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ABSTRACT

Ring spot of sugarcane caused by Leptosphaeria
sacchari van Breda de Hann considered to be a minor disease
became severe since 1985-86 with the intreduction of commer-
cial varieties like Co 7219, <«oT 8201, Co 975 and CoR 8001.
Detailed investigations were carried out on this disease
from 1988 to 1991 at Regional Agricultural Research Statior,
Anakapalle, Visakhapatnam district, Andhra Pradesh, India.

Symptoms appeared only on leaf lamina but not on
leaf sheath and stalk. The spots were oval +to ircegular
with reddish brown margin and straw coloured centres within
which black dot like perithecia were produced. The spcts
coalesce resulting ir drying of leaf followed by premature
senescence. The time of appearance of the disease and shape
and size of the spot varied from variety to variety.

Perithecia were not produced in culture, but pycni -
dia and pycnidiospores of Phyllosticta saccharicola were
produced abundantly on different media. Perithecia could
however be produced on sterile leaf bits of varieties
7219, Co 7636 and CoT 8201 inoculatedt with ascospores when
viSamins and sucrose were added and incubated at 24”c  angd
26 C and exposed to alternate light and darkness for 12
hours each for 18-21 days. Pycnidia of P. saccharicola
developed later on these inoculated leaf bits. The spore
measurement agreed with those described by earlier workers
for L. sacchari and ». saccharicola. Pathogenicity tests
with both the sexual and asexual forms produced typical ring
spot symptoms. Out of several media tried, OMA + cane leaf
extract and PDA + cane leaf extract were found better botfl
for growth and sporulation of P. saccharicola.

X 1}



X VH

For estimation of disease intensity a U-9 scale was
developed and used in the present study. The disease nten-
sity was severe in coastal Andhra Pradesh and.Telangana but
negligible in Rayalaseema particularly i1 Renigunta area.

For inoculation, spraving conidial suspension on
the leaves was preferred as 1t is easy and simple to
operate. Screening by Rajoong method was prefered for its
rapidity and reliability.

The disease intensity increased progressively and
significantly with igfreased leval of nitrogen from O to 112
and. 112 to 224 kg ha ~, application of potassium at 100 kg
ha =~ significantly reduced the disease intensity while phos-
phorus at the same level did not influence the disease
severity.

Age of the crop had no effect on the disease inten-
sity. Highly significant negative correlation was obtained
between PDI and silica content and angle of the leaf.
Irrespective o0f +the variety dJdisease intensity increased
under moisture stress and water stagnation.

Pathogenic variation was not observed amony Lhe six
isolates of ring spot fungus tested. Only Rellu and SES.594
both belonging to Sacchnarum spontaneum produced ring spot
symptoms, while all other hosts tested did not take
infection.

The disease was observed to spread mainly through
contact of diseased leaf with healthy leaf and infectad host
debris on the surface of soil a. the base of the clumps.

Eight varieties/clones viz., Co B5045, Cud #9081,
B3A106, 842155, B6A444, Co 83032, 87aA1l42 and B7A27% were
found resistant both under adult cane and Rajoong method of
inoculation.

Captaf (0.3%)}, Blitox (0.4%), Bavistin (0.1l%),
Dithane M-45 (0.3%) and Topsin-M (0.1%) not only signifi-
cantly reduced the disease in susceptible Co 7219 but also
increased the Jjuice quality significantly with slight
increase in cane yield.

Chlorophyll & and b contents were significantly
reduced due to the disease in susceptible varieties. Signi-
ficant reduction in length of millable cane, diameter and
weight of the cane was observed in unsprayed canes over
captaf (0.3%) sprayed canes of the twenty varieties,/ clones
tested. Similar trend was observed with regard to Juice
sucrose and pH of juice. The invert sugar glucose and
electrical conductivity increased in juice of uanspravye:d
canes adversely affecting the guality of juice.
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CHAPTER 1

INTRODUCT ION
Sugarcane (Saccharum spp. Hybrid) 1s an important
commercial c¢rop in many tropical areas of the world. 1t

occupies a pride of place among the commercial crops not
only in the state of Andhra fFradesh but also 1n  the
country. Sugarcane not only provides raw material to
sugar industry but also at the village level for Jaggery
making. In recent years sugarcane is also used as enerqgy
source and for the praduction of ethanol, methanol and
methane gas and a range of chenicals ased in industries.
Bagasse, a valuable by-product from sugar industry 1is
being used in paper industry, news print and also for the

production of furfural and rayon yarn.

In India, sugarcane occupies an area of 1.62
million hectares with an annual production of 230.B83
million tonnes of cane according to final estimates for
the production year 1992-93. In Andhra Pradesh, the crop
is grown over an area of about 0.17 million hectares,

producing about 12.35 rillion tonnes of cane (Goel et al.,

1994) and the state cccupies 5th rank for both area and
producticn in India. Sugarcane is cultivated practically
all over the state but large arsas are concentrated in the
districts of Visakhapatnam, Vizianagaram, Srikakulam, East
Godavari, West Godavari, Krishna, Nizamabad, Medak and

Chittoor. Although a major part of the crop area is under



irrigation, the crop is alsc raised under rainfed

conditions in areae with relatively hign rainfall.

Sugarcane is subject to attack by more than one
hundred diseases of either fungal, bacterial, viral,
mycoplasmal and other inanimate agents. The most signifi-
cant of these diseases in India in terms of economic loss

and wide spread distribution 1is red rot (Glomerella

tucumanensis speg.} followed by smut (Ustilago scitaminea

Syd.) and grassy shoot (MLO). The foliage of sugarcane is
attacked by a number of fungi that produce necrotic spots
and lesions. Fifteen foliar fungal diseases were reported
so far from Andhra Pradesh on sugarcane. Of these, eye

spot (Bipolaris sacchari (Butl.) Sheuemaker) and vyellow

spot (Mycovellosiella koepkei (Krﬁger} Deighton} are the

twe widely distributed and studied. Earlier, the ring

spot (Leptosphaerjia sacchari Van Breda de Hann) did not

attract much attenticn of researchers in view of jts

'minor importance' ther.

Ring spot caused by Leptosphaeria sacchari vVvan

Breda de Hann was first reported by Kruger (1890} from
Java. The disease has now been reported from 79 sugyarcane
growing countries of the world (Ricaud et al., 1989). 1In
India, the occurrence of the disease has been reported
from Andhra Pradesh (Chona, 19%8), Uttar Pradesh, Bihar,

Bengal, Assam, ands Maharashtra {Singh, 1978), The



disease was observed on sugarcane varieties Co 419, <o
421, Co 449, <Co 527 and Co 397 cultivated in  Andhra
Pradesh being conspicuous ©1 Co 527  (Prakasam and
Appalanarasaiah, 1965). The disease has been appearing on
most of the cultivars of sugarcane in Andhra Pradesh for
the last 3 decades in a mild form. The disease started
appearing in a severe form sinze 1985-86 after the intro-
duction of varieties Co 7219, CoT 820Ll, Co %75 and CoR
8001 on a commercial scale in different factory zones of

coastal Andhra Pradesh and Telangana particularly under

stress conditions. Numercus spots which appear on the
leaves coalesce in due course resulting in reduction of
net photosynthetic area. Barring 3 to 4 youny leaves in

the spindle, the remaining foliage is severely affected by
the disease presenting a burnt appearance when the crop is
viewed from a distance. The disease appears 1in severe
proportions 1in the terminal stages of growth phase and
prevails throughout the maturity phase reflecting on cane
vield and juice quality. In view of the severe manifesta-
tion of the disease in certain cultivars, it 1is appre-
hended that it may prove yet another menace for successful

cultivation of sugarcans in the state.

Not much research work has been attenpted
anywhere in the world, since ring spot was hitherto
considered a minor disease. Realising the growing

importance of this endemic disease in most of the cane



growing areas of the state, dexailed investigations were
taken up on the following aspects of the disease 1in the
laboratory, glass house and field between 1988-1991 at
Regional Agricultural Research Station. Andhra Pradesb

Agricultural University, Anakapalle.

1. Symptomatclogy

2. Isolation and identification of pathogen and
establishment c¢f pathogenicity

3. Developing a disease rating scale for estimation

of disease intensity

4. Survey for assessment of disease intensity
S, Inoculation and rapid screening techniques
6. Factors affecting disease development

7. Variation in the isolates of pathogen

8. Spread of the disease

g. Host range

10. Varietal reaction

11. Chemical control

12. Losses due to the disease

Results of investigations on the above aspects

are presented and discussed in this thesis.
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CHAPTER 11

REVIEW OF LITERATURE

The available literature on wvarious aspects of
the present investigations on the ring spot disease and

other foliar melodies caused by Leptosphaeria sp. o©n

sugarcane and other crops is reviewed in this chapter.

2.1 DISTRIBUTION

Ring spot is one of the older recorded diseases
of sugarcane having been first reported in literature by
Kruger (1890) from Java (Indones.a). He gave 1t the name
"ring spot" which has =since been retailned. Later Vvanp
Breda de Hann (1892} reported that the fungus usually

asscociated with the disease 13 Leptosphaeria saccnari

which he considered as the causal organism. Since then
several workers [Bancroft {1911) from West Indies and
Java, Ashby (1912) frem Jamaica, VvVanderbiijl (1921} from
South Africa, Fawcett (1922) from Tukuman, North (1923)
from Australia, Baissa (1936) from Madayascar, Matsumoto
and Yamamoto (1936) from Taiwan, Csminha (1936) and Bitan
Court (1938) from Brazil, Bourne (1934) from Florida,
Bruner (1940) from Cuka, Muller {(1941) from Venezula,
Deslandes (1944) from Pmazinia, Resplandy et al. (1954)
from Ivory Coast, Tarr (1957 from Sudan, Tabayoyong

{1958) from Philippines, Hudson (1960) from Jamaica, Pan

{1989} from Malasia, Echavez Badel (1390) from Puerto



Rico] reported the occurrence of the dicsease from various
countries. The (isease has now been reported from 7Y
sugarcane growing countries (Takle 1} of the world (Ricaud

t al., 1989).

Confirmatory reports from India on the occurrence
of the disease are available from Andhra Pradesh (Chona,
1958); Bihar (Dutta, 1969); U.P., Bengal, Assam, Mahara-
shtra and Gujarat (Singh, 197&); Kerala and Tamilnadu

{Govindaswamy and Alagia Nagalingam, 1981).

In Andhra Pradesh, though the disease has been
appearing on important =ultivars like <o 419, Co 421, Co
527 and Co 997 for the last 3 decades in a mild form, the
disease started appearing in a very severe form since
1985-86 on varieties Co 7219, (CoT 8201, <Co 97%, Co 80421,
Co 7704 and CcR 8001 in different areas (RARS, Anakapalle,
1992).

Leaf blight and leaf scorch, two other foliar

diseases caused by Leptosphaeria taiwanensis and

Leptosphaeria bicolor respectively were reported from

different countries but reports of the latter melody only
are there from India (Ricaud et al., 1989). According tc
him, leaf blight is restricted to Taiwan, Japan and
Philippines while leaf scorch is reported from Argentina,
Bangladesh, Cuba, India, Indochina, Japan, Nigeria,
Panama, Papua-New Guinea, Philippinss, South Africa,

Tajwan, Thailand and Kenya.



JTable 1: Distribution uf ring spot ilsease (n cane  yrowing coupb e s
of the world

Name of the country Name of the country Name of the country
1. Andaman island 28. Luyana S50 Philippines
2. Angola 29. Bawaii Y6, Puerto Fico
3. Antigua 30, Honduras 47. Reunion
4. Argentina 31. Bongkong S8, St.Kibte and Newvrs
5. Australia 3Z2. India LY. Sumnag

6. Bangladesh 33. Indoching 60, YSenegal

7. Barbados 24, Indonesia &1, Sierca Loone
8. Belize 34, Ivory coast 620 Solomon 14
9. Benin 36. Jamaica 63, South Alrica
1G. Bolivia 37, lapan O4. Gri o Lanky
li. Borneo 8. Kenya 05, Sudan

17. Brazil 39, Malagas, R. H6. Surinam

15, Burkina Faso 40, Malawi 67 . Talwan

4. Burma 41. Malavsia 68, Tanszania

1%, Cambodia a7, Mali 9. Thailand

leo. Cameroon A Mark Lol YO Tugu

17, Cent. Afr.R, 44. Mauritius Yl Tranidud

18. China 4. Hexico U Uyganda

14. Colonbia 46. Mozambiqgue 730 Uruguay
200, Costa Rica 47, Nepal e ULHOAL
Z21. Cuba 4. Nicaragua Y. Vanoatuo

20, Dominican K 49, Niger Y6 Venezuelsq
25, Eyypt 50. Fakistan Y. Zalre

2a. Elsalvador $1. Fanama YH. Zambia
2L, Fiji 22, Fapua=New Luinea 90 L inbubwe

26, Ghana 53. Paraquay
27. Guadeloupe S4, Feru



2.2 SYMPTOMATOLOGY

The symptoms of ring spot disease were described
in detail by Butler (1918), Bourne (1934}, Abbott (1964),
putta (1969) and Agnihotri (19907, I'ne disease appears
mainly on the leaf blades but infection some times alsc
occurs on the leaf sheaths and stalks (Bourne, 1934 and
Abbott, 1964). Although the disease most commonly affects
only the older leaves, infection of the younger ones also
may occur, Numercus spots appear on the leaf blade and
the mature ones are conspicucus. At first they appear as
dirty green areas of irrequla: shapes gradually becoming
oval and purplish. They mav vary in size in different
sugarcane varieties. Butler (.918! and Bourne (1934} gave
the lesion dimensions as 5x15 mm and 2.5-4 mm x 10-1Z rmm
respectively and Matsumoto {1952} as 1-5 mm x 4-18 mm.
Dutta (1969) reported that the average size of the spot is
7.0x4.0 mm while Agnihotri (1990) repcrted same measure-
ment of spots as that of bourne (1934). In the begining,
the shape of the spot is either oval or spherical but
latter on it becomes irregular. As the spots enlarge,
they become more irregular in outline and may coalesce to
form large reddish brown patches. When a large portion of
the leaf 1is affected, it witaers and dies prematurely .
The centre of the older spots wusually become straw
coloured, surrounded by well defined reddish marygins and

diffused discoloured zone., On the central straw coloured



portion of older spots, numerdus pin head sized Dblack
fruiting bodies of Leptosphaeria sacchari in concentric

rings and species of Phyllosticta are usually present.

The stalk lesions vary from somewhat oval or
circular spots to irregular patches of considerable size
(Bourne, 1934).

Regarding the course of development of the
disease, Butler (1918) reported that the ring spot disease
of sugarcane starts as small discoloured generally purple
spots visible on both sarfaces of leaf. The spots grow in
size and the central portion dr.es up. The central straw
eoloured dried tissues are surrounded by a thin reddish
brown band outside which there is some times a  y=)low
arecla merging into the green of leaf. The spots are
scattered over the whole or part of the leaf blade. The
spot is usually not regular but lobed or broken by angular
projections and the union of neighbouring spots increases
this irregularity. Ultimately a considerable part of Lleaf
dries up in the reighbourhood of spots resulting in the
premature withering of leaf. Dutta (1969) reported that
the leaves of ring spot affected plants except a few top
young ones, contain numercus small oval and purplish
spots. The leaves dry up prematurely due to excessive

spotting especially towards the apex of the lamina.

Two other species of Leptosphaeria also produce

symptoms on  suygarcane, Leaf blicht caused by L.



taiwanensis produces first symptoms on the immature leaves

in spindle as small narrow elliptical or elongate spindle
shaped spots, yellcwish in colour dotted with red, which
are visible on both sides of the leaf. They develop into
elongate reddish brown streaks which often cocalesce into
bands separated by navrow green porticns of leaf. The
diseased leaves die aad become dried so that severely

infected plants have a reddish brown appearance when

viewed from a distance. The infection some times ovcurs
on the sheath. The minute black fruiting bodies of the
fungus develop in the margins of old 1lesions. Purplish

red lesions may alsc be produced on the leaf sheaths
especially 1in latter stages (Yen, 14964}, Leaf scorch
caused by L. bicolor produces very small red or reddish
brown spots on the ysung leaves initially. The spots
gradually elongate, assuming a more o1 less spindle shape
with a definite yellowish halw. Later they coalesce and
extend along the vascular bundles becoming spindle 1like
streaks measuring 5-20 cm long and 0.3 to 1.0 cm wide,
reddish brown at first and then straw coloured with dark
red margins. In advanced stage, numerous minute black
pycnidia develop in the dead tissues of the leaves.
Occasionally straw «oloured lesions occur on the lpper
part of leaf sheath but no pycnidial formation has been

observed (LO and Leu, 1989).

1



2.3 ISOLATION ©OF ‘THE PATHCGGEN AND ESTABLISHMENT OF

PATHOGENICITY

van Breda de Hann (189%) considered the perithe-
cial fungus he found associated with the lesions as  the

causal agent, which he described as Leptosphacria

sacchari. It belongs to the class Ascomycetes, Sub class:
Loculoascomycetidae, order: Pleosporales and family pleos-
poraceae. He described that perithecia were formed before
the spots shrivelled. They were brownish black in colour,
spherical and thin walled and measured 140 p in diameter
containing 8 four celled spores with one thicker main cell
and measured 20~-24 x 3 nu.  They became dark in colour when
fully matured. He also descriosed round, reddish brown
conidiferous bodies which produaced at their tips smoky
brown, three to four celled, cval and slightly curved
conidia resembling those of Dematium. He was not certain
of the connection of this fungus with L. sacchari. Most
authors have agreed with Van Bra=da de Hann's work on the
description of symptomrs of the disease but differences
persisted with regard to descriptions of both the

perithecial and conidial states »f the fungus.

A few workers made mention of only the perfect
state. Bancroft (1910) stated trat the ascorpores wvere 3
septate, 20-24 x 5 p, brownish and that hyphae produced 3-
4 septate curved spcre cn the leaf surface. Ashby (1912}

described the asci, as containiag 8, four celled hyaline

11



ascospores, 21-23 x 3.5-4.0 wu, enstricted at the septa,

each cell with an  ©il drop 12t and two wmedian  coel 1
larger. According to Jhonston (1917) tne perithecia were
spherical, thiw walled, brown anc 140 p in diameter. 'The

ascorpores were 3 septate, brownish, 206-24 x 5 u and the
conidia were borne on the surface hyphae. Butler +1918)
stated that fine hyaline hyphae of the parasite penetrate
the leaf by entering directly into the cells. At a later
stage the mycelium gives rise to conidial stage of the
fungus. Perithecia are formed in large numbers chiefly
within the rings but also to some extent outside them,
They occur as tiny black dots arranged in rows between the
fine veins of leaf and entirely bur ied in the leaf tissue
except at the tip. “hey are visible only on the upper
surface of the leaf where they open by a fine mouth
{ostiole). He gave same measurements of perithecia and
ascospores as stated by Jhonsten (1917, and described the
perithecia as spherical with elongated club shaped asci.
Each ascus contained 8 ascospores arranged in two or threo
ITOWS . The spores were elongyated. 3 septate, straight,
rounded at the ends and were colourless at first and light
brown later. studies of Matsumoto (1lY52) revealed that
the perithecia were at first sukepidermal, later erumpent,
spherical or sub ylobose, black with slightly papileate
ostiole 130-150 x 140-170 p. Asci cylindrical, slightly

narrow at the base 54--85 x 10-1% p, spores 8 per ascus



approximately 2 rowed, Oblong, 3 septate, constricted at
the septa, hyaline or sub hyaline, 19-23 x 4.5 - & u,
paraphyses filamentous, about the same length as the asci,

hyaline, 2-2.5 p wide.

Several other workers gave varying accounts of
the perfect and imperfect stages of the causal organism of
ring spot disease. Hennings (1907} described the

imperfect state as Phyllosticta saccharicola from the

Belgian congo. The pycnidia were hypophyllous 60-9) p in
diameter with oblong subfuscoid, hyaline, 2-3 guttulate
pycnospores, 10-13 x 3-3.% u, Fawcett (1922) wLn Tucuman

reported that a Phyllosticta occurred on ring spot caused

by the perithecial fungus (Leptosphaeria sacchari) and he

believed it to be genftically related to the latter.
Tucker (1925) from Puerto Ricc described the imperfect

state as Phyllosticta sacchari and suggested possible

genetic connection between the pycnidia of this fungus and
perithecia of L. sacchari which were often found in the
same leaf spots developed on sugarcane, Bourne (1934)
from Florida reported that isolations from ring spot made
at wvarious stages of spot development yielded number of

fungi viz; Helminthcsporium sacchari, Phyllosticta sp..,

Nigrospora sp., Leptosphaeria sacchari, Alternaria Sp.
Initially he failed to produce ring spot symptoms by
inoculating carne leaves with pure cultures of

Leptosphaeria and Phyllostica and thus opined that they
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were not primarily causal agent ¢ bhut assoc iated
saprophytes. But. when he inoculated leaves with  thoe
Helminthosporium in seperate mixtures with the

Leptosphaeria and Phyllosticta, typical ring spot lesions

were produced by the Helminthosporium, Phyllosticta

mixture, while infaction by the Helminthosporium,

Leptosphaeria mixture was no different from that produced

by the eye spot organism alone. He concluded that H.
ocellum (H. sacchari) was the primary cause of disease and
L. sacchari was an associated saprophyte. However, Abbott
(1964) opined that the eye spot fungus does not seem to be
essential for initiating ring spot lesions in all cases
since ring spot occurred in several sugarcane growing

areas where H. sacchari has nobt been recorded.

Bourne mede tissue plantings and single ascospore

isolates from lesions of L. saccharl are obtained colonies

on glucose potato agar which produced akundant

Phyllosticta pycnidia. Bournes' description of the

Phyllosticta state agreed with P. saccharicola described

by Hennings (19%07) and he was thus the first to offer
proof of genetic connection between L. sacchari and

Phyllosticta saccharicola. Proof that the two states were

genetically connected was furnished by the fact that the
cultures from single ascorpores and pycnospores appeared
to be identical and also because single ascorpores yielded

the perfect state at Jirst on sterile sugarcane leaves and
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later gave only the conidial state {Huéson, 19640; Abbott,

1964).

Matsumoto and Yamamotc 119363 reported from Japan
that L. sacchari was found to produce abundant pycnidia of

a species of Phyllosticta on sugarcane besides the

perithecia on sterile leaves, thereby substantiating the
genetic connection between the perfect and imperfect
stages observed by Bourne (19:4) in Plorida. I.uc 11953)

observed numercus Phyllosticta saccharicela pycnidiospores

measuring 9-14 x 3.5-4 m on ring spot lesions, Resplandy
et al. {1954) also reported that L. sacchari was commonly

present along with a species of Phyllosticta on spots.

Hudson (1360) from Jamaica gave a description of

conidial state of Lepteosphaeria sacchari on stems and

leaves of sugarcane and it was identified as Phyllosticta
Sp. and thus his work provided further proof of the
connection bhetwveen the two funygi. He stated that the
fungus persists saprophytically on old dead leat tissues
and the mycelium spreads from these and perithecia and
pycnidia were produced often in great numbers allover the
leaf surface. He described perithecia, Ascl, Ascospores,
Pycnidia and Pycnidiospores, The perithecia were small
globose, pale brown with a papillate osticle and measured
110-140 . Asci were numerous, oylindrical or club
shaped, sessile, bitunicate with rounded apex, 8 spored

and measured 60-72 x 9-13 p. Ascospores were irregularly
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biseriate in upper part of Ascus, almost hyaline, 3
septate with the second cell swollen. Each c¢ell of
ascospore had characrteristically a single large guttle.
The ascospores were 21-25% p .ong and 4-6 p wide at  the
swollen second cell and 3.5-5 g else where. He algo
stated that sinyle ascospores when transferred to val meal

agar produced pycridia only but not perithecia.

Hudson made a mention of association of ttwo more

species of Leptosphaeria on sugarcane leaves in ring spot

lesions each having 3 septate ascospores. L. eustomoides

Sacc. could be distinguished from L. sacchari by its
narrower, vellowish brown, non guttulate ascospores the
end cells of which were more pointed and measured 1h-22 x

4-5 pn. L. spegazzinia sacc. and Syd. (Syn. L. sacchari

Speg.) also occurred on the same host and had 3 septate
ascospores, constricted at the centre, pale, olivaceous

and measured 25 x 5-6 .

Ricaud et al. (198%} and Echavez Badel (1990

reported the associztion of L. sacchari and Phyllosticta

saccharicela with ring spot disease of sugarcane.

Two more fungi were implicated in the ircidence
of ring spot disease. Vander Bijl (1921) stated that .

Phoma was part of the life history of L. sacchari.

Yen and Chi (1953} considered L. sacchari as the

causal agent of ring spot in Taiwan and referred to -



Cercospora stage of the funyus. They reported that

perithecia grew well on sterilised green leaf blade of

. A & )
susceptible variety at optimum temperature of 26 7.

Yen (19%8) from Formoasa reported the ocourrence

of Cercospora saccharicola causging ring spot symptoms and

considered it as a pcssible fore runner of L. sacchari

present as a saprophyte.

Research work on ring spet disease in India is
meagre and only a few reports are available regarding

aetiology of the disease.

Roy (1964) surveved sugarcane area in Assam  and

isolated a pycnidial fungqus, Phyllosticta sacchari from

typical ring spot lesions.

Dutta {196%) reported Phvllosticta sp. and

Leptosphaeria sp. on ring spot lesiaons., In many spots

Leptosphaeria sp. always appeared later by a month or

longer than Phyllosticta sp. He isolated ring spot

pathogen on potato dextiose agar and oat meal agar bv
single spore method. Only the imperfect stage of  the

fungus appearced in cilture and found it to be similar to

Phyllosticta saccnariocola.

According to Agnihotr i (1990) ring spot 1s caused
by L. sacchari. According toa him the perithecia of the

causal agent were spherical, thin walled, brown, measuring



L40 @ in diameter. fhey countalned numerous clavate,
slender asci  intermingled with pacraghyses. Bach azcus
measuring 63-75 x 17 p containing elyht } septate browviiish
ascospores measuring 20-24 - 5 np.  The middle cells ol the

ascospores were darker than the end cells,

Two more species of Leptosphaeria cause diseases

on sugarcane, L. taiwanensis causing leaf blight and L.

bicolor causing leaf scoreh. “he etiological and related

aspects are reviewed helow.

Yen and Chi {(1953) found that [,. taiwanensis can

be readily isolated anl cultured on corn meal agar. The
optimum temperatures for the growth ¢f the culture was 25-

30°C and perithecia dev=zloped in culturse in 2-3 weeks.

Hsieh and Lew {1970} repoarted that out of several

isolates of L. talwanensis from Jdifferent suyarcane

varieties, only a few produced perithecia. Optimum tempoe-
rature for ascospore formation was 24-:6"C. They  found
that potato dextrose agar, oit meal agar and  sugatcane
leaf decoction agar were the best media for ascospore

formation. They also reported that the lesions were

induced by incoculating the ascospore from the isolate.

Leaf blight oryanism (L. taiwanensis) on potato

glucose agar produced ascospores and pycnidia and
pathogenicity was proved by incculating ascospores and

pycnidia (Wang, 198%).



Wang (1987 ~ultured different isolates of L.

taiwanensis on potato dextrose agar (PUA). only 200 per

cent of them produced pycnidia and perithecia. However,
abundant pycnidia and perithecia were produced when the
cultures were kept at 10-30°C.  PDA, PDA added with bean
flour (2.2%), PDA with corn meal {1.9%) and PDA with oat
meal (7.2%) were the best media for pycnidial and
perithecial formation. Fourtean day old culture of L.

taiwanensis on PDA produced Stagynospora and Phoma types of

conidia in the same pyonidium. Both types of conidia also
produced leaf blight symptoms when they were inoculated on

sugarcane leaves.

Kaiser et al. (1979) in Kenya first reported that

L. bicolor (telecomorpn of Staynospora sacchari)} was asso-

ciated with leaf scorch disease. Ascomata were observed

occasionally in leaf scorch lesions on naturally infected

leaves in association with pycenidia. Both states
developed 1in pure cultures from single ascospores. The
perfect stage did not develop on various nutrient mwedia,

but formed within 10-15 days on natural water agar
containing autoclaved leaf piaces. Mycellial growth and
pycnidial formation were more on oat meal agar and potato

dextrose agar.

Chu and Tsai (1952) reported that both mycelia

and pycnidia of Stagnospora sacchari grew abundantiy  on

potato dextrose agar and cane leaf bean agar.



wang and Lee (1980 stated that pycnidia  of

stagnospora sacchari were abundant in wotato sucrose agar

added with sugarcane leat (202

LLiterature pertaining . aetiological aspects of

two diseases caused by Leptosphaeria spp. on two  cther

crops viz., L. maculansgs causing black leg of rape and L.
nodorum causing glume blotch of wheat are reviewed

hereunder.

Wood and Barbetti (1977) reported that higher

level of infection of Brassica campeslris and Brassica

rape seedlings was obtalned winth ascospores of L.macdlaws

than pycnidiospores. Wittern and Kruger (1985) conducted
gresn house experiments on rtesting resistance of &
cultivars of rape against L. mac¢ulans using ascospores
from old infected rape stalks, since ascospores did not
form in culture. In general accospores were more viralent

than conidia.

Hampton et al. ({1978 reportad that pycnidia of

Septoria nodorum (L. nodorum: were produced only when
infected leaves were excised and piaced on detached leaf
culture under near U.V. light for 12 hours/day. They
cultured conidia and ascospores on several agar media.
Inoculations with poth spore suspensions produced typical
symptoms. Horellou et al. (1979) reported maximum speru-

lation of 5. (Leptosphaeria) nodorum or czapecks Dox or




malt agar media when the dishes were kept undeyr flouras-
cent light, U.v. for 12-1% hoirs/day. OReilly et ol
(1987) in Ireland isclated peritnecia typical of L,
nodorum from glume blotch affected leaves on agar mediam.
single ascorpore cultures produced pycnidia typical of

Septoria nodorum and the conidiz of which caused necrotic

lesions when sprayed on wheat seedlings.

2.4 DISEASE RATING SCALE AND ASSESSMENT OF THE

DISEASE INTENSITY

Hutchinsor (1¢70) gave the following standardised
rating system  (0-9 syetem} tor recording varietal
resistance to suygarcane diseases which has been accepted
in the year 196& by the standing committee members «f the
International Soclety of Sugarcane Technologists at 13th
Congress at Taiwan. This system formed the basis for
estimating the intensity of fol.iar discases by subsequent

workers.

0 : Immune

1l ¢ Very high resistant
2 ¢ Hichly resistant

3 : Resistant

4 : Intermediate - Resistant

5 : Intermediate
b : Intermediate - Susceptible

7 ¢ Suscepiible



G :

Hiahly succeptibile

Very highly susceptible

However, qifferent disecase ratings followed 1, a

few other workers are mentioned velow.

In

Taiwar., Leu (1968) screened sugarcane

varieties for leaf scorch disease (L., bicolor) based on

the following

1
2
3 s
4
g
6 3
7

8 .
g 2
Later

1-9 scale.

Highly rasistant
Resistant

Moderately resistant
Moderately susceptible
Susceptible
Susceptible

Highls susceptible
Hijghaly susceptibla

Highly susceptible

Leu and Hslilelh ' 1971) developed a U-Y scaloe

and rating varieties against l=2af blight (L. talwanensis)

of sugarcane

done based on

0

1
2
3 .

at Talwan sugar experiment station is being

this scale.

very high resistant
Highly resistart
Highly resistant

Resistant



4q : Resistant.

Moderately resistant

[

f : Moderately susceptible
7 : Susceptible
§ :+ Susceptible

9 Highly susceptinple

..

Prakasam and Satyanatayana (196Y) developeld o
scale for estimating the intersaty of yellow spot -diseaso
of sugarcane and recoynised 7 grades on the basis of per
cent leaf area affected, i.e. 5, 10, 20, 40, 60, HG and

104 per cent.

Mayee and Datar {1986} 1n their techuical
bulletin described & 0-9 scale of r1ating for suyarcane

leaf spot diseases with special reference to rust.

Response Respcnse description
Code No.
0 No visible infection.
)| Chilaorotis flecks only.
2 Chiorotic flecks with red or hrown —entre.

Centres may be necrotic.

3 Simall  to  large irreygularly  shaped roed b«
brown cpots  that  may,  coalesce. Pustule s

absoent .,

4 Indavidual chlorotic wor red spots wit!h

nonopened pustules.



5 Individual chloratic or ted spots wilkh

pustulaes opened and producing spores.

G Blotohoes ol leaf reddened or necrotic  wilthl

pustules producing spores.

7 Coalesced red to brown blotches or  spores
covering mich of the leaf surface from leaf
edge to mid rib, may be on both sides of mid
rib, and with pustules that are producing

spores.

8 Pustules producing spores  on chlor:faic

tissues, pustules with chlorotic halo.

9 Pustules producing spores on green tissues,

Covers 51 per cent or more area.

2.5 SURVEY FOR DISEASE INCIDENCE

Chona (1%58) reported severe incidence of ring
spot disease of cugarcane on o oartain cane  varietioes  in
Talaparamba (Tamil nadu) and in sertain coastal areas in
Andhra Pradesh. Dutte (1969 from Ranchi noted that
sugarcane varjety M.1l€ (Red tara) was observed to be
severely affected by ring spot disease every year,
compared to other cultivars in Chota Nagapur. At  Kanke
the disease was observed to be severe during September and

October of 1963 and 196¢%.



Working with leaf blight disease caused by L.

taiwanensis Leu and Hsieh (1969: from Taiwan stated that

the disease was more sérious 1n Hualien but due to wide
commercial cultivation of the resistant variety N.Co.3i0,
leaf blight was rarely observed during the mid '50s and
'60s. But with the introduction of new varieties [ilke
F.154 and F.157 the disease assumed epidimic proportion in

Pintung, Yuchin and Talchuny arcas.

2.6 METHCDS FOR TESTING RESISTANCE TO THE DISEASE

A review of work on ring spot disease showed that
no  attempts were cever made to  develop  a screcning
technique. Hence literature pectaining to feoliar diseases
on sugarcane and diseasces on a few other crops caused by

Leptosphaeria spp. is mentioned below.

Wismer and FKoike (1967) developed a method for

inciting brown spot disease (Cercospora longipes Butler)

in Hawaii. Potted plants or plants grown in the field
were used for the purpose. Top halves of the leaves of
the plants that were watered well were clipped off and the
whole crown was enclosed in  an alkathene bag for
subjecting to pre and post  inoculation humidities.
Inoculation was done by spraring a saspension of fungal
conidia on the exclsed foliage. Prakasam and
Satyanarayana (1969) adopted the apove method for
assessing the reaction of sugarcane varieties for Fellow

spot disease.



A rapid wmwethcd of assassing resistance to feaf
scorch disease (L. bicolor) under inoculated conditions
was developed by Wanyg and ‘lee (1980} where results
consistent with those from field trials were obtained.
Conidial suspensions were elther sprayed onto potted
plants or dropped into the spindle. The plants kept in
Jreen house were exposed to simunlated rainy conditicns for
2 or 3 hours each day for a weak and when inspected after
6 weeks, symptoms on the 3rd, 4th and 5th unfolded leaves

were rated similar to those in the field trials.

Leu annd Hsiek (1971) at Taiwan sugar experiment
station studied artificial inoculation of sugarcane
varieties in the field by means of an ascorpore suspension

of L. taiwanensis of 2 x 105/m1 concentration by spraying

on the leaves. Gradirg for the degres of resistance was
performed twice at 2 and 4 weeks after incculation. Wany
and Lee (1982} made some improvements on the methods of
testing sugarcane varietal resistance to leaf blight, the
results of which were found to tally with field reaction.
Four months old plants of different varieties planted 11
pots were artificially inoculated by spraying 1 x 105gm3
conidial suspension in the green house, duly maintaining
high Thumidity by spraying water over night. Initia
symptoms appeared 4 to 5 days after inoculation and rating

was done 2 and 4 weeks after -noculation.



Bernard and Liu (19801 compared three artificial

inoculation methods for rust disease and concluded that
wrapping younyg leaves with « piece of rust affected leaft
appeared to be most effective. Liv (1982} descriked a

detached leaf method for assessing varietal resistance to
rust, where inoculated leaf pieces were maintained =n  a
benzimidazole nutrient solution in a test tube. Of the 90
varieties tested, more tnan %5 per cent gave similar

reaction to that wbkhserved under ratural conditions.

