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INTRODUCTION

Tea is one of the most important commercial crops, grown
for its stimulating beverage, both for internal consumption and for
the valuable foreign exchange it earns in many developing countries.
Cujtivation of tea as a beverage crop has been for so long that
its home as a wild plant is a matter of speculation. The Chinese
discovered that the infusion of the leaves 31 tea plant produced
a very palatable drink. In the south-east China, tea has been used
as a beverage for 2000 to 3000 years (Ukers, 1935). It is also
very likely that the people in the Shan states of Burma and Siam
had used the leaves of tea plant, initially for medicinal purposes,
then as a beverage as early as the Chinese. Tea was mentioned
in the Chinese dictiomary in 350 B.C. and the first book on the
preparation of tea leaf and manufacture was published by Lo-Yu

in 780 A.D. (Willson and Clifford, 1992).

China continued to be the only supplier of tea until the eighth
century when Buddhist priests brought it to Japan. From the seeds
obtained from China, Japan began to cultivate tea from the 12th
century. Tea as a beverage became known to Europe during the
16th century. Tea trade with China was started by Dutch around
1600 A.D. In 1793 a Britisr} delegation was sent to China to open
up tea trade with the Chinese. Seeds from tea growing areas of

China were procured and sown in the Botanical Garden, Calcutta.
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Unfortunately, none of the plants raised from those seedling
survived. ;l‘he enthusiastic adventurers continued to make a relentles
search to locate the wild tea plant in the north-east India, in th
foot hills of the Himalayas. It was around 1823 that the Bruc

brothers discovered the wild tea plant in Sadiya in Assam.

In India, commercial cultivation of tea was taken up firs
in Assam and later extended to Darjeeling and Cachar (Griffiths
1967).

In southern India a few tea plants were put out as a tria
in 1832 by Dr.Christle, in the Nilgirls (Griffiths, 1967). Larg
coffee areas in the southern India had to be replaced due to th
onslaught of leaf rust disease and as a sequel the first commercia

tea cultivation appeared to have started around 1875.

At prosent, tea is grown in more than 30 countries, moatl
in the continents of Asia and Africa (Fig. 1). In China the area
under tea cultivation is around one million hectares (Chen and Chen
1989). However, India with an area of 400,000 hectares of tea i
the major producer, consumer and exporter of this commodity. 1
is cultivated in Assam, West Bengsl and Tripura in the north-eas
and Himachal Pradesh and Uttar Pradesh in north India (Fig. 2)
In southern India this crop is grown in the states of Tamil Nadu.

Kerala and Karnataka over an area of 82,000 hectares (Fig. 3).



Fig. 2. Tea growing areas in India
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Fig. 3. Tea growing areas in southern India
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Tea is grown at latitudes ranging from 27°S (Corrientes in
Argentim],\to 43°N (Georgia, Russian Federation) and from sea level
up to an altitude of 2300 meters., Tea soils vary widely from lateritic
to volcanic; most of the tea soils are kaolinitic in nature

(Ranganathan and Natesan, 1985).

Tea adapts itself well to acidic soils; the soll pH in tea
growing areas ranges from 3.3 to 6.0 and in many instances it is
below 5.0. To achieve the maximum utilization of applied fertilizers
as also to meet the calcium requirements, liming is carried out;
it also helps in maintaining an optimum pH betwsen 4.5 and 5.0

(Ranganathan, 1978). Certain varieties can even tolerate pH up to

6.5.

Tea plant preferé a warm humid climate with well distributed
rainfall and long sunshine days. Both tropical and temperate regions
u.rith an annual precipitation of 1150 to 8000 mm are suitable for
tea cultivation. The plant can withstand fluctuations of air temperature
between -8° and 35°C and day length of 9.4 to 15.0 hours
‘(Ranganathan and Natesan, 1985). Tea cannot tolerate long durations

of water logging and the soils should have proper drainage.

Tea plant belongs to the family Theaceae and all the cultivated
plants belong te two distinct species, namely, the small leaved

Cameffia sinensis {L.) O. Kuntze and the large leaved Camefiia assamica



FIG. 4. A VIEW OF A TEA FIELD
(EXPERIMENTAL FARM =~ UPASI T.R.I.)



FIG. 5. A VIEW OF A TEA BUSH WITH SHOOTS READY
FOR PLUCKING



(Masters) Wight. The "Cambod" type, a subspecies of the latter,
is termed (.:amd,ua assamica spp. Lasiocalyx (Planchon ex Watt) Wight.
Commercial tea populations (Figse. 4 and 5) belong to the above
taxa or hybrids thereof or hybrids between them and closely allied

species.

The planting material was only sesd untll four decades ago.
Due to {mmense heterogeneity in the seedling populations, those
seedling plants with high yield potential, overall quality and tclerance
to pests and diseases were selected and vegetatively propagated.
This process of clonal selection for plant improvement is a widely
accepted practice, now, Notable among the released clones are
'Sundaram' (UPASI-3), 'Golconda' (UPAS1-8), 'Athrey' (UPASI-9),
'Swarna' (UPASI-17) iIn southern India. Among them, 'Sundaram'’
a vigorous clone, 1is a natural triploid; taking a cue from this,
attempts are being made to induce polyploidy in some of the clones
with certain desirable traits, as tripleids and tetraploids are
reported to produce more dry matter than diploids (Singh et al.,

1987).

Once planted in the field the plant is subjected to several
cultural operations like ‘'training' by centering, pruning (Figs. 6
and 7) at regular intervals with varying severities and 'tipping'

of the primary shoots emerging from the pruned frames.



FIG. 7. A PRUNED TEA BUSH



FIG. 6. A PRUNED TEA FIELD



UNDER PLUCKING WITH AN ORDINARY

FIG. 21. SPRAYING TEA
KNAPSACK SPRAYER



Tender shoots comprising two or three leaves and a bud form
the harve§t. The crop 1s plucked at nine to 14- day intervals,
depending on the growth and the season. Severe droughts and harsh
winters retard the growth, necessitating long plucking intervals.
Apart from hand plucking, nowadays the shoots are also harvested

by hand-held shears.

The product of commerce consists of black tea of various
grades ranging from orange-pekoe to superfine dusts, green tea and

semi-fermented Oolong tea.

Under agroclimatic conditions prevailing in southern India,

the economic life span of a tea bush may extend over 100 years

or more.

During this long 1life span, the tea bush 1is prone to many
diseases some of which are capable of causing serious crop losses.
Tea plants also suffer from nutritional deficiencies and at times

are attacked even by phanerogamic parasitic plants.

Among the microorganisms that colonize and infect tea, fungi
are the most Iimportant and greatly outnumber the other groups.
A few bacterial diseases such as Witche's broom, leaf blight, twig
canker are reported from Japan and a leaf spot of bacterial origin

was reported from Georgia of the Russian Federation. So far, only



one virus'. disease, namely, "Phloem Necrosis", was described from
Sri Lanka \(Mulder, 1963) and possibly, in one region in India (Ray
Chaudhuri, 1967). Among the parasitic green algae, mention may
be made of Cephalewros parasiticus Karst; which causes the red rust
disease; it 1is seen mostly in the tea tracts of north-east India
and 1s rather rare in southern India. Phanerogamic parasites such
a8 Lonanthus sp. {Sarmah, 1960) and Cuscuta sp. on tea are also
recorded. Though not pathogenic, certain lichens colonize the trunks

of tea bushes during the wet weather.

Agnihothrudu (1964) reported a total of 209 genera comprising
385 species of fungi, from all parts of the tea plant. The fungi
included all major groups, namely, the Myxoin"ycetes. Phycomycetes,
Ascomycetes, Basidiomycetes and Deuteromycetes. A few more species
were subsequently added (Rattan and Pawsey 1981, Chandra Moull
and Ravi Kumar. 1988). Among these, 82 genera are parasitic and
the remaining are predominantly saprophytic occurring on various

parts of the tea bush.

The diseases of tea plant are broadly classified into abiotic
and biotic in nature. Abiotic factors that affect the health of tea
bush are drought, sunscorch, hail damage, lightning, waterlogging,
frost, toxicity caused by excess of inorganic fertilizers, drift of

herbicide sprays and both macro and micro nutrient deficiencies.



The diseases caused by microorganisms are grouped into two,
namely primary and secondary categories. In primary diseases,
the causal or\ganisms are capable of gaining direct entry into healthy
tea bushes. The- microorganisms involved in secondary diseases are
weak parasites, invading the host only after the latter has been
debilitated and predisposed. Many of the non-parasitic factors stated
above can ' predispose the plant to 1invasion by secondary

microorganisms.

All parts of tea bush are prone to attack by fungi., In southern
India, primary root diseases caused by Ponia hypolfateritia Berk. {red
root), Fomes noxius Corner (brown root), Roseflinia arcuata Petch
(black root) are very common. Awmiliaria melfea Vahl., the incitant of
root splitting disease, which was prevalent in earlier years lis
rather rare now. Similarly, attacks by Xylarnia sp. the causal

agent of Xyfania root disease are sporadic.

Primary root diseases are a legacy of jungles. The pathogens
cited above are harboured by jungle trees on thelr roots. While
clearing the jungles for planting tea, if the roots of the jungle
trees harbouring the pathogens are left over, the diseases. are
transmitted to tea plants by root contact. Once the focus of infection
is established, furthervspread takes place by root contact. In case
of the black root disease, the fungus Rosellinia arcuata spreads on
the soil surface over the organic debris and infects the collar portion
of the tea plants.Aamillarnia meflea  spreads by producing character-
istic rhizomorphs.



Among the secondary maladies, violet root rot { Sphaenostitbe
nepens Berk. & Br.) and Diplodia root disease (Botryodiplodia theobromae
Pat.) are caused when the tea bushes are predisposed by waterlogging
and drought, respectively. Though considered as a primary parasite
in north India, the charcoal stump rot pathogen { Ustufina zonata Lev.)
under conditions in southern India is a weak parasite invading the
roots of dead and moribund tea plants injured by lightning (Chandra

Mouli and Venkata Ram, 1976).

Several stem diseases have been reported and many of the
causal fungi invade either through wounds or when the bushes are
debilitated. In southern India, wood-rot {Hypoxylon serpens (Pers. ex
Fr.) Kickx var. effusum {Nitsch,) Miller; Hypoxylon nwmmufarium Bull.
ax Fr.), collar canker |Phomopsid theae Petch}, branch canker
(Macrophoma thedicofa Petch), and high elevation die-back(Leptothynium
theae Petch) are some of the important stem diseases. Thorny stem
blight disease (Tunstalliu aculeata Agni.} which was hitherto a

minor problem has become a concern in certain areas.

In north-east India, red rust (Cephaleuros parasiticus Karst.),
pink disease (Corticium salmonicofor Berk. & Br.) and branch canker
(Poria hypobrunnea Petch) are frequently encountered. Thread blight
(Marasmius puleher Berk. & Br.), horse hair blight (Marasmius equierinus
Muller & Berk.), stump rot (Iapex destruens Petch) die-back (Nectria
cinnabarina Tode ex Fr.) and velvet blight {Septobasidium theae Boed.

§ Stein.) are also occasionally reported.



Many foliar fungal pathogens have been reported on tea, but
only a few of them pose a serious threat. Blister blight (Exobasdidium
vexans Massee) is a major leaf disease problem in southern India.
Himachal Pradesh and Darjeeling. In north-east India, black rot
(Conticium theae Bernard) and red rust (Cephaleunos parasiticus Karst.)
also pose problems. Apart from these major maladies, certain minor
leaf diseases, namely, leaf scab (E£sinoe theae Bitancourt § Jenkins),
leaf spote (Hendersonia theicola Cooke, Cerncosporella theae Petch,
Septoria theae Car.) reticular blight (Exobasidium reticulatum Ito &
Sawada), grey blight (Pestalotia theae Sawada) and brown blight

(Colletotrichum camelliae Massee) are also encountered occasionally.

Both Pestalotia theae and Colletotnichum camefliae are also known

to cause die-back of the nursery cuttings (Venkata Ram, 1960a).

1.1. REVIEW OF LITERATURE

Our knowledge on tea diseases is derived from the works of Watt
and Mann (1903), Petch (1923), Hainsworth (1952) 'and Butler (1918).
Apart from these general treatises, many regional works are also
avallable for north-east India (Tunstall, 1940; Tunstall and Sarmah,
1947; Sarmah, 1960, Sri Lanka (Gadd, 1949), East Africa (Goodchild,
1952; Hansford, 1943), Mauritius (Ramlogun, 1971) and Peoples’

Republic of China (Tzong-Maochen and Shin-Funchen, 1982).
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The Exobasidiales is a small order of basidial fungl parasitic
on flowerin\g plants mostly belonging to Ericaceae, Empetraceae,’
Theaceae, Lauraceae and 8o on (Savile, 1959). Apart from wild
plants, the members of the order also attack ornamental plants
like Azalea L., Rhododendron L. and species of Camelfia L. Though
MacNabb and Talbot {1973) recognized five genera, the mast commonly
encountered ane is Exobasdidium. A less known genus Kordyana Racib. is

reported as a parasite on the plants belonging to Commelinaceae

(Hawksworth et al., 1983).

1.1.1. Taxonomic position

The true taxonomic position of Exobasidium within the Basidiomycetes
is uncertain., Burt (1915) included the genus in the Thelephoraceae.
Many mycologists, today, place it in the family Exobasidiaceae.
Several genera have, from time to time, been added {McNabb and
Talbot, 1973); probably only Kordyana, parasltlc on Commelinaceae
should be included. The family may be placed in the Homobasidio-
mycetidae. Talbot (1954) included the genus in Holobasidiomycetes
in which the basidiospores germinate by repetition.

0

Alexopoulos and Mims (1979) classified the genus as follows :

Division : Amastigomycota

Subdivision : Basidiomycotina
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Class ' : Basidiomycetes
Subclgss : Holobasidiomycetes
Group : Hymenomycetes
Order H Exobasidiales
Family : Exobasidiaceae
Genus : Exobasidium

Though the relationship of Exobasidiales with other fungal
groups 1s still obscure, it is believed that there 1s a relationship
between Exobasi{dium and the ascomycete, Taphnina. The similarities
are striking and the possibility of parallel evolution leading to

the similarity in morphology and physiology should not be disregarded

(Alexopoulos and Mims, 1979).
1.1.2. Host relationship

The genus Exobas{idium has a wide host range and each species is
predominantly host specific. In north-east India seven specles and

in southern India five speclies are reported (Table 1}.

The genus Exobasidium occurs on the members of Ericaceae,
Theaceae, Lauraceae and Symplocaceae. According to Gibbs (1854)
these families belong to the Hydrochloric acid/Methanol Positive
series which 1s unique for them. According to Savile (1858), a

number of species belonging to the genus Exobasidium are in fact

) ». TORAL '%
~




Table 1. Host range and distribution of Exobasidium in India

A\

Specles

Exobasidium assamense

Syd. § Butl,

E. butferd Syd.

E. cinmnamomd Petch

E. indicum

Syd. § Butl,

E. pierdidis P, Henn,

E. nhododendni

Cram.

E. celtidis Ramakr.

T.S. & K.

€. nitaginicum Ramakr.

T.S. & K.

