
STUDIES ON RING SPOT DISEASE OF SUGARCANE 

BY 

M. ACHUTARAMA RAO 
M Sc ( A g ) 

THESIS SUBMlTTtD TO THE 

ANDHRA PRADESH AGRICULIURAL UNIVERSITY 

IN PARTIAL FULFILMENT OF 'HE -lEQUlHEMENTS 

r-nR THE AWARD OF THE DEGREE OF 

DOCTOR OF PHILOSOPHY 

MM THE FACUL"^Y OF A G R I C U L T U R E 

ANGRAU 
Central ubraiy 

Hyderabad 

r;iM r!?A 

,: .0 

DEPARTMENT OF PLANT PATHOLOGY 

COLLEGE OF AGRICULTURE 
ANDHRA PRADESH AGRICULTURAL UNIVERSITY 

RAJENDRANAGAR HYDERABAD - 'JOOOSO. 

DECEMBER, I 9 9 4 



CERTIFICATE 

Mr.M.ACHUTARAMA RAO has satisfactorily prosecuted 

the course of research and that the thesis enritle^c 

STUDIES ON RING SPOT DISEASE OF SUGARCANE submitted Is t tit 

result of original research work and is of sufficient1> 

high standard to warrant its presentation to the examina­

tion. I also c;ertify that the thesis or part thereof has 

not been previously submitted by him for a degree of any 

University. 

Date : \>L-.12.19 94 (M.SUGUI^AKAR'REDD'^) 

Major Advisc;r 



CERTIFICATE 

This is to certify that the thesis entitled. 
STUDIES ON RING SPOT DISEASE OF SUGARCANE submitted ir 
partial fulfilment of the requirements for 
DOCTOR OF PHILOSOPHY IN AGRICULTURE of the 
Agricultural University, Hyderabad, is a 

the degree of 
Andhra Pradesb, 
record of ttu' 

bonafide research work carried out by Mr.M,ACHUTARAMA RAO 
under my guidance and supervision. The subject of the 
thesis has been approved by the Student's /\dvisor> 
Committee. 

other 
publis 
assist 
gation 
thesis 

No part of the thesis has been submitted for ant 
degree or diploma or has been Published. The 

had part has been fully acknowledged. All the 
ance and help received during the course of invest!-
s have been duly acknowledged by the author of the 

(M.SUGSNAKAR REDDY) 
Chairman of t:he Advisory C'->mmitte( 

Thesis approved by the Student's Advisory Committee 

Chairman 

Co-chairman 

Member 

\ \ 
(Dr.M.SUGUNAKiVR REDDY) 
Dean of Agriculture 
A.P. Agricultural University 
Rajendranagar. Hyderabad-50p 030 

V 

h. (Dr.Y.SATYANAilAYANA) 
Senior Scientist (Sugarcane) 
Regional Agricultural Research Station 
Anakapalle, Visakhapatnam District. 

{Or . G . V. SUBBAFLATNAM ) '-• . ^ • '»̂) 
Associate Professor 
Department of Entomology 
College of Agriculture 
Rajendranagar, Hyderabad-500 030. 

Member 

Member 

(Dr.v..RAMA KRISHNA) 
Plant Pathologist 
Regional Agricultural Research Station 
Anakapalle, Visakhapat.nam District. 

(Dr.K.BHAGAVANDORA) 
Sugarcane f̂ reede;r 
Re^gional Agricultural Research Station 
Anakapalle, Visakhapatnam District. 



LIST OF CONTENTS 

CHAPTER NO. TITLE I'̂ GE N( 

List of Tables 

List of 111 ustrat-ions 

List of Plates 

List of abbreviations 

Acknowledgements 

Abstract 

I INTRODUCTION 

II REVIEW OF LITEIU\TURE 

2.1 Distribution 

2.2 Symptomatology 

2.3 Isolation of the pathogen and 
establishment of pathogenicity 

1 

vx 

XJ 

xii 

x\v 

4 

8 

n 
2.4 Disease rating sceile and assessment: -i\ 

of the disease intensity 

2.5 Survey for disease incidence 2-4 

2.6 Methods for testing resistance to thie 2-̂  
disease 

2.7 Factors affecting disease development 28 

2.8 Variation in ring spot pathogen "54-

2.9 Survival and spread of the pathogen "̂ ^ 

2.10 Host range t^y 

2.11 Varietal reaction JQ 

2.12 Losses due t:o the disease ^.\ 

2.13 Control of the disease with 4J5 
fungicides 



Contd.. 

CHAPTER NO. TITLi^ I'̂^̂ Ê NO 
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sacchari 

ABSTRACT 

Ring spot of sugarciane caused by 
van Breda de Hann considered to be a 

Leptosphaeria 
minor disease 

became severe since 1985-86 wit.h the introduction of commer­
cial varieties like Co 7219, CoT 8201, Co 975 and CoR 8001, 
Detailed investigations were carried out on this disease 
from 1988 to 1991 at Regional Agricultural Research Station, 
Anakapalle, Visakhapatnam district, Andhra Pradesh, India. 

Symptoms appeared only on leaf lamina but not on 
leaf sheath and stalk. The spots were oval to irregulc'ir 
with reddish brown margin and straw coloured centres within 
which black dot like perithecia were produced. The spots 
coalesce resulting in drying of leaf followed by premature 
senescence. The time of appearamce of the disease and sha{)e 
and size of the spot varied from variety to variety. 

were not produced in culture, but pycn.i 
and pycnidiospores of Phyllosticta saccharicola 

produced abundantly on different media, 
however be 
7219, 

Perithecia 
dia and pycnidiospores of Phyllosticta saccharicola wei 

- _ Perithecia could 
produced on sterile leaf bits of varieties Co 

Co 7636 and CoT 8201 inoculated with ascospores when 
vitamins and sucrose were added and incubated at 24'''c 
26 C and ^ ^ -. . . . . 

and 
exposed to alternate light and darkness for 12 

hours each for 18-21 days. Pycnidia of P_̂  saccharicola 
developed later on tliese 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 rinc; 
spot symptoms. Out îf several media tried, OMA + cane leaf 
extract and PDA + cane leaf extract were found better bcitl 
for growth and sporulation of P. saccharicola. 
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For estimation of disease intensity a 0-9 scale was 
developed and used Ln the present study. The disease inten­
sity was severe in coastal Andhra Pradesh and Telangana but 
negligible in Rayalaseema particularly in Renigunta area. 

For inoculation, spraying conidial suspension on 
the leaves was preferred as ;i.t 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 increased level of nitrogen from 0 to 112 
and 112 to 224 kg ha~ . Application of potassium at LOO 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 of the variety disease intensity increased 
under moisture stress and water stagnation. 

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

The disease was observed to spread miiinly Lhirough 
contact of diseased leaf with healthy leaf and infected host 
debris on the surface of soil at: the base of the clumps. 

Eight varieties/clones viz., Co 85045, CoA 89081, 
B3A106, 84A155, 86A444, Co 85032, 87A142 and 87A279 were 
found resistant both under aduLt cane and Rajoong method of 
inoculation. 

Captaf (0.3%), Blitox (0.4%), Bavistin (0.1%), 
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 juice quality significantly with slight 
increase in cane yield. 

Chlorophyll a and b contents were significantly 
reduced due to the disease in susceptible varieties. Sign!--
fleant 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 unsprayed 
canes adversely affecting the quality of juice. 
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CHAPTER I 

INTRODUCTION 

Sugarcane ( Saccharum spp. Hyb:t.id) is an important 

commercial crop in many tropical areas of the world. It 

occupies a pride of place among the commercial crops not 

only in the state c;f Andhra Pradesh but also in the 

c;ountry. Sugarcane not only provides raw materia] to 

sugar industry but alsr) at the village level for jaggery 

making. In recent years sugarc:ane is also used as energy 

source and for the production of ethanol, methanol and 

methane gas and a range of chemicals used in industries. 

Bagasse, a valuable by-producrt from sugar industry is 

being used in paper industry, news print and 6ilso for the 

production of furfural and rayoii yarn. 

In India, sugarcane occupies an area of .•i.62 

million hectares with an annual production of 230.83 

million tonnes of cane according to final estimates for 

the production year 1992-93. En Andhra Pradesh, the crop 

is grown over an area of about 0.17 million hectares, 

producing about 12.35 irillion tonnes of cane (GoeL e_t a.J^. , 

1994) and the state occupies 5th rank for both area and 

production in India. Sugarcane is cultivated practically 

all over the state but large areas 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 croi: is also ra.ised under rainfed 

conditions in areas with relatively hiyn 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 is red rot (Glomerella 

tucumanensis speg.) followed by smut (Ustilago scitaminea 

Syd.) and grassy shoot (MLO). The foliage of sugarcane is 

attacked by a numbe^r of fungi that produce necrotic spots 

and lesions. Fifte;en foliar fungal diseases v/ere reported 

so far from Andhra Pradesh on sugarcane. Of these, eye 

spot (Bipolaris sacchari (Butl.) Shoemaker) and yellow 

spot (Mycovellosiella koepkei (Kr'uger) Deighton) are the 

two widely distributed and studied. Earlier, the ring 

spot (Leptosphaeria sacchari Van Breda de Hann) did not 

attract much attention of researchers in view of its 

'minor importance' ther. 

Ring spot caused by Leptosphaeria sacchari Van 

Breda de Hann was first reported by Kruger (1890) from 

Java. The disease has now been reported from 79 sugarcane 

growing countries of the world (Ricaud et_ aj^. , 1989). In 

India, the occurrence of the disease has been reported 

from Andhra Pradesh (Chona, 1958), Uttar Pradesh, Bihar, 

Bengal, Assam, ands Maharashtra (Singh, 197B), The 



disease was observed on sugarcane varieties Co 419, Co 

421, Co 449, Co 527 and Co :»9 7 cultivated in AruJhra 

Pradesh being conspicuous oi Co 527 (Prakasani 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 since 1985-86 after the intro­

duction of varieties Co 7219, CoT 8201, Co 975 and CoR 

8001 on a commercial scale in rlifferent factory zones of 

coastal Andhra Pradesh and Teiangana particularly under 

stress conditions. Numerous spots which appear on the 

leaves coalesce in due course resulting in reduction of 

net photosyntheti c area. Barring 3 ttj 4 young 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 in severe 

proportions in the terminal stages of growth phase and 

prevails throughout the maturity phase rejflecting on cane 

yield and juice quality. In view of the severe manifesta­

tion of the disease in certain cultivars, it is appre­

hended that it may prove yet another menace for successful 

cultivation of sugarcane in the state. 

Not much research vcjrk has been attempted 

anywhere in the world, since- ring spot was hitherto 

considered a min(3r disease. Realising the growing 

importance of this endemic disease in most of the cane 



growing areas of the state, derailed investxgations were 

taken up on the following aspect-S of the disease in the 

laboratory, glass house and f Leld between 1988-1.991 at 

Regional Agricultural Research Station, Andhra Pradesh 

Agricultural University, AnakapaLle. 

1. Symptomatology 

2. Isolation and identification of pathogen and 

establishment of pathogenicity 

3. Developing a disease rating scale for estimation 

of disease intensity 

4. Survey for assessment of disease intensity 

5. Inoculation and rapid screening techniques 

6. Factors affecting disease development 

7. Variation in the isolates of pathogen 

8. Spread of the disease 

9. Host range 

10. Varietal i-eacti.on 

11. Chemical control 

12. Losses due to t.he disease 

Results of investigations on the above aspects 

are presented and discussed in this thesis. 
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CIHAPTER II 

REVIEW OF LITERATURE 

The available literature on varicajs aspects (jf 

thie present investigations on tne ring spot disease and 

other foliar melodies caused by Leptosphaeria sp. on 

sugarcane and other crops is reviewed iti this chapter. 

2.1 DISTRIBUTION 

Ring spot is one of the older r-ecorded diseases 

of sugarcane having been first reported in literature by 

Kruger (1890) from Java ( Indones:La) . He; gave it the name 

"ring spot" which has since beesn retained. Later Van 

Breda de Hann (1892) reported that the fungus usunJly 

associated with the disease i :f; Leptosphaeria sacctiari 

which he considered as the causal (Organism. Since then 

several workers [Bancroft (1913) from West Indies and 

Java, Ashby (1912) from Jamaica, Vanderbijl (1921) from 

South Africa, Fawcett (1922) fr^m Tukuman, North (1923) 

from Australia, Baissa (1936) from Madagascar, Matsumoto 

and Yamamoto (1936) from Taiwan, Csuninha (1936) and Bitan 

Court (1938) from Brazil, Bourne (1934) from Florida, 

Bruner (1940) from Cuba, Muller (1941) from Venezul.a, 

Deslandes (1944) from Amazinia, Resplandy et <aĵ . (1954) 

from Ivory Coast, Tarr (1957) from Sudan, Tabayoyong 

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

(1989) from Malasia, Echavez Badel (1990) from Puerto 



Rico] reported the occurrence of the disease from various 

countries. The disease has now been reported from 79 

sugarcane growing oounti'ies (Tatle 1) of the world (Ricaud 

et aj^. , 1989) . 

Confirmatory reports from India on the occurrence 

of the disease are available from Andhra Pradesh tChona, 

1958); Bihar (Dutta, 1969); U.P., Bengal, Assam, Mahara­

shtra and Gujarat (Sin<:}h, 1978 i; Kerala and Tamilnadu 

(Govindaswamy and Alagia Nagalingam, 1981).. 

In Andhra Pradesh, tfiough the disease has been 

appearing on important cultivars like Co 419, Co 421, Co 

527 and Co 997 for the last 3 d(icades in a mild form, the 

disease started appearing in a ve?ry severe form since 

1985-86 on varieties Co 7219, CoT 8201, Co 975, Co 8021, 

Co 7704 and CoR 8001 in different areas (RARS, Anakapalle, 

1992) . 

Leaf blight and leaf scorch, tv̂ o 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 e_t al̂ . ,, 1989). According to 

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, Pliilippines, South Africa, 

Taiwan, Thailand and Kenya. 
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2.2 SYMPTOMATOLOGY 

The symptoms of riny spot disease were described 

in detail by Butler (1918), Bourne (1934), Abbott (1964), 

Dutta (1969) and Agnihotri (1990). The disease appears 

mainly on the leaf blades but infection some times also 

occurs on the leaf sheaths and stalks (Bourne, 1934 and 

Abbott, 1964). Although the disease most commonly affects 

only the older leaves, infect-ion of the younger ones also 

may occur. Numerous spots appear on the leaf blade and 

the mature ones are conspicuous. At first they appear as 

dirty green areas of irregula.r shapes gradually becoming 

oval and purplish. They may vary in size in different 

sugarcane varieties. Butler (1.918) and Bourne (1934) gave 

the lesion dimensions as 5x15 mm and i!.5-4 mm x 10-12 mm 

respectively and Matsumoto (1952) as 1-5 mm x 4-18 mm. 

Dutta (1969) reported that the average size of tlie spot is 

7.0x4.0 mm v/hile Agnihotri (19 90) reported same measure­

ment of spots as that of Bourne (1934).. In the begi.ning, 

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 is affected, it v;it,iers and dies prematurely. 

The centre of the older spots usually become straw 

coloured, surrounded by well defined rc^ddish margins and 

diffused discoloured zone. On the central straw coloured 



portion of older spots, numerous pin head sized black 

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 ;.rregular patches of considerable size 

(Bourne, 19 34). 

Regarding the course of development of the 

disease, Butler (1918) reported that the ring spot disease 

of sugarcane starts as small discoloured generally pvirple 

spots visible on both surfaces of leaf . The spots grow in 

size and the central portion dr:.,es up. The ce?ntiral straw 

coloured dried tissues are surrounded by a thin reddish 

brown band outside which then;; is some times a yej lov; 

areola 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 Leaf 

dries up in the neighbourhood 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 numerous smalJ oval and purplish 

spots. The leaves dry up prematurely due to excessive 

spotting especially tov/ards the apex of the lamina. 

Two other species of LeptospLiaeria also produce 

symptoms on sugarcane. Leaf blight caused by L. 
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taiwanensis produces first symptoms on trie immature leaves 

in spindle as small narrow elliptical or elongate spindle 

shaped spots, yellowish in colour dotted with red, which 

are visible on both sides of the leaf. They develop into 

elongate reddish brown streaks which often coalesce into 

bands separated by narrow green porticns of leaf. The 

diseased leaves die and become dried so that severely 

infected plants have a reddish brown appearance when 

viewed from a distance. The infection some times occurs 

on the sheath. The minute black fruiting bodies of the 

fungus develop in the margins of old lesions. Purplish 

red lesions may also be produced on the leaf sheaths 

especially in latter stages (Yen, L964). Leaf scorch 

caused by L^ bicolor produces, very small red or reddish 

brown spots on the young leaves initially. The spots 

gradually elongate, assuming a more or less spindle shape 

with a definite yellov/ish halo. Later they coalesce and 

extend along the vascular bundles becoming spindle like 

streaks measuring 5-20 cm long and 0.3 to 1.0 cm vride, 

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 c-oloured lesions occur on the jppej-

part of leaf sheath Ijut no pycnidia L formation has been 

observed (LO and Leu, 1989), 



1 ! 

2.3 ISOLATION OF THE PATHOGEN AND ESTABLISHMENT OF 

PATHOGENICITY 

Van Breda de Hann (L89::) considered the perithe-

cial fungus he found associated with the lesions as the 

causal agent, which he described cis Leptosphaei ia 

sacchari. It belongs to the cla^s Ascomycetes, Sub class: 

Loculoascomycetidae, order: Pleosporales and family pleos-

pojraceae. He described that per.tthecia were formed before 

the spots shrivelled. They were brownish black in col:)ur, 

spherical and thin walled and measured 140 /u in diameter 

containing 8 four celled spores with one thicker main cell 

and measured 20-24 x 3 ju. They became dark in colcjur when 

fully matured. He also described round, reddish brcjwn 

conidiferous bodies which produced at their tips smciky 

brown, three to four celled, oval 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 Breda de Hann's work on the 

description of symptoms of the disease but differenc:;es 

persisted with regard to descriptions of both the 

perithecial and conidial states of the fungus. 

A few workers made mention of only the perfect 

state. Bancroft (1910) stated that the ascorpores were 3 

septate, 20-24 x 5 ^j, brownish and that hyphae produced 3-

4 septate curved spore en the leaf surface. Ashby (1912) 

described the asci, as containing 8, four celled hyaJ.ine 



ascospores, 21-23 x 3.5--4.0 ,u, :onstracted at the septa, 

each coll with an oil drop ] :?t and two iiu-dian ceil;. 

larger. Accordiny to Jhonston (1917) tne perithecia wert^ 

spherical, thi-»\ wal led, brown and 140 )u in diameter. The 

ascorpores were 3 septate, brownish, 2 0-24 x 5 AJ and the 

conidia were borne on the surface hyphae. Butler il9L8) 

stated that fine hyaline hyphae of the parasite penetrate 

the leaf by entering diiectly into the cells. At a later 

stage the mycelium gives rise to conidial stage of the 

fungus. Perithecia are foi-med in lar-ge numbers chiefly 

within the rings but also to some ext€:nt 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.. They are visible only on the upper 

surface of the leaf Vi/here they open by a fine mouth 

(ostiole). He gave same measurements of perithecia and 

ascospores as stated by Jhonstcn (191', and described the 

perithecia as spherical with elongated club shaped asci. 

Each ascus contained 8 ascospores arranged in two oi three 

rows. The spores were elongated,, 3 septate, straight, 

rounded at the ends and were colourless at first and light 

brown later. Studies of Matsumoto (1952) revealed that 

the perithecia were at first subepidermal, later erumpent, 

spherical or sub globose, black with slightly papillate 

ostiole 130-150 x 140-170 p,. Asci cylindrical, slightly 

narrov; at the base 54-85 x 10--15 p, spores 8 per ascus 



approximately 2 rowed, Oblong, 3 septate, constricted at 

the septa, hyaline or sub hyaline, 19-23 x 4.b - 5 u, 

paraphyses filamentous, about the samc^ length as ttie asci, 

hyaline, 2-2.5 p wide. 

Several other v̂ rorkers gave varying accounts of 

the perfect and imperfect stages of the causal organism of 

ring spot disease. Hennings (19[)7} described the 

imperfect state as Phyllostxcta saccharicola from the 

Belgian congo. The pycnidia \-jere hypophyllous 60-90 p in 

diameter with oblong subfusoic:!, hyaline, 2-3 guttulate 

pycnospores, 10-13 x 3-3.5 )u . Fawcett (1922) in I'ucuman 

reported that a Phyllosticta occurred (5n ring spot caused 

by the perithecial fungus (Leptosphaeria sacchari) and he 

believed it to be genfticalLy related to the latter. 

Tucker (1925) from Puerto Ri::o described the imperfect 

state as Phyllosticta sacchari and suggested possible 

genetic connection between thê  pycnidia of this fungus and 

perithecia of L^ sacchari which were often found in the 

same leaf spots developed on sugarcane. Bourne (19 34) 

from Florida reported that isolations from ring spot made 

at various stages of spot development yielded number of 

fungi viz; Helm.inthosporium sacchar i, Phyllosticta sp. , 

Niqrospora sp., Leptosphaeria sacchari, Alternaria Sp. 

Initially he failed to produce ring spot symptoms by 

inoculating cane leaves .vith pure cultures of 

Leptosphaeria and Phyllosticta and thus opined that they 

file:///-jere
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were not primarily causal agents t)ut associated 

saprophytes. But: when he inoculated leaves vvith the 

Helminthosporium in seperate mixtures v;ith the 

Leptosphaeria and Phyllosticta, typical ring spot lesions 

were produced by tho Helmirrthospor ium, Pliy Host icta 

mixture, while infection 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 jjrimary ;;ause of disease and 

L. sacchari was an associated saprophyte. Hov^/ever, Abbott 

(1964) opined that the eye spot: fungus does not seem to be 

essential for initiating rin'j spot lesions in all cases 

since ring spot occurred in several sugarcane growing 

areas where li_^ sacchari has not been recorded. 

Bourne nia.de tissue plantings and single ascospore 

isolates from lesions of L_. sacchari are obtained colonies 

on glucose potato agai" v/hich produced abundant 

Phyllosticta pycnidj a. Bournes' description of the 

Phyllosticta state agieed v/ith I^ saccharicola described 

by Hennings (1907) and he was thus the first to offei 

proof of genetic cc:innection between L_̂  sacchari and 

Phyllosticta sacchari(::ola. 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 :::irst on sterile sugarcane leaves and 
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later gave only the conidial state (Hucson, I960; Abbott, 

1964) . 

Matsumoto and Yamarnotc 1.1936} reported from Japan 

that L_̂  sacchari was fc:)und 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 Florida. Luc (195 3) 

observed numerous Phyllosticta saccharacola pycnidiospores 

measuring 9-14 x 3.5-4 iu on ririg spot lesions. Rosplandy 

et al. (1954) also reported that Li_̂  sacchari was commonly 

present along with a species of' Phyllosticta on spots. 

Hudson (1960) from Jamaica gave a description of 

conidial state of Leptosphaeria sacchari on stems and 

leaves of sugarcane and it was identified as Phyllosticta 

Sp. and thus his wi:)rk provided further proof of the 

connection between the two fungi. He stated thai the 

fungus persists saproi^hytical ] y on o Lc3 dead leaf tissues 

and the mycelium spreads froni these and perithecia and 

pycnidia were produced often in great numbers allover the 

leaf surface. He described perithecia, Asci, Ascospores, 

Pycnidia and Pycnidio;;;pores. The perithecia were small 

globose, pale brown with a pafdllate ostiole and measured 

110-140 p. Asci we]:-e numerous, cylindrical or club 

shaped, sessile, bitunicate \\ith 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 sei::ond eel] swolLeri. Each cell of 

ascospore had charac terist ic£il ly a single large guttle. 

The ascospores were 21-25 p -ong and 4-6 yi wide at the 

swollen second cell and J.S-i) |J else where. He also 

stated that single ascospores vyhen transferred to oat meal 

agar produced pycnidia only but not perithecia. 

Hudson made a mention of association of two 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, yellowish brown, non guttulate ascospores tAm 

end cells of which were more p>ointed and measured 16-22 x 

4-5 ju • L^ spegazzinia sacc. and Syd. (Syn. L_̂  sacchari 

Speg.) also occurred on the same host and had 3 septate 

ascospores, constricted at tlie centre, pale, olivaceous 

and measured 25 x 5-6 \i . 

Ricaud et^ al_. (1989) and Echavez Bade! !1990: 

reported the association of _J_̂._ sacchari and Phyllostictci 

saccharicola with ring spot disease of sugarcane. 

Two more fungi were implicated in the incidence^ 

of ring spot disease. Vander Bijl (1921) stated that a 

Phoma was part of th(i life history of L_̂  sacchari. 

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

causal agent of ring spot in Taiwan and referred t o 



Cercospora stage of the fungus. They reported that 

perithecia grev7 well on sterilised green leaf blade of 

susceptible variety at optimum temperature of Zb • 

Yen (1958) from Formosa reported the occ:urrence 

of Cercospora saccharrcola causing ring spot symptoms and 

considered it as a possible fore runner of L_^ sacchari 

present as a saprophyte. 

Research woik on ring spot disease in India is 

meagre and only a few reports are available reuardmy 

aetiology of the- disease. 

Roy (1964) surveyed sugarcane area in Assam and 

isolated a pycnidial fungus, Phyllosticta sacchari from 

typical ring spot lesions. 

Dutta (196'?) reported Phyllosticta sp„ and 

Leptosphaeria sp. on ring spot lesions. In many spots 

Leptosphaeria sp. always appeared later by a month or 

longer than Phyllosticta sp. He isolated rincj spot 

pathogen on potato .iextiose agar and oat meal agar bv 

single spore method.. Only the imperfect stage of ttie 

fungus appeared in cilture and found it to be similar to 

Phyllosticta saccnari':;ola . 

According to Agnihotri (1990) ring spot is caused 

by L_̂  sacchari . According to hiw, : he perithecia of the 

causal agent were spherical, thin walled, brown, nieasurinj 



L40 (u in diametcM-. They routairied numerous clavate, 

slender asci intermingled v̂ itli paraph'/ses; . Kach ascus 

measuring 63-75 x IT y :onta in i.ncj eiyht i septate bro\/nish 

ascospores measuriny 20-24 ;•. o M- ''̂t? luiddle eeLls oJ the 

ascospores v^ere darker than the end cells. 

Two more species of Leptosphaeria cause diseases 

(in sugarcane, L_̂  taiwanensis causing Leaf blight and L. 

bicolor causing leaf scorch. "he etiological and related 

aspects are reviewed below. 

Yen and Chi (19 53) found that [J_̂  taiwanensis can 

be readily isolated an;3 culturesd on corn meal agar. The 

optimum temperatures for the growth of the culture v/as 25-

30 C and perithecia developed in culture in 2-3 we»eks. 

Hsieh and Lew (1970) reiported t-hat out of several 

isolat6!S of Li_. taiwanensis f tx)ni different sugarcane 

varieties, only a few produced perithecia. Optimum tempe­

rature for ascospore f lirmat ion was 24-26'"'c. Tfie-y ! C'und 

that potato dextrose <:igar, o£,t meal agar and sugarcane 

leaf decoction agar w<:?re the best media for ascospore 

formation. They also reported that the lesions were 

induced by inoculating i:he ascospore from the isolate. 

Leaf bliglit orcjanism (.L__̂  taiwanensis) on potato 

glucose agar produce^d ascospores and pycnidia and 

pathogenicity was pro\--ed by inoculating ascospores and 

pycnidia (Wang, 1985). 



Wang (r'87) cultured different isolates of L. 

taiwanensis on potato dextrose agar (PDA). Only 20 per 

cent of them produced {jycnidia and perithecia. However, 

abundant pycnidia and perithecMa were produced when the 

cultures were kept at L0-30"c. PDA, PDA added with bean 

flour (2.2%), PDA witli corn meal (1.9%) and PDA witfi oat 

meal (7.2%) were the best media for pycnidial and 

perithecial formation. Fourteen day old cultuie ĉf L. 

taiwanensis on PDA pro^iuced Stagnospora and Phoma types of 

conidia in the same py::nidium. Both types of c;oriidia also 

produced leaf blight symptoms \.'hen they v/ere inoc;ulated on 

sugarcane leaves. 

Kaiser _et a_l_. (1979) i.n Kenya first rep(jrted that 

L. bicolor (teleomorpn of Stai-inospora sacchari) was asso­

ciated with leaf scorch disease. Ascomata were observed 

occasionally in leaf scorch lesions on naturally infected 

leaves in association with pycnidia. Both states 

developed in pure cultures frijm single ascospores. The 

perfect stage did not develoj;> on vari(5us nutrient media, 

but formed within 10-15 da/s on natural water agar 

containing autoclaved leaf pieces. Mycelial growtti and 

pycnidial formation were more on oat meal agar and potato 

dextrose agar. 

Chu and Tsai (1952) rep<3rted that both mycelia 

and pycnidia of Stagnospora s.ficchari grew abundant iv on 

potato dextrose agar and cane Leaf bean agar. 
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Wang and Lee (1980,1 stated that [jycnidia of 

Staqnospora sacchari were abundant in :)Otato sucrose agar 

added with sugarcane leaf (20fei 

f,iterature pertaining \-) aetiological asf^ects of 

two diseases caused by Leptosi-)haeria spp. on tv/o ':t,her 

crops viz., L_̂  maculans causing black ieg 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 campestris and Brassica 

rape seedlings was obtained with ascospores of L .maculavis 

than pycnidiospores. Wittern <ind Krviger (1985) conducted 

grean house experiments on i:.esting resistJince of 5 

cultivars of rape against L_. maculans using ascospores 

from old infected rape stalks, since ascospores did not 

form in culture. In general asc^ospores were more viruJent 

than conidia. 

Hampton et _al_. (1978) reported that pycnidia of 

Septoria nodorum (L. nodorum i were produced only v;hen 

infected leaves were excised and placed on detacfied Jeaf 

culture under near U.V. Light for 12 hours/day. They 

cultured conidia and ascospores on several agar media. 

Inoculations with ooth spore suspensions produced typical 

symptoms. Horellou e_t aJ. (1979) reported maximum sporu-

J.ation of S_^ (Leptosphaeria) nodorum (JT! czapecks Dox or 



malt agar media v;hen the dishes were; kefjt under flexures-

cent light, U.V. for 12-16 hojrs/day. OReilly et, o_i. 

(1987) in Ireland isclated peritnecia t.ypical r)f 1^ 

nodorum from glume blotch affecte^d lea\es on agar mtidium. 

Single ascorpore cultiires produced pyonidia typical of 

Septoria nodorum and th<s conidis. of which caused necrotic 

lesions when sprayed on wheat seedlings. 

2.4 DISEASE RATING SCALE AND ASSESSMENT OF THE 

DISEASE INTENSITY 

Hutchinsc'Ti (1970) gave the following standardised 

rating system ( (i-9 system; for' recording varietaj 

resistance to sugarcane dis€;ases which has been accepted 

in the year 1958 by tlie standing committee members ĉf the 

International Society of Sugarcane Technologists at 13th 

Congress at Taiwan. This system foimed the basis for 

estimating the intensity of fo:.,iar diseases by subsequent 

workers. 
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However, different disfjase rati.nys follov/ed ))> a 

few other workers are mentioned oeiow. 

In Taiwan, Leu (1968) screened sugarcane 

varieties for leaf scorch disease (L_̂  bicolor) based on 

the following 1-9 scale, 
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Later Leu and Hsieh !I97L) developed a 0-9 scale 

and rating varieties against 1 aaf blight (L_̂  taiwaner.sis) 

of sugarcane at Taiwan sugar experiment station is being 

done based on this scale. 
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Prakasam and Satyan.a r ayana (1969) develofjed <t 

scale for estimatxruj i.he intensity of yellow spot disease 

of sugarcane and reco'jnised 7 cjrades (jn the basis oi per 

cent leaf area affected, i.e. 5, 10, 20, 40, dO, BO and 

100 per cent. 

Mayee and Datar (1986) in their technical 

bulletin describeid a 0-9 scale of i a ting for sugarcane 

leaf spot disease?s wit.h special referesnce to rust. 

Response 
Code No. 

0 

1 

2 

Respcnse description 

No visible infection. 

Chlorotic flecks only. 

Chlorotic flecks with î ed or brown 

Centres may be necrotic. 

:fnit r e 

Small to laryf? i r r e g u l a r l y shaped rc'd t( 

brr.wn epots that ma:, c o a l e s c e . Pustule^: 

a b s C! n t. 

Individual chlorotic or red spots wit' 

nonopenejd pustul es . 



5 indiviilual chloi-otic or ted spots wii;h 

pustiilf^s opc-ned anci [..roduc i.ncj sfjores . 

6 Blotc-t>(:';; D: leaf re-dde?nGd or necrotic wiLh 

pustules fjroducincj spores. 

7 Coalesced red to brown blc-tches or spcires 

covering mach of the leaf surface from leaf 

edge to mid rib, mc'iy be on both sides of mid 

rib, and with pustules that are producing 

spores. 

8 Pustules producin<j spores on chlorctic 

tissues, pustules with chlorotic halo. 

9 Pustules producing spores on green tissues. 

Covers 51 per cent <3r more area. 

2.5 SURVEY FOR DISEASE INCIDENCE 

Chona (1958) reported severe incidence i:if ring 

spot disease of sugarcane ;jn c:ertain cane varieties in 

Talaparamba (Tamil nadu) and in certain coastal areas in 

Andhra Pradesh. Dutte (1969) from Ranchi noted that 

sugarcane variety M.ie (Red tana) was observed to be 

severely affected by ring spot disease every year, 

compared to other cultivars in Chota Nagapur. At Kanke 

the disease was observec to be severe during September and 

October of 1963 and 1965 . 



Working with Leaf blight disease caused by L^ 

taiwanensis Leu and Hsieh (1969) from Taiwan stated that 

the disease was inore serious m Hualieu but due to wide 

commercial cultivation of the r-ssistant variety N.Co.iJO, 

leaf blight was rarely observed during the mid '50K and 

'60s. But with the introduction of new varieties 1 )_ke 

F.154 and F.157 the disease assumed epidimic proportion if) 

Pintung, Yuchin and Taichung areas. 

2.6 METHODS FOR TESTING RESJISTANCE TO THE DISEASE 

A review of work on ring spot disease showed that 

no attempts were (?vor made to de'veiop a scrcming 

technique. Hence literature pertaining to foliar diseases 

on sugarcane and diseases on a few other crops caused by 

Leptosphaeria spp. is mentioned below. 

Wismer and Foike (1967) developed a method for 

inciting brown spot disease (Cercospoi-a longipes Butler) 

in Hawaii. Potted plants or plants grown in the field 

were used for the pur[jose. I'op halves of the leaves of 

the plants that v/ere watered well were clipped off and the 

whole crown was enclosed in an alkathene bag for 

subjecting to pre and post inoculation hvimidities. 

Inoculation was done by spraying a suspension of fungal 

conidia on the excised foliage. Prakasani and 

Satyanarayana (L969) adopted tlie above method for 

assessing the reaction of suq.-ircane varieties for /cllow 

spot disease. 



A rapid rr.ethcd of assessing resistance to Leaf 

scorch disease (L_. bicolor) under inoculated conditions 

was developed by Wanc| and :̂ ee (l^BO) where results 

consistent with those from fieJd trials were obtained. 

Conidial suspensions i-/ere either sprayed ontC' potted 

plants or dropped into the spindle. 'l"he plants kept m 

green house were exposed to simulated rainy condit^ic-ns for 

2 or 3 hours each day for a weiak 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 Hsieti (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 10'/PI1 concentration by spraying 

on the leaves. Grading for tlie degree of resistance was 

performed twice at 2 and 4 vi/eeks after inoculation. V'̂ ang 

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 plant.s of different varieties planted iti 

pots were artificial,, y inoculated by spraying 1 x 10 /jn] 

conidial suspension m the green house, duly maintaininc| 

high humidity by sp-aying water over night. Initial 

symptoms appeared 4 to 5 days after inoculation and rating 

was done 2 and 4 weeks after inoculation. 



Bernard '-'"d Liu (1980) compar-ed three artificial 

inoculation methods for rust disease and concluded that 

wrapping young le-aves with u piece of rust affected Leaf 

appeared to be most effective. [;iii, (19B2) described a 

detached leaf method for assessing vaiietal resistance to 

rust, where inoculated leaf pieces were maintained on a 

benzimidazole nutrient solution in a test tube. Of the 90 

varieties tested, more than 95 pei cent gave siini.lar 

reaction to that observed under natural conditions. 

Benedikz e_t CJÎ . (19B1) developed a laboratory-

technique for screening wheat varieties for resistance to 

Septoria (L. ) nodorum csiusing glume blotch of wheat. Cut 

pieces of 3 cm from first fully expanded leaf of 2 Vveek 

old wheat seedlings were employed and results comf>ared 

positively with those of field observations. Studies of 

Karjalainen (1985) revealed that field screening technique 

based on artificial inoculation in small pots with 

conidial suspension of S_̂  nodcirum sh<3wed that the most 

resistant entries were wild tiiticum spp. and late and 

tall varieties. Seedling plant tests, attaclied seedling 

leaves and detaclied leaves easily revealed the most 

resistant and most: susc^eptible cultivars. The overall 

correlation between seedling cjnd fieict tests was quite 

high. Verreet et aj_. (1987 i stated that a conidi.al 

concentration of 1 x IC ̂  spores/ml was found optimum for 

screening varieties of wheat against S. (L.) nodor urn, 



Wcndland and Hoffman (1^'88) v/hiie screering breeding lines 

of wheat against glume Ldotch disease (L^ nodorum) adopted 

seed and spray inoculation methods and obtained similar 

results in both the metliods. 

2.7 FACTORS AFFECTING DISEASE DEVELOPMENT 

Ring spot disease was fa\^oured by i;;ool, 

damp atmospheric conditions and locations in E>outh 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 partici.ilar 

season such as winter and disappeared later. Tabayoyoung 

(1958) reported from Philippiries that ring spot was 

maximum in June (10.27?) and minimum i r; December (4.99%), 

Reports of tne prevalence of the disease in 

conditions uncongenial to sugarcane are there. Eiaissa 

(1936) mentioned that: in Madagaskar ring spot: affected 

sugarcane in unfavour^ible weather. Caminha (1935) from 

Brazil observed that ring spcit disease attacked young 

shoots in wet soils. Ricaud (1969) c:ibserved wide spread 

occurrence of ring spot disease on many varieties of 

sugarcane in Mauritius due to e^xtreme tiry season which had 

prevailed, the driest on record for many years. He opined 

that water stress, perhaps, might have favoured infection 

by limiting the absorption of some essential nutrient. 

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



sacchari is distributed throughc^ut Pueito Rico, particu 

larly in moist local.itie;.;. 

Butler 11918) report e-i that unfavourable 

conditions of soil and moisture appear to predispose the' 

thick canes to ring spot disease while thin canes v̂ere 

never damaged. According to Agnihotri (1990) ring spot 

disease occured most.ly during the rainy season, 

particularly on the older leaves and continued till the 

harvest of canes. 

Conditions that favoured incidence and spread of 

two other diseases caused by Leptosphaeria spp. on 

sugarcane are reviewed below. 

Yen (196 4) stated t.hat leaf blight was most 

prevalent in the high rainfall areas of east coast of 

Taiwan throughout the year. Observations by Leu and Hsieh 

(1969) revealed that leaf blight disease occurred most 

intensively in 'J'aiwan throughout the year regardless of 

age of the plant particularly during winter and early 

spring. Hox'jever, in 1968, a combination of susceptible 

varieties, abundant Inoculum and rainy weather '.caused 

considerable damage even in summer. Leu and {Jsieh il971) 

studied pattern of lesion development in leaf blight 

affected sugarcane leaves. Spraying ascospore suspension 

during rain gave bettor results than when done in dry 

weather. Lesions developed faster- in mature than in 

younger leaves on the same plant. 



Exconde (1963) reported that there was seasonal 

variation in leaf scorch severity, with the highest 

o-ncidence in Negros in the January-July period which 

encompasses the rainy season. Lo and Leu (. ]989) froin 

Taiwan stated that tiie develcpment of Initial streak 

lesion in the leaf scorch disease is mfluenceci by the 

variety and err/ironniental conditions. Susceptible 

varieties in dry weather developed stireak 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 

tissue only in the leaf spindJLe. Streak formation was 

most evident in spring and autumn when growth was cjnly 

moderate. Winter temperatures were? too low for the 

pathogen, while in summer, the rapid production of new 

leaves resulted in good symptom expression only c>n the 

older leaves vv'ell down in the canopy. Spring planted cane 

and ratoons showed less disease than cane planted in 

autumn (July-September). The/ also reported that in 

Philippines the disease was pi'ssent throughout tho yeai 

under different environmental conditions. 

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 average tempe­

ratures favoured severe jittack of Septoria (Leptosphaer ia) 

nodorum in wheat (Rowe, 1979; Svanold and Djurle, 1980; 

Jeger et. aJ. , 1981; Mitterrneier and Hoffman, 1984). 