Benediks et al. (1931) developed a laboratory
technique for screening wheat varieties for resistance to
Septoria (L.) podorum causing qglume blotch of wheat. Cut
pieces of 3 cm from first fully expanded leaf of . week
nld wheat seedlings were employed and results compared
positively with those of field observations. Studies of
Karjalainen (1985) revealed that field screening technique
trased on artificial inoculation in small pots with
conidial suspension of $. nodorum showed that the most

resistant entries were wild triticum spp. and late and

tall varieties. Seedliny plant tests. attached seedling
leaves and detached leaves <asily revealed the most
resistant and most susceptible cultivars. The overall

correlation between secedling and field tests was gulite
high. Verreet ¢t al. (19871 stated that a conidial

concentration of 1 x 1C6 spores/ml was found coptimum for

screening varieties of wheat ayainst S. (L.) nodorum.



wrndland and Hoffman (l1488) while screering breediny lines
of wheat against glume bhlotch disease (L. nodorum) adapted

seed and spray inoculation methods and obtained similar

results in both the methods.

2.7 FACTORS AFFECTING DISEASE DEVELGPMENT

Ring spot Jisease was favoured by cool,
damp atmospheric conditions and locations in South Africa
(Vanderbijl, 1921). Mosaic predisposed cane crop to ring
spot in Tucuman (Fawcett, 1922). North (1923) recorded
that in Australia ring spot appeared in a particular
season such as winter and disappeared later. Tabayoyoung
(1958) reported from Philippines that ring spot was

maximum in June (10.27%) and minimum ir December (4.99%).

Reports of the prevalence of the disease in
conditions unconyenia. to sugarcane are there. Baissa
{1936) mentioned thatl: in Madagaskar ring spot affected
sugarcane 1in unfavourable weathnor. Caminha {1936} Ffrom
Brazil observed that rinyg spot disease attacked youny
shoots in wet solils. Ricaud (1969} observed wide spread
occurrence of ring spot disease on many varieties of
sugarcane in Mauritius due to extreme dry season which had
prevailed, the driest on record for many years. He opined
that water stress, perhaps, might have favoured infection
by 1limiting the absorption of some assential nutrient.

Echavez Badel (1990) reported that ring spot caused by L.



sacchari is distributed zhroughout Puerto Rico, partica-

tarly in moist localaities.

Butler L9148} report end thatl untavourable
conditions of soil and moisture appear to predisposc bl
thick canes to ring spot disease while thin canes were
never damaged. According to Agnihotri (1990) ring spot
disease occured mostly during the rainy season,
particularly on the older leaves and continued till the
harvest of camnes.

Conditions that favoured incidence and spread of

two other diseases c¢aused by Leptosphaeria spp. on

sugarcane are reviewed below.

Yen (1964) stated that leaf blight was most
prevalent in the high rainfall areas of east coast of
Taiwan throughout the yesar. Observations by Leu and Hsieh
(1969) revealed that leaf blight disease occurred most
intensively 1in Taiwan throughout the vear regardless of

age of the plant particularly during winter and early

spring. However, 1n 1968, a combination of susceptible
varieties, abundant inoculum and rainy weather .aused
considerable damage even in summer. Leu and Hsieh (1971)

studied pattern of lesion davelopment in leaf blight
affected sugarcane lesves. Spraying asscospore suspension
during rain gave better results than when done in dry
weather. Lesions developed faster in mature tran in

younger leaves on the same plant. .



Exconde (1963) reported that there was seascnal
variation in leaf scorch severity, with the highest
Jdncidence in Negros in the January-July period which
encompasses the rainy seasol. Lo anc Lew (19891 € rom

Taiwan stated that the develcpment of tnitial streak

lesion in the lcaf scorch disease 1s :nfluenced Ly the
variety and environmental conditicons, Susceptible
varieties in dry weather developed streak formation

rapidly and there was extensive discolouration of adjacent
tissue, The whole crop developed a typical scorched
appearance with the worst cases showing normal green leaf
tisgue only 1in the leaf spind:e. Streak formation was
most evident in spring and autumn when growth was only
moderate, Winter temperatures were too low for the
pathogen, while in summer, the rapid production «f new
leaves resulted in good symptom expression only on  the
older leaves well down in the c¢anopy. Spring planted cane
and ratoons showed less disease than cane planted in
autumn {(July-September}. They alsc reported that in
Philippines the disease was pra2sent throughout the vear

under different envirormental cornditicons.

Literature pertaining to three more diseases

caused by Leptosphaeria spp. on crops other than sugarcane

viz., glume blotch of wheat, crown canker of rape and stem

rot of paddy is reviewed below.



Extremely rainy weather and below averayge teerpoe-

ratures favoured severe attack of Septoria (Leptosphaeria)

nodorum in wheat (Rowe, 1979; svanold and Djurle, 1%80;
Jeger t al., 1981; Mittermeier and Hoffman, 1984).

Scott et al. (1985) reported that the canopies of taller
wheat varieties appearzd to generate a less favourable

microclimate for development of Leptosphaeria nodorum.

Space occupied by canopies showed that taller varieties
had lower canopy densities than shorter varieties, They
also stated that reduced wetness of leaf surface contri-
buted to the tendency for taller varieties to be less
infected. Revertheless microclimate effect was considered
by the workers, to be only one of the several mechanisms
that contributed to the tendency for taller varietiecz to
be more resistant. vanova and Benda (1988} reported from
Ochrane that stress factors were important for infection
of S. (L.) nodorum. Khoury and Kra - (1989) found in
German Federal Republic that hiuh disease rate of S, (L.)
nodorum on wheat was favoured by a combination of weekly
rainfall of more than 10 mm and relative humidity
exceeding 90 per cent coupled with -<emperatures above

12%.

Severe out breaks of stem rot of raddy
(L. salvini) have beer traced to weakening of the plant
due to physiological imbalance, unusual drought or insect

attack particularly stem borer 1ncidence {(Rangaswami,



1979). Li et 1. (19841 observed <that irrigation,
nitrogen level, varietal resistance and amount of inocculum
had significant effect on both incidence and severity of

stem rot disease.

Barbetti (1975) while working wJith crown <canker
of rape (L. maculans) reported that temperature regyime was
a major factor determining the time of first appearance of
the disease. sundarmadi and wWallace (1984) conducted
studies on rape seed and reported that ascorpores of black
leg pathogen (L., maculans) were main source of first
infection in the crop while pycnidiespores which are
easily spread by wind borne rain splash to other parts of
plant or to nearby plants were responsible for the

development of late cankers on the growing crop.

Information on the effect of major nutrients
viz., nitrogen, phosphorus :=nd potassium on the foliar

diseases of sugarcane raused by Leptosphaeria Spp. 18 not

available. Investigation on the effect of major nutrients

on brown stripe of sugarcane caused by Cochiliobcl us

stencspilus, indicated that (1) the disease was more

severe on varieties growing in scils ¢f low fertilit,, 12)
the leaves and stalks of healthy varieties contained more
silica than similar parts of diseased plants and (3] the
disease was less severe when additional fertilizers parti-
cularly potash was applied to areas where the disease was

prevalent (Ricaud et al., 198Y). Rabindra and Kumaraswamy



11978} from Mandya reported that apptication cof potassium

helped in minimising the incidence of eye spot diseasce of

sugarcane (Bipolaris sacchari).

The effect o2f K, P and K fertilizers on the
intensity of glume blotch of whea' and stem rot of ri.ce

caused by Leptosphaeria spp. are reviewed hereunder.

With increased nitrogen fertilizer the severity
of glume blotch of wheat increased significantly {(Olsson,
1379; Broscious et al., 1985}. Nitrogen fertilizer alcne
or in combination with phosphorus fertilizer increased the
infection by L. nodorum :n wheat {Kharkova et al., 1984),
Potassium fertilisation reduced the intensity of glume
blotch in field tests in Baverin (8iebold, 19801} .
According to Cunfer et al. (1980 glume blotch severity
was positively correlated with phosphorus fertilizer rates
and yield was negatively correlated. K and P and K
interactions did not affect any variable measured except
grain yvield when increasing K rates  lessened t.he

detrimental effect of applied P.

High nitrogyen levels increased the incidence and

severity of stem rot of rice caused by Magnaporthe salvini

Jain, 1977; Mayee ¢t al., 1977, Nyvall, 1974;
Rathaiah, 1990; Mehrotra and Aneja, 1990). Application
of phosphorus individually or in zombinaticn with nitrogen

increased the disease intensity (Jain, 1977; Rathaial,



19990). Application of rotassium fertilizer reduced  stom
rot severity with corresponding increase in grain and
straw yields (Nyvall, 1979; Rathaiah, 199¢; Jayaraj et

al., 1991}.

The role of silica in disease resistance to many
leaf spot diseases of crops has been reported. However,
its role in sugarcane against leaf spot diseases has not
been studied in detail. Lyan (1989) while working with

brown stripe (Cochliobolis stenospilus) disease in  sugar-

cane reported that l=zaves and stalks of resistant
varieties contained msre sil:ica than in  susceptible
varieties. A few reports are thera2 in literature

regarding the role of silica in offering resistance t«

Leptosphaeria sp- According <o Nonaka et al. (195%8),

increased silica content in rice plants decreasaed the stem
rot severity. Leusch and Buchenauer (1984} reported that
severity of glume blotch in wheat was negatively corre-

lated with the silica content of leaves and glumes.

2.8 VARIATION IN RING SPOT P£ATHOGEN

No information is available on the variation of
ring spot pathogen. Studies on the variability of

Leptosphaeria spp. ©n sugarcane are very meagre. Kalser

t al. (1979) frorm Kenya reported that isclates of leaf

scorch fungus (L. kEicolor) wvaried in growth rate,

speorulation and colony appearance., However, socveral


file:///jith

workers have conducted studies on the variability of

Leptosphaeria spp. in different crops. Rufty et al.

{1981a) and Allingham and Jackson (1981) reported waria-
tion in the virulence pattern of lisolates of L. nodorum in
wheat while Scottand Benedikz (1983) found no vartation irn
the isolates of L. nodorum and L. avenaria. Humpherson-

jones and Ainsworth (19¢4) detected no variaticn in  the

strains of L. maculans.
2.9 SURVIVAL AND SPREAD OF THE PATHOGEN

Abbott (1964) stated that transmission of ring
spot was apparently by wind or rain borne spores which
caused new infections, There was no evidence that the
pathogen was transmitted by seed cane, although it might
have been carried on portions of leaves or sheaths
adhering to the cuttings. Trarsmission of the disease
through infected old dead leaves with the aid of rain

splashes was reported by .Jones (1%67),

Lo {(1961) while working with Stagnospora sacchari

{Leptosphaeria bicolur) observed that wind blown rain ani

dew were indispensable [or the dissimination of conidia
and conidia ooze in a gelatinous mass from the wmoist
pycnidia and were dispersed by free water or rain from one
field to another if high winds accompany the rain. Waork
of Matsumoto et al. (1955) indicated that sett trans-

mission has not been oositive even where there was



infected 1leaf tissue adhering t2 the sSetts and the
pathogen did not seem to bhe able to reach and infect the
emerging young shoot. Similarly, although conidia are
washed on to the s»5il from leaves, it has not been
possible to obtain infection from the soil either in the

field or in laboratory tests.

The survival and spread of Leptosphaeria on other

graminaceous plants are reviewed hereunder.

Dispersal of pycnidiospores of §. (L.} nodorum
causing glume blotca of wheat was by rain splash, the
droplets acting as dissimination units (Rapilly and
Skajennikoff, 1974; Griffith and Hann, 1976). Holmes and
Colhoun (1975) reported that wheat straw infected with .

nodorum acted as the source of incculum.

Perithecia of L. nodorur developed cn dead leaves
of wheat stubbles soon after ‘frarvest. The ascospores
liberated in the presence of free water on the dead eaf
surface and blown of by wind initiate infection on young
crops (Mehta, 1975; Sanilerson and Hampton, 1978). Nywvall
(1379} reported that L. nodorumn survived as mycelium 1in

live plants and pycnidia on infected residue.

Perithecia of Magnaporthe salvini on rice residue

(Bockus et al., 1979) and sclerotia on straw and stubbles
(8ingh, 1978) were reported to be the source of infection

for the stem rot of rice.



Ascospores of L. maculans, causing black leyg o<

rape, discharged Ifrom crop residues were the maln source
of early cankers according to McGee (19773, Nyvall (1979)
and Sundarmadi and Wallace (1984). Pycnidiospores which

were easily splashed by rain were responsible for cankers
in the growing rape crop (Nyvall, 1979; Sundarmadi and
Wallace, 1984). Gladders and !Musa (1980} observed tnat
stubble debris of rape from the Lrevious season was the

main source of infection.

2,10 HOST RANGE

Butler (1918) reported that. the lungus L.

sacchari was also found on a wild grass Saccharum
spontaneum in Java. But Bourne 19341 stated that jeno-

types having high proportion of §. spontaneum blood are
mostly resistant. Hudson (196C) from Jamaica observed

that L. sacchari has not been noticed on any other host

other than Saccharum sp. Misra et al. (1971) reported
from Bihar that the ring spot fungus (L. sacchari) has

also been found on Tiger grass (Saccharum munja Roxb.}

which is considered genetically c¢lose to Saccharum
spontaneum.

Kaiser et al. (1979) reported that L. bicolor:
causing leaf scorch on sugarcane was pathogenic to scveral

varieties but not sc to naoier grass (Pennisetum

purpureum), maize, rice and sorjhum. Leaf scorch occured



raturally on Miscanthus sinensis in Taiwan (Lo et al.,

1953) while Sorghum bicgolor and Andropoyen sorghun were

infected artificially. [n Philipplnes the common wiid

cane Saccharum spontaneum L. hag shown natural infection,

while inoculations produced symptoms on Miscanthus

sinensis Anders, Imperzta g¢ylindrica (L.) FP. Beauv.,

Sorghum halepense (L.} pers. and Pennisitum purpureun

Schum {(Exconde, 1963, .
2.11 VARIETAL REACTION

The rost  practical, efficient and economic
control of ring spot as of other diseases of sugarcane 1is
the replacement of susieptible varieties with resistant
ones. Butler (1913) observed that thick canes were more
susceptible than thin canes. Ccok (1925 reported that in
Puerto Rico, the control of ring spot disease was
accomplished only through evolving resistant varieties.
Bourne (1934) noted serious outbreaks in susceptible
varieties in Barbadeos, Puerto Rico, Cuba and Florida snd
emphasized that resistance to ring spot should be taken
into consideration by cane breeders. He made a study of
susceptibility in the progenies of crosses carrying blood

lines of Saccharum officinarum, S. barberi and §.

spontaneum., He found that those combinations involving a
high proportion o©f S. barberi blood were susceptibie,

while those with a high proportion of £. spontaneum were

resistant.



Bruner (1940) from Cuba reported that sugarcane
varieties POJ 2825 and PF0OJ 2878 were resistant to ring
spot. Matsumoto (1952) stated that [ 108 at one time, an
important commercial variety i Tairwan was highly
susceptible. Sandhu et a.. (1963) found that varieties Co
453, Co 617, Co 838 and S3 45/5: were highly susceptible
to ring spot in Punjab and the incidence varied from 7O-

100 per cent.

Abbott (1964) reported +that rinyg spot has never
been considered of sufficient importance to justify
control measures. However, if the disease was completely
ignored in breeding programmes, it is possible that highly
susceptible varieties nmight be advanced (o commerical
culture. Dutta (1969} reported from Ranchi that Mauritius
variety M16 which is popularly krown as red tana in Chota
Nagapur was highly susceptible to Ring spot. Singh and
Pavgi (1969) studied the relative susceptibility of

several varieties against Leptosphaeria sacchari. Varie-

ties B.O. 32, Co.245, Co 312, Co 314, <o 416, Co 445 and
Co 1007 were tolerant to the disease while Co 313, Co 1138
and Bo 17 were susceptible. The degree of infection
varied from 12 to 100 per cent. Singh (1978) stated that
the late maturing thick canes ars more susceptible to ring
spot disease. Nyvall (1979) from Iowa recommended growing
of resistant varieties of sugarcane for the control of

ring spot. Echavaz Badel (1990 studied reaction «<f ©



released cultivars at Gurabo (Puerto Rico)} under natural
conditions. He found that two of the cultivars were
resistant to ring spot throughout the first and second
ratoon crops, but the others showed reduced resistance in
the second ratoon crop possibly because of change in  so1l

moisture.

The varietal reaction to leaf blight (L. taiwanc-
nsis) and leaf scorch (I. Dbicolor) diseases of sugarcane

reported by several workers are reviewed below.

Leu and Hsieh (196%) reported from Taiwan <hat
varieties F.146, F.153, F.154, F.157, F.160 were hijghly
susceptible; N.Co.310 mcderately resistant; F.148, I'.1%2,
F.156, F.158 resistant and H~37-1933 Lighly resistant to
leaf blight. Lee et al. (1984) evaluated 21 new clones
and 67 foreign varieti=s in 'Taiwan for resistance to leaf
blight and found that 57.1 per cent of unew clones and 62.7

per cent of foreiyn varieties ware susceptible,.

Chu et al. (1955%) studied the reaction of culti-

vated and wild canes to leaf scorch disease. In Saccharum

efficinarum, S. sSpontaneum, 5. sinence and $. robustum
groups, most of tne clones showed above average suscepti-
bility. In the §. barberi group there was considaerable
variation in the susceptibility of canes. All wild
relatives tested were very highly resistant. Lxconde

(1963) reported that H 37-1933 was highly susceptible tc

4,.



leaf scorch in Philippines. Lo and Leu (1989) stated that
virtual disappearance of leaf scorch in Taiwan was due Lo
release of resistant variety N.Co.31l0. I.ee and Fang
(1991) evaluated 24 promising clones for their resistance
to leaf scorch at Taiwan sugar experiment station. High
resistance was found in 13 clones viz; 83-588, 87-3703,
84-964, 84-7688, B84-88B42, LF 77-20, LFP 77-35%%, LF 77-457,

L¥ 77-1104, &LP 77-1660, LF 77-1972, H 77-068Z2 and H 99~

2751.
2.12 LOSSES DUE TO THE DISEASE

Repeorts ©of guantitative expression of losses aquc
to the disease were not there from any guarter in  the

world excepting for a mention on the damage of the
disease. Agnihotri (1990) stated that the losses caused
by L. sacchari have not been worked out because it was
presumed that the losses were aimost negligible and the
disease, Dby and large, was considered of minor importance

but can be dangercus.

Butler (Ll918) opined that no considerable damage
was caused by ring spot disease inspite of severe attacks
in Burma on thick canes tharo on thin canes, North (1923)
from Australia and Altson (1Y926) from Guiana reported
severe outbreaks of ringy spot. Bell (1929) reported that
L. sacchari caused seriocus damaye to seedlings in Hawaiz.

According to Bourne (1934}, ring spot caused appreciable



damage in susceptible cultivars in  Cuba, Barbados antd
Florida. Ocfemia (1938, stated that when ving spot
disease became destructive on certain varieties, it caused
entire crop in the field to appear rusty brown in colour
due to premature death of leaves. Severe out breaks and
heavy damages alsc have been reported from Cuba (Bruner,
1940), South Africa (D [odds]), 1942) and Madagaskar
{Moreau, 1949) and slight damage was reported from

venezula (Muller, L1941).

Chona (1958) reported that ring spot il
sacchari) which was ceonsidered to be of only minor
importance 1in  the past in India has become seriocus and
caused considerable damage to certain cane varieties at
Talaparamba and 1in certain c¢oeastal areas of Andhra
Pradesh. The disease was so serious in aAndhra Pradesh
during 1955-56 that it was claimed by the cane growers
that it had interfered with Jaggery setting. Singh (1%78)
opined that L. sacchari may cause significant damaye to
late maturing thick cane varieties. He also stated tnat
the plants are not killed, bwu:z due to reduction in
effective leaf surface, there is indirect effect on the

plant vigour resulting in reduced yield.

Reports on th2 extent of losses caused by two

other foliar diseases on sugarcane caused by Leptosphaeria

spp. indicate a different trend,



Extensive injury to the leaves of susceptible
varieties due to leaf blight resulted in reduction in both
tonnage and sucrose per cent (Yen, 1964}, Severe oaout
breaks of leaf blight was observed in Pintung, Yuchin and
Taichung areas of Taiwan in 1968-69 in more than 3000 ha
in newly released varieties F.154 and F.L157. There was a
reduction of more than 50 per c¢ent in <¢ane yield when
spring planted canes were severely infected at an early
growing stage, while losses of 10-30 per cent were
estimated when the disease was savere in growing season,
The sucrose content was observed to be low 1in  diseased
plants as compared to healthy plants ir the same fileld

{I.ew and Hsieh, 1969).

Lo and Ling (19%0) from Taiwan nade a comparative
study of leaf scorch diseased and healthy stalks of
variety Co 2%0 grown in the same field and found losses of
17 per cent and 13 per cent in cane and sugar vyields
respectively. Chu and Tsai (1952) reported that brix of
cane Juice decreased according to degree of severity of
leaf scorch infecticn of plants out it varied from 3.7 to
16,3 per cent in different varieties. Lin {1952) stated
that the loss in cane and sugar yields due to the disease
vary with the variety and weather corditions. Exconde
{1963) reported from Philipgpines that leaf scorch
infection in H 37-1933 was so severe that some times only

three of 10 open leaves remaired green and stated tnat



under such conditions leosses of sugar probably ranged f{rom
10-30 per cent. Studies from Philippines by Sampang arid
Reyes (1980) on leaf scorch revealed a 108s of approxi-
mately 25 per cent in both tonnage and sugar per hectare
with the highly susceptible variety Phil 6111, These
workers (Sampang and Raeyes, 1983) reported that the

critical stage of growth of cane affected by leaf scorch

occurred 4-5 months after planting and the (disease
markedly reduced stalk neight, diameteyr and number of
internocdes as well as number of green leaves thus

resulting in a reduction in cane and sugar yields by 32.8

and 36.]1 per cent roespectively,

Losses encountered Ly diseases caused by

Leptosphaeria spp. on wheat, rice and rape are detailed

below.

Yield components were reduced with increased
severity of infection of L. nodorum in wheat {(Wafford and
Whitbread, 1978), Luz (1984) from Brazil estimated 8 per
cent loss in yield due to glume blotch an wheat. Roux,
{1984) stated that vyield losses were greater ({(21.2%)
following inoculation, but it was less (15.4%) under
natural infections, Karjalainan and Karjalainen (1990
studied the effects of £. (L.) nodorum >n the yrain yield
and yield components of 3 spring wheat cultivars in
Finland and reported that alil vyieléd components were

affected and grain yields were reduced under low dicease



stress by 3-5 per cent, wrile under severe disease stress,

the reductions were 7-20 per cent.

Paracer and Luthra (1944} estimated 50-75 per

cent losses in yield due o stem roc in rice (L. salvini)
in case of severe infection in Purjab. Rangaswamy (1979}

stated that stem rotb diliszease was Krnown i cause losues
spto 75 per cent in yield in Punjab whils in other areas

it causes hardly any loss.

¥Yield reduction in rape due to black 1leg (L.
maculans) infection was reported by Barketti (1974
Schuster«w4(1980) and Petrie (198¢6). An epidimic of rape

infected by L. maculans in U.S5.A. was first reported by

M. ngister et al. (1990) on various cultivars in about 100

ha resulting in a loss in yield of B0 per cent.
2.13 CONTROL OF THE DISEASE WITH FUNGICIDES

According to  Agnihotri (1990) the need for
developing chemical control measures has not been felt, as
ring spot disease was thought to be of rminor importance.
The report of Govindaswamy and 2lagia Nagalingam (1981)
where, spraying of 1 per cent Bordeaux mixturce was
recommended, 1is the only available reference on the

control of the disease with fungicides.

Mineral oil (7.1%) alony with Dithane 2-78 was

found effective in the control of leaf blight (L.



taiwanensis) disease of sugarscane i Taiwan (Leun  and

Hsieh, 1969).

As there is not much informaticon available om the

chemical contraol ot Leptosphaeria on sugarcang,

information available on control of Leptosphaeria spp. On

other graminaceous crops is furnished briefly here under.

Spiertz (1973. from Netherlands reported that
spraying with Maneb at I kg/ha twice before floweriny and
with Benomyl at i ky,/ha twice after floweriny dreatly
delayed the spread of L. nodorum causing glume blotch of
wheat and increased graain yield. Wheat yields were 20 per
cent higher in plots treated with Mancozeb or Mancozeb +
Henomyl and 15 per cent higher with Benomyl alone and the
infection of L. nodorum was reduced from 57 to 8-22 per
cent (Jacobsen, 1977}, Oppitz and Hoeser (1978) from S,
Germany observed that Calixin Ulridemorph) and Thiophanate
methyl effectively controlled glume blotceh and increased
grain yields. One application of Frumidor ({Thiophanate
methyl + Maneb) and Daconil (chlorothalonil) between ear
emergence and flowering reduced the infection of L.
nodorum in disease endangered areas in Switzerland (Jaygi,
1979). Siegle and Casutt (1379) from the same country
stated that a single application of Dithane M-45 + Benlate
between ear formation and begining of flowering of wheat

reduced infection by $. (L.} ncdorum by 60 per cent and

increased yield by 19 per cent. Difolatan (captafol) at

H



1.% kg/ha sprayed betwoeen shootirg of ears and flowering
was recommended for the control of L. mnodorum (Zwatc,
1979; Mielke and Ahlf, :985). <aniau et al. (1981) from
France reported that the compound Remidine plus (1.56%
Fenarimol, 8% Carbendazim and 64% maneb, sprayed at .5
kg/ha was effective against $. (L.} nodorum oh  wheat.
Barros et al. {(1984) indicated that 3 sprays of wmancozeb +
triadimefon, starting fron 45 days after emergence reduced
the incidence of L. nodorum with increased yield. Vanova
and Ben da (1988) obtained increased yields of 14.8 per
cent and 19 per cent. by spraying Tilt (Propiconazole) and
Bayleton Triple (Triadimefon + Carbendazim + Captafcl:
respectively. They alsc reported that the fungicides
based on mancozek were also most effective against glume
blotch. Foliar spray with Triadiwmsfon (Bayleton 50% W.P. |
and Mancozeb ({Dithane M-45) reduced L. nodorum and
increased grain yields (Christ and Frank, 1989). Eynard
and Shepard (1990) studied five fungicides against L.
nodorum both in vitre and in vivo. Chlorothalonii was
much less effective in vitro than prochloraz, lHexacona-
zole, Flusilazole and Tenuconazole and similar results
were obtained in vivo also. Field experiments in Denmark,
France, Germany and U.K. revealed that at 125 g a.i./ha

BAS 480F (a new triazole fungicide) controlled L. nodorum

and increased grain yields in wheat (Saur et ai., 1990).


file:///jere

Edifenphos, validamycin, carbencazin and Fuzi-one
{(1soprothiolane)} provided 75-94 per cent control of  sten

rot of rice caused by M. salvini (Li et al., 1984).

Romsingh et al. (1988) tested six fungicides Ln
vitro among which carbendazim and Thiophanate methy)
effectively inhibited sclerotial germination and mycelial

growth of Sclerotium orvzae and M. salvini. In field

trials, the stem rot incidence could ke reduced by
sprraying the crop once with Thicphanate methyl € 875 g/ha
at disease 1initiation, Spraying fungicides such asg
Triphenyl tin hydroxide on debris and stubble after
harvest was recommended for the control of stem rot of

rice (Mehrotra and Aneja- 1990;.

Application ol Bayleton CF (lriadimeflon 4
Captafol) gave good control of L. avenaria causing leaf
blotch and produced iriprovements in kernel weight and

grain yield of ocats (Jhonston et al., 19&1).



MATERIALS AND METHODS



CHAPTER III

MATERIALS AND METHODS

3.1 GENERAL

In view of the severe incidence of riny sgpot
disease on sugarcane in several cane growing districts lno
andhra Pradesh in recent years, 1i1s role in limiting cane
production is sought to be assessed by conducting
investigations on aspects such as the effect of the
disease on yield and juice guality, varletal reaction,
factors influencing the disease and chemical control.
These studies were rade between  LYEB-1991  in the
laboratory, glass house and field at Reyional Agricultural
Research Station, Anakapalle, Andhra Pradesh (India).
Observations presented in this thesis pertain to 198&-89
and 1989-90 crop seascns and the same are mentioned in the
text. However, the experiment pertaining to estimation of
losses was conducted during 1990-91 crop season. Geogra-
phically the experimental field 1s located at 83°-01' Fast

longitude, 18°-45°

Nortl latitude, It is on the ecastern
side of peninsular India at an altitude of 28.62 meters
above mean sea level and about 20 kilometers East from Bay
of Bengal. The c<limate is treopical and humid. it
receives rainfall both during South-west (June-September )
and North-East (October-Februar,;} monsoons. The  mearn

decinnial rainfall in South-Wes- and North-East mons on

periods 1is 638.6 mm and 289.7 mm, the total annnal



rainfall being 1052.4 wm. The wincer is mlld during the
months of December to February vith minimuwr temperatures
rarely touching 12%¢. Summer i3 severe during the monthe
of April-May with maximum temperature going upto §:7¢C.
The relative humidity is high through oul the year ranjing
from about 60 per cent to over YU per cent, as the place

is close to the sea. 'The monthly mean meteorological data
at the site, for ten yvears (1481 to 1990) are given 1in
Table 2. The relevant weather data recorded at Regional
Ayricultural Research Station, Anakapalle during the
experimental period (1388-8%, 1989-90 and 1990-91} are
presented in Table 3, 4 and 5. The material used and the
methods adopted in the presen= investigyations are

described in this chapter,
3.1.1 Glassware

The glasswvare used in the studies comprised f
petriplates, Erienmeyer conical flasks, test  tuboes,
beakers etc. of Corning ©r Borosil make. [t was
thoroughly cleaned with a detergent and washed in running
tap water. Cleaning solution prepared by dissoclving
potassium dichromate (100 g), water (1000 ml) and concern-
trated sulphuric acid (500 ml) was used whenever required.
Cleaned glassware was finally rinsed in distilled water

and air drieqd.
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3.1.2 Chemicals ol

[

In all the studies, basged on the experimental
reguirement, analytical or laborazory grade chemicals of
British Drug House Company Limitad, Sarabhai Chemicals
Limited, Qualigens Fine Chemicals and Loba Chemicals were

used unless otherwise stated.

3.1.3 Sterilisation of glassware, media and soil

Glassware kept in appropriate contalners were
sterilised in hot air overn at 1607C for 9( minutes. Al
the types of media and cane leaf bits cf different varie-
ties were sterilised at 1% PSI for 20 minutes in an  auto-
clave. Soils were sterilised a2t 20 PS8l for one and half

hours on two alternate days.

3.1.4 Surface sterilisation of leaf material

The diseased leaf tissues of 8x2 cm were washed
under running water for 10 minutes and transferred to
blotting paper. They weare cut into bits of 3x2 cm size
with sterile razor blade and treated with 0.1 per <en<
aqueous solution of mercuric chlecride for 4% seconds  to
one minute in laminar air flow chamber. Later they wero

washed in three charges of sterile distilled water.



3.1.5 Media used for isolation and maintenance of fungi

The culture media used ir =he studies alony with
rheir composition are furnished in  Table L. Strepte-
penicillin  (Dicrysticin-s}) at the rate orf  bHOL  ppm  was
added to the media ianless otnerwise stcated, Lo avolad
hbacterial contaminations.

Table 6: Details of sulture media used in the
investigations

Media Ingredients Quantity
1. Potato Dextrose Peeled potato slices 200 g
Agar (PDA)
Dextrose 20 g
Agar 20 g
Distilled waner LOOO il
2. Vat Meal Agar Oats 40 g
(OMA)
Ayar 20 g
Distilled water 1000 ml
3, Czapek+~Dox Agar Na N03 3.0 g
Kii PO, 1.0 ¢
Mg 804, 7H26 0.50 g
Potassium chloride 0.50 y
Fe 804, 7 qu 0.01 g
Sucrose 30.0 g
Acar 20.0 g

Distilled water 1000 ml



Contd..

Media Irgredients Quantity
i. Richard's Agar  KNO. 10.0 g
KH, PO, G0y
Mg £O,, 7 H,D 2.5 g
Fe Cl3 V.02 g
Sucrose 50.0 g
Agar 20.0 ¢
Distilled water 1000 ml
5. Bean Meal Agar Bear. Meal (Ground 30.0 g

seeds of dwarf bean)

Agar 20.0 g
Distilled water 1300 ml
6. Cane Leaf Agar Cane leaf 50 y
(CLA)
Dextrose 9 q
Peptone 5 4
Crystalised sugar 20 y
Afa-¢ R
Distilled water 1000 m1
7. tCarrot Agar Carrot 20 g
Slucose 30 4
Agar 20 g
Distilled water 1300 ml
8. Potate carrot Grated potato 20 g
Agar tpotato slices)
Crated carroct 20 g

(carrot slices)



Media Ingredients Quantit,
hjar 20 g
Distilled water 10100 ml
3, Water Agar Ajar 20 g
Distilled water 1000 m)
l10. Corn Meal Agar Corn meal Agar 20y
(FHi Media)}
Distilled water 1000 m}
11. Potato Sucrose Peeled potato slices 200 g
Agar (PSA)
Sucrose 20
Agar 20y
Distilled water 1000 m)
L2. Potato Sucrose Ingredients as in PSA
Agar + Oats + Qats 1 g
L3. Potato Sucrose Ingredients as in PSA
Agar + Cane + cane leaf 20 g
leaf extract
L4. Potato Dextrose Ingredients as in PDA
Agar + Corn meal + Corn meal 200y

15. Potato Dextrose Ingredients as in PDA
Agar + Cane + Cane leaf 20 g
leaf extract

l6. Cane leaf Agar + Ingredients as in CLA
ocats + Oats 10 g

17. Oat meal Agar + Ingredients as in OMA
cane leaf + Cane lesaf 20 g
extract



3.1.6 Fungicides

The fungicides wused in the investigations are

furnished in Tabhle 7.
3.1.7 Sseed material of test varieties

Required seed material xf different
varieties/clones was taken from & months old short crops
raised from hot water treated setts at Reglional
Agricultural Research Station, Anakapalle as and when
needed. The setts with sound buds were selected for use
in the experimental work. Field and pot culture studies
were conducted with the susceptible varietv Co 7219 unless
otherwise mentioned. Planting in field was done in March
every year and the crop was harvested in February next

year unless otherwise stated.

3.1.8 Fertilizer application

As per the recommendation for the region, only
nitrogen, to supply 1.2 kg ha“‘in the form of wurea, was
applied to the crop in two equal halves at 45 and Y0 days
after planting unless otherwise mentioned. N other
nutrients were given to the ocrop unless otherwise

mentioned.
3.1.9 Irrigation

The crop in the field was irrigated as per the

recommendations for the tract, at an interval of 7-8 days
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during the formative phase and 21 days during the matnrity
phase with 13 irrigations. Oonly two irrigations were
given during grand growth phase which coincided with

monsoon time. In all, the c¢rop reczived 15 irrigations.

3.1.10 Cultural operatiors

The weeds it the experimental plct were removed
by manual labour one week hefore nanurirg. Farthing up
for the c¢rop was done by mannual labour. Trash twist
propping was dcre thrice to prevent the crop from lodging.
Recommended plant protection measures were taken up
particularly for the control of early shoot borer and
scale insect. The crop was finally harvested by manual
lakcur from pre fixed cane rows that were left undisturbed

after recording stalk observations and cane yield,

3.2 EXPERIMENTAL
3.2.1 Symptomatology

3.2.1.1 Symptoms

Development of spots in nature, starting from the
initiation of the disecese, was recorded on four varieties
viz. Co 7219, CoT E&201, CoA 89081 and Co 85045 and
described. Symptoms were recorded on  all tne leaves
including the spindle lcaf. However, at the time of
harvest, the number cf spots produced on top 1-8 fully
opened leaves were ccunted in 50 olants of each variety

and the average was worked out. Tae third leaf from top,



including spindle leaf was taken as¢ the first fully opened

leaf .
3.2.1.2 sSize and shape of the spots 1in different
sugarcane varieties
To study the nature of spotting, (ie.) size and
shape on different sugarcane varieties, 14

varieties/clones were planted each in 2 m length rows 1in
the month of March, 1988, The pycnidiospore suspension
was sprayed on leaves once during last week of August,
1988. The number of days taken for the first appearance
of the disease after incculation, shape and size cf the

spot in mm were recorded, 3 months after inoculation.