Distribution

on leaves of Camellia drupifera Dyor non

Lour,, Khasi Hills

on leaves of Rhododendron arboreum Sm,

Kumaon Hills

on leaves of Cinnamomum tamafa Nees. §

Eberm., Himalayas

on leaves of SympfLocos theaefolia Buch.

Ham ex D. Don., Darjeeling

on leaves of Pienis ovaldifolia D. Don.,

Ranikhet, Darjeeling, Kallmpong

on leaves of Rhododendron arboreum Sm.,

India

on leaves of Celtis tetrandra Roxb.,

Dotacamund and Singampatti

on leaves of Gondonla obtusa Wall.,

Naduvattam and Coonoor



Species

\
E. triseptatum Ramakr,

T.S. & K.

E. vaceinid (Fuckel)

Woron,

E. vexans Massee

13

Distribution

on leaves and stems of Vaccinium

Leschenaultil Wight, Ootacamund

on leaves and twigs of Vaccdlnium
neilghernense Wight Naduvattam, Coonoor

Chinnakallar {Anamallais)

on leaves of Azalea indica L., Ootacamund

on leaves and tender stems of Camelfia
sinensis, Cameffia assamica and their
hybrids in Darjeeling, Assam, Himachal
Pradesh, Tamil Nadu, Kerala and

Karnataka
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unrelated to 1t. They have been, since, segregated and assigned

to new genQPa .

Savile | (1959) classified the north American species of
Exobasidium on the basis of basidiospore morphology and provided

a key for their identification.

Agnihothrudu (1964) described six species of Exobasidium on
various species of Cameffia : E. assamense Sydow H. § P, & Butler, on
Camellia drupifera Dyer non Lour. E, cameflfiae Shirai in the inflore-
scence (?} of C., japonica L., E. camefliae Shirai var gracilis Shirai
on leaves of C. sasanqua Thunb., E. nudum (Shirai) Ito § Otani on
leaves of C. faponica L., E. neticulatum Ito & Sawada and  E. vexans
Massee on lsaves of C. a{nensis (L.) O. Kuntze and C. assamica

{Masters) Wight. and their hybrids.

E. vexans is, by far, the most important of all the specles
from the economic view point ln tea in southern Indla and forms

the subject matter of this thesis.
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1.1.3. History
\

Peal (1868) was, perhaps, the first person to mention about the
existence of the blister blight disease of tea in Assam. He was
under the Impression that the disease could be of fungal origin.
Earlier, blister blight was believed to be caused by a bug; it
was even thought that dew/rain drop when remalned on tea leaf
acted as a magnifying glass and scorched the leaf when sunlight
fell on 1t and the scorched portion resulted in a blister! Balidon
(1877) in his book on tea described blister blight as a serious

disease and worse than the then feared mosquito blight.

The disease was next noticed in 1895 in' Upper  Assam” and
the causal fungus was identified by Massee (1898) as Exobasidiwn
vexans., The disease caused widespread destruction in Upper Assam
In 1906 and became the first epiphytotic reported on tea (Mann,
1906). It was confined to Assam until 1908; later it spread to all
the tea gardens in Darjeeling where 1t caused enormous losses (McRae,
1910). The disease was reported iIn Japan and Formosa between

1912 and 1922 (de Weille, 1959a).

The disease was totally unheard of in southern India until
1946, but in August that year it was first reported in certain estates
in Mundakayam area between 9 and 10°N and 77 and 78°E and

subsequently, spread rapidly to Peermade of Kerala and Cumbum



Fig. 8. Origin and path of spread of blister blight
disease in southern India (Subba Rao, 1946)
\
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'alley in Tamil Nadu. In the Anamallals the disease made lts
ppearance in September og the same year after covering a distance
f approximately 95 km. Following closely the prevalling winds
n an exceptionally wet and prolonged north-east monsoon that year
he disease further spread 1o lea growing arens in Korala (Subbn
‘a0, 1946). In December 1946 and January 1947 the disease spread
o Nilgiris and Wynand and in March 1947 it was noticod In
‘hikmagalur in Karnataka. Thus, within nine months the entire tea
rrowing area in southern India was affected. Later, the disease
ook a firm hold in Sri Lanka (Tubbs, 1947) and Indonesia (Reitsma
ind Van Emden, 1950). The manner in which the disease spread

n southern India is given in the Fig. g,

l.1.4. Crop loss

fhe pathogen, E. vexans, infects only tender tea shoots that form
‘he harvestable crop (Fig. 9}. Apart from the tender leaves, the
‘ungus is also capable of invading the tender stems. Hence, direct
:rop losses occur 1f the bushes are not adequately protected by
fungicide sprays. Leaves that are severely affected produce tea
»f poor quality (Venkata Ram, 1964)., When the stem is invaded
:he entire shoot withers and snaps at the point of infection. The

leaves curl up when severely infected (Fig. 10).



FIG. 9. TENDER SHOOTS AFFECTED BY BLISTER BLIGHT

FIG. 10. SEVERELY INFECTED SHOOTS
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Tea industry .in southern India suffered enormous crop losses
during the early years of the\incursion of the disease, before control
measures could be fully implemented (Subba Rao, 1946). Between
1948 and 1952 the annual loss was estimated to be about 18 million
kilograms of tea (Venkata Ram, 1964). Loos (1954) reported a crop
loss of 50 per cent over a period of three and a half years when
compared to pre-blister blight period in Sri Lanka. Between 1951

and 1952, Indonesia lost approximately ten million kilograms (de

Wellle, 1959a).
1.1.5. The pathogen

Th.e fungus E. vexans 1s an obligate parasite with. no alternate host.
Hence, its life cycle has to be completed on tea plant itself. Tea
is a perennial plant and the susceptible tissue 1s present all round
the year for completion of the fungal 1life cycle, concomittant with
conditions favourable for infection. Survey has shown that active
blisters are present throughout the dry period on tea plants growing
in humid, sheltered pockets along water courses. Two races of the

pathogen have been identified (Venkataramani, 1956).

Basidiospores of the fungus are dispersed by wind and insects,
but infection is most commonly through air-borne spores. On lodging
on the susceptible tea leaf surface, the basidiospores germinate

and pilerce the eplidermis. Though the germ tube at times enters
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the host through stomata, direct penetration mechanically is more
common. The germ tube elongates rapidly and an appressorium if
formed, adheres firmly to the leaf surface. A very fine infection
thread emerges from underside of the aappressorium and penetrates

the host tissue (Gadd, 1949).

Reltsma and Van Emden (1949) classified the visible development
of fungal life cycle, following penetration of the fungal spore, into
seven stages. The occurrence of a translucent spot less than 0.5 mm
in diameter, visible three days from fungal penetration is Stage-
1; a light spot more than 0.5 mm and less than one mm in diaméter
is Stage-2; a spot of one to three mm in diameter 1is Stage-3; a
spot that has developed into a well defined lesion of three to six
mm in dilameter is Stage-4; next when the lower surface of the
lesion bulges in a convex shape due to tho proliferation of fungal
mycelium within the intercellular spaces of spongy parenchyma is
Stage-5; the inclplent stage of spore formation is Stage~6 and vigorous

sporulation 1is Stage-~7.

Sporulation may start ten to 12 days after Infection has taken
place and spore discharge could continue up to elght days. Loos
(1951} calculated. that 10,000 spores can lie on one square millimetre
area without overlapping. According to Huysmans (1952) one ripe
blister discharges two million spores in 24 hours., Studies carried
out in southern India indicated that 1.39 million spores occur per

one square centimetre (Venkata Ram and Chandra Mouli, 1976a}.



FIG. 11. BLISTER LESIONS ON TEA LEAF WITH BASIDIOSPORES
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The typical white, powdery or velvety blister blight lesion
{Fig. 11) comprises 1nnumer§ble compact bundles of hyphae constituting
the hymenium, On maturity, these hyphae terminate into clavate
basidia with generally two, rarely three, or even four sterigmata.
The basidiospores which form at the end of the sterigmata are
unicellular initially and when they are ripe a septum 1s formed;
at this stage they are ready to be discharged. These two uwiled
basidiospores, which are still attached to the sterigmatum measure
14 to 17 u long and 3.5 to 5.6 p wide (de Wellle, 1959a). According
to Gadd and Loos (1948) measurements of similar spores lying on
the surface of the blister had a length of 13 to 27 v and 4.3 to

6.5 u width.
1.1.6. Climatology and Epidemioclogy

High relative humidity, moderately low temperature and leaf wetness
are essentlal for sporulation, discharge, germination and penetration

(infection) of E. vexans.

A relative humidity (R.H.) of above 80 per cent in the
atmosphere is required for spore formation and ejection (de Weille,
1959a; Huysmans, 1952; Laoh and Homburg, 1953; Reitsma and Van
Emden, 1950). Shanmuganathan and Arulpragasam (1966) studied the
diurnal perlodicity of spore ejection and concluded that maximum

spore liberation into the atmosphere occurs between midnight and
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4.00 am and in this respect, E. vexans4 resembles many typical
basidlomycetes showing similar nocturnal pattern of spore discharge.
It is quite probable that high spore ejection in the night 1is due
to high R.H. prevailing during that time, fitting in with the findings
of de Wellle (1959a).

De Wellle (1959a) and Huysmans (1952) observed that germination
of the basidlospores occurred only at R.H. 97 per cent and above.
However, Laoh and Homburg (1953) observed germination at 90 per
cent R.H. Reitsma and Van Emden (1950) claimed that germination
could occur on apparently dry slides if the R.H. was 80 per cent
or more. In 5ri Lanka, dew was found to be ideal for spore
ggrmination {Gadd and Loos, 1948; 195D). De Wellle (1959a) laid
down the following critical pre-requisites : a relatlve humidity
of above 80 per cent for spore formation and ejection, above 90
per cent for germination but the rapidity increasing sharply above
97 per cent and for germ tube growth an R.H. of above 70 per

cent.

Under the most favourable weather conditions, the time needed
for germination, formation of the appressorium and penetration into
the leaf 1s relatively short. Tubbs (1947) stated that the entry
into the host 1s accomplished within 24 hours while Loos (1951)

recorded this to take place within 16 hours.
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An ambient temperature of about 25°C is conducive for the
development of the diseas\e. Temperature above 35°C had lethal
offect on spore germination (Van der Kneap, 1955). Lesion formation
was prevented and the fungus killed 1in situ when the tea plants
were subjected to temperatures of 35°C and above after 48 hours

following fungal infection (Venkata Ram, 1965).

Apart from relative humidity and temperature, leaf wetness
plays a cardinal role in the incidence of the disease. In critical
investigations it was found that no lesions developed when leaf
wetness was below ten hours. At 11 hours of leaf wetness, a few
lesions occurred and at 13 hours all the inoculated leaves were
1pfected, indicating that 11 hours was the critical period of 1leaf
wetness for blister infectlon to establish; 13 hours was found to
be sufficlent for a high level of infection to occur (Venkata Ram,

1979).

Diffused sunlight did not reduce the disease. Direct sunlight
was found to be inversely proportional to the disease incidence.
The pathogen completes its life cycle in a short span of 11 to 28
days and tea being a perennial tropical plant, abundant susceptible
material is available throughout the disease season. This situation

warrants fungicide protection at short iIntervals.



22

In order to economise, attempts were made to discontinue
the protective fungicide treatment based on forecasting, during the
period when the disease did not pose a throat. On the basis of
the relationship existing between the relative humidity and spore
formation, ejection and germination, Huysmans (1952) proposed a
system of portending an epidemic whereby fungicide application
could be suspended during the periods, when the 3-day average
relative humidity remained below 83 per cent. On similar lines
Homburg (1953) recommended cessation of fungicide application, when
the daily relative humidity averaged less than 80 per cent over
a five day period and resumption of treatment when the R.H. exceeded

the figure in a period of three days.

The realisation that R.H. and sunshine are inversely related,
prompted many investigators to employ sunshine data as a gulde
to forecast blister blight incidence. Interruption of fungicide was
considered safe when average morning sunshine hours remained above
the critical limit over a certain period. De Weille {1959a) recommended
a three to four day spraying round and suspension of fungicide
application when the sunshine valuation rate exceeded 40; on a
seven day period, the values computed for sunshine on the 1ist,
2nd, 3rd and 7th day and twice the value on the 4th, 5th and

6th day summed up gave the sun valuation rate.
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Observing that any system Involving indlrect calculatlon was
apt to be impractical to the growers, workers in Sri Lanka proposed
the fungicide application to be postponod whon tho sunshino wns
at a minimum of 16 hours in four days preceding treatment on seven
to eight day rounds and 20 hours in five days on nine to ten day
rounds (Visser, Shanmuganathan and Mulder, 1959; Mulder and de
Silva, 1960; Mulder, 1961). Later investigations in Sri Lanka, on
epidemiology of blister blight clearly pointed to the 1importance
of weather conditions in starting an epldemic, since sufficient numbor
of spores occurred in the atmosphere all through the year (Kerr

and Shanmuganathan 1966; Shanmuganathan and Arulpragasam, 1966).

However, weather conditions in southern India, during S5.W.
monsoon do not permit postponement of copper fungicide applications
based on sunshine data (Venkata Ram, 1961} and the timing of
fungicide application based on the Indonesian (de Weille, 195%a}
and Sri Lankan systems {Mulder, 1961; Webster and Park, 1956)

gave poor results (Venkata Ram, 1971).

1.1.7. Control

Although blister blight disease first affected tea severely in Assam
and Darjeeling, more than 80 years ago, field scale protection against
the disease became an economic possibility only in the last 40 years.

May be, the epiphytotics were sporadic and suitable chemicals
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were unavailable in the earlier years. With the advent of the disease

as a regular epiphytotic \in southern Indla, elaborate experiments

were initiated to combat the disease.

1.1.7.1. CULTURAL OPERATIONS : Since the pathogen infects
only tender leaf, efforts were directed to reduce the severity of
the disease by adopting certain cultural practices such as hard
plucking and early pruning. Eden (1947) demonstrated that hard
plucking (fish lenof plucking) during two or throo months 1in tho
year reduced blister blight and did no permanent harm to the bush.
However, long term hard plucking resulted in progressive diminution
of yield. Loos (1953} reported that as the cycle progresaed, It
pecame increasingly difficult to build up a new canopy of maintenance
folilage on tea bushes rested after hard plucking. Production of
new growth turned out to be very irregular, entalling extra protection
for delayed growth. Although blister blight became scarce with
hard plucking, this operation weakened the bushes considerably
and the fields became 'wornout' with the passage of time, resulting
in severe drop in yleld; such enfeebled bushes became all the

more susceptible to mite attack (de Wellle, 1859bj.

Pruning in hot dry weather was resorted to ensure the come
back in a period when the disease presented no danger. Unfortunately
pruning in dry weather exposed the bush frames, resulting in severe

sun-scald damage, which developed into cankers. This was accentuatec
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by the removal of shade (Venkata Ram 1974). De Weille (19539b)
suggested removal of shade trees in order to achieve maximum blister
blight control, He argued that shade is favourable to the discase
and that sunlight has a deleterious effect on spore germination.
But under conditions in southern India, especially in the south-west
monsoon, blister blight remained active whether there was shade
or no shade. However, regulation of shade by pollarding the branches

wherever necessary was useful to some extent (Venkatarsmani, 1973).