Scott et al^. (1985) reported that the canopies of taller 

wheat varieties appeared 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. Nevertheless microclimate effect was conside^red 

by the workers, to be only one of the se?verai mechanisms 

that contributed t-o the: tendency for t.aller varieties to 

be more resistant. Vanova and Eienda i 1988 ) reporte(J from 

Ochrane that stress factors were impox'tant for infection 

of S. ili^) nodorum. Khoury and Kra':J (1989) found in 

German Federal Republic that high disease rate of Ŝ . (L. ) 

nodorum on wheat was favoured k)y a combination of weekly 

rainfall of more than 10 mm and relative humidity 

exceeding 90 per cent coupled with t.emperatures above 

12°C. 

Severe out breaks of stem rot of paddy 

(L- salvini) have beer, traced to weakening of the plant 

due to physiological imbalance, unusual drought or insect 

attack particularly stem borer incidence (Rangaswami, 



1979). Li et aJL- (1984) observed that irrigation, 

nitrogen level, varietal resistance and amount of inoculum 

had significant effect on both incident;e and severity of 

stem rot disease. 

Barbetti (1975) while \/orking -/ith crown canker 

of rape (L_̂  maculans) reported tliat temperature regime was 

a major factor determining the time of first appearance of 

the disease. Sundarmadi and Wallace (1984) conducted 

studies on rape seed anci reported that ascorpores of black 

leg pathogen (L_̂  maculans) were main source C)f first 

infection in the crop while pycnidiospores which are 

easily spread by wind borne ra.i.n splash to other parts of 

plant or to nearby plants ^ere responsible for the 

development of late; cankers on the growing crop. 

Information c:)n the effect of major nutrients 

viz., nitrogen, phosjjhorus end potassium on the foliar 

diseases of sugarcane ::aused by Leptosphaeria Spp. :i s not 

available. Investigation on tlie effect, of major nutrients 

on brown stripe of sugarcane caused by Cochiliobcl us 

stenospilus, indicated that (1) the disease was more 

severe on varieties growing in soils of low fertility, (2) 

the leaves and stalks of healthy varieties contained more 

silica than similar jjarts 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 e_t a_l. , 1989). Rabindra and Kumaraswamy 



(1978) from Mandya reporteci that application of potassium 

helped in minimisiny the incidence of eye spot disease of 

sugarcane (Bipolaris sacchari). 

The effect of N, P and K ferti. Lizers on the 

intensity of glume blotch of v;heai, and stem rot of r i ::c> 

caused by Leptosphaeria spp. are reviewed hereunder. 

With increased nitrogen fertilizer t.he severity 

of glume blotch of wheat increased significantly (Olsson, 

1979; Broscious _e_t a.2._. t 1985). Nitrogen fertilizer alcne 

or in combination with phosphorus fertilizer increased the 

infection by L_̂  nod or urn in wheat (Kharkova et a_l. , 1984). 

Potassium fertilisation reduced the intensity of giume 

blotch in field tests in Bavarin (Siebold, 1980). 

According to Cunfer et_ a_l_. (198C!) 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 ^'ariable measured except 

grain yield when increasing K I'ates lessened the 

detrimental effect of applied P. 

High nitrogen levels incr-eased the incidence and 

severity of stem rot of rice caused by Matjnaporthe sal v m i 

(Jain, 1977; Mayee crt aj,., 1977; Nyvali, 1979; 

Rathaiah, 1990; Mehrotra and Aneja, 1990). Application 

of phosphorus individually or in combination with nitrogen 

increased the disease intensity (Jain, L977; Rathaiah, 



1990). Application of potassium fertiliser reduced st-Mn 

rot severity with corresponding increase in grain and 

straw yields (Nyvall, IS'79; Kathaiah, 1990; 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 a^jainst leaf spot diseases has not 

been studied in detail. Lgan (1989) while working \jith 

brown stripe (Cochl iobol .is stenospilus) cSisease in sucjar-

cane reported that leaves and staLKs of re^sistant 

varieties contained m^re silica than in susceptible 

varieties. A few reports are there in literature 

regarding the role of silica m offering resistance t( 

Leptosphaeria sp. According lo Nonaka et a_L_. (]9'.)B), 

increased silica content in rice plants decreased the stem 

rot severity. Leusch and Bucheiiauer (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 PATHOGEN 

No information is available on the variation of 

ring spot pathogen. Studies on the variability of 

Leptosphaeria spp. on sugarcane are very meagre. Kaiser 

et ajL. (1979) from Kenya reported that isolates of Leaf 

scorch fungus (L_. bicolor j varied in growth rate, 

sporulation and colony appearance. However, several 
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workers have conducted studies on the variabilit:y nl 

Leptosphaeria spp. in different crops. Rufty et a_JL . 

(1981a) and Allingham and Jackson (1981) reported varia­

tion in the virulence pattern of isolates of L. nodoruni in 

wheat while Scott and Benedikz (198 3) found no variation i.r 

the isolates of Lj_ n odor urn and L_._ avenar la . Humpherson-^ 

Jones and Ainswortti (19S4) detec:ted no variation in tn.;; 

strains of L_̂  maculans, . 

2.9 SURVIVAL AND SPREAD OF THE PATHOGEN 

Abbott (1964) stated that transmission of ring 

spot was apparently by v/ind or rain borne spores which 

caused new infections. There was no evidence that the 

pathogen was transmitted by seed cane, eilthough it might 

have been carried on j^ortions of leaves or sheaths 

adhering to the cuttings. Transmission of the disease 

through infected old dead leaves with the aid of rain 

splashes was reported by .Jones (1S67). 

ho (1961) v/hile '/orking with Stacjnospora sacchari 

(Leptosphaeria bicol(jr) oloserved that wind blown rain and 

dew were indispensable f;or the di ssimination o[ conidia 

and conidia ooze Ln a ijelatinous mass from the moist 

pyc:nidia and were dispersed by fre=e water err rain from one 

field to another if high winds acc:ompany the rain. VJork 

of Matsumoto £t a]_. (1955) indicated that sett trans­

mission has not been oositive even where there was 



infected leaf tissue adhering to the setts and the 

pathogen did not seem to be able to reach and infect the 

emerging young shoot. Similarly, although conidia aie 

washed on to the soil from lea\'es, 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 re^viewed hereunder. 

Dispersal of pyi::nidiospcires of S. (Lij.) nodorum 

causing glume blotcn of wheat was by rain splash, the 

droplets acting as dissiminatxon unit:s (Rapilly and 

£;ka jennikof f, 1974; Griffith and Hann, 1976). Holmes and 

Colhoun (1975) reported that wheat straw infected with S. 

nodorum acted as the source of inoculum. 

Perithecia of _L_. nodorum developed en dead leaves 

of wheat stubbles soon after harvest. The ascospores 

liberated in the presence of free water on the dead leaf 

surface and blown of by wind initiate Infection on young 

crops (Mehta, 1975; Sanderson and Hampton, 1978). Nyvall 

(1979) reported that L_̂  nodorum survived as mycelium m 

live plants and pycnidia on infected residue. 

Perithecia of Magnaporthe salvini on rice residue 

(Bockus et al_. , 1979) and sclerotia on straw and stubbies 

(Singh, 1978) were reported to be the source of infection 

for the stem rot of rice. 



Ascospores of L_̂  maculans, causing black leg of 

rape, discharged from crop residues were the main souice 

of early cankers according to McGee (197' i, Nyvall (1979) 

and Sundarmadi and V^allace (1984), Pycnidiospores which 

were easily splashed by rain were responsible for cankers 

in the growing rape crop (Nyvall, 1979; Sundarmadi and 

V/allace, 1984). Gladders and Musa (1980) observed tnat 

stubble debris of rape from the rjrevious season was the 

main source of infection. 

2.10 HOST RANGE 

Butler (1918) reported that. the fungus 1JJ_ 

sacchari was also found on a wild grass Saccharum 

spontaneum in Java. But Bourne '1934) stated that geno­

types having high proportion of S_̂  spontaneum blood are 

mostly resistant. Hudson (196C^) from Jamaica observed 

that Liĵ  sacchari has not been noticed on any othe^r host 

other than Saccharum sp. Misra e_t _al_. (1971) reported 

from Bihar that the ring spot fungus (Ij_̂  sacchari) has 

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

which is considered genetically close to Saccharum 

spontaneum. 

Kaiser e_t _al. (1979) reported that Lj_ bicolor 

causing leaf scorch on sugarcane was pathogenic to several 

varieties but not sc to najier grass (Pennisetum 

purpureum) , maize, rice and soi-jhum. Leaf scorch occured 



naturally on Miscanthus sinensis; in Taiv/an (Lo e_t. a_l_. , 

1953) while Sorghum bicolor and Andropogon sorghum were 

infected artificially. In Philippines the common wild 

cane Saccharum spontaneum L. has shown natural infection, 

while inoculations produced symptoms on Miscanthus 

sinensis Anders, Imperata cylindrica (L.) P. Beauv., 

Sorghum halepense (L.) pers. and Pennisitum purpureuni 

Schum (Exconde, 196 3) . 

2.11 VARIETAL REACTION 

The iT.ost pra(::tical, efficient and economic 

control of ring spot as of other diseases of sugarcane is 

the replacement of sus;:eptible varieties with resistant 

ones. Butler (1918) observed that thick canes were more 

susceptible than thin canes. Cc;ok (1925) reported that in 

Puerto Rico, the control of ring sjpot disease was 

accomplished only through evolving resistant vairieties. 

Bourne (1934) noted serious >jutbreaks in susceptitile 

varieties in Barbados, Puerto Rico, Cuba and Florida and 

emphasized that resistance to ling 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 of ficinarum, S. barberi and S. 

spontaneum. He found that those combinations involving a 

high proportion of S_̂  barberi blood were susceptible, 

while those with a highi proportion of S^ spontaneum were 

resistant. 



Bruner (1940) from Cuba -.-eported that sugarca ri(; 

varieties POJ 2825 and POJ 2878 were resistant to rin 

spot. Matsumoto (1952) stated that F 1U8 at one time, an 

important commercial variety i ri Taiv/an was hi<jhly 

susceptible. Sandhu et a_:_. (1963) found that varieties Co 

453, Co 617, Co 838 and S3 45/52 were hiyhly susceptible 

to ring spot in Punjab and the iricidence varied from 'MJ-

100 per cent. 

Abbott (1964) reported r:hat ring spot has never 

been considered of sufficient importance to justify 

control measures. However, if the disease was completely 

ignored in breeding programmes, it is pc-ssible that highly 

susceptible varieties might be cidvanĉ .ed to commerical 

culture. Dutta (1969) reported from Ratichi that Mauritius 

variety M16 which is popularly krown as red tana in Chota 

Nagapur was highly susceptible t CJ Ring spot. Singh and 

Pavgi (1969) studied the relative susceptibility of 

several varieties against LeptosF>haeria sacchari. Varie­

ties B.O. 32, Co.245, Co 312, Co 314, Co 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 are 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 of 6 



released cultivars at Gurabo (Puerto Rico) under natura] 

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 soil 

moisture. 

The varietal reaction to leaf blight (L_̂  taivjane-

nsis) and leaf scoich {I_;̂  bicolor) diseases of sugarcane 

reported by several work(,!rs are reviewed below. 

Leu and Hsieh (196S)) rfjported from Taiwan that 

varieties F.146, F.153, F.154, F.157, F,.160 were hi-jhly 

susceptible; N.Co.310 moderately resistant; F.148, l'.LS2, 

F.156, F.158 resistant and H-37--1933 highly resistant to 

leaf blight. Lee e_t _â l. (1984) evaluated 21 new clones 

and 67 foreign varieties in Taiwan for resistance to leaf 

blight and found that 57.1 per cent of new clones and 62.7 

per cent of foreign varieties were susceptible. 

Chu et al_. (1955) studied the reaction of culti­

vated and wild canes to leaf scorch disease. In Saccharum 

of f icinarum, S. spontatieuni, h_._ sinence and S_̂  rebus turn 

groups, most of tne clones showed above average suscepti­

bility. In the S_̂  barberi group there was considerable 

variation in the susceptibility of canes. All wild 

relatives tested were very nighiy resistant. Ex';;onde 

(1963) reported that H 37-1933 was Id.ghly susceptible tĉ  



leaf scorch in Philippines. Lo aid Leu (1989) stated that 

virtual disappearance of leaf scorch in Taiwan was due to 

release of resistant variety N.Co.310. Lee and Fang 

(1991) evaluated 24 promising clones foi' 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, 84-8842, LF 77-20, LF 77-359, LF 77-457, 

LF 77-1104, LF 77-1660, LF 77-1972, H 77-0682 and H 99-

2751. 

2.12 LOSSES DUE TO THE DISEASE 

Reports of quantitative expression of losses ciuo 

to the disease were not there from any quarter 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 almost negligible and the 

disease, by and large, 'was considered of minor importance 

but can be dangerous. 

Butler (1918) opined t.hat no considerable damage 

was caused by ring spot disease inspite of severe attacks 

in Burma on thick canes than on thin canes. North (1923) 

from Australia and Altson (1926) from Guiana reported 

severe outbreaks of ring spot. Bell (1929) reported that 

L. sacchari caused serious damage to seedlings in ilawaii. 

According to Bourne (L934), ring spot c;aused appreciable 



damage in susceptible cultivars In Cut>a , Barbados asid 

Florida. Ocfemia (1938; stated that when ring sp<„>t 

disease became destructive- on certain varieties, it caused 

entire crop in the field to appeal rusty brown in colour 

due to premature death of leaves. Severe out breaks and 

heavy damages also have been reported from Cuba {Bruner, 

1940), South Africa (D [odds], 1942) and Madagaskar 

(Moreau, 1949) and slight damage was reported from 

Venezula (Muller, 1941). 

Chona (1958) reported that ring spot {.L_j_ 

sacchari) which was considered to be of only minor 

importance in the p'ast in India has become serious and 

caused considerable damage to certain cane varieties at 

Talaparamba and in ceitain coastal areas of Andhra 

Pradesh. The disease was so serious in Andhra Pradesh 

during 1955-56 that it was claimed by t.he cane growers 

that it had interfere^d with Jaggery setting. Singh (1978) 

opined that _L_. sacchari may cause significant damage to 

late maturing thick cane varieties. He also stated tnat 

the plants are n(3t killed, tiut. due to reduction in 

effective leaf surface, there js indirect effect on the 

plant vigour resulting in reduced yield. 

Reports on the 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 out 

breaks of leaf blight was observed in Pintung, Yuchin and 

Taichung areas of Taxwan in 1968-69 in laore than 3000 ha 

in newly released varieties F.154 and F.L57. There was a 

reduction of more than 50 per cent in cane 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 severe in growing season. 

The sucrose content vi/as observed to be low in dise?ased 

plants as compared to healthy plants ir the? same field 

(Leu and Hsieh, 1969). 

Lo and Ling (19':)0) frcjm Taiwan nade a comparative 

study of leaf scorch diseased and healthy stalks of 

variety Co 290 grown in the same field and found losses of 

17 per cent and 13 per cent in cane and sugar yields 

respectively. Chu and Tsai (1952) reported that brix of 

cane juice decreased according to degree of severity of 

leaf scorch infection 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 v/eather conditions. Exconde 

(1963) reported from Philippines t̂hiat leaf scorch 

infection in H 37-1933 was so severe t:hat some times only 

three of 10 open leaves remaired green and stated tnat 



,'. 1 

under such conditions losses of sugar probably ranged from 

10-30 per cent. Studies from Philippines by Sarnpang and 

Reyes (1980) on leaf scorch revealed a loss of approxi­

mately 25 per cent in both tonnage and sugar per hectare 

with the highly susceptible variety Phil 6111. These 

workers (Sarnpang and Reyes, 1985) reported that the 

critical stage of growth of cane affected by leaf scorch 

occurred 4-5 months after plaiitincj and the disease 

markedly reduced stalk neight, diametei" and number c:f 

internodes as well as numbei' of green leaves thi,:S 

resulting in a reduction xn cane and sugar yields by 32.8 

and 36.1 per cent respectively. 

Losses encount.ered by diseeises caused by 

Leptosphaeria spp. on wheat, cice and rape are detailed 

below. 

Yield components were reduced v/ith increased 

severity of infection of L_̂  nodorum in v/heat (Wafford and 

Whitbread, 1978), Luz (1984) from Brazil estimated 8 per 

cent loss in yield due to glume blotch m wheat. Roux, 

(1984) stated that yield losses were greater (21.2%) 

following inoculation, but it. was less (15.4%) undei' 

natural infections. Karjalainari and Karjalainen (IM'M)) 

studied the effects of £. (i^) nodorum jn t.he grain yield 

and yield components of 3 spring wheat cultivars in 

Finland and reported that all yield components were 

affected and grain yields were reduced under low disease 



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

the reductions were 7-20 per cent. 

Paracer and tuthra (1944) estimated 50-75 per 

cent losses in yield due to stern rot in rice (L^ salvini ) 

in case of severe infection in Pur:;]ab. Fangaswarnj (19''9) 

stated that stem rot disease wat; known :.o cause Losses 

upto 75 per cent in yiell in Puniab v/hi Le in other areas 

it causes hardly any loss. 

Yield reduction in rape; due to black leg [L^ 

maculans) infection was reported by Barbetti (.197.';) 

Schusteret4( 1980) and Petrie (1986). An epidimic of rape 

infected by L_^ maculans in U.S.A. was first reported by 

M. ngister _et _al̂ . (1990) on various cultivars in about 100 

ha resulting in a loss in yield ot 80 per cent. 

2.13 CONTROL OF THE DISEASE WITH FUNGICIDES 

According to Agnihotri (1990) the need for 

developing chemical conti-ol measures has not been felt, as 

ring spot disease was tliought tĉ  be of ninor importance. 

Thie report of Govindasw<:imy and Alagia NagaLingam (1981) 

where, spraying of 1 per cent Bordeaux mixture was 

recommended, is the only available reference on the 

control of the disease with fungicrides. 

Mineral oil (J.1%) along with Dithane Z-78 was 

found effective in the control of leaf blight (L. 



taiwanensis 

Hsieh, 1969 

dis€-a.se of sugarcane ii. Taiwan ( Loti .IIKI 

As there is not much i n format i c-n available on t:Ju' 

chemical control of Leptosphaeria on sugarcane, 

information available on control of Leptosphaeria spp. ori 

other graminaceous crops is furnished briefly here under. 

Spiertz (197 3,' from Netherlands reported that 

spraying with Maneb at / kg/ha twice before flowering and 

v;ith Benomyl at ± kg/''ha twice after flowering greatly 

delayed the spread of L_. nodorum causing glume blotch of 

v/heat and increased g r a m yield. Wheat yields were 20 per 

cent higher in plots treated with Mancozeb or Mancozeb t 

Benomyl and 15 per cent higher uith Benomyl alone and thê  

infection of L^ nodorum was reduced from 5 7 to 8-2 2 per 

cent (Jacobsen, 1977). Oppitz and Hoeser (1978) from S. 

Germany observed that Calixin I'I ridemorph) and Thiophanate 

methyl effectively controlled glume blotch and increased 

grain yields. One apfjlication of Frumidor (Thiophanate 

methyl + Maneb) and [Jaconil ( ch] orothaloni 1 ) between ear; 

emergence and flowering reduced the infection of L. 

nodorum in disease endangered areas in Switzerland (Jaggi, 

1979). Siegle and Casutt (1979) from the same country 

stated that a single application of Dithane M-45 + Benlate 

between ear format.ion and begining of flowering of wheat 

reduced infection by Ŝ , (L^J nc dor urn by 6 0 per cent and 

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



1.5 kg/ha sprayed between shootircj of ears and flowerJ ny 

was recommended for tlie control of L_̂  liodorom (Zwat/. , 

197 9; Mielke and Ahlf, ;:.985). Zaniau nV. a 1_. (1981) from 

France reported that tlie compound Remidine plus (1.6% 

Fenarimol, 8% CarbcMidazxm and 64% maneh, sprayed at /.3 

kg/ha was effective against 3̂_. (L_̂ ) nodorum oh wheat. 

Barros et_ a_l. (1984) indic:'ated that 3 sprays of raancozeb > 

triadimefon, starting fron 4 5 days after emergence reduced 

the incidence of L_. nodorum with increaseid yield. Vanova 

and Ben da (1988) obtaine^'d inci-eased yields of 14.8 per 

cent and 19 per cent^ by spraying Tilt (Propiconazole) and 

Bayleton Triple (Triadimefon + c:arbenda2im + Captafcl i 

respectively. They alsci reported that tht? fungicidcjs 

based on mancozeb were also most effective against glume 

blotch. Foliar spray with Triadimefon (Bayleton 50% W.F.) 

and Mancozeb (Dithane 1^-45) reduced L. nodorum and 

increased grain yields (Christ and Frank, 1989). Eynarci 

and Shepard (1990) studied five fungicicies against L., 

nodorum both ijn v_Ltro and i_n viv(,). Chi-jrothaloni J was 

much less effective L_n vitro than proch loraz , ilexacon.i-

zole, Flusilazole and Te.ouconazo] e and similar results 

\jere obtained i_n vivo also.. Field experiments in Denmark, 

France, Germany and U.K. revealed that at 125 g a.i./ha 

BAS 480F (a new triazc^le fungicide) controlled L_̂  nodorum 

and increased grain yields in wheat (Saur et al., 1990). 
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Edifenphios, va J i daniyci n , carbei'.caz in and Vi)7i-onv 

(Isoprothiolane) provulc-d 7 5-9 4 per cent control of stem 

rot of rice caused by hU_ sa 1 vini ( l,,i e_t ai_ . , 1984). 

Ramsingh ei. al_. (1988) tested six funyicides _U2 

vitro among which cartiendazim and Thiophanate* methyl 

effectively inhibited sclerotial germination and mycelial 

growth of Sclerotium oryzae and |4_̂  salvini. In field 

trials, the stem rot incidence could be reduced by 

spraying the crop ĉ nce with Thiophanate methyl (a 875 g/ha 

at disease initiation. Spraying fungicides such as 

Triphenyl tin hydroxide; on debris and stubble alter 

harvest was recommended for the control of stem rot of 

rice (Mehrotra and Aneja - 1990). 

Application oj; Bayleton CF (Triadimefon * 

Captafol) gave good conf-rol of L_̂  avenaria causing leaf 

blotch and produced inprovements in ke-rnel weight and 

grain yield of oats (Jhonston et ai . , 1981). 



MATERIALS AND METHODS 



CHAPTER III 

MATERIALS AND METHODS 

3.1 GENERAL 

In view of the severe incidence of ring spot 

disease on sugarcane in several cane growing districts in 

Andhra Pradesh in reK:ent years, its role in limiting cane 

production is sought to be. assessed by conducting 

investigations on aspec'ts such as the effect of the 

disease on yield and juJ.ce quality, v£trietal reaction, 

factors influencing the.! disease and c;hemical control. 

These studies were nade between ,1988-1991 in the 

laboratory, glass house and fiel(3 at Regi.onal Agricultural 

Research Station, Anakapalle, Andhra Pradesh (India). 

Observations present:ed in this thesis pertain to 198&-89 

and 1989-90 crop seasons and the same are mentioned in the 

text. However, the expeiiment pert:aininc to estimation of 

losses was conducted during 1990-91 crop season. Geogra­

phically the experimental field is located at. SS^-Ql' East 

longitude, 18 -45 North latitude. It is on the eastern 

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 climate is tropical and humid. It 

receives rainfall both during South-west (June-September) 

and North-East (October-Februar / ) monsc^ons. The mv.iui 

docinnial rainfall in South-VJes': and North-East monsx;n 

periods is 638.6 mm and 289.7 mm, the total annual 



rainfall being 1052.4 rrni. The winter is niild duriny thf 

[ponths of December to February vith minimuiT' temperatures 

rarely touching 12^'c. Summer i -; severe during th(? luonUiF 

of April-May with maximum temj. i:irature going upto 42 C. 

The relative humidity is high thi'ough out the year rangiruj 

from about 60 per cent to over 90 per cent, as the place 

is close to the sea. The monthly- mean meteorological data 

at the site, for ten years (.1981 to 1990) are given in 

Table 2. The relevant weather data recorded at Regional 

Agricultural Research Station, Anakapalle during the 

experimental period (i;)88-89, 1989-90 and 1990-91) are 

presented in Table 3, 4 and 5. The material used and the 

methods adopted in tlie present investigations are 

described in this chapter. 

3,1.1 Glassware 

The glassv;are used in thie studies corner iseci )f 

petriplates, Erlenmeyer conical flasks, test tube;, 

beakers etc. of Corning or Borosil make. It ŵ is 

thoroughly cleaned with a detergent and washed in running 

tap water. Cleaning solution prepared by dissolving 

potassium dichromate (100 g ) , water (1000 ml) and concen­

trated sulphuric acid (500 ml) was used whenever required. 

Cleaned glassware was finally rinsed in distilled water 

and air dried. 
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3.1.2 Chemicals L '*._•''̂ ' ' " . ^ 

In all the studies, based on the experimental 

requirement, analytical or labora-::ory grade chemicals of 

British Drug House Company Limited, Sarabhai Chemicals 

Limited, Qualigens Ê ine Chemicals and Loba Chemicals uere 

used unless otherwise stateci. 

3.1.3 Sterilisation of glassware, media and soil 

Glassware kespt in appropriate containers were 

sterilised in hot air overi at 160 C for 9C minutes. Al .. 

the types of media and cane lê af bj-ts of different varie­

ties uere sterilised at l!;i PSI for 20 miiaites in an auto­

clave. Soils were sterj, lised at 20 PSI for one and half 

hours on two alternat:e days. 

3.1.4 Surface sterilisation of leaf material 

The diseased leaf tissues of 8x2 cm were washed 

under running water foi:- 10 minutes and transferred to 

blotting paper. They were cut into bit:s of 3x2 cm size 

with sterile razor blade and treated with 0.1 per cent 

aqueous solution of mei curie chloride foi- 45 seconds t(.i 

one minute in laminar a_i r flow chamber. Later they weie 

washed in three char.qes of sterile distilled water. 



3.1.5 Media used for isolation and maintenance of fungi 

The culture inedi;;i used ir zhe studies along wild 

their composition are furnishe(3 in '̂ abÎ ^ G. Stieptc-

penicillin (Dicrysti';: Ln-S ; at the rate of bOC ppn. was 

added to the media jnle;;s otnerv'ise stated, Lo avoad 

bacterial contaminations. 

Table 6: Details of culture media used in thê  
investigations 

Media Ingredients Qucintity 

1. Potato Dextrose Peeled potato slices 200 (} 
Agar (PDA) 

Dextrose 2 0 g 

Agar 20 g 

Distilled water 10 00 ml 

2. Oat Meal Agar Oats 40 g 
(OMA) 

Agar 2 0 g 

Distilled water 1000 ml 

3. Czapek-Dox Agar Na No 3„0 <j 

KH^PO^ 1,.0 g 

Mg So^, 7H^0 0,. 5 0 g 

Potassium chloride 0., 50 g 

Fe SO^, 7 H^O 0.. 01 g 

Sucrose 3 0.0 g 

Agar 2 0.0 g 

Distilled water 1000 ml 



Contd.. 

Media Irgredients Quantity 

4. Richard's Agar KNO, 10.0 9 

KH„, PC), 'J.O y 
2. 4 

Mg £0 , 7 H.,0 2.5 g 

Fe CM U.02 g 

Sucrose 50.0 g 

Agar 2 0.0 g 

Distilled water 1000 ml 

5. Bean Meal Agar Bear Meal (CJround 30.0 g 

seeds of dwarf bean) 

Agar 2 0.0 g 

Distilled water 1000 mJ 

6. Cane Leaf Agar Cane leaf 50 g 
(CLA) 

Dextrose 5 g 

Peptone 5 g 

Crystalised sugar 20 g 

Distilled water 1000 ml 

7. Carrot Agar Carrot 20 g 

Glucose 30 g 

Agar 2 0 g 

Distilled water 1000 ml 

8. Potato carrot Grated potato 20 g 
Agar ;potato slices) 

Grated carrot 20 g 
(cari-ot slices ) 



Contd. 

Media Ingreci ients Q u £ i n t i t > 

A :j a r 

D i s t i l l e d w a t e r 

2(1 g 

1(10 0 in] 

') . Water Agar Agar 

Distilled water 

2 0 g 

10 0 0 III] 

LO. C o r n M e a l A g a r C o r n m e a l A g a r 
( hi i Med i a ) 

Distilled water 

2 0 g 

1000 111] 

LI. Potato Sucrose 
Agar (PSA) 

Peeled potato sli::es 

Sucrose 

Agar 

Distilled water 

20 0 g 

2 0 g 

2 0 g 

1000 III] 

L2. Potato Sucrose 
Agar + Oats 

Ingredients as in PSA 
+ Oats 10 g 

L3. Potato Sucrose 
Agar + Cane 
leaf extract 

Ingredi€;nts as in PSA 
+ cane leaf 20 g 

L4. Potato Dextrose Ingredients as in PDA 
Agar + Corn meal + Corn meal 

15. Potato Dextrose 
Agar + Cane 
leaf extract 

Ingredient:s as in PDA 
+ Cane leaf 

_6. Cane leaf Agar -f Ingredients as in CLA 
oats 

17. Oat meal Agar i-
cane leaf 
extract 

+ Oats 

Ingredients as in OMA 
+ Cane leaf 

2(1 g 

20 g 

10 g 

2 0 g 



3.1.6 Fungicides 

The funyiciiios used in the invtjstiya tions aie 

furnished in Table 7. 

3.1.7 Seed material of test varieties 

Required seed material oi different 

varieties/clones was taken from 6 months C'id short crof.-s 

raised from hot wate>r treated setts at Regionai 

Agricultural Research Station, Anakapalie as and when 

needed. The setts with sound buds were S(riected foi use 

in the experimental work. Field and pot culture studies 

were conducted with the susceptible variety Co 7219 unless 

otherwise mentioned. Planting in field wijs done in March 

eveiy year and the crop >̂/as harvested in February next 

year unless otherwise stated. 

3.1.8 Fertilizer application 

As per the recommendation for the region, only 

- I 

nitrogen, to supply 112 kg ha in tlie form of urea, was 

applied to the crop m twcj equal halves at 45 and 90 days 

after planting unless ot;herwise mentioned. No other 

nutrients were given to the crop 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 



T a i j l e 7 : D e t a i l s o f f u n i i i c i a y s er „ , l c i>e( l i n t t iH L r . f i s t i j a t i . i r 

S. iJo. T rado name Coriinion riane CliGinicaJ ^ i rut.) a . i . 

1 . B a u i s t i n 

2 . T o p s i n - n 

Carbendaz i'" 

(i^tiC) 

T h i o p h a n a t e 

mBthy ] 

r e t h y l - 2 - t ) e n z i. -

r i d a z o l e c;arDamute 

[ . i m a t h y l < ( , 4 - i ) -

( . h e n y l s n e t i i s ', 3-

' h i o a l l o p l i a n a t a • 

•)'A h*.Sf l n : l l I M l ! . 

7.K notilal Pa.stici.if: 

LI.P. i, India) P.;t.l tc . 

3. Calixin Tridemorpl-

4. Bayleton Triadimefon 

I,-tridBcyL-2,5- in% 
ilimBthyl-innrpho.Line i .iV. 

l - - ( 4 - c h l o r D p h B n ( j x y , ) - ?.S% 

:'., 3 - d i m 6 t h y l - r - LJ.P. 

: t H - 1 , 2 , 4 - t i - i a z i i l - 1 -

( ' L ) - 2 - b u t a z ( ] r e 

HASP I n d i a l . t r i . 

Bayer I n d i a l.tcP. 

b. K i t a z i n K i t a z i n II , 0 - d i - i 3 ! . i p r c ! J / L-

lanzy I t IT iufif- o s p h a t o 

'i8% P c i s t i c i d e s I n d i a 

6 . H i n o s a n E d i f a n p h o t 1 - B t h y l - S - S - t i p h e n y l 

i h o s p h o r o - d i t h i s a t B 

')•'.? Bayer I n u l a i.tci , 

7. Blitox Coppar 

oxychlorine 
•opper cxychloridB 

IJ.P. 
Rallis India Ltd 

8. Captaf Captan l - T r i c h l o r o m e t h / l , bM 

, h i o ) - i i - c y c l c l i e x e n B U.P . 

••1 , 2 - d i c a r h o x i m i d B 

R a i . l i s I n d i a L t d . 

C a p t a f o l F n l t a t " i s - N - ( 1 , 1 , 2 , . > -

: B t r a c h l o r o e t n / : 

. h i d ) - 4 - c y c l o h 8 x 8 n e 

•1 , 2 - d i c a r t i C i x im.:Ld8 

mi 
LLP. 

f i a l l i s I n .]ia L t . i . 

1 0 . O i t h a n e n-4E> n a n c o 7 e t 

, i n d o r i l n - 4 5 ) 

r ianyanasB t i t d y l e n s 

L i s d i t h i c i - c a r b a m a t a 

• i ' i n c 

b'.P 

I n d o f i l IPiumicf 

L i m i t e d 

11 . Dithana Z-7B Zineb ; ' i n c e t n y l e n a b i s 'iS% 

c ^ i t h i o - o a r b a m a t e L , P . 

R a l l i s I m J i a L t r 

12 . T h i r a m 

13. C h l o r o 

t h a l o n i l 

ThiraiTi t e t r a m a t b y l L t i iu ra in 713% 

b i s u l p h i d e Ui p . 

SafB p u a r d l e t r a c h l o r c T[,% 

i s o p h t h a l o n i t - i ] 8 U , ( ' . 

.Su/arup i : hnmica lH 

P r i v a t e L i m i t e d 

Ghadra ( ;h ( )mica ls 

L t d . 

http://Lr.fistijati.ir


during the formative phase and 21 days (during the maturity 

phase with 13 irrigations.. Only two irrigations were 

given during grand growth phase which coincided with 

monsoon time. In all, the or )p received 15 irrigations. 

3.1.10 Cultural operatiors 

The weeds ir. the experimental pJct were removed 

by manual labour one week before mariurir.g. llarthing u|; 

for the crop was done by mannual laboui. Trash twist 

propping was dene 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 v/as finally harvesteci by manual 

labour from pre fixed cane rows that v^ere left undisturbed 

after recording stalk observations and cane yield. 

3.2 EXPERIMENTAL 

3.2.1 Symptomatology 

3.2.1.1 Symptoms 

Development of spcits in nature, starting from the 

initiation of the disease, was recorded on four varieties 

viz. Co 7219, CoT 6201, CoA 89081 and Co 35045 anci 

described. Symptoms were recorded on all the leaves 

including the spindle leaf. However, at tlie time of 

harvest, the number of spots produced on top 1-8 fully 

opened leaves were counted in 50 plants of each variety 

and the average was worked out. Trie third leaf from top. 



including spindle leaf was taken af; the first fully opened 

Leaf. 

3.2.1.2 Size and shape of thei spots in diflerent 

sugarcane varieties 

To study the nature of spotting, (ie.; size and 

shape on different sugarcane varieties, S4 

varieties/clones were planted each in 2 m length rows in 

the month of March, 1988. The pycnidiospore suspension 

was sprayed on leaves once durinij last week of August, 

1988. The number of days taken for the first appearance 

of the disease after inoculation, shape and size cf th(: 

spot in mm were recorded, 3 months after inoculation. 

3»2.2 Isolation and identification of pathogen and 

establishment of pathogenicity 

3.2.2.1 Isolation 

Leaf samples from naturalLy infected plants wit! 

immature spots and mature spots wi.th black di scolou rat im; 

in the greyish centre were used for isolation. 

Isolation from immature spots 

Leaf bits of 3 x 2 (;;m size were surface 

sterilized and washed in sterile water. The leaf bits 

were then cut into small pieces wi.th sterilised scxssors 

and the bits were transferred to moist blotters and to 

different media (PDA, OMA, CLA, Ricihard's Agar and Czapek-



Dox agar) in sterile petriplates. These v/ere incubated at 

28° + 1°C and the causal fimgi were isolated and purified 

by monoconidial method (Pathak, 1984). 

Isolation from mature spots 

Microscopic observations -jf slides from mature 

lesions of ring spot revealed the continuous association 

of ascospores and pycnidiospores. For isolating these 

fungi, the leaf bits were surfeice sterilised for 45 

seconds and washed with sterile water as quickly as 

possible. These steirie leaf bits were transferred to 

sterile petriplate in which few drops of sterile v;ati3r was 

placed. The leaf bit was cut wi-;:h a sterile razor int;c: 

sejveral small pieces in sterile wauer. Thfjse small |)ie-c(n; 

weire then transferred to different media (PDA, OMA, CLA, 

Richards agar and Czapek-Dox agar) and incubated, A loop 

full of sterile vv-ater containing spores was streaked ni) 

the above media separately. Tne suspension was also 

flooded in sterile water agar plates. Single ascospores 

and pycnidiospores were picked ip and transferred t(.' 

different media mentioned above. 

3.2.2.2 Maintenance of isolated fungi 

The isolated fungi v^ere maintained on PDA, CMA 

and OMA -f cane leaf extract free from aerial contamina­

tions. They were subcuitured as and when needed. 



3.2.2.3 Identification of isolated fungi 

The isolated fungi '..'ere identified to the qenus/ 

species level based en the colony and cultural charactern 

and spore measurements \^ith the lelp of relevant mono­

graphs, illustrated books and CMI lescriptions. 

3.2.2.4 Production of ascospores .Lri vitro 

i) Healthy ]eaf kiits of highly susceptible suijar-

cane varieties Co 723 9 and Co 76 36 v,ere surface sterilised 

with 0.1% mercuric chloiide in laminar air flow chamber 

for one minute and washed in 3 changes of sterile 

distilled water v/erc; placed onê  eacrh at t.he centre? of a 

sterile petriplate (:;ontai.ning OMA, PDA and CLA. Ascos­

pores collected from sui:face sterilised mature lesions 

taken in sterile water were flooded on ste!rile water agar 

seperately. Ascospores lifted along with the agar bit 

were placed at the edge;' of the leaf bit in differenc 

media. One set of ten jjlates was incubated at ambienr 

temperature in the iabcratory and another set was exposed 

to alternate light and daikness for 12 hours each under 4U 

watts florescent tubes at 28 + l"(: for one and half months. 

The third set of plates were kept in growth chamber te n 

each at 24°c, 26°C and 28°C for one and half months with 

alternating 12 hours Ij.ght and 12 hours darkness at a 

distance of 45 cm. 



ii) Ten grains t)f healthy ..eaf bits (without RM.! 

rib) of susceptible Buyarcane varieties viz. Co / 219 , C 

7636, Co 8021 and CoT 8201 were taken in 150 ml earlen-

meyer flasks and steriliseci at lb FSI for 2C minutes in an 

autoclave. To each flask five Mg of Biotin, 10 f^ig of 

Thiamine hydrochloride and 2 ml of 0.1 per cent sucrose 

solution were added before autociaving. Ascospores from 

naturally infected leaves and pycnidiospores obtained from 

the culture were transferred separately on to these leaf 

bits in each flask. Fifty such flasks were taken for each 

variety. One set of flasks was incubated at ambient 

temperature in the laboratory "ind the second set was 

subjected to alternating light and darkness of 12 hours 

each under 40 watts florescent tubes at 28+1 C foi" one and 

half months. The third set of flasks was kept in groivth 

chamber five each at 24°:;:, 26^\: and 28'''c for one and half 

months in alternating light {1 i! hours) and darknest ilz: 

hours) at a distance cf 45 cm, For each of the above 

treatments sterilised leaf bits without vitamins or 

sucrose served as control (5 flasks each). 

3.2.2.5 Pathogenicity tests 

The fungi isolated from 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 adopted by Wismer and Koike •196,',) 

for brown spot disease of sugarcane was follov̂ red with 

s].i'jht modifications. Potted plants of 4 months ag(i were 

used for inoculation. The plant;:; to be inoculated were 

watered well. The top halves of Leaves were clipped off 

ard the whole crown was enclosed in an alkathene bag for 

24 hours to provide pre inoculation humidity. The Leaves 

of the plants were spray inoculated, employing av 

atomiser, with a suspension of coiidia of the test fungi 

either individually or in combination. Similarly plant;; 

weire also spray inoculate^d with as::cspores produced in t\\(-

laboratory on the sterile host leaf bits and also from t!u: 

nc'iturally infected material. Another se?t of plants were 

inoculated by slightly wounding the Leaves by pin prick 

method. Suitable controls were maintained by sprayincj 

sterile distilled water. The plants after inoculation 

were again enclosed in an alkathene bag for 72 hours to 

provide post inoculation Liumidity. 

Preparation of inoculum of test fungus for pathogenicity 

tests 

The inoculum was prepared from the cultures grown 

in the laboratory and also from the naturally infected 

cane leaves. 

The fungus was cultured on 30 ml of potatx: 

dextrose broth in 15U ml Erlenmeyer flask at 26̂ 'c .i r. 

alternating 12 hours light and 12 liours darkness for It 



days in growth chamber. The cu:_ture mat.s were nmovexi, 

washed uith sterile distilled water ari(5 blended with 

sterile distilled water (§ 50 ml t:er mat at low speed in a 

Mender. The mixture was filtered through a muslin clMdi 

and the filterate containing conrdia ar.d mycelial 

fragments was used as inoculum. Ascospores that develojjod 

on the sterile host leaf bits in the laboratory and a U CJ 

from the naturally infected material were also used for 

inoculation. 

3.2.2.6 Identification of a suitable medium for the 

pathogen 

Different synthetic ar:i non synthe^tic media .:is 

mentioned in 3.1.5 were tried, t.o identify a suitable i:)ne 

for optimum growth and sporulation of the pathogen. 