3.2.2 Isclaticen and identification of pathogen and
establishment of pathogenicity

3.2.2.1 1Isolation

Leaf samples from naturally infected plants wit!}
immature spots and mature spots with black discolouration

in the greyish centre were used for isolation.
Isolation from immature spots

Leaf bits of 3 x 2 om size were surface
sterilized and washed in sterile water. The leaf bits
were then cut into small pieces with sterilised scissors
and the bits were transferred tc moist blotters and o

different media (PDA, OMA, CLA, Richard's Agar and Crapek-



Dox agar) in sterile petriplates. These wvere incubated at
282 4+ 1°c and the causal fungi were 1sclated and purified

by monoconidial method (Pathak, L9Z41}.
Isolation from mature spots

Microscopic chservations o»f slides from nmature
lesions of ring spot revealed the continuous association
of ascospores and pycnidiospores. For isolating these
fungi, the leaf bits were surface sterilised for 45
seconds and washed with sterile water as quickly as
possible. These steirle leaf h.ts were transferred to
sterile petriplate in which few drops of sterile water was
placed. The leaf bit was cut with a sterile razor intce
several small pieces in sterile water. These small piece:s
waere then transferred to different media (PDA, OMA, (LA,
Richards agar and Czapek-Dox agar) and incubated. A low).
full of sterile water containing spores was streaked on
the above media separately. Tne suspension was also
ficoded in sterile water agar plates. Single ascospores
and pycnidiospores were picked i1 and trarsferred to

different media mentioned akove.
3.2.2.2 Maintenance of isolated fungi

The isolated fungi were maintained on PDA, CM»
and OMA + cane leaf extract free from aerial contamina-

tions. They were subcultured as a1d when needed.



3.2.2.3 1Identification of isolated fungi

The isolated fungi —ere identified to the Jyenus/
species level based cn the colony, and cultural characters
and spore measurements with the 1elp of relevant mono-

graphs, illustrated bhcoks and CMI ldescriptions.
3.2.2.4 Production of ascospores in vitrc

i) Healthy leaf bits of highly susceptible suqgar -
cane varieties Co 721% and Co 7636 were surface sterilised
with 0.1% mercuric chloride in laminar air flow chamker
for one minute and washed in 3 changes of sterile
distilled water wero placed one each at the centre of a
sterile petriplate containing OMA, PDA and <CLA. Ascos-
pores collected from surface sterilised mature lesions
taken in sterile water were flooded on sterile water acgar
seperately. Ascospores lifted along with the agar bizx
were placed at the edge of the leaf hit in different
media. Cne set of ten plates was incubated at ambien-
temperature in the labcratory and ancother set was exposed
to alternate light and darkness for 12 hours each under 410
watts florescent tubes at 28110C for one and half months.
The third set of plates were kept in growth chamber ten
each at 24OC, 26°¢C and 28°C for cne and half morths with
alternating 12 hours light and 12 hours darkness at 4

distance of 45 cm.



ii) Ten grams of healthy .eaf bits (without Mgt
rib) of susceptible sugarcane varieties viz. Co 7214, O
7636, Co 8021 and CoT H201 were taken in 150 mi carlen-
meyer flasks and sterilised at 1% PFSI for 20 minutes 1in an
auvtoclave. To each flask five ug of Biotin, 10 pg  of
Thiamine hydrochloride and 2 ml of 0.1 per cent sucrose
solution were added before autocliavirg. Ascospores from
naturally infected leaves and pycnidiospores obtained from
the culture were transferred seperately on to these leat
bits in each flask. Fifty such flasks were taken for each
variety. One set of flasks was incubated at ambient
temperature in the lakoratory and the second set was
subjected to alternating light and darkness of 12 hours
each under 40 watts florescent tubes at ZBilOC for one and
half months. The third set of flasks was kept in yrowth
chamber five each at 240C, 26”C and 2800 for cne and half
months in alternating light {12 hours) and darkness 1%
hours) at a distarce cf 45 cm. For each of the above
treatments sterilised leaf bits without vitamins or

sucrose served as control (5 flasks each).

3J.2.2.5 Pathogenicity tests

The fungi isoclsated f-om the ring spot lesions
were tested for their pathogenicity in greenhouse on
potted plants of susceptible sugarcane varieties Co 7219,

CoT 8201 and Co 7636.



The procedure adcpted by Wismer and Koike 196/ ;

for brown spot disease of sugarcane was followed with

slight modifications. rotted plants of 4 months age were
used for inoculation. The plants to be inoculated were
watered well., The top halves of leaves were clipped off

ar.d the whole crown was enclosed in an alkathene bay fuor
24 hours to provide pre inoculation humidity, The leaves
of the plants were spray incooculated, employing san
atomiser, with a suspension of conidia of the test funug:
either individually or in combination, Similarly plants
were alsco spray inoculated with ascspores produced in the
laboratory on the sterile host leaf bits and also from the
naturally infected material. Another set of plants werco
inoculated by slightly wounding the leaves by pin prick
method. Suitable contrcls were maintained by spraying
sterile distilled water. The plants after incculation
were again enclosed in an alkathene bag for 72 hours tc

provide post inoculation humidity.

Preparation of inoculum of test fungus for pathogenicity

tests

The inoculum was prepared from the cultures grown
in  the laboratory and also frcm the naturally infected
canre leaves.

The fungus was cultured on 30 ml of potawc
dextrose broth in 150 ml Erlenmeyer flask at 26°C  jrn

alternating 12 hours light and 12 hours darkness for 1L



Gays in growth chamber. The cu.ture mats were roemoved,
washed with sterile distilled water ané Dklended with
sterile distilled water @ 50 ml per mat at low speed in A
t-lender. The mixture was filtered throuyh a muslin cloth
and tre filterate containing conidia ard mycelial
fragments was used as inoculum. Ascospores that develojpod
on the sterile host leaf bits ir the laboratory and alswu
from the naturally infected mat=rial were alsc used for

inoculation.

3.2.2.6 Identification of a suitable medium for the

pathogen
Different syntketic and non synthetic media as
mentioned in 3.1.5 were tried, t0 identify a suitable one

for optimum growth anc sporulation of the pathogen,

Ascospores and pycnidiospores fromn sterile water agar were

zransferred to differert culture media seperately and
itncubated at amkient temperatire. The extent ot
sporulation 1in each media was measured with the help of

haerocytcmeter. Since CMA + can2 leaf extract supported
good growth and spcrvlation of P. sacchariceola in  the
present studies, this redium was used for maintenance of

the fungus throughout the studies.
3.2.2.7 Inoculum for field and cother studies

The pycnidiospores of B, saccharicola obtained

from the affected leaves of C0O7219 on OMA + cane leaf



extract formed the inocuium. A ccncentration of 1 ox b
spores/ml  was used in all the suzudies unless otherwise

stated.

3.2.2.8 Cultural characters and measurement of ascorpores

and pycnidiospores

The cultural and morphological characters of both
sexual and assexual szayes of the fungus were recorded on
different media. The meacurements of perithecium, asci and
ascospores that develcped on healthy sterile cane leat
bits in the laboratory and from lesions in mature were
r<corded with the help <f ocular and stage micrometers.
For the assexual staye wnyenidia  and pycnidiospores
obtained 1in culture ané from lesions ir rature were

measured.

3.2.3 Developing a disease rating scale for estimation

of disease intensity

The per cent Jreen leaf affected area at
different intensities of disease wa: worked out with the
help of leaf area meter and a 0-% scale was developed
specially 1in the present studies, for estimating the
intensity of the disease. The details of 0-9 gcale is

given below:


file:///inless
file:////ere

Grade Description

i} No disease synptoms.
L Only small brown specks of 1 mm size at apical
part of leaves, few to mary, sfone times

unreccygnisable.

2 Slightly ltarge, otal, :reyish spots of 1 mm in
diameter covering less than 1 per cent of leaf
area.

3 Oval to irregular greyish spots of 4 mmn

diameter with reddish margin zovering 1 to %
per cent of leaf area. No necrotic cpots.

4 Typical ring spot lesions develop. Spots with
necrotic ¢rey centre and reddish brown margins
covering .1 to 10.0 per cent of leaf area.

5 Typical ring spct lesions spreading to middle
portion of the leaf covering 10.1 to 20.0 ferx
cent of the leaf area,

£ Lesicns as 1n scale %, have a tendency to
coalesce, spreadiny towerds basal portion of
the leaf affecting 20.1 to 30.0 per cent of
lezf area.

i Large quickly expanding lesions, irregular
tecause of fusion, brown margins and most of
the affected area blighted covering 30.1 to
50.0 per cent of leaf area.

8 Symptoms as in scale 7, affecting 50.1 to 60.0
per cent of the leaf area. Fremature
senescence of the leaf,

9 More than €0.0 per cent of the leaf area
affectecd znd premature senescence of the Lteaf.

For assessment of disease intensity, 20 millable
canes tagged at random foried the sample. The disease
intensity in all the stuwiies was recorded on the top 1 tc

8 fully opened leaves (RARS, Anakapalle, 1989) with the

ald of the scale. BAll leaves considered for assessment



were assured to be equal in size. The per cent disease
intensity (PDI) was calculated usirg the following formula

suggested by Mayee and Latar (1986).

O (X0) + L(X1. + 2{X2) 4 4ew.u

PDI =  ——mewme——rm— s m e e —— ey 1O
X004+ X1 - X2 ... ... X maxiimum yrade usod
where,
X represent the aumber of diseased entities within a

sampling unit in the respective class or grade such
as 6, 1, 2 .... 9

3.2.4 Survey for assessment of disease intensity

To study the incidence and intensity of ring spot
disease on different cultivated varieties in different
cane growing areas of the three regions of the state,
svrvey was conducted during 198E-89 and 1989-90 in sugar
factory areas of Fcdharn, Renigunta, EBobbili, vuyyuru,
Nellore, Anakéralle and Chelluru., The fields were selected
at random in each factory area. Field wvisits were
undertaken during the niaturity phase of the c¢rop (8-4

manths age).

In each field, observatiorn: were made on 20U
millable canes at 4 places at rarndom on the diagonal line
of the field (Sinyh, 1384). The relevant observatiors
made on crop variety, extent of holding, type of soil,
type of crop (plant or ratoon) and grade cn 0-9 scale were

recorded in a proforma. Informatior on  the date of



planting and plant protection measures adcpted was alsc
collected from farmers ard factory agricultural staff.
total of 98 fields in 34 villages of 7 fsctory zZones wero

surveyed.

3.2.5 Inoculation and rapid screening technigues

3.2.5.1 Inoculation techniques

Different methods of arcificial inoculation were
tried to find oui an appropriate methcd. The study was
conducted in green house with four susceptible varieties
o 7219, CoT 8201, CO 975 and Co 7636, ''wo Ludded sctts of
the test varieties were planted in pots in April. The
leaves were inoculatec during tast weex of August. The
plants were watered belfore and after inoculation. Pro and
post inoculation ticmidities were npaintained. ‘I'he inocula-

tion methcds employed were as follows:

1. Sprayiny leaves with conidial suspension

2. Clipping the top bhalves of leaves and sprayino
conidial susyension

3. Clipping the top halves of leaves and slightly
wounding them by pir prick methoed and spraying

conidial suspension

4. As in method 3 + srarying water with continuowne
atcmiser on inoculated plaats for 2 hours eyar,
day ugto 7 days frow 4th day to simulate rair,

conditions,

bt



5. Mixing celite in inocualum and rubkbing gently ovor

the leaves.

G. Inserting small pieces of pycnidia bearing leaf
tissues into the spindle in the month of August

and spreying water (Leu, 1968).

7. Squirtiry spore suspension into the spindle 11

August (Wang and Lee, 1930} and sprayinyg water.

3. Wrapping -6 Jleaves with a plece of ring sp.t
affected leaf during August {(Bernard and Liu,

1980).

The data on the intensity of the disease in each

treatment were recorded n months after i1noculation.
3.2.5,2 Rapid screening techniques

Effective me2thods for determining the reaction of
varieties to rinyg spot Jdisease are essential. Different
screenir¢ methods mentioned below wers: tested in pot
culture, field and lakboratory. Eight wvarieties/clones
viz., <C€07219, <COTB201, Co7636, Co8%044, 84A155, Co85045,

CchAB89081 and B86A444 were included in the study.

1. Two budded setts were planted in pots in  April.
The first and fourta inoculation technigues

mentioned in 3.2.5.1 were employed.

2. Rajoong incculation,



Three budded setts were planted vertically in the
pot durirg June. The bottom mest bud was  scooped out
before planting and the lower internode was pressed intc
the soil. The lateral buds sprout up and such setts with
shoots are called "Rajoonygs". There will be no shoot roots
and shoots survive with the sett roots put forth from thc¢
nede immersed in the soil. The leaves of the shoots were
spray inoculated with ths spore suspensicon in  the last
week of August. Pots were watered profusely before and
"after inoculation and wer? sprayed with sterile water for
2 hours every day for one week starting from 4th day after
inocuvlation. The intensity of tre disease was recorcded irn

each variety 6 months after inoculatior.
1. Detached leaf metaod

Healthy leaf piezes of 15 cm were cut from test
varieties and washed troroughly with tap water and then
with sterile distilled water. They were transferred tc
sterile moist blotters. The leaf pieces were inoculated by
dipping in spore suspension and zlso by spraying with
atomiser and maintained on a nutrient solution in 25x200

mm test tubes (Liv, 1982},
4. Screening under natural conditions

The test varieties were planted in the field in
the month of March in two rews of 3 m  length each. Tre

suscerptible variety (Co7219 was ;lanted ir one row afte



each test variety and also all around the plot. The
disease intensity 1n each wvariety wa$ recorded in

February, 6 months after incculation.
3.2.6 Factors affecting disease development

The studies were conducted bott in field and

green house.

3.2.6.1 Effect of aprlication of different levels of
Nitrogen, Fhosphorus and Potassium fertilizers on

the extent of disease development

To assess the effect of different levels of
nitrogen (N}, phosphorus (P) andé potash (K] fertilizers
applied to the crop on the intencsity of disease develop-
ment, a randcrmised vreplicated field +trial (Factor:al
R.B.D.) was conductad asing variety Co 7219 with the
following four levels «f nitrogen in the fForm of urece, 1wo
levelsg of phosphorus in the form of single super phosphate

and two levels of potash in the form of muriate of potach.

Nitrogen

NO : ne nitrogen
Ny oz 112 kg ha
N, : 274 kg ha?!
N, = 336 kg ha



Phcsphorus

No phogphorus

0
Py : 100 kg ha t
Potash
KO : No potash
K, : 100 kg ha >
Potash and phosphorus fertilizers were applaied
basally at the time of planting in furrows. Nitroyen was

apgplied in two egual splits at 45 ard 90 days after
planting (DAP). The treatments were réndomised and
replicated thrice. Size of each treatmental plot was kept
at. 38.4 m2 with a net plot area of 8.¢% m2 for recordiny
observations. Spraying with spore suspension wag done in
the mcnth of August in tne central focur rows. ‘'the PDL'I was
recorded in each treatnent on 1-9 sgcale starting fron
tMovember till the crop was harvested ir February. Since
mid laminar portion and shecths of 3-6 leaves (with
spindle leaf as first and counting downward) are index
tissues, the mid laminar nitrogen, sheath phosphorus and
potash were estirmated in all the treatments at 240 DaP

(Clements, 1953) following standard procedures.
3.2.6.1 i) Estimation of leaf nitrogen

For estimating per cert nitrogen, 3-6 leaves from
top were used. Mid taminé pertion excluding the mid rib

wae used for estimatior.



oven dJried and finely powdered leaf material
(0.1 g¢) was uvsed for nitrogen estimaticn. The standar:d
micro kijeldahl method was adopted for nitroger estimation
and the nitrcgen content wés expressed as per cent on oven

dry basis (AOAC, 1975;.
Digestion

A weighed guantity (0.} g, of oven dried,
powdered leaf material was taken .n heat resistant lubes.
1o this 3 ml of concentrated H2S(LJ4 was added and kept for
half an hour. The test tube was taien heated cn flame till
thick fumes came cut., Then the flame was removed and  a
few drops of H202 were added. The same process was

repeated till the solutior turned celourless indicating

the ccocmpletion of digestion.
Distillation

The digecsted material was carefully transferred
to a distillation unit anid 10 ml of 4%% NaCH solution was
added. This solution was ther steam boiled and the
distillate containing the liberated ammonia was col lected
over 4 per cent boric acid contaiiling mixed indicator (6.5
¢ of Bromocresol green and 0.1 g >f methyl red indicators
In 100 ml of 95% alcohol). The ammonia absorbed in boric
acid was titrated against N/50 H.SO, and the titre value

2774
{(1'.V.) was noted.



The per cent of nitrogen in each samplie was

calculated using the forrnula

TV, X 0.28 K memmemem——meo et
weight of leaf sample (0.1 g

3.2.6.1 ii) Sheath phosphorus

Leaf sheaths were collected from 3-6 leaves and
oven dried at 70%¢. Phosphorus was estimated by Vanado-
Molybdo-phosphoric vyellow colour method in nitric acid
medium as described by Koeing and Johnson (1%42) in wet

digests and expressed as per cent on oven dry basis.

QOne gram of oven <JZried sheath material was
digested in 10 ml of triacid mixture prepared in 9:2:1
proportion of nitric, sulphuri« and percloric acids respe-
ctively. The extract was made upto 100 ml volume. Ten ml
of the extract was taken into a 50 ml volumetric flask tc
which 10 ml of Bartons reagent {Ammonium vandate 4
Ammonium molybdate) was added and then the volume was made
upto 50 ml. The contents of the flask were shaken and
kept for half an nour. The intensity of the vellow colour
was read with the help of calorimetsr using blue filter
(420 nmj. A blank was run simultaneously. A standar¢
curve was drawn with different concentrations of standard

phosphate solution using the same reagents mentioned



ahbove. The per cent phosphorus in 3-6 sheaths was deter~-

mined with the help of standard curve using the formula

R Total volume made ap (50ml) 1o
Per cent P = ToF K TTommommoooem s s e e K oo
107 aliquot taken (10 ml) Weiyht
of sam-
pletlyg)
where R = ppm of P present in tne sample corresponding to

the standard curve
3.2.6.1 iii} Sheath potassium

Potassium in wet dicest of 3-6 sheaths was
estimated using Flame 2Photometer method {(Jackson, 1973)

and expressed as per cent on oven dry basis.

One gram of oven dried shaeath matexial wvas

digested in 10 ml of triacid mi<ture,

The triacid extract was made upto 50 ml and fed
tc the flame photometer using potassium filter. The
potassium in the sample was determined with the help of

the standard curve drawn with different. concentrations of

potassium. The per cent potassium is determined as
follows.
R Volume made {50ml)
Per cent K = «-z x e-ewee---- m———— e = x 100
10 Weight of plant sample
taken (1lg)
R = ppm  of K present in the sample corresponding  to

the standard curve



3.2.6.2 Relationship of Nitrogen, Phosphorus and
Potassium contents in the index tissues of
resistant and susceptible varieties on the extent

of disease severity

To study the relationship of NPK contents in Lhe
index tissues of plants of resistant and susceptible
varieties, a trial was conducted. Five resistant viz.,
CoA 89081, 84a155, Co 85045, H6A444, 837106 and five
susceptible viz., Co 7219, <07 3201, o 7636, Co 97L, Co
35044 varieties/clones wvere plantaed in the field each in 4§
rows of 5 m length in the month of Marcnan. Only nitroyen v
112 kg ha_l in the form of urea was applied to the crop in
two egual doses at 45 and 90 days after planting. Inocu-
lation was done in the central 2 rows leaving one row on
either side as border. Leaf and sheath samples were
collected from 3-6 leaves at 240 DAP from the inoculated
canes of all the varieties/clones and analysed for nitro-
gen, phosphorus and potassium. Disease intensity in each

variety was recorded at hacvest «duriny February.
3.2.6.3 Age of the crop and intensity of the disease

To study the effect of age of the crop on  the
intensity of the disecase, a field trial was conducted
during 1988-89 and 1989-90. The tesrt variety Co 7219 was
planted in the field at monthly intervals starting from

February to June every season. The variety was planted in



6 rows of S m length every month. Inoculation with
conidial suspension was done at 3 months age of the crop.
The disease intensity was recorded starting fronn
initiation of symptcms (September) till harvest of the

crop (February).

3.2.6.4 Effect of leaf orientation on the intensity of

disease

Tc study the effect of leaf orientaticon on the
intensity of ths disease |G varieties/clones (#4A155,
872142, 82v12, 86a444, BTIAZ79. BTAl4D, Con 8901, Co B5U32Z,
832106 and B87A3) having erect leaves and L0 varietiess
clones (Co 7219, Co 7636, CoT 8201, Co 7706, Co 315, Co
85044, Co BO21, B4R86, B4A125 and CoA 8401) havingy droo-
ping leaves were iroculated with c¢cnidial suspension at
the age of 5 1/7 months. 7The disease intensity was recor-
ded 6 months after incculation. The angle between the
leaf sheath and laminar portion at the back of ligule of |
to 8 functional leaves on each stalk was also measured i
20 canes in all the test varieties at harvest and averags

was worked out.
3.2.6.5 Moisture stress and water stagnation

The effect of 1wisture stress and wate:
stagnation on the intensity of the disease was studied i
green house, in comparison with normal irrigation with to

varieties/clones viz., ¢Co 7219, <ol 8201, Co 7616,



85044, Co 975, B84Al155, 86a444, Co 85045, CoA 89081 and
43p106. Moisturce stress and water stagnation werce created

in pots as detailecd below.
Moisture stress

Initially, irrigation was provided at frequent
intervals until germination and establishment of plants.
later the plants were subjected to moisture stress. The
plants were irrigated sparingly when they showed loss of

turgidity and tendency for dryinig.
Water stagnation

After establishment of plants, the drain holes 1in
the pots were pluggec and the plants were subjected to

water stagnation for 90 days (August to Qctober).

The plants in the above varieties were sprayed
with conidial suspension in the first week of September at
the age of 5 months and the intensity of the disease was=
recorded 6 months after inoculation. Sultable controls

with normal irrigation were maintained.

3.2.6.6 Effect of silica cortent of leaves on disease

intensity

The silica content in the Jleaves of five
resistant (CoA 89081, 84Al55, o 8504%, 864444, 83Aa106;

and five susceptible (Co 7219, CoT 8201(, Co 7636, Co 975,



o B8%044) varjeties/clones was estimated by dgravimetric
method (AOAC, 1975). len g of leaf materlal of cach test
variety were ignited in flat bottom platinum dish  in
muffle at 500-550°C until the residue was white. To this
residue 10 ml of hydrochloric acid was added and boilled

for 2 minutes and evcporated to dryness and heated on

steam bath for 3 hours, Again 5 ml cf hydrochloric acid
was added and boiled for 2 minutes. Then 50 ml of water
was added and heated on stearr bath for 5 minutes. The

contents were filtered through Whatmann Nce.42 filter papor

and washed thoroughly. The filter paper along with  the
residue was ignited at 500-5509C and  the residue was
weighed. The silica content presen:t in the leaf was

expressed in per cent on dry weight basis.
3.2.7 Variation in the isolates of ring spot pathogen

For understanding the variability in ring spot
pathogen, 1isolates ohktained from different varieties and
locations were studied for their cultural, morphological

and pathological characters.

Details of the isclates

The details «of the isolates studied are furnished

in Table 8.



Table B: Details of source ¢ isolates of ring spot

pathogen

;;;;;;ane Size of Locality Number assigned

variety the spot to the isolate

2o 7706 Big Nagulapaltle 1
{14.9%x3.7 wmn)

Co 7704 Bigy Chadyallu 2
(12.9x3.6 mm)

Co 7219 Medium Anakapalle 3
(8.9x3.2 mm)

CoT 8201 Medium Bochan 4
(8.4x 3.1 run)

Coh 89032 Small Anakapalle 5
{6.2x1.6 mm}

Co 419 Small Amadalavalasa 6
(4.8%x1.3 mm)

3.2.7.1 Isolation

Cultures were obtained from the affected leaf

samples on OMA by single spore isclation by following the
procedure indicated in 3.2.2. The plates were incubated
at 28110C. Morphological characters and spore measure-
ments were recorded in 10 days old cultures of all the
isolates. Measurements of asci and ascospores werco

recorded from those obta:ned from host leaf bits.
3.2.7.2 Pathogenic variation

The pathogenic variation, 1if any, among the isc--

lates, was assessed by simultaneously incculating themn



separately by spraying wonidial suaspension (106 spores/ml |}
on different varieties during last week of August (170
DAP) . The varieties/clones inoculated were CoA 83081,
84A155, Co 85045, Co 7219, CoT 8201, Co 85038, Co 8220, Co
7706, Coa 7602, Co 975, Co 845044, Co 7636, CoA 8401, Co
419 and Co 62175. Canes in two rows of two m length were
inoculated per isolate per variety. The assessment of the

disease was made on 0-9 scale, 5 months after inoculation.

3.2.8 Role of soil, host debris, cane setts, irrigation

water and leaf contact on the spread of disease

The role of soil, host debris, cane setts with
infected leaf tissues, irrigation water and contact with
diseased leaf tissues, in disease spread, was examined.
The study was conducted in pots with two susceptible
varieties, wviz., Co 7219 and Co 7636 during 1988-89 and

1989-90 with the following treatments.
a) Sick soil

Setts from healthy canes of test varieties were
planted in soil collected from adjacent to the severely

diseased clumps.

b} Host debris

i) Diseased leaves with advanced symptoms were

cellected during April and chaffed with a chaff



cutter and incorporated in steritized soil in
pots during Maw. Setts from healthy canes were

then planted during June in the pots.

ii) chaffed debris from previously collected 6 mounths
old infected leaves was spread aver the
sterilized =soll at the base of clump. in pots i

September when the crop was 3 wonths of age.
¢) Cane setts with infected leaf tissue

Setts from infected cane alony with the infected
leaf tissue adhering to it, w#ere taken and planted in

pots.
d) Irrigation water

Healthy setts were planted in pots with
sterilized soil in June. Normal watering was done upto
August. From the last week of Auqust, pots were watered
once in a week with water mixed with 200 ml of spore

suspension of P. saccharicola prepared by soaking diseascd

leaf tissues and enriched with a 10 day old culture of the

fungus. This was done for one month.

e) Contact with diseased leaf tissue

Heavily infected leaves were kept in contact with
healthy leaves at the age of 4 months duriny October and
were sprayed with sterile distilled water every alternate

day for one month.



3.2.9 Host range studies

Twenty plant species belonginyg both to @monocots
and dicots were tested for their reacticn by inoculating

with pycnidiospores produced in ten day old culture.

Plant species included in the study were

la Saccharum spontaneum L. {(Rellu)

1b 5. spontaneum L. .SES.5%4-wild cane)
2 Pennisetum glaucum (L.} R.Br.

3 Sorghum vulgare (Pers.)

4 Sorghum halepense (L) Pers.

5 Paricum maximum JacdJg.

6 Zea mays L.

7 Eleusine cgoracana (LJ Gaertin

8 Oriza sativa L.

9 Erianthus arundinaceus Retz.

16 Phragmitis karka (Retz.)} Trin. ex &Steud.
11 Sesamum indicun L.

12 Euphorbia hirta L.

13 Cyperus rotundus L.

14 cvnodon dactylon (L.} Pers.

15 Digitaria sanguinalis (L.} Scop.

i6 Eclipta alba 'L.) Hassk.

17 Trianthema portulocastrum L.

is Crotcn bipolarandes L.

19 Justicea simplex 0. Lon,

20 Cymbopogon nardus Rendle




ALl Lhe above plant spevics plartoed o Judy e
raised in pots in the glass house and inoculated when  4ti-
45 days old. The plants in one set of pots were  lnocu-
lated by rubbiny inoculum on the leaves after weunad i nyg
with celite and another set was 1noculated by  spraying
conidial suspensicn on thae leaves.  Sultable controls wor.
maintained by spraylny with sterilz water, Ubservations
were made from 3rad day onwards upts 30 days after

inoculation.

3.2.10 Reaction of sugarcane varielies/clones tor
resistance to ring spot disease
3.2.10.1 Determination of appropriate time for assessment

of the disease

Twenty sugarcane varieties/clones were planted in
the field in March, 1988 tu determine proper time ftor
assessing the reaction of varieties after 1L1noculatio..
[roculation with <oenidial susp2nsion was  done  duriig
August. Twenty standing canes w2re tagged at random  tor
cach variety/clone for recording the disease intensity .o
1, 2, 3, 4, 5, 6, 7 ard 8 months after incculation on -9

scale as described in 3.2.3.

3.2.10.2 Screening cof popular and promising varietics/

clones by adult cane inogculation

A total of 60 poagpular arg promisinry

varieties/clones, including commnercial  standards,  weoe



screcned for their resistance to ring spot disease during
1988-89 and 1989-40 in mbservational plots., T
varieties/clones were planted cduriry March and manured as
per the recommendations. Inoculation was done  with
conidial suspension durirg August on a cloudy day without
any rain, taking advantage »f humid wesather. The crop war
irrigated thoroughly, before and aftec inoculation.
Twenty stoarding canes were tagged at random and the
disease intensity was rercorded on 0-9 scale 1n  each
variety, twice, three and six months after inoculation.
vVarieties/clones were classified i1nto different reactiog
groups  based on PD) using the rating scale developed 14

the present studies (4.3).
3.2.10.3 vVarietal reaction by Rajoong inoculation

Forty varieties/clones wern screened during 1988-
B9 ard 1989-90, Three budded cetts of the test variceties
were planted vertically in the field in June as describe.
in 3.2.5.2, The leaves were inoculated by spraying
conidial suspension in the last week of Auqgust. The
intensity of the disease was re¢.orded twice in each
variety at 3 and 6 morths after inoculation in  twenty

canes tagyed randomly and compared with that recorded oo

adult cane incculation.
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3.2.11 Chemical control

3.2.11.1 In vitro tests

Preliminary screening of systemic and non systemic

fungicides

The efficacy of thirteen fungicides was tested

against ring spot pathogen (Phyllosticta saccharicola) 1o

vitrc employing poisoned  focod technicque (Nene and

Thapzliyal, 197%).

Oat agar medium was prepared in 150 ml Erlenmeyer
flasks and sterilized, Thirteen rfungicides (vide 1.1.+¢)
with different ccrcentrations viz.. 1000 g, 500 ppm, 200

ppm  and 100 ppm were prepared and mixed thoroughly with

the media by stirring in laminar air flow chawrber. Tlie
medium was then poured In steri e petriplates, Smal |
discs of 7 mm size of 10 days :Ld test fungal culture

Jrown on  oat agar rediun were cut with 1 sterile cork
bcrer and transferred aseptically to the centre of eact
petriplate and incubated at 2811UC Suitable checks werc
maintained without fungicide. The colony diameter
reasured every 24 hours was compared with -hat of check ¢
days after inoculation (time taken tc cover the entire
plate in control) to determine fungitoxicity. Three
systemic fungicides viz., Bavistin, Tops.n-M and Catixin

which were found cffective at 100 ppm were alsc tried at



ppm, L0 ppm and 5 papm following  the  same

3%

Y0 ppm,

procedure.,
3.2.11.2 1In vivgy tests

Efficacy of systemic andé non systemic fungicides in the

control of ring spot disease, cane yield and juice guality

To study the effect of different fungicides whict
were fcund effective in vitro, «<n the intensity of 1ing
spot disease, cane yield and juice guality, a randomised
replicated field trial (RBD) wae conducted consecutively
for two crop seasons  {1988~&! znd  L989-80) with the
following  fungicides on weight by weight basis of the

formulation.

Bavistin }.1% Blitox 0.4%
Calixin 0.1% Captaf 0.3%
Topsin M 13.1% Dithane M-45 0.3%

Susceptibile sugarcane vaoriety Co 7219 was plant e

in the field in thea month of Feoch every year, Glee of

eaclh treatmental plot was kept at 57.¢ mz with a net siot
. 2 .

gize of 38.4 m” for reccrding observations. The compala-

tive efficacy of fingicides was tested under conditions of
artificial erhiphytotics creatad by evening spray of
&jueous suspension ¢f cecnidia of ring spot pathoger on two
successive days, The experimantal plot was irrigated

frequently to keep the ricroclimate sufficiently humid.



The first spravin. of fungicides was done in bl
third week of September, when the disease was first
cbserved in the experimental plot, fellowed by twe more
applications at an interval of onc ronth. All  sprayings
were Itade at the rate of 1500 litres of spray {luvid per ha

by foot sprayer.

The disease intensity was recorded before each
crray and subseqguently at ronthly intervals till harvest.
Cane vyield parameters ard Juice craracter:stics were also
recorded at the time of harvest, fcllowing stardard

procedures as giver helou
Length of millable cene {(LMC)

Canes severed at the third leaf sneatl ¢ttachment
were designated as millabklie. Length in cr of such stalks
in sprayec &nd unsprayed plots was reccecrded. Twenty canes

in each treatment, collected at random, formed the sanple.
Diameter of the cane

The diareter of the cane in cem at  harvegst war
taken from top, middle and kottom portions of twenty canes

in each treatnent and means were worked c¢Lt.

Cane yield
The cane vield from the net piot area of each

treatment was reccorded separately. The recorded cane

. ~1

vield (k¢/plot) was converted inte ! ha
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Juice characteristics

The juice from sprayed zrd unsprayed canes  was
inalysed for various c¢temical <hayracteristios, nare by,
tctal solids, sucroese, purity, glucoese, o and electrical
condictivity (BE.C.}. Ten canes ir each treatment woero
ropped by severin¢ ¢t the third l=zaf joint to et nillabie
canes. The ceres were crushed aad samples of Juice  were
drawn for determining various constituerts after filteriny
through a fire muslin cl<th by adopting standard metthods

ae detailed below :
a) Apparent total solids or brix

Ppparent sclids were determined oy suvspending * e
trix hydrometer in the raw juice The Hrix spindle urcd

. . - . - 2
vas the one calibrated in Cegrees brix a: 57.5‘0 and 1lLe

'l

reading was corrected to this temperature by referring

tabhles {(Browne ard rerban, 194L1),
b) Sucrose

Sucrose was determined by direot, polarisstion o
clarified, undiluted juice {Meade, 19647, To 100 mb or
juice, 3 to 4 grams of dry, basic lead acetate wes added,
the liquid stirred and filtered into a clean, dry beaker.
The clean filtrate was pclarised in a 200 wnm tube wit}
laght filtered through a layer of potassiin  bichromate

solutior. The sucrose gper cent was resd  from tableos



(Browne and Zerban, 1941) with uncorrected brix ardd

polarisccpe readinys.
c) Juice purity

Coefficiert »f purity was calculated based on the
following formule
Per cent sucrose

purlt} TE e mm e e e s T e = - w ]', U
Brix (ccrracted)

d) Glucose

Gluccse, one of the reducing sugyats in Julce, was
estimated by the usual volumetric methoc using nethylene
blue &s internal ind:cator. Ter ] of Fehling's solutiorn
(“ ml each of A ard B) was redured with the juice taken 11
a burette till the klue cclour just changed. Three tc¢
four drops o©f rnethylene bliue were then added and the
titration completed oy vigoercusly voiling the liguid for |
to 2 minutes. The volum: of jJuice corsuned, was noted and
the reducing sugar present calculated on the basis +that
100 ml of Fehling's solution was reduced by 0.494)1 g of
invert sugar. This was expressed as per cent in the juice
by weight (Browne and Zerban, 1941}. The titration was
repeated with diluted juice wherever the ftitre value was

less than S ml and the result was checked.



e) Hydrogen ien concentration {pH)

pH  of undiluted juices was directly read with

Elico pH meter using glass electrole {(Jackson, 1973).

f) Electrical conductivity

The electrizal ronductivity of cane Jjuice ygives
the mineral matter and changed organic compound content of
cane Julces, This was determined using conductivity

bridge adopting the proccdure indicated ky Jackson (197150,

About 30 ml of strained juice was taken in a 100
mi beaker and the electrode of the conductivity bridge was
dipped in the cane juice taking due cars to see that  the
julce entered the bulb of the conductivity bridge, Ther:

the reading was recorded and expressed as m.mhosﬁcmz.

j.2.12 Losses due to the disease in different sugarcane

varieties/clones
3.2.12.1 Loss in cane weight and juice quality

The effect of the disease on the cane weight and
Juice duality was studied in twenty suygarcane varietics/
clones under spraved and unsprayed conditions. The
varieties/clones studied were Co 419, o 975, Co 7219, Co
7636, Co 7706, Co 8205, Co 4220, Co 62175, Co B5028, o
85044, Co 85045, Coa 7602, Ccd 8401, CoA B402, CoA BIIB|,

CoT 8201, 83A1l0&, 43A214, HBLALRS and 86A444. All  the



varieties/clones wore planted in freld in March, 1340 an
grown under normal Jjrrijated condirtions, Tnocutation uy
spraying conidial cuspension was done in the omonth oo
August. Captaf 0.3% which was found most effective in thoe
present studies was sprayed thrice at monthly interva.
from September onwards. The disease intensity was
recorded in February before harvest. As regards to welight
of canes, twenty canes were weighed for each treatment and
the average welght of each cane 1s reported. Length and
diameter of the éane and juice yuality parameters were
recorded 1in all the varieties/clones in both sprayed and

nnsprayed treatments as per the procedures indicated in

3.2.11.