1.1.7.2. CHEMICAL CONTROL : Elaborate and well laid out
field Investigations were initiated to evaluate varlous fungicides
against the disease, in the year following the outbreak of the disease
(Anon, 1948). Only a few fungicides were available in the carlier
years. Hence, commencement of evaluation was made with copper
formulations, chiefly cuprous oxide. The results of these first trials
indicated that Perenox, applied at 10-day intervals gave 50 per
cent increase in yield (Anon, 1949). Bordeaux mixture, cuprous
oxide, copper oxychloride and mercuric compounds were all tried
in 1951 (Anon, 1952). Msercuric compounds had to be dropped because

of their toxicity (de Jong, 1954}.

Evaluation of fungicides against blister blight was being
simultaneously carried out by the Tea Research Institute of Srf
Lanka, where the superiority of copper formulations, over the the

available organic fungicides was initially established (Loos, 1949)

o";“%
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Similar obaervations were recorded In sxperlwents In southera (ndlo
(Anon, 1950). Results of gvaluation of a further range of organic
formulations in Sri Lanka (Loos, 1950; Pfaeltzer, 1951), southern
India (de Jong, 1954) and Indonesia (Laoh, 1855; Van Hell and
Veenstra, 1950) did not change the situation. Sulphur compounds
imparted taint to tea and were not serlously considered. Colloidal
copper formulations contalning 15 per cent metallic copper were

found to be as equally effective as copper oxychloride and cuprous

oxide formulations (de Jong, 1954).

In subsequent trials, other formulations of colloidal copper
both in southern India (Jayaraman and Venkataramani, 1957; Jayaraman
gmd Venkata Ram, 1959) and elsewhere (Van der Knaap, 1956; Visser
et al, 1958) gave good control indicating the possibility of application
of these compounds to achieve economic control of the disease.
However, the possibility of taint from these oll based formulations
limited their application to control blister blight in flelds recovering
from pruning. Among the other copper formulations, fixed coppers
containing 50 per cent metallic copper, either as cuprous oxide
or copper oxychloride performed well; the former was superior
to the latter (Venkata Ram, 1973; Venkata Ram and Chandra Mouli,

1981).

Many fungicides, both organic and inorganic, were evaluated
in the first 15 years and were classified as good, intermediate

and poor (Venkata Ram, 1964).
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A major breakthrough in blister blight control was achieved
with the introduction of nickel chloride, in 1960, Weekly application
of nickel chloride reduced the Infection from 84 to 24 per cent
in the first three weeks and to 13 per cent after five weeks, whereas
copper fungicide gave no such striking control (Venkata Ram, 1960b).
Furthermore, 1t was also noticed that continual application of copper
alone led to enormous build-up of mite pests in the dry weather

{Venkata Ram, 1966b}.

Of the various nickel salts tested, nickel chloride was found
to be the best (Venkata Ram, 1962). A comblnation of nickel chloride
and copper oxychloride was found to be superior to either of them
sprayed alone (Venkata Ram, 19GGa). This also greatly reduced

the need to apply nickel chloride at higher dosage.

In Sri Lanka (Mulder, 1961) it was reported that nickel chloride
either alone or in combination with =zineb controlled blister blight
satisfactorily. In trials carried out in 1964, de Silva (1965) observed
that though nickel chloride offered satisfactory control it wes not
superior to Perenox. He admitted that both the south-west and north-
east monsoons that years were mild with the consequent low levels
of disease incidence; the experiments required to be repeated under
severe wet wseather conditions: Tzong~-Maochen and Shin-Funchen
(1982) from Peoples' Republic of China stated that nickel sulphate

was useful in controlling blister blight. In Indonesia, Pasaribu and
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Sinaga (1981) reported the usefulness of nickel chloride in checking

the disease.

Organic fungicides with systemic action were also evaluated
for blister blight control. Carboxin and oxycarboxin the two
derivatives of 1, 4-oxathiins, though controlled the disease when
tested on potted plants, failed to offer satisfactory control under
fleld conditions (Venkata Ram, 1969)., Pyracarbolid (Venkata Ram,
1875; Satyanarayana et al., 1875; Shanmuganathan and Saravanapavan,
1978) and tridemorph (Venkata Ram,1974b} offered good control even

on extended rounds of spraying.

1.2. SCOPE OF THE PRESENT STUDY

This thesis alms at bridging certain gaps in ogur knowledge on blister
blight. Chemical control of the disease has been dealt in detall;
the most economic and innovative treatments have been evolved for
the benefit of the tea Industry. The thesis has been divided into

eight chapters.

Chapter 1 Introduction
1.1 Review of literature
1.2 Scope of the present study

Chapter 2 Materials And Methods
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Chapter 4

Chapter 5

Chapter 6
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MATERIALS AND METHODS



MATERIALS AND METHODS
N
All the laboratory studies on the physiology and pathology
of E. vexans were undertaken at the Division of Plant Pathology
of the UPASI Tea Research Institute, located in the Anamallais,

Coimbatore District, Tamil Nadu.

The fleld 1investigations were carried out in the Experimental
Farm of the Tea Research Institute and disease-prone areas in the

High Range and Wynaad, Kerala.

2.1. LABORATORY STUDIES

All the chemicals used for preparing solutions were of Analar
grade and the glassware was of either Pyrex or Corning (Borosil)
make. Metal distilled water was used for preparing solutlons and
glass distilled sterilized water for spore germination studies. The

glassware was thoroughly cleaned with detergent in coplous water

after treatment with chromic acid.

2.1.1. Collection of tea shoots from the field

Tea shoots comprising three leaves and a bud having well developed
disease lesions at the Stage-6 (Reitsma and Van Emden, 1949) were

clipped from seedling tea bushes of large leaved Assam hybrid

31



FIG. 12. TEA SHOOTS IN PHIALS WITH SUCROSE SOLUTION

FIG. 13. COLLECTION OF BASIDIOSPORES (IN BEAKERS) FROM
TEA SHOOTS KEPT IN MOISTENED BELL-JARS
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and placed jn a clean glass beaker containing a small quantity of

distilled water. They were carefully brought to the laboratary.

2.1.2. Preparation of basidiospore inoculum

One per cent sucrose solution was prepared. The solution was poured
to the brim in clean phials. The stem-end portion of tea shoots,
having leaves with single lesions either on the third or second
leaf, was dipped into the sucrose solution through a perforation
made in the rubber cap (Fig. 12). A beaker of appropriate size
{50 or 100 ml capacity) was chosen and the leaf of the tea shoot
was placed on the mouth of the beaker with the convex disease
lesion facing downwards into the beaker and given proper support
to keep the leaf in position. The shoot was misted with water using
an atomizer. The entire set-up was placed in a bell-jar (Fig. 13)
which was thoroughly misted inside with water. The shoots were
put in the sucrose solution in the evenings and the spores were

collected in the beaker on the following mornings.

2.1.3. Inoculation of potted tea plants with E. vexans

Potted tea plants of the clone, TES-34 (Fig. 14) were used in all
the experiments. This clone is highly susceptible to blister blight
disease. Single nodal cuttings from the primary branches of the

mother bushes of this clone were drawn and planted in polythene



FIG. 14. POTTED PLANTS OF TES-34 MAINTAINED
FOR INOCULATION

FIG. 15. INOCULATED POTTED PLANTS UNDER MOISTENED
BELL-JARS
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sleeves containing good soil. The cuttings were raised in the nursery
following standard procedure (Sharma, 1976). After 12 months, they
were transplanted into earthenware pots with 21 cm diameter at the
top and 18 cm height. After the establishment the plants were
manured with young tea fertilizer mixture (Ranganathan, 1987). A
year after potting, the leader stem of the plants was cut and the
primary frame was built up. Two to three years old potted tea
plants were wused for inoculation. The leaves marked out for
inoculation were gently sprayed with an atomizer to form a thin

film of water on the leaves.

Freshly harvested basidiospores were picked up from the
beaker with a delicate (No. 0) camel hair painting brush and
wniformly painted on the upper surface of the leaves. After deposition
of the spores, the plants were placed in bell-jars (Fig. 15) which
were thomughlyA atomized with water in order to provide adequate
moisture for the fungal spores to germinate and infect the inoculated
leaves. The bell-jars were removed 48 hours later. The plants
were routinely misted, during the day, with water for another 78

hours.

The following procedure was employed for studying the anti-

sproulant action of systemic fungicides.



Fig. 16.

)

Apparatus for spore germination

el Bt I
a Petr{ dish with water
b Beaker lined with blotting paper
[ Small beaker
d

Cavity slide
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The lower pair of leaves was carefully painted with the
appropriate concentration of the fungicide suspension and after a
pre-determined time, the upper leaves were Iinoculated with the
pathogen. When the lesions reached the Stage-6, beakers were placed
under the leaves with the support of stands and the spores
discharged over a period of 24 hours were directly trapped. The
lesion area was measured and the spores, suspended In sterilized

distilled water, were counted using a haemocytwometer and quantified.

2.1.4. Spore germination bio-assay

A large petri dish (21 cm diameter) was fillied with sterile water.
A 100 ml beaker was placed upside down 1In the middle of this
water filled petri dish., A cavity slide contalning the basidiospores
of E. vexans in appropriate test solution was placed on the beaker,
This unit was covered by placing over it a 1000 ml beaker lined
all over with a blotting paper (Fig. 16). The hlotting paper absorbed

the water and maintalned a steady level of moisture inside the

chamber.

Germination was quantified on per cent basis.
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2.2. FIELD STUDIES

In southern India about 95 per cent of the tea area is planted
with soeedling tea. lence, all the tleld oexperlments were carried
out In seedling tea areas, comprising a predominant population of

tea bushes of Assam hybrid type.

2.2.1. Meteorological studies

The weather parameters were measured by employing the following

standard meteorological equipment.

a. Sunshine H Campbell-Stokes Sunshine Recorder

Tropical Pattern (England).

b. Temperature and H Lawrence and Mayo ({Indila) Limited,
Humidity Lynx Thermohygrograph, fitted with

a weekly clock type mechanism.

c. Rainfall : Lawrence and Mayo (India) Limited,

Non-recording rain gauge.
2.2.2. Randomization of experimental plots

Identical, number of pieces of paper were pi‘epared. They were

divided Into five number of groups and each group with number



36

of pleces. Each plece of the same group was labelled with a letter
that corres}ponded to a treatment. The paper bits were uniformly
folded and mixed thoroughly. One piece was drawn each time without

replacement and mixing well after each draw.

The treatments were assigned to plots based on the letter

drawn.

2.2.3. Period of study

In southern India, almost all tea growing areas, excepting the
Nilgiris, experience the two monsoon seasons. The south-west monsoon
generally setsinin June and tapers off usually by the middle of
September., The onset of north-east monsoon 1s around the middle

of October and may extend sometimes up to January.

Field experiments, unless otherwlse stated, were Iinitlated
in June and continued till the middle of December, covering the

south-west and north-east monsoon seasons.

2.2.4. Mothod of spraying

Three types of spraying equipment were used in the experiments.



FIG. 17. PUMPING OF FUNGICIDE FLUID INTO A PRESSURE
RETAINING KNAPSACK SPRAYER WITH A CHARGE
PUMP
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The fungicides were applied in the experimental plots either
through knapsack sprayers or air-blast spraying machines (mist
blowers}. The knapsack sprayers employed were of two types

pressure retaining knapsack sprayers and ordinary knapsack sprayers.

2.2.4.1, PRESSURE RETAINING KNAPSACK SPRAYER : The sprayer
worked as a compressed air sprayer and the spray fluld was pumped
inside the contalner by a separate charge pump. The sprayer

comprised a cylindrical tank.

Initially, an air pressure of 2.5 kg/cm? was developed in
the tank with a charge pump. After developing the initial air
pressure, the suction hose with strainer was placed in the fungicide
fluid. Once the entire fluid was pumped in {(Fig. 17), the sprayer

was disconnected from the charge pump.

A low volume cone-mist nozzle was fitted to the sprayer,.
In tea recovering (Fig. 18) from pruning a spray volume of 250
litres per hectare was used. Whereas, in tea under regular plucking
(Fig. 19) 175 litres of spray fluld per hectare was employed. A

single row of tea bushes on either side was thoroughly covered.

2.2.4.2. LEVER OPERATED KNAPSACK SPRAYER H The ordinary
knapsack sprayer consisted of a rectangular body assembly. The

pump was operated by a lever. The [fungicide fluid filled in the



FIG. 18. SPRAYING PRUNED TEA WITH A PRESSURE RETAINING
KNAPSACK SPRAYER
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tank was sprayed by operating the lever at frequent intervals.
The fungiclgie spray fluld was discharged at 2.7 kg/cm2 and the
spray volume was the same as mentloned above for pressure retalning
knapsack sprayers. The sprayer was fitted either with an NMD
nozzle or single duro mist nozzle whlch delivered a fine mist. One

row of tea bushes was sprayed on either side (Flgs. 20 and 21).

2.2.4.3. AIR- BLAST SPRAYING MACHINE (MIST BLOWER) : The
sprayers wore operated by englnes fuelled with a combination of
petrol and oil. The spray was blown by means of an air current
generated by a fan in the machine. The fan dellvered 7.82 m3
of air per minute (5350 RPM)} at a velocity of 210.98 km per hour
at the nozzle. The spray fluld was blown through nozzle no. 2,

which discharged 60 litres of spray fluid per hour.

In tea recovering from pruning a spray volume of 70 litres
per hectare was used and two rows of tea bushes on elther side

were sprayed covering bush frames thoroughly {Fig. 22}.

In tea under plucking, only the top hamper was sprayed using
45 litres of spray fluid per hectare. In all, seven rows of tea
bushes, five with and two rows against wind direction were sprayed

in a single swath (Fig. 23).



ElG.  19%

SPRAYING Tpp FIELD UNDER PLUCKING WITH A
PRESSURE pETAINING KNAPSACK SPRAYER



FIG. 20. SPRAYING PRUNED TEA WITH AN ORDINARY
KNAPSACK SPRAYER



FIG. 22. SPRAYING PRUNED TEA WITH AN AIR BLAST
SPRAYER (MIST BLOWER)



FIG. 23. SPRAYING TEA UNDER PLUCKING WITH AN AIR
BLAST SPRAYER
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2.2.4.4. EVALUATION OF ULTRA-LOW VOLUME MICRON SPRAYER
Two sprayers, Micron ULVA-8 and Micron-Herbi were evaluated.
The principle of these sprayers was based on tho controlled droplet
application, a method designed to deliver uniformsized droplets

for effective control. The spray volume required by these sprayers

was very low.

Micron Herbi had an 8.0 cm diameter disc which was flat
in the centre and with a 1.2 mm wide flange around the edge angled
at 60°, on the outside of which were 360 grooves to the peripheral
teeth. The flow rate was regulated by appropriatle (No. 4) restrictor.
One litre plastic bottle used as a reservoir for the spray fluld
was screwed directly into the restrictor. The sprayer was powered
by using 12, 1.5 volt, leak-proof battery cells. A specific ULV
copper formulation at 4.5 1litres per hectare was initlally used.
Once this formulation exhausted, wettable powder of ceopper
oxychloride suspended in five litres of water was used per hectare.