Ascospores and pycnidiospores fro:n sterile water agar were 

transferred to different culture media seperately and 

xncubated at ambient temperature. The extent of 

sporulation in each media was m€;a£ured with the help nf 

haerr.ocytcrr.eter. Since CMA + cans leaf extract supported 

(jood growth and sporulation of P_. saccharicola In the 

present studies, this medium was used for niaintenanc;e of 

the fungus throughout the studies. 

3.2.2.7 Inoculuni for field and other studies 

The- pycnidiospores of P_._ saccharicola obtained 

from the affected leaves of C07 219 on OMA + cane leaf 



extract formed the inoculum. A .-oncentratic'ri of J x U> 

spores/ml was used in all the s :-udies \inless otherwise 

stated. 

3,2.2.8 Cultural characters and measurement of ascorpores 

and pycnidiospores 

The cultural and morphological characters of b()th 

sexual and assexual srages of the fungus \\ere recorded cjin 

different media. The measurements of perithecium, asci and 

ascospores that develc'pf;d on healthy sterile cane leaf 

bits in the laboratory c'lnd from lesions in riature were 

recorded with the help csf ocular iind st.a.ge micrometers . 

For the assexual stage: r.iycnidia and pycnidiospores 

detained in culture and from lesions ir nature were 

m(5asured. 

3.2.3 Developing a disease rating scale for estimation 

of disease intensity 

The per cent jreen leaf affected area at 

different intensities of (iisease was worked out witii the 

help of leaf area meter and a 0-9 scale was developed 

specially in the present:- studies, for estimating the 

intensity of the disease. The details of 0-9 scale is 

given below: 

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


i' ' i 

Gi-adG Descr Lption 

0 No disease synptoms. 

L Only small brov^n speacks of 1 mm size at apical 
part of leaves, fev/ to many, some times 
unreccgni sab] e ., 

2 Slightly large, oval, creyish spots of 3 mm in 
diameter covering less than 1 {:ier cent of leaf 
area. 

3 Oval to irregular greyish spots of 4 mm 
diameter with reddish margin covering 1 to l> 
per cent of leaf area. No necrotic spots, 

4 Typical ring spot lesi.:3ns develop. Spots witl:. 
necrotic (̂ rey centre and reddish brown margins 
covering 5.1 to 10.0 per cent of leaf area. 

5 Typical ring spct lesions spireading to middle 
portion of the; leaf cc^vering 10.1 to 20.0 per 
cent of the Ic'af artja. 

(i Lesions as m scale b, havt? a tendency to 
coalesce, spreading towerds basal portion of 
the leaf affticting 20,1 to 30.0 per cent of 
leef area. 

7 Large quickly expiinding le.sions, irregulai^ 
because of fusion, lirown margins and most C)f 
the affected area blLghted covering 30.] t;o 
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. Premature 
senescence of the leaf. 

9 More than 60.0 per cent of the leaf area 
affected and premature senescence of the leaf. 

For assessment of disease intensity, 20 milLable 

canes tagged at random formed the samiie. The disease 

intensity in all t̂ le studies was recorded on the top 1 to 

8 fully opened leaves (RAPS, AnakapalLe, 1989) with the 

aid of the scale. All leaves considered for assessment 



were assuii.e'd to be equal in size. The per cent disease 

intensity (PDI) was calculated usii.g the folicwing formuL.:i 

suggested by Mayec and Datar (198()), 

0 (XO) + 1 ( X 1 : + 2 ( X 2 ) H . . . . . 
PDI ^ X 1 0 0 

XO -+ X] - X2 . . . . . . . X j 'uixi inum g r a d e uso(3 

w h e r e / 

X represent the number of diseased entities witliin a 
sampling unit in tne respec;tive class or grade such 
as 0, 1, 2 .... 9 

3.2.4 Survey for assessment of disease intensity 

To study the incidence aiid intcinsity of ring spot 

disease on different cultivated varieties in oiEfereiit 

cane growing areas of the three regions of the state, 

survey was conducted during 1988-89 and 1989-90 in sugar 

factory areas of Eodhan, Renigunta, Bobbili, Vuyyuru, 

Nellore, Anakapalle and C'helluru. The fields were selected 

at random in each factory area. field visits were 

undertaken during the riaturity phase of the crop (8-9 

months age). 

In each fieJd, observations v/ere made on 20 

millable canes at 4 places at raridom on the diagonal line 

of the field (Singh, i:)84J. The relevant observation-

made on crop variety, extent of holding, type of soil, 

type of crop (plant or ratoon) and grade en 0-9 scale were 

recorded in a proforma. Infoi-matior on the date of 



planting and plant protection measures a<3cpted was als( 

collected from farmers and factory agricultural staff. /• 

total of 98 fields in 34 villages, of 7 factory zones were 

su rveyed• 

3.2.5 Inoculation and rapid scr€?ening techniques 

3.2.5.1 Inoculation techniques 

Different methods of ar ::ificial inoculation '.,or«f 

tried to find out- an appropriate method. The study v.-as 

conducted in green house with four susceptible varieties 

Co 7219, CoT 8201, CO 9 75 and Co 7636. Twc budded setts cJ 

the test varieties v;ere planted in pots in April. The 

leaves were inoculatec curing Last weeK of August, The 

plants were watered bel,'ore and after mocuLation. Pre and 

post inoculation hi;midities weie maintained. The inocula­

tion methods employed were as follows: 

1. Spraying lea\es v;ith conidial suspension 

2. Clipping the> top halves of leaves and spraying 

conidial suspension 

3- Clipping the top halves of leaves and F lightly-

wounding them by pir prick method and sprayinc, 

conidial suspension 

4. As in method 3 + sfarying water with continuo!.;.-

atomiser on inoculated plants for 2 hours ever, 

day upto 7 days fr:̂ tT. 4th day to simulate rair , 

conditJ-ons . 



5. Mixing celite m inoculuni and rubbiny gently GV'Cr 

the leaves. 

6. Inserting small pieces c:>f pycnidia bearint; leal 

tissues Into the spindle; in the month of Augiuit 

and spraying water (Leu, 1968).. 

7. Squirting spore suspension into the spinrHe in 

August (VJaiiQ and Lee, 1980) and spraying water.. 

8. VJrapping 3-6 leaves with a piece of ring sp-.t 

affacted laai during August (Bernard and L.iu, 

1980) . 

The data on the intensity of the disease in €?ach 

treatment were recorded (J months after inoculation. 

3.2-5.2 Rapid screening techniques 

Effective metliO'ls for determining the reaction oi 

varieties to ring spot iisease are essential. Differeuit 

screening methods mentioned beslow were tested in {-Jot 

culture, field and Laboratory . Eight varieties/clones 

viz., C07219, COT820 1, Co7636, Co85044, 84A155, (.:o85(J45, 

CCA89081 and 86A444 were included in the study. 

1- Two budded setts were planted in pots in April. 

The first and fourti inoculation techniques 

mentioned in 3.2.5.1 were employed. 

2. Rajoong inoculation. 



Three budded setts were planted -vertically in the 

pot during June. The bottom most bud Vvfas scooped out 

before planting and the l<:)wer internode was pressed into 

the soil. The lateral, buds sprout up and such setts with 

shoots are called "Rajoongs". There will be no shoot roots 

and shoots survive with the sett roots put forth from the 

node immersed in the soil. The Le^ives of the shoots were 

spray inoculated v/ith the spore suspension in the last 

week of August. Pots were watered profusely before and 

after inoculation and wer3 spraysKl ,vith srerile wate^r for 

2 hours every day for crn^- week staitiny frijin 4th day after 

inoculation. The intensity of the' disease was recorcied in 

each variety 6 montlis after inocu lat ioi.. 

.̂ Detached leaf metiod 

Healthy leaf pieces of 1!) cm were cut from test 

varieties and washed thoroughly with tap water and then 

with sterile distilled water. Ttiey were transferred tc 

sterile moist blotters. The leaf pieces were inoculated by 

dipping in spore suspension and £.lso by spraying with 

atomiser and maintained on a nutrient solution in 25x200 

mm test tubes (Liu, 1982,). 

4. Screening undei natural conditions 

The test varietie^s were planted in the field in 

the month of March in two rows of 3 m lesngth each. The 

susceptible variety Co7 219 was |-1 anted .i n one row after 



-• ^ 

each test variety and a]so all around the plot. The 

disease intensity in e;:ich variety was recorded in 

February, 6 a'C'nths after inoculation. 

3.2.6 Factors affecting disease development 

The studies were condu(:;ted both in fielci and 

green house. 

3.2.6.1 Effect of application of different levels of 

Nitrogen, Phosphorus and Potassium fertilizers on 

the extent of disease development 

To assess the? effect cf diffe;rent levels of 

nitrogen (N), phosphoru:^ (P) and potash (K) fertilizers 

applied to the crop on tlie intensity of disease develop­

ment, a randomised replicated field trial (Factorial 

F . ii. D. ) was conducted jsing variety Co 7219 with the 

following four levels cf nitrogen in t.he form of urea, rv/o 

levels of phosphorus in the form of single super phosphate 

and two levels of potash in the form <3f mnriate of potasit. 

Nitrogen 

N, 

N. 

N. 

no nitrogen 

112 kg ha~^ 

224 kg ha" 

336 kg ha 

•1 



Phosphorus 

p : No phosphonni 

P : 100 kg ha" 

Potash 

K„ : No potash 

K-, : 100 kg ha"''̂  

Potash and phosphorus lertilizers were applied 

basally at the time of planting in furrows. Nitrogen was 

applied in two equal splits at 45 ard 90 days after 

planting (DAP). I'he treatments were rendomised and 

replicated thrice. Size of each treatmental plot was kept 

2 2 

at 38.4 m with a net plot area of 28. F n' for recording 

observations. Spraying v/ith spore suspension was done in 

the month of August in tne central four i:ows . The PL'l vjas 

recorded in each treatn.e'nt on 0-9 scale starting frcii 

November till the crop was haivested ir February- Since 

ndd laminar portion and sheeths of 3-6 leaves (with 

spindle leaf as first and counting downward) are index 

tissues, the mid laminar nitrogen, sheath phosphorus and 

potash were estimated in all the treatments at 240 DAP 

(Clements, 1953) following standard procedures. 

3.2.6.1 i) Estimation of leaf nitrogen 

For estirnatintj per cert nitrocjen, 3-6 leaves fron; 

top were used. Mid lamina portion e;<cluding the mid rit. 

was used for estimation. 



Oven cried and finely powdered leaf material 

(0.-1 g) wa£ used for nitrogen estlinat ic n. The standard 

micro kjeldahl method was adopted for nilroget estimation 

and the nitrogen content was expressed a£ ter oent on oven 

dry basis (AOAC, 1975).. 

Digestion 

A weighed quantity (O.J g) of oven drieci, 

powdered leaf n:aterial was taken ..n heat resistant t:ubes. 

To this 3 ml of concentrated H SO was added and kept for 

half an hour. The test tube was t.ien heated en flame till 

thick fumes carre cut . llien the flame was removed and a 

few drops of H^0„ v?ere added. The same process was 
2 2 

repeated till the solution turned colovirless indicating 

the completion of digestion. 

Distillation 

The digested material v/as carefully transferred 

to a distillation unit an-3 10 ml of 45J% NaCH solution was 

added. This solution was ther. steam boiled and the 

distillate containing the liberai::ed ammonia was col Lected 

over 4 per cent boric acid contaiiing mixed indicator (0.5 

g of Bromocresol green and 0.1 g of 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 

(T.V.) was noted. 



Tl'.e per cent of nitrogem in each sample was 

calculated using the forivula 

10 0 
T.V. X 0.28 X 

Weight of leaf sample (0.1 y 

3.2.6.1 ii) Sheath phosphorus 

Leaf shearhs 'vere colJected from 3-6 leaves and 

oven dried at 70̂ ''c. Phosphorus was estimated by Vanado-

Molybdo-phosphoric yellow colour method in nitric acid 

medium as described by Koeing and Johnson (1942) in wet 

digests and expressed as per cent, on oven dry basis. 

One gram of oven cried sheath material v>/as 

digested in 10 ml of triacid mixture prepared in 9:2:1 

proportion of nitric, sulphuric and percloric acids respe­

ctively. The extract v;as made upto 100 ml volume. Ten ml 

of the extract was taken into a 50 ml volumetric flask to 

which 10 ml of Baitons reagent (Ammonium vandate -f 

Ammonium molybdate) Wc'is added and then the volume was made 

upto 50 ml. The coitents of the flask were shaken and 

kept for half an nour . The intensity of the yellow colour 

was read with the help of Ccilorimeter using blue filter 

(420 nm). A blank was run simultaneously. A standarc 

curve was drawn with different concentrations of standard 

phosphate solution using the same reagents mentioneci 



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

mined with the help of standard curve usiny the formula 

R Total volume made up (5 0ml) IV0 
Per cent P = -~7 >̂  ^ 

10 aliquot taken (10 ml) Weight 
of sam­
ple ilg) 

vtfhere R = ppm of F present in t.ae sample correspondinij to 

the standard curve 

3.2.6.1 iii) Sheath potcissium 

Potassium in v̂ êt dicest of .3-6 sheaths v/as 

estimated usiny FLame ::'hotometer method (Jackson, .. 9 7 3 j 

and expressed as per cent on oven dry basis. 

One gram of oven dried sh^;ath inatei-ial v;as 

digested in 10 ml of triacid m.i<ture. 

The triacid extract was made upto 50 ml and fed 

to the flame photometer using potassium filter. The 

potassium in the sample was determined with the help of 

the standard curve dra\<'n with different concentrations (5f 

potassium. The per cent potassium is determined as 

follov^s . 

R Volume; made (50ml) 
Per cent K = ---̂  x .v l()0 

10 Weight of plant sample 
taken (Ig) 

R = ppm of K present in the? sample correspc»ndiiiu 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 c;ontents in t;he 

index tissues of plants of resistant and susceptible 

varieties, a trial was conducted. Five resistant \'i z . , 

CoA 89081, 84A15,5, Co 85045, 86A444, 8 3A106 and five 

susceptible viz., Co 7 219, CoT 8201, Co 7636, Co 975, Co 

85044 varieties/clones ,vere planted in :he field each in 4 

rows of 5 m length in the month of Marcri. Only nitro'j€;n iJ 

112 kg ha in the form of urea v;as applied to the crop m 

two equal 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 v;ere 

collected from 3-6 leaves at 1140 DAP from the inoculated 

canes of all the varieties/clones and analysed for nitro­

gen, phosphorus and potassium. Disease intensity in eacli 

variety was recorde^d at. harvest durinq February. 

3.2.6.3 Age of the crop and intensity of the disease? 

To study th(? effect of age of the crop on the 

intensity of the dis(.?ase, a field trial was conducted 

during 1988-89 and 1989-90. ]'he test variety Co 7219 was 

planted in the field <.it monthly intervals starting from 

February to June every season. The vaiiety was planted in 



6 rows of 5 m ienyth every rnonth . Inoculat.ion with 

conidial suspension v/as done <it 3 months age of the c-rop. 

The disease intensity was recorded startinq from 

initiation of symptcras (Sept amber) till harvest of the 

crop (February). 

3.2.6.4 Effect of leaf orientation on the intensity of 

disease 

To study thi:; effect of leaf orientatic^n C)n ttue 

intensity of the disease l.(i varieties/clones (H4AI55, 

87A142, 82V12, 86A444, 87A279 87A140, CoA 8901, Co 85U]2, 

83A106 and 87A3) having erect leaves and 10 varieties/ 

clones (Co 7219, Co 7636, Col 8201, Co 7706, Co 975, Co 

85044, Co 8021, 84A86, 84A125 and CoA 8401) having droo­

ping leaves were iroculated with conidial suspension at 

the age of 5 1/2 months. The disease intensity was recor­

ded 6 months after inoculation. 'J'he angle? between th(̂  

leaf sheath and lamiriar poirtion at tiie back of ligule of 1 

to 8 functional lea\^es on each stalk was also measured ii 

20 canes in all the i;:est varieties at harvest and average 

was worked out. 

3.2.6.5 Moisture stress and water stagnation 

The effect of moisture stress and wate: 

stagnation on the intensity of the disease was studied i.' 

green house, in comparison v. Ltii normnl irrigation vntli tc 

varieties/clones viz., Co 1 c>A9 , CoT 8201, Co 7636, c 



85044, Co 975, 84A155, 86A444, Co H5045, CoA 89081 and 

B3M06. Moisture strcs:-; and water staqruition were c-reateci 

in pots as detailo<3 below. 

Moisture stress 

Initially, Irrigation was provided at freijuent 

Intervals until qermination and establishment of plants. 

later the plants were subjected to moisture stress. Thie 

plants were irrigated sparingly when tiiey showed loss of 

turgidity and tendency for dryi/ig. 

Water stagnation 

After establishment of plants, the? drain holes LII 

the pots were plugged and the plants were subjected to 

water stagnation for 9Ci days (August to October). 

The plants in the above varieties were sprayed 

with conidial suspension in the first vieek of September at 

the age of 5 months and the intensity of the disease was 

recorded 6 months after inoculation. Suitable contrc^ls 

with normal irrigation were maintained. 

3.2.6.6 Effect of silica content of leaves on disease 

intensity 

The silica content in the leaves of five 

resistant (CoA 89081, 84A155, Co 85045, 86A444, 83A106) 

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



Co 85044) varieties/clones was estirnatcrd by gra vim«;t ri c-

method (AOAC, 1975). Leii g of Leaf material of each 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 boiled 

for 2 minutes and evoporated to dryness and heated on 

steam bath for 3 1-iours . Again 5 ml cf hydrochloric acid 

was added and boiled for 2 minutes. Then 50 ml of water 

was added and hejated on steair bath for 5 minutes. The 

contents v^ere filtered through V^liatmann No. 42 filter paper 

and washed thoroughly. The filter paper aloncj with the 

residue was ignited at 50C)-i)50 C and the i^esidue was 

weighed. The silica content prê sent- 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, isolates obtained from different varieties and 

locations were studied for ttiei r cultural, morphological 

and pathological characters. 

Details of the isolatejs 

The details of the isolates studied are furnished 

in Table 8. 



Table 8: Details of source c:: isolates oj: ring sî ot 
pathogen 

Sugarcane Size of Locality Number assxgned 
variety the spot to the isolate 

Co 7706 Big Nagulapalle 1 
(14.9x3.7 inn.) 

Co 7704 Big Chagall^i 2 
(12.9x3.6 mm) 

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

CoT 8201 Medium Bochan 4 
(8.4x3.1 mm) 

CoA 89082 Small Anakapalle 5 
(6.2x1.5 mm) 

Co 419 Small Amadalavalasa 6 
(4 .8x1 .3 mm) 

3.2.7.1 Isolation 

Cultures were obta:Lned from the affected leaf 

samples on OMA by single spore isolation by following the 

procedure indicated in 3.2.2,. The plates were incubated 

at 28ĵ l C. Morphological characters and spore measure­

ments v/ere recorded in 10 days old cultures of alL tlie 

isolates. Measurements of asci and ascospores were 

recorded from those obta;.ned from host leaf bits. 

3.2.7.2 Pathogenic variation 

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

lates, was assessed by simultaneously inoculating theni 



separately by sprayiny >.:onidial suspension (10 spores/niij 

on different varieties during last week of August (170 

DAP). The varieties/clones inoculated were CoA 89081, 

84A155, Co 85045, Co 7219, CoT 8201, Co 85038, Co 8220, Co 

7706, CoA 7602, Co 975, Co 85044, Co 7636, CoA 8401, Co 

419 and Co 6217 5. Canes in two rows of two rn 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 rolt> of soil, hcist debris, cane setts witli 

infected leaf tissues, irrigation wat.e:r and contact witli 

diseased leaf tissues, in disease spi'ead, was examined. 

The study was c:onduc::ted in pots witih two susceptible 

varieties, viz., Co •;'219 and C<J 7636 during 1988-89 and 

1989-90 with the follov/ing treatments. 

a) Sick soil 

Setts from healthy canes of test varieties were 

planted in soil collecrted from adjacent to the severely 

diseased clumps. 

b) Host debris 

i) Diseased leaves with advanced symptoms were 

collected during April and chaffed with a chaff 



cutter aiui incorporated in sterilized soil in 

pots durincj May. Setts from healthy canes were 

then planted during Jurie in tlie pots. 

ii) Chaffed deoris from previously collected 6 months 

old infected leaves was spread over the 

sterilized soil at the base of" clump- in pots in 

September when the crop was 3 .lonths of <iye. 

c) Cane setts with infected leaf: tissue 

Setts from infected c:ane alony with the infected 

leaf tissue adhering to it, v̂ êre taken and planted in 

pots. 

d) Irrigation water 

Healthy setts were planted in pots \i?ith 

sterilized soil jn June. Normal watering was done upto 

August. From the last: v;eek of August, pots were watered 

once in a week with water mixed wit.h 200 ml of spore 

suspension of _P_̂  saccharicola prepared by soaking diseaseii 

leaf tissues and enrictied with a 10 da>' 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 during October and 

were sprayed with sterile distilled water every alternate 

day for one month. 



3.2.9 Host range studies 

Twenty plant species be](3ngintj both to rnonoc-ocH 

and dicots were tested for the_i r reaction by inoculal u-uj 

with pycnidiospores produced in ten day old culture. 

Plant 

la 

lb 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

species included in the study were : 

SaccharuiTi spontaneum L . ( Rellu ) 

S . 5;pontaneurn L. ', SES .')94~wild cane) 

Pennisetum glaucum (L.) K.Br. 

Sorghum vulgare (Pers.) 

Sorghum halepense (L-) Pers. 

Panicum maximum Jacq-

_Z_eci mays L. 

Eleusine coracana (L-) CJaertin 

Ori za sativa L,. 

Erianthus arunciinaceus Re,>tz. 

Phragmitis karka (Retz.) Trin. ex Steud 

Sesamum indicun L. 

Euphorbia hirta L. 

Cyperus rotundu_s L . 

Cynodon dactyl on (L.) Pers. 

Digitaria sanguinalis (L.) Scop. 

Eclipta alba ', L. ) Has 3k . 

Trianthema po.r:tu 1 ocastrurn L . 

Crotcn bipolarandes L. 

Justicea simplex D. Con. 

Cymbopogon nardus Rendle 



A.l the .above pJ.ar.L opei/ic-; [ilarle-i in July '̂<i'' 

raised in pots in the ylass house and inociuiated when -̂ n-

45 days old. The plants in one set (5f pets were inocu­

lated by rubbiny i nocvi Ii.im on the Leaves after v;cundj mj 

with celite and anothr^r set was jnoculatecj by sprayj ii j 

conidial suspension ')n \A'\'i leaves. Suitaij! t.? ctntrols KH n 

maintained by sprayiny with sterj.le water. ObservatioriE; 

were made from 3rd day onwards upto 30 days aft c-r 

i noculation. 

3.2.10 Reaction of sugarcane varieties/clones for 

resistance to ring spot disease 

3.2.10.1 Determination of: appropriate time for assessment 

of the disease 

Twenty suyarcane varieties/cLones were planted in 

the field in March, 1968 to determine jjroper time fc r 

assessing the reac:tion of varieties after Lnocu Latioi,. 

Inoculation with c-cnidial suspension was done duriry 

August. Tv/enty standing c:anes v;3re tagged at randt^m ior 

each variety/clone for recording thf disease intensity nt 

i/ 2, 3, 4, 5, 6, 7 ard 8 montl-is after iiToculation on n-') 

scale as described in 3 . 2 .. 3 . 

3.2.10.2 Screening of popular and promising varieties/ 

clones by adult cane inoculation 

A total of 60 p.:)pular ard promisiry 

varieties/clones, including commercial standards, wei (. 



screomeci for their resistance to rincj S[JOI, disease ciurmu 

2 988-8 9 and 198 9-9 f i r. observational plots. The 

varieties/clones were planned curircj March and manured aŝ  

per the recoirmendati i:)ns . Inoculation vwis done with 

conidial suspension durin<; August on a cloucjy day withoul 

any rain, taking advantage of humid weather. The crop was 

irrigated thoroughly, before and after inoculation. 

Twenty standing canes were taggecj at candom and tlie 

disease intensity was recordfjd cjn 0-9 scale in eacli 

variety, twice, three and six months after inoculation, 

Vai'ieties/clones were classified into different re^actio i 

groups based on PE)I using the rating scalf^ developer) 1 i 

the present studies (4.3j. 

3.2.LO.3 Varietal reaction by Rajoong inoculation 

Forty varieties/clones \vere screened during 1988-

89 and 1989-90. Three budded t.etts of the test varie-ties 

were planted vertically in the field in June as describe,! 

in 3.2.5.2. The leaves were ijioculated by sprayin] 

conidial suspension in the last week of August. ITû ' 

intensity of the disease v/as rei orded twice in each 

variety at 3 and 6 months after inoc\jlation in twenty 

canes tagged randomly and compared with that recorded on 

adult cane inoculation. 
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3.2.11 Chemical control 

3.2.11.1 Tn vitro tests 

Preliminary screening of systemic and non systemac 

fungicides 

The efficacy of thirteei: fungicides was tested 

against ring spot pathogen (Phyllosticta sacchai icola) .in 

vitrc employing poisoned food technique (Nene and 

Thapliyal, 197't ) . 

Oat agar mec3ium was pref-ared m 1:)0 ml Erlenmeyer 

f]asks and sterilized. Thirteen fungicides (vide 3.1,h) 

with different ccncentrations viz. , 1000 Ptin, 500 ppm, 2iiCi 

ppm and 100 ppm v/ere prepared anciJ mixed thoroughly with 

the media by stirring m laminar air flow chairbor. The 

medium was then poured jn steri.€i pet r i platens . Small 

discs of 7 mm size of 10 days ĉ .d test fungal cultu:rê  

grown on oat agar inediuo' werej cut vvith a sterile co;-K 

bcrer and transferred asepticaliy to the centre of ead 

petriplate and incubated at 28j2l''̂ C Siuitable checks wei e 

maintained without fungicide. Thê  cijiony diameter 

measured every 24 hours was compareid v.ith ':hat of check ] 0 

days after inoculation (time take'n tc> co\er tf.e entire 

plate in control) to dijtermine f ungi tC'xic i ty. Three 

systemic fungicides viz., Bavistin, l'ops.in-M and Catixin 

whic^h were found effective; at 100 ppm were; also tried at 



)̂0 ppm, 20 ppm, LO ppm and ':. \.>ym f o l l u w i n y t h e same 

j x r o c e d u r e . 

3 . 2 . 1 1 - 2 I n v i v o t e s t s 

Efficacy of systemic and non systemic fungicides in the 

control of ring spot disease, cane yield and juice quality 

To study the e>fJ:ect of different: funyicides which 

were fcund effective i_n vitro, en the intensity of i iny 

s{.»ot disease, cane yield and juice quality, a randomised 

repiicated field trial (RBD) was; i:onducl:ed consecutively 

for tuo crop seasons (1988-8^ snd 1989-90) with the 

following fungicides on weight by weight basis of the 

formulation. 

Bavistin 0.1% Blitox 0.4% 

Calixin 0.1% Captaf 0.3% 

Tops in M 0.1% Dith<ane M-45 0.. 3% 

Susceptible sugarcane v.^tiety Co 7219 was planter 

in the field in the; month ĉf f-'r -ch every year. :;i?e <:1 

each. treatmental plot was kef.t it 5 7.(, m with a net, jj i oi 

2 

size of 38.4 m for recording observations. 'J'he (:onipar ac­

tive efficacy of fLngicides was tested under conditions (jl 

artificial ephiphytotics created by evening spray ol 

aqueous suspension cf ccnidia of ring spot pattiogen on two 

successive days. The exj € r imarj ta L plot was irrigated 

frequently to keep the nicroclimate sufficiently humjd. 



'•:• 1 

The first spray ino of furujicides ,;as done in t f o 

third week of September, when tiie disease was fiist 

cbserved in the experimental plot, followed by two more 

applications at an interval of or.( I'onth. All sprayings 

were rr.ade at the rate of 1500 litres of spray iluid per ha 

by foot sprayer. 

The disease intensity was recorded before eacii 

tfray and subsequently at r^cnthly intervals till harvest-

Cane; yield paramet€;rs ai d juice characteristics \\ere also 

recorded at the time OL harvest, fci.Lowiny standard 

procedures as giver below : 

Length of millable cane (LMC) 

Canes severed at the third leaf sneatt f t tac:hme:it 

we»re desiynatC'C as millable. Lenijth m err. of sucii stalks 

in sprayed and unsprayed plots was recorded. Twenty canes 

in each treatment, collected at random, formed the sanple-

Diameter of the cane 

The diameter of the cane in crn at harvest was 

taken from top, middle anc bottom portions of twenty canes 

in each treatn.ent and means were worked (Ut. 

Cane yield 

'I'he c a n e y i e l d from thf3 n e t t-•'C't a r e a of e a c h 

t r e a t m e n t was re -cc i 'ded s e p a r a t e l y . The: r e c o r d e d c a n e 

y i e l d ( k c / p l o t ) was ( : c :nve r t ed i n t o I, tia~ . 
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vJuice characteristics 

The juice frorr; sprayeci £rd unsprayed canes was 

..nalysed for variî ris chemical d aract e c i st ics , naper,-, 

+ ttal solids, sucrcise, pi.,iity, :|Lucose, pH and elect J i i-a 1 

conductivity (K.C.). 'len caues ir each treatirnent were 

topped by severinc^ ft the third ];?af joJnt t-d <-,(•[ niliablf^ 

canes. The cc res -were crushed aid samples cl juice wcie 

drawn for determining various constituer ts after filt6srii:g 

through a fine muslin clcth by adopting standard methods 

as detailed below : 

a) Apparent total solids or brix 

Apparent solids were det(:irmined 'jy suspe^nding + hit-

1 I ix hydrometer in the raw jiiice? The brix spindle u:-ec' 

v.as the one calibrated in c'egrees brix at 27.5 C and l i.e 

reading was corrected to this temperature by referring to 

tables (Browne art" Zerban, 1941). 

b) Sucrose 

Sucrose was dĉ  te: rmineci b\ direct, polar is£ t ion ;)•; 

clarified, undiluted juic:e (Meade, 1964). To 100 ml ,.1 

juice, 3 to 4 grams c-f diy, basic lead aceta1:e \̂t•£. adcieiJ , 

the liquid stirred anc filtered into a clean, dry beaker. 

The clean filtrate was polarised in a 200 nmi tube wit), 

light filterec through a layer of: pcDtassivn bichromate 

solution. The sucrose per cem:: was it-i.d from tables 



(Browne and Zerban, 194LJ vd.th uncotrected brix and 

polarisccpe readings. 

c) Juice purity 

Coefficient of purity waŝ  calculated based on the 

following formula 

Per cent sucrose 
Purity =̂ X ICO 

Eirix (ccri"2Cted) 

d) Glucose 

Gluccee , one of the reducing suu£:i.̂  in juice, w-iP 

estimated by the usua] \'olume3tr.ic rr.ethoo usinc_, n^ethylene 

biue as internal indicator. Tê - rd of Fehling's soluti<3r-

(̂  ml each of A and B) was recuced with 1;he juice taken ii 

a burette till the blu<3 colour just changed. Three tc 

four drops of rrethylene blue vere then Sidded and tht» 

titration completed oy vigorously ooilin<3 the liquid for 1 

to 2 minutes. The volume of juic:e ccir. turn ed, was noted and 

the reducing sugar present calculated on the basis that 

100 ml of Fehling's solution was re-duced by 0.4 941 g of 

invert sugar. This was expressed as per cent in the j'lice 

by weight (Brov/ne and Zerban, I'MIJ.. The titratxon was 

repeated with diluted juice wher-ever thf? titre value was 

less than 5 ml and the result was checked. 



f - 4 

e) Hydrogen ion concentration (pH) 

pH of undiluted juices ''/as directly read with 

EliCO pH raeter using glass electrode (Jackson, 19 73). 

f) Electrical conductivity 

The electrical ::onducti\'.ity of cane juice gives 

the mineral matter and changed orijanic compound content of 

cane juices. This was deteriiiined using conductivity 

bridge adopting the procedure indicated by Jackson (I'iVJ,,. 

About 30 ml of strained juice was taken in a 100 

ml beaker and the ejlectrode of the conductivity bridge was 

dipped in the cane; juice taking due care to see that the 

juice entered the bulb of the co'iduct ivity bricJge, 'rfier. 

the reading was recorded and expressed as ra.mhos/cm . 

3-2,12 Losses duej 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 t:he cane weight and 

juice quality v;as studied in t^venty sugarcane varieties/ 

clones under sprayed and unsprayed conditions. The 

varieties/clones studied were Co 419, Co 975, Co 7219, Co 

7636, Co 7706, Co 8205, CCJ 8220, Co 62175, Co 85058, Co 

85044, Co 85045, CoA 7G02, CoA H401, CoA 8402, CoA 890BJ, 

CoT 8201, 83A106, a3A214, 8/.A155 and 86A444. All the 



var Leties/clones W C T C [i] iiited in f:oId in March, 19<)0 an.i 

grown under normal i rri-jated conditions. InocuiatLori t:'V 

spraying conidiaJ suspension \;as doru.̂  in t lie month M̂ 

August. Captaf 0.3% v/hich v/as found n»ost effe-ctive in tlu> 

present studies was sprayed thrrce at monthly interva.. 

from September onwards . The disease; intensity was 

recorded in February before harvest. As regards to weight 

of canes, twenty canes were weighed for each treatment and 

the average weight of each cane is reported. Length and 

diameter of the cane and juice (-[ualxty parameters were 

recorded in all the varieties/ciones in both sprayed and 

unsprayed treatments as per the procedures indicated in 

3.2.11. 

3.2.12.2 Rate of reduc:tion in cane weight and juice 

sucrose in different sugarcane varieties/clones 

in maturity phase 

To study tne rate of reciuction i;lue to the dist^ase 

in cane weight and juice quality in different varieties in 

maturity phase (November to February), the cane \̂ ê.Lght anci 

juice sucrose were recorded every month starting from 

third month after inoculation till 6 months (i.e. at 

harvest) in February in five resistant (CoA 89081, 84A1':.5, 

86A444, Co 85045 and 83A 106) and five susceptible I Co 

7219, CoT 8201, Co 76;;6, Co 975 and Co 85044) varieties/ 

clones both in sprayed and unsprayed treatments mentioned 

at 3.2.12.1. Twnety canes in each trf;atment collected at 



random formed the sample. The disease intensity was also 

recorded. 

3.2.12.3 Loss of chlorophyll content 

Twenty canes in the above varietiies were tagged 

randomly in both sprayed and unsprayed treatments. "ho 

chlorophyll (chlortjphy I I a and cdiLoroph/ll b) content \AIS 

estimated 4 months after ino(.;ulation adoptin<i t he 

following procedure suggested b;/ Witham et, a_l, il971;. 

Disease intensity was also recorded on 0-') scale. 

Estimation of chlorof)hyl3 

One gram of fiesh leaves cut into small pieces 

was taken into a clean riortar and homogeinized to a fine 

pulp with 40 ml of 80 per cent acetone and a pinch of 

CaCo^. The supernatant was decanted and filtered through 

a buchner funnel using whatman numiber 42 filter papjer. 

The extraction was repeated by adding fresh 3 0 ml of 8 0 

per cent acetone. Then the conlients from the mort.ar wer€^ 

transferred to the Buclmer funne; and tne pulp was grinded 

and washed again with acetone until it becomes colourless. 

The mortar and the sides of the :=unnel we;re rinsed witM 10 

ml of acetone to ensure that .ill the chlorophylJ v.aF 

collected. Then the final volume of the fliterate \,as 

made up to 100 ml by adding sufficient quantity of 80 p.et 

cent acetone. The optical density of chlorophyll extr<ict. 

was read in a spectrophotomet:er set at 645 and 6f)3 nm 



u s i n y BO p e r c e n t ac ;e to i i e s o l v e i u a s b l a n k . The coiicci i 

t r a t i o n of. c h l o r o p h y l l a and b in mcj p e r '-] of t i s s u e i 

c a l c u l a t e d by u s i n q t h e f o l l o w i n g f o r i n u l a e : 

mcj c h l o r o p h y l l a / g t i s s u e 

1 2 . 7 (D66 3) - 2 . 6 9 (D64M 

mg chlorophyll b/g tissue 

22.9 (064') I - 4.68 (, D6b3 i x 

V 

1 J 0 0 X W 

V 

1000 X W 

where 

D : uptical density at respective nrn 

V : Final volume of tne 80 .jer cent acetone 

chlorophyll cc:>ntent 

W : Fresh \veight m g of the tissue? 

3.3 REPLICATIONS 

Unless otherwise mentioned, the treatments were 

replicated thrice in ell the experiments. 

3.4 RECORDING OF OBSERVATIONS 

Unless other'./ise mentioned, all observations were 

recorded in the central rows leaving borders on either 

side of the plot. The disease intensity was recorded or 

0-9 scale 3 months ard 6 niontJis after inocu lat Lon . Data 

were recorded in 20 r>i liable canes tagged at randoir , Data 

file:///veight


on yield and juico ejualitv' parameters were rei^orded at t no 

time of harvest <lur iiuj i''<'bruarY. Cane yi<?lds in tht' net 

plots were recorded in ky and exptessed as t na 

3.5 STATISTICAL. ANALYSIS OF DATA 

The data from t;ie experiments were statist icaj I y 

analysed follov/iny tne procedures suggested by Snedecc-r 

and Cochran (1967) and Panse and Sukhatme (1978). In the 

tables, both actual percentage values and their correspon­

ding transformed values have bee;n given. VJherever + he 

interaction of the treatments was involved the» datei v.'ere 

statistically analysed. To ejcamine the rela t j onsJi i p 

betv/een certain characters, simp-Le correlation and Clii-

square (X") were worked out. Pa.ired 't' test and reyres-

si(3ns were vv̂ orked out for c:ej-tain yaantitative arui 

qualitative characters. 
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CHAPTER IV 

RESULTS 

4 .1 SYMPTOMATOLOGY 

4.1.1 Symptoms 

The symptcims of ring spot disease as observed m 

nature on four varieties viz,, Co 7219, CoT 8201, <'oA 

89081 and Co 85045 planted in Ma-ch, 1988 are descril;>c;d 

be lev/. 

The growth of the spots starti.ng from the 

Initiation of the diseiase v;as recorded m the above 

mentioned four varieties. Symptons developed only on the 

laminar region but not on leaf sheath and cane stalk. The 

first symptom of the <:iisease appeared on eleventh or 

twelth order leaf from t'jp during the last week of August 

(i.e.,) 5̂ ^ months after planting (MAP) in varieties 

Co 7219 and CoT 8201 while in CoA 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 ::urned purplish oval or 

spherical \;ithin 15 days and w-sre visible on b(::)th t he 

surfaces of the leaf. /'t this stage they measured 0.5-I.(i 

X 0.5 mm. These purplisli spots grew in size and developed 

dry necrotic area at the centre of the spot. The margin 

consisted of a narrow reddisii purple or brownish band of 

varying width and somertimes surroundec by an yellowish 



ualo diffusing into yroen colour of t,he "loalthy port.iot: 

(Plate 1). The straw colour dry c.-cntre was sharply laarked 

off by the surrounding coloure(5 ririy. In Co 7219 an<i Co'i 

8201, the ring vv̂ as usually irregular but lobed or Droken 

with angular projections and the union of neighbouring 

spots increased this irregularity. Ultimat.ely considerable 

part of the leaf tip dried up in about 2 i-25 days. Later 

tho5 disease spread on tlie middle portion of the leaf by 

the end of September ( (,-, MAI- i by which time, the 

disease appeared on the 9th order Lec'if frĉ m tl'ie top. by 

the end of October ( 7^ MAP) \,'hen ther"e were usually 

heavy rains, the disease nad spread rapidly on 7th and Hfh 

order leaves covering entire leaf: area and the tojj half 

portion of 6th order leaf (Table 3 at Para 3.1). This 

situation further lead to premature senescence of 7th and 

8th order leaves on varieties Co 7219 and CoT 8201. By trie 

first fortnight of C)ctol:>er (7 MAP) cjn the older spots of 

Co 7219 and CoT 820] perittiecia de\'elo]jed in Large 

numbers chiefly within the rings as tiny black dô is 

arranged in rows and enr:irely b m e d in leaf tissue. The 

perithecia v̂ ere visible only on the upper surface of tne 

leaf (Plate 2 ) . In CoA 89081. and Co 85045 perithecia 

appeared two and half months later (i.e.,) by the end of 

December ( gij MAP). Fully mature spots in the above four 

varieties measured about 5.2 - H.9 ;•: 1.1 - 3.2 mm. In Co 

7219 and CoT 8201, the diseast^ spread was more duviin] 

November and December. The dise,jse appeared on th(? foiu-tli 
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1 i . ' 

order leaf by the end oi December { y'̂  MAP). Except 3, 4 

leaves on the top, the remaining foliage dried up by the 

first v/eek of February (i.e.,) 1.; MAP (Plate 3 ) . But in 

CoA 89081 and Co 850 45 only fev/ spots were produced Ly 

thisj time that too on 8th and 9th order leaves. The ent ire-

leaf portion of 1 to 7 order leaves and basal portion of 

8th and 9th order Leaves v/ere free from disease. No pre­

mature senescence was observed chie to the disease on tliese 

two varieties. The average number of spots produced on i-H 

fully opened leaves of the four varieties by the first 

week of February arei furnishe^d in Table^ 9. 