3.2.12.2 Rate of 1reduction in cane weight and juice

sucrose in different suvgarcane varieties/clones

in maturity phase

To study tne rate of reduction due to the discase
in cane weight and juice quality in different varieties in
maturity phase (November to February!, the cane weight and
Juice sucrose were recorded every month starting from
third month after incculation till & months (i.e. at
harvest) in February in five resistant (oA 89081, B4AlLS,
86A444, Co 85045 and 83A 106) and five susceptible (Co
7219, CoT 8201, <Co 7626, Co 975 and o 85044) varieties,/
clones both in sprayed and unspraved treatments mentioned

at 3.2.12.1. Twnety canes in each treatment collected at



random formed the sample. The disease 1lntensity was also

recorded.

3.2.12.3 Loss of chlorophyll content

Twenty canes in the aboive varietles were tayged
randomly in both sprayed and unsprayed ftreatments. Tho
chlorophyll (chlorophyll a and chiosrophyll b) content was
estimated 4 months after incculation adopting 1 e
following procedure suggested by Witham et al. (1971:.

Disease intensity was also recordad on 0-9 scale.

Estimation of chlorophyll

One gram of fresh leaves cut into small pieces
was taken into a clean nortar and homogenized to a fine
pulp with 40 ml of B0 per cent acetone and a pinch of
CaCoB. The supernatant was decanted and filtered through
a buchner funnel using whatman number 42 filter paper.
The extraction was repeated by adding fresh 30 ml aof HU
per cent acetone. Then the contents from the mortar were
transferred to the Buchner funnel and tne pulp was ygrinded
and washed again with acetone until 1t becomes colourless.
The mortar and the sides of the “unnel were rinsed wit: 10
ml of acetone to ensure that all the c¢hlorophvll uwac
collected. Then the final volume of the filterate was
made up to 100 ml by adding sufficient quantity of 80 per
cent acetone. The optical density of chlorophyll extract

was 7read 1in a spectrophotometer set at 645 and 663  nm



using 80 per cent acotone solvent as Llank. The  congen-
tration of chlorophyll a and b oon myg per ¢ wf tissue 15

calculated by using the followinyg formulae:

myg chlorophyll a/g tissue =

Y
12.7 (D663) - 2.69 (D64L > mem -
1000 x W
mg chlorophyll b/g tissve =
Y
22.9 (D&E4H1 - 4,68 thbu3Ir K mommmeo
L1000 x W
where
D : poptical density at reswective nm
V : Final volume of tne 80 oJer oent aoet une
chlorophyll content
W : Fresh weight :n g of the tissue
3.3 REPLICATIONS

Unless ctherwise mentioned, the treatments were

replicated thrice in 211 the experiments.

3.4 RECORDING OF OBSERVATIONS

Unless otherwise mentioned, all observations were

recorded 1in the central rows. leaving borders on either
side of the plot. The disease intensity was recorded or
0-9 scale 3 montls ard 6 montns after  inoculation. Date

were recorded in 20 willable canes tayged at randor. Dats
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on yield and juice guality parameters were recovded at e
time of harvest uraing February. Cance vields in thoe nel

plots were recorded in ky and expressed ag ¢t na .
3.5 STATISTICAL ANALYSIS OF DATA

The data from the experiments were statistically
analysed following the procedures suggested by Snedecor
and Cochran (1967) and Panse and Sukhatme (1978). In the
tables, both actual percentage values and their correspon-
ding transformed values have been given. Wherever *he
interaction o¢of the treatrents was involved the data woere
statistically analvysed. To  examine the relationship
between «certain characters, simple corralation and Chij-
square (Xz) were worked out. Paired "t' test and reyres-
sions were worked out for certain  Juantitative curied

cqualitative characters.



RESULTS



CHAPTER IV

RESULTS

4.1 SYMPTOMATOLOGY

4.1.1 Symptoms

The symptoms of ring spot disease as observed in
nature on four varieties viz., ¢Co 7219, CoT B201, oh
89081 and Co 85045 planted in March, 1988 are described

below.

The growth of the spots starting from the
initiation of the disease was recorded 1in  the above
mentioned four varieties., Symptons developed only on the
laminar region but not on leaf sreath and cane stalk. The
first symptom of the disease zppeared on eleventh or
twelth order leaf from top during the last week of August
(Le@ay) 54 months after planting (MAP) in varieties
Cy» 7219 and CoT 8201 winile in Cas 89081 and Co 85045, it
appeared one and half months later. The spots first
appeared as small discoloured specks on the tip of  the
leaf blade which gradually turned purplish oval o
spherical within 15 days and were visible on  both  the
surfaces of the leaf. 2t this stage they measured 0.5-1.0
x 0.5 mm. These purplicsh spots grew in size and develaped
dry necrotic area at the centre of the spot. The mar.gin
consisted of a narrow reddish purple or brownish band of

varying width and sometimes surroundec¢ by an  yellcwish



halo diffusing into ygreen colour of the nealthy portics
(Plate 1). The straw colour dry centre was sharply mar ke
of f by the surrounding coloured riag. 1In €o 7219 and Cob
8201, the ring was usually irregalar but lobed or troken
with angular projections and the union 2f neighbourinyg
spots increased this irreqularity. Ultimately considerable
part of the leaf tip dried up in about 213-25 days. Later
the disease spread on the middle portion of the leaf by
the end of September ( & mMap )V by which time, the
disease appeared on the Yth order leaf from the top. by
the end of October ( 7., MAP} when there wecre usually
heavy rains, the disease had spread rapidly on 7th and Hth
order leaves covering entire leaf area and the top half
portion of 6th order leaf (Tabla 3 at Para 3.1). T s
situation further lead tc premature senescence of 7th and
8th order leaves on varieties Co 7219 and CoT 8201. By ine
first fortnight of Octobwer (7 MAF: on tre older spots  of
Cer 7219  and CoT 820 perithecza developed in  larye
numbers chiefly within the rings as tiny black do=s
arranged in rows and enuirely buried in leaf tissuve. The
perithecia were visible only on the upper surface of tae
leaf (Plate 2). [In CoA 8908l and Co 85045 perithecia
appeared two and half months later i(i.e.,) by the end of
December { 4% MAP}. Fully mature spots in the above four
varieties measured about 5.2 - ¥.9 % 1.1 - 3.2 mm. [1: Co
7219 and CoT 8201, the diseass spread was more during

November and December. The disease appeared on the fonrth
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order leaf by the end of December ( 9l MAR Y . Except 3, i
leaves on the top, the remaining foliage dried up by the
first week of February (i.e.,) 1. MAP (Plate 3). But in
CoA B9081 and Co 85045 only few spots were produced by
trhis time that too on 8th and 9th order le=aves. The entirc
jeaf portion of 1 to 7 order leaves and basal portion of
8th and 9th order leaves were free from disease. No pre-
mature senescence was observed due to the disecase on these
two varieties. The average number of spobs produced on j-#
fully opened leaves cf the four varieties by the first

week of February are furnished in Table 9.

Table 9: Number of spots on 1-8 fully opened leaves of
different varieties

Average number of spots produced on 1-¥

Variety fully opened leaves
1 Z 3 4 3 3 7 4
Co 7219 0 i4 49 146 287 436 512 391
CoT 8201 0 8 28 1G7 191 343 394 417
CoA 89081 @ ] 0 (s 0 { 16 21
Co 85045 0 0 ] t 0 §] 19 24
The data presented in Table § indicate that more

number of spots wvere produced in the varjeties Co 7219 ard
CoT 8201 from 3rd to 8th fully opened leaves. No spots

were observed on lst fulliy opened leaf on these two varie-
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ties. On bottom '5th ta 8th) leaves of these two varieties
maximum number of spots were produced leading to prematare
senescence of the leaves. In Coa 89081 and Co 85045 1 to 6
fully opened leaves on the top were free from the disease
while only a few (16 to 24) spots were produced on 7th and
8th fully opened leaves. HNo drying of leaves was observed

in these two varieties.

4.1.2 Size and shape of spots in different sugarcane

varieties/clones

The number of days taken for the first appearance
cf the symptom after incoculatinsn and nature of spotting
were noted on thirty four varieties/clones undey
artificially incculated conditions. The shape of the spot
and length and breadth of the spot in mm were recorded in
each variety J months after inoculation. The data are

presented in Table 10.

The data presented in Table 10 indicate that in
nine varieties/clones viz., CoA 8401, Co 6907, Co 7704,
83A93, CoT 8201, Ce 85044, Co 7636, ¢o 7219 and Co 5921
the disease appeared early within 15 days after inocula-
tion. The first appearance of the disease was delayed in
four varieties/clones viz,, Cob 89081, Co 85045, 84A15%
and  86A444 Dbeyond 40 days after inoculation. In  the
remaining varieties/clones the ilisease appeared between 1§

and 34 days after inocculation.

PO
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Table 10: HNumber of da- s taken for the first appearance TS B I 1T} S R S
shape and  =ize of  ring spot in different  =Sugar o4
varieties/clounes

Sl. variety/ No.of days Shape of the spot Averaye s%zu
No. «lone taken for the spot in o
the first iaiadlabelelah ke
appearance Length Breadth
of the
symptom
1. Coy 419 20 small, oval and irregular 4.8 P
2. Co 975 18 oval and irregular 9.7 S
3 Co 997 34 Jval and irregular 12.5
4. Co 6907 15 Linear and narrow ER [
5. Co 7219 i1 Oval and irregular 8.4
6. Co 7636 11 Spindle and irregular g, Lok
7. Co 7704 9 Oval and irregular 12.4
8. Co 7706 18 Spindle and irregular 14,4 -
9, Co 7803 31 Small, oval R o
10. cCo 8012 3z Oval and irregular TH e
1l. Co BO13 18 l.Linear, 1arrow and b

ilrregular

12. <Co 8G21 15 Oval and irregular L u
13. Co 8212 22 lLinear anc¢ narrow 11.% S
14. Co 8220 32 Spindle with pointed 11.6 o0
ends
15. Co 62175 28 Linear and narrcw 8.9 P8
16. Co 85044 11 Spindle and irregular Tl
L7. Co 85045 42 Harrow and linear K.
18. CoA 7602 18 Spindle ard irregular Y RS

19. Ceoa 8401 11 Linear and¢ narrocw 9,2 5



Contqd.. o
81l. Variety/ UHo.of days Shape of the spot Averaye s;ze i f
No. clone taken for the spot in vy
the first ST s e
appearance Length Hreaatl
of the
symptoms
20. CoA 88081 20 Spindle ard irregular 1o i
21, Coa 89081 43 oval and irregular h.d '
22. CohA 89082 24 Oval and lrregular b Eon
23. CoA 89083 24 Oval, narrow and 5.3 o
irreqular
24, CoT 8201 12 Oval anc irregutar 8.4 L
25. H43A 60 22 Small, «val R bl
26, 83a 93 15 Linear, narrow and 8.
irregular
27. 83a 159 24 Minute, dot like with 2.4 f,
less straw centre
28, 83Aa 214 32 Spindle and irregular 13.¢
29, 83n 758 34 Spindle and irreqular 10.5 S|
30. 84a 132 22 Spindle and irregular 0.5 B
31, 84A 155 45 Oval and irregular 5.9 -
32. 84a 191 28 Linear and narrow e L DL
33. 86Aa 444 4] Ovati and irreqular L.n L5

34, 88a 87 28 bval ard irreqgular b, LY



Different shapes of the spots were observed in
different varieties/clonas as seen in the Table. FPeculiar
dotty spots with inconspicuous straw centre was obseyved
in the clone 83A159. sSmall ova. spots were observed 1iun
three varieties/clones 83A60, Co 7803 and Co 419. In six
varieties/clones viz., 84A191, Coa 8401, Coc 6907, Co BZlZ,
Co 62175, and Co 85045 the spots were linear and narrow.
Similar types of spots were noticed in Co 8013 and 83A9:3
but they were occassicnally irregular. In majority of
varieties/clones viz., Co 7704, Co 9%7, (ol 8201, r'oa
89081, CoA 89082, <Coh BY083, <<c¢ 801l:, 88A87, Co 975, Co
7219, B84A15%, 86A444 and Co B(21 the spots were oval and
irregular. Spindle shaped and irregular spots were
observed in 9 varieties/clones viz., Co 7706, 83a214, CoA
7602, CoA 88081, 84mnl132, Co 35044, Co 8220, Co 7636 and

83A758.

The length of the spot was more than 10 mm in ten
varieties/clones viz., Co 7706, 83A2Ld4, 84R191, Co 7714,
Co 997, <Co 8212, CoA 38081, E4A132, Co 8220 and B3A758
while it was small measuring less than 5 mm in length in
four varieties/clones viz., Co 7803, Co 419, B83A60 and
#3A159., The breadth of the spot was more than 3 mm in b
varieties viz., Co 7705, Co 7704, CoT 8201, Coa B80B., Cou
#220 and Co 7219 while it was less than 1L mm in ¢ lone
8348159, In four varietiess viz,, Co £907, Co 5013, Ca 85045

and Co 8212 eventhouyn the lenyth of the spot. was more



than 8 mm, the breadth was less than 1.% mm giving the
spot a narrow elongated appearance. Remaining varieties/
ciones showed medium sized spots measuring 5.1 to 9.7 mm
in length and 1.4 to 2.9 mm 11 breadth. The first
appearance of the symptom and shape and size of the spots

varied from variety to variety (Plate ¢4).

4.2 ISOLATION AND IDENTIFICATION OF PATHOGEN AND

ESTABLISHMENT OF PATHOGENICITY
4.2.1 Isolation

Isolations were made from inmature and matuze

spots of the leaf samples of natirally infected plants.
Isclation from immature spots

Leaf bits from young lesions were surface steri-
lised as described at para 3.2.2.1 and transferred tc PIA,
OMA, CLA, Richards agar, CZapek-Dox agar and incubated for
10 days at 28ilOC. The results of isolations are furnished

in Table 11.

The results indicate that majority of isclations

(29.6%) yielded Nigrospora sp. followed by Curvularia sp.

(24.7%), on all the media tested. Phyllosticta sp. corsti-

tuted 23.9 per cent while Bipolaris sp. was obtained in

21.8 per cent of isclat.ons,
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Isolation from mature spots

Microspic observations of siides from mature
spots with black discolouration in greyish centre revealed
the continuous assyciation of ASCOSPOTes and
pycnidiospores. Isolations were made from mature spots on
different media by transferring very small leaf bits and
streaking sgpore suspension as described at para J.7.. .1,

The results of these iscolations are presented in Table 12.

The results indicate taat the majority of isola-

tions yielded both Fhyllosticta sp. and Leptosphaeria sp.

Mo other organism was isolated from mature spots.

The colour and growth of the mycelium varied
initially in both the species. The mycelium of

Phyllosticta sp. (anamorph) was white and fast growing

while that of Leptosphapria sp. (teleomorph) was slow

growing. Although the colour of the nycelium of the
latter was white to start with it was deep seated in  the
medium, later turned pinkish with sparse acerial mycel ium.
Finally both the cultures turned greyish black producing
abundant pycnidia and pycnidiospores one month  later.
Perithecia were not produced in any of the media employed

in the study.

Streaking spore suspension on different nedia

yielded Phyllosticta sp. Leptosphaeris sp. in the same

ilate.
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Single ascorspores and pycnidiosperes were  ix0-
1ated from sterile water agar plates and transferred to
OMA, PDA, CLA, Richards agar and Crapek-Dox  agar. e
mycelial growth froin ascospores was vory slow  and  icep
seated in the medium. ILnitially <he nycelium was white Lut
within 2 days it turned pinkish or umber c¢oloured with
sparse areial mycelium and later turned yreyish black. N¢
perithecia or ascospore production was observed on any of
the media studied but pycnidia and pyonidiospores were
produced one month after isclat:on from single ascospore
culture {(Plate 5). The growth from single pycnidiospores
was fast on all the media except (zapaek-Dox agar. The
mycelium was white, profuse and late: turned grevish
black. 8Small, dark, roundish pycnidia appeared on the
surface of the mycelium and the medium {plate 6). Only the

imperfect stage of the fungus appeared 1n culture,

4.2.2 Identification of iseclated funyi

Four fungal cultures were isolated from ring spot
lesions. The cultural characters and spore measurements
were recorded. The fungi were identified at tho
genus/species level with the help of tllustrated books and
CMI descriptions. 7The details of cultural characters and

spore measurements are furnished in Table 13.

4.2.3 Production of ascospores in vitro
Ascospores from sterile water agar were 1lifted

and placed on the edges of sterile leaf bits of suscepni-






lable 13: foaltural cho acbers ang Lp0re meaneyanents Wit rerens tungd o dwolater frors i
spab lesion=
Pungal Cubltut e choroaeten: T AR IV BN AE I Frmeps Ladon il e e
culture et in
L angth B eadth
1 Colonies effuse, rey, o tan naiiy; A4 =17 Ziﬂﬁllffiﬁ Gae hios
Mycalium mostly  immarc-and; stroms
oftan  present; conl liophores i~
tults, untranche|, sopbye, <traight
a1l Flesuogy, o Lusaceor. O N8l
the base ann paler towvards bhe afes,
charactaeristicall, hent with Fnee
joints at regular intervals;
conidia wvarizble In  size, 3-10
celled, slighrtly curved, balge in
the middle on? ‘apper.ng  Lowarogs
2nds, dark  hrooar, =ilum  daricg
conidial garminati-r hipalarc,
? Colonfe:  of i whiio,  darcnim, T2 7 ”iiyfﬂﬁﬂfl
black later; mygowlium immersed  or i diameler
partly superfici=zl; sTroma none;
conidigphores  biranchen, floxumes,
brown, smooth; coridia  solitary,
with violent disckarge mechanism,
acrogenaus, simale, spherical ,
black, ahinin;, smocth, one called.
3 Colonies effuse, datk 2live grey, iB-2H =1 Curvnlaria luenato
welugtty; mycalivm irmersec;
stromata THTE} zanidionmices
atraight ar “laxious, oftan
geniculate, trowr, smoath;  conidia
aolitary, cutwved, broadly fusifuen,
3 septate, dark aroer, end  oelle
paler, second celi enlar eu.
a Myzelim  profuse, LRite, Later e T,

turning greyidsh nback,  tamsrcsed i

the substrate; fry

ridia thir
walled, inmersas T, ylokose, harn
texturas, datk troun,  emhediod i
subespidermal stroms, ocsticlate, oi-
00 pmoin diometer; i iogono e
calls short, celindrical  Foromieg
tlaste coniriia ir Hasipetal
successinng zotdia atvandant
individually hyalise, oale Srown is
mass, unirallaler, aseplati,
sllipsoid to zubfu:zcid, straiyhw cor
curved, two gultules at esither  enc,
surrounded hy a alime larset anl wuitk
an apical aperdaje, exuwfe from  e-
tiole in a cirrus; ¢ermination bijpcl




ble varieties Co 7214 and Co 7636, Tn= leaf  bits were
placed at the centre of the perridishes containing  OMA,
PDA and CLA as described at para 3.2.2.4. The growth  of
the fungus was very slow, ccvering the leaf bit and
surrounding medium in a week. fnitially the mycelium was
white but turned pinkiszh in 3 days. No perithecia and
ascospore production was observed in any plate kept at
ambient temperature even after cne and half months. Simi-
larly there was no perithecial and ascospore production
when the plates were exposed to different temperatures
(24, 26 or 287¢) under alternate 12 hours tight and 1.2
hours darkness for one and hal? menths but  pychadia  of

Phyllosticta sp. were produced cone and nalf months  after

inoculation in all! the plates.

In another experiment single ascospores and pyo-
nidiospores from sterilised mature spots were transferred
to sterile leaf bits of four susceptible varieties, namely
Co 8021, CoT 8201, C» 7219 and Co 7636 in Erlenmeyer
flasks with and without vitamins and sucrose as per the
details given at para 3.2.2.4, The results are presented

in Table 14.

The results indicate trat perithecia and ascos-
pore production was observed mestly on the sterile host
leaf bits of varieties Co 7219, <o 7636 and CoT 8201, to
which vitamins and sucrose were added and incubated at

o} o, .
247C and 267C in yrowth chamber under alternate 12 hoeurs
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fight and 12 hours darkness. BLL, 1 tne leaf bits of Co
7636 the ascospore production was alsc shserved at SO ¢
without vitamins and sucrose. Ascospore production  wae
noticed only on the leaf bits of two varieties Viz., o
7219 and Co 763t at 24Yc, 1 days after inoculation
(treatment No.3). At 26YC  (treatment n0.4) Aascospore
production was observed on leaf bits ol J varieties wvi...
Co 7219, Co 7636 and CoT 8201, 18 days after incculation.
Profuse pycinidiospores were produced from these leaf
lXits, three weeks “ater. No ascospores were produced  1In
the leaf bits of Co 8021 in any treatment. Except at 24%¢
and 26°C ascospore production was not neticed at any other
temperature. Pycnidiospore praoduction was observed in
almost all the treatments and varieties except inn Co 8021
and CoT 8201 at 24°C. Thus the ascospores yielded the
perfect state at first on sterile cane leaf bits and later
gJave only the conidial state suygesting proof of connec-

tion between these two fungi.

4.2.4 Description and measurements of perithecia, asci

and ascospores and pycnidia and pycnidiospores

The descriptions and measurements of perithecia,
Ascl, ascospores and pycnidia and pycnidiospores fhat
developed on sterile healthy leaf bits of Co 7219 in the
laboratory and on host in nature were recorded (Plateos

to 15). The details are furnished in Table 15.



Table 19: Cescription and oot enle o Cepibbecd 0 1, gl s 03e e cgeein s
and ycnldiofpntcn 3o rrn st P s
Saxial R ERINE o A I R
and ésite sl I e e m e et M e e e e
stayes Sterile boat leal hMatiral Lesicen:
b:its pre fhe lar,
Lengtt  breadth leryth Breadth
Parither ia Immersed, small, scherical. 111136 in 115=136 in
hrownish black with iamet vlaretar
protruding papillate nstici-.
Asci Humerous, cylindrical or oih 0L =70 G-17 L=l 1MI=15
shaped, sessile, irczeminglac
Wwith paraphyses, asous wal.
thick, bitunicate Li% rouned
apex, slightly narcoogca ab tre
hace, 0 spored.
Ascuspor es froegularv]y biseoizne o e Y-l =fs e e
pact. of asegy, Loalin o ed .
so0id, ands broadl, ontaune,
septate, ovonstricte] sligntl,
at the septa, secord -ell
slightly swuollen and ach el|
with & single large pattule,
Fycnidia Immersed, ylobose, duate bron TL-Y4 g £6~-94 i
membrangous, ostioloia. Aiancter tiamet or
Pycnidie- Abundant., condrdisn inaivichyat ), 1017 I 1=14 e

spores hyaline, pale hrown i+ nass,
single celled witn I wttulay
at either end, aseptate, allissoid
to sub fusoid, straight or cu-~sed
germinaticn bipalar.
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The diameter of perithecia and length and breadth

of asci and ascospores tallied with the measurements of

Leptosphaeria sacchari (Jones, 1967} of CMI descriptions.

The measurements of pycnidia and pycnidiospores tallied

with those of Phyllosticta saccharicola described by

Hennings (1907) and CMI. Thus the results of the present
study clearly indicate that teliomorph of ring spot fungus
is L. sacchari van Breda de Hann and the anamorph is P.

saccharicola P. lHean. which i= in confirmity with the

report  compiled by the International Society of Sugarcane
Technologists  (ISSCT) standing  committee  on suygarcane

diceases {(Ricaud et al., 1989}.
4.2.5 Pathogenicity tests

The fungi isolated from the ring spot lesions
were tested individually and in combination, for their
pathogenicity on potted plants of susceptible varieties Co
721%, CoT 8201 and Co 7636 as described at para 3.2.2.5,
The details of pathogenicity tests as obtained by spray
inoculatieon are fFurnished in Table 16. Similar observa-
tions were made in respect of in prick method of

incculation.

The results 1ndicate that no typical ring spot
symptoms were produced on any variety with Bipolaris

sacchari, Curvularia lunata and Nigrospora sacchari either

alone or in combination; but typical ring spot  lesions

-



Table 1f: Pathogenicity
rent. suyarcane var

tasty it difoerant fungi

it i

gl

inoeulated

Bipoloris sacchari

Nigrospora sacchari

Curvularia lunata

Phyllosticta saccharicola

t. sacchari + C. lunata

B. sacchari + M. sacchari

C. lunata + N. sacchari

A.aacchari + P.saccharicola

iilunata_+_E.saccharicola

to sy booms

prroduced

Small jdn heqd
silsme chloreti
specks prodoucads
later turneu

purplisn

No syme toms

produced

Small ks Fropmea)
four dass after
incoLlation o an-
laryed into scbs
after i days.
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13 daye afte;
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jprodutes

Ma sympt ams
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Typiral ring =not
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Typical ring spol
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spats in 11 day- .
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in 16 days after
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10 days after
innculat on

HOo Symotoms

prrecioe 2

Mo symptoms
prooduced

Typical ring spot
dJavalofiey

23 aye aTtar

lesiars

frwwn iakiomn

IT/ical rony 3pot
lasions sdovelapen

RS

Fipall pin bead
3ized reddish
appearsd on the

s
gntire lamina

Small putplish spobs
appeared 20 days

attar inoculatbion

Yl ]

four JJays al'ter

ETNTETM T I Ha¥ o1 TH0S |

inooylation ang o -
largyadd into spots
at ter 1 days.
Typizal vimg sp ot
lesions davelopnnt
13 days after
jnoculaticn

qanal o reoddish
specks produeced
1 Jdays after
inoculation
small reddish s ot:
producet 4 days
after inoculakion

Gmall pin head
sized purplish
specks prcoduced

Typical ring spot
leafons davelopnd
in 18 days

Typrical ring spot
lesions cevalape:
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Contd. .

Fongi
inocculat ed

N.sacchari + P.saccharicola Characteristic ring

Leptoaphaerls sacchari
{Ascospores from steriie
host leaf bits in labo-
ratory)

L. sacchari
{fscaspores From naturally
infected lesions)

st lesions slove-

Toprael in 210 days

Smal)
H day:

aperhks Torman

after inocu-
latior and enlarged
into small spots in
12 days., Typical
ring spot lesions
developed after 20
day 3

fmall specks formed
in % daya anc en-
larget into cmall
sphts in 9 days.
Typical ring spot
lasions devel oped
in 17 days

Senpkams procused or

fhavwteristic i,
lesions pay2-
27 duye

o0t

iopEl oon

anall spacks formaod
in & days and sn~
larced into smakl
spots in 12 days.
Typicel ring apot
losions developad
aftor 22 days

Smail specks orme
ir ¥ days and s
larjad into small
spats in 10 days,
Vyaleal ring spof
laalans jeveloped
in 13 days

Lo 7R

tharacteristic rung
spot Jesioas gewe-

Lopeed Lo 13 afeeyps

Jmall specics Forme)
in & days and en-
larged to small
apots in 10 days.
Typical ring spot
lesions developad
in 20 days

Small apecks Formed
in & days and davo-—
lope:t into smal’
spots in 3 daye.
Typiral riny sgot
lesions Farmed ir
17 days



Jdeveloped in all the test varieties with P, saccharicoia

in 13-16 days after inoculation (Plate 16}. B. sacchari,
C. lunata and N. sacchari in combination with P. sacchari-
cola also developed tyoical riny spot lesiocns but the
symptom expression was slightly delayed (16-23 days). Ring
spot lesions also appeared on all the three test varieties
when ascospores from sterile host leaf bits (in vitro) and
also those from naturelly infected material were inocu-
lated (Plate 17). Characteristic ring spot lesions
developed in 17-19 days with ascospores from natural
lesions while it was slightly delayed with ascospores from
sterile host leaf bits [20~22 dzys). The results indicate
that ascospores of L. siacchari and conidia of P. sacchari-
cola only could incite ring spot on tne leaves of the

three test wvarieties (Plates 16 and .7} of sugar:ane,

proving XKoch's postulates.

4.2.6 Identificatior of a suitable medium for the

pathogen

Single ascospores and pycnidiospores from sterile
water agar were transferred tc different culture media to
identify a medium suitable for better multiplication of
both the fungi based on 9rowth and sporulation. The

observations are furnished in l'able 17,

The results indicate that mycelial yrowth of 1.

sacchari was observed sn almost all the media but, 1t was






table 17: Growth and spor ilatios of Leptosphaeris sacchari and Phyliosticta sacchil 1ola

on varioLs media

tLitural chara-tars Numbart ot
Yedie ————————— e i e e prycridiospores/
L. sacchari P. saccharicola ml
EQIA Initially :louv gyrowing Fas®t yrosing Jhits Sand ox A0
white coloniez Jhich protus: nycaltal
spon turned pine Lo grouth, latear Luroed
umher with sparse aerial yrey arv] Finally
mycelium, uee[ seatec in grayish nlack
madium and finali, turn-
ing greyish hlachk
3
oMa Same as above Same a5 above .82 x 10
Aictards hgar Same as above Same 3t abkove .88 x 10
Czapek-Dox Sama as abcwve Slow olawing uhiitea A.5 x10
Agar myceliun and later
turned 1eyist black
{'_}
Baar meal Fast growing uvhite colonies Same g aboue 3.8 » 10
Agar which soon turned pink,
desp ssaled in medium and
finally turring greyish
falack
Cans leaf Slou growing white myce- Fast yrcwing white 2.47 x 1l’JlJ
Agar liel colonizs uhich later  mycelium uhich later
turned to greyish black turned to greyish
nlack
Carrat Agar Jame as abowve 3low yrowing white 4.9 % 17
myceliur and later
turned yreyiskh hlack
- . t
Potato carrot Same as above Fast yrowing uhite 2.U7 10
Agar mycelivm wuhich latwsr
turned 3 greish biack
- - . . . ‘-5
fLorn meal Fast growing whitno Slow grewing wukite xR
Agar colonies which later colonies and later
turned pinkish ard turned reyiash bilack
finally greyish tlack
. Py . £}
Potatn Imitially slau urowin Fast yroving wnite 2023 x 10
sucrose white colonies which mycelium wiich later

figer (PSA}

quickly turned pinkist,
deep seated and lalsr
turned greyish black

turned yreyish nlack



Contd..

PEA - Dats

PEA + cane
laaf axtract

POA + corn
meal

POA + cane
leaf extract

Cang lsaf
Egar + oats

(MA + cane
lesaf extract

Samg as abnud

Sang as ahowe

fFast growing

mycelium, rapg
turning pinki

seated in mediun and

latar turnecd
hlack

Slow Growing
liwm which ia
greyish black

Same as atnve

Slow growing

lial colonies
turning pinki
seated in med
turnad qgreyis

Cultursl craracters Number of
------------------------------------------- pycnidiosporess
har i sacharicola ml
. i
Sane Ay abnve Z.al = 10
B . !‘
tame as atyive 2.57 x 11
. as t-
uh; te Same Aac atove PO o« 10
idly
sh, deep
jreyish
. . . !
wtile rogoe- Fast jvoaedng mita A7 . i
ter turne: mycelinn unicn lates
turned jreyisn black
Faat yrosing shite LV oo
mycelivm, Finall,
turning yreyish tlack
uirdite myoa- fast growing white TR s
rapidly myceliuvm, profuse,
st Jeap later turming grey
ium and later and bher greyish
b black Elack

*Both the cultures produces Pycnidia and pycnidiosgores one month after isolation



fast only on bean meal agar, corn meal agar and PDA + vaorn

meal at ambient temperature. (O} the remaining media, the
growth was very sldw. Perithecia and ascospores were not
produced on any cf the media 2ven after one month but

pycnidia and pycnidiospcres were produced one month after

inpculation from single ascospore cultures.

The growth of Phyllosticta saccharicola was

observed to be fast on PDA, OMA, Richards agar, CLA,
Potato carrot agar, PSA, PSA + cats, PSA + cane leaf
extract, PSA + corn meal, PDA + cane leaf extract, CLA +
cats, OMA + cane leaf extract at ambient temperature but,
it was slow on Czapek-Dox agar, bean meal agar, corn meal
agar and carrot agar. Maximum sporulation was obtained on
OMA + cane leaf extract (3.28 x 106 spores/ml) and PDA +
cane leaf extract (3.17 x 106 spores/ml). In the
remaining media the extent of sporulation was in the range

> to Z2.82 x 106 spures/ml.

C)f 3.8 L 10

The results indicate that corn meal and bean meal
agar supported good growvth of L. sacchari but not sporula-
tion, while PDA + cane leaf extract and OMA + cane leaf
extract were better for both growth and sporulation of P.

saccharicola as compared to cocther media. Hence, for

further studies «cultures of P. saccharicola were main-

tained on OMA + cane leaf extract.

<0}



4.3 DEVELOPING A DISEASE RATING SCALE FOR ESTIMATION

OF DISEASE INTENSITY

The per cent green Jleaf area affected at
different intensities cf diseas=z was worked out with the
help of leaf area meter and the following (-9 scale was
prepared specially for estimating the intensity of the
disease (Plate 18).

0-9 scale for estimation ¢of disease intensity
Grade Description

0 No disease symnptoms.

1 Only small brown specks of 1 mm size at
apical part of leaves, few to many.
sometimes unrecognisable.

2 Slightly large, oval, greyish spots of

3 mm diameter covering less than 1 per

cent of leaf area.

3 Jval to irreqular greyish spots of 4 mm

diameter with reddish margin coverinyg 1

to % per cent of leaf area. N
necrotic spaots.

4 Typlcal rinc spot lesicons develoon.
Spots with recrotic grey centre and

reddish brown margins covering 5.1

10.0 per cent of leaf area.

.



contd..
“-g;ade Descriptioen

5 Typical ring spot lesioas spreading to
middle portion of the leaf covering
10.1 tc 20.0 per cent of the leaf area.

6 Lesions as in scale 5, have a tendenov
to coalesce, spreading towards basal
portion  of the leaf affecting 20.1 to
0.1 per cent of leaf arca,

7 Laryge gquickly expanding lesions,
irregular becavse «f fusion, brown
margins and most 2f the affected areca
blighted covering 30.1 te 50.0 per cent
of the leaf area.

8 Symptoms as in scale 7, affecting 50.1]
to 60.0 per cent of the leaf area.
Premature senescence of the leaf.

9 More than 6.0 per cent of the ljeaf

area affected and premature senescence

of the leaf.

TR MR A AR AN i it e e e e R L SRl S ot e e e e e e b e . i —  h M M R R hrd e e Rt A e M e e mem e — e

The disease incidence in all the studies was
recorded on 0-9 scale in 1 tc 8 fully opened functional

leaves and the PDI was worked out using the formula
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mentioned at para 3.2.3. Varieties/clones were classified
into different reaction groups based on PDI  using the

rating scale as detailed below.