Two rows of tea bushes on either side were sprayed.

with Micron ULVA-8 a spray volume of 11 litres per hectare
was used. The diameter of the disc was 5.5 cm, and was cup-shaped
to provide droplets of about 100 ¥ m. The sprayer was operated
with 1.5 wvolt, dry battery cells: two rows of tea bushes were
covered on either side. A wettable powder formulation of copper

oxychloride was suspended in water and used for evailuation.
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2.2.4.5, HAND ATOMIZER : For very small plots in the fleld,
a hand atomizer comprising a long spray lance fitted with Bray
000 nozzle which delivered a fine mist was used. The spray volume
was adjusted to 175 litres per hectare and‘a single row of tea

bushes was sprayed thoroughly on elther side.
2.3. DISEASE ASSESSMENT AND QUANTIFICATION

Different methods were undertaken to quantify the infection level

in the experimental blocks.
2.3.1. Disease assessment in tea recovering from pruning

Blister blight infection was assessed in the plots by examining
each bush individually for disease incidence. Each bush was given
a score in zero to four rating scale on the following severity 0 =
no infection; 1 = mild infection; 2 = moderalo Infection; 3 = severe
infection and 4 = very severe infection. The Iinfection data, thus
obtained, were pooled and the average infectlon worked out and

analysed statistically.
2.3.2. Disease assessment in tea under plucking

From the harvest of each replicable 100 shoots were picked at

random. Each shoot was examined 1individually for the incidence
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of blister blight disease and the infection was quantified on per
cent basis. The figures were converted into arc sine angular

transformation values and the data analysed statistically.

Assessmont of infection was commonced aftor the third fungicide
application and continued thereafter at regular intervals of seven

days till tho completion of thoe experimont.

2.3.3. Assossment of infection in clones

Two hundred tea bushes in each clone were marked in a field.
These bushes were left as such without any fungicide protection
and exposed to natural infection throughout the season. Five hundred
shoots were drawn at random from the harvest of each clone and
examined individually for blister blight infection at seven day
intervals, throughout the tenure of the experiment. The data were

quantified as per cent infectlon.

2.4. PREPARATION OF BLACK TEA SAMPLES FOR ORGANOLEPTIC

EVALUATION

Tea leaves harvested from the treatments were processed into black
tea by CTC (crush, tear and curl) process in the miniature
manufacturing unit. After manufacture, crude fibre from the samples

was removed and the cleaned samples were sent to professional
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tagters in Cochin for their comments on taint and organoleptic

evaluation. .
2.5. ESTIMATION OF MITES ON TEA LEAVES

As the fungicides sprayed during the blister blight season were
found to iInfluence the build up of mlte populations In the ensulng
dry season, mite population was assessed In the experimental plots
after the Ifungicide treatmonts worop consod. ‘thils was dono by
collecting ten leaves from each replicate, approximately 15 cm below
the plucking table in each plot. Both pink (Acaphyffa theae Watt) and
purple (Cafacarus caninatus Green) mites were counted under an
Olympus blnocular dissecting microscope. The number of mites 1n

ten microscopic fields, five each, on either side of mid-rib in each

leaf were counted.
2.6. STATISTICAL ANALYSIS

The data obtained iIn all the experiments were subjected to various

statistical procedures to identify the significant treatments,

2.6.1. Analysis of variance

The per cent of infection 1levels were transformed 1Into arc sine

values and the analysis of varlance was carried out (Gomez and
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Gomez, 1984). The least significant difference (LSD) was worked

out at five per cent level.
2.6.2. Chi~square analysis

The dependence of the spray interval and per cent infection and
funglcide domage on onch othor waa ostlmntod by Chi-square lost

of independence (Sukhatme and Amble, 1985).
2.6.3. Regression Analysis

Regression analysis (Gomez and Gomez, 1984) was adopted to study
the relatlionshlp of the environmental factors on the disease, peor
cent infectlon and crop loss, fungiclde spray interval and crop
yleld. The data were rechecked on Crompton Greaves personal

computer.



43

Gomez, 1984). The least significant difference (LSD) was worked

out at five per cent level.
2.6.2. Chi-square analysis

The dependence of the spray interval and per cent Infection and
fungicide dosage on onch othor was ostimatod by Chi-squaroe Lost

of independence (Sukhatme and Amble, 1985).
2.6.3. Regression Analysis

Regression analysis (Gomez and Gomez, 1984) was adopted to study
the relationship of the environmental factors on the disease, per
cent infection and crop loss, fungicide spray interval and crop
yield. The data were rechecked on Crompton Greaves personal

computer.
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TIK PATHOGREN
N
Exobasi{dium vexans 18 an obligate pathogen and it can complete
its 1life cycle within a short period, which may range from 11 to

28 days deponding on weather conditions.

The lfa cycloe of the fungus, following tho doposition of tho
basidiospore on a susceptible tea leaf under ideal climatic conditions,

is shown In Fig. 24.

3.1; THE DISEASE CYCLE

The spores following deposition germinate and the germ tube plerces
the epidermis; the germ tube can also enter through stomata but
infection by direct penetration is a common phenomenon. The germ
tube enlongates and the appressoria formed adhere firmly to the
surface. Fine Infectlon threads emerge from underside of the
appressoria and penetrate the host tissue. The branching of the
Infection thread (hyphae) begins in the palisade tissue situated
under the upper epidermis., After passing through the palisade layer,
the branching in the mesophyll tissue is Intercellular. The fungus

draws its nutrition from the host cells by producing haustoria.

As a consequence of intense parasitism, the invaded cells

disintegrate and 1in course of time become discoloured. The
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disintegration of cells and proliferation of tho fungal hyphae in
the interce\llular spaces results in enlargement of the invaded tissue
and this enlargement makes the lower surface of the leaf to bulge

and form a typical convex ‘blister' lesion.

The hyphae on the underside, between the parenchyma cells,
form compact bundles which aro fulure basidia. Thoy are dlroctod
perpendicularly towards the lower leaf surface. Thus, elevations
are formed, containing fertile basidla. The lowor opidermis, bulges
further and further and ruptures due to pressure exerted by the
growth of the pathogen. The exposed tufts of hyphae mature and
terminate into clavate basidia. These clavate basidia generally

produce two sterigmata which terminate into basidlospores.

The duration of the life cycle can be summarized as follows

a. from sporulation to germination : 2 hours to 5 days
b. from germination to infection : 2 to 9 days
c. from infection to formation of : 3 to 10 dsys

a translucent spot (Stage-1)

d. from Stage-1 to Stage-6 : 6 to 9 days

The entire life-cycle, thus, 1s completed in 11 to 28 days.
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3.2, CROP LOSS

Since the pathogen E. vexans completes its 1life cycle in a short
span of 11 to 28 days, fungicide protection, with protectant-
therapeutant fungicides, at short intervals, is imperative to prevent

serious crop loss.

A four year study was carried out to investigate blister biight
infection at differont spray intervals ranging from throo to 13 days.
Crop yield at these spray intervals was also recorded. The influence

of spray interval on infection and yleld was worked out.

3.2.1. Crop loss in the first year

A seedling block, uniformly prone to blister blight waa selected
for study. The bushes were pruned at 70 cm height during the
second fortnight of May. Spray applications were put out with a
pressure retaining knapsack sprayer. The spray volume was 250
litres per hectare from pruning till tipping. After tipping, the
plots were covered with 175 litres per hectare. Tipping was done
in August. Just before tipping the bushes in the plots were examined
individually and the impact of treatments on infection is presented
in Table 2. The infection, thereafter, was assessed at regular weekly
intervals till the experiment was terminated. The details of yield
pertain to the three month period, from the end of August to the

end of November. .
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Table 2. Spray interval vs blister blight infection : tea recovering

N from pruning

Treatment : Copper oxychloride + Nickel chloride - 210 g each/ha
Spray interval days Disease index
3 1.2
5 1.7
7 1.9
9 2.4
11 2.6
13 2.8
Control Unprotected 3.3

LSD (P = 0.00) 0.4




Fig. 25.
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26. Linear regression graphs of blister blight infection on
the fungicide spray interval (top) and crop yleld on the
infection (bottom) in the second year
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Spray interval had a pronounced effect on the disease incldence.
Spraying ak three-day intervals, resulted in a very low Iincidence
of the disease (Table 2), which was significantly lower than all
the other treatments. There was no significant difference between
five~ and seven-day, and nine- and eleven-day treatments. Infectlon
became severe as the spray Interval was Increased. Flots sprayed
at three-day interval manifested mild symptoms of nickel

phytotoxicity.

A strong positive correlation (r = 0.970) exlsted between
the spray interval and disease incidence. Disease incidence increased

as the spray interval Increased (Fig. 25).

As the Infection increased the yield declined sharply. Therse
was a strong negative correlation (r= -0.941) between the per cent
infection and yield. Drop in the yield was considerable when the

infection level exceeded 36 per cent.
3.2.2. Crop loss in the second year
Infection increased when the interval between the sprays was

increased and there was a strong positlive correlation (r = 0.978)

between these two variables (Fig. 26).
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Spray interval had a pronounced effect on the disease Incidence.
Spraying at\ three-day intervals, resulted in a very low incidence
of the disease (Table 2), which was significantly lower than all
the other treatments. There was no significant difference between
five- and seven-day, and nine- and eleven-day treatments. Infection
became severe as the spray interval was Increased. Plots sprayed
at three-day interval manifested mild symptoms of nickel

phytotoxicity.

A strong positive correlation (r = 0.970) existed between
the spray iInterval and disease incidence. Disease incidence Increased

as the spray interval increased (Fig. 25).

As the iInfection increased the yleld declined sharply. There
was a strong negative correlation (r= -0.941) between the per cent
infection and yield. Drop 1in the yield was considerable when the

infection level exceeded 36 per cent.
3.2.2. Crop loss in the second year
Infection increased when the 1interval between the sprays was

increased and there was a strong positive correlation (r = 0.§78)

between these two varlables (Fig. 26).
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Fig. 27. VLinear regression graphs of blister blight infection on
the fungicide spray interval (top) and crop yleld on the
infection (bottom) in the third year
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A negative correlation (r= - 0.862) existed between the per
cent 1nfect§on and yield. The drop in yield was considerable beyond

35,5 per cent infection level.

3.2.3. Crop loss in tho third yoar

A strong positive correlation (r = 0.963) existed between the spray
interval and infection. When the spray interval was extended, disease

incidence increased (Fig. 27).

There was a decline in yield with the increase in infection
and a negative correlation existed between them (r= -0.815). There
was sudden drop in yleld once the per cent infection crossed 35

per cent.

3.2.4. Crop loss in the fourth year

Almost perfect positive correlation (r = 0.992) existed between
the spray Interval and disease incidence; the latter increasing with

the extension of spray interval (Fig. 28).

A strong negatlve correlation existed between per cent infection
and yleld (r = -0.948), with the yield decreasing with the increase
in infection levels. Yleld declined sharply once the infection level

exceeded 31.4 per cent,
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Fig. 29. Linear regression graph of blister blight infection on
sunshine period (hours)
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Fig. 30.
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rainfall (mm)

.
o &
90
B ; f o®
o® .
70~r“ ... [ ]
.
5 d Yy = 61.62 + 0.03 x
50 r =  0.45
CJ
301 e
p
[ ]
10
I I} i ¥ 1 ! i
200 600 1000 1400

RAINFALL [mm}




50

3.3. INFLUENCE OF CLIMATIC FACTORS ON DISBASE

N\
A study was carried out for six years, during tho disease seanson
(June to December), to assess various climatic factors, such as,
sunshine, rainfall, temperature snd relative humidity on blister

blight incidence.

3.3.1. Effect of sunshine on blister blight

There was a mild but highly significant negative correlation
(r = - 0.494, F = 12.,51**) between the sunshine hours and disease
incidence (Fig. 29). This indicated that increase in sunshine reduced
the intensity of the disease. Infection ranged from 70 to 95 per
cent when the total monthly sunshine hours were 75 and below.
However, disease Incidence was also high (55 to 95 per cent) when
the monthly sunshine hours were between 150 to 200. Infection
declined when the sunshine hours exceeded 200 hours. The data
pointed out that the factor of sunshine hours was not the sole

criterion in dociding tho severity of the disoaso.

3.3.2. Effect of rainfall on blister blight

There was a mild positive, but highly significaﬁt. correlation (Fig.

30) between rainfall and blister infection (r = 0.459, F = 10.30%%),

The Infection generally increased with the increase in rainfall from
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Fig. 31.

Linear regression graph of blister blight infection on
minimum temperature (°C)
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Fig. 32. Linear regression graph of blister blight infection on
the minimum relative humidity (R.H.%)
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200 to 1000 mm. Infection was between 15 and 35 per cent when
the momhly rainfall was below 200 mm. Beyond 1000 mm thers was

no correlation between severity of infection and rainfall.
3.3.3. Impact of temperature on blister blight infection

During the monsoon, the mean minimum temperature (mean of 8ix
years} was, June : 19.7°C; July : 19.3°C; August : 19.5°C; September:
18.9°C; October : 18.5°C; November : 16.3°C and December : 14.4°C.
There was a highly signifficant (F = 24.62%*) and positive correlation
(r = 0.67) between the minimum temperature and disease incidence.

Disease levels were high between 17.5°C and 21.0°C (Fig. 31).
3.3.4. Effect of minimum relative humidity (R.H.) on Iinfection

The impact of the mean minimum relative humidity (R.H.) on blister
blight incidence was investigated. There was a highly significant
(F = 21.49**) and positive correlation (r = 0.58) between the mean
minimum R.H. and infection. Increase in the R.H. resulted in increased
disease incidence (Fig. 32). Maximum infection was observed between
a mean minimum R.H. of 75 to 85 per cent. The mean maximum R.H.

in the period of study ranged between 95 and 100 per cent.
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Fig. 33. Effect of pH on the basidiospore germination of
Exobasidium vexans
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3.4. PHYSIOLOGY OF THE BASIDIOSPORE GERMINATION OF THE CAUSAL
FUNGUS

The effect of pH on the basidiospore germination was studied.
Basidiospores were placed in 0.5% glucose solutions at various pH
regimes ranging from 3.0 to 9.0, Nitric acid was used to prepare
acidic solutions, while 0.1 N sodium hydroxide for alkaline solutions.

Germination was observed 24 hours after treatment.

Spore germination was 100 per cent at pH 7.0, 7.5, 8.0 and
8.8 and declined sharply at lower pH of the solutions (Fig. 33).

Germination was markedly reduced at pH 3.5 and was nil at 3.0.



CHAPTER - 4

HOST TOLERANCE



HOST TOLERANCE
N
Tea planting in southern India, until mid-fifties was solely
by seed material. In a seedling tea field, only about 30 per cent
of the bushes were good ylelders due to high genetic variation.
An attempt was made in the mid-fiftles to mark the high ylelding
tea plants in the fisld and propagate them vegetatively by internodal

stem cuttings. Clonal propagation was, thus, bommn.

Parameters, such as, yileld potential, quality of teas, nursery
performance and tolerance to drought are the most important criteria
for clonal selection. Tolerance to pests and diseases are important
9dd1tional criteria of benefit. Hence, attempts were made to evaluate
the degree of susceptibility of 12 clones, released by the Tea
Research Institute. Four clones, selected by the commercial tea

gardens, were also evaluated for their tolerance to blister blight

diseasse.

4.1. HIGHLY TOLERANT CLONES

Four clones were found to be highly tolerant to the disease.
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4.1.1, Busceptibility of UPASI-2 (DB/4/142), ‘'Jayaram' to blistor

blight disease

The susceptibility of the clone UPASI-2, exposed to natural infection
was studied for five years. The disease incidence in Fig. 34, shows
the mean per cent infection recorded in the months of the disease

season.