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

different varieties 

Average number of spots produced on J-8 
Variety fully opened leaves 

1 2 3 4 5 6 7 8 

512 491 

394 417 

16 21 

19 2 4 

Co 7219 

CoT 82 01 

CoA 89081 

Co 8 504 5 

0 

0 

0 

0 

14 

8 

0 

0 

49 

28 

0 

0 

146 

10 7 

(j 

11 

287 

191 

0 

0 

436 

343 

0 

0 

The data presented in Table 9 indicate that more 

number of spots \/ere produced in the varieties Co 7219 anci 

CoT 8201 from 3rd to 8th fully opened leaves. No spots 

were observed on 1st fully opened leaf on these two varie-
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ties. On bottom i 51 h to 8th) leaves of t.hese two varieties 

maximum number of sjaots were pro(iiuced leadinq to premature 

senescence of the leaves. In CoA 89081 and Co 85045 1 to 6 

fully opened leaves on the top were free from the disease 

whiile only a few (16 to 24) spots were produced on 7th and 

8th fully opened leaves. No 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 

of the symptom after inoculation and nature of spottiny 

were noted on thirty four varieties/clones under 

artificially inoculated conditions. Thic shape of the sf)ot 

and length and breadth of the spot in mm were recorded in 

each variety 3 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, Co 85044, Co 7636, Co 7219 and Co B021 

the disease appeared early within 15 days after inocula­

tion. The first appearance of tiie disease was delayed in 

four varieties/clones viz., CoA 89081, Co 85045, 84A155 

and 86A444 beyond 40 days after inoculation. In the 

remaining varieties/clones the disease appeared between 18 

and 34 days after Inoculation. 



] ' 

Table JO: Number of da/s t a);.en for the first appearance >t ::,/iiip; 
shape and size of ririv; spot an different: suqai- r 
varieties/c Lones 

SI. Variety/ No.of days 
No. clone taken for-

the first, 
appearance 
of the 
symptom 

Shape of the spot Average si /c 
the spot in M.I 

Length) Breacth 

1. 

z. 

3 . 

4. 

5. 

6. 

7 . 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

Co 

Co 

Co 

Co 

Co 

Co 

Co 

Co 

Co 

Co 

Co 

Co 

Co 

Co 

419 

975 

997 

6907 

7219 

7636 

7704 

7706 

7803 

8012 

8013 

8021 

8212 

8220 

15. Co 62175 

16. Co 85044 

17. Co 85045 

18. CoA 7602 

19. CoA 8401 

20 

18 

34 

15 

11 

11 

9 

18 

31 

32 

18 

15 

22 

32 

28 

11 

42 

18 

11 

Small, o\'ai and irregular 4 

Oval and irregular 

Oval and irregular 

L i n e a r and narrovv? 

Oval and irregular 

Spindle and irregular 

Oval and irregular 

Spindle =ind Irregular 

Small, o/al 

Oval and irregular 

Linear, narrow and 
irregu1ar 

Oval and irregular 

Linear and narrow 

Spindle vvith pointed 
ends 

Linear and narrow 

Spindle and irregular 

Narrov; and linear 

Spindle and irregular 

Linear and narrow 

9 . 7 

I 2 . ̂  

9, 1 

8 . ':) 

8 . •' 

12.9 

14.9 

J . H 

" . H 

8 . d 

'' .H 

II . 5 

11.6 

8.9 

••' . 1 _ 

H .:) 

9.b 

9 , 2 



Contd, 

Si, Variety/ No.of days 
No. clone taken for 

the first 
appearance 
of the 
symptoms 

Shape of the spot Average size c !" 
the spot in v.v 

Length Bread I; I 

20. CoA 8 8081 2 0 

21. CoA 89081 43 

22. CoA 89082 24 

23. CoA 89083 24 

24. CoT 8201 

25. 83A 60 

26. 83A 93 

27. 

28. 

29. 

3] 

32 

3 3 

34 

83A 159 

83A 214 

83A 758 

30. 84A 132 

84A 155 

84A 191 

86A 444 

88A 87 

14 

22 

15 

24 

32 

34 

22 

4 5 

28 

4.1 

2 6 

Spindle -ird irie^uleir 

Oval and irregnlai" 

Oval and irregular 

Oval, narrow and 
irregular 

Oval and irregular 

Small, oval 

Linear , narr'ow and 
irregul;ir 

Minute, dot like with 
less straw centre 

Spindles and irregular 

Spindle and irregular 

Spindle and irregular 

Oval and irregular 

Linear and nari'ow 

Oval and i r r e c f u l a r 

o v a l and i r r e g u l a r 

i U . ' ) 

') . 2 

h . / 

5 . 3 

8.. 4 

3 . 7 

8 . (. 

2 - 9 

1 3 . (,' 

1 0 , •:, 

L 0 „ 5 

5 . 9 

1 C . L 

5 . 0 

! 4 

. >3 

. y 



Different shapes of the spots were observed in 

different varieties/clones as seeui in the Table. PecnMiai 

dotty spots with inconspicuous strav; centre was observed 

in the clone 83A159. Small ova:, spots v/ere observed in 

three varieties/clones 83A60, Co 7803 and Co 419. In six 

varieties/clones viz., 84A191, CoA 8401, Co 6907, (::o 8212, 

Co 62175, and Co 85045 the spots were linear and narrow. 

Similar types of spots were not.iced in Co 8013 and 83A93 

but they were occassionally irregular. In majority of 

varieties/clones viz., Co 7704, Co 997, CoT 8201. ''oA 

89081, CoA 89082, CoA 89083, Co 8012, 88A87, Co 975, Co 

7219, 84A155, 86A444 and Co 8021 the spots were oval and 

irregular. Spindle shaped and iri'egular spots were 

observed in 9 varieties/clones viz., Co 7706, 83A214, CoA 

7602, CoA 88081, 84A132, Co 85044, Co 8220, Co 76 36 and 

83A758. 

The length of the spot was more than 10 mm in ten 

varieties/clones viz., Co 7706, 83A2i4, 84A191, Co 7704, 

Co 997, Co 8212, CoA 38081, e4Al32, Co 8220 and 83A758 

while it was small measuring less than 5 mm in lengthi in 

four varieties/clones viz., Co "7803, Co 419, 83A60 and 

83A159. The breadth of the spot was more than 3 mm m 6 

varieties viz., Co 7 706, Co 7 704, CoT 8 201, CoA 8808.;, Co 

8220 and Co 7219 while it was, less than I mm in clDne 

83A159. In four varieties viz., Ci;) 6907, Co 8013, Co 85045 

and Co 8 212 eventnougn the length of tlie spot was more 
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than 8 mm, the breadth v/as less than 1.5 mm giving the 

spot a narrow elongated appearance. Remaining varieties/ 

clones showed medium sized spots measuring 5.1 to 9.7 mm 

in length and 1.4 to 2.9 mm m breadth. The first 

appearance of the symptom and shape and si.ze of the spots 

varied from variety to variety (P.Late 4). 

4.2 ISOLATION AND IDENTIFICATION OF PATHOGEN AND 

ESTABLISHMENT OF PATHOGENICITY 

4.2.1 Isolation 

Isolations wê rc! made £r(5m inmjiture and mature 

spots of the leaf samples of natc.i'ally infected plants, 

Isolation from immature spots 

Leaf bits from young lesions were? surface steri­

lised as described at para 3.2.2.1 and transferred to PDA, 

OMA, CLA, Richards agar, CZapek-))ox agar and incubated for 

10 days at 28+_l C. The results of isolations are furnished 

in Table 11. 

The results indicate that majority of isolations 

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

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

tuted 23.9 per cent while Bipolaris sp. v;as obtained in 

21.8 per cent of isolations. 
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â  
r-M tH 
CD m 
N Cn 
C: < 

r-H 

ct! 
+ ' 
C) 
E-< 

a) 
Cr> 
CTi 

4-) 
C 
a) 
u 
M 
a) 
a, 
ai 
-(-) 
ci! 
O 

• H 
T! 
C 

• H 

1/1 
• H 
C/) 

ai 
x; 
-i-i 
c; 
ai 

CO 

(I 



] ' 1 

Isolation from mature spots 

Microspic: observations of sLicies from mature 

spots v/ith black discoloiiration in greyish centre revealed 

ttie continuous association of ascospores and 

pycnidiospores . Isolations v/ere made from mature spots on 

different media by transferring very small leaf bits and 

streaking spore suspension as dr^scribed at para A . 2 . J . i . 

The results of these isolations .are presented in Table .12. 

The results indicate taat the majority of isola­

tions yielded both Phyllosticta sp. and Leptosphaeria sp. 

No other organism was isolated from mature spots. 

The colour and growth C)f the mycelium varied 

initially in both the specie?s. The mycelium of 

Phyllosticta sp. (anari'.orph) was white anci fast growing 

while that of Lept:osphapria sp. (tele^omorph) was slow 

growing. Although the colour of the mycelium of the 

latter was white t;o start with it was deep seated in '::he 

medium, later turned pinkish witli spai'se aerial mycelium. 

Finally both the cultui'es turned greyisli black producing 

abundant pycnidia and pycnidiospores one month later. 

Perithecia were not produced m any of the media employed 

m the study. 

Streaking spore suspension or, different media 

yielded Phyllosticta SJJ . Leptosphaeria sp. in the same 

plate. 
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Single ascorspores and pycnidic3spores were IHO-

lated from sterile water ayar jjiates and transferred tr. 

OMA, PDA, CLA, Richards ayar .:ind Czapok-Dox ayar. 'i'lie 

mycelial growth from ascosporc;-; was very slow and .trep 

seated in the medium. Initially uhe mycelium was wfiite hut 

within 2 days it turned pinkisli or umbe;r coloured ..j th, 

sparse areial mycelium and later turned greyish black. Nc 

perithecia or ascospore production was observed on an-,' of 

the media studied but pycnidia and pycnidiospores were 

produced one month after isolation from single ascospore 

culture {Plate 5). The growth from single pycnidiospores 

was fast on all the media except Czapek-Dox agar. The 

mycelium was white, profuse and late:- turned greyish 

black. Small, dark, roundish pycnidia appeared on the 

surface of the myce;lium <:ind the medium {plate 6 ) . Only the 

imperfect stage of the fungus appeared tn culture. 

4.2-2 Identification of isolated fungi 

Four fungal cult;.ures were isolat.ed from ring spot 

lesions. The cultural crharacters and s{.iore measurements 

were recorded. The fungi were identified at tlie 

genus/species level with the help of illustrated books and 

CMI descriptions. I'he details of cultural characters and 

spore measurements are furnished in Table 13. 

4.2.3 Production of ascospores in vitro 

Ascospores from sterilti water agar were lifted 

and placed on the edges of sterile?' leaf bits of suscept.i-
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l ab le 13: ' ' . ^ i l tu ra i cha acti-r:= anc b|jore mea;, 

s f n t les ion '^ 

KiinHnts j l I'if f.M on', I LIIUJI isoLalBC 'irr. 

i i jngal 

; u l t u r e 

CLiltAii f! charac tm 
•lent^: i n Hn 

I ^^nnth Bi eadt.h 

I uni jUi; Idont, i f ' i 

Colonie-s eff 'usB, ; i i ey , . i l t an nairy ; 

n y r a l i u n n o s t l / i mner'.nd; stioriiri 

o f t en ( i resent ; coni i i ophores i'^ 

t u f t s , iint.'ranclied, s a p t i t e , s t r a i i j h t 

Di r i axuoua , r, L L/aceou-, ijraur near 

ttnt; bascj and pa lnr touards ttie apex, 

c t i a r a c t o r i s t i c a l L/ bent u i t b knee 

j o i n t s at re i j u la r i n t e r y a l s ; 

con id ia v a r i a b l e i n s i z e , 3--10 

c e l l e d , s l i g h t l y curuerj, bulge i n 

the mit idle and •,apper:_nri touaros 

ends, dark >"irn:.j!'; ' l i lum dark ; 

c o n i d i a i tjermi na t L:"î  h i p ' i l n r . 

'i8- •I i[j(il aii s Gac'::tia.: 

tnlonieri at, fii- ' i.ititc, t.urnlr'!. 

black later; rTi/.'::e] ium immersed c: 

partly superficial; s-roma none; 

conidiophores branched, floxuous, 

brogn, smootti; sionidia solitary, 

uith violent discharge mechanism, 

acrogsnous, simpile, spherical, 

black, shininu, smncth, one celled. 

10-2? Ni gri);i|iora saccPai 

iri dianet er 

Colonies effuse, dark olive jre,, 

ueluetty; mycJliim immersed; 

stromata rare; conidionhores 

straight or' ''lexLOus, o'"ten 

geniculate, lirnur, , smooth; cnnidia 

solitary, cui'uod, tiroadly fusiforii', 

3 septate, rlark 'irour , enri oel.l': 

paler, second cell enlar^jec. 

16-28 • i ' - l . ' Curvularia li.;nata 

r^ycelium profuso, i. hite, iatf i 

turning greyish olsck, Lmmersed i r: 

the substrate; p'yonidia tnir 

ualled, immerse::, globose, liard 

textured, dark ^T'lLin, nmiieddod ir 

subepidermal stromj, osoiclate, 62-

90 ^m In dioiniitia!'; o'oniili oijonooi 

cells short, C/lindrical fornipg 

blastc conidia ir Oasipetal 

succession; coiidia abundant, 

individually hyali le, ijale brnun ir: 

mass, unir el l:i 1 or , as8()tate, 

ellipsoid to jubfijscid, straight ci 

curved, tuo guttub-s at either enc, 

SLirrounded by a slime layer and uith 

an apical apendago, exu:je from os-

tiole in a citrus; germination bi|)ole 

-1? d-, !-tiy 1 lo3ti!::ta sa;.:ohar i c :;i = 



bLe varieties Co 7214 and Co -'()i6. Tne leaf bii:s woro 

placed at the centre of the (,.ei.r id ishes containing OMA, 

PDA and CLA as described at para K 2 . 2 . 4 „ The yrowth of 

the fungus was very slow, co-/ering the leaf bit and 

surrounding medium in a week. [nitJ.ally the mycelium v;as 

white but turned pinkish in 3 days- No perithecia and 

ascospore production was obser'/ed in atr/ plate kept at 

ambient temperature even after one and half months. Simi­

larly there was no perithecial and ascospore production 

when the plates were exposed to different temperatures 

(24, 26 or 28^C) under alternate 12 hours light and 12 

hours darkness for one and half months but pychidia of 

Phyllosticta sp. were produced one and naif months aftei^ 

inoculation in all the plates. 

In another experiment s;.ngle asi::ospores and pyc-

nidiospores from sterilised mat.ure spots were transfe:ried 

to sterile leaf bits of four susc:eptible varieties, namely 

Co 8021, CoT 8201, Ĉ D 7219 and Co 76 J6 in Erlenmeyer 

flasks with and v/ithout vitamins and sucrose as per the 

details given at para J . 2.2.4 . The results are presented 

in Table 14. 

The results indicate that perithecia and ascos­

pore production was ob;;;erved mostly on the sterile host 

leaf bits of varieties Cc:. 7219, Co 763fi and CoT 8201, to 

which vitamins and suciose v/ere added and incubateci at 

24 C and 26 C in giov/th chamber under alternate 12 hours 
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• ight and 12 hours darkness. liu\., m trie Leaf bits of Ce 

7636 the ascospore production w.is also cjbserved at ^A> c; 

without vitamins and sucrose. Ascospore production was 

noticed only on the leaf bits of two varieties viz., C> > 

7219 and Co 76 36 at 24"c, 2 1 da/s after inoculation 

(treatment No. 3 ) • At 26^C (t.reatment no.4} ascosfĵ jrc> 

production was obsf'rved on leaf bits of 3 Vc'irieties v i .'. . 

Co 7219, Co 7636 and CoT 820], 18 daye- after inoculation. 

Profuse pycinidiospores were produced from these leaf 

bits, three weeks late: . No asccjsporf.'S were produced m 

the leaf bits of Co 8021 in any treatment. Except at 24 "i? 

and 26 C ascospore prodtiction was not noticed at any other 

temperature. Pycn idi(js]oore prciduction was observed in 

almost all the treatnioits and varieties except in Co 8021 

and CoT 8201 at 24 c. Thus the ascospores yielded the 

perfect state at first <:3n sterile cane leaf bits and later 

<|ave only the conidial state suyyesting proof of coiinec-

tj.on 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, 

asci, ascospores and pycnidia and pycnidiospores that 

developed on sterile healthy leaf bits of Co 72 L9 ir: tfie 

laboratory and on host in nature were recorded (maten '", 

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



TabLe 1^": Dosc r i f i t i on nnrl r-nn v ;r- ' pnt,- f:f ; (!r i 11 cr i •, , - ; . . i , r , ; ,c rv , ( : i . ci'i.; . / ( i ^ i i 

and |jy(;nidirjS|jrir.-'L -i'' : - : i i , ••.,::;» fun.jUi 

Sexua: •logMirB!:i!-t - i;-!!, 

and a;i();-Ljol ! lut.cr i [ )t. i^ [' 
s tays; ; ' s t e r i l e t e s t lesiT r ja t i i rn l Ltisiun; 

( : i ts iit 'hK la ! . 

l.engtt' L-readtti I e r y th f i readth 

P e r l t h e c i a Immersed, s m a l l , s p h e r i c a l , 111-11E' i n 115-136 i n 
hroun ish black u i t h ,i rji ^me''; : i i iarreter 
p r o t r u d i n g p a p i l l a t i ? { ls t ioL^ ' . 

Asci NLmerous, c y l i n d r i c a L or c l i h Gl--?;; s - 1 ' ' h2-7( 1IJ-13 

shaped, s e s s i l e , irt .Ti- ir int, IGC 

u i t h paraphyses, -asci-i j a l i 

t h i c k , b i tun ica t t ; ' v. i th rounle i l 

apex, s l i g h t l y mrr iTj^ id at .̂h."; 

tjase , 0 sf ioreri . 

Ascos|joi es I r r o j u l a r ] y b isf-r i ^ *:-; i;; ^,,:^>- If-,-;'. ,j-(; ; 1-,,.= ,.-. 

|/art, rif ascn;; , h, ^i!. ; !i ', (! i ^ I j .-

s o l d , ends b r o a d l , nb'.ij-'.ie, •• 

sep ta te , c o n s t r i c t e i l s l i y r i l ; ! , . 

at the sep ta , second : G 1 1 

s l i g h t l y suo l l en and .'ach opl 1 

u i t h a s i n g l e la rge go t t u l - ^ . 

Pycnidic.i Immersed, g lobose, dark br ILTI 71-94 ir 65-9^ i n 
membraneous, ostioLat;,-'. ri iamotei diameter 

Pyonic l io- Abundant, r:oriirl ia ind i u idu i l 1 ,• 1 0 - 1 ! ;i-/i 1l)-1q '>-/i 

spore;> h y a l i n e , pale broun i' l -nass, 

s i n g l e c e l l e d u i t h :' iu t tu l ° ,s 

a t e i t h e r end, asep ta te , a L l i o s o i d 

to sub f u s o i d , s t r a i g h t or cu r jed 
germinat ion b i p o l a r . 
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The diameter of perithecia and length and breadth 

of asci and ascospores tallied v̂ itti the measurements ot 

Leptosphaeria sacchari (Jones, 1967) of CMI descriptions. 

Ttie measurements of pycnidia and pycn Ldiospores tallied 

v/ith 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. Henn . which if; in conf irmity with the 

rc^port compiled IJV th<? I n terna t,j ona 1 Society of Sugarcane.' 

Technologists (ISSCT) standing committ(;e on sugarcane 

diseases (Ricaud ej. .aj. • / 1989). 

4.2.5 Pathogenicity tests 

The fungi isolated from the ring spot lesions 

wc?re tested individually and in combination, foi' their 

pathogenicity on potted plants of susceptible varieties Co 

7219, CoT 8201 and Co 7636 as described at para 3.2.2.5. 

The details of pathogenicity tests as obtained by spray 

inoculation are furnished in Table 16. Similar observa­

tions were made in respect of pin prick method of 

inoculation. 

The results indicate tiiat no typical ring spot 

symptoms were produced on any variety with Bipolaris 

sacchari, Curvularia lunata and Mgrospc^ra sacchari either 

alone or in combination; but tyfdcal ring spot lesions 



Table I f : Pa thogen ic i t y tBst ; , v,i ' . ' ! r! i f > i:ri3rit fur.yi ; - K ; ! wiciual ly a'«j i n c o m b n a i i o n ;jn • I ' l c 

ren t sugarcane var ie t i t? ; : 

p,jn,jj_ ' ,r:i:tMnu (:rO('U':i.iil ni 

i nocu la t ed 
::n V, 1 J • " ! y2 j1 o 76?6 

B i p o l o r i s sacchar i No s>ri( t:jrnK Small s,.-BCks 'vnall red specks 

11/ 1 a 113 r t u rn 

roi'.lclish broun 

Jigrospora sacchari Smal 1 ( i in heai 

si.'Of" c :h iorr : t i i 

specks protlLicBC 

l a t e r turnei l 

p u r p l i s n 

Nu s/inp:,ains 

prncluCBi) 

Small (lin head 

sized reddish s(iC't; 

aijpeared on the 

entire lamina 

Curuularia lunata No symptoms 

produced 

No syi)()t,oms 

pi oau;:ed 

Small purplish spi;t: 

afjpeared 20 days 

atter inoculation 

Phylloaticta saccharicola Smal 1 •iprckr; (( rmnd 

four rja/s after 

inccula'.ion ,I!K: nn-

larged : nto y,ir.ls 

after iS days. 

Typical rinij sj-jiit. 

lesions deuelopad 

13 days after 

inocula* i"jn 

"iiînl 1 speck M f cq-med 

3i)< d,i> E after 

inoi:u atior and us-

lari Its ' into sma i 1 

spat; in 11 day> . 

Typical rioL, spr t 

lesicr s developt'd 

in If; days after 

in )•: ul at ion 

Small specks formed 

four days after 

inoculation ant! 13 -

larijorl into spots 

after B days. 

Typical rinci sp .>t 

lesions deueloped 

13 days after 

i 'loculati en 

E. sacchari f C. lunata No syii( • 

prosiucEs: 

:jm il i redriiHh 

spooks orodoced 

1Q cia/s after 

inoculats on 

Small reddish 

specks producBii 

3 days after 

i noculation 

). sacchari + N. sacchari No synfit :ims 

produced 

iJo 3ym Jtoms 

prcsduc^iii 

Small reddish s| ots 

produced 8 days 

a f t e r i n o c u l a t i o n 

C. l una ta + N. sacchar i Small | ) in head 

s ized p u r p l i s h 

specks (HoducerJ 

No synijitcms 

produced 

Small pin head 

sized purplish 

specks produced 

B.sacchari + P.saccharicola Typical i ing soot 

lesions ilojelnpa 1 

20 days after 

inncul'it 1 on 

Typical ring spot 

lasLaof dsueloped 

23 days a^'ter 

irioooia tlon 

Typical ring spot 

lesions rlBveloped 

in IS days 

C.lunata + P.saccharicola Typical ring s(-ol, 

lesions dB\/eloped 

in 1R da^ s 

1/pioal rsng spot 

lesions lievelopeti 

in :; 1 davs 

" typ ica l r i n g s|jol 

l e s i o n s deuelo(3Bo 

i n 18 days 



C o n t d . . 

Cuncji '•"•, rip tarn? (iroru. 'rpcl nr 

i n o c u L a t e d "• 

':-; • ' : ' 1 9 ' i l l f ' 2 0 1 '^n Vf i l i t 

N.sacchari + P . sacoharicola Characteiris t ic rincj !, har-ii.t eri ;>tiĉ  rin;, i:haractorir.t. ii riivj 

sf.'Ot lesion? rjoue- .s,)ot lesions ()gv'3- spot Jesions PBUI;-

Ifipecf in ?('' d;iys lc)p9:i ::.n 22 da/; Lcipieii in ^•^ ijayE 

Leptosphaeria sacchari Small speck;; -ormed iinal 1 specKs formed 3mall specks t oi mf- ] 

(Ascospores from sterile 8 day.' after Lnocu- in 6 days and eci- in 6 days and en-

host leaf bits in labo- lation and enlarged larced into small larged to small 

ratory) into small spots in spots in 12 days, spots in 10 days. 

12 days. Typical Typical ring spot Typical ring spot 

ring spot lesions lesions deueloped lesions developed 

developed after 20 after 22 days in 20 days 

days 

L. sacchari Small specks formed Small specks ''ormed Small specks foi-mod 

(Ascospores from naturally in 5 lays anc en- in /' days and en- in 5 days and doue-

Infected lesions) large;! into •:nail larjoc! into small loped Intn small 

spots in 9 (Jays. spots in 10 days, spots in 9 days. 

TyiJical ring spot Tyaical ring spat Typical ring spot 

lesions da\ye:.oped lesions developed lesions formed ir 

in 17 (Jays in 13 days 17 days 



developed in all tlie tesrt varieties wit.h P_̂  saccharicola 

in 13-16 days after inoculation (Plate 16). B_̂  sacchari, 

C. lunata and N_̂  sacchari in combination with P_._ sacchari­

cola also developed tyoical ring spot Lesions 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 {IM vitro) and 

also those from naturally infected material were j.noiiu-

lated (Plate 17). Characteristic ring spot lesions 

developed in 17-19 dc'iys with ascosporess from natural 

lesions while it V'/as slightly delayed with ascospores from 

sterile host leaf bits ,',20-22 days). The results indicate 

that ascospores of _L_̂  sacchari and conLcnia of t̂ ^ sacchari­

cola only could incite ring sjjot on trie leaves of the 

three test varieties (Plates 16 and 17) of sugar:;ane, 

proving Koch's pos tulatc.>s . 

4.2.6 Identificatior of a suitable medium for the 

pathogen 

Single ascospores and pycnidiospores from sterile 

water agar were transJ:erred to different culture media to 

identify a medium suii::able for better multiplication of 

both the fungi based on growth and sporulation. The 

observations are furnished in J'able 1/. 

The results indicate that m/ceslial growth of L. 

sacchari v/as observed on almost all th'? media but, it was 
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l a b L e 17 : G r o u t h and s p o r j l a t i o i of Lop t o s p h a s r i d s a c c h a r i and P h y l L o s t i c t a s a e c l i a i : i i -ol a 

on u a r i o L S med ia 

t L l t u r a l c h a r a - ^ q r s tJumber nf 

[^gi;)j_a p / c n i d i o s ( i D r H i . / 

L. s a c c h a r i P- s a c c h a r i s o J a ml 

FDfl I n i t i a l l y ; 1OL ' y r o u i n i t Fas' : . ( r u j i n c i j h i t e 2. t )g x I f ! 

u h i t e c o l o n i e s j h i c h p r o f u s e inycel i a l 

soon t u r n e i J [ l inK t o g r o u t h , L a t e r t u r n f i 

umber u i t h 3|]arsE! a e r i a l gre> and f i n a l l y 

m y c e l i u m , ileep s e a t t i c i n g r e y i s f i !.ilacl-c 

medium and f i n a l l / t . u r n -

i n g g r e y i s h b l a c k 

t . 
DI1A Sams as above Same as above 2 . 8 2 x 10 

R i c f a r d s Agar Same as abc'v/e Same a,s Jiboue 1.8R x 10 

Czapek-Dox Same as a b r u e S I Q L c r ; ;L i i ng u h i t e 4 . 5 x ID 

Aigai m y c e l i u n and l a t e i ' 

t u r n e d : , i e y i s f i blac'< 

I. 

Baan mea l F a s t g r o w i n g u h i t e c o l o n i e s Same as above 3.G > ID 

A()ar u h i c h soon t u r n e d p i n k , 

deep s e a r e d i n medium and 

F i n a l l y t u r n i n g g r e y i s h 

b l a c k 

C«ine Ifsaf Slou grouing uf-iita rnyce- Fast grcuing uhite 2.47 x lo' 

Apar lial colonies uhich later myceliuT uhich later 

turned to greyish black turned to greyish 

black 

Carrot Agar Same as abo\/e Slou grouLng ufiite 4. •) x Î V' 

myceliu'i! and later 

turned greyish bla':k 

Potato carrot Same as aboia Fast grouing uhite 2.07 x 10 

Agar myceliun uhich lat«r 

turned to greish blacf-

r 

Corn meal Fast grouing ufiifc Slou grtuiny uhite 4.2 x 1[̂ " 
Agar colonies uhich later colonies and later 

turned pinkish ar d turned greyish black 

finally greyisf-i I lack 

Potato Initially six; urouinu Fast grouiig unite 2.23 x 10'' 

sucrose uhite colonies uhich mycelium unich later 

Agsr (PSA) quickly turned pinkisfi, turned greyish olacK 

deep seated and later 

turned greyish black 



! i 1. 

Contd. 

r:uU.ural charactars NumbGr of 

l^fidia pycn id iospores / 
L. sacchar i '^. sac :;haricQla ml 

PSA I- Oats SaniQ as abn,/f-j SaoiB as atjijv/e ?.i'i1 x HI 

r 
PSA (- cane Same as above ^ame as abjue 2.' j7 x 10 
leaf extract 

P[)A + corn Fast grou ing u h i t e Same a: aboue ?. 1 ti x 10 

mea'l mycel ium, r a p i d l y 

t u r n i n g p i n k i s l i , deeiJ 

seated i n mediutT and 

l a t e r turned greyish 
black 

PDA + cane Sloij grouing 'jf-lt.e r;yci:- Fast .jr njj.ng jhite '.17 x 10 

leaf extract lium uhich later turned rnyceliu- uhich later 

greyish black turned jreyisn black 

Cane leaf Same as atj'ivi; Fast graj.my jhita ;',71 x 10 

Agar + oats mycelitin, finall, 

turning greyish lildck 

G01A + cane Slou grouing uOite myc:!- Fast gioulng uhite 'i,20 x 10 

leaf extract lial colonies rapidly myceliiim, profuse, 

turning pinkist- deep later turning grey 

seated in mediLmi anrj later and then greyish 

turned greyisti black black 

*Both the cultures produced (̂ ycnidia and pycnidiospores one m:]nth after isolation 



fast only on bean nieai ayar, corn meal atjar and PDA ^ ecru 

meal at ambient temperature. 0\ the remaining media, the 

growth was very slovv. Perithecia and ascospores were rot 

produced on any of the media even after one month but 

pycnidia and pycnidiospores were; produced one month after 

inoculation from single ascospoi-e cultures. 

The growth of Phyllosticta saccharicola v/as 

observed to be fast on PDA, OMJw Richards agar, CLA, 

Potato carrot agar, PSA, PSA + oats, PSA + cane leaf 

extract, PSA + corn meal, PDA + cane leaf extract, CLA + 

oats, OMA + cane lê af extract at ambient temperature but, 

it was slow on Czapek-Dcjx agar, bean meal agar, corn meal 

agar and carrot agar. Maximum sporulation was obtained on 

OMA + cane leaf extract (3.28 x 10 spores/ml) and PDA + 

cane leaf extract (3.17 x 10 spores/ml). In the 

remaining media the extcint of sporulation was in the range 

of 3.8 X 10^ to 2.82 x ]0^ spores/ml. 

The results indicate that corn meal and bean meal 

agar supported good grov/th of L_̂  sacchari but not sporula­

tion, while PDA + cane leaf extract and OMA t cane leaf 

extract were better for both grcv/th and sporulation of P. 

saccharicola as c:ompared to (jther media. Hence, for 

further studies c:ultu3:es of P_. sacchiaricola were main­

tained on OMA + cane leaf extract,. 
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4.3 DEVELOPING A DISEASE RATING SCALE FOR ESTIMATION 

OF DISEASE I N T E : N S I T Y 

The per cent green leaf area affected at-

different intensities cf disease was worked out with the 

help of leaf area meter and the following 0-9 scale was 

prepared specially for estimat.ing the intensity of the 

disease (Plate 18). 

0-9 scale for estimation of disease Intensity 

Grade Description 

0 No disease symptoms. 

1 Only small brr.5wn specks of 1 mm size at 

apical part of leaves, few to many, 

sometimes unrecognisable. 

2 Slightly largt^, oval, greyish spots of 

3 mm diameter covering less than 1 per 

cent of leaf tirea. 

3 Oval to irregular gre;/ish spots of 4 mm 

diameter with reddish margin covering 1 

to 5 per ceuit of leaf area. No 

necrotic spots;. 

4 Typical rinc spot lesions develop. 

Spots with recrotic grey centre and 

reddish brown margins covering 5.1 to 

10.0 {:)er cent of leaf area. 



M 

Contd.. 

Grade Description 

Typical ring spot lesions spresiding to 

middle portion of the leaf coveriny 

10.1 to 20.0 per cent of the leaf area. 

Lesions as in scale 5, have a tendency 

to coalesce, spreading towards basal 

portio:! of the' Leaf affecting 2 0.1 to 

U) . 1 per cent of leaf area. 

Large quickly expanding lesions, 

irregular because of fusion, brov,m 

margiris and most of the affected area 

ljlight:ed covering 30,1 to 5 0.0 per cent 

of th(! leaf area. 

Symptoms as in scale 7, affecting 50.1 

to 60.0 per cent of the leaf area. 

Premature senescence of the leaf. 

More than 6J.0 per cent of the leaf 

area affectel and premature senescence 

of the leaf. 

The disease incidence in all the studies was 

recorded on 0-9 scale in 1 to B fully opened functional 

leaves and the PDI w.is worked out using the formula 
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mentioned at para J.2. i. Varieties/clones were classified 

into different reaction groups based (JU PDI using the 

rating scale as detailed below. 

Rating scale 

Rating PDI Reaction 

0 

1 

2 

0.0 

0.1 to 1.0 

1.1 to 5.0 

Immune 

Highly resistant 

5.1 to 10.0 

10.1 to 15.0 

Resistant 

Modei-ately 
resistant 

15., 1 to 2 0.0 

20 .;. to 3 0.0 

Moderately 
susceptible 

7 

8 

3 0.1 to 4 0.0 

4 0.1 to 5 0.0 

Susceptible 

Mcjre than 5 0 .0 Highly 
s u s c e p t i b l e 

4.4 SURVEY FOR ASSESSMENT OF DISEASE INTENSITY 

Survey was conducted m sugarcane fields during 

L988-89 and 1989-90 in coastal Andhra Pradesh IBobbili, 

Vuyyuru, Nellore, Chelluru and Anakapalle factory areas), 

Telangana (BodhanJ and Rayalaseema (Renigunta) regions, as 



i r. 

per the details given at para 3 .. 2 .4 , t(3 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 furnished in Table 18. 

In coastal Andhra Pradesh survey was conducted in 

25 villages of five factory zones. 

In Bobbin factory area, the crop is grown unaer 

rainfed conditions in sandy and -lay loams. The intensity 

of the disease vv̂as recorded in i varieties both in plant 

and ratoon. The per cent int.ensity of the disease in 

different varieties ranged frimi 3 3.2 to 62.6 in plant 

crops while it was 24.7 to 73.7 per cent in ratoons. The 

disease intensity was observed to be high in ratoon pleats 

of Co 7219 (73.7%), Co 975 (64.26), 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 affect:ed 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 villages and th2 intensity of the disease was 

recorded in 6 varieti^js in 16 noldings. The disease 

intensity was more in cl.iy loam as compared to sandy loam. 



Tiihle I B : I n t e n s i t y of r i n i j ! i | ot on J iF fe ren t s igarcane uar io 
areas of coas ta l Andhra Prni lesh, Talanjanfi and Payala-

: iBs i n r l i f fe r tT i t , 

issma 

Rsijicin Tactory 
araa 

'•J i 1 1H if) f x t on l of 
t io ld i ru j 

T/|5B c)F 

!:,Oil 

[ 1 ay man"' 

riay Loam 

[lay Loam 

!)cind> loan 

( ] ay loan' 

Sandy loam 

l-'lay loar 

iandy loam 

3andy loam 

"lay loam 

'"lay loam 

•'Lay loam 

CLay loam 

Clay loan. 

Sandy loam 

Clay loam 

Clay loan: 

Clay loan 

Sandy loam 

Sandy loam 

Sand) loam 

Clay loam 

Clay loai'i 

Clay loam 

Clay loa'-i 

Sand) lofim 

Sandy loam 

Clay loaf) 

Clay loam 

Clay loam 

Sandy loam 

Sand-, loam 

Clay loan 

i/ari 

L C 

Co 

Co 

Co 

Co 

Co 

Cn 

Co 

Co 

Co 

Co 

Co 

Co 

Co 

Coi 

Co-

Co 

Co 

i B t, / 

C27 

6907 

721C 

801 C 

62 7 

975 

7219 

801 3 

527 

975 

6907 

7219 

801:! 

7219 

7508 

^ 7602 

T 8201 

6907 

8013 

CoC 671 

Cc 

Co 

6907 

7805 

CoC 671 

Cr 

i'c 

Cc 

Co 

7305 

7219 

69DV 

8013 

CoA 8401 

Co 

Co 

Co 

Co 

Cc 

6907 

7219 

8013 

7219 

7219 

Plant, 

rat.ooi 

1: 

1' 

•' 

i( 

If 

R 

• ! 

•i 

'i 

1^ 

,3 

. • ' 

P 

h' 

F( 

R 

R 

r< 
u 
p 

P 

p 

1' 

[• 

1' 

!•• 

l> 

P 

U 

R 

R 

P 

ii 

t iv <.or 

'I 1 

Coast a l 

Andhi a 

Pradesh 

B o b b i l i 

l/uyyuru 

i r i • i '-

h l a j a o i j i 

Kasaipet 

SoeCha-

nagaiam 

Hanuniantha-
ijuran; 

Pleduru 

Kol(')','nnnL 

-'unadiparju 

TenoHru 

Aoioapadu 

1.00 ao 

0.70 ac 

1 .00 az 

0.75 ac 

0.75 ac 

0.60 ac 

0.90 ac 

0.40 ac 

0.50 ac 

0.75 EC 

0.75 ac 

0.50 ac 

0.6D ac 

0.70 ac 

0.25 ac 

0.50 ac 
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Cha'j jrtipado 1 .25 ac 
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Contd.. 

Region Factory 

area 

U i l l a i I > t o n t ')F 

! i n 1 d i n n 
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rato'ni 
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QU 
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77 

5 0 

0 0 

a c 

ac 

ac 

BC 

ac 

ac 
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Draksharamam 1.00 ac 

1 .25 ac 
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] 

0 

0 

G 

1] 

1 

1 

J 

1 

1 

1 

f" 

1 

Ci 

c 
CI 

0 

0 

1 

0 
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. 8 0 
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5 0 
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8 0 
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ac 
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ac 
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ac 
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ac 
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Rggiori factory 
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0 

1 

1 
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1 

1 

0 

1 

0 

1 
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(J 

1 

n 

1 

0 

Q 
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ac 
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ac 
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ac 
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ac 

ac 
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a c 

ac 
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c l a y 
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f ' o d s 

l oa^ 1 

narr 
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3nd> 
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S a n d y 
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and) 

[ :G . I 1 9 

Co 7 4 0 

Co 7 2 1 9 

Co 5 9 0 7 

Co 7 2 1 9 

Co 8 0 U 

Zol 8 2 0 1 

Co f . 9 0 7 

Co 7 2 1 9 

CcC 6 7 1 

C o l 8 2 0 1 

" c 6 9 0 7 

Cc 7 2 1 9 

Co l 6 7 1 

B i r 50H 

Co 7 2 1 9 

Co 8 0 V . 

Co 9 9 7 

Co 6 3 0 4 

Co'r 5 2 0 1 

CoT 8 2 0 1 

Co 7 2 1 9 

Co 7 6 2 1 

Co 7 8 0 0 

Co 8 0 0 9 

Co 8 0 1 7 

Co 8 0 2 1 

Co 8 1 3 2 

CoT B 2 0 1 

P 

r* 
f( 

R 

P 

P 

p 

f 

1-

P 

P 

1 

1' 

|| 
1' 

I) 

P 

•I 

P 

'•< 

H 

;-> 
0 

J 

.J 

D 

•p 

0 

n 

18 

|C, 

•,4 

29 
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?9 
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;L 

7 

ti 

1 
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2 

1 

r. 

H 

. 9 

1 ) . 1 
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0.0 
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The per cent intensity of the disease ranged from 21.2 to 

57.5 in plant crop while it was 2 3 . (> 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 84C1 (4].7%) recorded high 

intensity of the disease in the area. The most popular 

early maturing variety of the area viz., Co 6907 recorded 

dsease intensity of 2 3.6 to 31.;! per cent. The lowest 

incidence of the disease was re<.;orded in plant crop of Ci * 

C671 (21.2%) in Hanumanthapuram /illage. 

In Nellore factory area the disease intensity was 

recorded in 8 holdings, in 3 \'illages where the crop is 

mostly grown in clay loams. Maximumi 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 zone 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 [̂ er cent in clay loaru soil. 

In Chelluru factory ai'sa survey was conducted in 

16 holdings in 5 villages. The crop is cultivated in .::La)' 



loams and sandy loams. Maximum disease intensity was 

recorded in Co "̂ '̂ ig :. n Dulla (70.2%) and Ankampalem 

(67.8%) villages 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 cenT to 

47.3 per cent. Least incidence of the disease was 

recorded in two varieties vi;;: ,, C(5A 89081 (5.2 to 'i-8%j 

and 82V12 (11.4 to 12.1%) irrespective of high nitrogen 

fertilization to the crop. The disease intensity was 

observed to be more (70.2%) in clay loams as compared to 

sandy loams (12.1%^. 