Rating scale

Rating PDI Reaction
0 0.0 Immune
1 0.1 to 1.0 Highly resistant
2 1.1 te 5.0
3 5.1 to 10.0 Fesistant
4 106.1 toe 15.0 Moderataely

resistant

5 15.1 to 20,0 Moderately
susceptible

6 20 to 30.0

7 30.1 to 40.0 Susceptible

8 40,1 to 50.0

9 More than 50.0 Highly
susceptible

4.4 SURVEY FOR ASSESSMENT OF DISEASE INTENSITY

Survey was conducted in sugarcane fields during
£1988-89 and 1989-90 in coastal Andhra Pradesh (Bobi:ili,
vuyyuru, Nellore, Chelluru and Anakapalle factory areas;,

Telangana (Bodhan) and Rayalascema (Renigunta) regicns, as



per the details given at para 3.2.4, to study the inten-
sity of ring spot disease on different cultivated sugar-
cane varieties under natural conditions. The information
pertaining to extent of holding, type of soil, variety
grown, type of crop (plant or ratcon} and the intensity of

the disease recorded are furnishzd in Table 18.

In coastal Andhra Pradesh survey was conducted in

25 villages of five factory zones.

In Bobbill factory area, the Crop 1s grown uncer
rainfed conditions in sandy and :zlay leoams. The intensity
of the disease was reccrded in 3 varieties both in ptlant
and ratoon. The per cent intansity of the disease in
different varieties ranged from 331.2 to 62.6 in plant
crops while it was 24.7 to 73.7 2er cent in ratoons. The
disease intensity was observed to be high in ratocn plots
of Co 7219 (73.7%), Co 8975 (64.2%}, Co 527 (61.2%) and CoT
8201 {(51.8%}). The plot of Co 7219 in Alajangi village
which was grown under rainfed conditions and received high
doses of nitrogen fertilizer was severely affected by the

disease (73.7%).

In Vuyyuru factory area where sugarcane is culti-
vated in clay loams and sandy loams, survey was conducted
in 9 wvillages and th:2 intensity of the disease was
recorded in 6 varieties in € noldings. The disease

intensity was more in clay loam as compared to sandy Loam.



Teble 18: Intensity of riny spot on different sicarcane varielies im diffarent  factor.
areas of cnastal Andhra Pradesh, Telanjarm: and Fayalasesra

Reylon Factory Jilla Fetoml of Tepm of tariet Flet, ST
ares bua L ediang =il ralogn
Coastal Bobbili ciriy 1L [lay lLoam L BEY I e
Andhia £.70 a flay .oam Lo 6907 & R
Pradesh 1.00 az [lay ioam (o 721% u L
N.75% az “amdy  loan Uo #0172 i Ia
Alagangi 0.7% 3¢ I lay loam [o B27 " R T
0.60 ac Gundy  Loam Lo 975 i ah,:
0,90 ac [LLay loar .o 7219 7 F
0,40 ac sindy 1pamn Ceo BO13E 3 24,0
¥asajipet 0,50 ac Sangdy loan N Yard 5 3
0.75 &c “lay loam Lo 975 H £4,7
.73 ec Tlay loair o 6907 2 Gh.a
1,50 ac “lay loamn Co 7214 i G
0.60 ac Clay loar Co 801% P AL
Saalta- .70 ac Clay loan flo 7216 i 7.
nagat am U.25 ac Sandy loam Co 7508/ H 7B.%
.50 vc Clay loam Cos 7612 f 47
1.20 ac Clay loam CoT BZ201 R VLR
Yuyyuru Hanumantlya— 1,00 ac Clay loan o 6907 Fi FBaa
{uran 0.60 ac Sandy loam Cc B01: H SALE
1.259 ac Sand, loam Lol 071 I R
Madin C.75 ac Sandy loam Me 6907 li T
1.25 ac Tlay loam Ue 7804 £ L
n.7% ac Clay loam ol 471 i caLl
Kalaoanmg 1.25 ac Tlay loas Lo 7305 1 .
Ao dkgaon LT ac ilay Loan Ve TE1G : [
Tenryry 03.80 ac Sancy loam ¢ po907? Iz ERTES
1.25 ac Sandy loam Lo B01% H BORE
0,50 ac Tlay loats Lol 841 i 1.
Auinzapady 1.00 ac flay loam Lo 6907 £ L
1.00 ac {"lay loam Co 7219 [ SHLT
Y akanury 1.00 ac Sandy loam e 80173 H 8.7
Chagarbipade 1.25 ac fandy loam Ce 72149 [ B
vallarvari- (.80 ac Clay foan Lo 72110 i 4R,

oEmlar



Cnntd,.

Region Factory Villae I atant of Toupg w Wagiaty Hland.: B
area fnlding s ] ratoan
Mellore TlEiia T Y S T Tl Lnam I v g
T 1T ag T Yivam o MU & a0
- 1 Jla. Livan S i Tl

Fiataarn, WP ar Sanely 1 ooare oo < T
LA ac “lay lL~am Lol 571 [« S

.40 ac clay loam ToT 3201 Fr G 3

Renals 1,75 ac Clay loam o 3021 R aii f
.80 ac [ Lay lcam CaT 8201 R L

Chellury Oraksharamam 1,00 ac {lay loam Co 7219 R G912
1.25 ac [1ay loam Co 7805 R as .z

71.75% ac (lay loam CoA 689081 P k.7

fulla 1.60 ac flay lcam Lo 7212 R RiLz
.50 ar {lay li:am Co BO13 fr L

1.75 ac [ lay leam azyv 12 n g

fiyali 1,80 ac { lay lnam Co 7219 I} n2.?
1.75 ac flay loam Co 7805 R Wb

1.00 ac fandy loam B2y 12 R 12,1

Ankampalem 1.00 ac Sandy Ioam Co £807 R 1.2
J3.60 ad tley luam Co 7218 =3 f7 LR

1.50 ac 1 lzy loam Co VBOS R 74

1.00 an Ylay Ioam Cof 89081 [ 5.0

Challa. 1.0 ar- ley loam Co ooy h S2T
C.7% ac ©lay Inam Co 7219 3] 2. a

1,50 ar “lay loam o YBOS [ 4

hnakapalle Hagulagalle 0.75 a; “lay loam to 7219 2 gLty
.50 ac lay 1lnam Co V706 3 2

0.79 ac Jday Loam Lob te0: R i

Munagatiaka 0,70 ac Clay loam Co Y6 R Wl
.75 an Sandy  Loam Cob T60: 2] w.H

Thunmapala 1.00 ac “lay loam Lo 7219 p 313
0.80 ac Tandy ipam Cof 7a02 9] 1.2

0.79 an Aay loam Col 8201 7 A1

Mar tur J .75 as ‘abdy  Loam fon 7607 R g




Contd..

fiegiorn factory Yilliage Extent of Typa of hariety Dlanty 1
area rolding ne il ratoon
Telan:ana Bodhan Atehania- G.6l as: ity Co n9l? Ft 21
i}“il 1= 1.00 a e ¥ Lo P2ig fr L]
.75 ar “lay [ B4 fr LA
Bioraipor 1.00 ac ey [o 1a I 1,7
.50 ar iy g 74l I+ e
1,7% ac Ly (o 7219 fi ST
Lanyclapar 1.00 ac Clay Lo 2907 Fe SULE
1.50 ac Clay o 7219 F G E
2,80 ac Tlay Co 8014 ¢ M
J.75 ac Clay ol B201 r MG
[rain:aili 1000 & [ lay Co (97 i ot
TL0 a Llay o 7214 t (]
0.7% ar [lay Col 671 f Sy
1.25 ac Clay Tl B2 ( Vi
Tt Farc (.80 tandy lnao TGS 2 1
180 @ flay inam fn 72 i ST
IV T Sendy loan ot 671 f 1
A5 e [lay HIF RO I A
Rayalaseama Renjgenta vadamnalpet 1,00 a: Sandy Lo 7215 b 111
.50 ac Sancy Co AO14 H [
Vengalaras. 1,00 ac fed sandy o 967 i iy
Fandr i3 (0,7 ac freed) sandy Co 6304 o 1.
N.7% ac freed] sandy o’ B2 i 3.5
Chandragitd 1,00 ac ftad = andy Cor 8220 H 5,7
Parumal la- G.75 ac Sundy to 7219 3 3,k
palle farm 0,05 ac Sandy S 7621 i .0
0.05% ac Sandy Co 7804 a 0.0
0.05 ac Sandy Co 8005 2 3.0
0.0% ac sandy Co BO17 3 7.a
3.75 ac sandy Co AO21 i2 1.0
0.05 ac Sandy Co B132 2] 3.0
1.00 ac Janpay CaT B201 o} 3,1

P = Dlant crop

i = Ratoocn o

g




The per cent intensity of the disease ranged from 21.2 to
£7.5 1in plant crop while it was 23.6 to 68.2 in ratoons
irrespective of the variety. Maximum disease intensity
(68.2%) was observed in ratoon plot of Co 7219 in Agina-
padu village where the plot was inundated with water. In
Punadipadu village the plant crop of same variety which
received double the dose of recommended nitrogen, recorded
61.3 per cent intensity. Next to Co 7219, two varieties

viz., Co 7805 (48.2%) and CoA B4Cl (41.7%) recorded hiyh

intensity of the disease in the area. The most popular
early maturing variety of the area viz., Co 6907 recorded
dsease intensity o<of 23.6 to 31..2 per cent. The lowest

incidence of the disease was recvcorded in plant crop of Co

C671 {21.2%} in Hanumanthapuram sillage.

In Nellore factory area the disease intensity was
recorded in 8 holdings, in 3 villages where the crop is
mostly grown in clay loams. Maximum intensity was
recorded in Co 7219 (60.4%) in Damaramadugu village where
there was water stagnation in the field. Two popular
varieties viz.; CoC 671 and CoT 8201 which occupied larger
area in the factory zcne recorded 29.8 to 30.2 per cent
and 43.4 to 46.3 per cert respectively. The intensity of
the disease in Co 8021 ranged from 32.9 per cent in sandy

loam soil to 42.7 per cent in c¢lay loam soil.

In Chelluru factory arza survey was conducted in

16 holdings in 5 villages. The crop is cultivated in clay



loams and sandy loams. Maximum disease intensity was
recorded in Co 7219 :in Dulla (70.2%) and Ankampalem
{67.8%) wvillages where the fields were stagnated with
water and manured with three times the recommended dose of
nitrogen fertilizer. Another important mid late maturing
variety Co 7805 recorded an intensity of 41.6 per cen: to
47.3 per cent. Least 1incidence of the disease was
recorded in two varieties viz., CoA 89081 (5.2 to ".8%)
and 82vi2 (11.4 to 12.1%) irrespective of high nitrogen
fertilization +to the crop. I'tte disease intensity was
observed to be more (70.2%) in c¢lay lcams as compared to

sandy loams (12.1%;.

The intensity of the disease was recorded in
Anakapalle factory area in 9 hcldings. The Ccrop 1s grown
in clay lecams and sandy loams. variety Co 7219 recorded
maximum disease intensity (64.6%) in Nagulapalle village
where the crop was maniured with urea twice the recommended
dose. Variety CoT 820l recorded 40.6 PDI. The variety CoA
7602 which occupied maximum area in the factory zone
recorded 30.4 to 36.2 PDI. The late maturing good jaggery

variety Co 7706 recorded 29.2 o 30.4 PDI.

In Telangana region, out of 18 holdings surveyed
in Bodhan area, where the crop is grown mostly in clay
soils, maximum disease intensity was recorded in Berdipur
village in the wvarieties 5 7219 {64.1%) and Co 74C

(69.8%) where tke <crop received double the dose of



recommended nitrogen. The PDI ranged from 16.7 to 6i.2 1in
plant crop, while it was 21.4 to 69.8 1in ratoon arop
irrespective of the variety. The variety Co 7219 recorded
high disease intensity (48.4 to 64.1%) followed by <oT
8201 (48.5 to 54.3%)}. The most popular early maturity
variety Co 6907 recorded moderate incidence of the disease
ranging from 14.5 to 29.6 per cent,. In the remaining
varjeties viz., Co 8014 (26.4 to 29.1%), CoC 671 (16.7 to
23.9%), Co 419 (18.7%}, B1R508 :147.4%), the disease inten-

sity varied from 16.7 to 47.4 per cent.,

In Rayalaseema region, the disease intensity was
recorded in 14 holdings in 4 villages where the soil iype
is sandy/red sandy. Ir ygeneral, the disease intensity was
very low even in susceptible varieties like Ca 7219 and
CoT 8§201. Out of 11 varieties observed, only 3 viz.. Co
7219 (9.3 to 10.1%), <CoT 8201 (8.1 to 9.5%) and Co 8014
{6.2%) manifested the disease incidence. The other 8

varieties were free from the disease.,

In almost all the holdings surveyed in the three
regions, the crop was planted between January-March and
ratooned between December-March. In most of the holdings
in coastal Andhra Pradesh, particulacly in Chelluru and
Vuyyuru factory areas the crop 1in majority of the
varieties received high doses of nitroygen fertilizers. In

only a few holdings potash and phosphatic fertilizers



were applied. In Vuyyuru zone alone, the crop in most of
the holdings was raised from hot water treated seed.
Except sprays for the control of early shoot borer and
scale insect in some holdings, no other plant protection
measures were taken up in grown up crop in  any factory

zone.

The survey in the thres zones of Andhra Praiesh,
thus clearly indicate that the ring spot disease intensity
was found to be severe in coastal Andhra Pradesh and
Telangana and negligible in Rayvalaseema particularly in
Renigunta factory aresz. The disease intensity was also
observed to be more urder stress conditions (both under
rainfed and water stagnated conditions) particularly in
clay loam soils where high doses of nitrogen fertilizers
were applied. Certain important commercial varieties
viz., Co 7219, CoT 8201, <Co 975, Cu 740, Co 7805 and Co
8021 recorded maximum disease intensity in most of the
holdings while two varieties Coh 89081 and 82V12 recorded
lowest incidence of the disease. In most of the areas
ratoon crops recorded more disease 1ntensity than plant

crops of sugarcane.

4.5 INOCULATION AND RAPID SCREENING TECHNIQUES

4.5.1 Inoculation techniques

Experiments were conducted as detailed at para

3.2.5.1 to evaluate d:.fferent methods of inoculation for


file:///jerc

evolving a suitable inzculation technique. The following

eight inoculation methonds were employed in the study.

1. Spraying leavas with conidial suspension (ITJ'

2. Clipping top halves of leaves and spraylinyg
conidial suspensiocn (12J.

3. Clipping the top halves of ieaves and sliyntly
wounding them and spraying conidial suspension
(13).

4. As in method i+ spraying water from 4th day atter
inoculation upto 7th day (14}.

5. Mixing ce.ite in inoculum and rubbing gently over
the leaves (I_).

)

6. Insertingy small piece of pycnidia bearing Leaf
tissues into the spindle and spraying water (16}.

7. Squirting the spore suspension into the spindle
{I7).

8. Wrapping 3-6 leaves with a piece of rinyg spot
affected leaf {18).
Transformed ( (X +1) values of PDI were analysed

as suggested by Mostellier and Youtz (1261). The data are

furnished in Table 19.
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The data in Table 19 clearly incdicate that the

inoculation methods 1 I, 13 and 14 were on par and were

1" Tz

significantly supericor to other four methods. The PDHL in
all the four methods {Il Lo 14} of inoculation was hiyn
and ranged from 60.6 to 6z.4 in Co 7219; 70.95 to 72.7 in
Co  7636; 49.3 to 5.9 in CoT 8201; 48.J to 49.55 in <o
975, In the inoculation method 5% where celite was mixed
with inoculum and rubked c¢cn the leaf, the intensity of the
disease was more in all the varieties (46.3 to 68,8%) and
was significantly superior to other 3 methods {16“ [, and

7

I8). The severity of the disease was low in altl the test
varieties in methods 16 (5.4 to I1.1%). I, (4.4 to L0.2#}

and 18 (0.0 to 5.9%).

dut  of the four inoculation methods which were
focund significantly superior and on par with each other,
the method eof spraying conidial  suspension (lxth
spores/ml) on the leaveS*Il was preferred as it  is easy

and simple to operate.
4.5.2 Rapid screening techniques

Different screening methods were tried as
described at para 3.2.%5.2 to identify a reliable and rapid
screening method for determining the reaction of varieties
to ring spot disease. The methods include (a) spraying
conidial suspension on leaves {Sli, By olipping,  tpin

pricking and spraying of conidial suspension on  leaves



iollowed by water spray (S.) 1) Rajoong inoculation ts )

5
rd) Detached leaf Lnocnlation {54), L] Soreening unde:
natural conditions (5. ). Tree original PRI values were
transformed adopting (X ¥ 1 (where - = original PDI
value) and subjected to statistical analysis. The data

are presented in Table Z0.

Among the five screeiing methods tried, three

1’ 82 and 53 were on piar with each other and were

significantly superior to cther twe methods. In  the

methods S

remaining two methods, S5 was significantly supericr to

S . Minimum disease intensity {(6.,24%; was observed in S,

"4 1
where detached leaves vere ilnocujated

The disease intensity was observed to by
uniformly high in the three screening methods S], $,oand
S as compared to 5 and S, in all cthe test varieties/

3 4 5

clones. Out of 8§ varizties/clones tested, four varieties
Co 7219, CoT 8201, <o 85044 and Ca 7636 exhibited more
than 50 PDI while it was less than 10.0 per cent in four
varieties/clones namely CoA 89281, 84al155, Co 85045 and
868444, In the screening method 85 where the varieties
were screened under natural conditions, four varieties (Cc
7219, CoT 8201, Co ES044 and Co 7636) recorded more than
40 PDI while two other clones 84A15% and 862444 did ot
manifest the disease ¢t all. In the screening meth: ] S
where the detached leaves of the varieties were inocu-

lated, minimum disease intensity was observed in Co 721¢
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(1%.3%), Co 7636 (lLla.2%), Cofl BEZ201 {L..3%), Co 85044
(18.7%}) and CoaA BY0OHL (1.7%). The roemailning 3 varieties/

clones viez. Co 85045, 84a155 and B6A444 «id not show even

incipient infection.

The results show that tho2 three screeninyg methods
3 > & .3 SR oo 8, and L. out of those
By 82 and 83 are superior to 8, 5
three methods which are at par, 53 or Hajoony method 2 f
screening (Plates 19 and 20) is preferred as it is rapid,
reliable and saves two months time. The setts germinate

faster and the growth of the crop is siightly quick in

this method when compared to the other two methods.

4.6 FACTORS AFFECTING DISEASE DEVELOPMENT
4.6.1 Effect of different levels of Nitrogen, Phospho-
rus and Potassium fertilizers on the extent of

disease development

The individual and integrated effects of nitrogyen

: -1

phosphorus (0 (P”}: 30 (P]} kg ha 1} and potassium (0

(KO), 100 (K ko ha—l) fertiilirers o the intensity  of

l)
disease development in o 7219 was studied in the field in
two crop seasons as per the detzils given at para 3.2.6.1.
The data on the PDI assessed ir diffecrent treatments six

months after inoculation were statistically analysed and

presented in Table 21.
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The diseasc Lntensity was less in the treatments
where nitrogen was not applied. Disease intensity
increased progressively and significantly with increased
level of nitrogenous fertilizer From 0 tn 112 and from 112
to 224 kg ha_l. The differenrces 1n  disease intensity
between N2 and N3 lavels were wowever not significart,

though slight increase in the incidence was noted.

Application  of phosphorus at 100 kg ha_l did not
influence the severity of diseass incidence while applica-
tion of potash at 140 Ky haul recduced  the diseasc
incidence significantly in both the crop seasons. Intera-
ction between N and K was sgignificant, but the same effect

was not perceptible between NP, PYX and NPK.

The data relating to per cent nitrogen in 3-6
leaves, phosphorus and potash :n 3-6 sheaths at 240 days
age of the crop 1in relation to disszase intensity in
different treatments are furnished in Tables 22 and 23.
Multiple regressions were worked out with the above data

and the equations are presented in Table 22.

The leaf nitrcyen content tepnded to increase with
increase in the level of applied nitrcgen and the disease
intensity 1increased correspondingly with increase in  the
leaf nitrogen content. Slight  improvement in the
phosphorus content of 3-6 sheaths was roticed as a result

of phosphate application but the effect of the element o
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Table 23: Dissase intensity ﬁfi
cane cultivar 21 7219

‘3880 19BY-4(s
Leval of - = S e e e -
alament Disease ¥ of element in Uissase % of elament in
intensity ingre tissues intensity index bissugs
ND 3z2.0 1.24 28.1 123
N1 46.3 1,82 44,0 1.812
N2 64.1 1.492 60.:) 1.0
N 6% .5 1.97 H1.0 1.3
3
PD 50,5 11.0A5 48.9 U fi®
D1 %4 0,087 49.7 0.004
KO 05 1.587 1.4 1. 85
K 44,7 ) 46 . 4 P ¥



the disease intensilty uas not appreciable. The sheath
potassium content in thie index tissues increased due to

application of potassiam and rvesulted in decreased Jl1.

Thus application <f N, P and K fertilizers te  the ocane
plants resulted in higher contents of these nutrient
elements in the index tissues. The increased leaf

nitrogen content contributed for higher incidence of the
disease while the sheath potassium content reduced the
intensity of the disease 1in bhboth the c¢rop seasons,
Phesphorus content in sheaths appeared to have had no

appreciable effect on the disease intensity.

Multiple regressions were worked out between the
rlisease intensity and the leaf nitroyen (x]}, sheath
phosphorus (Xz) and potassium *X3) contents for both the
(Irop Seasons. The combined role of tnese three faoctors
accounted for variation in disease intensity to the extent
of 89.2 and 85.9 per cent durcing 1988-89 and 198Y-90

respectively.

The regressicn coefficients for leaf nitrogen
were positive and sic¢nificant while it was negative and
significant for sheath potassium in both the Crop  seasons
indicating positive association of leaf nitrogen and
negative association of sheath potassium with dJdisease

intensity.

R



4.6.2 Relationship of Nitrogen. Phosphorus and Potas-
sium contents in the index tissues of resistant
and susceptible varieties/clones on the extent of

disease severity

The relationship of NPR contents in the index
tissues of 240 days old plants of five resistant (806A444,
84A155, CoA 89081, Co 8%045, 832106 and five susceptible
(Co 7219, CoT 8201, Co 975, Co 7636, Co 85044) varieties/
cilones on disease severity was studied under recommended
fertilizer application (112 kg N ha'L} and as per the
details given at para 3.2.6.2. The data on per cent leaf
nitrogen, sheath phosphorus and sheath potassium in all
the test varieties/clones alony with the disease intensity
recorded at the time of harvest in February are furnished

in Table 24.

The results indicate that the disease intensity
in resistant varieties,clones was in the range of 6.1 to
9.8 per cent while it was 43.2 to 74.6 per cent in suscep-
tible varieties. The per cent nitrogen in the leaves of
resistant varieties/clones was less (L.778 to 1.796) as

compared t¢ susceptible varieties (1.814 to 1.838%).

There was no variation in  sheath phosphorus between
resistant and susceptible varieties,clones. The per cent
sheath potassium was noted to he more t(1.96 to 2.08%, in

resistant varieties/clones when compared to susceptible

varieties (1.79 to 1.88%). Thus, 1increased nitrogen

N



lTable 24: Per cent disvase intensity 1 reswstart anel susceptible
varieties,/clones  in relattion fo per cent leal nitrogen,
sheath phosphorus and potass ion

GuNo.  Variety/ B f}Uh ol o N Wb R
clone
""""" Resistant
1. 86A 444 Clay loam f.h 1,786 0.06% Z2.0H
£ B4A 155 " H.o 1,784 U151 P
CaofA B9081 ' el | I .70 [ .
0 Co 85045 ' oY b.oiug T .Y
s g83a 106 ' Py J.778 .70 SRR
Mean S 1.y (i 116y I
Suscept ible
(. Ca 7219 " I HN s i b
CoT 8201 " Si.u 1.5318 L1710 1.84
t. Co 975 " 43,2 1.414a .7 1. 8e
Y, Co 7636 " 74,5 i.332 (.07 1.8l
0. Co 85044 B 7.7 1,458 0.7y §o7

Mean 57.97 1.0425 .17 1

e it e L o ke e i = T m A v —— - e —h



content in leaves resulted in increased disease sevetity

while increased sheath »otassium reduced the disesase

severity.

The relation of per cen: leaf nitrogen, sheath
phosphorus and potassium with PDI at harvest as revealed
through simple correlations are presented in Table 25.

Table 25: Simple correlations of leaf nitrogen, sheath
phosphorus and potassium with per cent disease

intensity
Leaf Sheath Sheath
Varieties nitrogen phosphorus Potassium
per cent per cent per c¢ent
Resistant 0.2393 H.6035 ~{1.8787**
{n = 5)
Susceptible 0.9300** - 3.1333 -0.821z2~*
(n.—.S)

** gignificant at 1% level
* Significant at 5% level

Significant negative correlation was obtained
between PDI and sheath potassiun per cent in resistant
varieties/clones. In susceptible varieties, highly siygni-
ficant positive correlaticn {at 1% level) between per cent
leaf nitrogen and PDI and significant negyative correlation
(at 5% level) between per cent sheath potassium and per

cent disease intensity w~ere observed.



4.6.3 Age of the crop and intensity of the disease

To study the =ffect of age of the crop on the
intensity of the dis=ase, a field trial was conducted with
staggered plantings of the variety Co 7219 duriny 1985-89

and 1989~90.

The test variety was lanted in the field at
monthly intervals from February to June every cCrop sSeason
and inoculated when three months ¢ld as described at para
3.2.6.3. The disease intensity was recorded at all dates
of planting, starting from initiaticorn of symptoms till

harvest of the crop every crop season.

TO examine the relationship between disease
intensity and aye of the plant, Chi Square {XZJ was  also
worked out. The deta.lls of disease 1ntensity related to

each month of planting are furnished in Table 26.

The data presented i Table 26 jindicate that
irrespective of date of planting in both the crop seasons,
the disease appeared i1 September only (4.1 to 5.3%}) and
gradually increased upto February (47.7 to 53.1%). At all
dates of planting disease intensity increased rapidly from
October through Decemb2r and the increase was nominal in
January and February. This pattern has alsc heen
established statistically by X2 test. The X2 observed was

s s 2 .
significantly lower than X° from tables indicating that



Table Zo: VPFect of age of plant on the dntensite ol rlie spob o ibaedse

1288-44 1 9HY~41)

Montts of bl PRl
planting —  —-mememmmmme e e e m e e e e e e e o

Gept . fct.  Nov.,  #ec. Jan., et Sept.s et Nowv. Dec . v, a0
February 5.1 22.6 BRI PO T I N PR ihe7 Sl as 8 dn.a
March 5.3 23.0 4.1 4780 ST BE 6.l Sl.G A8 Al g 4% ] s b
April 4.9 23.0 3508 459 4B.Z2 4vl? 5.7 2.1 3B.4 0 4o.7 4L
Mav 4.1 21.4 2.8 42060 4b.a 4v.n 4.8 220 3E0F 0 al.h o oaslt
June 4.2 22.0 33.8 44.6 48.9 b1 € 7 2401 3607 a3.a al.
o R SR i oo e
X~ uabserved : 0.4149 U oobserved ¢ Loan?(l

xz from tables o - .S = 51,40



the disease intensity was not dependent on the age of the

plant .

4.6.4 Effect of leaf orientazion on the intensity of

the disease

The effect of arientation of leaf on cane stalk
on the intensity of the disease was studied in 20
sugarcane varieties/clones. The data recorded at harvest,
in February on the leas orientation, 1intensity of the
disease and the mean angle of ! to 8 functional leaves as
per the procedure descrined at para 3.2.6.4 are presented

in Table 27.

The mean angle of 1 to 3 functional leaves varied
from 79.0° to 81.6° in erect leaved varieties. In varie-
ties with droopping leaves it varied from 59.8% to 66,89,
The results presented ir the Table 27" indicate that there
was significantly low disease intensity in  varieties
having erect leaves with more angle as compared to
varieties having drooping leaves with less angle. The
intensity of the disease in the varieties having erect
leaves was 1in the range of 6.7 to 9.9 per cent while it
was 32.7 to 72.7 per cent in varieties with drooping

leaves.

-



Table 27: Effect of orientation of leaf on ane stalk on
the intensity of ring spot disease

S.Na. Variety/ Leaf Mean angle in © PII
clone orisntatcion of 1 to 8 fun-
ational leaves

1. Co 85045 Erect 81.90 8.8
2. 86A 444 Erect 81.2 6.7
3. B7a 279 Erect 79.8 8.3
4, 872 140 Erect 79.6 8.9
5. CoA B9081 Lrect 79.0 8.6
6. 87A 3 Frect 30.2 9.4
7. Co 85032 Lrect 31.2 7.6
3. 83a 106 frect 79.2 9.1
9.  87a 142 Frect 81.¢ 7.3
l10. 82v 12 Lrect 80.( 9.9
1i. Co 7219 hrooplng 65.6 57.¢
12. Co 7636 Drooping 61.¢6 71.2
13. CoT 8201 Drooping 66. 4 48.%
14. Co 7706 Droocping 65.6 36.7
15, Co 975 Drooping 66 .2 41 .1
16. Co 85044 Drooping 63.2 64.8
17. Co 8021 Drooping 64.2 40.9
18, 84a 86 Drooping 56 .8 72.7
19, ColA 88081 Drooping 66 .4 32.7
20, CoA 8401 Drooping 65 .4 51.0
S.Em + for varieties o.e3e T

C.D. at 5% 2.374



The relaticonship between the angle of the leaves
and PDI was studied throuvgh simple correlation and 1linear
regression and the data are presented irn lable 28.

Table 28: Simple correlation  and linear regression

relationship between angle of 1 to 8 functicnal
leaves and per cent disease intensity

Particulars Simple Regression 'F
——————————— correlation equat.ion** value
Characters coefficient
Erect leaves ~0.6431* - -
n=10
Drooping leaves -(.B047* - -
n=10
Combined ~(.9580%*  ¥=234,26-2.82X 189.74

* Significant at 5% level
** Significant at 1% level
'F' value from tables (P=0.05) - 4.4
The correlation of angles of 1 tc 8 functicnal
leaves of erect and droopy leaved varieties with PpPpDI
individually was negative and significant at 5 per cent
level. 1In the combined analysis also, the correlation was

negative and highly significant at 1 per cent level.

The regression coefficient was observed to be
significant indicating that the wvariation in disease
intensity 1is also deperdent on the angle of the leaves.
With every one degree increase in the angle of the leaves

the disease intensity decreased by 2.82 per cent.



Thus the results show tnat the erect leaf orien-
ration in varieties is an important factor and plays a

dominant role for low incidence of ring spot disease.

4.6.5 Moisture stress and water stagnation on disease

intensity

The effect of molisture stress and water stagna-
tion on the intensity of the disease was studied in
comparison with normal irrigation in green house with ten
sugarcane varieties/cloues. Moisture stress and water
stagnation was created in pots as detailed at para
3.2.6.5. The data recorded o6 the intensity of the
disease in each variety/clone under moisture stress, water
stagnation and nornal irrigation during February are

furnished in Table 29.

The data furnished 1n Table 29 indicate that
there was significant increase in disease intensity in all
the varieties/clones both under noisture stress and water
stagnation as compared to norral irrigation except in
clone 84A155. In this clone, significant increase in
disease intensity was obtained cnly under moisture stress
over normal irrigation, The difference in the intensirty
of the disease bhetwveen molisture stress and water
stagnation is significant. only in four (Co 7219, CoT RZ0L,
Co 7636 and Co 85044, of ten varieties/:«lones, but in the

remaining varieties,/clones, the intensity was on par with



Teble 29z Diseasc irtensity urder moisture stress, water
stagnation and nornal irrigatlon

P
variety/ S T T T S e s S S S S T T T e e
clone Normal Moisture Viater Mean Ior
irrigation stress stagnation varieties
Co 975 43.2 58.4 59,7 51,3
o 7219 57 .9 70.E 68.4 65,6
to 7636 65,2 Bl.” 79.8 75,6
Co 85044 64,9 77.7 74.8 72.5
o 85045 8.4 ig.» 11.7 100, ]
CoT BZ01 47 .9 62 .4 58,9 54, 7
oA 89081 2,1 lao., . 12,49 Y
33A 106 2.1 1 ’ 12.3 it .4
854a 155 5.9 LI 1,2 1
86n 444 6.1 T H.ol T3
Mean for 31.7 4.2 39.5
treatment
Conclusions
Particulars Whether signi- S.Em. + CD at 5%
ficant or not
Varieties/ Yes 0.8829 2.953
clones
Irrigation types Yes 0.4836 1.398
Varieties x Tes 1.5%5292 4,421

irrigation types



each other. In six varieties/clones viz., Co 7219, CoUl
8201, Co 7636, o 85014, c4Al155 and 8:A106, the increase
in disease intensity over normeal irrigation was observed
to be more under molsture stress as  compared  to water
stagnation. But in the remairang four wvarieties/c.ones
viz., Co 975, CoA 8908Ll, Co 85045 and 86A444 the increase

was more under water stagnation.

Irrespective of the variety/clone the disease
intensity increased under mcisture stress and water

stagnation compared to under ncormal irrigation.

4.6.6 Effect of sijica content of leaves on disease

intensity

The effect of silica content of the leaves on the
intensity of the disease was studied in 5 resistant anit 5
susceptible varieties/clones as  per the procedure
mentioned at para 3.2.6.6. Obsarvations made at the timoe

of harvest in February are furnished in Table 30.

Silica per cent in leavres of susceptible varie-
ties 1is lower (1.42 to 1.71%) as compared to resistant
varieties/clones (2.0 to 2.144%) Inecraase in the sillca
content resulted in low Jdisease ntensity (4.6 to 7.8%) in
all the resistant varieties/clones while decrease in
silica content resulted in high disease intensity (40.. to
66.2%} in susceptible varieties, The silica content was

observed to be lowest in the variety o 85044 {1.42%)



followed hy Co 70636 (1.49%) where they recorded more than
60 PDHI. Maximum silica content was observed in the otlone
842155 (2.14%) 1ollowved by 86A444 (2,08%) and bothk the

clones recorded less than 6 PDIL.

Table 30: Effect of silica content. of leaves on  the
intensity of ring spot disease

Varieties/ Per cent silica PDI
clones content in leaves

Susceptible

1. Co 7219 1.56 53.8
2. Co 7636 1.49 66,2
3. CoT 8201 1.71 46.2
4. Co 85044 .42 62,2
5. Co 975 1.77 40.1
Resistant

1. 84a 155 2.14 4.6
2. CoA 89081 2.04 7.4
3. B86A 444 2.08 5.7
4. Co 85045 2.07% 7.5
5. 83a 106 2.01 7.8

The relation of mean per cent silica content of
leaves with PDI at harvest in resistant and susceptible
varieties/clones &s revealed througl simple correlation

and linear reygression are presented in Table 31.



mable 31l: Simple correlaticn  ind linear regress ol
relationship between silica per cent in leaves
and per cent disease 11tensity

Particulars PT

Simple correlation coefficient** -0.,9860
Regression equation**? Y or -203.45 - 94.96X%
'F' value 279.64

** Sjgnificant at 1% level

'F' value from tables {P=0.05) = 5,32

The correlation worked out disclosed that silica
content in leaves bore a significant neyative correlation
with PDI. The regression coefficient was observed toc be
significant indicating that the variation in diseasc
intensity 1is dependent on the range of gilica content 1n
the leaves. With every (0.1 per cent increase in  tne
silica content of leaves the disease intensity decreased

by 2.5 per cent.

The results thus indicafe, that silica content in
leaves appears to be one of the factors that is offering

resistance to the varieties/clones.
4.7 VARIATION IN RING SPOT PATHOGEN

The cultural, nmorpholasgyical  and patholoyical
characters of six 1isolates of ring spot fungus were

studied to understand variabilit,., if any of the pathoger. .



Isolates were collected from Najgulapalle, Chayaliu,
Anakapalle, BAmadalavalasa areas of Coastal Andhra Pradesih

and Bodhan area of Telangana as described at para 3..0.
4.7.1 Cultural and mcrphologizal characters

Six isclates c¢cllected from Co 7706, Co 7704, Co
7219, CoT 8201, Cok 89082 and Co 419 grew well on oat agar
medium. The radial growth in 100 mm petriplates was
completed by 10 days after inoculation. The cultural and

morphological characters are furnished in Table 32.

No appreciable differerce were seen either in
cultural characters or in the =ize of the sexual and
assexual spores c¢f six izolates studied. The pyonicia
measured 86.0~-96.7 pm in diameter while the pycnidiospores
measured 10.8-12.7 x 3.1-3.6 pm. The asci were sessile, 4
spored and measured 66.3-71.6 x 11.5-12Z2.5 pm. The:
ascospores were 3 septate, guttulate, with second oll
slightly swollen and weasured 20.0-23.8 x 4.b-5.4 qym.
These measurements fall within tnhe group range reported by

Abbott (1964) for L. sacghari.