The disease incidence was below the level of economic threshold
of 35 per cent in all the months of study. In the month of August
disease incidence (30.5%), was at its peak. Based on the infection

level this clone was considered to be tolerant to blister blight.

4.1.2. UPASI-6 (B/6/24), 'Brooklands'

Tea bushes of this clone were exposed to natural infection
consecutively - for five years and the Fig. 34 depicts monthwise

average of per cent infection.

Infection in all the months of the disease season was well
below the level of economic threshold of 35 per cent. August
registered maximum infection (24.0%) followed by September (18.0%)
and the lowest infection was recorded in November (4.2%) and

December (2.0%).
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The clone was considered to be tolerant to the disease.
4.1.3. UPASI~10 (B/6/62), ‘Pandian’

Disease incidence, cumulative average of each month of the disease
season, from June to December, recorded for five years continuously,

is presented in the Fig. 34.

The infection was below the level of economic threshold
throughout the period of assessment. However, disease level was
high in the months of August (28.2%) and September (18.4%) and

least in December (5.6%).
This clone, thus, was also found to be tolerant to the disease.
4.1.4. UPASI-15 (SP/4/5), 'Springfield’

The susceptibility of this clone was studied for three years and
the average level of infection, month-wise, is presented in the

Fig. 34.

Infection levels were extremely low in all the months of the
blister blight season. Infection was slightly higher than others,
only in the month of August (11.7%) and the severity declined,

gradually thereafter, in the months that followed.
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This clone was consldered to be highly tolerant to the disease.
\
4.2, CLONES MODERATELY TOLERANT TO DISEASE
Four clones were found to be moderately tolerant to the disease.

4.2.1. UPASI-1 (B/4/141), 'Evergreen’

The degree of tolerance of the clone was assessed continuously for

five years.

Infection exceeded the levels of economic threshold in August
(_40 per cent) while in other months it was below (Fig. 35). In
September the level of infection was slightly higher (31.9%) than

in the other months.

This clone was found to be moderately tolerant to blister

blight disease.
4.2.2. UPASI-3 (B/5/63), 'Sundaram'
Disease incidence in UPASI-3 was studied for five years {Fig. 35).

The infection was at the maximum level in August (41.6%)

during which it crossed the level of economic threshold. In all
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other months, excepting September (31.2%) the disease 1incidence

ranged between 20 and 28 per cent.

The 1level of infection 1in this clone was almost similar to

UPASI-1 and was found to be moderately tolerant to the disease.

4.2.3. UPASI-18 (B/6/57)

Blister blight infection in UPASI-18 was monitored for four years

to assess 1ts tolerance to the disease.

During the months of August and September the infection was
high (Fig. 35). However, the per cent infection was slightly less
than the level of economic threshoid. In other months the disease

incidence was much below the critical limit.

This clone was considered to be moderately tolerant to the

disease.

4.2.4. UPASI-22 (B/6/29)

A four year study was carried out to assess the tolerance of UPASI-

22 to blister blight disease.
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Infection was not only quite high in the month of August (55.3%),
but also exceeded the cr\itical threshold 1limit in July (38.7%).

In other months the infection was below the limit (Fig. 35).

This clone was considered to be fairly tolerant to the disease.

4.3. CLONES LEAST TOLERANT AND SUSCEPTIBLE

Four clones were found to be least tolerant and quite susceptible

to blister blight.

4.3.1. UPASI-4 (B/6/10)

In a four year study the susceptibility of UPASI-4 to blister blight
disease was investigated. The infection levels are presented in

the Fig. 36.

Disease incidence exceeded the level of economic threshold
in all the six months of the disease season excepting in December,
It was very high in the months of July, August and September,
and moderately high in the other months. This clone was considered

to be less tolerant and thus susceptible to blister blight.
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4.3.2. UPASI-7 (B/6/34)

\
A five year study was undertaken to investigate the tolerance of
UPASI-7 to blister blight infection. The disease incidence by way

of per cent infection is shown in Fig. 36.

Disease incidence was above the level of threshold throughout
the disease season excepting December. The disease was severe
in June (61.8%), August (64.2%) and September (59.2%) and high
in other months. Based on the infection levels, the clone was

considered to be susceptible and less tolerant to the disease.

4.3.3. UPASI-9 (B/6/61), 'Athrey'’

The level of tolerance of UPASI-3 to blister blight was evaluated
in a field investigation carried out for five years. The infection
levels shown in Fig. 36, exceeded the level of threshold in August
(51.7%) and September (45.9%). In the other months, the infection
was marginally below the level of economic threshold. This clone
though susceptible appeared to be more tolerant to blister blight

than UPASI-4, and -7, described earlier.

4.3.4. UPASI-12 (B/6/129)

The tolerance of UPASI-12 was Investigated in a field trial carried

out for five years.
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The infection levels were very high in all the months (Fig.
36), of the disease season., The clone was found to be highly

susceptible and least tolerant to the disease.

4.4, STUDIES ON THE TOLERANCE OF BLISTER BLIGHT IN SOME CLONES

SELECTED BY TEA GARDENS

Four clones were investigated under this category for their tolerance

to the disease.

4.4.1. CR-6017

A four year study was carried out to assess the susceptibility of
CR-6017 to blister blight. The infection levels are shown in Fig.

37.

The infection level was above the threshold in August (41.5%)
and marginally exceeded in July (35.1%). In the other months, the
disease incidence was below the level of the threshold. The clone

was found to be fairly tolerant to the disease.

4.4.2. AK-1

In a field study, the tolerance of AK-1 to blister blight was

investigated for one year. The disease Incidence is shown in Fig.37.
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Blister blight infection was below the level of economic
threshold in all the months\of the disease season. The clone was

thus found to be quite tolerant to blister blight.

4.4.3. ATK-1

This clone was also assessed for 1its susceptibility to the disease

for one year. The results are presented in Fig. 37.

Disease incidence, crossed the critical threshold limit in
two months, August (40.0%) and October (50.5%). In the other months
the infection was below the limit. The clone, thus, was found to

be moderately tolerant to blister blight.
4.4.4. SA-6

The clone $A-6 was studied for its tolerance to the disease for

one year. The disease incidence is presented in Fig. 37.

. Infection was very low and far below the level of economic
threshold, all through the disease season. The maxmium per cent
infection noticed in June was only 4.7 and in July and October the
infection was below 1.5 per cent. Disease incidence was not noticed
in the months of August, September, November and December (0.0%),

The clone was found to be highly tolerant to the disease.
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DISEASE CONTROL IN TEA RECOVERING FROM PRUNING

N

Blister blight control in tea recovering from pruning assumes
troemendous importance, since fallure to control the disease can delay

tipping, thereby, leading to considerable crop loss.

In southern India, normally tea is pruned in the months of
April after receipt of good showers (ca five cm of rainfall), August

and to a lesser extent in November.

5.1. EVALUATION OF AGRICULTURAL ANTIBIOTICS IN COMBINATION

WITH COPPER OXYCHLORIDE

Several formulations of agricultural antiblotics were tested for efficacy
in combination with copper oxychloride. The detalls of the formulations

are given in Table 3. They were tested in ppm of the active ingredient.

5.1.1. Evaluation of the Formulation-1

A field experiment was carried out in the Anamallais, to identify
the quantity of the antiblotic formulation required to be used in
combination with copper oxychloride (henceforth referred as copper).
Spray applications were put out with a pressure retaining knapsack

sprayer.

62



63

eysed
erqisiedsip Jejem se ‘aeddod jusd Jad of
Supurejuos uofiernmuo; Jeddos peseq [0 Uy

8pLIOTYI [8XOTU jued
Jed @z Suruejuoo UOTIBR(NEJO} PMDIL Vv

sjuetpalfur 8AJIOE SE
aup[oAoeliel jueo aed Q1 pue-uroAmoideays
juao Jed 0 Sujyutejuop Jepmod 81qeIIOM YV

Z1-9 UTmEIIA ‘our[oAdere}
uen ded 1 ‘urodmojdaris juad aed
01 Ulte uoriernmaoj Jepmsod a1gellem v

juejoawny pue zI-g UTWEITA
suyodoeaie; jueo agad 1 ‘uroAmoldedis
wes aed § Supuiejuod Jepmod 8IQEIIOM V

auyroAoemelfxo %g°1 pue urAmoidemns
Jueo Jed ST Supujejuod Jepmod 8IQGENIOM V

suffohoelleyfxo %¢ 1 pue uroAwmojdeuis
queos Jed ST Surujejuod Jepmod afqellem v

saoreSueg
pajtwiT (BYPUl) SITIEY

erRI®Y ‘UTUDOD
“+p17 seimisd JELIGPOOM

eung ‘rrdwid ‘*pi1
SO110TqTIUY UBISTIPUTH

jeag[ny ‘pestea
©+p31 ‘1ad e1eojpuds JIefos

Aequog ‘°pP11
SBLIISNPU] 18A0IBY-SaLIY

jeze(ny ‘epoded
‘*p31 o1qUEary

Aequog
**p11 (eypul) Jezld

g8 10944

Arujes

eur[o4Asordens

uroAweios

uroAmoluerd

uroAweysned

001 updAwrIfy

uoyyysodwo)n

82.n0S

eweN puelg

JequnN
uo eWI0]

sjusmisedxe SY3 U] Pesn suofje[nw.Jod Oyl jo STyeleq ‘g eIqelL



64

Infection was very severe in unprotected control. Disease
incidence was significantly less in all the treatments wherein the
antibiotic formulation was used in combination with copper, than
the latter used alone. It was Interesting to note that at 75, 100,
125 and 150 ppm levels of antibilotics disease incidence remained
the san;e despite reduction in the dosage of copper, from 420 to

280g per hectare (Table 4).

5.1.2. Comparison of the Formulation-2 with other antibiotic

formulations

This experiment was undertaken in a tea estate in Wynaad (Kerala)
during the south-west monsoon period. Spray applications were put

out with an alr-blast spraying machine.

Formulation-1 at 100 ppm was significantly superior to ail
other treatments. Formulation-2 registered the lowest disease incidence
at 100 ppm, which was significantly less than the same applied
at other dosage. Surprisingly, at higher concentrations of 125 and
150 - ppm, disease incidence was more than at 100 ppm. Similar
observation was made with Formulation-1, wherein the disease
incidence at 100 ppm was less than 150 ppm. The Formulation-3
provided significnatly superior control at 150 ppm to 100 ppm.
All the formulations, excepting Formulation-2 at 50 and 75 ppmn,
were significantly superior to copper used alone at high dosage

(Table 5).
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5.1.3. Bvaluation of the Formulation-2

\
Formulation-2 was tested in combination with copper against blister
blight disease on an estate in the High Range (Idukki Dist., Kerala}
during the south-~-west monsoon season. Spray applications were imposed

with a pressure type knapsack sprayer.

At a concentration of 100 ppm, the Formulation-2 has provided
superior performance and the disease incidence was significantly
lower than all other treatments. In this experiment also disease
incidence was more at 125 and 150 ppm than at 100 ppm. However,
these three rates were significantly superior to copper used alone

at a higher rate (Tabls 6).
5.1.4. Comparative evaluation of Formulation-4 and -5

Two new formulations, i.e., '4' and '5' were evaluated for efficacy
in a field experiment in the Anamallais during the peak disease
season of the south-west monsoon., Test formulations were put out

with an air-blast spraying machine.

The Formulation-5 at both 75 and 100 ppm with 3508 of copper
per hectare was found to be significantly superior to copper fungicide
used alone at a higher rate of 4208 per hectare. The difference

in disease level between the Formulation-4 with copper fungicide
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and copper alone was not significant, though the former was superior.
The Formu)\ation-z. as in previous experiments provided significantly

superior control to copper alone (Table 7).

5.2. EVALUATION OF THERAPEUTIC INORGANIC FUNGICIDE FORMULATIONS

Applications of nickel chloride salt in combination with copper
to control blister blight in tea recovering from pruning was feared
to result in phytotoxicity due to the toxicity of nickel chloride.
A liquid formulation (Formulation-6) containing 20 per cent of nickel
chloride and certain safeners was tested for efficacy in a field

trial.

5.2.1. Formulation-6 - Comparison of dosage

A field investigation was undertaken to see whether the rate of
usage of the Formulation-6 could be reduced and study its efficacy
elither singly or in combination with copper fungicide. The trial
was put out In the Anamallais during the south-west monsoon. Sprays
were 1mposed at three-day Intervals with a pressure retaining
knapsack sprayer. A combination of <copper oxychloride and

Formulation-3 was employed for comparison.

There was no significant difference between the two rates

of Formulation-6 used in combination with copper and the infection
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was less when the formulation used alone. High incidence of blister
blight r'eskjlted when copper fungicide was used alone. Addition
of the spray adjuvant, Triton AE reaulted in better disease control
than when the fungicide was ' used without this. When Triton AE
was added to the fungicide mixture containing copper oxychloride
and Formulation-3, disease incidence was marginally more than the

combination without thia adjuvant (Table 8).

5.2.2. Evaluation of Formulation-6

In order to economise on the spraying cost the efficacy of
Formulation-6 was assessed both singly and as a tank mix with
copper fungicide by extending the spray Iinterval to five days,
during the south-west monsoon season. Funglcidé treatments were
applied with a pressure retaining knapsack sprayer and the efficacy

was compared with Formulation-3.

Infection was high 1in all the treatments with no significant
difference between them, pointing to the fact that spray interval
with the formulation cannot be extended (Table 9).

5.3. ASSBSSMENT OF OIL BASED COPPER FORMULATION

The possibility of controlling blister blight by employing oil based

copper fungicide formulation (Formulation-7} was studied in a fileld
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experiment. Spray applications were given with an air-blast spraying
machine. The efficacy of the formulation was compared with a
combination of copper fungicide and the Formulation-6. The effect

of extending the spray interval was also investigated.

The oil based copper formulation was inferior to the treatment
employed for comparison. Incidence of the disease also increased

with extension of the spray interval (Table 10},

5.4. STUDIES ON THE EFFICACY OF ORGANIC FUNGICIDES

Some of the organic fungicides which were found to be effective
against blister blight in tea wunder regular plucking werse tested
in tea recovering from pruning for their efficacy agalnst blister

blight disease.

5.4.1. Evaluation of chlorothalonil

Chlorothalonil was evaluated at two rates and at two spray intervals
The treatments were put out with an air-blast spraying machine.
Comparison was made with copper fungicide used in combination

with the Formulation-6.

There was no significant difference between the rates of

chlorothalonil used, between the intervals tested, and slso with
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the treatment employed for comparison. Infection was high in plots
where the \fungicide was used at extended interval of five days.
All the treatments, excepting those at five day spray intervals,

were found to be equally effective (Table 11).

5.4.2. Evaluation of captafol

Captafol at three dosage rates was applled at two spray intervals
and the efficacy was compared with copper fungicide and the
Formulation-3 combination. Fungicide treatments were imposed with

an air-blast spraying machine.

All the three rates of captafol failed to control bliater blight,
when their application was extended to ten days and the infection
levels were significantly inferior to the standard fungicide treatment
used for comparison., At five day intervals captafol was comparable
with the standard and there was no significant difference between

the treatments (Table 12).

