed bed seedbed affected; >10%

die-back of branches

medium (M) 26-50 damped-off >25-50 infection >25-50% of the >25-50% of the 2 (1.1-2)
patches in 12x1m fociin 12d m  foliage affected; culm and branches
Seedbed Seedbed >|0%defoliated affected; >25%
prematurely dieback of shoot

severe (S)  >50 damped-off =~ >50 infection ~ >50-75% ormore >50-75% of the 3 (2.1-3)
patchesin 12 m fociin 12xdm foliageinfected; culm and branches

seed bed seed bed; in- >25%defoliated affected; >50% of
fection still prematurely die-back of shoot
spreading infection spreading

Appendix-6 Lig of fungicides evaluated against various pathogens

SI. Tradename Common name Chemical name
No.

1. Bavistin Carbendazim Methyl-1H-benzimid azole-2
yl-carbamate

2. DithaneM-45 Mancozeb Manganese ethylenebisdithio-
carbamate + Zn ions

3. Emisan-6 MEMC 2-methoxyethylmercuric chloride

4. Hexathir Thiram, Thiride Tetramethyl thiuram disulphide

5. Vitavax Carboxin 5,6-dihydro-2-methyl-I,

4-oxathiin-3-carboxanilide
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Plate 1. Web blight of bamboo seedlings (Bambusa bambos) caused by Rhizoctonia solani. a: A view of
the seedbed nursery showing diseased and dried up B. bambos seedlings, b: A close-up of severely
affected seedlings. ‘
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Plate 2. Foliar infection caused by Bipolaris spp. a: Bambusa bambos leaves showing disease symptoms
of Bipolaris leaf blight, b: Conidiophores and conidia of Bipolaris maydis (440 ), ¢: Conidiophoresand
conidia of Bipolaris urochloae (440 x), d: Conidiophores and conidia of Bipolaris sp. (440 ).
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Plate 3. Seedling foliage infection caused by Exserohilum spp. a: Bambusa bambos seedlings showing
Exserohilum leaf spot symptoms, b: Conidiophore and conidia of Exserohilum rostratum (440 x), c:

Dendrocalamus strictus seedlings affected with Exserohilum holmii, d: Conidiophores and oonidia of
Exserohilum holmii (440 x).

104



Plate 4. Witches’ broom of reed bamboos. a: Witches' broom affected shoot of Ochlandra travancorice
bearing fructifications of Balansia lineans, b: A magnified view of the fructification of B. linearis, c: A
partof the transversesection of the Jeaf bearing fructification of B. linearis showing ascocarp and asci
(160 x), d: A magnified view of asd containing ascospores of B. limearis (980 x).



Plate 5. Little leaf disease of Dendrocalamus strictus. a: A close up of the diseased culms, b: Diene’s
staining reaction (note the deep blue staining in phloem tissues) of diseased culm internodal tissues
(870 x), c: Diene’s staining reaction of healthy tissues (no deep blue staining in phloem tissues)
(870 x).
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Plate 6.Little leaf disease of Dendrocalamus strictus.a: Diseased internodal tissues of D. strictusshowing
Aniline blue staining reaction (870 x). Note the yellow green fluorescent spots in the phloem tissues,
b: Aniline blue staining reaction of healthy tissues (870 x), c,d: Transmission electron micrographs
of diseased tissues showing MLOs in the phloem sieve cells (18000 x, 19200 x).
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Plate 7. Rotof emerging culms of bamboos (an arrow shows theaffected culms). a: Emerging culms
of Bambusa balcooashowing typicalsymptoms, b: Rotof emerging culms of Dendrocalamus longispathus,
c: A close up of emerging culm of Bambusa bambos showing browning and rot of culm sheaths, and
unexpanded culm internodes.
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Plate BRot of growing culms  bamboos. a-d: different stages  culm infection of Bambusa
polymorpha caused by Fusarium equiselt




Plate 9. Thread blight of bamboos caused by Botryobasidium salmonicolor. a: Mycelial weft of B.

salmonicolor on culm surface of Ochlandra travancorica, b: Leaves of Bambusa polymorphashowing blight
symptoms and advancing mycelial weft.
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Plate 10. Leaf rust of bamboos caused by Dasturella dvina. a: A magnified view of uredinial sori on

leaf of Bambusa bambos (320 x),

c:Urediniospores(680 x).

b: A vertical section of leaf of B. bambos through uredinium (430 x),
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Plate 11. Leaf spot diseases of bamboos. a: Leaves of Bambusa bambos showing typical sympfoms of
zonate leaf spot caused by Dadtylariasp., b: Leaf of Ochlandra travancoricashowing charasteristiclarge
zonate spot, c: Conidiophores and conidia of Dactylaria sp. 670 x).
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Plate 13. Leaf spot diseases of bamboos. a: Dendrocalamus strictus leaves showing spots caused by

Phomopsis sp., b: Symptoms of leaf spot caused by Petrakomyces indicus on Thyrsostachys sp., ¢: A
vertical section of leaf through pycnidium of P. indicus (430 x), d: Conidia of P. indicus(680 x)
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Plate 14. Leaf spot diseases of bamboos. a: Ochlandra trmanconicn leaf showing fructifications of
Rosenscheldiella sp. (160 x), b: A magnified view of ascocarps of Coccadiella sp. on O. brmancorica leaf
(540 x), e: Conidia of Pestalozziella sp. (in dark field) causing culm sheath spot (640 x).
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Plate 15. Culm staining and die-back of bamboos. a: A clump of Bambusa vulgaris showing advanced
stage of infection, b: A bore hole made by insect (Estigmenia chinensis) on the young growing culm,
¢: Early staining symptoms on the culms, d: Fructifications of Apiospora sp. on the affected culm.
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Platel6. Discases of rattans. a: Damping-off of C, iwnitesi container seedlings caused by Fusarium

oxysporum, b: seedling blight of C. thuwitesii caused Guignardin calami, ¢ leaf spot caused by
Colletotrichum glosasponioides on C. thitesii, on C, hookerianus {d).



Sy -

Plate 17.a: Leaf spot caused by Sphacrodothis sp. on C. thuwuitesii, b,c: magnified view of fructifications
of the fungus on leaf, d: leaf spot caused by Phyllachorn calamigena, €: thread blight of C. travanconicus
caused by Pellicularia filamentosa.
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