4.7.2 Pathogenic variation in the isolates of ring spot

pathogen

To study the pathogenic variation of the vring
spot fungus, the isolates were - noculatad simultaneously

by spraying conidial suspension on different varieties as
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Aescrihed at para 3.2.7.2. Yae PFI2I oof each isolate oun

different varieties is given in Table 33.

scrutiny of the data show that there is ng
difference in the disceasze intensity between the lisolates,
The virulence pattern »f all six isoclates appeared to be
similar in all the test varieties. The results indicate
the absence of anv pathogenic variation among the sSix

isoclates tested.

4.8 ROLE OF SOIL, HOST DEBRIS, CANE SETTS, IRRIGATION

WATER AND LEAF CONTACT ON THE SPREAD OF DISEASE

The role of some agencies like soil, host debruis,
cane setis with infected leaf tissue, irrigation water and
contact of affected leaf with healthy leaf in the spread
of the disease was studied for two seasons and  the
procedure adopted 1s given at para 3.2.8. The P!
recorded in each treatment at harvest. was transformed
adopting JX+1 and subjected to statistical analysis. The

data are presented in Tatle 34,

It 1is very clear from the results obtained that
among  the six agencies tested, contact of diseased leaf
with healthy leaf followed by water spray. was found to be
the major source of spread (52.3 to 64.9%) in both the
seasons and was significantly superior ta the other Ffive

treatments. Host debris (6 months <ld) spread at the base

"
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Table 4: Extent of  disease orcid fo Porms of per cert o disease  dvtunsity ThfLgt

various agencies

1HA~-89 TORY-Tt)
pLT ir varieties BT own varietias
T r.‘eatment """""""""""""""""""""""""" —e mm s mem
%219 fo TE36  Mear far Co 7YY Lo YA36 Mean !on
treatment treatmont
©. Healthy setts planted in Mo .0 P 0.0 0.n u.u
healthy soil E1.610) .09 (1.0 1.0 U0 11,01
7. Heallhy setts planted in el [ [N o [ [i,r
snil taken fFrom a highly R IR L0 L0 Lo I 1.0
affet ted clump
3. Healthy setts plantsd in ol P 1 i i i
the s0il after incorpora- R S L AL LA I
tion of debris
4. Healthy setts planted in ST PLET T 2 .07 917 S
the soll and chaffpn [TCEN TN TL0g (e, LS.t (5.
debris spread at the tase
of the clump
5, Cane setts with infectad il 1. il [ .o i, i
lazaf tissus 0o 1,005 £, 00 {r.o) £1.0u) (1.0
6. Irrigation water L Lk gt [ .0 ..
1.0y 100 YN [ oD} (1.t {1.00
7. CLontaclt of diseased leaf .27 £2.9 Bl SRS £d i G
with; healthy leaf followenr (7,57 =iy P7. % £t g, (7.0
by water spray
Maan for variety 143 T3.E2 T3 13.4aa
(7.46) 2.65) 1704 (7.66)

Figures Ln perenthesis aredX+1 trensformerl saluyams

Conclusions

Particulars TYI3h— TUH a-y

S.Emii_For treatimgnts
C.l, at 5%

3.Em.+ For varieties
C.o. at 9%

S.&m.+ For varisties

treatmants
C.b. at 5% Je 15 1




of the clump also helped in the spread «f the disease tor
considerable extent (20.7 to 29.7%) in bcth the varleties
tested. The variety (o 7636 recorded disease severity
which was significantly nore over that of Co 7219 in both
the seasons. The other four agencies tested viz., soil
adjacent to a highly affected clump, diseased host debris
incorporated in the soil, cane setts wvith infected leaf

tissue and irrigation water failed tc spread the disease.

4.9 HOST RANGE STUDIES
4.9.1 Reaction of different plant species to P,
saccharicola

Forty to forty five day old plants of twenty

species raised in the glass house were inoculated with P.

saccharicola as per the procedure described at para 3.9.
Observations were made from third day onwards upto 30 days

after inoculation. The results are presented in Table 135,

Out of twenty plant species inoculated, only

Saccharum spontaneum (Rellu and 3ES.594) produced symptcms

thus being a host under artificial inoculation (Plate 21i).
The pathogen from these lesions was reisolated from this
host (both type of plants) coafirming that this plant

species can harbour the ring spot funqgus.



Tahle 35: Reaction

of differert plan:. @pecie: to artificizd

Plant spacies

Prasence (++ T abience (- oof
symptoms with each Inmiculatinn

miz i g

Rubbing ino<ulum Sprayim;

after wourdicg

1a., Saccharum spontaneum L. +
(Rellu)

2, Pennisetum glaucum (L.) A.Br. -

3. Sorghum vulgare Pers. -

4. ‘Jorghum halepense (I..) -
Pars.

5. Panicum maximum Jacq. -

6. _égg mays L. -

7. Eleusins coracana (L.} -
Zaertin

8. _Uriza_aatiua L. -

9. Erianthus arundanaceus Restz, -~

10. Phragmitas karka (Retz.)
Trin. ex Steud.

11. Sesamum indicum L. -

12. fupharbia hirta L. -

13. Cyparqg rotundus L.

inatulatior of Phyllosticta saccharicola

Les riptior of syoptems

Mirute putple spots appearsd 10 days
afler imaculation, later tha npcts
anjargsd aac turned ocval. fhe centroa o
bt spot wes straw coloure) with  black
ints.  Spote were irrogularly elongated,
aoatberad svar the whels or parbt of  the
Lzaf blade, coalasced lesading to eyl
and withering of leaf prematuraly. The
3ize  of (he spots yas smaller compared
o those n saccharum initinarun.

Genptoms of eared 19 ey ul Lo g Lae
Lian  and  2imilarc Lo thone praducae o
Ioaportaneur L. (Rell.)

4



Contd..

Orasence [+ or absence (=) of
symptoms witih each inoculaticn

Plant spacies z b Pantr: o vion of symoloee.
Hubstiin ;g ire sl Slprey Lo
aftor woonading inacal i
14, Cynodon dactylon (L.} - . -
Pers.
13, Digitaria sanguinalis - - -

{L.) Scop.

16, Eclipta alba (L.) - - -
Hagsk.

17. Trientnema portulocastrum - - -
L.

18. Croton bipolarandes L. - - -

13. Justivea simplex D.Dan - - -

20. Cymbopogon nordus - - -
Rendle.







4.10 REACTION OF SUGARCANE VARIETIES/CLONES 1O RING

SPOT DISEASE

4.10.1 Determination of appropriate time for assessmaent

of disease

To fix wup a proper time for assessing the
reaction of sugarcane varieties after inoculation, disease
mounts were made at 1, 2, 3, 4, 5, 6, 7 and 8 months after
inoculation in standing canes of 20 varieties/clones
planted in March, 1988, BAssessment of the disease was
based on 0~9 scale and PDI was worked out as indicated at

para 3.2.3. The data are furnished in Table 36.

A critical scrutiny of the data show that 9 out
of 20 varieties/clones (Co 419, Co 975, Co 7219, Co 75636,

Co 7706, CoA 7602, CoT 8201, <CoA 8401l and Co B5044) mani-

fested disease incidence in September i.e., o©ne month
after inoculation. oOut of the remaining 11, nine varie-
ties/clones {(Co 8205, Co 8220, Co 62175, Co B5038, Co

65045, CoaA 840Z, CnA BY081, 83A106 and 83A214) exhibited
disease incidence 2 months after 1inoculation 1i.e., in
October. The other 2 clones, 848155 and B6A444 manifested
disease incidence in November i.e., 3 months after inocu-
lation. In most of the varieties/clones the disease
intensity increased substantially during 2nd, 3rd and 4th
months after 1iroculation due to intermittent rains

received during October and November (Table 3 at para



a3

Takle 36: Oisease severity (P01, im vifferen sugarcane .arieties/t lungs at differert pnrints after
inoculation with Phyllosticis sarcharicela (1SHE-T9;

alnh|

Tima Montt:s after inoculation
I 1= DR —. e e e et o e et et e+ e e e e e = e o o n e

Yariety,/ 1 Z 3 : 5 s 7 -

clone September (BTl STSTFY 4 o zmber Deeen BED faran [ Gheliar, Marh et d
1. Co et 06t e wme e osae wma ma
P {a 974 q.% 1m0 L4y R 40,4 abi, 1 Al
3, Lo 7219 5.9 SO Al 7? Wi SeiL Gl LA ar ot
i (o 7676 9.4 ¥ 3.1 14, 4 6" 1.4 . Y34
3. g 7706 5.2 15.¢ 2.8 An7 37 .4 40,1 36,2 3.3
6. o BZD5 o.¢ 1.: 4.4 16 R 16,3 20.2 18.1 16,4
7. Co BZ20 0.0 @1 12.4 .5 2a.y 26.7 2.1 PP
8. Co 62175 a.0 1,7 14.9 G4 3505 YV 34,10 UL
9. Co 85038 a.0 P 14.1 R . 25,7 25T 2.5
13d. Lo BARO44 7.8 2B, 48.7 ED b3.v 68.7 £1.4 G0
11. Co BR045 0.0 2.2 4.9 L 3,4 9.7 f,2 o
12. Coh 7602 3.8 1.2 23.6 LT 3.4 ah .y RIS LRI
13. CoR 8407 5.6 ZE L0 35.6 45,0 s8.39 520 a4 at,.
14. Cof 8402 (1.0 .7 9.7 17,7 68w 201 LY 1o,
15. CoR 99081 1.0 LS 5.2 7.1 br.s 9, Gt .
6. Lol 8201 5.1 Th.? IZ.4 C4.00 «fi, i PN HEE Al
1%. 83A 106 0.0 1.4 2.6 Taa B.a ) At T
18. B3A 214 0.0 3.7 9.1 €2 g, 9.4 Ta.. Td.4
19. 84a 155 0.d . 2.2 3.9 .4 fiaa ERRE il
D, BAA 444 0.0 J.C 2.0 &t B fi,1 Fias 4,1




3.1). The disease intensity Cfurther increased during
January and February which perind corresponds to 5th  and

6th months after iroculation in sll the test varietics.

There was dew fall during this period. However, the
increase was not so marked. ‘The disease showed a fall
during March and April months i.e., 7th and 8th months

after inoculation due to rise ir temperatures. Thus, it 1is
clear from the table that the disease intensity increased
upto 6th month (February) after inoculation and reached
peak in all the test varieties during this month and
gyradualy slided down during 7th and 8tn month (March and
April) after inoculaticn. Thus, assessment made six munths
after incculation i.e., 1in February was found to be the
best time for categorising varieties into different

resistance groups.

4.10.2 Screening of popular and promising varieties/

clones by adult cane incoculation

Sixty popular and promising varieties/clones
including commercial standards were screened for their
resistance to ring spot disease during 1988-89 and 1989-90
as detailed at para 3.2.10.2. The data regarding PDI
assessed 3 and 6 months after inoculation and rating/
category based on the PRI values recorded six months after
inoculation at the eleventh month age of the Crop  are

presented in Table 37.
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The results indicate that there was substantial
increase in PDI in all the test varieties/clones from 3 to
& months after inoculation in both the crop seasons and
thus confirm the observation made in the previous study
that the proper time for assessment of the reaction of the
variety is six months after inoculation. During 1988-84,
out of 30 varieties/clones tested, five varieties/clones
viz., Co 85045, CoA 89081, 83A106, B84A155 and 867444
manifested less than 10 PDI and were rated as resistant.,
Six wvarieties/clones {(Co 7219, oT 8201, <CoA 8401, o
7636, Co 85044 and 83A75}) exhipbited mere than 50 PDI ard
were rated as highly susceptible. Among the highly suscep.-
tible varieties Co 7636 showed maximum PDI of 69.4. The
remaining 19 varieties/clones were rated 3as moderately
susceptible to suscepgtible.

During 1989%-90, five varieties/clones (Co 85013,
CoA 89081, 84al55, 87A142 and 37A279) showed resistant
reaction out of 30 varieties/clones tested. Only four
varieties (Co 7219, B82A30, 84A36 and 84Al1l10) exhibited
highly susceptible reaction. Among these, 84486 manifested
maximum disease severity (73.2 °DI). Two clones wviz.,
B3A69 and B5Al123 manifested more than 10 but less than 20
PDI and were rated as moderately resistant. The remaining
19 wvarieties/clones reacted as noderately susceptible to
susceptible. Four varieties/clones (CoA 89081, 84A155, (o
7219 and CoT 8201) which were included in both the crop

seasons gave consistent reaction.



4.10.3 varietal reaction by Rajoong method of

inoculation

Forty varieties/clones which were tested under
mature cane inoculation wzre also tested by Rajoonyg method
of inoculation during 1988-89 and 1989-90., The per cent
disease intensity recoarded 3 and b months after
inoculation and disease rating and reaction 6 months after
inoculation eight months after planting are presented 1in

Table 38.

The results indicate that the disease intensity
increased in all the test varieties from 3 to 6 months
after inoculation. During 1988-8%, 3 varieties/clones Coh
89081, B6m444 and B4A1lS55 showed resistant reaction while
five varieties Co 7219, CodA 8401, Co 8021, Co 7636 and CoT
8201 showed highly susceptible reaction. Remaining twelve
varieties/clones showed moderately susceptible to suscep-
tible reaction. During 1989-90, 4 varieties/clones «CoA
89081, 84Al155, 87Aa142 and 87A279 reacted as resistant
while two varietiecs (o 7219 and Co 8121 showed highly
susceptible reaction. The variety CoT 8201 which reacted
as highly susceptible during 1988-83, showed susceptible
reaction during 1989-90. Only one «lone 85A123 gave
moderately resistant reaction. The remaining 13 varieties/
clones showed moderately susceptible to susceptible

reaction.



s7arydansns ATybTl fcoh
PaaTyaneng ¢ rargradansns A121RI300p 1 "G TIURYSTS31 \T3LRIODOY © ‘H'l  ‘JURJSTSaY 5

e . 48 )ty bl Wi 7 el 3 [ S TR owEE C{C
L . . Ff 29T vin el Y ¢ 679 &7 o6l ywg a1
CH - It ¢ty ¢71 ¥SH BT *SUH 7 B 0Z ) 5T veg g7
[ . TUAT 507 T&eT ¥wg - 11 TETH A [t ¢ 9¢ T0Z8 107 171
. - g Pt 61 ywg "9l d . %6 By 18068 ¥0J "91
S Q 867 SN OrT vhg 6T S ’ b <1 {9l [8088 vO3 "¢l
3 Tl L le Fel VEG CuT Tk g L8 st 2arg yoo vl
TR ¢ = a7 678 69 ¥eg "¢l *SH £ AR NS T8 vo) “¢1
e, - At TeT1 FoT o¥Tg 70 "SCUW 3 b Vet a:068 25 27
L g GTLE 70y 1478 193 "t T X Mot TouT A B
q s £or [ X9 58068 YOI 01 hHW “ b ve T g S0Z8 93 01
Y a 982 691 ?A0&B YOI "6 5K £ YIS il 1208 23 s
“S H Y9 L0gl ¢8068 YOO "8 5 i Y 861 ¢T08 93 -8
LT o LoaT CraT 7RO ¥23 L 5 g Gryy 52 Q0L 03
W 3 T A [8068 Yol 9 THTH £ B RS el 0] 9
AT a ' {z 601 ar(ieg 01 °g *5H 6 6y YrER 6lzL 03 ‘¢
- o RS goAT Iteyg oy ow 5 g Sk Sl RS GG ¢
SIRNY 5 8* {0 LTy 12 vy g 5 5 Nt 504 66 0T vy
TH K R 6" 6 rg o3 -z 5 2 g4rin NS GL6 03 7
“GTH & L7464 PIAT 6lce 3 1 S g8 [°1Ir 287 aIt 07 °1

uoT ) uoT} uoTy uoT}

-ETN30UT -eTno0ouT -B{N30UT -gTN2I0UT

 Juou iy Juow 1914% Jayie Yy Juouw { Juou iajje 13y)e

439 38 419 3B SUUOW §  SYJUoW ¢ YA9 3B 439 1B SyJUOW 9 Syuow ¢
uctjoeay  DuTiey 104 10d auoT)  -oN  ucTjoesy burjey 134 1ad 3UOTD  “ON

T e e LT L Pt SR -} thd-3Y 15 i et S0 - 3 o | -E S ¥
06-6861 6688861

e ke . e e oL T A

uotietnaouT fuonley Ag aseastp jods buta o) saucto/saTaardes suediebns jo uotjoesy :g¢ arqey



The disease intensity recorded in 40 varijeties/
clones during 1988-39 and 1989%-%0 in Rajoong method of
inoculation was compared with adult cane .incculation. The
PDI values and reaction of each variery 1in both the
screening methods are furnished in Table 39.

The data presented in the Table 39 indicate that
the PDI in Rajoong method of inoculation was slightly more
than adult cane incoculation in a.l the varieties in  both
the crop seasons. More than ninety per cant of the varie-
ties/clones showed same reaction in both the methods of
screening. To examine the relationship between these two
methods Chi square (Kz) was worked out.

The observed X2 was less than the X2 from the
tables 1indicating that both the methods are independent
and give similar type of reaction. The results thus
confirm that Rajoong method of screening is preferable to
adult cane screening as it is rapid and the time taken for

obtaining the reaction could be reduced by 3 months.

£.11 CHEMICAL CONTROL
4.11.1 In vitro test

4.11.1.1 Preliminary screening

With a wview to findout effestive fungicides

against P. saccharicola in vitro thirteen fungicides were

tried employing poisonel food technigue as described at
para 3.2.11.1. The observations recorded are furnished in

Table 40.
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Tahle 40: Effect of different concentrations of funglicides on tr-
growth of Phyllosticta saccharicola in vitro

*Colony diameter of P, saccharicola in mm 10 days

Fungicide after inoculation at different concentrations
100 ppm 200 ppm 500 ppm 1000 ppm
Bavistin C 0 0 0
Tepsin-M ( 0 0 0
Calixin C { ¢ 0
Bayleton 71 0 G 0
Kitazin 10c 97 59 82
Hinosan 07 9z 36 81
Blitox £:1 L 0 0
Captaf Lz U 0 0
Captafol 57 5 0 0
Dithane M-45 68 0 0 {
Dithane Z-78 72 28 0 0
Thiram 98 94 91 £4
Chlorothaloenil 76 34 0 0
Control 100 1900 100 100

* Mean of three replications



Bavistin, Topsin-M and Calixin were effective at
100 ppm. Five fungicides viz.. Captaf, Dithane M-4%,
Blitox, Captafol and Bayleton were found effective at 200
ppm. Dithane 2-78 and Chlorothalonil completely inhibited
the growth at 500 ppm but were ineffective at 100 and 200
ppm. The remaining three fungicides viz., Kitazin, Hincsan

and Thiram were ineffective even at 1000 ppm.

4.11.1.2 Effect of three systemic fungicides at different

concentrations

The three systemic fungicides viz., Bavistin,
Topsin-M and Calixin which were found effective at 100 ppm

in the previocus study were tested at lower concentrations

to find out the mininmal effective concentration by
peisoned food technique. The data acre presented in
Table 41.

Table 41: Effect cf three systemic fungicides at
different concentrations on the growth of
Phyllosticta saccharicola

e T W i e e B B o e e o o . e M R TR VT SEr e - W e e ek PR M bR e e W M = R M e A s

Concentra- *Colony diameter of P. saccharicola in mm
tion in ppm 10 days afrer incculation
Bavistin Topsin-M Calixin
""" s a0 e T
10 ¢ 47 68
20 0 0 44
50 0 ¥ 0
Control 100 100 160

. — - —— i oy — U o ke o o o . W e i — — =i e e ek o _ — o n

* Mean of three replications



The results indicate that none of the threco
fungicides were coffective 2t 5 ppm; the loweet
concentration tried. Bavietin was effective at 10  ppmn

while Topsin-M and Calixin were effective at 20 and 50 ppn

respectively.

In vivo tests

4.11.2 Efficacy of systemic and nonsystemic fungicides
in the control c¢f ring spot disease, cane yield

and juice quality

Six fungicides which were found to inhibit P.

saccharicola in vitro were selected feor use as foliar

sprays to study their effect on the disease intensity,
cane yield and juice guelity during 1988-89 and 1989-90

and the details are described at para 3.2.11.2.

4.11.2.1 Effect of fungicides on the intensity of ring

spot

The data on the intensity of the disease recorded
every crop season at monthly intervals from Qctober till

harvest in February are furnished in Table 42.

The data presented in Table 42 clearly indicate
that the disease intensity in both the crop seasons
increased from October till harvest in February in all the
treatments. The increase in the intensity was progresive

between October and December while it was only marginal

MR
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hetween December to Febraary in all the treatments. 'The
disease in spraved plots in both the ¢rop s€asons was iow
in all the months of observations as compared to untreated
control except in Calixin. The intensity with Calixin was
on par with control. With a single spray in September, the
disease intensity was reduced to a considerable extent in
Qctober in both the crop seasons as compared to untrearzed
control and resulted in low Iinzidence 1in  subsequent
months. The data <n the intensity of the disease at
harvest in February in all the treatment: were statisti-

cally analysed and furnisned in Table 43,

The results in Table 43 reveal that all tLhe
fungicides except Calixin reduced the intensity o¢f the
disease significantly in compariszon with ceontrol in  both
the crop seasons. Among the five fungicides which signifi-
cantly reduced the disease, Captaf appeared to be most
effective followed by Blitox, Bavistin, Dithanc M-45 and
Topsin-M. Captaf was significantly superior to Dithane M-
45, Topsin-M and Calix:n and at par with Blitox and
Bavistin in both the crop seasons. Calixin was noted to
be ineffective in the control of the <dcisease in vivo

during both the crop seasons.

Maximum reduction of the disease (46.8 to 48.6%
was obtained with Captaf followad by, Blitox (42.7 o

44.0%), Bavistin (38.1 tc 40.9%), Dithane M-45 {(35.1 o
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35.8%) and Topsin-M (29.7 to 32.3%) during both the «rop
seasons. Least reductiocn (2.4 to 4.4%) was obtained with
Calixin. In general, the disease intensilty was observed to

be low during 1989-90 in all the treatments.
4.11.2.2 Effect of fungicides on cane yield

The data on cane yield and its attributes wviz.,
length of millable cane and diameter of the cane recorded

at the time of harvest are furnished in Table 44.

It is evident from th=2 results in the Table 44
that the length of cane in both the <rop seasons increased
in all the spravyed plots over cortrol, Maximum increase
was obtained with Captaf (8.0 and 7.2%} followed by Blitox
(6.69 and 6.04%}, Eavistin (5.6 and 5.3%), Dithane M-45
(3.73 and 3.70%) ard Topsin-M 12.9 and 2.7%) in both the
crop seasons. Marginal increse ir lengtn (0.24 and 0.67%)
was obtained with Calixin. However, the increase of length

of canes was not statistically significant.

The diameter of the cane in the sprayed plots
increased in both the crop seasons as compared to control
but it was statistically significant only during 1989-90.
Significant increase ir diameter was oktained with only 3
fungicides viz., Captef, Blitox and Bavistin. Maximum
increase in diameter was observed with Taptaf (9.64 and
9.68%) followed by Blitox (6.02 and 5.65%) Bavistin (6.02

and 4.84%), Dithane M-45 (4.4¢ and 2.82%) and Topsin-M
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(4,42 and 2.82%) in both the crop seasons. In falixin
rreated plot marginal increase (0.8 and 1.61%) Was

obtained.

The cane yield (t ha ') in all the sprayed plots
though noted to be more as compared to untreated control,
none of the fungicides gave sigrificant increase in both
the crop seasons. Out of six test fungicides, Captaf gave
maximum increase (B.82 and 5.7t followed by Blitox (#.29
and 5.33%), Bavistin (7.57 and 4.82%), »ithane M-45 (.43
and 2.63%) and Topsin-M (4.72 and 2.04% in both the orop
sSeasons. The increase in cane yietld in Calixin treated
plot was negligible conpared to the untreated plot  (U,08

and 0.94%).

Increase in cane yield of more than 5 t ha t Wwas
obtained with Captaf, Blitox, Bavistin and Dithane M-45
during 1988-89 and Captaf and Blitox during 1989-90. The
yield differences between untreated control and sprayed
plots was more during 1988-~-89% compared to  1989-90, as
diesease incidence was low during the latter year in all

the treatments including control.
4.11.2.3 Effect of fungicides on juice quality

The data on  Juice sucrose and other iuice

characteristics are presented in Table 45,
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Significant increase in total solids was obtained
with all the fungicides over control. The fungicides
captaf, Blitox, Bavistin, Dithane M-4% and Topsin—-M were
at par with one another in both the crop seasons. The per
cent increase ranged from 3.03 to 13.97 during 198&-89
while it was 7.73 to 12.71 during 1989-90. Maximum
increase was obtained vith Captaf (13.97% and 12.71%)

while it was minimum with Calixin (5.03 and 7.73%).

The per cent. juice sucrose significantly
increased with all the test fungicides as compared o
control. Except Calixin, all other funyicides were on par
with each other. fThe increase in per ¢ent juice sucrose
ranged from B8.33 to 18.66 per cent during 1988-89, while
it was 9.71 to 16.46 per cent during 198%-90. Maximum
increase was obtained with Captaf (18.66 and 16.46%)
followed by Blitox (18.10C and 15.97%), Bavistin (17.66 and
14.99%), Dithane M-45 ({16.54 and 13.943%) and Topsin-M
{16.23 and 13.39%). Mirimum increase was obtained with

Calixin (8.33 and 9.71%}.

Significant increase in purity of juices was
obtained with all the test fungicides over control. The
purity increased by 3.12 to 5.15% during 1988-89 and 2.17
to 3.52% during 1989-90. Maximum purity of 5.15% was
obtained with Dithane M-45 during 1986-89 while it was

3.52% with Captaf during 1989-90. Minimum increase was



obtained with Calixin in both the <rop seasons as compared

to other fungicides.

The glucose content was significantly reduced
with all the test fungicides over control. The per cent
decrease ranged from 22.55 to 38.94 during 1988-89 while
it was 21.10 to 31.65 per cent during 1389-90. Maximum
decrease was obtained withk Captaf ir both the crop seasons

and significantly superior to all the other fungidices.

Significant increase in electrical conductivity
was obtained with &ll the fungicides. 'The per cent
decrease ranged from £,69 to 26.06 per cent during 198H-dy
and 10.48 to 29.14 per cent during 1989-80. Maximum
decrease was obtained with Captat (26.06 and 29.143%;
followed by Topsin-M (23.8 and £2.54%) in both the crop

52as50ns.

The hydrogen ion concentration (pH) has
significantly increased with all the test fungicides over
control. The increase in pH was 0.17 to 0,27 during 1988~
89 and 0.18 to 0.37 during 1989-90. Maximum increase in pH
was obtained with Dithane M-45 (0.27 and 0.37) followed by

Captaf (0.24 to 0.31) in ktoth the —>rop seasons.

The results indicate that all the test fungicides
except Calixin significantly reduced the disease intensity
over control. The length of cane, diameter of the cane and

cane yield increased with all the -est fungygicides bur they



were not statistically significant. Significant increase
in total solids, juice sucrose, purity of juice and pH and
significant decrease 1n per cent ylucose and electrical
conductivity were obtained with all the test fungicides
over control. Five out of six fungicides viz., Captaf,
Blitox, Bavistin, Dithane M-49% and Topsin-M were found

effective in reducing rirg spot disease in that order.

4.12 LOSSES DUE TO RING SPCT DISEASE 1IN DIFFERENT

SUGARCANE VARIETIES/CLONES
4.12.1 Loss of chlorophyll due to the disease

Tce study the effect of ring spot disease on
chlorophyll content of sugarcane Leaves, chlorophyll a and
bh were estimated in five resistant (H4A15%, Col 39081,
#6A444, Co 85045 and 832106) and five susceptible (Co
7219, Co 7636, CoT 8201, Co 85044 and Co 975) varieties/
clones 4 months after Llnoculation in both sprayed (captaf
0.3%) and unspray=d treatments as per the procedure
described at para 3.2.12.3. The data recorded on PDI and
chlorophyll a and b contents .n  sprayed and unsprayed
canes of both resistant and susceptible varieties/clones

are furnished in Table 46.

The results clearly indicate that increased
disease intensity in unsprayed canes of susceptible
varieties resulted in less content of chlorophyll a ard b

as compared +to sprayed canes. In resistant varieties,

o
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clones there was not much variation 1n the chlorophyll a
and b between sprayed and unsprayed canes. 1n susceptible
varieties, +the per cent reduction in chlorophyll a. Ln
unsprayed canes ranged from 39.91 to 52.:23 while it rarged
from 28.19 to 49.11 for chlorophyll b In resistant
varieties/clones the per cent reduction in chlorophyli a
{1.37 to 5.25) and chlorophy.l b (2.84 to B.41) in
unsprayed canes was low compared to that in susceptible

varieties.

The relationship between PDI and per zent reduc-
tion in c¢hleorophyll & and b was worked out by simple
correlation and the data are presented in Table 47.

Table 47: Simple correlation between per cent disease
intensity and chlorophyll a and b

Varieties/ Per cent reduct:ion Per cent reduction

clones in chlorophyll a in chlorophyll b
over sprayed over sprayed
Resistant +0.6891 +0.4214
n=5
Susceptible +0.9645*~ +0.9B55**
n=5

*%* Significant at 1% level

Althouyh there was positive correlation in resis-
tant varieties/clones hetween FDI and reduction in chloro-
phyll a and b in unsprayed treztment, it was not signifi-
cant. But in susceptible varieties highly significant

positive correlation was obtained in unsprayed treatment.



These results zlearly . ndicate that the disvase
causes considerable 1lcss  in both chloropnyll a ansi b
contents of sugarcane leaves especially 1in susceptible

varieties.

4.12.2.1 Loss in length of millable cane, diameter of cane

and cane weight

The effect of disease in respect of 1lenyth of
millable cane, diameter of the cane and cane weight was
studied in twenty varieties/clones in both Captaf 1(0.3%)
sprayed and unsprayed treatments. Length of millable cane,
diameter and weight cf cane were recorded in twenty canes
at random in each variety/clone in  both sprayed and
unsprayed treatments as per the procedure described at

para 3.2.12.1.

The PRI in all the test varieties/clones in botn
sprayed and unspraved treatments, recorded at the bLime of
harvest is presented in Table 48. The particulars of per
cent reduction in cane length (cm), diameter of the cane
(cm) and cane weight (kg) of sprayed and unsprayed canes
in respect of 20 varietiessclones recorded six months
after inoculation at harvest are furnished in 7able 49 and

detailed data in Appendix A to C.

The data in Table 48 clearly indicate that the
disease 1intensity was reduced ccasiderably (40.50 +to

56.89%) in sprayed canes of 2.l the test varieties/clones.

-
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Teble 48:

riety/
lone

Per cent reduction
sprayed canes over unsprayed canes

cane varieties/clones

Sprayed

EFBI

Unsprayed

of disease intensity
in different

in

aiop taf

BT =

Poer cent reductior.

in sprayed

canes
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Co
Co
Co
Co
Co
Co
Co
Co
Co
Co
Co
CoA
Cob
Coh
CoA
CoT
83a
83Aa
84A

86A

975
7219
7636
7706
8205
8220
62175
85038
85044
85045
7602
8401
8402
89081
8201
106
214
155

444

Mean

e e e s T e

22.7
28.5
29.4
19.6
10.7
16.6
19.4
17.2

28.8

19.6

8.6
45,3
58.4
68.2
40.8
18.9
27.49

37.5

47.15
50.99
49. 3.
56.8Y9
51.94
43,39
40,50
48 .41
40.89
56.56
33.33
52.31
47.18
$52.45
52.12
49,36
52.53
45,15
56.25
54.41

50.0¢

74



Table 49: Per cent disease intensity and per cgnt Feduction it
length of millable cane, liameter and welght of cane
in unsprayed over captaf sprayed ranes

Per cent reduction in

Variety/ pD1 T T T T T T T T S T e T T e
clone Length of Diameter of Cane
millable the canre welght
cane
2o 419 38.6 3.72 6.4 5.04
Co 97% 45.3 4.24 7.95% 6.24
2o 7219 58.4 7.81 9.4% 8.4z
Co 7636 68.2 11.71 11.40 11.71
Co 7706 40.8 3.82 4,47 5.07
Co 8205 18.9 1.73 3.48 2.34
Co 8220 27.9 2.44 4.83 2.76
Co 62175 37.6 2.69 5.61 3.63
Co 85038 29.1 2.71 4.5¢6 3.57
Co 85044 66.3 9.13 12,12 11.35%
Co 85045 9.0 0.40 1.06 0.55
Co A7602 4] .1 3.77 5.83 5. 34
Coh 8401 53.2 4.71 6.49 7.21
CoA 8402 20.4 2.00 J.43 3.7%
Coch 89031 9.4 0.92 2 17 0.7¢
CoT 8201 49,2 4.81 .40 b. 36
83a 106 9.9 1.10 2.49 0.72
83a 214 20.6 2.01 2.19 2.54
84a 155 6.4 0.00 0.0 0.90

B6A 444 6.8 G.00 0.00 0.00



More than 50 per cent reduction in the intensity was

observed in eleven out of 20 varieties/clones tested,

There was reduction in tte length of cane (0.40
to 11.71%), diameter of the cane (1.06 to 12.12%} and cane
weight (0.65 to 11.85%%) in unsgrayed canes of 18 wvarie-
ties/clones (Table 19). More than 10 per cent reduciion
in cane weight was observed in Co 8L044 and Co 76306, In
two clones, B84A155 and 86A444, no reduction was observed

in all the three yield attributes due to the disease.

To examine whether the differences in the three
quantitative characters between sprayed and unsprayed
canes are significant or not, paired 't' test was

conducted and the data are presented in 'Table 50,

The results of the 't' test for the three guanti-
tative characters - Length of millable cane, stalk dia-

meter and cane weight -~ clearly show that the differences

are significant.

To observe the relaticnship between the extent of
disease and per cent reduction in cane length, diameter of
the cane and cane weijght in unsprayed canes over sprayed
canes, Chi-sguare (xz) was worked and the data are

presented in Table 51 to 53,

The observed X2 valies {Tables 51 to 5%) were

significantly higher than the Xz from tables indicating
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that length of millable canc, diametor i cance and cane
weight are dependent on the axtent of severity of  riny

spot disease in a varicty/clone,

The simple c¢orrelations and linear regressions
between PDI and per cent reduction in the three guartita-
tive characters of cane were worked out and the data are

presented in Table 54.

All the three correlation coefficlents were found
to be positive and hoghly significant. Similarly the
regression coefficients were also observed tc biee
significant, indicating the deleterious effects of  the

disease on the thiree coonomlic stiributes.,

With cvery one unit increase in PDI valwue, the
reduction in length of millables cane, diameter and weight
of cane increased by 0.14 om, O0.L7 c¢m and 0.17  «o

respectively.
4.12.2.2 Loss in guality of cane juice

The effect of the disease onn various qualitative
characters of juice viz., total solids, sucrose per cent
in Jjuice, Juice  purity, glucose, pH and electrical
conductivity (E.C.; was determined in different varieties
under sprayed and unsprayed conditiors as  described at
para 3.2.11.2. Particulars of the reduction/increase 1in

the six juice characteristice in unsprayed diseased —anecs

[
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as compared to sprayed canes in respect of 20 varlieties/
mlones recorded, six  montks  after  inoculation are
furnished in Table 55 zand the detailed data 1in Appendax b

to L.

The data in Table 5% -:learly aindicate that the
total solids and per cent juice sucrose were reduced in
unsprayed canecs of all the twoaty varieties/clones nnodet
test. The per cent r=ductior in notal solids was  (romw
0.47 to 18.05 while it was .51 vo 22.88 for per cent
juice sucrose. More tnan 15 per cent reduction wn  juice
sucrose was observed in 5 varieties viv., Coft #8201, tu
7219, CoA 8401, Co 85044 and o 7636. The juice purity
was also affected in the unsprayed canes of eighteen out
of twentys varieties/clones tested. In two clones viz.,
84A155 and B6A444, the jJuice purity was not affected Ly
the disease. A fall in pH of juice was observed in almost
all the varieties/clones tested except. iIn three viz.,

8542155 and 86A444 and Co 85045,

Rise in gluc:se and electrical conductivity of
juice was observed in unspraved canes of all the test
varieties/clones. The rise in ¢lucose <ontent ranged from
.01 to 0.25 unite wihile it wvas .00 to 1.00 unit  for

electrical conductivity.