The intensity of the disease: was recorded in 

Anakapalle factory area in 9 holdings. The crop is grown 

in clay loams and sandy loams. Variety Co 7219 recorded 

maximum disease intensity (64.61) in Naguiapalle village 

where the crop was manjred with urea twice the recommended 

dose. Variety CoT 820L recorded 40.6 PDI. The variety CoA 

7602 which occupied maximum area in the fact.ory zone 

recorded 30.4 to 36.2 PDI. Thts late maturing good jaggery 

variety Co 7706 recorded 29.2 ••.o 30.4 ['DI . 

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 varieties Co 72L9 (64.1%) and Co 740 

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



I ' I 

recommended nitrogen. The PDI ranged from 16.7 to 63.^ m 

plant crop, while it v;as 21.4 to 69.8 in ratoon <:;rop 

irrespective of the variety. The variety Co 72 19 recorded 

high disease intensity (48.4 to 64.1%) followed by KIOT 

8201 (48.5 to 54.3%). The most popular early maturity 

variety Co 6907 rec;ordecl moderate incidence of the disease 

ranging from 14.5 to 29.6 per cent. In the remaining 

varieties viz., Co 8014 (26.4 to 29.1%!, CoC 671 (16.. 7 to 

23.9%), Co 419 (18.7%), 81R508 (47.4%), the disease inten­

sity varied from 16.7 to 4 7.4 pê r cent. 

In Rayalaseema region, the disease intensity was 

recorded in 14 holdings in 4 villages where the soil type 

is sandy/red sandy. In general, the disease intensity was 

very low even in susceptible varieties like Co 7219 and 

CoT 8201. Out of 11 \'arieties observed, only 3 viz., Co 

7219 (9.3 to 10.1%), CoT 8201 (8.1 t.o 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, partic;ula rly in Chelluru and 

Vuyyuru factory areas the crop in majority of the 

varieties received high doses of nitrogen fertilizers. In 

only a few holdings potash and phosphatic fertilizers 



were applied. In Vuyyiiru zone alone, the crop m most of 

the holdings was raised from hot water treated seed. 

Except sprays for the control of earLv shoot borer and 

scale insect in some holdings, no other plant protection 

measures were taken up in grov/n up crcjp in any factory 

zone. 

The survey in the three zones of Andhra Piadesii, 

thus clearly indicate that the '"ing spot disease inten.sity 

was found to be severe in coastal Andhra Pradesh and 

Telangana and negligible in Rayalaseema particularly in 

Renigunta factory area. The disease intensity was alsc) 

observed to be more urder stress conditions (both under 

rainfed and water stagnated c:onditions) particularly in 

clay loam soils where high doses of nitrogen fertilizers 

were applied. Certain importeint commercial varieties 

viz., Co 7219, CoT 8201, Co 975, Co 740, Co 7805 and Co 

8021 recorded maximum disease intensity in most of the 

holdings while two varieties CoA 89061 and 82V12 recorded 

lowest incidence of the disease. In most of the areas 

ratoon crops rec:ordecl more disease intensity than plant 

crops of sugarcane.. 

4.5 INOCULATION AND RAPID SCREENING TECHNIQUES 

4.5.1 Inoculation techniques 

Experiments \jerc conducted as detailed at para 

3.2.5.1 to evaluate different methods of inoculation for 

file:///jerc


evolving a suitable in ::culat ion techn icjue. The followiny 

eight inoculation meth'^ds were employed in the study. 

1, Spraying leaves with conidiaL suspension (I ). 

2. Clipping top halves of Ifjaves and spraying 

conidial suspension (]^). 

Clipping the top halves of lieaves and sljyritly 

wounding tiiein and sprjiying c:onidial suspension 

(I3). 

As in method .:!+ spraying watei' from 4th day after 

inoculation Lif.»to 7th day (I. ) . 
- 4 • 

Mixing celite in inoculum and rubbing gently over 

the leavers (I ̂  ) • 
.1 

Inserting small piece of pycnidia bearing leaf 

tissues into the spindle and spraying water (]').. 
6 • 

Squirting the spore suspension into the spindle 

Wrapping 3-6 leaves with a piece of ring spot 

affected Leaf ( I Q ) . 

Transformed ( ^̂  x' +1) values of PDI were analysed 

as suggested by Mostellier and ''outz (i;<61 

furnished in Table 19. 

The data are 
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The data in Table 19 clearly iridicate that the 

inoculation methods 1 , I,,, I^ and 1^ were on par and were 

significantly superior to other foui methC'ds. The PI) [ in 

all the four methods (I, to I^) of inoculation was hign 

and ranged from 60.6 to 62.4 in Co 7219; 70.95 to 7 2,"' in 

Co 76 3 6; 4 9.3 to 5C.9 in CoT 8 2 01; 48.0 to 4 9.55 in Co 

975. In the inoculation method 5 v;here celite was ma.xed 

with inoculum and rubbed en the leaf, the intensity of the 

disease was more in all the varieties (46.3 to 68.8%) ana 

wjis significantly superior to other 3 inethc:)ds (I , [ and 

I ). The severity of the disease was low in all tht; test 

varieties in methods I^ (5.4 to 11.1%), I., (4.4 to 10 . 2 ̂> ) 
6 

and I„ (0.0 to 5.9i ) . 
o 

Out of the four inoculatj.on methods which were 

found significantly superior and on par with each othej , 

the method of sprayinij conidial suspension (1x10 

spores/ml) on the lê aves-:i:, was preferreii 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 deterrrining trie reaction of varieties 

to ring spot disease. The methods include (a) sprayina 

conidial suspension on leaves (S, i, :h) clipping, ĵiti 

pricking and spraying of conidial suspension on leaves 



followed by water ;5prav ( S, J ' c:) Ka JOOIKI inoculatiori ( S , j 

Id) Detached leaf Lnociilatioii (B ̂ ) , i.e) Screeniny under 

natural conditions (S-). The origiiial PDI values were 

transformed adopting xfx + 1 (where ;< = original PDI 

value) and subjected to statistical analysis. The data 

are presented in Table 20. 

Among the five screeiing methods tried, tliree 

methods S,, S„ and S^ uere on par with each other and were 

significantly superior to other twc: methods. In the 

remaining two methods, S^ vv'as signif i cant:ly superior t:o 

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

where detached leaves \/Gre inoculated 

The disease intensity was observed tc; tje 

uniformly high in tlie tliree screening methods S , J\, and 

S as compared to :; and Ŝ . jn ail clui test varieties/ 

clones. Out of H varieties/clones tested, four variC'ties 

Co 7219, CoT 8201, Co 85044 and Co ''636 exhibited more 

than 50 PDI v/hile it was less than 10.. 0 per cent in four 

varieties/clones namely CoA 89081, 84A155, Co 85045 and 

86A444. In the screening method S, where the varieties 
5 

were screened under natural conditions, four varieties (Co 

7 219, CoT 8201, Co 6 5 044 and Co 76 36) recorded more tiian 

40 PDI while two other doners 84A155 and 86A444 ciid not 

manifest the disease ct all. In the- screening methol S 
4 

where the detac:iied leaves '.>f the vaiiejties were inocu­

lated, minimum disease intensity was observed in Co 11\\< 
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1 ••. I 

(l'>.3%), Co 7636 (1,8.2%,I, CoT 8201. (L. .3%), Co 85044 

(IH.7%) and CoA 890H1 ( 1 . 7'i', ) . 'I'ho reinaininq 3 varieties/ 

clones viz. Co 85045, 84A15 5 and 86A444 did not show even 

incipient infection. 

The resultF shov. that trie three screeniny inet.hocis 

S, , S^ and S^ are superior to il^ and b^. Out of these 

three methods v/hich aie at pai, S or Rajoony method ){ 

screening (Plates 19 anci 20) is preferred as it is rapid, 

reliable and saves two months time. The setts germinate 

faster and the grov/th of the ctcyp is s;.iyhtly quick in 

this method when comparel to the other tv/o methods. 

4.6 FACTORS AFFECTING DISEASE DEVELOPMENT 

4.6.1 Effect of different levels c3f Nitrogen, Phospho­

rus and Potassium feitilizers on the extent of 

disease development 

The individual and integrated effec^ts of nitro^jen 

(0 ( N Q ) , 112 (N^), 224 (N^), 336 (N^) kg ha •'" ) ; 

phosphorus (0 (?,,)' î O (P^j kg ha~ ) and potassium (0 

( K Q ) , 100 (K ) ky ha ) fertilizers on the intensity of 

disease development in Co 721'J 'ABS stuciied in the field in 

\MO crop seasons as per the details givcMi at para 3.2.6.1. 

'J'he data on the i'Dl as.josscd i r: different treatments six 

laonths after inoc;uiation were s.tatist ic al ly analysed and 

presented in Table? 21. 



1G3 



I 
c 

0) 

ro 
4 -
O 
CL 

X ! 
c: 
ni 

C) 
J:: 
ex 
a 
o 

11 

to 

J3 
iE 

(J 

1-1 

o 
i^' 
l _ 

o 
-H QJ 
1X3 CO 

(D 
:: 0) 
U CO 
m - H 
a T3 
H 
w O - j 

^ CD 

r Q. 
CO 

CJN 
00 

CO 
CO 
CTN 
r—1 

1.1 C-l 

C 
CO U 
(D O 

2 : U-, 

o 
C7^ 

CJ\ 
CO 

a 
i t : 

CD 

c > 
CD (_, QJ 
CD O - H 

a. 

C i ^ -
X) 3 
3 

' - I ^ , 
C - - l ^ 
C -H 

H -Q 

'-( 

3.1 I 
•H 1 
.Q 1 
n3 1 

1— 1 

i i 

T3 
C 
CD 

n 

U~ 
o 
en 

' — < 
(D 

> CD 

_( 

1 
1 
1 
1 

-=' 
1 l i -

O 

CO 
^ 
(D 
> CD 

_ l 

C3 

I - i r .-1 

. / • , 

r J c^ J r ' -, - ' -i • - • 
< t --r CD CD J ^ •-
- - I ^ ! _ ) r- j CNJ O CO I 
;1 <t !>J en CD K-> L A •" 

-1 CZl Z) I 

o 
1--A ^ !> 
L,^ MD r'-

ON <J CD CD I - L̂ ^ —I 
t^^ r-f F^ 1"^ c-j u-> - ^ 

CD O CD CJ CD 

c: 
c 
c 
f" 

r. Z2 

~-C 
c 

-u 

c 
L-

c 
1 * _ 

f 

E 
i _ 

I T -

J -
cc-

d 

0 

:; 
U i 

'' C.-. 

+ 
,--

L.J 

O 
4 - . 

o a 
i - i 

o 
U-

t 
;— 

LJ 

, ^ • " • 

LP 

J^ 

CI' 

C: 

^ 
^ 
l-i 

C 
Ci_ 

+ 
e 
'^ 

' 
^ 

i^_^ 

n 
u--
+1 

UJ 

+ 1+1 

L; 



The disease Lntensity v/as less in the treatments 

where nitrogen was not applied. Disease intensity 

increased progressively and signif ic;ant ly with increased 

level of nitrogenous fertilizer from 0 t :J 112 and from 112 

to 224 kg ha" . The differeni::es in disease intensity 

between N„ and N levels were lov/ever not sign if i cart , 

though slight increase in the incidence was noted. 

Applicatiori of phosphorus at 100 kg ha did not 

influence the severity c:f: disease incidence while applica­

tion of potash at 100 kg ha rt^duced the disease 

incidence significantly in both the crop seasons. Intera­

ction between N and K v/as significant, but the same effect 

was not perceptible between NP, PK and NPK. 

The data relating to per cent, nitrogen in 3-6 

leaves, phosphorus and potash :..n 3-6 sneaths at 240 days 

age of the crop in relation to disease 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 tended to increase v/ith 

increase in the level of applied niticgen and the disease 

intensity increase^d ccirrespondingl y with increase in the 

leaf nitrogen content. Slight improvement in the 

phosphorus content of ;i-6 sheaths was roticed as a result 

of phosphate application but the effec;t of the element on 



Tab le 2 2 : D i s e a s e intensL'^y iJ'i'-.-ir) in r e l a t i M 

s u g a r c a n e c u l t i y a r Cc 7/19 

i r Cifnt NF'K i n in r inx ' . i s n u u -

Trna tmen t 

190!.' 

PDI 

!Ji t r f j - ••nt ;'.- P o t a -

;•: n ; ,nr , rus s s i u ' : 

P[ ' ! 

1<")R^-9! 

r;it:;M:.!- ' l i o s -

i jH i i I l i o r u i 

N P K 
O D D 

N P K 
D 1 1 

N P K „ 
0 1 0 

N P K 
0 0 1 

Mean 

N P K 
1 0 0 

N P K 
1 1 1 

N P K 
1 1 0 

N P K 
1 0 1 

l*lean 

N P K 
2 0 0 

N P K 
2 1 1 

N P K 
2 1 0 

M P K 
2 0 1 

Mean 

N P K 
3 0 0 

N P K 
3 1 1 

N P K 
3 1 0 

N P K 
3 0 1 

Hean 

3 3 . 9 0 1 

2 9 . 6 7 

3 4 . 6 3 

2 9 . 9 7 

31 .80 

5 2 . 3 3 

4 5 . 1 0 

51 .53 

4 4 . 2 7 

4 8 . 3 0 

6 7 . U 

61 .53 

67 .0 - ' 

6 0 . 7f; 

6 4 . 1 1 

6 9 . 8 7 

6 2 . 9 0 1 

6 7 . 2 7 1 
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6 5 . 4 7 1 

.2'J 

.21 

.24 

. 2 • • 

.24 

.01 

S3 

. f j O 

.07 

.52 

. ; i 

t 'Z' / 

.', 1 

.915 

. 97 

.96 
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.97 

.965 

[ i . [ ! ' ' 3 

(.1.(107 

( ] . ;)87 

(J.T70 

O.079 
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0 . 0 9 3 

0 . 7 8 3 

1. !(]M 

0 .0 79 

0 .5 60 

0 .006 

i.'..Of 

' ; , 0 ! i 3 

0 , 0 7 1 

0 . 0 6 3 

0 , 0 8 3 

0 . 0 9 0 

0 , 0 6 6 

0 , 0 7 5 

1 .^'7 

2 . 5 •' 

1 .39 

2 .45 

2 . 1 4 

1 .90 

2 . a 1 

1.51 

7 .39 

2 . 1 3 

1.91 

2 . 7 -

1.05 

2 . V 

- • - • - - -

2.17 

1,05 

2 .35 

1 jy^ 

2 .44 

2 .14 

3D . 5 

27.. 4 

31 .0 

2 7 . 2 

2 9 . 0 -

47 0 

41 8 

46 6 

41 2 

44 ,35 

63 .1 

59 . i 

o ; . 7 

5 [ ' . 1 

6 0 . 7 0 

6 5 . 5 

5 8 . 7 

6 4 . 3 

5 7 , 5 

— 
61 ,6 

1 . ?5 

1.19 

1 .20 

1.26 

1 .73 

1 .79 

1 .52 

1 ,78 

1 .81 

1 .80 

1 .90 

1 . 09 

1 . 07 

- .05 

- . 09 

1 94 

1 .93 

1.92 

1 .94 

1 .93 

( i .07O 

0 . 0 8 3 

0 . 0 8 7 

0 . 0 6 3 

0 . 0 7f 

O.UB( 

0.087) 

0 . 0 8 " 

0 . 0 6 " 

0 . 0 7 9 

0 .05 " ' 

0 . 0 8 3 

0 . 0 8 ' ' 

0.!J6 ' 

0 . i ] 74 

0 . 0 5 5 

0 . 0 8 0 

D.D87 

0 . 0 6 ' 

0.07.7 

1 . 0 

2 , .51 

1 , 03, 

2 ,4 ' 

2 . 1 ' 

1 .0'" 

2 . 2 (' 

1 .•.•':l 

7, 5'i 

2 . 0 - ' 

1 81 

2 . 7't 

1 0'( 

2 . 70 

2.0.-1 

1 .01 

2.3'J 

1 .96 

2 , 3 3 

2 . 1 1 

Y = 8 . 4 + 4 3 . 6 X - 05 > __ - 11 .0 
1 c 

i '").(• t 4 7 .4 < - 75 < - 11 .3 > 
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89.2:?; F: = 85. '?« 



T a b l e 2 3 : D i s e a s e i n t e n s i t v v i s t v i s NPK leu i i i ; . in incitsx Liyauus i ' • iuqii-

cane c u l t i u a i - Co 7219 

- 9 8 8 - 8 9 19139-90 

Lev/el of 

s l e m e n t D i s e a s e % of t j lamant in D i s e a s e % of e l emen t in 

i n t e n s i t y incjcix t i s s u e s i n t e n s i t y index t i s s u e s 

3 2 . 0 1.24 29 .1 1 .23 

4 8 . 3 1 .82 4 4 . . . 1 . 00 

6 4 . 1 1 .92 6 0 . ' 1 .B9 

6^-.f. 1 .97 61 .• 1 .'J3 

5?. ! 0 . 0 6 5 4 8 . 9 U..J65 

52. ' i 0 . 0 8 7 4 9 . 3 0 . [ i 0 4 

1 .07 ~A ,4 1 A\b 

4 -J . ' 4 6 . 4 



'' '-) 

the disease intensity wcts not apprecicibl e. The sheath 

potassium content in t.ie index tissues increased due to 

application of potassijm and resulted in decreased JdJl. 

Thus application of N, P and K fertili;:ers to the '-ane 

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 in both the crop seasons. 

Phosphorus content in sheaths appeared to have had no 

appreciable effect on tiie disease intensity. 

Multiples regressions we're worked out between the? 

disease intensity and the leaf nitrogen (X ), sheathi 

phosphorus ^^o) ^f^^ potassium 'X ) contents for both the 

crop seasons. The combined role of tnese three fact.ors 

accounted for variation in disease intensity to the extent 

of 89.2 and 85.9 per cent during 1988-89 and 1989-90 

respectively. 

The regression coefficients for leaf nitrogen 

were positive and sicnifleant v/hiie it v̂ as negative and 

significant for sheath potassium in both the crop seasons 

indicating positive association of leaf nitrogen and 

negative association of sheath potassium with disease 

intensity. 



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 relationshi.p of NPK contents in the index 

tissues of 240 days old plants of five resistant (86A444, 

84A155, CoA 89081, Co 8!3045, 83A106) and five susceptible 

(Co 7219, CoT 8201, Co ':)75, Co 76 36, Co 85044) varieties/ 

clones on disease severity v/as studied under recommended 

fertilizer application (112 kg N ha" } 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 alJ 

the test varieties/clones along .vith 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 \\as in thie 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/cl'^nes was less (L.778 to 1.796) as 

compared to susceptible varieties (1.814 to 1.838%). 

There was no variation in sheath phosphorus between 

resistant and susceptible varieties/'clories. The per cent 

sheath potassium was noted to hie more (1., 96 to 2.08%.) in 

resistant varieties/clones v̂ /hen compai-ed to susceptible 

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



l a b l e 2 4 : I'er cen t c i i spase L n t e i i s i t ) i i i I'tit; Lstar r an<l .suscept i t)J i-
v a r i e t i e ; ; / u 1 i j t ies in r e l e t i nn l"o per cen t l e a f n i t r t j t j e n , 
s h e a t h () i iosf)horus and (K)tass. i ni(i 

[) . NC3 . Variety/ 
clone 

S n i I t V pi I ' D l N i 

lU . 

R e s i s t a n t 

86A 444 

84A 135 

CoA 89081 

Co 85043 

83A .106 

Mean 

Suscept i b l e 

Co 72 ]9 

CoT 8201 

Co 975 

Co 7636 

Co 85U44 

Mean 

C lay loain ( ) . '-V 

h . ' 

> . (! 

( i . ' ' 

> .^\ 

'\. VL 

'} >. I 

5 2 . a 

4 3 . 2 

7 4 . 6 

7 0 . I 

\ . ' ' 8 6 

1 ." '84 

J . • '92 

] .H2 2 

1.B.18 

1.MJ4 

1.832 

1 . .il38 

1 .825 

O.I]6 5 

0.0611 

0 . 0 7 0 

J ./VO 0 .070 

. 'H7 l j .06f ) 

0.0(.5 

0.070 

0.[)7G 

0.U7U 

0.0 75 

0.U70 

2. OH 

1 . '>'i 

I 8'. 

1 .88 

] .8(> 

J . 8 1 

J . 7'' 

1 8:( 



content in leaves resulted in increased disease seventy 

while increased sheath potassium reduced the disesase 

severity. 

The relation of per cerr;. leaf nitrogen, sheath 

phosphorus and potassiurr with PDI at harvest as revealed 

through simple correlations are presented in Table 25. 

Table 25: Simple corre].ations of leaf nitrogen, sheath 
phosphorus and potassium with per cent disease 
intensity 

Leaf Sheath Sheath 
Varieties nitrogen phosphorus Potassium 

per cent per cent per cent 

Resistant 0.2393 0.6035 -0.8787** 
(n = 5) 

Susceptible 0.9300** -.).1333 -0.8212* 
(n = 5) 

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

Significant negative correlation was obtained 

between PDI and sheath potassium per c;ent in resistant 

varieties/clones. In susceptxble variet:ies, highly signi­

ficant positive correlat:ion (at 1% level) between per cent 

leaf nitrogen and PDI a:id significant negative correlation 

(at 5% level) betv/een per cent sheath potassium and per 

cent disease intensity ,vere observed. 



4.6.3 Age of the crop and intensity oil the disease 

To study the 'isffect of age of the crop on the 

intensity of the disease, a field trial v,7as conduct.ed with 

staggered plantings of the variety Co 7 2 19 during 1988-89 

and 1989-90. 

The test variety v\;as planted .in the fieid at 

monthly intervals from February to vJune every crop season 

and inoculated when three months old as described at para 

3.2.6.3. The disease intensity was recorded at aLl dates 

of planting, starting from initiation of symptoms ti.ll 

harvest of the crop eveiy crop season. 

To examine the re;l,3 tionshj.p between disease 

intensity and age of the plant, Chi Sciuare (X ) was also 

worked out. The details of disease intensity related to 

each month of planting are furnished in Table 26. 

The data presented ir-. Table 26 indicate that 

irrespective of date of planting in both the crop seasons, 

the disease appeared ii September c>nly ( 4 ,. 1 to 5.3%) and 

gradually increased uptvj Februai-y (47.7 to 53.1%). At all 

dates of planting disease intensity increased rapidly from 

October through December and the increase was nominal in 

January and February. This pattern has also been 

established statistically by X test. I'he X observed was 

significantly lower than X from tables; indicating that 
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Tab le ZM: L f f e c t uf aqv of piiint on t t ie i n t e n s i t ; uf r i m spot" iisca;;--

Mont'li of 
p l a n t i n g 

988-
I'l)] 

8') r,'8V-9U 
I'D! 

Sept-. flct-. Nov. IJ(ic. Inn. I"'f'l>. Sc-î t" . (let'. Nov. Dec. Ian. h ' l 

FcBbruary 5 .1 Z2.6 '}b.f, -i 7.: ' 'M.i 'A. 18.7 .5 1.0 U}A] '41, ..^ 

March 5 . 3 2 3 . 0 34 . J 4 7 . 8 51 .7 53 .1 6 . 1 21 .4 33 .2 40 •'+ 43 J . t 8 

A p r i l 4 . 9 23 .6 3 5 . 8 45. '^ 48-2 4 9 . : S 7 7 •_U.] 38 .4 a 6 , 7 ^ 8 . ^ ' 

Mav 4 . 1 2 1 . 4 3 2 . 8 4 2 . 6 4 5 . 4 47. ^ 4 . 8 22 .6 3:5.7 4 1 . 6 4 3 . 

June; 4 . 2 2 2 . 0 3 3 . 8 4 4 . 6 4 8 . 9 50 , : 6 9 l(i..[ 3(,.7 43 .4 4 7 . 

X observed : 0.4149 X • nbLii'i'vecl : 1 .4070 

X from t-ablo;; (0 ; 0 . 0 5 ; - }] . 40^ 



the disease intensity via-i not dependent on the age of the 

plant. 

4.6.4 Effect of leaf orienta:.ion on the intensity cf 

the disease 

The effect of orientatxon of leaf on cane ,stal.k 

on the intensity of t.he disease was studied in 20 

sugarcane varieties/clones. The data recorded at harvest, 

in February on the leaf orientation, intensity of the 

disease and the mean ani.jle of 1 to 8 functional leaves as 

per the procedure descrioed at p̂ ira 3.2.6.4 are presented 

in Table 27. 

The mean angle of 1 to H functicmal leaves varied 

from 79.0 to 81.6 in erect leaved varieties. In varie­

ties with droopping leaves it varied from 59.8*'' to 66.8*̂ .̂ 

The results presented in the Table 2'' 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 disec'ise in the varieties having erect 

leaves was in the range of 6.7 to 9.9 per cent while it 

was 32.7 to 72.7 per cent m varieties with drooping 

leaves. 



Table 27: Effect of or imitaticm c;f leaf on ^ane stalK on 
the intensity of ring spot disease 

S.No. Variety/ Leaf Meuan angle in ^' PDI 
clone orientation oi" 1 to 8 fun­

ctional Leaves 

1. Co 85045 Erect Bl.O 8.8 

2. 86A 44 4 Erect HI.2 6.7 

3. 87A 279 Erect 79.8 8.3 

4. 87A 140 Erect 79.6 8. 9 

5. CoA 89081 trect 79.0 8.6 

6. 8 7A 3 f-rect 8 0.2 9.4 

7. Co 85032 Erect 31.2 7-6 

8. 83A 106 i-.rect 79. 2 9 . L 

9. 87A 14 2 Erect 81.6 7.3 

10. 82V 12 Erect 80.C 9.9 

11. Co 7219 Drooping 65.6 57.6 

12. Co 7636 Drooping 61.6 71.2 

13. C O T 8201 Drooping 66.B 48.9 

14. Co 7706 Drooping 65. (> 36.7 

15. Co 975 Droop.Lng 6 6.2 41.] 

16. Co 85044 Drooping 63,2 64,8 

17. Co 8021 Drooping 64.2 40.9 

18. 84A 86 Drooping 59,8 72.'? 

19. CoA 88081 Drooping 6 6.4 3 2.':' 

20. CoA 8401 Drooping 65.8 51.; 

S.Em Ĥ  for varieties 0.83 16 
C D . at 5% 2.3 74 



The relationship betwee.'n the aivgle of the l(5aves 

and PDI v/as studied through simple correlation and linear 

regression and the data are prese^nted in Table 28. 

Table 28: Simple correlation and linear regression 
relationship between angle of 1 to 8 functional 
leaves and pei' cent dise^ase intensity 

Particulars Simple Regression 'F' 
correlation equation** value 

Characters coefficient 

Erect leaves ~Ci.6431* 
n-10 

Drooping leaves -C.8047* 
n=10 

Combined -0.9580** Y = 234 . 118-2 .82X 189.7 

* Significant at 5% level 
** Significant at 1% levc^l 
'F' value from tables (P-0.05) - 4,4 

The correlation of angles of 1 to 8 functional 

leaves of erect and droopy leaved vai'ieties with PIDI 

individually was negati\'-e and significant at 5 per cent 

level. In the combined analysis also, t.he correlation was 

negative and highly signj.fleant at 1 per- cent level. 

The regression coefficient was observed tcj be 

significant indicating that the variation in disease 

intensity is also dependent on the angle of the leaves. 

With every one degree inc:rease in the angle of the leaves 

the disease intensity decreased by 2.82 per c:ent. 



Thus the results show tnat the erect leaf orien­

tation in varieties is an impoi'tant 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 moisture stress and water stagna­

tion on the intensity of the disease was studied in 

comparison with normal iirigation in greem house with ten 

sugarcane varieties/clones. Moisture stress and water 

stagnation was cremated in pots as detailed at para 

3.2.6.5. The data recorded on the i.ntensity of tJie 

disease in each variety/clone un<3er inoist:ure stress, water 

stagnation and noi^nal irrigation dui'ing February are 

furnished in Table 29. 

The data furnished in Table 29 indicate that 

there was significant inc::rease in disease intensity in all 

the varieties/clones botJi under iroisture stress and water 

stagnation as compared to normal irrigation except in 

clone 84A155, In this clone, signific;ant increase in 

disease intensity was olrtained only under moisture stress 

over normal irrigation. The difference in the intensity 

of the disease betv/€;en moisture stress and water 

stagnation is significant; only in four ( c:o 7219, CoT 8201, 

Co 7636 and Co 85044 j of ten varieties/clones, but in ttie 

remaining varieties/clonei'S, ttie intensit.y was on par with 
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Table 29: Disease irtensity under moisture stress, v/ater 
stagnation and nornal irr.igation 

Variety/ 
c:lone 

Co 975 

Co 7219 

Co 76 36 

Go 85044 

Co 85045' 

CoT 8201 

CoA 89081 

8 3A 106 

8 4A 15 5 

86A 444 

Mean for 
treatment 

Normal 
irrigation 

4 3 . 2 

5 7.9 

6 5.2 

64.9 

8.4 

47.9 

8 .1 

9 . 1 

5 . 9 

6 . i 

31.7 

Moistur 
stress 

58.4 

7 0 . 6 

8 L . 7 

7 7.'' 

10.:' 

6 2 .. •! 

1 2 . 

12. ' 

8 . 1 

7 . -i 

4 0 . 2 

PDl 

e 
St 

V/ater 
.agnation 

5 9.7 

6 8.4 

7 9.3 

7 4.8 

LI. 7 

5 9.9 

12.9 

1 2 . 3 

7 .2 

8 . 1 

3 9.5 

Mean for 
va rietres 

5 3.3 

6 'j . 6 

7 i! . 6 

7 2.5 

10.1 

5 (.. 7 

1 1 , [) 

1 1 . 4 

; .1 

• . J 

Conclusions 

Particulars Whether signi 
fleant or not 

S.Em.+ CD at 5% 

Varieties/ 
clones 

Yes 0.8829 2.553 

Irrigation types 

Varieties x 
irrigation types 

Yes 

Y e E; 

0.4836 1.398 

1.5292 4.421 



each other. In six varieties/clones viz., Co 7219, CoT 

8201, Co 7636, Co 85044, e4Al55 and 83A106, the inc]ease 

in disease intensity o/er normeil i t ri-jcition was observed 

t:o be more undei' !nc)is!:ure stress as <. oinpareti to v;ate] 

stagnation. But in tlie remairang fouj: varieties/clones 

viz., Co 975, CoA 3908 i, Co 85Ci45 and HGA444 the increase 

was more under water stagnation. 

Irrespective of the v ariety/c:lone the disease 

intensity increased under mcisture stress and water 

stagnation compared to under normal irri.gation. 

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 and 5 

susceptible varieties/clones as per t.he procedure 

mentioned at para 3.2.6.6. Observatitjns made at the? time 

of harvest in February are furnished in Table 30. 

Silica per cent in lea-/es of susceptible vane-

ties is lower (1.42 to 1.71%) ,:is compai-ed to resistant 

varieties/clones {2.01 to 2.14% i Increase in the silica 

content resulted in low lisease intensity (4.6 to •'.8%) an 

all the resistant varieties/clones wiirle decrease in 

silica content resulted in high disease .intensity (40.2 to 

66.2%) in susceptible viirieties . The silica content was 

observed to be lowest m the variety Co 85044 (1.42%) 



followed by Co 7 0 3 6 (]. .49%) wliere the> recorded more than 

60 PDI . Maximum silica content was otiserved in the clone 

84A155 (2.14%) ,i:ollov/ed by 86A444 {:;.08%i and both the 

clones recorded less than 6 PDI. 

Table 30: Effec;t oJ: silica content of leaves on tin: 
intensity of ring spot disease 

Varieties/ Per' cent silica PDI 
clones cont.ent in leaves 

Susceptible 

1. Co 7219 l.')6 5 3.8 

2. Co 76 3 6 1.4') 6 6.2 

3. CoT 8 2 01 1 ."' L 46.2 

4. Co 8 5044 1.42 62 .2 

5. Co 97 5 1.''7 4 0.1 

Resistant 

1. 84A 155 2.14 4.6 

2. CoA 89 081 2.0 4 7.4 

3. 86A 4 44 2.0 8 5.7 

4. Co 8 50 45 2.0 3 7,5 

5. 8 3A 106 2.0 1 7.8 

The relation of mean per cent silica content of 

leaves with PDI at harvest in resistant and susceptible 

varieties/clones as revealed thirough simple correlation 

and linear reyrossion are prescMited in Table 31. 



Table 31: Simple correlation ind linear regression 
relationship between silica per cent in leavc^s 
and per cent disease iitensity 

Particulars PDI 

Simple correlation coefficient** -0.9860 

Regression equation** Y =• -203.4 5 - 9 4.9 6X 

'F' value 2 7 9.64 

** Significant at 1% level 

'F' value from tables {P=0.05) - 5.3 2 

The correlatiori worked out disclosed that silica 

content in leaves bore a significant negative; correlat i',)n 

with PDI. The regression coeffic:ient Vv'as observed tc oe 

significant indicating that the variation in disease 

intensity is dependent on the range of silic:a content in 

the leaves. With every 0.1 ĵ er cent inci-ease in ine 

silica content of leaves the disease iritensity decreased 

by 9.5 per cent. 

The results thus indicate, that silica content i.n 

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, morphological and pa tholot|ical 

characters of six isolates of ring spot fungus were 

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



Isolates v/ere collected from Naqulapal 1 e, Chayailu, 

Anakapalle, Arnada 1 ava 1 asa areâ :- c: f i:oaŝ :a;L Andhra Pra(i<:'Sh 

and Bodhan area of 'lelangana as ^iescribed at para 3...'. 

4.7.1 Cultural and mcrpholoyica1 characters 

Six isolates collected from Co 7706, Co 77(i4, Co 

7219, CoT 8201, CoA 89082 and Co 419 grew well on oat aqar 

medium. The radial growth i.a 100 mm petriplates was 

completed by 10 days after inoculation. The cultural and 

morphological characters are furnished in Table 32. 

No appreciable difference were seen either in 

cultural characters or in the size cjf the sexual and 

assexual spores of six isolates studied. The pycnidia 

measured 86.0-96.7 pm in diameter: while the pycnidiosp(.)res 

measured 10.8-12.7 x 3.1-3.6 pm. The asci were sessrle?, H 

spored and measured 66.3-71.6 x 11.5-12.5 pm. The 

ascospores were 3 septate, gut.tulate, vvith second cell 

slightly swollen and measured <^0.0-23.8 x 4.1-5.4 pm. 

These measurements fall within t'le group range reported bv 

Abbott (1964) for L_̂  sacchari . 

4.7.2 Pathogenic variation in the isolates of ring spot 

pathogen 

To study the pathogen.ic variation of the rinc] 

Sjjot fungus, the isolates were :..noculated simultaneously 

by spraying conidial suspension on different varieties as 
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fipscrihed ^t parn 2.2.'J.2. '1' le PDI of eacii isolate sni 

different varieties is given m lable 3,3. 

Scrutiny of the dat<i show that there is no 

difference in the disease intensity betv/een the isolates. 

The virulence pattern of all six isolates appeared to be 

similar in all the test: varieties. The results indicate 

the absence of any pai;:hogenic variation among the six 

isolates tested. 

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

WATER AND LEAF CONTACT ON THE SPREAD OF DISEASE 

Tiie role of some agencii^s like soil, host debris, 

cane setts with infected leaf tisisue, irrigation water and 

contact of affected leaf v;ith healthy leaf in the spread 

of the disease \;as s*.:udied fcir two seasons and the 

procedure adopted is (jiven at para J . 2 .8 . The PDI 

recorded in each treatment at harvest was transformed 

adopting JX+1 and subjected to statistical analysis. The 

data are presented in Table 34. 

It is very clear from tlie results obtained that 

among the six agencies tested, c:ontact 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 signif i camtly superior t.ci the other five 

treatments. Host debris (6 months old) spread at the base 
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of the clump also helped in the spread of the disease to a 

considerable extent (20.-; to 29.7%) in both the varieties 

tested. The variety c:o 7636 recorded disease severity 

which was significantly nore over that of Co 7 219 in both 

the seasons. The other" four agencies tested viz., soil 

adjacent to a highly afff^cted clump, diseased host debris 

incorporated in the soil, cane setts v/ith Infected leaf 

tissue and irrigation wa-::er failed tc' spread the disease. 

4.9 HOST RANGE STUDIES 

4.9.1 Reaction of different plant specie;s to P. 

saccharicola 

Forty to forty five day old [slants of twenty 

species raised in the glass house were inoculated with P. 

saccharicola as per the procedure described at para i.9. 

Observations were made from thir(;l day onwards upto 30 days 

after inoculation. The results ,are presented in Table 35. 

Out of twenty plant species inoculated, only 

Saccharum spontaneum (Rellu and SES.594) produced symptoms 

thus being a host under artifici,al inoculation (Plate 21). 

The pathogen from these lesions was reisolated from tliis 

host (both type of plants) confirming that this plant 

species can harbour the ring spot; fungus. 
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Table '. 35: Reaction of dlfferont plan:, i['-clBS ici artificial inoculatiar of Phyllusticta sacchiiricoia 

Plant spGciss 

PresBncti [•^ i -ir a!-j-;nn ;o (-} of 

symptoms uitfi each inoculation 

mrjihod 

Rubbing inocuLLm Spraying 

a f t e r uoundint inoculum 

[jesi r i p t i o r of s/mptimis 

la. Saccharum spontaneum L. 

(Rellu) 

i 'lir,ute [JurplH spots apiieared 10 days 

- i f te r i n o c u l a t i o n , l a t e r tfie Sfiots 

; jnlar(jed anc t.urnmJ oiyol . flie cantr i ) ot 

th(5 3Pot Ĵ£:3 s t r a u ccilourB.J ui th Lilack 

ioi^s, Spott. uBca i r r o i j u l a r Ly BlcnL,eter), 

sca t te rad ovar tho uhnle or pa r t of t h f 

Lsaf b ladf i , coalesced leadint j to d ry inc 

and u i t h e r i n g of leaf premature ly „ The 

3 i j e of f he spots uas smal ler c:oiiipare(l 

t.o those on Saccharum of f i c i na fu r : , 

lb. S. spontaneum (5E5.594) 

2. Psnnisiitum glaucum (L.J R.EIr. 

3. Sorghum uu lgare Pers. 

4 . Sorghum halspsnse (L . ) 
Pers. 

•jv'Tiptcms ijppearBO 1o oa>i- aft i . ir .nooo lo -

t l o n and s im i la r to thcun iiriitiur.iio on 

:: .spor-tantuir I,. (Re l l . i ) 

5. Panlcum maximum Oacq. 

6 . Zee mays L. 

7. Eleusine coracana (L.) 

Gaertin 

8. Oriza eat.iva L. 

9. Erianthus arundanaceus Retz. 

10. Phragmitas karka (Retz.) 

Trin. ex Staud. 

11. Seaamum Indicum L. 

12. euphorbia hirta L. 

13. Cyperus rotundus L. 



Contd. 

' , : ) 

Plant species 

Pressnce (̂  ,i or absiencG (-; .:f 

symptoms u.'itli eacti inooulaticn 

mothcc ( e!,'~r:i :• L Ion of syitiijt.ni'i 

t^ubtjiri j i ni c;,iluii' Spra>iM' 

a f t e r uuiindinq inocu l r: 

14. Cynodori dac ty lon (L . ) 

Pers. 

15. Digitarla sanguinalis 

(L.) Scop. 

16. Ecllpta alba (L.) 

Hassk. 

17. Trianthema portulocastrum 

1H. Croton bipolarandes L. 

19. Dusticea simplex O.Don 

20. Cymbopogon nordus 

Rsndls. 
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4.10 REACTION OF SUGARCANE VARIETIEB/CLONES TO RING 

SPOT DISI5ASE 

4.10.1 Determination of appropriate time for assessment 

of disease? 

To fix up a proper time for assessing the 

reaction of sugarcane varieties after inoculation, disease 

counts were made atl, 2, 3, 4, 5, 6, 7 and 8 months after 

inoculation in standing canes of 20 varieties/clones 

planted in March, 1988. Assessment 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 critic;6il scrutiny of the data show that 9 out 

of 20 varieties/clones [Co 419, Co 975, Co 7219, Co 7636, 

Co 7706, CoA 7602, CoT 8201, CoA 8401 and Co 85044) mani­

fested disease Incidence in September i.e., one month 

after inoculaticjii. Out of the remaining II, nine varie­

ties/clones (Co 8205, Co 8220, Co 62 175, Co B503H, Co 

85045, CoA 8402, CoA 89081, B3A106 and 83A214) exhibited 

disease incidence 2 months after inoculation i.e., in 

October. The other 2 clones, 84A155 and 86A444 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 inoculation due to intermittent rains 

received during October and November (Table 3 at para 
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Table ;56: Disease severity (POl} in cjirreren- sugarcane .ar ieties/; lone.s at dirferent pnrj Dcis afit 

inoculation uith Phyllostict a sarch-iricola (rS'Bfr-B'S) 

PDI 

Time Î ionttî  after inoiulation 

S.tJo. 