5.4.3. Evaluation of tridemorph

Tridemorph, a morpholene baaed systemic fungiclde, was tested
for efficacy. Two rates applied at two spray intervals were compared,
with the standard copper fungicide and the Formulation-6 combination.

A binder was incorporated with tridemorph sprays. Additionally,
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the combination of tridemorph with Formulation-6 was also screened

for efﬂcacy. Spray applications were put out with an air-blast

spraying machine.

The overall infection levels were less and all the treatments

were significantly superior to the standard treatment (Table 13).



CHAPTER - 6

DISEASE CONTROL IN TEA
UNDER PLUCKING



DISEASE CONTROL IN TEA UNDER PLUCKING
\

Chemical protection by means of fungicide application 18 by
far ‘the most efficient method to achieve disease control, not only
rapidly but also economically. While application of protectant-
therapeutant fungicides has to be precisely timed, systemic fungicides
have a long residual action and permit their application on extended

rounds.

6.1. PERFORMANCE OF INORGANIC PROTECTANT FUNGICIDES

The 1inorganic protectant fungicide formulations evaluated were
essentlally based on copper. They were tried as ammoniacal copper
polymer formulation, cuprous oxide, ready to use bordeaux mixtures.
Additionally, some of the copper oxychloride formulations were

evaluated. The results of effective compounds are presented and

discussed.

6.1.1. Ammoniacal copper polymer formulation

A fungicide formulation containing 15 per cent metallic copper as

ammoniacal copper polymer received under the brand name Cobox L,

was evaluated for two years.

81
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6.1.1.1. In the first year Cobox L. was tried in combination
with nickel\chloride. Spray treatments were put out with a pressure

reteining knapsack sprayer.

The level of blister blight {infection (Table 14) could be
brought down by Increasing the dosage of Cobox L, The rate of
nickel chloride was kept constant at 210g per hectare irrespective
of the quantity of Cobox L tested. Cobox L at the highest dose
{750m1) with nickel chloride provided disease control which was
marginally superior to the standard, copper + nickel treatment,
The difference, however, was statistically insignificant. Among the
other treatments, Cobox L at 500ml also offered good control. The
increase In iInfection levels with the addition of Triton A.E. as

a spray adjuvant, is inexplicable.

6.1.1.2. In the following year Cobox L was tested alone, in order
to assess its efficacy. The treatments were imposed with a pressure

retaining knapsack sprayer.

Disease control (Table 15} was poor when the product was
used alone; thus, it looks that it can be used only in combination

with nickel chloride and not singly.
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6.1.2. Evaluation of cuprous oxide formulations
\

In many field experiments in earlier years, cuprous oxide was found
to offer good control of blister blight; in some instances, this
product was found to be even superior to copper oxychloride.
However, due to various problems encountered in manufacture and
storage, this product subsequently became unavallable. Recently,
cuprous oxide has been evaluated again, as it appeared to be

available in the market.

6.1.2.1. In the first investigation, plain cuprous oxide, which
was not a fungicide formulation, was tested singly and in combination
with nickel chloride. Fungicide sprays were put out with an air-

blast sprayer (mist blower}.

Disease incidence (Table 16) exceeded the economic threshold
of 35 per cent, when copper oxychloride, nickel chioride and cuprous
oxide were used alone. There was no significant difference between
cuprous oxide and copper oxychloride when used in combination

with nickel chloride.

6.1.2.2. A wettable powder formulation of cuprous oxide containing
50 per cent as metallic copper was received for evaluation. Fungicide

treatments were imposed with a pressure retaining knapsack sprayer.



88

(s0°0 = d) as1

6°¢

g°ag - pajoajoadufl 10I3U0D
S TE L/S Tmog + 800z + 8007 AV U0l + 8plIoIpP
182IN + epriofyos4xo Jeddo)d
5°g¢ L 1mog + 800% gy UOILIL + 8pLIo[y2Axo Jeddo)
£°6¢ L Twoe + 8082 gV UOJLIL + OpTIoTyD [8XIIN
1°2¢ L woe + 800z + 800 HY UOILIL
+ OpLIOTYD (89N + SPpTXo snoadn)
9°g¢ L Tmoe + 8ooT + 8007 gy UOILIL
+ OpLIOTYD TeyIIN + ©pIXe snoadn)
0°2v L 1moe + 800% gV uo1Tdl + 8pIXo snoadn)

% shAep

eaueproul TeAJajul ey/eiey juswiesJ L
1uBr1q J91sT1d Aeadg

asees]p 3y8Ilq Je1sjrq isurede epixo snoidn)y ‘9T e[qel



87

Cuprous oxide {(Table 17) at 210g in combination with 210
of nickel ghloride per hectare was significantly superior to copper
oxychloride plus nickel chloride at the same rate. In the other
treatments, though not significantly different, cuprous oxide was

superior to copper oxychloride.

6.1.2.3. COMPARATIVE EFFICACY OF CUPROUS OXIDE AND COPPER

OXYCHLORIDE : A study was carrlied out in which
the wofficacy of cuprous oxide was comparsd at egual rates with
copper oxychloride. Cuprous oxide was tested alone and in
combination with nickel chloride and compared with copper
oxychloride used similarly. The fungicide treatments were applied
with a pressure retaining knapsack sprayer. The treatment intervals
were put out at five-day intervals during the south-west and at
seven-days in the north-east monsoon seasons. A non-ionic wetting
agent (0.05%) was added to all the treatments to improve the tenacity.
The results in Table 18 represent the per cent infection, average

of 23 weekly assessments carried out between July and December.

Cuprous oxide at 210g in combination with 210g of nickel
chloride per hectare was significantly superior to copper oxychloride
at the same rate. Both cuprous oxide and copper oxychloride were
ineffective when uséd alone. Amongst the other treatments, cuprous

oxide was superior to copper oxychloride, but not significantly

80.
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8.1.3. Rfticacy of ready to wuse (Instant) Hordeaux mixture

rog'nulatims

Three formulations, each differing 1in metallic copper content, of
ready to use ({instant) Bordeaux mixture were evaluated. The test

formulations were applied with a mist blower.

None of the Bordeaux mixture formulations (Table 1%) provided
adequate control of the disease. Possibly, the copper quantity in

these products at the rates tested might not have been sufficient.

6.1.4. Comparison of various copper oxychloride formulations

The efficacy of three copper oxychloride formulations was investigated
in a field experiment during the north-east monsoon season. Fungicide

formulations were applied with a pressure retaining knapsack sprayer.

All the three copper formulations, when tested in combination
with nickel chloride, were comparable (Table 20) and the differences

between them were not significant.

6.1.5. Performance of organic fungicides with protectant/therapeutant

action

Of the many organic fungicides and their formulations evaluated,

only a few offered satisfactory control. The efficacy of two chemical
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formulations, chlorothalonil (Daconil 2787 75% WP and Safeguard

75% WP) and dithianon (Delan 75% WP) are discussed here.

6.1.5.1. EVALUATION OF CHLOROTHALONIL AND DITHIANON : The
eofficacy of chlorothaloni]l and dithianon was investigsted durng the
north-east monsoon season. Spray applications were 1imposed with
a pressure retaining knapsack sprayer. Blister blight incidence
was less than the level of economic threshold (3% per cent) under
both chlorothalonil and the standard, copper + nicksel treated plots,
in all the months from September to December (Table 21); in the
latter treatment, infection was low in August also. There was no
significant difference between chlorothalonil and the standard
treatments in October, November and December, wherein the former
(chlorothalonil) offered superior control to the standard in October
and December and exceeded only marginally in November. The
performance of dithlanon was satisfactory only in October, November
and December during which the infectlon levels were below the
economic threshold. There was no significant difference between

dithianon and the standard in October and December.

6.1.5.2, As the performance of chlorothalonil was encouraging
it was further evaluated in lsrge blocks. The size of the block
was one hectare and the treatments were imposed with a mist blower.
Comparison was _made with the standard copper + nickel treatment

imposed In the adjoining block of one hectare.
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In all the assessments blister blight incidence was less in
the chloroth\alonil treated plots, than the standard combination

(Table 22).

6.1.5.3. In one of the fileld investigations, a recently developed
formulation of chlorothalonil (Safeguard 75 WP) was evaluated against

blister blight disease. Spray applications were put out with a mist

blower.

During the south-west monsoon the disease 1incidence was
significantly higher under all the chlorothalonil treatments compared
to that under the standard treatment. However, during the north-
east monsoon, the product at 500 and 600g, sprayed at 7-day
intervals, provided significantly superior disease control. At 7-day
Intervals, combination of chlorothalonil at 300g and copper oxychloride
at 210g per heptare offered better control than the former sprayed
alone at 400g. When the spray interval was extended to 14 days,

chlorothalonil falled to control the disease satisfactorily (Table 23).

6.2, ANTISPORULANT ACTION OF SYSTEMIC FUNGICIDES

The antisporulant action of tridemorph and pyracarbolid was

investigated on potted tea plants in the laboratory.
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6.2.1. Antisporulant action of tridemorph
N

The quantitative assessment of antisporulant action of the systemic
fungicide tridemorph was undertaken by applying the fungicide onto
the potted plants of the clone TES-34. In one batch the lower leaves
on the shoot were treated with 0.1 per cent tridemorph and the
upper two leaves were dusted with freshly harvested basidiospores
of E. vexans. Treatment with the fungicide was done (a) five days
prior to inoculation {b) at the time of inoculation end {c) at the
Stage-4 of lesion development of the pathogen. In another, the
systemic fungicide was applied on artificially induced blister lesions
(a) when they had just appeared (b) at the Stage-3 and (c) the
Stage-4 of the lesion development. The results are presented in

Tables 24 and 25.

When the fungicide was treated five days prior to inoculation
with the pathogen, the lesions developed, though were greatly reduced
in size, still produced some spores. No spores were produced when
the fungicide treatment was carried out simultaneously at the time
of inoculation and at the Stage-4 of the lesion devélopment. The

lesions turned waxy (Figs. 38 and 39) and aborted (Table 24).

It was observed (Table 25) that when the fungicide was applied
directly on the incipient lesions, they failed to sporulate and

aborted. The same treatment at the Stage-3 of the blister lesion



FIG. 38. ANTISPORULENT ACTION OF TRIDEMORPH

FIG. 39. BLISTER LESIONS ABORTED FOLLOWING TREATMENT
WITH TRIDEMORPH
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gave similar results, although a few spores were ejected from the
fungicide painted lesion. Treatment at the Stage-4 considerably
inhibited sporulstion, the total number counted in a 24-hour period

being a mere 2828 compared to 1,390,692 under the untreated control.

6.2.2. Antisporulant action of pyracarbolid

The antisporulant action of pyracarbolid was investigated. Potted
plants of the susceptible clone were inoculated with the pathogen
and the lesions which developed following inoculation were treated
at various stages of their development, with 0.1 per cent

concentrations of the product containing 15 per cent pyracarbolid

It was observed that the treated lesions at all the three
stages of development failed to produce any spores. The lesions

turned waxy and aborted subsequently (Table 26).

6.3. SYSTEMIC FUNGICIDES AND MITE PESTS

In casual observations it was noticed that the plots treated with
systemic fungicides to control blister blight during the disease
season appeared to have a low incidence of mite pests in the dry
weather that ensued. A critical study was undertaken to quantify
the occurrence of mite pests In the plots treated with systemic

fungicides.

‘s' ’ ~)'

e E)DH?
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6.3.1. Mites in plots treated with pyracarbolid

\
Incidence of pink and purple mites, two ubiquitous mite pests wna
studied in the dry weather, for two years iIn plots treated with
pyracarbolid for controlling blister blight. The mlite population
was compared with that obtained In copper oxychloride treated

plots.

In the first year (Table 27}, both pink and purple mites
were considerably low in plots which were sprayed with
pyracarbolid, compared to copper oxychloride where the build up
was enormous. In the second year, both the types of mites, were

legs in pyracarbolid plots, than copper oxychloride.
6.3.2. Mites in plots treated with tridemorph

Mite population was quantified for four years, Iin the dry season
in plots, where tridemorph was sprayed earlier to control blister
blight disease. Here again, the mite bulld up was compared with

thatb in copper oxychloride treated plots.

In the first year, mites were twice more in copper oxychloride
treated plots than those sprayed with tridemorph (Table 28). In
the second and third years of study, enormous mite build up was

recorded under copper treatment which was about six and four times
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more than that of tridemorph. In the fourth year of the study,

also, the mites were thrice more under copper oxychloride treatment

than tridemorph,

It was interesting to see that in all the years of observation
in pyracarbolid, tridemorph and copper oxychloride treated plots,

the number of pink mites greatly outnumbered the purple mites.
6.4. STUDIES ON THE INTERACTION OF DOSAGE AND SPRAY INTERVAL

Copper oxychloride at three dosage rates, nickel chloride at two
rates and a combination of two at three rates were tested at six
different treatment intervals from June to November. The fungicide

treatments were Imposed with a pressure retaining knapsack sprayer.

During the very wet monsoon period none of the treatments
gave effective control at seven-day or longer treatment intervals
(Fig. 40), 1inasumuch as the percentage disease incidence (average
of seven assessments) exceeded the critical limit of 35 per cent.
Only under the higher rates of copper oxychloride and nickel chloride
in combination was disease incldence on 11-day spraying rounds
below 50 per cent, whereas, in all other 11-day treatments it was
above 50. per cent, which is considered to be exceedingly high,
likely to lead to heavy crop loss. Again, only the copper oxychloride

and nickel chloride combination treatments at the three usage rates,
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and nickel chloride alone at 420 g per ha, gave adequate protection
on five day treatment roundq. the three levels of copper fungicide
and the lower dose of nickel chloride being ineffective. In all the
eight treatments under test, blister incidence was below the critical
level of 35 per cent when the spraying intervel was three days;
infection was significantly higher at five day intervals of spray
application in all the treatments, where copper and nickel were

used alone.

The interaction of spraying interval and dosage was highly
significant in all the treatments (Table 29). At 2108 and 4208 per
ha of copper, only at the three-day interval was disease incidence
loyver' than the critical level of 35 per cent in six out of the seven
samplings. At longer spraying intervals, disease incidence was higher
either in six or in all of the seven observations. At the highest
copper rate, infection was always below the critical level at the
three~day treatment interval and in three out of the seven
observations at the flve-day interval. With longer intervals the
disease was above the economic threshold either throughout, or
in six out of the seven observations. The results were very similar
with nickel chloride at both rates of application. In contrast with
the combination of copper and nickel at 210 and 420g each per
hectare, disease incidence was always below the critical level at
the three day spraying interval and at the five day spraying interval

at the higher rate; this was also the case six times out of seven
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Fig. 41. Blister blight incidence during the post south-west
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at 2108 of each compound. The lower dosago, 1058 each rompound,

was satisfactory at the three-day treatment interval only.

During the post S.W.monscon period, at all the levels of
fungicide use, nickel chloride by itself or in combination with copper
oxychloride, gave excellent disease control : even at the longest
treatment interval of 13 days, blister infection (average of six
assessments) was below the economic threshold (Fig. 41). However,
the higher rate of nickel chloride was significantly superior to
the lower rate, at 11- and 13-day spray intervals. In the case
of copper oxychloride, the average of six assessments of disease
incidence was above the critical threshold at the 210g per ha rate
13-day intervals, but all other copper treatments were satisfactory.
Comparison of the data on disease incidence recorded at equal rates
of fungicldes used shows that nickel chloride was always superior
to copper oxychloride. Similarly, the combination of copper-nicke}l

was superlor to copper oxychloride alone.