To see whethoer the differences in the  wvatr ious

Juice characteristics between sprayed and unsprayed canes
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are significant or not 't! test was conducted and the data

are presented in Talb.e HE,

The differonces betweenh the various characters :of
Juice from  sprayced and unspraycd canes arce found Lo o

significant.

To study the relationship between the disease
intensity and (1) Per coent reduction in total solids (&)
Per cent reduction ia juice sucrose, (3) Per cent reduc-
tion in purity of jiice (4} Per cent increase in gluccse
(%) Per cent increasz in E.C. and (¢) decrease in pli, Chi
syuare (X2) was calculated and the data are presented in

Tables 57 to 62.

The extent of depression in tozal solids, Juice
sucrose, purity and pH and increase in jlucose and E.C. in
different varieties was found to be associated with the
extent of severity »f the disecasce as can be sceon {rom Che

significant Chl syguare values in Tables 37 Lo 62,

The regression of either fall v increase of the
various gualitative characters of juice in unsprayed cancs
on  PDI exhibited by the varieties/clones is presented in
Table 63.

A close examination of the data indicate that the
variation in total solids, per cent juice sucrose, purity
of juice, gluccse content, pH and £.C. is dependent on the

range in disease intensity as can ne seen from tae
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Table 57: Relabjorer iy WL LIFL ot aEE LY Y SEEEER inten:ity
tobal solics of 2ane cnice of anprayes cane: owel saplaf aray

g Ten il ior

canes in twenv, sugarcane variebis:/clores

orher of varswties;cloras

F\DI e e i m m e e A m  m A —  m  TT S o e L e e e o e

Car -ert rediction in tob gl solids of nnspl aye:d tntal
over syprayed cane julics

4.0 ar .7 ko 3,1 to 2.1 e TF, 1 fo
balo g 4.00 6.0 16,10 J11.n

10 below ¢ - - - -
10.1 to 20.0 i - - . - "
20.1 to 30.0 z 1 - - - "
30.1 to 40.0 - - . - . .
4.1 to 50.0 - - ¥ . . B
50.1 to 50.0 - - ] ] _ ..
60.1 to 70.0 - - . - >

Total G 1 N 1 2 21

X2 obgerved = 51.4A » from tahles (P=0.02) = 132,85

Table 5H: FRelaticnship tebosen Lot cent dlisease bnrtecoit, and  roducdjo s
guice  wamroer of omaprayed canas owar captaf shrayed conns o bt
sugarcane warvabies/clones

Humber ol war etles, clgnue
POI par cart reduction in juice sucrose 1o unsprayed Total
cane jLice over sprayed cans juite

4.0 or 4.1 btz B.1 te 1201 te 181t 2001 to
tielon .0C 12.0 16.0 0.0 24,10

10 belou 3 - - - - - g,
1.1 to 20.0 - - 1
20,1 to 30.0 - Z 2 - - - i
2
1

- - - 4

:

Xz observed = 79.17 v From tshles  (FefG.: 90 = if.44



Table 59: Mnlaticnshi, {atuyeen per cent disgase intenusity gl redoctioo b
juice purity of unspoayed caney Cvac captal sprayad canes br toent,

sygarcane val isties/clone

MNamber of sarietisessclores:
fher cent regbiction e purily ot ralre In unspragad
pCl Canes udgr S[LIoYEen cang: e
0.0 kr L1 otk 2.1 kg T 0 ALt ke L I TR T B
1 | i) PN ) bl "
10 below £ - - - . . _

10,1 te 20.0 - - - . - 1 - i
2001 to 30.0 - - z - 1 1 - 4
30.1 to 40.0 1 1 - . . .- . P
40.1 to 50.0 - - 1 1 b - - 4
50.1 to 60.0 - - 1 . 1 . _ 5
filt.1 to 70.0 - - - - - ’ 1 ;

Total & 1 4 K 4 3 1 20
2 . |
¥ observed = 52.% . rom tatlas (b = 0,05) = 13,44

Table A0: Relationship betueen per cant gisescse inb:nsity and increase n»
glucose of  juice of unsprayez canes over :aptaf sprayed canes in
twenty suyarcene varieties/clones

Numher of vardetiew/clones

POL ter cent incresse in ylucose in auice of Tuilai
JeEprayed cangs Ouel sprayad
o oor 0.1 to ab.” te CH1,1 o [ZE I I W
el 40,0 £1j - Hil, L 0.0

10 below & - .. - -
10.1 ta 20.0 : - . - - N
20,1 to 30.06 N - . - - 4
3.1 te 40,0 - 7 .. - _
40.1 to S0.0 s ¥ _ .
50.1 to 60.8 - . " 1 _
60.1 to 70.0 . - . 1 1

I

£

Taotal 11 &4 i 2 1 Pl

2 ‘
X obasrved = 41,14 ¢ Ffrom tables (F=0.U%) = 13,832



inteacis . e ansTeie 1

Tahle G1:; Relationshi; arusci eep oane Hossine
alactrical  crodochtivi o (B0 ©F quiZe ov  ansprayed canes el
captaf spursysn canss i twenty sugeloane varielies/clones
Husber of varieties/clones
DI Por cent jncrease in electrical conductivity Trtal
irr juice 1f unsprayed cenes over uf.Tayed
MWDo 10,4 to 2001 =y 301 to 4.1 ko
hed s Z0.0 30.% 46,0 0.0
10 below b - - - - .
10.1 to 20.0 1 - - - !
20.1 to 30.0 i - - o
30.1 to 40.0 - 2 - -
40.1 to 50.0 - 1 : 1 - b
50.1 to 60.0 - - 1 1 - 5
60,1 to 70.0 - - - 1 1
Total 4 ! 1 >

2
4 observed =

Table 621

¢ from tables  (FeULHEY = 3,00

flelationshiy;.  betecon per cent diseass ictonsizy  and  deceoaso in
[lH

auine of unspraved scenss over captaf sprayad caces in fuert.

sugarcans varictios/clones

PO1

10 below

10.1 to 20.C
20.1 to 30.C
30.1 to 40.0
40.1 to 50.0
50.1 to 60.0
60.1 to 70.0

iecrease In pH (units) values of juize of Iatal
LN Irayed CANBE Duar Sprayad

Total

2
X observed = 44.0f

(.03 tas 0.0& tn 111 to 1,16 Lo

{0,015 .10 1, 1% {1.20
1 - - 4
1 2 - - o
- 1 g - o
- 7 - 4
- - : P
i £ ¢ Fy 20

? :
fFeuiv Eables (F=ib,nt) = -39
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significant correlation coefficients and regresslon

coefficients.

With every one unit increase in PDI value the
reduction in total solids, sucrose content, purity and phH
of Jjuices increased by 0.27, (.33, 0.07 and 0.003 unats
respectively. Similarly the increase in glucose and I1.C.
was found to have increased by 0,004 and 0.015% units

respectively with every one unit increase in PDI value,

4.12.3 Rate of reduction in cane weight and Juice
sucrose in different varieties/clones in maturity

phase of the crop

The rate of reduction in cane weight and  Juice
sucrose in different varieties,clones in  the matur.ty
phase of the c¢rop was studied as described at  para
3.2.12.2. The disease intensity recorded in each varieby/
clone at monthly intervals from November to February both
in sprayed and unsprayed treatments are furnished in Table
64. The data on progress of reduction in cane weight and
juice sucrose in unsprayed canes over sprayed canes ir all

the test varieties/clones are given in Table 65,

The data in Table 64 indicate that there was
progressive increase in the intensity of the disease in
the maturity phase of the crop (Movember to February) in

all the test varietics,/clones. The ircrease was not  so

o
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marked in sprayed and unsprayed canes  of resistant
varieties/clones. 1rve: yer cent ratensity of bthoe discase
in resistant varieti=s/clones rangad from 3.3 to 4.7 i
sprayed canes wvhile it was 2.2 to 9.4 in unsprayed cares
from November to Febiruary. 1In suscteptible varieties, -he
PDI was observed to be more in sprayed (1).6 to 23.7) and
unsprayed (25.9 to 51.2) canes even in  HNovember which
gradually increased from 22.2 to 1l.4 per cent in sprayed
and 45.3 to 70.2 per cent in unsprayed canes till harvest
in February. There was marked increase in the intensity
of disease between November and December while the

increase was comparitively less 1a Januarv and February.

With progressive increase in the disease inten-
8ity, there was progressive reduztion in cane welght and
Juice qguality in all the test varleties/clones especially
in susceptible ones (Table 65). The per cent reduction an
cane weight and uice sucrosc in unsprayed canes  of
resistant varieties/clones from Wovember to February  was
narginal and ranged from 0.0 to .96 per <ent and 9.13 to
J3.14 per cent respectively. But in susceptible varietics
the reduction in ¢ane weight and juice sucrose was more
and ranged from 2.74 to 11.85 per cent and 12.40 to 22,88
per cent respectively from November till February. T'he
cane weight was not affected in two resistant clones viz.,
84A155 and 86A444 during November and December while a

slight reduction was noted duriny January and February in



all the varieties/clones except 84A152. lBut the per cenrs
reduction in juice sucrose gradually increased from
November onwards only to a limited extent (0.13 to 0.96%),
In susceptible varieties, the reduction in cane weight ancl
juice sucrose in unsprayed canes was Tonsppicuous even  in
November which rapicly increasoedl  upte Necember ., Thie
increase in reduction waés marginal betweer  Japnuary,  and
February. Thus, the disease uracually 1ncreased  {rom
November to February causing progressive raduction in oane

weight and juice sucrose.
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CHAPTER V

DISCUSSION

The results of the present study on  ring  spot

disease of sugarcane incited by Leptosphaeria sacchari Van

Breda de Hann conducted at Regional Agricultural Research
Station, Anakapslle (Andhra Pradesh) are discussed in thils
chapter in the light of the literature available «nd

conclusions drawn.
5.1 SYMPTOMATOLOGY

In the present study, symptoms were observed only
on the leaf blade of all the varieties studied. Howevaor,
Bourne (1934) and Abbott (1964) observed the disease iu
nature on leaf blade and occasionally on leaf sheath and
cane stalk. The absence of symptoms on leaf sheath and
cane stalk in the present study might be due to wvarietal

behaviour.

In the present Llnvestigations, the course of
development o¢f symptoms over a period of time was stucied
in four sugarcane varieties wviz. Co 7219, CoT 3201, (oA
89081 and Co B5045. The disease appeared first on 11th or
12th order leaf from top during last week of August at he
agye of § months In Co 7219 and Col 8201, Spouots which
appeared initially as small specks gradually enlaryed,
turned oval or spherical with purplish oolouration in 19

days. Dry necrotic centres with margins that were narrou

s



reddish purple or wrownish, concinuous or broken il
angular projections all round appezared. Subseqguently

diffusing yellow halc at the perineter also appeared. S
due course the spots coalesced, resulting  in premature
senescence of the leaves, particularly in the varieties Co
7219 and CoT 8201. In the case of the other two varieties
the spread of the disease was not so rapid after the
initial specking. At harvest, during Febroary, when the
crop was 11 months old, the entires Zoliaye except three to
four top leaves, dried up in Co 219 and CoT 8201, This
pattern of disease development observed in  the present
study 1is 1in agreemant with descriptions of Edgerton

(1955), Abbott (1964}, Dutta {(126%}) and Agnihotri (1990..

The disease spread was faster during October and
November months, at the fag end of the Jrowth phase which
coincided with heavy rains. Such severity of ring spot
disease during rainy weather was reported by Agnihotii

{1990).

Maximum number of spots were produced on  bottom
leaves of Co 7219 and CoT 8201, especially towards the tip
of the 1lamina, leading to premature senescence of the
leaves. In CoA 89081 and Co 85045 only a few spots were
produced even on the older leaves {Table 9. This may hLe
due to differential tolerance of these two varlieties to
the ring spot pathogen. Leu and Hsieh (1969), while

working with leaf blight of suga-cane, reported very feow



lesions on highly resistant varieties and as the suscepti-
bility increased, the lesions increased iu theilr aumber.
finally covering the leaves completely. Premature seney-
cence of older leaves due t.> excessive spottingy,
especially towards the apical portior of the lamina

observed in the study was also reported by Butler (1918},

Abbott (1964}, Dutta 1196%) and Agnihotri {(1990}.

The size and shape of the spols and 1ncubation
period varied 1in all the thirty four varieties/clunes

tested (Table 10).

The size of the spots {(H.9-4.7 mm x 2.9-14.9 )
in these studies varied considerably from variety to
variety. Variation in the size of the spots in ring spot
disease of sugarcane (1-5 mm x 4--L8 mm} was reported by
several workers (Butler, 1918; Bourne, 1934; Matsumoto,
1952 and Dutta, 1969). These reports and the present
observations suggest wide variazion in the size of  the

spots.

Different shapes of the spors viz., oval,
spindle, linear, irregular and -ct like were observed in
different test varicties/clones ir these Investigations,
According to Hudson (196(C) and Agnihotri (1990) the shape
of the spot was either oval or spherical at the begining
which later became irreqgular. Referring to stalk lesions,

Bourne (1934) described somewhat sval or circular spots to



jrregular patches of considerable size, but in the present
study no such stalk lesiosns were observed in any variety /s

clone,

The incubation period under inoculated conditions
{9 to 45 days) varied from variety to variety. The delay
in the appearance of the first syrptom of the disease in
(Cca 89081, Co 8504%, Bohd444 and B84A155 wmay be due to the
relative tolerance of these varieties/clones which is also
confirmed in the present varietal 1eaction studies.,
Longer incubation periods in resistant varieties for smnut
disease of sugarcane (Prasada Rao (21979} and glume blctch

of wheat (Cunfer et al., 1988) were reported earlier.

5.2 ISOLATION AND IDENTIFICATION OF PATHOGEN AND

ESTABLISHMENT OF PATHOGENICITY

5.2.1 Isolation

In the present investizaticns, isclations from

immature spots yvielded Nigrospora sacchari, Curvularia

lunata, P. saccharicola and Bipolaris sacchari. A

majority of the isoclations from mature spots yielded both

P. saccharicola and L. sacchari on different media (Takle

12). No fruiting hodies were observed in  the immature
lesions, during the very early stages oI spot development
and isolations at this stage yielded a number of fungi

including P. saccharicola but not L. sacchari. At a more

£



advanced stage, minute black dots ajainst & greyish boack
ground in the lesiors were conspicuously visible fto  the
naked eye. Microscopic examinaticon of tnesc revealed the
presence of both pycnidie and perithecia. Isoclations from

these lesions yielded both P. saccharicela and L.

sacchari. Bourne (1934) and Hudson {1960} 1isclated a
number of fungi from rinc spot lesions viz. H. sacchari,

Phyllosticta sp., N. séc¢chari, L. sacchari, Coniothyrium

sp., Spondylocladium sp. and Alternaria sp. Asscciation

of Phyllosticta sp. and L. sacchari with mature ring spot

lesions was also reported by several wcrkers (Hennings,
1907; Fawcett, 192Z; Tucker, 192%; Matsumoto and
Yamamoto, 1936; fue, 1953; Roy, 1964; Ricaude<]198y;

FEchavez Badel, 1990).
5.2.2 Pathogenicity tests

Inoculations with B, saczchari, <. lunata and N,
sacchari either individually or in combination did not
result in ring spot lesicns on any variety tested. But P.

sacchariceola, either individually or in combination with

the above three fungi, produced typical ring spot lesions
in all the three varieties viz. <o 7219, CoT 8201 and (o
7636 in 13-23 days after inoculation (Table 16). Ascos—
pores of L. sacchari produced on sterile host leaf bits in
the laboratory and alsc from naturally infected material
produced typical ring spot symptoms in 17-22 days after

inoculation in all the three varieties (Table 16). Koch's



postulates were established with ]°. sacconaricola and L.

sacchari. Bourne (1934) oJbtained typical ring spot

symptoms with Phyllosticta sp. only in combination with

Helminthosporium sp. But, Abbctt 11964) opined that

Helminthosporium did not seem to be essential for incitiag

ring spot lesions in all the cases. since ring spot occurs

irn several cane growing areas where H, sac¢chari has not
been always recorded. Production of typical ring spot

symptoms on sugarcane with the con:idia of P. saccharicola

(Hennings, 1907; ©Luc, 1953; Hudson, 196): Dutta, 1969)
and ascospores of L. sacchari (Martin, 1933; Yen and Chi,
195 3; Matsumoto, 1952; Hudson, 1960) has been reported
earlier. Thus, the resdlts obtained in the present

studies confirm the findinjys of these earlier workers.

5.2.3 Identification of a suitable medium for the

pathogen

During the course of the present Lnvestigations,

several culture media were tested to study the growth and

sporulation of P. saccharicola and L. sacchari.

In case of . saccharic:ila the mycelial growth

from single pycnidiospore was fast on most of the media.
However, PDA + cane leaf extract, OMA + cane leaf extract
supported best growth and sporulation at amnbient tempera-
ture (Table 17). Initially the mycelium which was white

and profuse later turned greyish black with dark roundish



pycnidial bodies both on the surface and also embaedded in
the medium. Dutta (1969) obtained similar results workinyg
with this fungus. The pycnidia were globose and ostio-
late, measuring 70-%94 pm in diameter and contained
abundant hyaline, single celled pycnidiospores measuring
10-13 pym x 3-4 pm with 2 guttules at either end. Measure-

ments of pycnidia and gycnidiospcres of P. saccharicola

agree with those reported earlier by Jones (1967) in (M}
descriptions (No.145) and also by Hennings (1907 and

Dutta (1969).

Efforts to culture single ascospore of L.
sacchari on several synthetic &and rncn-synthetic redia
vielded only mycelial growth but nrno single med Lum
supported perithecial formation. Mycelial growth in
general was very slow on all the media tested, reaching a
maximum diameter of 80 mm only after 1%-20 days. However,
the growth was slightly faster in corn meal agar, bean
meal agar and PDA + corn meal. Initially the mycelium was
white but within two days it turned pinkish o©or umber
coloured, deep seated in the medium with sparse aerial

growth and finally turned greyish black (Table 17).

Abundant pycnidia of P. saccharicola were produced on one

month ©01d cultures. These results are in agreement with
those reported by earlier workers (Bourne, 1934; Hudson,

1960 and Dutta, 1969).

o



5.2.4 Production of ascospores in vitro

Attempts to oktain perithecia and ascospores  in
synthetic and non-synthetic media failed, however, when
agar blocks containing single ascospores were transferred
to sterile host leaf bits of sugarcane varieties Co 7219,
Co 7636 and CoT 8201 enriched with biotin, thiamine hydro-
chloride and sucrose and exposed for 12 hours period of
alternate 1ight and <darkness at 24%-26%¢, abundant
perithecia with asci and ascospores were produced in 18-21

days (Table 14). Profuse pycnidia of !. saccharicceola werc

also produced from these leaf bits three weeks later. In
the leaf bits of Co 7636 the perithecial production was
observed at 26°C even without additiorn of vitamins and
sucrose. It appears from these observations that the agyar
media are lacking in certain essential nutritional
requirements which the host is able to provide and stimu-
late the formation of perithecia. Perithecial production
on host leaf bits at 26°C for L. sacchari (Yen and Chi,

1953) and 24°-26"C for L. taiwanensis (Hsieh and Lew,

1990) has Dbeen reported earlaier. The results of the
present investigation are in conformity with the findings
and the observations of Bourne (1934), Matsumoto and
Yamamoto (1936) and Hudsosn (1960) who had earlier offered

proof of genetic cornection between P. saccharicola and L.

sacchari.



The perithecia wvere spherical, i1mmersed in the
substratum, papillate, ostioclate and messured 111-138 um
in diameter. The asci were numercus, c¢ylindrical or club
shaped, sessile, intermingled with paraphyses and measured
62-70 um x 9-13 pm. The 8 four celled ascospores were
hyaline, elllipscid with a single large guttule for each
cell and measured 18-24 um x 4-5 pm (Table 15). These
descriptions and measurements of perithecia, asci and
ascospores tallied with those guiven for L. sacchari
(Jones, 1967) in C(CMI descraiptiohs (No.l45) and those
reported by Van Breda de Hann (1392} Bancroft (1910);

Hudson (1960); Abbott (1964) and Agnihotri (1990).

Thus, the results of the present study clearly

indicate that the telionorph of raing spot fungus is L.

sacchari van Breda de Hann and anamorph is P.
saccharicocla, P. Hennings. Thes: “indings are similar to

those adopted by the Internations]l Saociety of Sugarcane
Technologists standing committe: on  sugarcane dJdiseases

(Ricaude«l 989).

5.3 DEVELOPING A DISEASE RATING SCALE FOR ESTIMATION

OF DISEASE INTENSITY

For estimation of disease intensity, a 0-9 scale
wvas developed based on the per zent areen leaf area
affected and PDI was worked out using the formula

suggested by Mayee and Datar (l1986). This 0-9 scale was



developed on the basis of the recomnendations  of  185CY

standing Committee on Sugarcane diseases because of ity
obvious advantages in computerisation, analysis an:i
retrieval systems (Hutchinson, 1%/0). This system has

already been accepted by patholoyists in many countries
and has been found to be easy to use. It has already
formed the basis for severel international compilations of
disease ratings. Based on the PDI, varieties/clones
recording upto 10 per cent disease intensity were graded
as immune to resistant and ahove 30 per cent as

susceptible to highly susceptible.

The (-9 scale has also been recommended for leaf

blight of sugarcane (L. <:aiwanentis) in Taiwan {(Leu and

Hsieh, 1971) and rust of sugarcare in India (Maye¢ and

Datar, 1986).
5.4 SURVEY FOR ASSESSMENT OF DISEASE INTENSITY

Field survey was conducted in different factory
areas in coastal Andhra Pradesh, Telangana and Rayalaseema
regions {Table 18). Aspects like soil type, variety of
cane, nature of crop {plant or ratoon! anc disease inten-
sity were taken into consideration. Intensity of rirng
spot was, in general, moru in <oastal andhra Pradesh
compared to Telangana and Rayalaseema regions. Even 1in
ceoastal Andhra Pradesh, the disease was observed in  tne

most severe form in Bobbili factor area, particularly in

e B



the ratoon crop of Co 7219 (73.7%). Some other varieties
iike Co 975, Co 527 and CoT 8201 alsc recorded more thal
50 per cent PDI in different villages. Such  severwe
incidence of ring spot ir this arez may be attriaibuted to

the following factors.

1. In Bobbili area the sugarcane crop 1s usually
planted during January-rFebruary and later depend
entirely on rains resulting in molsture stress

condition in pre and post-nonsoon periods.

2. In some villages, sugarcane was also planted 1n
June after receipt of rains leading to juvenile

susceptibility.

3. Application of high doses of nitrogenous

fertilizers.

Outbreak of ring spot in Mauritcius under water
stress conditions on different varieties was reported by
Ricaud (1969). Disease incidence was observed to be more
in ratoons than in plant crops in this area. Increased
intensity of ring spot disease in  ratoons was  also
reported by Echavez Badel (1990, from Puerto Rico under

stress conditions.

In  Vuyyuru, HNellore, <(helluru and Anakapalle
factory areas the disease incidence was observed to he

high in certain varieties viz., Co 7219, CoT 8201, Co 7805



and Co 8021 indicating their susceptibility. "l oDl
ranged from 21.2 to 68.2 in Vuyynru, 29.8 to 60.4 in
Nellore, 5.2 +to 70.2 in Chelluru and 29.2 to 64.6 n
Anakapalle factory areas. High incidence of the disease
was also noticed when the crop was jrown in  low  Iyiny
areas with poor drainage facilities. The water stagnation
in the field might have created congenial microclimate
(high relative humidity for rapid multiplication and
spread of the pathoyen. The oc-urrence and severity of
ring spot disease under moist corditions were reported by

Caminha {(1936) and Echavez Badel (1390).

The intensity of the disease was observed to e
high in plots where excessive nitrogenocus fertilizer was
applied. In these factory areas. most of the cultivators

apply two to three times the recommended dose of N

fertilizer which might have resulted in excessive
succulent vegetative growth and increased ilisease
intensity, In Chelluru factory area varieties CoA 89081

and 82v12 recorded less incidenze irrespective of high

nitrogen fertilization irdicating their resistance. The
disease intensity was cbserved to be mcre in clay Loams
compared to sandy loams in this factory area. The compa-

rative high soil moisture content in clay loams might have
played an important. role on the microclimate and thereby

on the intensity of the disease.



In Telangana regicn, though the disease intensity
ranged from 16.7 to 69.8B per cent, Figh incidence of  the
disease was observed cnly in Berdipur village where thu
cultivators applied high doses of aitrogenous fertiliver

in the moisture retentive clayey soails.,

In Rayalaseema, particularly in Reniqgunta factory
area, the disease intensity was observed to be low even in
susceptible varieties (0 to 1€.1%) inspite of good
rainfall extending upto December. This might perhaps be
due to the lack of adeguate initial inoculum coupled with
unfavourable microclimate as a result of low soil moisturs
retentivity in sandy and red sandy s0ils which predominate

in this area.

5.5 INOCULATION AND RAFID SCREENING TECHNIQUES

5.5.1 Inoculation technigjues

Though ring spot 1s amenable o control by
fungicides, the most prac-ical, sefficient and economic
means to combat  the disease is by  the development  of
resistant varieties. Abbott (1964} observes that "If the
disease 1s 1ignored completely in breedinyg programmes,
highly susceptible cultures might be advanced Lo
commercial cultivation and in this context varietal resis-
tance seems to offer an effective measure of control”,
Growing resistant varieties for the control of ring spot

disease has also been recormended by other workers (Cook,



1925; Bourne, 1934 and byvall, 1379). The need for a
reliable inoculaticn and screening technigue to employ in
segregating resistant and susceptible clunes thus assunes

greater importance.

In the present studies, all anoculations for
screening were conducted by using conidial suspension  of

P. saccharicola, since this fungus was found to sporulate

profusely on OMA + cane leaf extract, L. sacchari althouyh
produced typical ring spot lesions, was not used in the
studies as it failed to sporulate in synthetic and non

synthetic media.

Out of eight incoulaticn nethods tried (Table 1Y)
four methods - a. spraying conidial suspension on  the
leaves, b. c¢lipping +teop halves of leaves and  spraying
conidial suspension, c¢. clipping top halves of leaves,
pinpricking and spraying inoculum, d. clippinyg, pin-
pricking, spraying inoculum followved by water spray were
found to be significantly superior to other methods in
reproducing the disease, though among themselves the foul
methods, were at par (Fig.l). Ou: of these four methods,
spraying conidial suspension on whole leaves was preferred
as it is operationally easy and simple. A similar
technique was employed in screening sugarcane varieties
against L. biceolor (Leu and Hsieh, 1971; Wang and Lee,

1982) and wheat varieties against L. nodorum (Rufty ot
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al., 1981k, Karjalainen, 1985; Verreet et al., 1787,

wendland and Hoffmanr, 19t8).
5.5.2 Rapid screening techniques

Reliable and 1less tim: consuming methods for
determining the reaction of varieties tc ring spot arve
essential. Out of five screenin: —echniques tried 1in the
present investigation (4.5.2), 3 techniques - (a) sprayiny
inoculum on the leaves of pottea plants, (b)) clipping
leaves, pinprickinyg, spraying inoculum followed by water
spray, (c) Rajoonqg inoculation were effective and were on
par with each other and significantly superior to cother
two methods (detached leaf method and screening  under
natural conditions;. The disease intensity was observed
to be uniformly high in all these three methods (Table 20
and Fiy. 2}. Amonyg these three mathods, Rajoony method of
screening was preferred, as it is rapid, reliable ard
saves 2 months time fcr obtalning the reaction of a
variety. The setts germinate sconer and growth of the
crop is slightly fast in this method compared to other two
methods. Further, mcre rumber of setts can be accomodated
in an unit area. Fapic screening of sujarcane varietios
to red rot by Rajconyg method has peen recommended by

Prasada Rao (1984).

In the screening method where detached leaves bh

the wvarieties were incculated, wminimun disease intensity
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was observed even in susceptible rarieties. Similar was
the experience of MNass and Jutnston (1985) while workiny
with glume blotch disease (L. n2dorum) of wheat. When
screening was done under natural conditions, two clones
viz., 84A155 and 86A444 did not manifest the disease. As
this method mostly depends on climatic conditions, it 18
difficult to get consistant results. Leu and Hsieh (1969)
experienced the same while working with leaf blight (.,

taiwanensis) of sugarcane in Talwan.

5.6 FACTORS AFFECTING DISEAGLGE DEVELOPMENT

5.6.1 Effect of different levetls of Nitrogen,
Phosphorus and Potassiun on the intensity of the

disease

In the present study, nitrogen had significant
effect on the disease severity. The increase in N lavel
from 0 to 112 and 112 to 224 ky ha-:L resulted in 4
progressive increase in disease in the wvariety o 7214
(Fig. 3 and 4). Positive association was observed between
PDI and leaf nitrogen (Tables 21 to 25). The relationship
of nitrogen status of the host with the extent of disease
in several crops has been well Jdocunmented. Positive
correlation between leaf nitraojen and rust  severity in
sugarcane was repcrted by Anddlerson  and  Dean  (1986).
Increased nitrogen fertilizatioan is reported to  increase

severity of stem rot of rice caused by Magnaporthe (Lepto-~




sphaeria) salvini (Jain, 1977; Mavee et al., 19477

r .y

Rangaswamy, 1979; Nyvall, 197%; 1i ¢t al 1984;  Ou,
L4985 ; rRathaiah, 19490; Mahrotra and Bnoja, 1990} and
glume blotch of wheat caused by L. nodorumn (Olsson, 1979,
Broscious et al., 1985; Kharkova et al., 1984). H#Higher
doses of nitrogen results in succulent vegetative growtn
and the plants are nore vulnerakle to infection. The
results in the current study indicated that application of
either NP or NPK did not reduce the disease severity and
the interactions were not sigrificant. Increase 10
soluble nitrogen in rice leaves has heen reported to
enhance susceptibility to blast pathogen by many workers
(survanarayanan, 1958; Zsoldos, 1962). Higher N levels
would have increased tne susceptibility of plant ‘or

better pathogenic development.

Application of phosphorus at 100 kg ha“'L in  the
present study, did not influence the disease (Fiqg. 4,

Several workers reported increase in disease intensity -tue

to Leptosphaeria spp. 1in several crops with the applia-
tion of P. In stem rot of rice, increase in lisease
intensity with phosphate application was reported by Jain
(1977), Rangaswami (1979}, Ou (1385) and Rathaiah (199¢.
Phosphorus alone or in combination with N fertilizer is
reported to have increased the infection of L. nodorum

(Cunfer et al., 1980; Knharkova e: al., 1984) in wheat.

e
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The results of the present itnvestigations ho e
ciearly indicated that K nutrition imparts tolerance  to
sugarcane against ring spct (Tabie 2V to 23).  Application
of potassium at 1Ub0 kg ha_l either alone or along with
different doses of N significantly reduced the disease
intensity in the variety Co 721% (Fig.3 and 4). Negative
association was observed between PDI and sheath potassium,
Numerous instances ar> there where application o f
potassium reduced the incidence of liseases. These
include eye spot (Rabindra and Kumaraswamy, 1978) and
brown stripe in sugarcane (Egan, 1989), stem rot (Keim and
Webster, 1974; Jain, 1977; Sitramanian and Balasubra-
maniam, 1977; Nyvall, 1979; Rathaiah, 1930; Jayaraj et
al., 1991) and sheath blight (Kannaiyar and Prasad, 1978)
in rice and glume blotch of wheat (Siebuld, 138G; Curfer
et al., 1980). The present findings are in agreement with
the observations of other workers. Potash nutrition is
known to cause physiological charges in plants leading  to
disease resistance (lRanasamy and  irasad, 1975). last
(L956) showed that wotassium affecsts the nost  metabolism
and that high levels of potassiun retarded the growth  of
Fugarium in rice, the host crop. The results of present
investigations indicate that potassium application plays a

major role in reducing tne intensity of i1'ing spot disease.

The role cf NPK in relation to disease intensity

in Co 7219 was further confirmel in a set of nine varie-



ties (CoT 8201, Co 975, C» 7636, Co 85044, B6A444, H4ALLD,
CoA 89081, Co 85045 and 83Al06) having differential
reaction to the disease (Table 24 and 25]. However,
further studies are required tc¢ ascertain the effect cof
higher doses of nitrogen than the reconmended level 1n
resistant varieties and lower doses of nitrogen in
susceptible varieties with different levels of potassium

on disease intensity.

The siynificant findings of the present study in
relation to host nutriticon for the ranagement of  the

disease are as followus.

ajl When ring spot susceptible wvarieties like Co 7214,
Co 975 and CoTl 8201 are cultivated, it should be secon
that only the recommended dose of nitrcogen for Lhe

area is applied and excessive application avoided.

b Appliccation of potassium (Kzo) at N0l kg ha"I should
be advocated in responsive so0ils ¢f Jdrought prone

areas to mitigate possible losses due to ring spoi.

5.6.2 Age of the crop and intensity of the disease

Irrespective of the age of the crop, disecase
incidence was noticed in September (4.1 to 5.3%) which

gradually increased (47.7 to 53.1%) upto February (Table

26}, The results indirated that aue 5! the crop had  no

effect on the incidance »r severity of the Jdisease. ‘his



suggests that high rainfall coupled with high relative
humidity and relatively low temperatures over previous
months might be conducive for the initiation of the
disease during the first fortnight of September, irrespec-
tive of the age of the croos. Vancder bijl (1921) reported
that ring spot was favoured by c¢ool, damp, atmospheric
conditions. Initiation and sever:ty of ring spot disease
during September and October months were reported by Dutta
(1969). Leu and Hsieh (1969) stated that leaf blight

(Leptosphaeria taiwanensis) of sugarcane occurred most

intensively in Taiwan throughout the year, regardless it
the age of the plant, particularly Jduring wvinter and early

spring. High disc¢ase rate of Septoria (L) nedorum

wheat was favoured by a combinazion of extreme rainoy
weather with high relative humidity and below average
temperatures (Rowe, 1979; Svanold and Dijurle, 1984,
Jeger et al., 1981; Mittermeiaer and Hoffman, 1684,

Khoury and Kraz, 1989).

5.6.3 Effect of leaf orientation on the intensity of

the disease

Significantly low intensity of the disease (6.7
te  9.9%) was observed (Table 27) in the varieties having

erect leaves (Erectophile) with more angle of 79.0°  to
o C :

81.6 as compared to varieties having Jdrooping leaves

(i.e.} planophile {32.7 to 72.7%) with less angle of

B O \O - . -
w70 to o« 77 (Table 2 ). Significant negative correla-


file:////ras

tion was observed between leaf angl=2 and disesase inten-
sity. With every one cegree increase in the angle of the
leaves, the disease intensity decreased by 2.82 per cent
(Fig.5}. The low disease intensity in the varietiesg

having erect leaves might be due o non-retention of

enough surface moisture Jor lonter periods which is
unfavourable for the spores to  Jerminate and  cause
infection. In droopiny leaves , th2 sceope for retentlon

of more surface moisture for longer pericds 1s greater.
The low intensity of rust disease 1n wneat varieties
having erect leaves has been reported by Kaur and Dhillon
(1985). According to Ju (1985}, the leaves of rice plants
become soft and drooping with low silica content resulting
in high disease intencsity. In the present studies higher
silica content observed 1in erect leaves of ring spat
resistant varieties {(Table 30 and 31) could alsc be one of
the reasons for low incidence of the dicease in erect

leaved varieties.

In view of the above, sJgarcane varieties with
erect leaves could bhe used in the ktreediny proyrammes for

developing ring spot resistant varieties.