V a r i e t y / 1 2 '3 -'• 5 6 7 ! 

c l o n e September ''''Cto'jm l iovamber LBCEH l i e r . l a r ! j a i> (c - t i r i ia ry i'lar:::li A p r i ! 

1 . 

' • ' • 

:5. 

4 . 

5. 

5 . 

7 , 

8 . 

9 . 

1G. 

1 1 . 

1 2 . 

1 3 . 

1 4 . 

1 5 . 

1 5 . 

1 7 . 

I B . 

1 9 . 

2 D . 

Co 

Co 

Co 

Co 

Co 

Co 

Co 

Co 

Co 

Co 

Co 

CoA 

CoA 

Cofi 

CtiA 

CoT 

8:5A 

B:5fl 

64A 

B6A 

41'J 

97 ' . 

7219 

7616 

7706 

B205 

8220 

62175 

8B038 

85044 

85045 

7602 

8401 

8402 

89081 

8201 

106 

214 

155 

444 

4 . 6 

4 . 3 

5 . 9 

9 . 4 

5 . 2 

0 . 0 

0 . 0 

o.a 

0 . 0 

7 . 8 

0 . 0 

3 . 8 

5 . 6 

0 . 0 

0 . 0 

5 . 1 

0 . 0 

0 . 0 

0 . 0 

O.D 

V. . '< 

1 : ? . •• 

• ; i • 7 

3 5 . 2 

1 5 . f 

1 . / 

4 . 1 

6.'? 

28 . '. 

2 . 2 

1 1 . 2 

2C..6 

2 , ? 

1 . f. 

1( , .2 

1 .4 

3 ,2 

C.C 

G.C 

•^^.•\ 

: 4 . ' . ! 

M U . 7 

' " 3 . 1 

22 .8 

4 . 8 

12 .4 

1 4 . 9 

1 4 . 1 

4 8 . 7 

4 . 9 

2 3 . 6 

3 5 . 5 

B.7 

5 . 2 

3 2 . 4 

2 . 6 

9 . 1 

2 . 2 

2 . 4 

52 . ' i 

• , l . \ 

64 .4 

3 3 . 7 

1 6 . 6 

2(1.9 

3 f i .4 

'> > "^ 

i S J . / 

7 ^ ;,; 

54 .1 

'•* 5 . ••! 

1 7 . :' 

7 .1 

M . '', 

7 .4 

•(6.2 

3 . 9 

4 . 3 

36 . e 

4 (;..'. 

5 ' . . ; 

68. ' , ' 

3 7 . 9 

1 B. c 

2 ' . . ; 

3 1.3 

2 6 . 1 

6 4 . ' ' 

8 . 9 

3 8 . 8 

<i8. 9 

18 ,9 

B . i 

' . 8 , i 

8 .6 

18.1 

5, 4 

i ; • / 

3 8 . 6 

! , ; • , . 1 

3 8 . 7 

7 1 . 4 

4 0 . 1 

2 0 . 2 

2 6 . 7 

3 7 . 2 

2 9 . 2 

6 8 . 2 

9 . 7 

4 0 . 9 

5 2 . 3 

2 f j . ' ' 

-J , 7 

5 2 .9 

y . 3 

1 9 . 0 

6 . a 

5 . 1 

3 5 . 1 

• i ( ; . 4 

33 . 1 

64 . 2 

3 6 . 2 

1 8 . 1 

2 3 . 1 

3 4 . 1 

2 5 . 7 

61 .4 

8 .3 

3 6 . C 

a" .ii 

^ '.<-.! 

• ) . i 

4 ' . i . 

8 . ' ' 

1 5 . • 

5 . : . 

3 2 . 1 

• ' • . - . . 

' i3 .4 

3 2 . 3 

1 6 . 8 

2 0 . 3 

3 0 . 9 

2 2 . '̂ ' 

' ) 2 . 1 

", _ ! 

' , 1 , ; 

4 1 . ! . 

1 < . . • 

4 1 ! . ) 

' . 1 

1 4 . A 

. . 5 

4 . 1 
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3.1). The disease intensity further increased during 

January and February which peri.Dd corresponds to 5th and 

6th months after inoculation in all the test varieties. 

There was dew fall during tliis period. However, the 

increase was not so marked.. The? disease showed a fall 

during March and April months i.e., 'th and 8th months 

after inoculation due to rise ir temperatures. Thus, it is 

clear from the table that the disease .intensity increased 

upto 6th month (Feoruary) afte:' inoculation and reached 

peak in all the test varietie^s during this month and 

gradualy slided down during 7tli and Stn month (March c-nid 

April) after inoculation. Thus, assessment made S.,LX m::;ititl!s 

after inoculation i.e., in Fel:)ruary 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 inoculation 

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 J'DI values recorded six months after 

inoculation at the t;?leventh month age of the crop are 

presented in Table 3'/'. 
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The results indicate that there was substantial 

increase in PDI in all the test varieties/'clones from 3 t:o 

6 months after inoculation in bot:h 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 1988-89, 

out of 30 varieties/clones tested, five varieties/clones 

viz., Co 85045, CoA 89081, 83A106, 84A155 and 8feA444 

manifested less than 10 PDI and v;ere rated as resistant. 

Six varieties/clones (Co 7219, CoT 8201, CoA 8401, Co 

7636, Co 85044 and 83A75) exhibited more than 50 PD] ai:d 

V7ere rated as highly susceptible. Among tlie highly suscc^]!-

tible varieties Co 76 36 showed maximum PDI of 6 9.4. 'V\:e 

remaining 19 varieties/clones were rated as moderately 

susceptible to susceptible. 

During 1989-90, five varieties/clones (Co 850 32, 

CoA 89081, 84A155, 87A142 and 37A279) showed resistant 

reaction out of 30 varieties/cJones tested. Only four 

varieties (Co 7219, 82A30, 84A36 and 84A110) exhibited 

highly susceptible reaction. Among these, 84A86 manifested 

maximum disease severity (73.2 :;^DI). Two clones viz., 

83A69 and 85A123 manifested more than 10 but less than 20 

PDI and were rated as moderately resistant. The remaining 

19 varieties/clones reacted as moderately susceptible to 

susceptible. Four varieties/clones (CoA 89081, 84A155, Co 

72L9 and CoT 8201) which were included m both th<,i crc:p 

seasons gave consistent reaction. 



4.10.3 Varietal reaction by Rajoong method of 

inoculation 

Forty varieties/clones vmic:h were tested under 

mature cane inoculation ware also tested by Rajoong method 

of inoculation during 1988-89 and I9B9-9:). The per cent 

disease intensity recorded 3 and 5 months after 

inoculation and disease rating and reaction 6 months aft:er 

inoculation eight months after planting are presented m 

Table 38. 

The results indicate that the disease intensity 

increased in all the test varierties from 3 to 6 months 

after inoculation. During 1988-8 9, 3 varieties/clones CoA 

89081, 86A444 and 84A155 showed resistant reaction while 

five varieties Co 7 219, CoA 8401, Co 8021, Co 7636 and CoT 

8201 showed highly susceptible reaction. Remaining twelve 

varieties/clones shov/ed moderate^ly susceptible to suscep­

tible reaction. During 1989-90, 4 varieties/clones CoA 

89081, 84A155, 87A142 and 87A279 reacted as resistant 

while two varieties Co 7219 and Co 8121 showed highly 

susceptible reactioii. The variety CoT 8 2 01 which reacted 

as highly susceptible during 1988-89, showed susceptible 

reaction during 1989-90. Only one clone 85A123 gave 

moderately resistant reaction. The remaining 13 varieties/ 

clones shov>7ed moderately susceptible to susceptible 

reaction. 
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The disease intensity recorded in 40 varieties/ 

clones during 1988-39 and 1989-90 in Rajoong method of 

inoculation was compared with adult cane inoculation. The 

PDI values and reaction of eachi variety in both the 

screening methods are furnished iii Table 39. 

The data presented in the? Table 3 9 indicate that 

the PDI in Rajoong method of inociilation v;as slightly more 

than adult cane inoculation in all the varieties in both 

the crop seasons. More than ninety per cent of the varLc;-

ties/clones showed same reaction in both the methods of 

screening. To examine the relationship between these tvjo 

2 
methods Chi square (X ) was workejd out. 

le The observed x"̂' was less than the X from t\ 

tables indicating 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 rap:Ld and tlie time taken for 

obtaining the reaction could be reduced by 3 months. 

4 . LI CHEMICAL CONTROL 

4.11.1 iTi vitro test 

4.11.1.1 Preliminary screening 

With a view to findcut effe::tive fun(jicide!s 

against P_̂  saccharicola in vitro thirteen fungicides were 

tried employing poisone;^ food technique as described at 

para 3.2.11.1. The observations recorded are furnished in 

Table 40. 
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Table 40: Effect of different conc^enti-at Ions of fungicides on l) 
growth of Phyllosticta saccharicola in vitro 

*Colony diameter of t^ saccnaricola in mm 10 days 
Fungicide after inoculation at different concentrations 

Bavistin 

Topsin-M 

Calixin 

Bayleton 

Kitazin 

Hinosan 

Blitox 

Captaf 

Captafol 

Dithane M-

Dithane Z-

Thiram 

Chloroth.al 

Control 

•45 

•78 

onil 

10 0 ppm 

C' 

0 

c 

7] 

1 0 C 

97 

61 

5 2 

bl 

6 8 

72 

98 

76 

100 

200 ppm 

0 

0 

0 

0 

97 

9 2 

0 

(J 

0 

0 

28 

94 

34 

100 

50 0 ppm 

0 

0 

0 

0 

89 

36 

0 

0 

0 

0 

0 

91 

0 

10 0 

100 0 ppm 

0 

0 

0 

0 

82 

81 

0 

0 

0 

0 

0 

84 

0 

100 

Mean of three replications 



Bavistin, Topsin-M and Calixiri v/ere effective at 

100 ppm. Five fungicides viz., Captaf, Dithane M-45, 

Blitox, captaf ol and Ba:̂  leton were found effective at 200 

ppm. Dithane Z-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 syste;mic fungicides viz., Bavistin, 

Topsin-M and Calixin vvfhich were found effective at 100 ppm 

in the previous study were tested at lower concentrations 

to find out the mininal effective concentration i.)y 

poisoned food technique. The data are presented in 

Table 41. 

Table 41: Effect of three s^^stemic fungicides at 
different concentrations on the grov\?th of 
Phyllosticta saccharicola 

Concentra­
tion in ppm 

5 

10 

20 

50 

Control 

*Colony 

Bavist 

46 

0 

0 

0 

1 0 0 

d,i 
10 

in 

Lameter of P 
days after 

Toj:)sin 

•n 

M 

0 

0 

100 

. saccharicola in mm 
inoculation 

-M Calixin 

9 2 

68 

4 4 

0 

100 

Mean of three replications 



OMl 

The results imiicate tJiat none of the thi ee 

fungicides were offeotive at 5 ppm; the Lowest 

concentration tried. Bavistin was effective at ]0 îpni 

while Topsin-M and Calixin. were effective at 20 and 50 ppin 

respectively. 

In vivo tests 

4.11.2 Efficacy of systemic and nonsystemic fungicides 

in the control of ring spot disease, cane yield 

and juice quality 

Six fungicides which were found to inhibit P. 

saccharicola in vitro were selected fcr use as foli£ir 

sprays to study their effect on the disease intensity, 

cane yield and juice qusility during 1988-89 and 1989-90 

and the details are described at para 3.2.11.2. 

4.11.2.1 Effect of fungicidfjs on the intensity of ring 

spot 

The data on the intensity of the disease recorded 

every crop season at monthly intervals from October till 

harvest in February are furnished m Table 42. 

The data presented in Table 4 2 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 intensit.y was progresive 

betv/een October and Decrember v;liile it was only marginal 
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between December t.(5 Febrjary in ciil t.he treatments. The 

disease in sprayed plots in both the crop seasons v,/as 1 ov/ 

in all the months of observations as c:ompared to untreated 

control except in Calixin. The intensity with Calixin was 

on par with control. ;̂ ith a single spray in September, the 

disease intensity v/as reduced to a considerable ext-ent in 

October in both the crop seasons as compafed to untreated 

control and resulted in low jrioidence in subsequent 

months. The data on the intensity of the disease at 

harvest in February in all the treatments were statisti­

cally analysed and furnisned in Table 43. 

The results in Table 43 reveai that all the 

fungicides except Calixin reduce;d the intensity of the 

disease significantly in comparison with control in both 

the crop seasons. Among tlie five fungicides which signifi­

cantly reduced the disease, Captaf appeared to be most 

effective followed by Blii;:ox, Bavistin, Dithane M-45 and 

Topsin-M. Captaf was significantly superior to Dithane M-

45, Topsin-M and c:alix:n and at par v/ith Blitox and 

Bavistin in both the crop' seasons. Calixin was noted to 

be ineffective in the c:ontrol (3f the disease ijn vivo 

during both the crop seascins. 

Maximum reduction of the disease (46.8 to 48.6*,' 

was obtained with Captaf followed by Blitox (42.2 to 

44.0%), Bavistin (38.1 tc 40.9%j, Dithane M-45 (35.1 to 
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35.8%) and Topsin-M (29.7 to 32.3%) during both the crop 

seasons. Least reduction (2.4 to 4.4%) was obtained with 

Calixin. In general, the disease intensiLy 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 vix., 

length of millable cane and diameter of the cane recorded 

at the time of harvest are furnished in Table 44. 

It is evident from the results in the Table 44 

that the length of cane in both the crop seasons inci"eased 

in all the sprayed plots over c^ortrol. Maximum increase 

was obtained with Captaf (8.0 and 7.2%) followed by Blitox 

(6.69 and 6.04%), Bavistin (5.6 and 5.3%), Dithane M-45 

(3.73 and 3.70%) and Topsin-M 12.9 and 2.7%) in both the 

crop seasons. Marginal increse in length (0.24 and 0.6 7%) 

was obtained with Calixin. However, the inci-ease 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 ccDntrol 

but it was statistically significant only during 1989-90. 

Significant increase ir diameter was obtained with only 3 

fungicides viz., Captef, Blitox and Bavistin. Maximum 

increase in diameter v;a s observed with Captaf (9.64 and 

9.68%) followed by Blitox (6.02 and 5.6 5%) Bavistin (6.02 

and 4.84%), Dithane M-45 (4.42 and 2.82%) and Topsin-M 
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<Jl ^ ' 
(^1 

'̂-' 
„-( 

o 

'r 
•H 
Jl 

0 

,—, 
<o ^ 
m CTl 

C l̂ O 

o — 
r-4 

• ^ 'CO 00 

rr o 

r- o 
CT̂  -_-

-̂̂  r J rH 
Lf 1 <0 

a r H 
• ^ 

• — 

rH O 
i n 00 

CM O 

— 

^-
r-

<Jl X : 

H O 
O - -

^ 

-̂ ^ ^r 
i n t^J 

• a 

O C) 
en ---
CM 

OP 
H 

o 

C 
• H 
X 

- H 
rH 

CO 

u 

iZ, 
ID 

(̂ ) 
O; 
i H 

O 

•̂  
r-
cr. 

CO 

^ 
r\J 

CTl 

^ 
•• 

^ i 

(Tl 

CT> 
CTl 
rs) 

CO 

CTl 
CO 
CN 

i-H 
0 
u 
p 
c 
0 
u 

rH 
i O 
"M 

rH 
^H 

31 
XJ 
X) 

^ 
CO 

CN 
f ^ 
CO 
O 

O 

cn 
XJ 
i n 
o 
. 

o 
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(.4.42 and 2.82%) in both the cr.jp seasons. In ;:a] ixin 

treated plot marginal increase? (0.8 and 1.61%) was 

obtained. 

The cane yield (t ha" ) xn all the sprayed plots 

though noted to be more as compared to untreated control, 

none of the fungicides <:jave sigr.ificant increase in both 

the crop seasons. Out of: six tesit fungicides, Captaf gave 

maximum increase (8.82 and 5.7% i followed by Blitox (H.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%) m both thê  ::rop 

seasons. The increase in cane yield in Calixin treated 

plot was negligible corr.pared to the untreated plot (0.08 

and 0.94%). 

Increase in cane yield of more than 5 t ha was 

obtained with Captaf, Blitox, Bavist.in and Dithane M--4 5 

during 1988-89 and Captaf and Blitox during 1989-90. The 

yield differences bet\/een 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 incLudinij control. 

4.11.2.3 Effect of fungicides on juice quality 

The data on juice sucrose and other luice 

characteristics are presented in Table 45. 
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significant: increase in tc;tal solids was obtained 

with all the fungicides over controJ. The fungicides 

Captaf, Blitox, BavistJ.n, Dithane M-45 and Topsin-M were 

at par with one another i.n both the crop seasons. The per 

cent increase ranged from 3.03 to 13.97 during 198&~B9 

while it was 7.73 to 12.71 during 1989-90. Maximum 

increase was obtained \,'ith Captaf (13.97% and 12.71%) 

while it v/as minimum v/ithi Calixin (5.03 and "?.73%). 

The per cent: juice sucrose significantly 

increased with alJ, the test, fungicides as compared to 

control. Except Calixin, all other fungicides were on par 

with each other. 'I'he iricrease m per cent juice sucrose 

ranged from 8.33 tc) 18.66 per cent during 1988-89, while 

it was 9.71 to 16.46 per cent during 1989-90. Maximum 

increase v/as obtained with Captiif (18.66 and 16.46%) 

followed by Blitox (18.10 and 15.97%), Bavistin (17.66 and 

14.99%), Dithane M-45 (16.54 and 13.94%) and Topsin--M 

(16.23 and 13.39%). Minimum 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 2,37 

to 3.52% during 1989-90. Maximum purity of 5.15% v.-as 

obtained with Dithane M-45 during 1988-B9 while it was 

3.52% with Captaf during 1989-90. Minim.un increase was 



obtained ^̂ 7ith Calixin in both the orop seasons as comparec 

to other fungicides. 

The glucose content was significantly reduced 

with all the test fungicides over control. The per cent 

decrease ranged from 22.5!) to 38.94 during 1988-89 while 

it v̂ as 21.10 to 31.65 per cent during 1989-90. Maximum 

decrease v/as obtained with Captaf in both the crop seasons 

and significantly superior to all the other fungidices. 

Significant increase in electrical conductivity 

was obtained with all the fungicides. The per cent 

decrease ranged from 8.69 to 26.06 per cent during 1988-89 

and 10.48 to 29.14 per cent during 1989-90. Maximum 

decrease was obtaine'd with Captaf (26.06 and 29.14*, 

followed by Topsin-M (23.8 and 22.54%) in both the <-rop 

seasons. 

The hydrogen ion concentration (pH) has 

significantly increased with all the test fungicides over 

control. The increase in pH was 0.17 to 0.2 7 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 both the crop 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 anci 

cane yield increased with all the :::est fungicides but they 



were not statistically significant. Significant increase 

in total solids, juice sucrose, purity of ;juice and pH and 

significant decrease in per cent glucose and electrical 

conductivity were obtained with all the test fungicides 

over control. Five out of six fungicides viz., Captaf, 

Blitox, Bavistin, Dithane M~4!) and Topsin-M were found 

effective in reducing ring spot disease in that order. 

4.12 LOSSES DUE TO RING SPOT DISEASE IN DIFFERENT 

SUGARCANE VARIETIES/CLONES 

4.12.1 Loss of chlorophyll due to the disease 

To study the effect of ring spot disease on 

chlorophyll content of sugarcane leaves, chlorophyll a and 

b were estimated in fî re resistant (H4A155, CoA 89081, 

86A444, Co 85045 and 83A106) and five susceptible (Co 

7219, Co 7636, CoT 8201, Co 85044 and Co 975) varieties/ 

clones 4 months after inoculation in both sprayed (captaf 

0.3%) and unsprayed treatment.s as per the procedure 

described at para 3.2.12.3. The data fecorded 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 and b 

as compared to sprayed canes. In resistant varieties/ 
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clones there was not much variatLon tn the chlorophyJ1 a 

and b between sprayed and unsprayed canes. In susceptible 

varieties, the per cent, reduction in chlorophyll a, i-n 

unsprayed canes ranged from 39.91 to 52.33 while it ranged 

from 28.19 to 49.11 for chlorophyll b. In resistant 

varieties/clones the per cent re'duction in chlorophyll a 

(1.37 to 5.25) and chlorophy;.. I b (2.84 to 8.41} in 

unsprayed canes was low compared to that in susc;eptlble 

varieties. 

The relationship between PDI and per cent r-educ-

tion in chlorophyll a 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 anil chlorophyll a and b 

Varieties/ Per cent, reduction Per cent reduction 
clones in chlorophyll a in chlorophyll b 

over sprayed over sprayed 

Resistant +0.6891 +0,4214 
n=5 

Susceptible +C.96 45** +0.98 55** 
n-5 

** Significant at 1% level 

Although there was positive correlation in resis­

tant varieties/clones i.)etween PDI and feduction in ctiloro-

phyll a and b in unsprayed treatment, it was not signifi­

cant. But in suscei:)tible varieties highly significant 

positive correlation was obtained in unsprayed treatment. 



These results clearly indicate that the disease 

causes considerable loss in both chlorophyll a an;i 1:. 

contents of sugarcane leaves especial 1/ in susceptible 

varieties. 

4.12.2.1 Loss in length of miliable cane, diameter of cane 

and cane weight 

The effect of disease in respect of length of 

millable cane, diame1:.er of the cane and cane weight was 

studied in twenty varieties/clones in both Captaf (0.3%) 

sprayed and unsprayed treatments. Length of millable cane, 

diameter and iveight of cane v/ere recorded in twenty canes 

at random in each variety/clone in both sprayed and 

unsprayed treatmejnts as per the proc;edure described at 

para 3.2.12.1. 

The PDI in all the test varieties/clones in both 

sprayed and unsprayed treatments, recorded at the time of 

harvest is presented in Table 48. The particulars of pei 

cent reduction in cane length (cm), diameter of the canfr 

(cm) and cane weight (kg) of sprayed and unsprayed canes 

in respect of 20 varieties/clones recorded six months 

after inoculation at harvest are furnished in Table 49 and 

detailed data in Appendix A to C. 

The data in Table 48 clearly indicate that ttic 

disease intensity ivas reduced considerably i 40.50 to 

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



' <\ 

Toble 48: Per cent reduction of disease intensity in cattaf 
sprayed canes over unsprayed canes in different sauai-
cane varieties/clones 

Variety/ PDI Per cent roductior. 
clone Spray€;:d Unsprayed .in sprayed canes 

Co 419 20.4 38,6 47. IS 

Co 975 22,2 4 5.3 50.99 

Co 7219 28.6 53.4 49.3.1 

Co 76 3 6 2 9.4 6 8.2 5 6.89 

Co 7706 19.6 40.8 51.96 

Co 8205 10.7 18.9 43.39 

Co 8220 16.6 27.9 40.51] 

Co 62175 19.4 3 7.6 48.41) 

Co 85038 17.2 2 9.1 40.8') 

Co 85044 28.8 6 6.3 56.56 

Co 85045 4.2 9.0 53.3 3 

CoA 7602 

83A 106 

83A 214 

84A 155 

86A 444 

Mean 

2 0 . 4 

2 2,;;: 

2 8 . 6 

2 9 . 4 

1 9 . 6 

1 0 . 7 

16 . 6 

1 9 . 4 

1 7 . 2 

2 8 . 8 

4 . 2 

1 9 . 6 

2 8 . 1 

9 , 7 

4 , 5 

2 3 . 9 

4 ,7 

11 , 3 

2 ,8 

3 , 1 

16 „ 2 4 

3 8 , 6 

4 5 . 3 

5 8 . 4 

6 8 . 2 

4 0 . 8 

1 8 . 9 

2 7 . 9 

3 7 . 6 

2 9 . i 

6 6 . 3 

9 . 0 

4 1 . 1 

5 3 . 2 

2 0 . 4 

9 . 4 

4 7 . 2 

9 . 9 

2 0 . 6 

6 . 4 

6 . 8 

3 2 . 7 6 

5 2.31 

CoA 8 4 01 2 8.1 5 3.2 4 7.18 

CoA 8402 9,7 20.4 52.45 

CoA 89081 4,5 9.4 52.12 

C O T 8201 23,9 47.2 49.36 

5 2.53 

4 5.15 

5 6.25 

5 4.4 1 

5 0 , (,i 6 



Table 49: Per cent disease intensit.y and pec cent reduction ii; 
length of mi liable cane, diameter and weight of carif 
in unsprayed over captaf sprayed ranes 

Variety/ 
clone 

,^ 

Co 419 

Co 9 75 

Co 7 219 

Co 76 36 

Co 7706 

Co 8205 

Co 8220 

Co 62175 

Co 85038 

Co 85044 

Co 85045 

Co A76 0 2 

CoA 84 01 

CoA 8402 

CoA 89081 

CoT 8 2 01 

83A 106 

83A 214 

B4A 155 

B6A 444 

PDl 

38.6 

45.3 

58.4 

68.2 

40.8 

18.9 

27.9 

37.6 

29.1 

66.3 

9.0 

41.1 

53.2 

20.4 

9.4 

49.2 

9.9 

20.6 

6.4 

6.8 

Pet 

Length of 
mi liable 

cane 

3.72 

4. 24 

7, 31 

11,71 

3 , 8 2 

1 .73 

2.44 

2 .69 

2,71 

9,13 

0,40 

3.77 

4 ,71 

2 ,00 

0 ,92 

4 .81 

1,10 

2 ,, 01 

0 , 0 0 

0, 0 0 

cent reduction 

Diamete^x of 
the care 

,^ _ „_ _,>.,._,_„ 

5 . :< 4 

7 . 9 5 

9.4 5 

11.40 

4 . 9 2 

3.4 8 

4.8 3 

5.61 

4 . 5 6 

1 2 . L 2 

1 .06 

5 . H 3 

6.4 9 

3. i3 

2 . 1. 7 

8. MO 

2.4 9 

2 . 1.9 

O.OCi 

0.0 0 

in 

Cane 
weigh t 

5.04 

6.9 4 

8.4 2 

11. 71 

5 . 0 7 

2.9 4 

2. 7 6 

3.6 3 

3.5 7 

11.8 5 

0 . 6 5 

5 . 3 4 

7.2] 

3.75 

0. 7 8 

6.36. 

0.7 2 

2.54 

0.00 

0.00 



lyiore than 50 per cent reduction, in the intensity vvas 

observed in eleven out of 20 vari(2ties/cl;)nes testeci. 

There was reduction in the length of cane (0,40 

to 11.71%), diameter of the cane (]. 06 to 12.12%) and cane 

weight (0.65 to 1L.85%I in unsfrayed canes of IB varie­

ties/clones (Table 49). More than 10 per cent reducliDn 

in cane weight was observed in Co 85044 and Co 76?)6. In 

two clones, 84A155 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 quanti­

tative characters - Length of inillable cane, stalk dia­

meter and cane weight - clearly show that the differences 

are significant. 

To observe the.- relationship between the extent of 

disease and per cent reducticjn in cane length, diameter of 

the cane and cane wei'jht in unsprayed canes over sj-rayed 

canes, Chi-square (x") vas worked and the data are 

presented in Table 51 to 53. 

2 
The observed X values (Tables 51 to 53) were 

2 
significantly higher than the X from tables Indicating 
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ô 
CJ 
l:>i 
(0 
Ĥ 
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that lenyth of m.i 1 laljJ e cane, ciiametcr ol' cane ami .-aiû  

weight are dependent on the (;xtent "f severity c!' r-iiuj 

spot disease in a varicrty/clone. 

The simple crorrelations and linear regressions 

between PDI and per cent reduction in the 1:hree quantita­

tive characters of cane were norked out and the data are 

presented in Table 54. 

All the three correlaticin coefficients were found 

to be positive and highly significant. Similarly ttie 

regression coefficients wece^ also observed to ije 

significant, indicating the deleterious effects ':)f tlie 

disease on the three economic 31 i:ri but:c?s . 

VJith every one unit increase in PDI value, t!ie 

reduction in length of millable cane, diameter and v/eignt-

of cane increasc;d by 0.14 cm,. 0.1."' cm and 0.]? K'! 

respectively. 

4.12.2.2 Loss in ciualit:y of cane juice 

The effect of the disease on various qualitative-

characters of juic:e vi;'., total scslids, sucrose per ceirt 

in juice, juice {juiity, glucose, pH and electrical 

conductivity ( FJ. C . } was determined in different varieties 

under sprayed and urisprayed conditions as described at 

para 3.2.11.2. Partic:ulars of the reduction/increase m 

the six juice characteristics in unsprayed diseased cancM; 
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as compared to sprayed canes in respect of 20 varieties/ 

clones recorded, six: montt-s after inoculatiori are 

furnished in Table 55 and the detailed data in Appendix D 

to I . 

The data in Table 55 clearly xndicate that tlie 

total solids and per cent juice sucrose were reduct>J m 

unsprayed canes ^f all the tw(? ity var i(ities/c iones iuitler 

test. The per cent reduction in total solids was iu-oiî  

0.47 to 18.05 while it was 0.51 to 22.88 for pei cent 

juice sucrose. More than 15 pî r cent reduction rn luice 

sucrose was observed in 5 varieties vi/. ., CoT 8201, Co 

7219, CoA 8401, Co 85044 and Co 7b 36. The juit̂ e purity 

was also affected in the unsprayed canes of eighteen out 

of twentys varieties/clones tested. In tv̂/o clones K'j z . , 

84A155 and 86A444, the juice jjurity was not affected by 

the disease. A fall in pH of juice was observed in almost 

all the varieties/clones testtsd except, in three viz., 

84A155 and 86A444 and Cc 85045. 

Rise in gluc::se and e;lectrical conductivity of 

iuice was observed in unsprayed canes of all the test 

varieties/clones. The irise in cjlacose content ranged from 

fl.Ol to 0.25 units w'nile it v'as (j.0[ tc- 1.00 unit ff.r 

electrical conduc:t Lvitv.. 

To see u'hethĉ r the differences in the vai lous 

juice characteristics bc^tween sfrayed and unsprayed canes 
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a r e s i g n i f i c a n t <>r n o t ' 1 ' t e s t naH 

ai e [ J i ' e s e n t e d i n 'l'al;.-e 'J ( . 

(-onciuc'tGci and the data 

The differences betwecjti t lie various characterf; ̂-.f 

juice from spraytnl and unsprayccl cane.s are fcjund t .> :)t 

significant. 

To study the relationsfi ip bet\\'een the disease 

intensity and (I) Per C':;nt reduc-tion in total solids (2) 

Per cent reduction in juice sucrose, (3) Per cent reduc­

tion in purity of jaice (4) Per cent increase in glu(Ose 

(5) Per cent increase in E.G. and ((0 decrease in pH, Chi 

2 
square (X ) was calculated and the data are presented m 

Tables 57 to 62. 

The extent of lepression in toial solids, juice 

sucrose, purity and pH and increc'ise in glucose and E.G. in 

different varieties was found tĉ  be as3<;)ciated with the 

extent of severity DT tae disease as can be seen from l lie 

significant Chi square vilues in Tables :>7 to 62. 

The regression of either fall or increase of tiie 

various qualitativt; characters oi juice in unsprayed canes 

on PDI exhibited by the variet ie;s/c] ones is presented in 

Table 63. 

A close examination of the data indicate that the 

variation in total solids, per c:ent juice sucrose, purity 

of juice, glucose content, pH and E.C. is dependent on the 

range in disease intensity as can be seen from tne 



T3 1 
0 
> i 

<n 
u 
a 
m 

H-i m 

O 0) 
C 

U5 O 
O r H 

• H U 

4-> \ 
U) U2 

-H 0) 
i-l - H 
(U +J 
4J <D 
U -H 
fd M 
U rO 
rt) > 
x: 
U 0) 

c 
OJ (0 
o u 
•H M 
:3 to 
1^ en 

;3 
X m 

- H 

w >1 
+J 

cu c 
x; <u 
• p S 

• p 

m 
O 4-1 

0 
-p 
tS) V) 

0) 0) 
4-1 C 

to 
- u -p 
- T3 

0) 
m > i 
0 to 

M 
a 

in y) 
-P C 
r-i P 
D 
in TJ 
Q) c 
« to 

• • 

KD 
i n 

01 
r H 

X! 
(C 

SH 

• 

u 
• 

w 

K 
a 

+ j 

c 
0) 
o 
M 
0) 
cu 

QJ 
U 

1 - H 
3 
^ 

d) 
y ) 

1 O 
u 

1 U 
::3 

1 0 

i-H 

1 to 
-p 

1 O 
e-i 

>-i 

OJ 
4-1 

u 
(13 
M 
to 
x; 
u 

0) 
0) 

o 
u 
3 

r H 

tJ) 

> l 

p 
• H 

>H 
P 
a, 

- p 

c 
OJ 
u 
>H 
OJ 
Q j 

I f i 

T) 
• H 
r H 

o 
in 

in 
V4 

to 
•-{ 

3 
U 

• H 

-P 
u 
fO 

a, 

a i 

•^ 
• 

r j 

a j 
r \ i 

• 
Lf"1 

f O 
T 

• 

o 

f"^J 

. 'X ' 

' ~ 1 

O"! 

1 " • ) 
" J 

• 
a) 
r--^ 

c:> 
' 

C '_) 

( -J 

iU 
d 
03 
(J 

' 0 
0) 

>̂, 
(0 
p 
a 

1/2 

0 0 
0 0 

• 
r j 

CO 
1—t 

• 
i r i 

r^ i 
LT) 

• 
c> 

r -
r -^ 

• 
a) 
a j 

C J 

ro 
• 

^o 
r—1 

' i f 

• 
( O 
r--( 

QJ 

c 
n3 
O 

••D 
0) 
>^ 
fO 
i-l 

a 
w 
C 
O 

CJ^ 

ro 
• 

O 

O 
r H 

• 
o 

o 
. -H 

• 
o 

L n 
yo 

• 
CN 

r-^1 
GO 

• 
r—i 

O 

• 
r̂ -H 

(U 
U 
C 
(U 
>-l 
OJ 
m 
MH 
• H 

Q 

a i 

ro 
• 

LT") 

•5}" 

r 'T 

• 
i-D 

O 
(~0 

• 
'-C 

CTi 
f ) 

• 
^ i ) 

3-. 
• i3 

• 
• ^3 

X J 
CD 

. 
^JD 

'OJ 
3 

r H • 
'HJ 

> 

-
p 
-
' 0 
0) 
> 
p 
0) 
in 
.Q 
,̂ ^ 

0 1 
C:J 

• 

r~j 

c^ 
C3 

• 
r g 

:r 
cr 

f M 

(J 

c 

l~J 

Z 1 
C .J 

• 
r J 

C' l 
c;) 

• 
( J 

.0 

;y 
r H 

.Q 
'0 
>J 

E 
0 
P 

U-l 

,—. 
(D in 
D O 

I H • 
m o 
:> (1 

a, 
j_ i - ^ 

/ ) 1 

V 1 
'>^ 1 

U) 1 

0) 1 
>-t I 

in ( 
0) 1 

>H 1 

W 1 

0) 1 
>-i 1 

in 1 
CL> 1 

>H 1 

in 1 
OJ 1 
>-i 1 

-p 1 
C 1 
(0 1 
O i 

•H 1 
m 1 
• H 1 

C 1 
en 1 

- P 1 
in 1 

P 1 
U 0 1 
0) C 1 
x: 1 
P p 1 
<D 0 1 
x: 1 
S 1 



T a b l e 5 7 : R e l a t i (jnst i , • .ULUO^M' PR! i-ont .'j seast j i n t . - n ; i t y and r e d u c t i o r 

t o t a l s o l i d s cf" " " ine ; u j i c e n f ur;;i[_T3y6(! ca r i e ; o v f n oapLa f s;jr-Jv 

canes i n t u e n ' : / suLjarcane v a i l e t ic-; / C I O P R U 

;l 

" iLirher of v a r ; n t . i e s / c l o r a s 

PDI 
Per : e r t r e d i c t i o n i n t o t . i i l s o l i d s n f i i n s p i a y e ; 

ouBr 3|3rayed f iane j u i o . j 

M j t a l 

i,.[j ur / , . - t o e .1 t 3 1 2 . 1 t t : 16 . 

h e l c j q.DD 6 P : ) C 1 6 . 0 ?Q 

10 b a l o u 

1 0 . 1 t o 2 0 . 0 

2 0 . 1 t o 3 0 . 0 

3 0 . 1 t o 4 0 . 0 

4 0 . 1 t o 5 0 . 0 

5 0 . 1 t o 6 0 . 0 

6 0 . 1 t o 7 0 . 0 

1 tL 

T o t a l 

X o b s e r v e d = 5 1 . 4 6 
2 

f r o n t a b l e s (P = i:i.ij^ ) =: 13 .B5 

T a b l e 5 8 : R e l a t . i o r i s l i i p ' PotujnHn (.or cent, i l i s a a s d i n t . e n ; , i t , and r H d u t t j i r i 

j u i c e Mi; i : r i r ; ! ! nf j n s | j r a y e d c a n n j cnjsr i : a p t n r s p r a y e d nana; ; i i i I .in 

s u g a r c a n e ..ar : o t i e s / ' c l a n e s 

PDI 

10 b e l o u 

1 0 . 1 t o 2 0 . 0 

2 0 . 1 t o 3 0 . 0 

3 0 . 1 t o 4 0 . 0 

4 0 . 1 t o 5 0 . 0 

5 0 . 1 t o 60 .D 

6 0 . 1 t o 7 0 . 0 

T o t a l 

tJumber ol i/ar . e t i e t - / c l o n u s 

P'ar i ;nnt r G d i . c t i c n i n j u i i.:e s u c r o s e i n u n a p r a y e d 

cane j c i c e o v e r sp j -ayed cane j u i c e 

4 . 0 nr 4 . 1 t:D 8 . 1 t o 1 , M t o 16 1 t o 2 0 . 1 t o 

t j e l o i j B.OC 1 2 . 0 ! 6 . 0 2 0 . 0 2 4 . 0 

Total 

20 

X observed ^ 79.17 
2 

frem tables (P=:!j, S5} = i8.4̂ ) 



T a b l e 5 9 : R n l a t i n n s h i , h o t u e o n p e r c e n t t i i s o a s s i n t ( H n M i t \ and r n d u r t i c i n i i 

j u i c e p u r i t > of uns(j ayed canes C J B : - c a p t a f ' i p r e y o d cj j rujs i r t .uerd,, 

s u g a r c a n e x;ai i e t i o s / c Lanr-

N.jmber of j a r i e t i a s / c l o r : e : ; 

Pfjr rA'.'il r e l : i c t i o n i n p u r i t y of l u i i e i n u n s p r a / a d 

PCI canes o u e r sprayer^ c a i i e ; ' i t , •! 

O.n t r 1.1 t o ?.1 t,a ; ' . l c A . ' t c ' . 1 ! c i'•.^ f<: 

1 . : . :? .0 •',.)) !, J.i '• .0 ' ) . i : ^ ' . i 

10 belou '; - - " ' ' ' • 

10.1 to 20.0 - - - ' • 1 - 1 

20.1 to 3D.0 - - 2 - 1 1 - 'J 
30.1 to 40.0 1 1 - - - - " 2 

40.1 to 50.0 - - 1 1 I - - 4 
50.1 to 60.0 _ - 1 -. 1 - - 2 
60.1 to 70.0 - - - - - 1 1 

Total 6 1 4 ' 4 3 1 2[i 

2 
X o b s e r u e d = 5 2 . 5 • roni t a b l a s ( I ' --- 0 . 0 5 ) - 1 8 . 4 ; 

T a b l e 5 0 : R e l a t i o n s h i i ) b e t u e e n ( le r can t d i s e a t e i r i t j n s i t y an(i i n c r e a s e ir; 

g l u c o s e o f j u i c e o f u n s p r a y e d canes ouer r a p t a f s p r a y e d canes i n 

t u e n t y sugar r ;ane ua r i e t i e s / c l o r i a r . 

Numbor of u a r l B t i B n / c l i i r i E i B 

PDI Per c u n t i n c r e a s e i n g l u c o s e i r i l u i c e o f T n t a i 

u n s p r a y s d cane.'j ouer s p r f i y a d 

2 0 . 0 o r 2 0 . 1 t o 4 0 . ' t c 6 0 . 1 ',o BO. 1 t i ; 

!>jiCLi 40.U PQ. ' ' HO.C 1 0 0 . 0 

10 b e l o u •"-

1 0 . 1 t o 2 0 . 0 i -. . _ 

2 0 . 1 t o 3 0 . 0 

3 0 . 1 t o 4 0 . 0 • 2 -. _ 

4 0 . 1 t o 5 0 . 0 I 2 i 

5 0 . 1 t o 6 0 . 0 - - -I 1 

6 0 . 1 t o 7 0 . 0 - - .. 1 

T o t a l 1 1 <-D 

2 : 
X o b s e r v e d = 4 1 . 1 4 < f r o m t a b l e s (P=O.Ob) = 13.05 



T a b l e 6 1 : R e l a t i o n s h i ; l eM j .K - i : p e r r ^ rv J i i fMse i n t c n s i • ,, inc i n c r B > ' u ; 1-

B l H c t r i c a l : i i :duch n / i .y ( E . r . : c'" l u i c e o r j n a p r a y f u l r a n s s i v f i 

c a p t a F s p r a / e r : cane:- i n t u e n t y s i i t ^s rcane . jar i e i A e s / c Lones 

rnber o f ua i i e i t i e s / c l o n p s 

PDI Pur c e n t i n c r e a s e i n e l o c t r i c a l c u n ^ k j c t i i i t y 

Lc j u i c e 3r unsprayec i CE.nes ovec nf,rayed 

1 0 . 0 .-ir 1D.1 t o 2 0 . 1 •; ) 3D. I t o 4 0 . 1 t o 

t , f . ] r . , / f i . D 3CuC 4[J.O 5 0 . 0 

'ota! 