At 2108 per ha of nickel chloride in the post monsoon period
the dependence of the treatment Interval was significant, but at
4208 per ha the spraying interval was not significant (Table 30).
Similarly, at the two higher 1levels of copper-nickel combination
the dependence of the blister blight infection on the treatment
intervals, with reference to the threshold disease level, was not

significant, but at the lower rate of 105g of each, the interaction
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was significant, On the other hand, at all the three copper
oxychloride rates blister blight incidence, with reference to the
critical threshold value was significantly dependent on the treatment
interval. At 210g per ha only, up to a spraying interval of seven
days, the disease was below the critical level of 35 per cent
throughout, while at the nine-day interval, infection was above
the critical threshold on one occasion, and at 11- and 13-day
intervals, it was higher on three and four occasions, respectively.
At 420 and 8408 per hectare blister blight incidence was over 35

per cent at 13-day interval only.

6.5. STUDIES ON CERTAIN FORMULATIONS OF TRIAZOLES IN DISEASE

CONTROL

Triazoles are a modern group of organic fungicides. They are systemic
and inhibit the synthesis of ergosterol in fungal metabolism,

Ergosterols are essential for fungal growth and reproduction.

Triazoles belong to 14 «a Demethylation inhibitors (DMI),
blocking cytochrome oxidase P-450, the enzyme which hydroxylates
the 14 o -methyl group. Many of the triazoles are systemic in action
and are effective at very low dosage rates. They control, practically
almost all clasaes of fungal pathogens except Peronosporales. A
number of fungicides based on triazoles have been evaluated, the

important amongst which are discussed.



6.5.1. Evaluation of bitertanol

A 25 per cent wettable powder (WP) formulation of bitertanol, a
triazole compound, was critically screened against blister blight

disease.

6.5.1.1. BITERTANOL : EFFECT OF DOSAGE AND SPRAY INTERVAL

ON INFECTION : In a field experiment carried out during
the north-east monsoon, bitertanol {WP) was tried at different rates
at two intervals, in order to identify the right treatment. The
treatments were put out with an air-blast spraying machine. The
data in Table 31 show blister blight infection as an average of

ten weekly assessments.

Bitertanol offered good control of the disease. At 300 and
400g per  Thectare, at seven-day intervals, the infection was
significantly lesg than the standard treatment. When the interval
was extended to 14 days, the infection levels were below the critical
threshold. At 200g per hectare, at seven-day intervals, the disease
incidence was less than the standard but the difference was not
significant. The disease level marginally exceeded the economic
threshold when the interval was extended to 14 days with 200g

of bitertanol per hectars.
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6.5.1.2. COMPARATIVE EFFICACY OF BITERTANOL : The efficacy
of bitertangl (WP) at different rates was compared in a field
investigation carrloed out throughout tho disonse soosone coverod
by both south-west and north-east monsoons. The treatments were
imposed with an air-blast spraying machine. The data in Table
No. 32 represent, Infection level as an average of 21, weekly

assessments carried out from June to Decewmber.

Blister blight infection was significantly lower in plots sprayed
with bitertanol at 200g per hectare than at 1008. However, when
bitertancl at the lower dosage was combined either with copper
or nickel, infection level was comparable to 200g but the difference

was not significant.

6.5.1.3. EVALUATION OF BITERTANOL WITH PROTECTANTS AND

THERAPEUTANTS H Bitertanol (WP) was tested both
aingly and in combination with Inorganic fungicides, namely, copper
oxychloride and nickel chloride, in a field experiment during north-
east monsoon. The treatments were applied with an air-blast mist
spraying machine. The results are presented in Table 33 which
show the disease incidence as an average of five, weekly assessments,

between October and November,

Infection level with bitertanol (200g) marginally exceeded

the standard treatment, but the difference between them was
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insignificant. Combination of bitertanol with copper oxychloride
and nickel\chloride resulted 1in superior control, than bitertanol

used alone.

6.5.1.4. EVALUATION OF AN EMULSIFIABLE FORMULATION OF

BITERTANOL H An emulsifiable formulation (EC) of
bitertanol containing 30 per cent of the active ingredient was
evaluated, during both south-west and north-east monsoons. The
formulation was sprayed with an air-blast spraying machine.
Bitertanol was also evaluated by alternating 1t with copper
oxychloride treatment. The data presented in Table 34 represent

an average of 21, weekly assessments, undertaken between July

and December.

Disease 1incidence in the plots treated with bitertanol in
combination with copper was comparable to the standard treatment;
the degre of infection under both was below the economic threshold.
The combination was superior to bitertanol used alone even at the
highest rate. This 1Indicates the possibility of reduction in the
dosage of bitertancl when combined with copper oxychloride, for
an effective disease control. Bitertanol at 170ml per hectare provided

good blister blight control.

6.5.2.1. STUDIES ON THE EFFICACY OF CYPROCONAZOLE : The

performance of a new emulsifiable formulation containing five per
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cent cyproconazole (Atemi 50 SL.) was evaluated in a field
investigation. The treatments were put out with an air-blast spraying
machine. The data in Table 35 represent an avorage of 18, weekly

assessments.

Cyproconazole at 400ml per hectare, at seven-day intervals,

was significantly superior to all other treatments: this waes followed
by the same at 200ml, which also offered excellent disease control

at seven-day intervals.

There was no significant difference between cyproconazole
at 200ml and its combination, at equal rate, with chlorothalonil
(75WP) sprayed at seven-day intervals. The disease incidence
exceeded the economic threshold level of 35 per cent wher

cyproconazole was sprayed at extended interval of 14 days.

6.5.2.2. DOSAGE PERFQRMANCE OF CYPROCONAZOLE H The dosagt
performance of cyproconazole was assessed in a field investigatio
in the following year. The emulsifiable test formulation was sprayet
with an air-blast spraying machine. The infection data 1in Tabl

36 represent the average of 15, weekly assessments.

Blister blight incidence was significantly lower in plots treate
with 400ml of cyproconazole, at seven-day intervals than the standar

treatment. The disease incidence exceeded the economic threshol
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marginally whon the test fungicide wna sprayod nt 14-day intorvals
at 600ml per hectare, but the difference between this and the
standard treatment was not significant. Application of cyproconazole
in combination with chlorothalonil, at seven-day Iintervals in the
south~-west and 14-day interval during the north-east monsoon resulted
in disease control superlor to the former used alone, at double

the rate.

6.5.3.1. EVALUATION OF HEXACONAZOLE : A new triazole
compound, hexaconazole (Anvil 5 SC), was tested for efficacy at
four different rates, as also in combination with copper and nickel
fungicides at the lowest rate. Fungicldes were applied with a
pressure retaining knapsack sprayer. The Iinvestlgation was carried
out during north-east monsoon, from October to December, The data
in Table 37 represent the average of six, weekly assessments.
Hexaconazole, at the lowest dosage (35ml) was ineffective by itself.
Disease incidence was low at the higher rates, but the differences
between them and the standard treatment were not significant. The
disease control was good when hexaconazole at the lowest rate (35ml)
was combined with copper oxychloride.
6.5.3.2. STUDIES ON THE EFFICACY OF A NEW FORMULATION OF
HEXACONAZOLE : A field trial was carried out to
assess the efficacy of a new formulation of hexaconazole (Contaf

5% EC) during south-west and north-east monsoons. The treatments
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were applied with an air-blast spraying machine. The fungicide
was tested at four rates applied at seven-day intervals during south-
wast and at 14 days 1in north-east mOnNsoon seasons. The data
presented 1in Table 38 represent the average of 18, weekly

assessments,

The lowest rate of disease incidence was recorded in plots
sprayed with hexaconazole, at the highest rate of 400ml per hectare
and the infoction lovel was saignificantly lowor than tho atandard
treatment., At 200ml per hectare, the iInfection was marginally less
than the standard but the difference was not significant, Control

at the lowest dosage (50ml) of hexaconazole was not satisfactory.

6.6. INTEGRATED APPLICATION OF PROTECTANT, THERAPEUTANT

AND SYSTEMIC FUNGICIDES

At some of the systemic fungicides, nemely tridemorph and
pyracarbolid exhibited powerful antisporulant action and also
suppressed the mite populations in dry weather, attempts were
made to develop spray schedules wherein the systemic, protectant
and therapeutant fungicides were sprayed in an integrated schedule.
As pyracarbolid became unavallable, tridemorph was used in the
studies. Of the many experients, only the results of the important

ones are presented.
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6.6.1. Comparison of Integrated schedule with conventional spraying
\
Two large scale field investigations were carried out In two estates
in the Anamallais to assess the performance of the integrated spray
schedule wherein the systemic fungicide tridemorph (180ml per hectare)
was used in the beginning (three rounds) from the middle of May
to the middle of June, then switching over to the protectant copper
oxychloride-nickel chloride (210g each per hectare)} till the middle
of September. From the last wesk of September the treatment was
reverted to tridemorph but at extended intervals (three to four
rounds) till the end of the disease season. An acrylic binder at
500g per hectare was Incorporated into tridemorph treatments. The
infection level was compared with that under continuous copper +
nickel combination throughout the seasons. Fungicildes applications
wore made with an air-blast aparying machine. Each block was
ten hectares; 1000 shoots picked at random from the harvest of
each block at every assessment, were examined individually and
asgessed. The per cent Infection at each assessment is presented

individually in Tables 39 and 40.

Blister blight infection was lower in all the assessments in
the block under the Integrated schedule than the conventional
treatment in one estate (Table 39). In the other estate, on two
out of eight occaslons, blister blight incidence was more In block

under integrated schedule (Table 40).
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6.7. EVALUATION OF ULTRA LOW VOLUME SPRAYING EQUIPMENT
\

A field experiment was carried out to evaluate efficacy, and economy
in the use of two micron sprayers namely, Micron ULVA-8 and Micron
Herbi. The ULV copper fungicide formulation was supplied with
the equipment. Comparison was made with a pressure retaining
knapsack sprayer, covering a single row of bushes on each side.
Apart from the ULV copper formulation, wettable copper oxychloride
was used with all these sprayers for studying the efficacy. Leaf
samples were drawn from a transect marked at the centre of each

plot.

As the ULV copper formulation contained 0.3158 per cent
metallic copper, the quantity of copper put out per hectare with
it was 14.21g. Blister control achieved was poor (Table 41)}. Disease
control using 50 per cent wettable copper at 420g per hectare obtained
with Micron ULVA-8 was superior to that obtained with Micron Herbi,

but both were inferior to that achieved with knapsack spraying

equipment.
6.0. ROLR OF SPRAY ADMIVANTS IN RNHANCING DISHASR CONTROI,
In a fleld experiment the efficacy of two non-lonic wetting agents

was compared. They were incorporated at 0.05 per cent concentration

into copper oxychloride -~ nickel chloride fungicide mixture and
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sprayed with o prossuro retaining knapsack sprayer. Tho data In
Table 42 spow. separately, the average per cent infection of ten

assessments during south-west monsoon and five in north-east monsoon.

Addition of spray adjuvants improved the performance of
fungicides. Blister blight incidence was significantly lower in plots
where Triton AE was used as a spray adjuvant during both south-
west and north-east monsoon seasons, when compared to the treatment
in which no wetting agent was incorporated. However, there was
no significant difference between the efficacy of Triton AE and Snid-

PGN.



CHAPTER - 7

DISEASE CONTROL : EVALUATION OF
ALTERNATIVE CHEMICALS



DISEASE CONTROL : KVALUATION OF ALTHERNATIVE CHEMICALS
N
while studying the physiology of the basidiospors gormination,
it was observed that the basidiospores of the blister blight fungus
germinated readlly at the neutral and alkaline pH and their
germination was greatly inhibited at the acidic pH. This property
was utilised and experiments were conducted to see whether the
disease could be controlled, just by spraying dilute acid water

sprays having a low pH.

7.1. EBFFECT OF DILUTE SOLUTIONS OF NITRIC, SULPHURIC AND

PHOSPHORIC ACIDS ON BLISTER BLIGHT INFECTION

A fleld trial was carrled out to study the effect of dilute solutions
of nitric, sulphuric and phosphoric acids against blister blight
disease. Appropriate guantities of these aclds were diluted in tap
water and individual solutions were prepared maintaining a uniform
pH of 1.3. Acid water solutions were prepared afresh, each time
before spraying. They were sprayed with a hand atomiser 1in a

non-replicated clonal block (TES-34), highly susceptible to blister
blight disease.

Apart from assessment of disease, the harvested leaf in each
treatment was also manufactured in a minl-CTC unit and sent to

professional tasters in Cochin for organcleptic evaluation. The black

133
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tea samples were alsc analysed for thearubigins (TR}, theaflavins
(TF) and high polymerised substances (HPS) by the Tea Technology
Division of \the Tea Research Institute. The data in Table 43 represent
the infection level as an average of ten weekly assessments and

valuation for each treatment as an average of five assessments.

Dally nitric acld sprays offered very good disease control.
In all other treatments, with acid sprays at different spray intervals,
tho Infection was above the level of economic threshold of 35 per
cent., The teas valued by the tasters, under the nitric acid treatment,

were superior in quallty to other treatments.

The biochemical parameters were not affected by any of the
treatments (Table 44). The levels of colouring constituents such
as, TF, TR and HPS and total colour values of teas made from the

treated leaves registered an improvement over untreated control.

As nitric acid performed better than sulphuric and phosphoric

acids, this was selected for further evaluation.
7.2. ROLE OF ACID WATER IN ARRESTING INFECTION BY E. VEXANS
Potted plants. of the susceptible clone TES-34 were used in the

study. In the first serles, the leaves were Inoculated with the

spores of E. vexans; the leaves were treated with dilute nitric
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acld water with a pH of 2.0 following inoculation at 24, 48 and
72 hours,

In the second series, leaves were first treated with acid
water and at 24, 48 and 72 hours following the treatments, were
inoculated with E. vexans. Flve plants were maintained in each

treatment.

Blister blight infection was low when the leaves were treated
with acld water 24 and 48 hours after inoculation (Table 45). Acid
water treatment after 72 hours following inoculation had no effect

and the infection was high.

Similarly, infection was low when the leaves were first treated
with acid water and inoculated 24 hours later with E. vexans (Table
46). Disease incidence was high at 48 and 72 hours treatments

intervals.

7.3. STUDIES ON THE BLISTER BLIGHT CONTROL WITH DILUTE NITRIC

ACID WATER SPRAYS

A field experiment was performed to explore the possibility of
obtaining adequate control of blister blight disease, with dilute

acid water sprays by preventing spore germination.
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Fig. 42. Bar chart showing blister blight infection in dilute
acid sprays (A-E), alkall sprays (F and G) and
unprotected control (H}. Number shown on the top
of each bar represents the spray interval in days
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Aqueous solutions of nitric acid were prepared by adding
3 ml of copcentrated acid in one litre of water (pH 1.3). Similarly,
alkaline a&olutions wore preparod with 0,I1N godium hydroxido lo
give pH of 8.0 and 9.0. These acid and alkall solutions were sprayed
on tea plants, in small non-replicated plots, with a hand atomizer
employing a spray volume of 175 litres per hectare. Acid sprays
were done at one, two, three, filve and seven days, whereas, dilute
alkall sprays were applied dally. The teas manufactured from each

treatment were sent to professional tasters for organoleptic evaluation.