5.6.4 Moisture stress and water stagnation on disease
intensity
The effect of moisture stress and water

staynation on the intansity of the disease was studied ir
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comparison with normal irrigation, in different varieties.
Significant increase in disease intensity was observed in
all the varieties both under moisture slress and wabtcr
stagnation as compared to normal irrigation conditions,
except in the clone 34A15% (Table 29 and Fig. ). The
mean PDI under normal irr:gation condition was 31.7 while
it was 40.2 and 39.5% under moisture stress and water
stagnation respectively. This sitcation was also observed
in cultivators' fields dursing the survey, especially in
the ceoastal districts of Andhra Predesh. lack of adequate
moisture and water stagnation are two extreme conditions
under which there is severe stress on  the plant paris
leading to debilitated <condition »f the host. 1t is
therefore not surprising that in either case, there was
significant increase in disease intensity compared to a
normal irrigated crop. High inc:idence of ring spot was
reported earlier under moisture stress (Ricaud, L1969 and
Echavez Badel, 1990) and water staynation (Butler, 1914,
Vander bijl, 1921; Caminha, 193u; FkEchavez Badel, 1999,
conditions. Increased incidence of Pythium root rot and

pine apple disease (Ceratocystis paradoxa) under water

stagnation (Agnihotri, 1990) and wilt disease (Cephalo-

sporium sacchari) under moisture stress (Sarma, 1976 have

also been reported in sugarcane.

At present, soil application and foliar sprays of

potassium are being recommended for rainfad sugarcane to
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tide over long spells of drought (RARS, anakapalle, 15925,
This recommendation would be usefil in the present context
also since potassium is found to confer reésistance to ring
spot. In addition to tnis potassium also maintains the
vigour of the crop (RARS, Anakapalle, 1992}, as far as
water logged conditions are concerned community efforts
have to be encouraged for providing proper drainage to

minimise the incidence of the dicease.

5.6.5 Effect of silica content of leaves on disease

intensity

The silica content t(Tables C and 31) in tne
leaves of susceptible varieties/clones was observed to be
low (1.42 to 1.71%) as compared to resistant varieties
clones (2.01 to 2.14%). The higher silica content in
resistant varieties/clones <correlated with low disease
intensity of 4.6 to 7.8 per cent while Low silica content
in susceptible varieties resulted in higher disease inten-
sity of 40.1 to 66.2 per cent. With every 0.l per cent
increase in the silica content of leaves the disease
intensity decreased by 9.5 per czent {Fig.7). Similar
observations were made by Nonaka et al. (1958) with stem
rot of paddy (L. salvini), Leusch and 3uche nauer (14984}
with glume blotch of wheat (L. nodorum) and Egan {! 89}

with brown stripe of sugarcane (Cochliobolus stenospilus).

The role of silica content in offering resistance to blast
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disease of rice hac been extensively studied (Hemmi, 1933;
Suzuki, 1934; Ishizuka and Hayakawa, 195Y; ©Qu, 19&5).
The reduced ring spot intensity in resistant varieties/

clones of sugarcane migh: be due to the following reasons.

a) The ring spot pathogen was reported to penetrate the
leaf tissues directly to cause iafection t(Bulter,
1%18j). The increased silica content 1in resistant

varieties might have offered resistance for the

direct penetration of the pathogen.

b} With increase in thre silica content the leaves beoaomne
erect and are subject to less infection. This was
suggested by ©Ou (198%) working with rice. This

appears to be a possible reascon since the resistant
varieties/clones ol sugarcane tested, possessed erect

leaves.

5.7 VARIATION IN RING SPOT PATHOGEN

Work on the variability of the pathogen causing
ring spot disease has not been attempted by earlier
workers. The behaviour of six isoclates of the ring spot
pathogen, from different wvacieties and locations of
coastal Andhra and Telangara was studied for their

cultural, morphological and patacloyical characters.

No appreciable differ=nces were cbserved either

in cultural characters or spore dimensions (asexual and



sexual) of the six isclates studied (Table 37), althouyh
there was slight variatior in the nature of spotting. Tho
spore measurements fell within the range reported oy

Abbott (1964).

Variation in pathogenicity amony the isolates was
also not observed in the present study. Even among the
fifteen varieties tested, no single variety has shown
differential reaction and all the tisolates hehaved
similarly in their virulance pattern {(Taible 33). Kaiser
et al. (1979) reported variation in growth rate, sporuta-
tion and colony characters of 1solates of . Dbicolor
causing leaf scorch in sugarcane. There appears to ke no
other report on the variability of L. pilcolor and ..

taiwanensis in sugarcane. Howewver, several workers have

conducted studies on the variability of Leptosphaeria spps.

in different crops. Variaticn in the virulence pattern of
isolates of L. nodorum wes reported by kRufty et al. (198ly
and Allingham and Jackson (1981) in case of wheat. But
Scott and Benedikz (1981) while studying the behaviour o»f
isolates of L. nedorum and L. aveparia or. different varie-
ties of wheat, found no consistant differences in type or
degree of symptoms or in the reaction pattern. Similarly,

Humpherson Jones and Ainsworth (1984) detected no varia-

tion in strains of I,. waculans o1 oil seed rape.

It 1s therefore reasonable to presume that

strains exhibiting pathological specialisation or isolates



differing 1in aggressivenass in the rinyg spot inciting
fungus do not seem Lo exist atleast 1in coastal Andhr a

Pradesh and Telangana.

5.8 ROLE OF SOIL, HOST DEBRIS, CANE SETTS, IRRIGATION

WATER AND LEAF CONTACT ON THE SPREAD OF THE

DISEASE

The mode of transmission «f ring #pot disease has
hitherte not been clearly established. Iin the present
study among the six agencies tested (Table 34), contact of
diseased leaf with healthy leaf f{ollowed by water spray
was found to be the rost effective means of spread (53.°
to 64.9 PDI). The efficacy of tais method may be due to
availability of abundant inoculum close to the leaf and
concurrent availability of moist conditions provided by
water spray. The conldis are liberated as a cirrus in 2
gelatinous mass from the moist pvecnidia and are aided by
the water spray for dispersal. Abbott (1964, opined that
transmission of ring spot was apparently by wind or rain
borne spores. Lo (1961) also stated that wind blown rain
and dew are indispensable for the dissemination of conidia

of Stagnospora sacchari (L. bicolox}. The conidia could

not be trapped even on very windy days when there was no
rain or dew. Dispersal of pycnidiospores of L. nodorum in
wheat (Rapilly and Skajennikoff, 1974; «riffith and Hann,

1976; Royle et al., 1987) and L. maculans in rape

[



(Nyvall, 1979; sundarmadi and Wallace, 1984) by raln

spilash has been reported corlier.

Diseased host debris, preservec dry for six
months and spread at the base of the clumps, produced the
disease (20.7 to 29.7%), while =<he debris that was
incorporated in the soil failed to do so ('lable 34). The
failure of transmission through the debris incorpoerated irn
the soil might be due to jreater hiodegradation and non-
exposure to the beating rain and wind. The host dJdehlris
that was spread above the soil was more exposed to the
splashing rain during October-jNcvembher enabling the
production and liberation of conidia to come in contract
with lower leaves., Trensmission of ring spot disease
through infected old dead leaves with the aid of rain
splashes was reported by Jones (1l967). ‘e effective role

of 1infected leaf debris in the spread of Leptesphaeria

spp. on several other crops has been well established,
Transmission of L. noderum in wreat {Holmes and Colhoun,

1975; Mehta, 1975; Sanderson &nd Hampton, 1978; Rufty

I

al., 19819 and Magnaporthe salvini in rice (Bockus et

1]

1., 1979; Singh, 1973) througn infected straw was
reported. Stubble debris of rape from previous season was
reported to be the main scurce of black leg infection (Mc
Gee, 1977; Sundarmadi and Wallace, 19%4; Gladders and

Musa, 1980).



In the present study. it was observed that cane
setts with infected leaf tissue, scil adjacent to a highly
affected clump, or irrigation water failed to spread the
disease. Eventhough the conidia are washed on to the soil
from leaves, it has not been possible to obtain infection
from the soii. Prohabkle reason for lack of any incidence
in this treatment couvld be the non-availability of
sufficient viable incculum. Matsumoto et al. (1955} from
Taiwan also had similar experience while working with i.
bicolor in sugarcane, The failure of transmission of the
disease through irrigation water might possibly be due to
the conidia germinatinc long before reaching the host
leaf. The failure of sett transmissicn even when there
was infected leaf tissue adhering to the seed piece might
be due to the pathogen Leing unable to reach and infect
the emerging young shoot. The failure of sett trans-
mission of L. sacchari (Abbot, 1964); L. bicolor

(Matsumoto et al., 1955) and Mycovellosiella koepkei

(Ricaud and Autrey, 1989) was reported in sugarcane.

The results indicate that the infected debris of
the previous season present on the soil surface serves as
an important source of primary iacculum and the infected
leaves help in the secondary sprzad of the disease during
rainy weather as obtained in the results of the present

study.



5.9 HOST RANGE

Twenty plant species belonging to both monoccts

and dicots were tested to study the host range of the

pathogen under artificial inoculation. out of them, onlvy
Saccharum spontaneum {(Rellu and SES.594) developed
symptoms of ring spot (Table 35). Symptoms of ring spot

were also noticed on S. spontaneun (Reillu and SES.594)

under natural conditions at Anakapalle, but the size of

the spots was smaller compared to that on 5. officinparum.

Similar observations were also made by Butler (1918&).
Misra t al. (1971) fromn Bihar cbserved L. sacgchari on

Saccharum munja Roxb. (Tiger grass) for the first time.

S. munja is considered to be genitically «¢lose to &,

spontaneum. Hudson (1960} frorm Jamaica stated that L,

sacchari has not been noticed <n any host other than

Saccharum Spp. However L. icolor Ln sugarcane also

occurred naturally on Miscanthus sinensis and on artifi-

cial inoculation on Sorghum vulgare in Taiwan (Lo et al

L

1953}, This pathoyen also occurred naturally on 5,

spontaneum in Philippines, and under artificial inoculated

conditions on §. spontaneum, Miscanthus sinensis, Imperata

cylindrica and Sorghum halepense (Exconde, 1963). Subsis-

tence of L. bicolor on S, spontaneum was also reported by
Sampang et al. (1980) from Philippines. Contrary to this,
Kaiser et al. (1979) from Kenya reported that L. bicolor

was pathogenic to several sugarcane cultivars, but not or



only weakly so to napler yrass (lennisetumn DUrpuraeum)

maize, rice and sorghur.

The results of the present study indicate that 5.

spontaneum acts as a collateral host for }. sacchari. ‘The

implication of these observations is that S. spontaneui

hacbours the pathogen and aids in  the long term
persistence of the disease even in the absence of
susceptible cane varieties. Since 3. spontaneum 1s 4

widespread perennial weed 1Ln many sugarcane growing areas,
systematic eradication of this weed might he of some helip

in reducing the severity of ring spot.

5.10 REACTION OF SUGARCANE VARIETIES/CLONES TO RING

SPOT DISEASE

The wultimate econcmic towl for tne field control
of diseases 1is release of varieties wvith high level f
genetic resistance to specific diseases (Stevenson, 196%;

Sturgess, 1980). Routine selecticn for disease resistance

and evaluation of available germplasm 1is rather a
compulsion even when the disease appears Lo be at a Ll
ebb. Evolution of resistant varieties for the control or

ring spot disease has been recommended by several workers
{Cook, 1925; Bourne, 1934; Nyvall, 1979). In the
present studies several popialar and promising

varieties/clones were tested agaiist the disease {(Tables

36 to 39).,



Examination of ¢ata in Pable 3t, wherce discas?
severity over a periocd of eight mont hs is presented, shows
the influence of time or. the intensity cf the disease.,
Five varieties/clones wviz., CoA 89(C81, H84Al155, 86a444, Co
85045 and 83A106 recorded less than 10 per cent 1ncidence
even six months after inoculation. These varieties/clones
have longer incubation period and slow lesion development
as in the case of wheat irfected by L. nodorum (Cunfer et
al., 1988). The disease intensity increased substantially
during 2nd (October), 3rd (November) and 4th (December;
months after incoculation (MAI}. 1t might be due to inter-
mittent rains received during Qctober and November (Table
3 at para 3.l1}). Further increase in disease intensity was
observed in the 5th (January) and 6th (February) MAI, but
it was only marginal. This increase might be due to dew
fall received during the period, The disease iIntoensity
tended to decrease from 7th (March) and 8tnh (April) MAj
(Fig. B8} which might be attributed to the rise 1n
temperatures. Similar observations were raported by North
(1923). The results (Table 36) show that the minimum lag

period between inoculation and final estimation should be

six months.

Out of sixty varieties/clones tested by adult
cane inoculation method, seven rescted as resistant, two
as moderately resistant:, seventeen as moderately

susceptible, twenty one as susceptible and the remaining
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nine as highly susceptible (7Table 7). AMON tLhe
important commercial varieties (A 89081 showed resistant
reaction while Co 7219, <CoT 8201, Co 7796, Coa 7601, Co
6907, CoA 8401, Co 8013, CoC E71, Co 975, Co 8021, oA
88081, CoA 89085 showed susceptible to highly susceptibie
reaction to the disease. These susceptible varieties
occupy large areas in the cane growing dilstricts of
coastal Andhra Pradesh and alsc  exhipit high disease
incidence even under natural conditions. Since most  of
these varieties possess good yield and gquality attributes,
they should be grown with utmost vigilence by taking uu
timely spraying of foliar fungicides. The reaction of
sugarcane varieties to rinyg spoet disease was reported by a
few workers. Varioties PoJ2825 and 878 were found
resistant in Cuba {Bruner, 1940, while an important
commercial variety FLl08 was highly susceptible to the
disease in Taiwan {Matsumcto, 1952). Varieties Co 453, Co
617, Co 838, 8345/52 (Sandhu et al., 1963), Mauritius 16
(Dutta, 1969), Co 313, Co 1138 and B.0.17 (Singh and
Pavgi, 1989) reacted as susceptible while 3.0, 32, Co 2435,
Co 312, Co 314, Co 416, Co 445 and Co 1007 reacted as

resistant (Singh and Pavyi, 1969%) under Indian conditions.

Forty wvarietiles/clones which were screened by
adult cane inoculation vere also evaluated by Rajoony
methoed (Table 38}, More than S0 per cent of the

varieties/clones showed similar tyse of reaction in  both



these methods (Tablie 39 and Fig.9). put the FDHE wae

slightly more in Rajoong metihcd. It may be  due Lo

Juvenile susceptibility. Singce  the :difference in  PDI1
between the two methods was marginal, Raroonyg method which
cuts short the testing period by 3 months, has been
preferred. Rapid screening of sugarcane varieties/clenes

o red rot using Rajoongs has beer recommended by Prasada

Rac (1984).
5.11 CHEMICAYL, CONTROL

out of the thirteen fungicides tested in vitro
(Tables 40 and 41) Bavistin (10 ppm), Topsin-M (20 ppm},
Calixin (50 ppm), <Zaptaf (200 ppm), Dithane M-45% {J00
ppm), Blitox (200 ppw), Bayletor (200 ppm), Dithane 4-78
(500 ppm) and <Chlorothalonil (500 ppm) were found
effective. Of these fungicides, six were selected for
field use, based on thelr availability ard economics. In
the field tests three sprays of Captaf (0.3%), Blitox
{(0.4%), Bavistin (0.1%), Dithane ¥-45 (0.3%) and Topsin-!
(0.1%) at nwonthly intervals, starting from disease
initiatioen, significantly reduced rhe disease intensity in
the wvariety Co 7219 {Tabkle 43 and Fig.l?) with slight

increase in yield and significant increase in Juice

quality. Effectiveness of c¢hlcrothalonil against L.
nodorum {Eynard and Shepard, 1390); Carbendazim and

Thiophanate methyl against Magnaporthe salvini (Ramsingh

et al., 1988) in vitro was reported earlier. 1In the past,
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several workers studied the effect of fcliar sprays wvith
systemic and non-systemic fungiiices ob several follar
diseases of sugarcane &nd diseases incited by Leptor
sphaeria spp. in different crops. Among the attempts made
on sugarcane diseases Bordeaux mixture (1l%) on L.

sacchari, (Govindaswamy and Alagia Nagalingam, 1981},

Dithane Z-78 on L. taiwanensis (Leu and Hsieh, 1869) and

copper oxychloride against Cochlicbolus stenospilus (Ahmed

et al., 1976), Mycovel.osiella koepkei (Prakasam and

Satyanarayana, 1969, and Bipeolaris saccharli ({(Kumaraswamy

and Urs, 1978) wcre observed 1o be effective in reducing
the disease intensity. Reduction in the intensity of
glume blotch of wheat with increased yields was observed
by spraying Maneb and Benomyl (Spiertz, 1973; Jacobsen,
1977), cCalixin and Tops.n-M (Opgpitz and Hoeser, 1Y7&;,
Dithane M-45 (Barros et al., 1984), <Captafol (Zwartz,
1979; Mielke and Ahlf, 198%) and Bayleton (Christ and

Frank, 1389). The effectiveness of Carbendazim and

Topsin-M in reducing stem rot (Magnaporthe salvini) of

rice and increasing yields was observed by Li et al.

(1984), Ramsingh et al. (1988), Shahjahan et al. (1988),

while in rape, Carbendazim and Calixin effectively reduced

the intensity of black leq {(Humpherson Jores and Burchill,

1382).

There was no significant increase in yield {(Fiy.

11} and its parameters like lengtl and diameter of the






cane in the cultivar Co 7219 by spraying fungicades (1able
44). As the disease¢ intensity was observed to be fast and
progressive at the fag erd of the c¢rowth phase, it might
not have affected the crowth paremeters like length and
diameter of the cane. Feak intensity during the maturity
phase might have affected the yield parameters tc a
certain extent resulting in slight reduction in cane
yield. However, the szucrose was significantly imprcved
{Fig. 12) along with other julice guality parameters in all
the treatments as compared to untreated control {Table
45} . The maximum disease intensity during the maturity
phase (November to .January} must have affected the photo-
synthesis and therecby reduced suyar accumulation in  the
plant. Similar results were obtained with yellow  gpot
disease of sugarcane by Prakasam and Satyanarayvana (1%69)
and Ricaud et al. (1980, where copper oxychloride (0.4%)

and Benomyl (0.1%)} were used as foliar sprays.

The studies on field testiny of fungicides
revealed that spraying Captaf {0.3%), Blitox (0.4%:},
Bavistin (0.1%), Dithane M-45 (0.3%) or Topsin~M (U.l%}
thrice at monthly interval not only reduced the disease
intensity significantly but also significantly increased
the Juice quality ccoupled with slight increase in yield.
Eventhough Calixin was not useful in reducing :disease
intensity and increasing the cane yield, it significantiy

improved the Jjuice quality which might be due to the






dehydrating effect of the fungizide. Similar observations

were alsco made with rust ©on sugarcane (RARS, Anakapalle,

1979)., Future studies on this aspect are needed.

5.12 LOSSES DUE TO RING SPOT DISEASE IN DIFFERENT

SUGARCANE VARIETIES/CLOMES
5.12.1 Loss of chlorophyll due to the disease

The stndy revealed trat chlorophyll 2 aml b
contents decreasec in unsprayed canes over captaft sprayed
canes in all the test vari=ties,. In the resistant
varieties/clones there was not  much variation in

chlerophyll a (1.37 to 5.25%) and b (2.84 to H.41%)

between sprayed and unsprayed canes (Table 46, I'ni
susceptible varieties the per cent reduction in
chlorophyll a and b ir unsprayed canes ranged from 19,9]
toe 52.33 and 28.19 to 49.11% respectively. Highly

significant positive ccrrelation was also observed between
PDI and reduction in chlorophyll a and b in susceptible
varieties (Table 47). This clearly indicates the sensiti-
vity of these varieties to ring spot with respect to
chlorophyll content. Though the o¢ontents of Loth
chlorophyll a and chlorophyll I were reduced in the loavec
of unsprayed canes, the reduction of chlorophyll a was
mere as compared to chlorophyli b, I'ne loss of chlaro=-
phyll indirectly affects the net photosynthetic activity

nf the plant. The loss of overall chlorophyll content



with reduced photosyntnetic activity in fungal leat  spot
diseases of sugarcane has been reported (Agnibotri, 1aa0;.
hoss of chlorophyll due to: L. bicolor 1n  sugarcane

{ Exconde, 1963; Sampaiy and Reyes, 198%}, L. glumaruw in

wheat (Karjalainen and Karjalainen, 1990) have hLeen

reported.

5.12.2 Loss in length of millable cane, diameter and

weight of cane

The loss due to ring spot on length, dlameter and
weight of cane WES studied in 20 sugarcane
vaireties/clones under sprayed and unsprayed conditions.
There is significant reducticn in cane length, diameter of
the cane as alse cane welght in anspraved canes over
sprayed ones (Tables 50 to 53). In the present study, the
per cent loss in <Tane welght was found o be negligibilc
(.00 to 0.78%) in wvarieties,~lones ({84A155%, B6Al44,
8I1A106, Coa 89081, (o 8504%) which recorded less tharn 10
PDY, while it was more (7,21 to 11.85%) in four varieties
viz., (Conr 8B40Ll, <Co 219, ¢ 7636, o 85044) whicoh
recorded 50 PDI and more. With every one unit increase in
PDI value, the reduction in length, diameter and weight of
cane increased by 0.14 cm, ©.17 cm and 0.17 kg respec-

tively {(Table 54 and Fig. 13).

The quantitative estimaticn of losses due to ring

spot disease by controlling the disease with funyicides
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for effective compartison, ttas not peer repoer ted
previously. Butleyr (.918) ogined that no considerable
damage was caused by ring spot disease inspite of severe
attacks in Burma on thick canes than on thin canes. DMNovth
(1923) from Australia and Altson (1926 from ouiana
reported severe out breaks of ring spot. Appreciable
damage in susceptible vérieties from Cuka (Bourne, 1914;
Bruner, 1944Q), ruiana (Altson, 1926} and Madagascar
(Moreau, 1949) and slight damaje from Yenezula (Muller,
1941) have been reported. According to Agnihotri (19H0)
the losses caused by ring spot have not been worked ot
because it was presumed that the losses were almost neqli-
gible and the disease, by and _arge, was considered of
minor importance buat opined that it could be dangerous.
Cane vyield reductions uwsto 10 to 30 per cent due to  leat

blight caused by L. taiwanensis (Yen, 1964; Leu and Hsieh

(1969) and 17 to 25 per cent due to leaf scorch caused by
L. bicolor (Lo and Ling, 1950; Exconde, 1963; Sampang
and Reyes, 1980) were reported. Marked reduction in cane
length, diameter as well as number of green leaves due to
Lleaf scorch resulting ir reductiosr of cane yield of 32.8
per cent was reported by Sampang angd Reyes (1985). Yield

reductions due to Leptosphaeria infection in other c¢rops

like wheat (Wafford and Whitbread, 1978, Luz, 1954 ;
Roux, 1984; Karijalainen and Karjalainew, 1990} and rice
(Paracer and Luthra, 19441 and Rangaswam,. 1979) have been

well documented.



5.12.3 Loss in quality of cane juice

Several (ualitative characteristics of cane Juice
are affected as a result of the disease in <0 sugarcane
varieties/clones tested. There was a fall in total
solids, sucrose, suice purity and pH while an increase was
noticed with respect to glucosa and electrical <ounducti-
vity of juice (Tlable 5S5). Witn every one unit increase in
PDI value the reduction in total sclids, sucrose content,
purity and acidity of juice increased by 0.27, 0,32, L.07
and 0.003 units respectively. Similarly, the increase in
glucose and E.C. was found to have increased by U0.004 and
0.015 wunits respectively with every on< unit increase in
PPI value (Table 63 and Fig.l4; Yen {1964) and Leu and
Hsieh (1969} reported loss of sucrose in juice due te L.

taiwanensis. A reduction of 10-36 per cent in uice

sucrose (Lo and Ling, L950; txconde, 19%63; Sampang and
Reyes, 1985) and 3.7 to 16.3 per cent in total solids (Chu
and Tsai, 1952) has been reported due to infection by L,
bicelor in sugarcane. Reduction in juice sucrose and
purity due to yellow spot has been recorded by Prakasam
and Satyanarayana (1969), Reduction in juice sucrose,
total solids, Juice purity and oH and increase in glucose
and electrical conductivity of juice due to redrot {Omkar
Singh and Waraitch, 1377; Achutarama Rao and  Satya-
narayana, 1983) and leaf scald (Satyanarayana, 1985) have

been reported. In the sresent study, a maximum reduction



AT s HIAU JIATHAOND N S5 IRIN/NOILONOgEN Y ol 3L a2l

SH3LOVHVHD JAILVLIITVAD NIVLIEID ONV 3NVD Q3AVHISNA NI 1Qd N3IIMLIIE JHSNOIY 1Y 3HL - By

1a 4 1 C d tCd
0L 09 QS 07 0E Q¢ Ot 0L 09 0S QY Q¢ 0Z Ol Gc 09 05 0Y 0£ 02 G
i i ] X L [ | Y 3 1 A 1 i i i 1 L L [
() 0 0
- 0L'Q -20°0 - {00
-020 70 0 ~700 2
-0€0 _ L9070 900 =
070 S g0 = -800 =
Lose - g 2 -gip =
090 = bzl 210 =
oo 040 - L oo o F LG =
£ 08 O * 510 - 940 -
/ 060 \ 210 1
. - 00t \ 020 ; r0dC
XES10 04052 0-e4 [0 X0E000+£500 0-=4 | ¢2 0 XSE00 0~ 200-=4 | °4°
1Y A LA B PPN . v o Lern
1ad ) 1ad ey ) 'ad
0. 09 05 0 0€ O 01 04 09 05 0% 0€ 0 04 0L 09 0S 07 O£ 0Z 0L
; -y O i L Y [ 1 i .c- 0 1 1 o [l 1 i b O
O 1 Z
24
7 = ... = m - =
s 2 - :
s 2 2 x
REE = S
-8 2 - &
. L6 = z )
XLOC+L 0-7A
v
-t -7
- b \ - 77 - 17
A . : . X170+ €€ 1-2A
it XEE0+890-=4 Ly v - 47



of 22.88 per cent in juice sucrose in o 7636 was obsorved
(Table 5%), indicvating the adverse effect of the Jdircasc

on recovery of sugar or jaggery.

There was pragressive reduction in cane weldht
and Jjuice sucrose due to ring spot infection in aill the
test varieties/clones in maturity phase particualarly in
susceptible varieties (Table 6% and Fiy.lo). This reduc-
tion might be due to progressive increase in the disease
intensity from the starting of maturity phase (November )
ti11 harvest 1in February (Table 64 and Fig.l5). The
losses in cane weight and juice guality might be attri-
buted to reduced photosynthetis activity towards the Ffay
end of growth phasc and entire waturity phase. Reduction
in yields due to loss of chlorcphyll and  yeduced proto-

synthesis 1in many fungal leaf spot diseases of crops have

bheen reported (Adrios, 197&). Loss in vield due to
reduced green leaf area in rinj spot (Singh, 1978 nd
leaf scorch (Exconde, 1963; Sampang and Feyes, 1985 of

sugarcane and glume FElotch of wheat (Karjalainen and

Karjalainen, 1390) has alsoc been recorded.

As the disease causes losses in yield and julce
guality, both the farmer and sugar factory management
incur losses when susceptible varieties like Co 7219, Co
975 and CoT 8201 are yrown in large areas. As the cane
price is fixed in a fac:ory based on the sugar recovery,

the cultivators incur loss from ring spot. both due to low
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tonnage of cane and low cane price pald per tonne due e

loss in sugar recovery .

Future stadies on development of gynthetlo media
for production of paerithacia and ascospoares, wechanism of
disease resistanae, digease cyole, raole of  perithecia,
ascospores 1in the production and perpetuation of the
disease, effect of different levels of N and K fertilivers
on disease intensity in different resistant and suscep-
tible cultivars, nature of inheritence of disease resis-
tance, effect of disease on jagjery vield and guality are
required to have a much better understanding of ring spot

disease of sugarcane.



SUMMARY



CHAPTER VI

SUMMARY

Ring spot ol sugarcane caused by Leptosphacria

sacchari van Breda de Hann, considered a disease of minor
importance, started appearing in severe form since 1985-86
after the introduction of varieties like Co 7219, Corl’

8201, Co  97% and CoF 8001 on commercial scale in Andhro

Pradesh, Indiz. The endemic and serious nature of  the
disease in most of the cane growing areas of the state
particularly in c¢oastal districts of Andhra Pradesh

prompted taking up investigations reported in this thesis
at Regicnal Agricultural Research Stataon, Anakapalle
situated in North Coastal Andhra Pradesh. The results ot

these investigatiuns are summarised beliow.

Developmaent of symptoms in nature was studied on
four popular varieties of sugarcane viz., Co 7219, CoT
8201, Coh 89081 and Co 85045. The symptoms of the disease
were observed only on the laminar rejion but not on leaf
sheath and cane stalk. The spots are oval to irregular
with reddish brown margin and with straw coloured «centre
in which perithecia developed as black dots. The spots
coalesced resulting in drying of large part of the leaf
followed by promature senesoonee. I Co 7219 and  CoT
8201, except 3 to 4 leaves it the Lop, the Cemalning

foliage dried up at the time »f harvest Aduring February.



(n CoA 89081 and ¢ 83045 onl, few spobts woere produced and
ne  premature sen2scenoe Was natyoed. Ther  toLe ot
appearance of the disease and shape and sive of the @ pots

varied among varioetiles.

Iscolation from immature spots ielded Nigrospora

sacchari, Curvularia lunata, Phyllosticta saccharicola and

Bipolaris sacchari, Isolations from mature spots did not

vield perithecia but produced pycnidia and pycnidiospores

of Phyllosticta saccharicola abundantly. Both single

ascospores and pycnidiospores yielded cnly pycnidia one
month after inoculation on different redia. Perithecia
and ascospores were however olroduced in  abundance  ou
sterile host leaf bits of susceptibile varieties Co 7219,
o 7636 and Cot ¥201 inoculated with ascospores froown
mature spots when vitamins and sucrose were added and

incubated at 24% and 26°C and exposed to alternate 1ight

and darkness for 1. hours each for 18-.1 days. Following
perethecial production, pycnidia of P sacchariconla
developed on theso lecf bits three woeks later. The

measurements of fruitirg bodies and spores produced  both
sexually and asexually in nature as well as in culture

agreed with those of L. sacchari and P. saccharicela

respectively as given in CMI descriptions.

Pathogenicity tests conducted with L. sacchari

and P. saccharicola on Co 7219, cCoT 4201 and o 7636

resulted in clear develocment of typical ring spot lesions

—



while other fungal isolates «did not produce  typiroal

symptoms.

out of several media tested, ocorn meal agar and
bean meal agar were fouvnd good for wycelial growth of L.
sacchari whereas DA + cane leaf extract and OMA  +  Tane

leaf extract were bettor for both grovth and  sporulation

of P. saccharicola.

For estimation of disezse intensity, a U-9 saale
was developed based on  the pers cent  green  leaf  arca

affected.

Survey 1n  th» three regions of the state of

andhra Pradesh i1ndicatzd that the disease intensity was

severe in cecastal Andhra Pradesh and Telangana but
negligible in Rayalaseema particularly in Renigunta
factory area. The disease in=ensity was observed t.. bc

more under stress conditions particularly in c¢lay loam
soils where high doses of titrogen fertilizers were
applied. Ratoon crops in most of the areas recorded uore

disease intensity compared te plant crop.

Among  the four successful inoculation techniques
tested, spraying conidial suspension on the leaves was
preferred as 1t was found t3> be easy and simple  to

operate.

iy



Out ot tiwe scoreening  moebthoos Lried, B j ooy
method of screening was preferred e&s 1t was raprLcd,
reliable and saves tuwo months: time conpared  tu  other
methods.

The disease 1nuensity increased progressively and
significantly with increased level of nitrogen from G to
112 and 112 to 224 ky 1aﬁl. No significant increase  in
the intensity was ooserved from 224 to 336 kg ha_l. Appli-
csation of phosphorus at 100 kg haul did not influnece the
disease severity, while potassium at  the same level
reduced the disease incidence significantly. The PbDI
exhibited highly significant positive correlation witih pet

cent leaf nitrogen and highly significant negative ¢orre-

lataion with per cent sheath potassiun.

Studies indicated that aje <¢f the crop had no

effect on discasc intensity,

Highly significant negative correlation Was
observed between PDI &nd angle of the leaf, and silica

content of the leaf.

Irrespective of the wvariety, the disease

intensity was noted t¢ be more under moisture stress (7.8

to 81.7%) and water stagnation (8.1 to 79.8%) compared to

normal irrigation (6.1 to 65.2%).

Six isclates of P. saccharicola (L. sacchari}

from different variet es and lovations did not show any



variation in their cultural, mirphclogical and pathalogl-

«'al characters.

The discase uvas observed too spread mainly thi cuyh
contact of diseased leaf with healthy tecaf and  Lnfected
host debris on tne sarface ©f soil avr the base of the
rlumps. Soil, irrigation water, cane setts with infected

leaf tissues did not aid in the spread of the disecase.

In the host range studies, oat of twenty plant

species inoculated wonly one v.z., Saccharum spontaneum

{Rellu and SES.594) toosk infection and produced typical

ring spot symptoms.

For assessing varietal reaction, it was found
desirable that final dizease assessment be made six months

after inoculation.

OGut of several varacties/clones of sugarcane
screened by adult cane and Rajoong metnod of inoculation,
¥ wvarieties/clones viz., Co HS504%, Toh 89081, E34a106,
B4alss, 8HoeAddd, To BHG3Z, W7al42 and B7A27Y9 were found
resistant and fourteern important cormercial varieties
viz., Co 7219, <CoT 8201, CoA 8401, <=o 7706, Co 419, COA
7602, Co 62175, Co 6907, Co 8013, CoC 671, Co 975, Co &0Z1
and CoA 89085 were found susceptible to highly suscepti~

ble. Screening by Rajoong nethod »f inoculation was

preferred as it is rapii and reliable.



Bavistin, Topsin=-M  and Calicin at 10 ko 50 ppm;
(‘aptaf, Dithane M-453, Blitox, Captatol and Bayleton at 200

ppm  and Dithane 2-78 and chloracthaloni]l at 500 ppm  were

nffective against P. 3accharicola in vitro. out of the
six fungicides tested in vive for  their efficacy  1in

controlling the disease on the susceptible variety <o
7219, five fungicides viz., Captaf (C.3¢;, Blitox (0.4%14,
Bavistin (0.1%), Dithane M-49% 1.3%) and ‘lopsin-N (. 1%)
not only significantly reduced the dis2zase instensity but
also significantly increased the juice quality. Sprayiny
with fungicides did not affect the yield parameters

significantly.

Significant reduction in the »hlorophyll a and b
contents due  to  the disease was  obsarved in all  the
susceptible varieties tosted. Reductiosn was more in case

»f chlorophyll a than tnat of chiorophyll b.

Ring spot infestion was found to adversely affect
hoth gquantitative and qualitative cha:acters 1o twenty
varieties/clones stadield. There was sigqnificant reduction
in length of millable cane, diameter and weight of cahe in
unsprayed canes comparad to captaf sprayed canes. With
every one unit increase in PRI, reduction in length  of
millable cane, diameter and welght of cane increased by
.14 cm, 0.17 cm and 0.17 ky respectively. There was a
fall in total solids, sucross, purity and pll of Jaice

while there was an increase is glucose and electrical


file:///Mtro

conductivity of juices of unsprayed canes. With every one
unit increase in Pl value, the reduction in total solids,
sucrose content, purity and pH of juice increased by t.27,
0.33, 0.07 and 0.003 units respectiveliy. Similarly,y the
increase in gluccose and £.C. increase« by 0,004 and C.015
with ever, ne unit Increase 1o PDi

units respectivoel:

value.

With progressive increase in disease intensity,
there was progressive reduction in cane weight and Julce
guality in all the test varieties, especially in the

susceptible ones.

The present study revealed that incidence of ringy
spot disease of sugarcane was severe in coastal Andhra
Pradesh and Telangana and negligible in Rayvalaseema. The

intensity of the disease was ncted to b more under igh

nitrogen fertilization, moigture stress and vater
stagnation. The diseasz caused loss, both in cane welyht
and juice qguality in Jdifferent sugarcane varieties, The

intensity of the disease and losses could be reduced by
application of recommended dose of N fertilizer, applica-
tion of potassium at 100 kg ha'] in drought prone areas
and providing proper dra:nage in the ficlds. Spraying of
captaf (0.3%) or Blitox (U.4%) or Bavictin (Q.1l%) thrice
at monthly intervals from the initiatior of the disease

reduced the disease incicence and increased -uice guality.,
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