10 belouj 
10.1 to 20.0 

20.1 to 30.0 
30.1 to 40.0 
40.1 to 50.0 

50.1 to 60.0 
60.1 to 70.0 

Total 

X o b s e r u e d --•- 3 9 . 1 7 <' f r o M t a b l e s (P==(J.!I?) = ' 3 . B 

T a b l e 6 2 : P- iG la t ionah ip botLiCien j j e r cen t l iaaab 'e i n t t i i s i t ) ' and dec r f j a t i,i i n 

pH i n i i i i c e of n n s p r a y e d canes )VE!r c a p t a f i p r a y e d canes i n t u j e r t . 

s u g a r c a n e v a r i e t i e s / c l o n e s 

PDI 

Lumber o f va r l e ' i e s / c l c n e i B 

[ i e c r e a s e i n pH ( u n i t s ) ' . 'a lues o f j u i c e of 

un i ip rayed canes o j s r s p r a y i i d 
n t a i 

fj.OO t(.: 0 . 0 6 t o 3 .11 t o L).16 t o 

f ' .TS 0 . 1 0 n . 1 5 0 . 2 0 

ID b e l o u 

1 0 . 1 t o 20.G 

2 0 . 1 t o 3 0 . 0 

3 0 . 1 t o 4 0 . 0 

4 0 . 1 t o 5 0 . 0 

5 0 . 1 t o 5 0 . 0 

6 0 . 1 t o 7 0 . 0 

T o t a l 20 

X o b s e r v e d = 4 4 . 6 f f ro i - ! t a b l e s JF^ .39 
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significant correlation coefficients and reciression 

coefficients, 

With every one unit increase m PDI value the 

reduction in total solids, sucr.jse content, purity and pH 

of juices increased by 0.27, 0.33, 0.07 and 0.003 units 

respectively. Similarly the in^^rease in glucose and K.C. 

was found to have increased by 0.004 and 0.01'3 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 thie ci op 

The rate of re'ductiori in ĉ ane- we'ight and juic(; 

sucrose in different varie^t ies/clont-s in the maturity 

phase of the crop was studied as described at para 

3.2.12.2. The disease intensity lecorded in each variety/ 

clone at monthly intervals from November- to February both 

in sprayed and unsprayed treatments are furnished in Table 

64. The data on [)rogress 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 ']\able 6 4 indicate that there was 

progressive increase j,n the intensity of the disease in 

the maturity phase of t.he crop (November to February) in 

all the test var ietics/'clones . The ir.crease was not so 
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iH 

marked in sprayed and unspraveci cane;; of resistant 

varieties/clones. I'ne )er cent, intensity of: the dise<ise 

in resistant varieties/clones rancied froni 0.8 t:i) 4./ in 

sprayed canes whil(; it v/!as 2.2 to 9.V in unsprayed canes 

from November to February. In suscref )ti ij 1 (.̂  varieties, - iie 

f'Dt was observed to be ine)re in sprayed (11.6 to 23.'') .ind 

unsprayed (25.9 to 51.2) canes even in November which 

gradually increased from 2 2.2 to :l 1 .4 per cent in spra/ed 

and 45.3 to 70.2 per cent in unsj-jrayed canes till harvest 

in February. There was marked increase m the intensity 

of disease between November and December v^hile the 

increase was comparitively less iri January and Febriiary . 

With progressive; increase in the disease inten­

sity/ there was progressive redU'::tion in cane v/eight and 

;]uice quality in all the test varieties/clones especially 

m susceptible ones (Table 65). The per cent rcKJuction in 

cane weight and juict:- sucrose in unsprayed canes (d' 

resistant varieties/clonejs from November to February was 

marginal and rangê ci from 0.0 to 0.96 per cent and (J . ] 3 t.c 

3.L4 per cent respectively. But in susceptible varieties 

the reduction in cane weight and juice sucrose was mor(> 

and ranged from 2.74 to 11.85 per cent and 12.40 to 22.H8 

per cent respectively from Noveiril:)er till February. The 

cane weight was not affected in t̂'/o resistant clones viz., 

84A155 and 86A44 4 during November and Dfjcember while a 

slight reduction was noted during January and February in 



all the varieties/clones except b4Al55. But the per ceii'̂  

reduction in juice sucrose qfadually increased fr.jni 

N(3vember onwards only to a limited extent (0.13 to 0.9f-%). 

In susceptible varieties, the reduction :i n cane weight and 

juice sucrose in unspraycd cane^; .va s conspicuous even in 

November v;hich reipicly mcreascrl upt< December. Thi' 

increase in reduction was marginal between January ami 

February. Thus, the' disease ;ji-aduall\ increased i'rom 

November to February causing progressive reduction in cant;> 

weight and juice sucrcise. 
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CHAPTER V 

DISCUSSION 

The results of the pfesent study on ring sjjot. 

disease of sugarcane incited by Leptosphaeria sacchari Van 

Breda de Hann conducted at Regional Agricultural Reseaicri 

Station, Anakapalle; (Andhra Pradesh) are discussed in this 

chapter in the light of the Literature available nnd 

conclusions drav/n . 

5.1 SYMPTOMATOLOGY 

In the present study, symptoms 'vere- observed onl)' 

on the leaf blade of all the varieties studied.. Hovvfever, 

Bourne (1934) and Abbott (1964) observed the disease in 

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 variestal 

behaviour. 

In the present investigations, the course of 

development of symptoms over a period of time was stuaied 

in four sugarcane varieties viz. Co 721!^, CoT 8201, Cĉ A 

89081 and Co 85045. The disease appeared first on 11 tl) or 

12th order leaf from top during Last week of August at 1 lit 

age of 5 months in Co 7219 and CoT 8201. Spots wtiich 

appeared initially as small specks gradually enlarged, 

turned oval or spherical with purplish c<-)iouration in 15 

days. Dry necrotic centres with mar-gins that were narrov; 



reddish purple ar brownxsh, C()rit.inuouH or broken will, 

angular projections all round appeared. Subsequently -> 

diffusing yellow halo at the perimeter als'j appeared. In 

due course the spots coaJesced, re^sultiiig m premature 

senescence of the leaves, particularly in the varieties Co 

7219 and CoT 8201. In thc; case of the ot.hier two varieties 

the spread of the disease was not so r-apid after the 

initial specking. At hai'vest, <3uring February, when the 

crop was 11 months old, tlie entire foliage except three to 

four top leaves, dried UJJ in Co ';2L9 and CoT 8201. This 

pattern of disease? development C)bserved in the present 

study is in agreement with de^script ions of Edgerton 

(1955), Abbott (1964), Dutta (1969) and Agnihotri (1990 ). 

The disease spreiad was faster dutMng October arid 

November months, at thc; fag end ()f ttie growth phase wh:ioh 

coincided with heavy rains. Euioh severity of ring spc)t 

disease during rainy xv-eather wan report';>d by Agnihotri 

(19 9 0 ) . 

Maximum number of spots were produced on bottom 

leaves of Co 7219 and CoT 8201, especially towards the tip 

of the lamina, 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 îe 

due to differential tolerance of these two varieties t:o 

the ring spot pathogen. Leu and Hsieli (1969), while 

v/orking v\;ith leaf blight of sugarcane, ):eported ver> few 



le^SLons on highly rosistanL varieties <mcl as the suscef'ti-

bJ.lLty increased, thn lesions inc-eased in their nurnL)ei , 

finally covering the leaves completely. Premature senes­

cence of older leaves due t.o excessive spotting, 

especially towards the apical portiori of the lamina 

observed in the study was also reported Liy Butiler (19 18), 

Abbott (1964), Dutta (1969) and Agnihotri (1990). 

The size and sliape of the spo1:s and incubation 

period varied in all thê  thirty four varieties/clones 

tested (Table 10). 

The size of the spots ((s. 9-3.7 mm x 2.9-14.9 mnu 

in these studies varie^l considerably from variety to 

variety. Variation in the size of the spots in ring spot 

disease of sugarcane (1-5 mm x 4-18 mm) v/as reported by 

several workers (Butler, 1918; liourne, 1934; Matsum.oto, 

1952 and Dutta, L969). These reports and the pres€^nt 

observations suggest '.-/ide variation in the size of the 

spots. 

Different shapes of the spots viz., oval, 

spindle, linear, irregular and lot Like were observed in 

different test varieties/clones in these investigatxons. 

According to Hudson (196C) and Agnihotri (1990) the shape 

of the spot was either oval or spherical at the begining 

which later became irregular. Referring to stalk lesions. 

Bourne (1934) described somewhat o\̂ al oi circular spots to 
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irregular patches of cons iderab l.e size, but in the present 

study no such stalk lesions were observed in any variet/>/ 

clone. 

The incubation period under inoculated conditi::'nB 

(9 to 45 days) varied from variet;/ to variety. The delay 

m the appearance of the first s/rrptom of the disease m 

CoA 89081, Co 8504^, 86A444 and 84AL55 may be due to tlie 

relative tolerance of these vari^n^ies/cl ones which Ls also 

confirmed in the present varietal reaction studies. 

Longer incubation periods in resistant varieties for smut 

disease of sugarcane (Prasada Rao (1^.1979) and glume blotch 

of wheat (Cunfer et^ iii-' 1988) were reported earlier. 

5.2 ISOLATION AND IDENTIFICATION OF PATHOGEN AND 

ESTABLISHMENT OF PATHOGENICITY 

5.2.1 Isolation 

In the present investigations, isolations from 

immature spots yielded Nigrospora sacchari, Curvularia 

lunata, P. saccharicola and i3i polar is sacchari. A 

majority of the istjlations from mature spots yielded both 

P. saccharicola and L_̂  sacchari on different media (Table 

12). No fruiting bodies were observed in the immature 

lesions, during thie very early stages of spot development 

and isolations at this stage yielded a number oi fungi 

including P_̂  saccharicola but not L. sacchari. At a more 



advanced stage, minute black dots against a gieyish bcu:.k 

ground in the lesions were conspicuously visible to tiie 

naked eye. Microscopic exami nat:ion of tneso revealed the 

presence of both pycnidie and perithecia. Isolations from 

these lesions yielded both F._ saccnaricola and L. 

sacchari. Bourne (1934) and Hudson (1960) isolated a 

number of fungi from rinc spot lesions viz. _H_̂  sacchari, 

Phyllosticta sp. , N_. sscchari, 1-|_._ sacchari, Coniothyrium 

sp., Spondylocladium sp. and Alt6;rnaria sp. Association 

of Phyllosticta sp. and L_̂  sacchari with mature ring spot 

lesions was also repiortc'd by several workei-s {Hennings, 

1907; Fawcett, 1922; Tuckei:, 1925; Matsumoto and 

Yamamoto, 1936; hue, 1953; Roy, 1964; Ricaud«j 41989 ; 

Echavez Badel, 1990j. 

5.2.2 Pathogenicity tests 

Inoculations with B_^ sacchari, C. lunata and N_^ 

sacchari either individually or in combinat.ion did not 

result in ring spot lesicns on any variety tested. But l̂ ^ 

saccharicola, either individually or in combination with 

the above three fungi, produced typical ring spot lesions 

in all the three varieties viz. Co 7219, CoT 8201 and Co 

7636 in 13-23 days after inoculation (Table 16). Ascos-

pores of L^ sacchari produced on sterile host leaf bits in 

the laboratory and also from naturally infected material 

produced typical ring spot symptoms in 17-22 days after 

inoculation in all the three varieties (Table 16). Kocli's 



postulates were established with 1;;_̂  saccnaricola and L_. 

sacchari. Bourne (1934) obtained typical ring spot 

symptoms with Phyllosticta sp. only in cjinbination with 

Helminthosporium sp. But, Abbott il964) opined that 

Helminthosporium did not seem to be essential for incriting 

ring spot lesions in all the cases , since i-ing spot occurs 

in several cane growing areas where H_. sacchari has not 

been always recorded. Production, of typical ring spot 

symptoms on sugarcane with the con.idia of [\̂  saccharicola 

(Hennings, 1907; Luc, 1953; Hudson, 196;); Dutta, 1969) 

and ascospores of 1^ sacchari (Martin, 1938; Yen and Chi, 

195 3; Matsumoto, 1952; Hudson, 1960) has been reported 

earlier. Thus, the results obtained in the present 

studies confirm the findings of these earlier workers. 

5.2.3 Identification of a suitable medium for the 

pathogen 

During the course of the present investigations, 

several culture media v/erc; tested to study the growth and 

sporulation of P_̂  sacchario-ola and L_̂  sacchari. 

In case of ĵ ._ sacchariccla the mycelial growth 

from single pycnidiospore was fast on most of the media. 

However, PDA + cane leaf e-xtract, OMA + cane leaf extract 

supported best growth and sporulation at ambient tempera­

ture (Table 17). Initially the mycelium which v̂ as white 

and profuse later turned greyish black with dark roundish 



pycnidial bodies both on the surface and also embeddeLi m 

the medium. Dutta (1969) obtaiii.<id s.Lmilat- results workiiuj 

with this fungus. The pycnidia were globose and ostio-

late, measuring 70-94 jam in diameter and contained 

abundant hyaline, single celled pycnidiospores measuring 

10-13 pm X 3-4 pm with 2 guttules at either end. Measure­

ments of pycnidia and pycnidiospores of ]?_̂  saccharicola 

agree with those reported earlier by Jones (1967) in CMI 

descriptions (No.145) and also by Hennings (1907) and 

Dutta (1969). 

Efforts to ciulture single ascospore of L. 

sacchari on seveial synthetic and ncn-synthetic rredia 

yielded only myc:elial growth but no single-̂  medium 

supported perithec:ial formation. Mycelial growth in 

general v>?as very slow on all the media tested, reaching a 

maximum diameter of 80 mm only after lb-20 days. However, 

the growth was sliglitJ.y faster i,n corn meal agar, bean 

meal agar and PDA + corn meal. Initially the mycelium was 

white but within tv/o days it turned pinkish 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 old cultures., T'hese results a,r-e in agreement with 

those reported by earlier workers (Bourne, 19 34; Hudson, 

1960 and Dutta, 19 69) . 



5.2.4 Production of ascospores jji vitro 

Attempts to obtain pefithecia ,and ascosporc^s in 

synthetic and non-synthe-tic media failed, hovv^ever, v;heri 

agar blocks containing single ascospores were transferred 

to sterile host leaf bits of sugarcane varieties Co 72 1.9, 

Co 7636 and CoT 8201 enriched with biotin, thiamine hydro­

chloride and sucrose smd exposed for 12 hours period of 

alternate light and darkness at 2 4 -26 C, abundant 

perithecia with asci and ascospores were produced in 18-21 

days (Table 14). Profuse pycnidia of P_._ saccharicola were 

also produced from these! leaf bits tihree weeks later. In 

the leaf bits of Co 76 36 the perithecial production was 

observed at 26 C even without addition of vitamins and 

sucrose. It appeai"s from these observations that the agar 

media are lacking in cei^tain essential nutritional 

requirements which the host is able to provide and stimu­

late the formation of perithecia. Perithec;ial 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 been reported earlier. The results of the 

present investigation aie in conformity with the findings 

and the observations of Bourne (1934), Matsumoto and 

Yamamoto (1936) and Hudsosn (1960) who had earlier offeree! 

proof of genetic connection between P_̂  saccharicola and I,. 

sacchari. 



The perithecia \;ere spherical, immersed in the 

substratum, papillate, o3tiolat(3 ancJ measured 111-138 |_im 

in diameter. The asci were numerous, cylindrical or club 

shaped, sessile, intermingled witli paraph^ ses and measured 

62-70 jam x 9-13 pm. The 8 four celled ascospores were 

hyaline, elllipsoid v;ith a single large guttule for each 

cell and measured 18-24 um x 4-6 pm (Table 15). These 

descriptions and measurements of perithecia, asci and 

ascospores tallied with those given for L_̂  sacchari 

(Jones, 1967) in CMI descriptions (No.145) and those 

reported by Van Breda de Hann (1892); Eiancroft (19L0); 

Hudson (I960); Abbott (1964) and Agnihot:ri (1990). 

Thus, the results of the present study clearly 

indicate that the te^lionorph of ring sfjot fungus is L_̂  

sacchari Van Breda de Harm cind anamorph is P. 

saccharicola, P; Hennings. Thes-; findings are similar to 

those adopted by the Internationa] Societiy of Sugarcane 

Technologists standing ciommitto-; on sugarcane diseases 

(Ricaude*-a0.989) . 

5.3 DEVELOPING A DISEASE RATING SCALE FOR ESTIMATION 

OF DISEASE INTENSITY 

For estimation of disease; intensity, a 0-9 scale 

was developed based on the pei" ;:;ent (̂ reen leaf area 

affected and PDI was worked c>\jt using the formula 

suggested by Mayee and Datar ( 198(. ) . This 0-9 scale was 



] ) 

developed on the basis of the recommenda t i.ons of ISSCT 

Standing Committee on Sugarcane diseases t)ecause of its 

obvious advantages in computerisation, analysis and 

retrieval systems (Hutchinson, 1970). This system has 

already been accepted by pathologists in many countries 

and has been found to be easy to use. It has already 

formed the basis for severe:.! international compilations of 

disease ratings. Based on the PDI, varieties/clones 

recording upto 10 per cent; disease intensity \/ere graded 

as immune to resistant and aboA/e 3(i per cent as 

susceptible to highly susceptible^. 

The 0-9 scale tia;;; also been reconmiended for leait 

blight of sugarcane {l_^ '^aiwanens is) in Taiwan (Leu and 

Hsieh, 1971) and rust of sugarcane in India (Mayee and 

Datar, 198 6) . 

5.4 SURVEY FOR ASSESSiMiENT OF DISEASE INTENSITY 

Field survey v;as conducted in different factory 

areas in coastal Andhra Pradesh, Telangana and Rayalaseema 

regions (Table 18). Aspects like soil tj/pe, variety of 

cane, nature of crop (plant or ratoon,) and disease inten­

sity were taken into consideration. Intensity of ring 

spot was, in general, more in (;;oastal Andhra Pradesh 

compared to Telangana and Rayalasti^ema regions. Even in 

coastal Andhra Pradesh, the disease was ;)bserved in trie: 

most severe form in Bobbili factor;,' area, particularly in 



the ratoon crop of Co 7219 (73.7%). Some other varieties 

like Co 975, Co 527 and CoT 820,1 also recr̂ rcaed more than 

50 per cent PDI iv. different villages. Such severe 

incidence of ring spot ir this area may be at.tributed t̂.) 

the following factors. 

1. In Bobbili area the sugarcane crop is usually 

planted dui-ing ^(anuary-February and later depend 

entirely on rains resulting in moisture stress 

condition in pre and post-monsoon periods. 

2. In some village::;, sugarcane was also planted in 

June after receipt of rains leading to juvenile 

susceptibility. 

3. Application of high doses of nitrogenous 

fertilizers. 

Outbreak of rin^j spot in Mauritius under water 

stress conditions on different varieties \/as reported by 

Ricaud (1969). Disease incidence v/as observed to be more 

in ratoons than in jjlant crops i r. this ,3rea. Increased 

intensity of ring spot disease? in ratoons was also 

reported by Echavez Bad^al (1990; from Puerto Rico under 

stress conditions. 

In Vuyyuru, Nellore, Chellura and Anakapalle 

factory areas the disease incidence was observed to be 

high in certain varieties viz., Co 7219, CoT 8201, Co 7805 



and Co 8021 indicating their susceptibility. ' hf̂  :-)>] 

ranged from 21.2 to 68.2 in Vuyynru, 29.8 to 60.4 In 

Nellore, 5.2 to 7 0.2 in Chelluru and 2 9.2 to 6 4.6 ir> 

Anakapalle factory areas. High incidence of the disease 

was also noticed Vv'hen the crop was grown in low lyin^j 

areas with poor drainage facilitie;s. The water stagnati(5n 

in the field might have created congenial microclimate 

(high relative humidity i for rapid multiplication and 

spread of the pathogen. The oc:u3:rence and severity of 

ring spot disease under moist cor.ditions v/ere reported by 

Caminha (1936) and Echavex Badel (1990). 

The intensity of the disease was observed to be 

high in plots where excessive nil.rogenous fertilizer was 

applied. In these factory areas, most of the cultxvators 

apply two to three times the recommendcjd dose of N 

fertilizer which might have resulted in excessive 

succulent vegetative grovvrth .and increased disease 

intensity. In Chelluru factory- area varieties CoA 89081 

and 82V12 recorded less incidence irrespective of high 

nitrogen fertilization irdicating their resistance. Die 

disease intensity was observed to be mere 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, rolt; on the microclimate and thereby 

on the intensity of the disease. 



In Telangana region, though the disease intens.it,-

ranged from 16.7 to 69.8 per cent, high incidence of the 

disease vvas observed only m Berdi.uur viJlage where the 

cultivators applied hiigh doses of nitrogenous fertilizer 

in the moisture retentive clayey soils. 

In Rayalaseema, particularly in Renigunta factory 

area, the disease intensity was observed to be low even iii 

susceptible varieties (0 to 10.1%) inspite of good 

rainfall extending upto December. This might perhaps be 

due; to the lack of adequate initial inoculum coupled with 

unfavourable microclimate as a result of 1 Ov/ soil raoisturs? 

retentivity in sandy and red sandy ;5oils which predominate 

in this area. 

5.5 INOCULATION AND RAPID SCREENING TECHNIQUES 

5.5.1 Inoculation techniques 

Though ring spot is ame-nable to control by 

fungicides, the most, practical, efficient and economic 

means to combat the disease is by the development ol 

resistant varieties. Abbot.t (1964) observes that "If the 

disease is ignored c;ompl(5tely in breeding programmes, 

highly susceptible cultures niicjht be advanced to 

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 recommended b/ other workers (Cook, 



1925; Bourne, 1934 and Nyvall, 19 79). The need for a 

reliable inoculation and screening technique to employ in 

segregating resistant, and susceptible clones thus assumes 

greater importance. 

In the present studies, all inoculations for 

screening were conducted l:)y using c:onidial suspension of 

p. saccharicola, sin(.-:e this fungus was found to sporulat.e 

profusely on OMA + cane leaf extrac:t, Lj_ sacchari although 

produced typical ring spot lesions, was not used in the 

studies as it failed to sporulate? in synt.hetic and non 

synthetic media. 

Out of eight incoulation [lethods tried (Table ly) 

four methods - a. spraying coniciial suspension on the 

leaves, b. clipping top halves of leaves and spraying 

conidial suspension, c. clippincj top halves of leaves, 

pinpricking and spraying inoculi.im, d. clipping, pin-

pricking, spraying inoculum followed by water spray were 

found to be significantly superior to other methods in 

reproducing the disease, though among themselves the iour 

methods, were at par (Fig. 1 ) . Ou:: of these four methods, 

spraying conidial suspension on whole leaves was preferreci 

as it is operationally easy aiid simple. A similar 

technique was employed in screening sugarcane varieties 

against L^ bicolor (Leu and Hsieh, 19 71; VJang and Lee, 

1982) and wheat varieties against L_^ nodorum (Rufty et 
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a,L., 198Lb, Karjalainen, 1985; Verreet :3t_ al_. / 1'*B:^ 

Wendland and Hoffmann, 19&8). 

5.5.2 Rapid screening techniques 

Reliable and lê ss time consuming methods for 

determining the reaction of varieties t:c ring spot are 

essential. Out of five ;5creenin- technit^ues tried in the 

present investigation ( 4 . ) . 2 ) , ':> t (̂ ':;hniqiaes -- (a) spraymy 

inoculum on the leaves 'jf potteci plants, (b) clipping 

leaves, pinpricking, spraying inoculum followed by water 

spray, (c) Rajoong inoculation were effective and v/ere on 

par with each other and significantly superior to otner 

two methods (detached leaf metliod and screening undt'r 

natural conditions). The disease intensity was observed 

to be uniformly high in all these three methods (Table 2 0 

and Fig. 2 ) . Among these three methods, Rajoong method of 

screening was preferred, as it is rapid, reliable arid 

saves 2 months tirrie fcr obtaining the reaction of a 

variety. The setts germinate sooner and growth of the 

crop is slightly fast in this method compared to other tv;o 

methods. Further, more number oi' setts can be accomodated 

in an unit area. Rapic screening of sugarcane varieties 

to red rot by Rajoong method has been recommended oy 

Prasada Rao (1984 ) . 

In the screeminc: raetl-iod wiiere detached leaves )1 

the varieties were inoculated, minimuii. disease intensity 
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v/as observed even in susceptih^le /arieties. Similar was 

the experience of Nass and Jo»":nston (1985) while work m y 

with glume blotch disease (L_̂  n odor urn) of wheat. When 

screening v\?as done under natural conditions, two clones 

viz., 84A155 and 86A444 did not manifest the disease. As 

this method mostly depends on climatic conditions, it is 

difficult to get consistant results. Leu and Hsieh (L969) 

experienced the same whiile working with leaf blight ( L. 

taiwanensis) of sugarcane; in Taiwan . 

5.6 FACTORS AFFECTING DISEAEIE DEVELOPMB]NT 

5.6.1 Effect of different. levels of Nitrogen, 

Phosphorus and Potassiuri on the intensity of the 

disease 

In the present study, nitrogen had significant 

effect on the disease severity. The increases in N level 

from 0 to 112 and 112 to 224 kg ha"'" resulted in a 

progressive increase in diseas(> in the variety Co .'219 

(Fig. 3 and 4 ) . Positive association was observed betv^een 

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 documented. Positive 

correlation belvvfeen leaf nitrojen and rust severity iri 

sugarcane v/as reported by An^lerson and Dean (198f:. ). 

Increased nitrogen f ertilizat io:i is rGp(3rted to Lnc^rease 

severity of stem rot of rice caused by Magnaporthe (hepto-



.^ 

sphaeria) salvini (Jain, 1977; Mayee ej: a_J_. , 1''7 ̂  , 

Rangaswamy, 1979; Nyvall, 1979; I. L ct a,L_. , 1984; Ou , 

1985; Rathaiah, 1990; MahrottJ and Aneja, 1990) anil 

glume blotch of wheat, caused by l^ nodoi um (olsson, 1979; 

Broscious e^ al,. , 1985; Kharkova et al_. , 1984). Higher 

doses of nitrogen re;sults in sjucculent vegetative gr(nvth 

and the plants are more vulnerable 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 wore not sigr if leant •. Increase in 

soluble nitrogen in rii.;e leaves; has been reported to 

enhance susceptibility t';) blast pathogen by many workers 

(Suryanarayanan, 1958; Zsoldos, 1962). Higher N levels 

would have increased the suscep^t ibili ty of plant :'or 

better pathogenic development. 

Application of phosphorus at 109 kg ha " m fhe 

present study, did not influencf; the disease (Fig. 4}. 

EJeveral v/orkers reported increase in disease intensity h\e 

to Leptosphaeria spp. in several creeps with the appli;:a-

tion of P. In stem rot of rice, increase in (disease 

intensity with phosphate application was ireported by J a m 

(1977), Rangaswami (1979), Ou (1985) and Rathaiah (1990). 

Phosphorus alone or in combination with N fertilizer is 

reported to have increased the infection of _L_' nodorum 

(Cunfer e_t a_l. , 1980; Kharkova e:: al . , 1984) in wheat. 



M 

w 

< 
U 
w 
M 
Q 

W 

u 
H 

LEVELS OF NITROGEN ( k y h a ) 
F'OKo r;;Z3P0Ki B M F M K O dUlIDpiKi 

! ' [ ' : ; ! k . , ( ' 9 i ' i , '•-''••-

PI : IOC k i i k . 

K., ) h 

100 k'. K9I) ha " 

112 224 T 336 
I':VELS OF NITKOGEN (K''i h a ~ M 

POKO [1113 P0K1 IPIKO inniDpiKi 

Fig.3: EFFECT OF DIFFERENT LEVELS OF NITROGEN 
FERTILIZER ALONE OR IN COMBINATION WITH 
PHOSPHORUS AND POTASSIUM ON THE INTENSITY 
OF RING SPOT 



V F ;'• :•.':.: m^J::^^;:^'^^'^ 

i^^^^^^^^^^^^^^^^^^^^^^^k 

ri - > • . :f:v;;:::;->;H,.-':::\:;, •;:•• m^ ''W •:: 

,/^^^^^^^^^^m 
a-
1 

a; 
(1- O^ 

m ^ S ^ ^ H ^ 

L . , . 
s«i 

L ..„_. 
simi 

1 
• H i 
.__! 

• 
CD 
CO o CJ CJ 

a:! 
o o 

U-, 

o 
ir< 
Z 
W 

X 

a: 

X 
D 
M 
CO 
in 
< 
E H 
O 
CU 

Q 

z 

c> 
a 
o 
X 

o 
X 

z 
w 
O >" 
O E-

E H W 
M Z 
Z tij 

E-
t , Z 
O I -

U E-
U C 
Z Cl, 
W l/j 

iJ C 
fc Z 
Z I -
M Ct 

•H 

C) 

ALLISNM,LMI ;:isvysia J.N:-].:) and 



The results of the {)res(:'nt inveBtigati oris h<: e-

clearly indicated that K nutriti<-' i inipai t.s tolerance l:.< 

sugarcane against ring spct (Table 21 to 2 J ) . A[JIJ Licat.ion 

of potassium at lOd kg ha eithei aloiie or along -with 

different doses of N sicjnif icant ly reduced the disease 

intensity in the variety Co 7219 (Fig.3 and 4 ) . Negative 

association was observed l)et\>feen \:'Dl and sheath potassiuni. 

Numerous instances ar;5 there where application of 

potassium reduced the incidence of diseases. These 

i.nclude eye spot (Rabindra and Kuraaraswamy, 1978) and 

brown stripe in sugarcane (Egan, L989), stem rot (Keim and 

Webster, 1974; Jain, 1977; Satramanian and Balasubra-

maniam, 1977; Nyvall, 1979; Rathaiah, 1990; Jayaraj ert 

al . , 1991) and sheath blight (Kannaiyar. and Prasad, 1978) 

in rice and glume bJ.otch of wheat (Siebold, 1980; Cunfer 

et al., 1980). The present findings are in agreement with 

the observations of oth<;?r workers. Potash nutrition is 

known to cause physiological charges in plants leading to 

disease resistance^ (Ramasamy arid î ras.Kl, '1975). last 

(1956) showed that; potassium affects the. licst metabolism 

and that high levels of potassium retarded the growth of 

Fusarium in rice, the host crop. The t-esults of present 

investigations indicate that pot.issium application plays a 

major role in reducing the intensity of ring spot disease. 

The role of NPK in relation to disease intensity 

in Co 7219 was further confirme;! in a set cif nine var.ie-
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ties (CoT 8201, Co ') 7 5, Co 7636, Co 85044, 86A444, 84A1':.5, 

CoA 89081, Co 85045 and 83A106) having differential 

reaction to the disease (Table 24 and 25). However, 

further studies are required to ascertain the effect of 

higher doses of nitrogen than the reconmended level .i n 

resistant varieties and lower doses of nitrogen in 

susceptible varieties with different levels of potassium 

on disease intensity. 

The siyniiicant. findincjs of the pre>seiit study in 

relation to host nutrition for the nia.naytjment of the 

disease are as follows. 

a) When ring spĉ t susceptible variet:ies like Co 72 Ly, 

Co 975 and Coi: 8201 are cultivated, it should be see 

that only the rejcomraended dose of nitrogen for the 

area is applied and excessive application avoided, 

b) Appliccation of pot.;issium {Y .(}) at 100 kg ha" shcjuld 

be advocated in rc^sponsiv€' soils of drought prone 

areas to mitigate pr^ssible losses due to ring spot. 

5.6.2 Age of the crop and intensity of the disease 

Irrespective of the age oi ttie crop, disease 

incidence was noticed m September (4.1 to 5.3%) wliicti 

gradually increased (47.7 to 53.1%) upto February (Takile 

26). The results indicated thiit aye o: the crop had no 

effect on the incidence :3r severjt/ of tlie disease. Tl.is 



suggests that high rainfall couyled with high relative 

humidity and relatively Low teinpeTature.s over previous 

months might be conduci/e for the inxfiation (3t the 

disease during the first f':3rtnight of September, irrespec­

tive of the age of the croo. Vander bijL (1921) reported 

that ring spot was favoured by cool, damp, atmos{.)her.i c 

conditions. Initiation and severity 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 tlie year, regardless of 

the age of the plant, particularly during ,/inter and early 

spring. High disease rate of St^ptoria { L) nod or urn Jti 

v̂ /heat was favoureci by a combinar. ion of e;xtreme rainy 

we^ather with high relative humidity and below average 

temperatures (Rowe, 1979; Svanold and Djurle, 1980; 

Jeger _et a^. , 19 81; Mittermeier and Hoffman, 1984, 

Khoury and Kraz, 1989). 

5., 6.3 Effect of leaf orientatii:)n on the intensity of 

the disease 

Significantly low intensity of the disease (6."' 

to 9.9%) \\ras observed (Table 27) rn ttie varieties having 

erect leaves (Erectophile) with iriore angle of 79.1,)° to 

81.6 as compared to varieties liaving drooping leavt!s 

(i.e.) planophile (32.7 to 72..:'̂ ') with less angle <>i 

'̂-' ' to ;-• ,' (Table 2 0. Signij'icant negative coi'rela-

file:////ras


tion was observed between leaf angLs and disesase inten­

sity. With every one cegree increase in the anyle of tfie 

leaves, the disease j.ntensity decreased l>\ 2.H2 per cent 

(Fig.5). The low disease intensity in the varieties 

having erect leaves might be due to non-retention -̂f 

enough surface moisture ::or longer periods which is 

unfavourable for the spi:)res to germinate and cause 

infection. In drooping Le;ives , the scopi^ for retention 

of more surface moisture for longer periods is greater. 

The low intensity of rust diseasi;; in wneat varieties 

having erect leaves has been repor ::ed by Kaur and Dhillon 

(1985). According to Ou (1985), the leaves of rice plants 

become soft and drooping with low silica content resulting 

in high disease intensity. In the f>resent studies higher 

silica content observed in erect leaves of ring s|Jot 

resistant varieties (Table 30 and 'M] could also be one cf 

the reasons for low incidence of the diseases in erect 

leaved varieties. 

In view of the alcove, sugarcane varieties with 

erect leaves could be used in the creeding programmes for 

developing ring spot; resis::ant varieties. 

5.6.4 Moisture stress ,ind water stagnation on disease 

intensity 

The effect of moisture stress and water 

stagnation on the intensity of the disease was studied :i n 
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comparison with normal irricgation, in different varieti(?s., 

Significant increase in dis.ease intensity was observed in 

all the varieties both under moisture st.iess and water 

stagnation as compai-ed to normal irrigation conditions, 

except in the clone H4A15;> (Table 29 and F'ig • 6 ) . I'he 

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 situation was also observed 

in cultivators' fields during the survey, especially in 

the coastal districts of Andhra Prsdesh. lack of adequate 

moisture and water stagnation are two extreme conditions 

under which there is sevi;;re stress on the plant parts 

leading to debilitated ::ondition af the host. Jt ;i s 

therefore not surprising that in either case/ there was 

significant increase in disease intensity compare^d to a 

normal irrigated crop. High incidence of ring spot was 

reported earlier under moisture stress (Ricaud, 19(i9 and 

Echavez Badel , 1990) and I'.'ater stagnation (EJutler, I91d; 

Vander bijl, 1921; Caminha, 193b; Echavez Badel, 199:)) 

conditions. Increased incidence of Pythium root rot and 

pine apple disease (Ceratocystis paradoxa) under water 

stagnation (Agnihotri, 19 90) 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 rain fed sugarcane to 



( „ . ) 

'< 

o 
< 
h-
Ol 
CL 
\n 

UD 
00 

( ) 
C) 

H 
HB 

CO 

o r— 

< 
fO 
IT ) 

i 
nil 

lO 
O 

rX) 

'.) (J 

oct 

O) 
X— 

OJ 

o 

u~:> 

< 

CD 

« 
W 
Q 
Z 

in 

w 
z 
s 
u 
CO 

2 

o 
M 

z 

H EH 
W m 

> t 

w 
z 
<: 
u 

o en 
w w 

Q 
Z 
< 

EH 
CO z 

w 
« w 
w « 

(/3 

O 
> 

o 
CM 

a) 

Cj 

(.) 

o 
CD 
CD 

< j 

o 
C3 

[n D 

H en 
Q H 

O 

z s 

A > L I S N ; ; ! J , N I H S V J S ' K l , 1 , N ; I . ) H M i 



tide over Long speJJs of drought (RARS, /uiakapalle, 199:'j. 

This recommendation would be useftl iri the; present context 

also since potassium is f:3und to confer resistance to r.ing 

spot. In addition to tnis potassium also maintains the 

vigour of the crop (RARS, Anakapalle, i;*92). As far as 

v/ater logged conditions are concerned community efforts 

have to be encouraged for providing pro[Jer drainage to 

minimise the incidence of the disease. 

5.6.5 Effect of silica content of leaves on disease 

intensity 

The silica content I. Tables .<C and 31) in the 

leaves of susceptible varieties/clones v/as 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 u'ith low disease 

intensity of 4.6 to 7.8 ĵ er cent v/liile Lev; silica content 

in susceptible varieties resulted in higher disease inten­

sity of 40.1 to 66.2 pi;;r cent. With every 0.1 per cent 

increase in the silica content (if leaves the disease 

intensity decreased by 9.5 per cent (Fig.7). Siin:i,lai 

observations were made by Nonaka. et _al . (1958) wrth stem 

rot of paddy (L_̂  salvini ) , Leusch and Buche nauer (]984i 

with glume blotch of wheat (L̂._ nodorum i and Egan (1^89) 

with brown stripe of sugarcane (Cochliobolus stenospilus). 

The role of silica content in offering rcisistance to blast 
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disease of rice has been extensively studied (Hemmi, L933; 

Suzuki, 19 34; Ishizuka. and Hayakawa, 1951; Ou, 1985) . 

The reduced ring spot iiitensity in resistant varieties/ 

clones of sugarcane migh:: be due t<3 the following reasons. 

a) The ring spot pathogen was reported to peneti'ate the 

leaf tissues directly to cause infection (Bulter, 

1918). The increased silLea content in resistant 

varieties might have offered resistance for tlie 

direct penetration of the pathogen. 

b) With increase in the silica content the leaves becomo 

erect and art; sub;iect to less infection. This v»'as 

suggested by Ou (1985) vvorking v/ith rice. This 

appears to be a possible reason since the resistant 

varieties/clones of sugarcane teste?d, 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 isolates of the ring spot 

pathogen, from different varieties and locations of 

coastal Andhra and Telangana was studied for tlieir 

cultural, morphological and pat iclogical characters. 

No appreciable diffet^ances v^ere observed either-

in cultural characters or spore dimensions (asexual and 



sexual) of the six isolates studifjd (Table 32), althou^jh 

there was slight variatioi in the nature of sfjottiny. The 

spore measurements fell within tfie ranje reported VJ/ 

Abbott (1964). 

Variation in pathogenicity amontj the isolates v/as 

also not observed in the present study. Even among the 

fifteen varieties teste(:i, no single variety has shown 

differential reaction ,;md all the isolates behaved 

similarly in their virulence pattern (Table 33). Kaiser 

et al. (1979) reported v;ariation Ln growth rate, sporula-

tion and colony characters of i solates of _!_|_., bicol or 

causing leaf scorchi in sugarcane. There appears to be no 

other report on the variability of _L_. pico 1 or anci ] ^ 

t:aiwanensis in sugarcane. Howevijr, several workers have 

conducted studies on the variability of Leptosphaeria spp. 

in different crops. Variation in the virulence pattern of 

isolates of L_̂  nodorum was reported by Pufty _et al_. (198H 

and Allingham and Jackson (1981) in case of wheat. But 

Scott and Benedikz (1983) while studying the behaviour of 

isolates of L_^ nodorum and L_̂  avenaria or. different varie­

ties of wheat, found no consistant differences in type ĉr 

degree of symptoms or in the reaction pattern. Similarly, 

Humpherson Jones and Ainsworth (1984) detected no varia­

tion in strains of Ĵ ^ [iia(.:ulans on oil seeid rape. 

It is tfierefo.-e reasonable to presume that 

strains exhibiting pathological specialisation or isolates 



differing in aggressiveness in the rincj spot inciting 

fungus do not seem to exist atleast in coastal Andhia 

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 of ring ejpot disease has 

hitherto not been clearly established. In the present 

study among the six agencies tested (Table 34), contact of 

diseased leaf with healthy leaf f.allowed by water spray 

was found to be the rr.ost effective means îf spread (':> 3 . •• 

to 64.9 PDI). The efficacy of tnis method may be due to 

availability of abundant inoculum close to the leaf and 

concurrent availability of moist, conditions provided b/ 

water spray. The conidi2i are liberated as a cirrus ir) a 

gelatinous mass from the moist pycnidia and are aided by 

the water spray for dispersal. Abbott (1964,i opined that 

transmission of ring spot, was apparently by v/ind or rain 

borne spores. Lo (1961) also stated that, wind blown rain 

and dew are indispensable for the dissemination of conidia 

of Stagnospora sacchari ilu_^ bicolor) . The conidia ci.:)uld 

not be trapped even on vcjry windy days when there was no 

rain or dew. Dispersal oj: pycnidiospores of Lj_ nodorum in 

wheat (Rapilly and Ska jeniiikof f, 1974; Griffith and Hann, 

1976; Royle et a_l . , i987) and L^ maculans in rape 



' • ; ^ 

(Nyvall, 1979; Sundarmadi and Wallace, 1984) by rem! 

splash has been ref-ortod ccrlier. 

Diseased host debris, jiceserveci 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 f.:iiled to do so (Table 34). The 

failure of transmission through the debris incorporated :i n 

the soil might be due to greater Liiodegradation and non-

exposure to the beating rain and wind. The host debris 

that was spread above the soil v\'as more exposed to the 

splashing rain during October-Movember enabling the 

production and liberation of conidia to come in contract 

with lower leaves. Trensmission of ring spot disease; 

through infected o]d dead leaves with the aid of rain 

splashes was reported by atones (196''). The effective role 

of infected leaf debris in the spread of Leptosphaeria 

spp. on several otlier c]:-ops has been well establ ishg'd. 

Transmission of L_^ nodo::um in wheat (Holmes and Colivoun, 

1975; Mehta, 1975; Sanderson &nd Hampton, 1978; Kufty 

et al. , 19811^ and Magnaporthe saJ.vini in rice (E.ockus et 

a_l. , 1979; Singh, 197:3) througn infected straw was 

reported. Stubble debris of rape from previous season was 

reported to be the main source of black leg infection (Mc 

Gee, 1977; Sundarmadi and Wallace, 19B4; Gladders and 

Musa, 1980). 



In the present study, it was observed that cane 

setts with infected leaf tissue, soil 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 soil. Probable reason for lack of any incidence 

in this treatment could be the non-availability of 

sufficient viable inoculum. Matsumoto et_ ̂ al.' (1955) from 

Taiwan also had similar experience- while working v;ith u. 

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 transmissicm even when there 

was infected leaf tissue adhering to the seed piece might 

be due to the pathogen being unable to reach and infect 

the emerging young shoot. The failure of sett trans­

mission of L_̂  sacchari (Abbot, 1964); 1̂ ^ bicolor 

(Matsumoto _et aJ.. , 1955) and Mycovel losiella 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 iicculum and the infected 

leaves help in the secondary spi'ead of tlie disease during 

rainy weather as obtained in the results of the jsreseiit 

study. 



5.9 HOST RANGE 

Twenty plant species belonging tc; both nionocots 

and dicots were tested to study the host range of the 

pathogen under artificial inoculat ic;n. Ciut of them, only 

Saccharum spontaneum (Rellu and SES.594) developed 

symptoms of ring spot (Table 35). Symptoms of ring spot 

were also noticed on _S_̂  spontaneum (Rellu and SES.594) 

under natural conditions at Anakapalle, but the size of 

the spots was smaller compiared to that on ^ of f icinarum. 

Similar observations were also made by Butler (1918). 

Misra _et. aj.. (1971) froii Bihar observed L_̂  sacchari on 

Saccharum munja Roxb, (Tiger grass) for the first time. 

_S. muni a is considered to be genitically close to S. 

spontaneum. Fludson (19(50) froir Jamaica stated that L^ 

sacchari has not l:)een noticed en any host other ttian 

Saccharum spp. However, L_^ bicolor i.n sugarcane also 

occurred naturally cm Miscanthus sinensis anci on artifi­

cial inoculation on Sorghum vulgar e in Taiwan (Lo e^ ji] • ' 

1953). This pathogen also occurred naturally on S^ 

spontaneum in Philippines, and under artificial inoculated 

conditions on S_̂  spontaneum, Miscanthus sinensis, Imperata 

cylindrica and Sorghum halepense (Exconde, 1963). Subsis­

tence of L^ bicolor on S_. spontaneum was also reported by 

Sampang _et a_l. (1980) from Philippines. Contrary to this, 

Kaiser _et a_l . (1979) from Kenya ireported that L_̂  bicolor 

was pathogenic to several sugarcane cultivars, but not or 



only weakly so to napier yrass ( .-'ennisetum purpureunij , 

rnaize, rice and sorghuii . 

The results of the present: study indic:atG that S_.̂  

spontaneum acts as a collateral host for I__. sacchari . The 

implication of these observations is that S__̂  spontaneum 

harbours the pathogen and aicis m t.he long term 

persistence of the disease even in t:he absence of 

susceptible cane varieties. Since Sj^ spontaneum is a 

widespread perennial weed :i.n many sugarcane growing areas, 

systematic eradication of '̂ his weed might he of some help 

in reducing the severity of ring spot. 

5.10 REACTION OF SUGAJRCANE VARIETIES/CLONES TO RING 

SPOT DISEASE 

The ultimate economic tool for trie field control 

of diseases is release of varieties v/ith high lejvel of 

genetic resistance to specific diseases (Stevenson, 1965; 

Sturgess, 1980). Routine selectxon for disease resistanv:e 

and evaluation of available germplasm is rathf?r a 

compulsion even v/hen the disease appears to be at a i:.n, 

ebb. Evolution of resistant varieties for the control of 

ring spot disease has been recommended by several wc^rkers 

(Cook, 1925; Bourne, 1934; Nyvall, 1979). In the 

present studies several popular and promisinc; 

varieties/clones were tested against the disease (Tables 

36 to 39) . 



Examination of cata in Table 3<. , where disc^aso 

severity over a perica of eight months is presented, shows 

the influence of time or the intensity of t.he disease. 

Five varieties/clones viz.,, CoA B9C81, B4A155, 86A444, Co 

85045 and 83A106 recorded less than 10 per cent incidence 

even six months after inoculation,. These varieties/clones 

have longer incubation period and slow lesion development 

as in the case of vŝ heat irfected by Lj_ nodorum (Cunfer ê;. 

al./ 1988). The disease intensity increased substantially 

during 2nd (October), 3rd (November) and 4th (iDecemberj 

months after inoculation (MAI). It might be due to inter­

mittent rains received during October and November (Table 

3 at para 3.1). Further increase in disease intensity was 

observed in the 5th (January) and 6th (February) MAI, but 

it was only marginal. This increase might bo due to dew 

fiill received during the period. The disease intensity 

tended to decrease from 7th (Marcli) and Bth (April i MA] 

(Fig. 8) which might be attriJjuted tc5 the rise in 

temperatures. Similar observations were reported by Northi 

(1923). The results (Table 36) show that the minimum lag 

period between inoculation and final estimation should be 

six months. 

Out of sixty varieties/crlones tested by adult 

cane inoculation method, seven reacted as resistant, two 

as moderately resistam::, seventeen as moderately 

susceptible, twenty one as suscept;.ble and the remaining 
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nine as highly susceptible (Tatile i7). Amony the 

important commercial varieties CoA 89081 showed resistant 

reaction while Co 7219, CoT 820], Co 7706, CoA 7602, Co 

6907, CoA 8401, Co 8013, CoC 6 71, Co 975, Co 8021, CoA 

88081, CoA 89085 showed susceptible to highly susceptible 

reaction to the disease. Thesf:̂  susceptible varieties 

occupy large areas in the cane growing districts of 

coastal Andhra Pradesh and also exhibit high disease 

incidence even under natural conditions. Since most of 

these varieties possess good yield and quality attributes, 

they should be grown wir.h utmost vigilence by taking up 

timely spraying of foliai:- fungicides. The reaction of 

sugarcane varieties tn ring spot disease v;as reported by a 

few workers. Varie^ties PoJ2825 and 2878 were found 

resistant in Cuba {Bruner, 1940] while an important 

commercial variety E'108 was highly susceptible to the 

disease in Taiwan (Matsumcto, 1952). Varieties Co 453, Co 

617, Co 838, S345/52 (Sandhu £t _a_l. , 1963), Mauritius 16 

(Dutta, 1969), Co 313, Co 1138 and 8.0,17 (Singh and 

Pavgi, 1989) reacted as susceptible while 3.0. 32, Co 245, 

Co 312, Co 314, Co 416, Co 445 and Co 1007 reacted as 

resistant (Singh and Pavgi, 1969) under Indian conditions. 

Forty variet;ies/c::lones ivh] cli wer'e screened by 

adult cane inoculation v̂ êre also evaluated by Rajoong 

method (Table 38). flore than SO per cent of the 

varieties/clones showed similar ty,)e of reaction in botti 



these methods (Table 59 and F i g . 9 ) . Hut tli<> FDI wâ ^ 

slightly more in Rajoong metlicd- It. may be due t( 

Juvenile susceptibility.. Since the difference in PDI 

between the two methods v/as marginal, Rajoong method which 

cuts short the testing period by 3 months, has been 

preferred. Rapid screening of sugarcane varieties/clcnes 

to red rot using Rajoongs has been recommended by Prasada 

Rao (1984). 

5.11 CHEMICAL CONTROL 

Out. of the thirteen fungicides tested jji vitio 

(Tables 40 and 41) Bavistin (10 ppm), Tor.)sin-M (20 ppm), 

Calixin (50 ppm), Capt;af (200 Ê Prn), Oithane M-4^ (200 

ppm), Blitox (200 ppm), Bayletor (200 ppm), Dithane Z-78 

(500 ppm) and Ch Lorotlialonil (500 p[>ni) were found 

effective. Of these; fungicides, six xie.re selected for 

field use, based on theii" availability and economics. In 

the field tests three sprays of Captaf (0.3%), Blito: 

(0.4%), Bavistin (0.1%), Dithane M-45 (0.3%) and Topsin-M 

(0.1%) at monthly intervals, starting from disease 

initiation, significantly reduced the disease intensity in 

the variety Co 7219 (Table 43 and Fig. 10) with slight 

increase in yield and significant increase in juice 

quality. Effectiveness of chlorothalonil against L. 

nodorum (Eynard and Shep.ard, 1990); C:arbenda2im and 

Thiophanate methyl against Magnaporthe salvini (Ramsingh 

et al' / 1988) _in_ vitro was reported earlier. In the past, 
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several workers studied the effec;t of fcliar sprays v;itn 

systemic and non-systemic fungic'ices on several Eoliar 

diseases of sugarcane £:nd diseases incited by Lepto--

sphaeria spp. in different, crops. Among the attempts made 

on sugarcane diseases Bordeaux mixture (1%) on L.. 

sacchari, (Govindaswamy and Aiagia Nagalingam, 1981), 

Dithane Z-78 on L_̂  taivvanensis (Leu and Hsieli, 1969) and 

copper oxychloride against:. Cochliobolus stenospilus (Ahmed 

et al., 1976), Mycovellosiella koepkei (Prakasam and 

Satyanarayana, 1969j and Bipolar!s sacchar i (Kumaraswamy 

and Urs, 1978) were obseirved to be effoc:tive in reducing 

the disease intensity. Reduction in t.he intensity of 

glume blotch of wheat wit,h inci'eased yields was observed 

by spraying Maneb and Benomyl (Spiertz, 1973; Jacobsen, 

1977), Calixin and Tops:.n-M (Oppitz and Hoeser, 19 76), 

Dithane M-45 (Barros et_ .al.. , 1984), Captafol (Zwartz, 

1979; Mielke and Ahlf, 1985) and Bayleton (Christ and 

Frank, 1989). The effectiveness of Carbendazim and 

Topsin-M in reducing stem rot (Magnaporthe salvini) of 

rice and increasing yields was observed by Li e_t al • 

(1984), Ramsingh et̂  cQ. (1988), Shahjahan ej, aj^. (1988),, 

while in rape, Carbendazim and Calixin effectively reduced 

the intensity of blac:k leg (Humpherson Jones and Burchill, 

1982) . 

There was no significani; increase in yield (I'Ug., 

11) and its parameters like length and diameter of the 
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cane in the cultivai Co 7219 by ;;rjrayinq funyicides (Table 

44). As the disease intensity was observed to be fast and 

progressive at the fag erd of the growtli phase, it might 

not have affected the crowth parameters like length and 

diameter of the cane. Peak intensity during the matvirity 

phase might have affected the yield parameters tc a 

certain extent resultirig in slight reduction in cane 

yield. However, t.he sucrose was significantly improved 

(Fig. 12) along witli other juice quality parameters in all 

the treatments as compared to untreated control {Table 

45). The maximum disease intensity during the maturity 

phase (November to Januaiy) must have affected the photo­

synthesis and thereby reducejd sugar ac:cumulation in the 

plant. Similar r('sulti; were? ol:)tdiined with yellow sp<Jt 

disease of sugarcane by Prakasain and Satyanarayana (1969) 

and Ricaud et_ aj^. (1980; where copper oxychloride (0.4%) 

and Benomyl (0.1%) v;ere used as foliar sprays. 

The studies on field testing of fungicides 

revealed that spraying Captaf (0.3%), Blitox (0.4%), 

Bavistin (0.1%), Dithane M-45 (0.3%) or Topsin-M (0.1?;) 

thrice at monthly inter\al not only reduced the disease 

intensity significantly but also significantly increased 

the juice quality coupled with slight increase in yield. 

Eventhough Calixin was not useful in reducing disease 

intensity and increasing the cane yield, it significantly 

improved the juice quality which might be due to tlie 
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dehydrating effect of the fungicide. Similar observations 

were also made with rust on sugarcane (RARS, Anakapaile, 

L979). Future studies on this aspect are needed. 

5.12 LOSSES DUE TO RING SPOT DISEASE IN DIFFERENT 

SUGARCANE VARIETIES/CLONES 

5.12.1 Loss of chlorophyll due to the disease 

The stud> revealed that chlorophyll a ami Ij 

contents decreased in unsprayed canes jvei' captaf sprayed 

canes in all the test varieties. In the resistant 

varieties/clones there was not much variation m 

chlorophyll a (1.37 to 5.25*) and b (2.84 to 8.41%) 

between sprayed and unspraycid canes (Table 46). In 

susceptible varieties the per cent reduction in 

chlorophyll a and b ir unsprayed canes ranged from 39.91 

to 52.33 and 28.19 to 49.11 respectively. Highly 

significant positive correlation was also observed between 

PDI and reduction in chlorophyil 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 c:ontents of hotYi 

chlorophyll a and chlorophyll b were reduced in the leaves 

of unsprayed canes, the reducrtion of chlorophyil a was 

more as compared to chlorophyl.i b. Trie loss of chloro­

phyll indirectly affects the net photoBynthetic activity 

of the plant. The io3s of overall chlorophyll content 



with reduced phot: )syiitnet LC ac:1.Lvit// in funyai leaf spoL 

diseases of sugarcane has been iepor'ted (Aynihotra, 1490). 

Loss of chloroph/LJ .iue to L̂ ^ bicc'lor ii. suya]<:aiie 

lExconde, 1963; Sanipauj and Reyes, 198')), L^ cjlurnarum in 

wheat {Karjalainen and Karjalainen, 1990) have been 

reported. 

5.12.2 Loss in length of mi liable cane, diameter and 

weight of cane 

The loss due to ring spot on Je'.ngth, diameter and 

weight of cane V7£ s studied in 20 sugarcane 

vaireties/clones under sprayed and unsprayed conditions.. 

There is significant reduction in cane length, diameter of 

the cane as also cane weight m unsprayed canes ovei^ 

sprayed ones (Tables 50 to 53). In the [^resent study, 1;he 

per cent loss in cane w€>ight Vv-as found to be neqligible 

(0.00 to 0.78%) in v;a rieties/'.: lones (84A155, 86A444, 

8 3A106, CoA 89081, Co 35045) which recorded less thai; 10 

PDI, while it was more :7.21 to ]1.85%) in four varieties 

VIZ., (CoA 8401, Co ,' 219, Co 7636, Co 85044) wh i ch 

recorded 50 PDI and more., With every one; unit increase in 

PDI value, the reduf.;tion in length,, diameter and weight of 

cane increased by 0.14 cm, 0.17 cm and 0.17 kg respec­

tively (Table 54 and Fig. 13). 

The quantitative estimation of losses due to ring 

spot disease by controlling the disease with fungicides 
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for effective i;:ompa::-ison, has not been repc^rted 

previously. Butler (.918) opined that n(5 considerable 

damage was caused by r:.ng spot disease inspite of severe 

attacks in Burma on thick canes than on thin canes. North 

(1923) from Australia and Altson (1926) from t^uiana 

reported severe out breaks of ring spot. Appreciable 

damage in susceptible varieties from Cuba (Bourne, L9;!4,-

Bruner, 1940), c;uiana (Altsi:)n, L926) and Madayas(;:ai-

(Moreau, 1949) and slight dama je froni Venezula (Muller, 

1941) have been reported. Acdjrding to Agnihotri (19')U) 

the losses caused by ring spot have not oeen worked .nit, 

because it was presumed that the; losses v/ere almost: ne'jJi-

gible and the disease, by and ^.arge, \;as considered of 

mrnor importance but opined thai it could be darujercUiS. 

Cane yield reducti'^ns u 3to 10 t.o 30 per cent due to leai 

blight caused by _L_̂  taiwanensis (Yen, 19 6 4; Leu and Hsieh 

(]969) and 17 to 25 per cent due to leaf scorch caused by 

L. bicolor (Lo and Ling, 1950; Exconde, 196 3; Sampang 

and Reyes, 1980) were rtjported. Marked reduction in cane 

length, diameter as well as number of green leaves due to 

leaf scorch resulting in reduction of cane yield of 32.8 

per cent was reported by Sampang and Reyes (1985). Yield 

reductions due to Leptosphaeria Lnfection in other crop's 

like v/heat (Wafford and Whitbreiad, 1978; Luz, 1984; 

Roux, 1984; Karjahainei and Kaijalainen, 1990) and rice 

(Paracer and Luthra, 1941 and Rangaswamy, 1979) liave been 

well documented. 



5.12.3 Loss in qualily of cane juice 

Several tiualitative characteri stic;s of cane juice 

are affected as a result of the disease in 20 suqarcane 

varieties/clones tested. There was a fall in tota] 

solids, sucrose, juice purity and pH vvhile an increase was 

noticed with respect to glucose and electiical conducti­

vity of juice (Table 55). IVitri every one unit incre^ase in 

PDI value the reduction in total solids, sucrose content, 

purity and acidity of juice increased by 0.27, 0.33, (;.0 7 

and 0.003 units respectively. Simxlarly, the increase in 

glucose and E.G. was found to have increased by 0.004 and 

0.015 units respectively with (jvery one unit increase in 

PDI value (Table 6 3 and Fig.14) Yen (1964) and Leu and 

Hsieh (1969) reported loss of sucrose in juice due to L. 

taiwanensis. A reduction of 10-36 per cent in ;iuice 

sucrose (Lo and Ling, L950; Eixconde, 196 3; Sampang and 

Reyes, 1985) and 3.'7 to 16.3 per cent rn total solids (Chu 

and Tsai, 1952) has been reported due to infection by Lj_ 

bicolor in sugarcane. Reduction in juice sucrose and 

purity due to yellow spot has been recorded by Prakasam 

and Satyanarayana (1969), Rechjction in juice suc^rose, 

total solids, juice purity and oH and iiicrease in glucose 

and electrical conductivity of juice due to redrot (Omkai 

Singh and Waraitch, 1977; Ac-hutarama Rao and Satya­

narayana, 1983) and l(;af scald (Satyanarayana, 1985) have 

been reported. In the Jresent study, a maximum reduction 
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i.i 

cif 22.88 per cent in juice sucrc'Se in Co 7636 was obs<'rved 

(Table 55), indicating the advc:Tse effect of the dii-c-ast̂  

(jn recovery of sucjar or jayyery. 

There was pr agressive^ reduction in cant' weigtit 

and juice sucrose due to riny spot infection in all the 

test varieties/clrjnes in maturity phase particularly in 

susceptible varieties (Table 65 and Fig.16). This reduc­

tion might be due to progressive increase in the disease 

intensity from thie starting of maturity phase (November) 

till harvest in February (Table 64 and Fig.15). The 

losses in cane weight and juice quality might be attri­

buted to reduced photosynthetic activit:y towards thie fay 

end of growth phase and entire; iraturity phase. Reduction 

in yields due t.o loss of chlorophyll and reduced photo­

synthesis in many fungal leaf spot diseases of crops hav(,̂  

been reported (Ayi-ios, 1978). Los:^ in yield due to 

reduced green leaf area in rinj spot (Sinyh, 1978i m d 

leaf scorch (Excondc, 1963; SPimpany and Reyes, 1985} oi 

sugarcane and ylume blotch ot wheat (Karjalainen and 

Karjalainen, 1990) has also been recordeci. 

As the disease causes i.osses in yield and luice 

quality, both the farmer and sugar factory manageme^nt 

incur losses when susceptible varieties like Co 7219, Co 

975 and CoT 8201 are yr̂ v̂ ?n in large areas. As the cane 

price is fixed in a factory based on the sugar recovery, 

the cultivators incur loss from ring spot both due to low 
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tonnage of cane anci low cane î ricir j.aid per tonne due te 

loss in sugar recovecy• 

Future studies on devt;] opment ijf s/ntrietic in(:-dia 

for production of pejrith3cia and ascospores, inechanisin oi 

disease resistance, disease cycle, rede of pê ri the'.-i a/' 

ascospores in the production and perpetuation of the 

disease, effect of different levels of N and K fertilizfirs 

on disease intensity in different resistant and suscep­

tible cultivars, nature of inheritence of disease resis­

tance, effect of disease on jaggery yield and quality are 

required to have a much better understanding of ring spot 

disease of sugarcane. 



SUMMARY 



CHAPTER VI 

SUMMARY 

Ring s|j(jt oi suyarcciiie cciusecl by Leptosphaeria 

sacchari van Breda de Harm, cousidfired a disease of ininor 

Liriportance, started appearing in severe form since 19d'j-86 

after the introduction of vaiieties like Co 7219, CoT 

8201, Co 975 and CoR 8001 on commercial scale in Andhr'a 

Pradesh, India. The endemic: and serious nature of the 

disease in most of the cane cjrowing areas of the sLate 

particularly in coastal districts of /\ndhra Praciesh. 

prompted takiny up investicja t ions reported in this thesis 

at: Regional Agr i cuJ t:ural Research F.tatron, Anakapalle 

situated in North Coastal Andhra Pradesh. Ttie results of 

these investigations are summarised below. 

Development of symptoms in nature was studie-d on 

four popular /̂ar ieties of sugarcane j [/. , , Co 7219, CoT 

8201, CoA 89081 and Co 85045. The symptoms of the disease 

were observed only on the laminar region but not on leaf 

sheath and cane stalk. The spots are oval to irregular 

with reddish brov/n margin and with straw colourejd centre 

in which perithecia developed as black dots. The spots 

coalesced resulting in drying of large part of the leaf 

follov;ed by premature senescence. In Co 7219 and CoT 

8201, except 'i to 4 leaves at the top, the remaining 

foliage dried up at the time >f harvest during Fe'bn.ary. 



• . i, 

:n CoA 89081 and Co 8-JU45 only Jew spot;; vvere procluoed and 

no premature .senGSOon::e was notJcerJ. The tiiiic ot 

appearance of thfi dî 5e:jse and shape ano size of t.he ; pots 

varied among varieticis. 

Isolation from immaturti spots v lelded Nigrospora 

sacchari, Curvularia lunata, Phyllosticta saccharicola and 

Bipolaris sacchari. loolations from mature spots did not 

yield perithecia taut produced pycnidia and pycnidiospores 

of Phyllosticta sacch.:iricola abundantly. Both single 

ascospores and pyc:nidiospores yi'^lded cnily pycnidia one 

month after inoculation on different media. l^e;rithecia 

and ascospores were liowever croduced in abundance on 

sterile host leaf bits of susceptible \'arieties Co 7 2 19, 

Co 7636 and Co'l' 820 1 inoculated witih ascospores from 

mature spots Vv'hen vitamins and sucrose vvere added and 

incubated at 24 ' and 2(> C and exposed to alternate licjht 

and darkness for 12 houis eachi foi' 18-^1 days. Following 

perethecial production, pycnidia oi P_^ saccharicola 

developed on these leer bits tf.ree ueeks later. T\\o 

measurements of fruit irg bodies and sjjcres produced botti 

sexually and asexual ly in nature as v̂ jell as in culture 

agreed with those of L_._ sacchari and l^ saccharicola 

respectively as given in CMI dest;:riptions . 

Pathogenicity tests conducted v/ith 1̂ ^ sacchari 

and P_̂  saccharicola on Co 7 219, CoT :i201 and Co 7636 

resulted in clear develocment of typical ring spot lesions 



while other funyal isolates did not produce typi-c,-al 

symptoms. 

Out of several media t.ested, .:orn meal agar and 

bean meal agar were fotnd good ,for nyrelia] growth (jf L • 

sacchari whereas PDA + cane leaf extract and OMA + cane 

leaf extract were bet te-r for both growth and sporulation 

of P_̂  saccharicola . 

For estiiriation of disease intensity/ a 0-9 scale-

was developed based on tlifr per cent green leaf area 

affected. 

Survey m th;; three; regions of the state of 

Andhra Pradesh indicated that iAie disease intensity was 

severe in coastal Andhra Pradesh and Telangana but 

negligible in Hayalaseema particul a I'ly in Renigunta 

factory area. The disease iir;.ens.ity vv;as observed t) be 

more under stress conditions jjartrcularly in clay loam 

soils where high doses of litrogen fertilizers were 

applied. Ratoon crops in most of the cireas recorded more 

disease intensity compared to plant crop. 

Among the four successful inoculation technliiues 

tested, spraying conidial suspe-nsion on the leavt^s was 

preferred as it \-/as found t.o be easy and simple to 

operate. 



O u t ni i i v t - ^ c r f ^ e r u r u j nUi'tht-aK t . r / i o d , !<<ij ' H U J 

m e t h o d o f s c r e e n . i n y v ,as p r e f e r r e d a s i t w a s r a p i d , 

r e l i a b l e a n d s a v e s tv/o m o n t h s t : i ine e o m p a r e d t o o t h e i 

m e t h o d s . 

The disease iir;:ensity i ncreaseci progressively and 

significantly v;ith increased level of nitrogen from (I to 

L12 and 112 to 224 kg ia~' . tJo significant inciease in 

the intensity was =:)Dserved from 224 to 336 kg ha • Appli-

-1 cation of phosphorus at 100 kg lia did not influnece the 

disease severity, while potassium at. the same lê vel 

reduced the disease incidence significantly. The PDI 

exhibited highly significant positive ccjrrelation witti per 

cent leaf nitrogen and liighly -significant negative cor re-

lataion with per cent sheatli pijtassiuni. 

Studies indicated that age of tlie crop ha(:i no 

effect on disease intensity. 

Highly significant negative correlation v;as 

observed between PDI and angle; of the leaf, and silica 

content of the leaf. 

Irrespective of the variety, the disease 

intensity was noted tc/ bo more under moisture stress \7.3 

to 81.7%) and water stagnation (B.l to 79.8%) compared to 

normal irrigation (6.1 to 65.2%),. 

Six isolates of P_._ saccharic:ola (L_̂  sacc:hari ) 

from different varieties and locations did not shov any 



variation in thoir cuJtural, mr rph<;lo<|ira 1 and pa tho] ...j .i -

cal characters. 

The dise;ase v;a J observcci tt spread niainlv tincaiuh 

contact of diseiased ii;;af witr. liealthy leaf and infected 

host debris on tne sarface oi soil at the base of the 

clumps. Soil, irrigation v/atei , cane setts with infected 

Leaf tissues did not ai:3 in the spread of the disease. 

In the h.(j3t range studies,- out. of twenty plant 

species inoculated only one V:LZ., Saccharuin spontaneurn 

(Rellu and SES.594) took, infection and produced typical 

ring spot symptoms. 

For assessing varietal reaction, it was found 

desirable that final disease assessment be made six months 

after inoculation. 

Out of several varic^ties/cl :)nes of sugarcane 

screened by adult cane and Rajoong metnod of inoculation, 

8 varieties/clones viz., Co 8')U45, C;)A 89081, b3AlOf), 

84A155, 86A444, Co 85C32, B7A142 and 87A279 wei-e found 

resistant and fourteen important commercial variet.iess 

viz., Co 7219, CoT 8201, CoA 8401, Co 7706, Co 419, CCJA 

7602, Co 62175, Co 6907, Co 80i:i, CoC 6 71, Co 975, Co 8021 

and CoA 89085 were found suscep'tible to higtily suscepti­

ble. Screening by Rajoong method of inoculation was 

preferred as it is rapi:3 and reliable. 



Bavistin, Topsin-M and Calixin at 10 tc 50 ppin ; 

Captaf, Dithane M-4 5 , BLitox, Ca]Jtaiol and Bayleton at 20U 

ppm and Dithane 2-78 and chlorc.thaJ on L 1 at 600 ppm v̂ êre 

effective against P_j^ :5accharic;uia in \Mtro. Out of the? 

leir effj.cac',' iii six fungicides tested in_ vivc' for 

controlling the iisea;3e on th.e susceptible varief, Co 

7219, five fungicides viz., Capitaf (0.;!*), Blitox (0.4%), 

Bavistin (0.1%), Dithane M-45 0.3%) and Topsiii-M ( i,l%) 

not only significantly reducec] the disease instensit;/ but 

also significantly increased thf' juice -luality. Sprayiii'j 

with fungicides did not aff(2ct the yield paramete?rs 

significantly. 

Significant reduction in the :;hlorophyll a and b 

contents due to the ;Hsease \/as observed in ail the 

susceptible varieties tested. Reduction was more? in case 

')f chlorophyll a than tnat of cliloroph/11 b. 

Ring spot infection v.'a;̂. found t,c:; adversely affect 

both quantitative and qualitative characters in t^venty 

varieties/clones stadied. There was s icni if ic:ant redu(.'tion 

in length of millable c.:ine, dianit;tet and we;ight ot cane in 

unsprayed canes compar.!3d to ca^jfaf sprayed canes. With 

every one unit increaiio m PD], reduction in length of 

millable cane, d iameter and we'ight of: c-ane increased by 

0.14 cm, 0.17 cm ;uid 0,17 kg respectively. There was a 

fall in total solids, sucrose, purit:y and pH of nuice 

while there was an increase m glucos€=- and electrical 

file:///Mtro


conductivity of juxces c;f unspi-ayed canes. With everv one 

unit increase in PDI vaJue, the r(iduct!on in total solids, 

sucrose content, purity and pH of juic(' increased by i . .11 , 

0.33, 0.07 and 0.ua3 units respective] > . Siinilarl'/ the 

increase in glucosc> and S.C. mcreasec by 0.004 and C . 01S 

units respectivei;, v.'ith evei', itie unit itu^rease in I'lJ 1 

value. 

With prod-ressive increase in dise;ase intensity, 

there was progressive reduction in cane weight and juice 

quality in all the test varieties, especially in the 

susceptible ones. 

The present study reve^aied that incidence of ring 

spot disease of sugarcaine was severe ir; coastal Andhra 

Pradesh and Telangana and negligible in Rayalaseema. The 

intensity of the disease was noted to be more under nigh 

nitrogen fertilization, moisture stress and water 

stagnation. The disease caused loss, both in cane wenjht 

and juice quality In different suigarcane varieties. The 

intensity of the dlseasi? and losises could be reduced by 

application of recommendiiid dose of N fertilizer, applica­

tion of potassium at LOO kg fia in drought prone aieas 

and providing proper dra,:,riage in the fields. Sprayinu of 

captaf (0.3*) or B.liLox (0.4't) or iiavi^-tin iO.L%) thrice 

at monthly intervals frc;m the initiatior of the disease 

reduced the disease incicence and increased juice quality. 
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Disea.ses 2:H(. ̂ -866.. 

*Fawcett G L 1922 Diseases oi Sugarcane in Tucuman. Rev 
Indust Y Agric de Tucuman 1 J : 1 - 4 6 . 

Gladders P and Muse T M L98U observations on the 
epidemeology of Leptosphaeria maculans stem canker ii 
winter oil seed rape. Plant Pathclogy 29:28-3''. 

Goel V K, Puri 1) D, Manmohan , Kisi.an Singh and Jain S I 
(Ed.) 1994 The Indian Sugar Mills Association. 
Indian Sugar 64:1:55-8]. 

Govinda Swamy C" V and Alagiana'ja 1 intjam J 981 I'lant 
Pathology. Popular Book [Jepot, Mac.ras pp.317. 

Griffiths E and Hann C A O L9"'6 Dispersal of Se'ptoria. 
nodorum and sprcsad of glune blotch of v;heat in the 
field. Transact:.ions British Myco Logical Society 
6 7:413-418. 

Hampton J G, Close R C and Jones D G 1978 Leptosphaeria 
nodorum infection on wheat m Nev>?i;ealand. New2:ealand 
Journal of Agricultural Research 21:691-695. 

Hemmi T 1933 i:xper: mental studies on the relation of 
envionmental fac-tors to the occuri'ence and severity ol 
blast disease in rice plants, Phy topathologischt> 
zeitschrift 6: 305-324. 

^Hennings P 19G7 Etudes de systematiciue et de gei:)qraphie 
botaniques Sur la flora du Has et du Moyen - Congo 
Ann Botan (Brussels) 25 : 100. 

Holmes S J I anci Co: noun J L9''5 Strawb(^rne inoculum o] 
Septoria nodorum and S_._ tritici in relation to 
incidence of disease on wlieat plants. Plant Patholtigx-
2 4:63-66. 



*Horellou A, Dawson M and Dutrand R N 1979 Artificial 
infection and field experiments on Septoria and 
Fusarium disease of cereal. Phytiatrie Phytophannacie 
28:71-78. 

Hsieh W H 1979 The causal organ Lsni of sugarcane leaf 
blight. Mycologia 71:892-898. 

Hsieh W H and Lew L S 1970 Leaf blight of sugarcane in 
Taiwan, Isolation of causal organism and studies on 
ascospore formation. Report of Taiwan Sugar 
Experiment Station 51:15-22. 

Hudson H J 1960 Pyrenomycetes of sugarcane and other 
grasses in Jamaica. Transactions British Mycological 
Society 43:607-616. 

*Humpherson Jones F M and Ainswortn 1 F 1984 Canket >! 
brassicas. pp. 71. In 3 4 Annual Report foi" 1.98 3, 
National Vegetable Research Station, Wei lesbourne^ 
VJarwick, U.K. 

Humpherson Jones F M and Eiurchi]! 1< T 198^ Chemrcal 
supression of sexual stage of Leptosphaeria maculans 
on oil seed rape and turnip seed crop straw. Annals 
of Applied Biology 100:281-268. 

Hutchinson P B 1970 A standardised rating system for 
recording varietal resistance to sugarcane diseases. 
Sugarcane Pathiclogi sts ' Nev;sletter 5:7. 

*Ishi2uka Y and Hayakawa Y 1951 Resistance of rice plant 
to the imochi disease (rice blast disease) in relation 
to its silica and magnesia contents. Journal of thê  
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! ) r i \ i > r | .-/iiiMS o f d ; î  f c i ' i ' i ih , ; i l l c t i i'S, • ' i i)l H •;, 

Va r i e t -> ' / ' 

c l c j n e 

Co 4 i y 

Cu 97'> 

Co 7Z, iy 

Cf) 7 6 3 6 

Co 771)6 
Co 8 2 0 3 

Co 8 2 2 0 

Co 62171J 

Co 8 5 0 3 8 
[;o 8 5 0 4 ^ 
[:o B5oa5 
CoA 7602 
CoA R401 
CoA 8402 
CoA 89081 
Col 8201 
8 3A 106 
fi3A 2J4 
84A \yj 
86A 4 4 4 

' ) | ) ra> I 

1 ", 

S . c - . 

':.'.:.[ 

'>. a 

4 . ,' 

' ) . f) 

' ) . 2 

3 . 4 

4 . 7 

'>. 1 

' . . 4 

'; . '.) 

3 . 3 
' ; . ' ) 

' ^ .4 

' ; . 2 

' : . 0 

• . 1 

MI I I ns i J f a y f O 

) '; , 6 ' 

1 '.-.31 

) C D " 

; 3 . 2 ' ' 

; 4 . 6 ' 1 

> 3 . 6 0 

' • . 1 ' ' 

• ' . 3 2 

1 ^ i . ('.'•> 

^t.'J> 

1 3 . U I ) 

) 
3 . 4 0 

; ' : . 'r\ 

1 3 . '')2 

) ^ ) . : ' . ! i 

) 3 . 1 8 

> 4 . ' ' ' . 

) •; . 1 0 

; •:. . 3 ' ' . 

I ) i t f i T o n i o 

0..11) 

0 . I l l 

0. r> 
0 . 2 0 

(J. 10 
C O ' . 

C. .1 0 

0 . 1 3. 

0 . 10 

0 . 2 0 

0 . 0 0 

0 . 1 '. 

0 . ; , 3 
0 . 0 3 

0 . 0 5 
1.13-

(^.02 
l i . 10 

C.Oi l 
1.00 

Mfjan 2H .18 I . 10 



A( j ( je rKJ ix I : hnvnr.r i i i i. 1 cct" r u ' ; i I 1 nnduL't- i v 11'> i l J u n c i l i i i i;>i iri i>. i •(' 

o v e r i M p t n f ';;)|-;iy C'l j i mn:. (M ( l . r i f n ' M r \ - i r i I ' N i ;;, i ' D M C . 

V a r i e t y / S(Ji '; i .>)(! Jn!;()r<'iv'' ' ' l 1); I f FPCMK c I ' IM- rtnt i!-i j-i •;!:,( • 

c i o n i ; i n i i r c f j r a v i-d u\rr 

Co 
Co 
Co 
Co 
Co 
Co 
Co 
Co 
Co 
t;o 
Co 
Co A 
Co A 
CoA 
CoA 
CoT 
83A 
83A 
84A 
86A 

419 
97^ 
7219 
7636 
7706 
8205 
8220 
62175 
85038 
85[)A4 
85045 

7602 
8401 
8402 
89081 
8201 
106 
214 
155 
444 

. 76 2 

.'''yz 

.:(,') 

.''-JZ 

.(.12 

.761 

. 6 0 6 

. v v 

. '(9d 

. '02 

. ^34 

. il52 

. ._'(,4 

. /22 

. 492 

. 712 

. 570 

. 5 9 V 

.•71)2 
, ) • ' , ) 

;5. HJii 
2 .4 72 
5. [166 
3.492 
3 .018 
2 .942 
2 .848 
2 .62 2 
2 .7 5f) 
3 .686 
2. 348 
2.a8() 
3.9(,2 
2 .926 
2 . ' '̂ 1 
7. J J 6 
2 . 6 7 / 
2. 59H 
2 . 6 1 7 
2, 280 

0.37 7 
U.5 70 
0 . 7 : ' / 
1.0'JO 
0 .406 
0 .181 
0 .2a2 
0 .300 
0.2.>0 
[).9>!4 
0.1 1 4 
0 .4 54 
0.f778 
0.. a.)4 
0 .099 
0. "0.7 
0 . .02 

0.2l)( . 
0 .012 
O.IJl. i 

12 M\ 
2 7 '>': 
''•>. 1 ' . 
7 1 . 8 1 

i, 
\l 

12 
1 1 1 

5f. 
0 

2 1 
21 

. ')! ) 

.28 

. 5 2 

7 '' 
.M l 

]'' 
.7-8 

l i . . . r . 

( i . i , . ? 

Mean -4 73 (I. ' 8 2 



VITA -,, , - . 

I, M.ACHUTARAfiA RAO, was torn on liOth September, L949 :., 

Srnt. Subbalakshmi and Venkata Subrahmanyam at Lolla Villacje, Ea-i 

Godavari district, Andhra Pradeshi (India). T married Miss 

Vi jayalakshmi on 4th Fe.'oruary, 1.973 and we have one s;)r 

M.V.S.Srikanth and one daughter M.V.Bhargavi. J obtained \v.\ 

B.Sc.(Ag) degree in 1970 and M.SciAg) in t'Lant Pathology, in 1)7: 

from Andhra Pradesh Agricultural University, in First Class. 

joined the A. P .Agricultural Univei'sity as Kesearcli Assistant ii 

Sugarcane Pathology at Regional Agricultural Research Stati i, 

(Sugarcane Research Station), Aiakapalle in April, 1975. 

worked for 19 years in Sugarcane Pathology as Research Assistau' 

and Assistant Plant Pathologist,. At present I am working i 

Assistant Plant Pathologist (Selection Crade) in AICRP on Peppt?' 

at Regional Agricultural Research Station, Chintapallo. l)ur.in; 

January, 1987, I iiave joined the Ph.Ii. programme in Andhr.i 

Pradesh Agricultural University. I wc^rkec for my Ph.D. degree U; 

Plant Pathology under the guidance of Dr.M.Sugunakar Reddy, DH-M. 

of Agriculture, A. P. Agricultural Univei'sity. I have publishei 

34 research papers in National and International Journals, th..'GO 

of which have secured awaj:ds. I have also published 24 popu I 

articles in Telugu for the? benefit of farmers. I was adjudged i-

the best Assistant Re<;earch iZfficer engaged in Sugarca-u 

Research, during 1985 and was awarded Sri C.V.Sudarsana Raji 

Memorial Prize, with a gold medal and cit£ition. 
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