In the Fig. 42, the average disease incidence over the duration
of the experiment, in the seven treatments and the control is
presented. Only with acid spray, sprayed dally, the infection level
was well below the critical threshold 1limit of 35 per cent; in all
other acid spray treatments at Iintervals of two, three, five and
seven days, disease iIncidence was above the critical limit, In alkali
spray treatment at both pH 8.0 and 9.0 tho disense iIncidence was

very high and was on par with untreated control.

Highest valuation was received from teas sprayed with acid
water daily. The valuation was on par at two- and three- day
intervals, while it fell gradually at five- and seven-day spray
intervals. Teas sprayed with dilute alkaline water, were low in

quality, and valued, almost, on par with control (Table 47).
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7.4. EFFECT OF ACID WATER SPRAYS ON QUALITY DURING NON-DISEASE
SBASO{(

Daily sprays of acid water not only controlled blister blight, but
also improved the overall quality of teas. l:iowever. one point needed
clarification - whether the quality improved because of low blister
blight infection, since severely diseased leaves are known to produce
low quality teas. Hence, an experiment was carried out during the
non-disease season between March and May, when the plots were
totally free of blister blight disease. The investigation was taken
up in clonal tea {TES-34). One day before everv plucking, the plots
were sprayed with hand operated 'Akela' sprayer at 175 litres
per hectare, The plots were plucked on the following day and the
black tea samples were manufactured. They were sent to professional
tasters 1In Cochin for organoleptic evaluation. The data {n Table

48 represent an average of ten assessments.

Tea manufactured from leaf sprayed with water containing
nitric acld registered an average Increase of 87 paise per kilogram
over untreated. The 1ncrease was 45 paise in phosphoric acid
treatment. Nitric acid water treatment was superior to all others
and improved ths infusion, colour, strength and quality of teas.

The results, thus, were very Iinterestlng.
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DISCUSSION

Of all the diseases that affect tea in southern India, blister
blight caused by Exobasidium vexans, is the most important and
warrants intensive control measures on extensive scale. Though
reported from north-east India as early as 1868, this disease made
ite appearance all of a sudden, in southern India in 1946 (Subba
Rao, 1946); later it had spread to Sri Lanka ({Tubbs, 1947) and
Indonesia (Reitsma and van Emden, 1950). This disease was reported
to occur in Japan in 1922 (de Wellle, 1959a) and in Taiwan in 1938

(Liau, 1966).

8.1.1. The Pathogen

The weather conditions of the south-west monsoon are highly conducive
and the fungus completes 1its life cycle in a relatively short period
of 11 days. The life cycle may extend up to 2B days during the
fluctuating climatic conditions of the north-east monsoon. Blister
blight appears with the onset of the south-west monsoon, generally
in June, in southern India., The disease is severe from June to
the middle of September. Once the south-west monsoon starts tapering
off, the severity of the disease decreases; again it 1increases from
mid October to early December. Almost all the tea growing areas
in southern India experience severe pressure from disease in November.

Tea tracts in the Anamallais (Coimbatore), and High Wavys (Madural)

144



145

in Tamil Nadu, Central Travancore, High Range, Malabar Wynaad
and Nslliam\pathys in Kerala and Chikmagalur and Hassan in Karmataka
suffer from severe onslaught of the Infection as they are in the
south-west monsoon belt. Areas, namely, the Nilgiris and Nilgiri -
Wynaad which are predominantly in the north-east monsoon zone,
are affected by the disease from October to January and the disease

incidence, excepting in November, is not severe.

3.1.2. Epidemiology

Climatic conditions, namely, temperature, relative humidity and
rainfall are believed to play a cardinal role in influencing the
severity of the disease. Disease incidence was found to increase
under wet and cloudy weather (Visser, et al., 1961). In the present
investigation carried out for six years in southern India, the sunshine
hours, though highly significant, expressed only a mild negative
correlation with the disease incidence (Fig. 29). This could be
due to an important additional factor, viz., the leaf wetness, which

played a decisive role in the severity of the disease.

Venkata Ram (1979) found that an optimum period of 11 hours
of leaf wetness was needed for infection. He observed that at 13
hours, maximum Iinfection occurred; this 18 a conclusive proof that
16 hours is not required for entry to be accomplished under the

most favourable conditions as claimed by Loos (1951). This finding
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is extremely relevant as it explains why blister blight epiphytotics
occur in sauthern India even when the number of sunshine hours
occurring are odverse to tho outbresk of tho disoaso (Vonkata Ram,
1971). Thus the forewarning systems suggested by Homburg (1953],
Van der Knaap (1955), de Wellle (1959a) and Mulder (1961) offered
little success under south Indian conditions. Later studies in Sri
Lanka (Kerr and de Silva, 1969) also confirmed the importance of
leaf wetness., The effect of sunshine after the infection is established
in the 11 to 14 hours period can be the temperature effect. Venkata
Ram (1979) reported that it would take 15 to 17 hours at 30°C
of leaf temperature for the infection to be inhibited in situ. However,
the maximum temperature during the S.W. monsoon in southern India
rarely crosses 23°C and the differences between the maximum and
minimum temperature do not vary much. In the present study a
highly significant and positive correlation was established between
temperature and infection (Fig. 31) when the former was in the

range of 17.5°C and 21°C.

Though wet weather increased severity (Visser et al., 1961)
rainfall was not considered to have a direct relation to blister
blight epiphytotics (de Weille, 195%a). The results of the experiment
presented here were significant but exhibited mild positive correlation

(Fig. 30}.
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The maximum relative humidity (R.H.) In southern India during
the S.W. monsoon was found to range from 95 to 100 per cent which
waa highly conducive for disense dovelopmont. [n a study on tho
impact of minimum R.H. on infection, a significant and positive
correlation was noticed between the two variables (Fig. 32}. Maximum
infection was noticed when the minimum R.H. was between 75 and
85 per cent. Studies in Indonesia revealed that at an average R.H.
of 83 per cent for a period of 20 to 24 days, maximum infection

resulted (Huysmans, 1952).

8.1.3. Damage and Crop loss

Crop loss occurred when the {nfection level crossed 35 per cent.
Similar observation was made by Webster and Park (1956). De Silva
et al. (1972) reported that the effect of the disense was most marked
in the early part of the pruning cycle and diminished towards the
end of the cycle. This may be due to the low level of infection
occurring in their unshaded experimental plots. In the present
investigation a strong negative correlation was recorded between
the spray interval and infection and crop yileld, in all the years
of the pruning cycle; this could be attributed to uniformly high
levels of infection in the experimental blocks (Figs. 25, 26, 27
and 28). Based on the studies, it was concluded that a level of
35 per cent of leaf infection can be considered as the economic

threshold 1limit.
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8.1.4. Host tolerance
\

Certain clones were observed to possess high tolerance to blister
blight disease (Figs. 34 and 37). They were also hardy, high
yielding and produced quality teas. Presently, replanting, replacement
planting, no-tillage replanting and single and block infilling of tea
fields are being done with high ylieldlng, hardy and quality clones.
Disease tolerance of these clones 1s highly desirable as 1t reduces

the overall cost of disease control.

In a study on disease control in clonal tea in Srl Lanka,
de Silva et al. (1974) found that crop loss caused by blister blight
in the clone TRI 2024 was negligible in all tho years of pruning
cycle. They felt that high ylelding clones, even if susceptible,
would grow more rapidly compared to average seedling tea. Any
losses suffered by clonal tea, due to disease in individual harvests,
may be made up quickly resulting in no significant differences in
crops over long periods; this is regardless of whether the disease
was controlled or not, thus, achieving savings on disease control

in clonal tea (de Silva et al., 1974}.

Since the pathogen has a short life cycle, several generations
are completed in a single season. Tea being a perennial plant, there
is every possibility that a highly tolerant clone, may, over a period

of tlme become susceptible to the disease (Venkata Ram, 1961} due
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to the development of biological races of the pathogen. Venkataramani
(1950) suspected the presence of physiological etrains of the pathogen

in southern India.

8.1.5. Disoase control in tea recovering from pruning

Incorporation of low concentrations of agricultural antibiotics to
copper fungicide sprays improved the performance of the latter
in controlling blister blight In tea recovering from pruning (Table
4). Similar results were obtained in Darjeeling (Barua et al., 1978}.
However, Arulpragasam et al. (1982) did not observe any synergistic
effect when the Formulation-3 (Plantomycin) was used in combination

with copper fungicide.

The exact mode of synergism between the antibiotics and copper
against the blister blight pathogen is not well understood.
Streptomycin has been reported to damage the cell membrane as
shown by the leakage of metabolites (Anand and Davis, 1960}. This
would increase the penetration of copper into the fungal spore
resulting In decreased infection. Streptomycin is also known to inhibit
protein synthesis (Hahn et al., 1962). In the studies carried out
in the Peoples' Republic of China, polyoxin at 100 ppm was also
found to be effective in controlling the disease (Tzong-Maochen and

Shin - Funchen, 1982),
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A liquid formulation containing 20 per cent nickel chloride
effectively A controlled blister blight when used in combination with
copper oxychloride (Table 8). Addition of a non-ionic wetting agent
improved disease control further. The overall treatment cost with
this combination was low and the tea industry widely applied this

finding, as it was not only effective but also economical.

As the treatment with protectant-eradicant fungicides had to
be repeated at short intervals, attempts were made to control the
disease 1In tea recovering from pruning using organic fungicides at
extended Intervals, Both chlorothalonil and captafol were disappointing
when the spray interval was extended to five days. However,
tridemorph provided good control in a short term trial; the study

will be contlnued for further confirmattion.

8.1.6. Disease control in tea under plucking

Many fungicides of protectant, eradicant and systemic nature - both
organic and inorganic - were evaluated in tea under plucking to
identify the most effective ones. Earlier work on the efficacy of
the fungicides waa reviewed by Venkata Ram (1964) and Chandra
Mouli (1979b). In the present study it has been found that cuprous
oxide had an edge over copper oxychloride in controlling blister
blight, at the same dosage (Table 18). There was no significant

difference among the three copper oxychloride formulations tested.
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Similar resuits were obtained under conditions in Himachal Pradesh
(Gulati and Satyanarayana, 1989). Bordeaux mixture did not offer
satisfactory control, probably, due to the low copper content of
the formulations (Table 19). Ammoniacal copper formulation was

effective only in combination with nickel chloride (Table 14).

Many organic fungicides with protectant-therapeutant action
were evaluated. Chlorothalonil provided better control than dithianon
(Table 21). Chlorothalonil was more effective than the conventional
copper-nickel treatment {Table 22). Shanmuganathan and Saravanapavan
(1974} observed that chlorothalonil was more effective than cuprous
oxide, but significantly less persistent than the latter due to poor
tenacity. This could be overcome by addition of a suitable wotting

agent during the high monsoon period.

Systemic fungicldes such as tridemorph and pyracarbolid with
long residual activity permitted their application on extended rounds:
thus, they provided considerable advantage over the protectant-
eradicant, copper-nickel fungicides which had to be applied at
short Intervals. These fungicides were powerful antisporulants and
the treated blister lesions produced a very low mamber of
basidiospores (Tables 24, 25 and 26). Both pyracarbolid and
tridemorph suppressed the mite pests in the following dry weather

(Table 27 and 28). Tridemorph was reported earlier also to possess

acaricidal action on tea mites (Chandrasekaran, 1980). Pyracarbolid




Integrated spraying schedule

Fig. 43.
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provided good control of the disease {Venkata Ram, 1975;
Satyanarayang et al., 1975; Shanmuganathan and Saravanapavan,
1978) but the product became unavailablo to tho growors for

commerclal use.

An integrated spray schedule based on critical field
experimentation under varioua agroclimatic zones of southern India,
has been evolved to combat blister blight economically. In this
schedule the systemic fungiclde, tridemorph, 1is recommended in
the beglnning of the disease season followed by the protectant~
therapeutant, copper-nickel combination, during the south-west monsoon
and finally, reverting to systemic tridemorph during the north-east
monsoon, till the end of the disease season. As a consequence,
only 27 spraying rounds are needed as agalnst 34 rounds of
conventional copper + nickel treatments (Flg. 43). Thus, there will
be a saving of seven rounds of fungicide application effecting a
reduction of Rs.409.66 per hectare per season at the present input
costs. Furthermore, fields sprayed with Integrated schedule registered
a substantial crop increase ranging from eight to ten per cent over
the conventional treatment (Chandra Moull, 1979a), making the

schedule more lucrative.

There was a rapid degradation of Calixin in the samples which
were processed at one, seven and 15 days after spraying. The residue

levels sharply .declined from 1.89 ppm at one day after spraying
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to 0.11 ppm at 15 days after spraying, which was well within safe

human consumption limits (Venkata Ram and Chandra Mouli, 1976 b).
N\

The exact mode of action of morpholenes, to which tridemorph
belongs 1s not well understood. Although the inhibition of sterol
biosynthesis seems to be established, uncertainities about the precise
site of iInhibition still exist. The most recent report suggest that
tridemorph inhibits at two different sites to different degrees (Koller
and Scheinpflug, 1987). As morpholenes are not cross-resistant to
sterol demethylation inhibitors (Butter et al., 1984), reports that
sugrest the possibility of cross-resistance in the field are
questionable (Hippe and Koller, 1986). Development of resistance

to morpholenes has not been reported so far.

Introduction or organic fungicides based on triazoles opened
new vistas in blister blight control. These fungicides with a low
active ingredient, were effect even at low dosage rates. Bitertanol
provided good control of the disease In the present study confirming

the earlier reports (Arulpragasam et al., 19Y87; Sudirman, 1987).

The overall treatment cost with bitertanol was more than the
conventional copper + nickel fungicide sprays, due to the high cost
of the former. However, the overall economics tilted in favour of
bitertanol as the treatment with this resulted in an increase of

the crop by 14.3 per cent over the conventional treatment (Chandra
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Mouli, unpublished data). The dosage of bitertanol could be reduced
from 200g to 100g per hectare when used as a tank mix with copper

oxychloride (Table 32).

Oof the other triazoles, hexaconazole and cyproconazole also
offered good disease control (Tables 35, 36, 37 and 38). Good disease
control has been obtained in Sri Lanka with  hexaconazole and
propiconazole and suitable recommendations have been made to the

tea industry, there (Anonymous, 1968).

Though copper fungicide formulationa contain inort ingrodionts
such as fillers and surfactants, addition of non-ionic wetting agent
to the copper + nickel sprays significantly impraved the performance
of the fungicide mixture during the monsoon season, by improving

the tenacity (Table 42).

8.1.7. Effect of alternative chemicals

As the germination of the basidiospore of the blister blight pathogen
was inhibited at the acidic pH range (Fig. 33), effort was made
to control the disease by precluding spore germination on the tea
leaf surface. This was attempted by foliar application of dilute
nitric acld water (0.3%) at daily, two-, three-, five- and seven~
day spray Intervals. Dramatic disease control was achleved by

daily application of nitric acld water. The treatments were not



phytotoxic and tho quality of tho tons hns nlso tmprovod. The
teas from \acid water treatment were valuated at a price higher
than untreated ono (Tablo 47). Cloughlioy and 1i1lis (1980) rocordod
an increase in the content of theaflavins and reduction in the levels
of thearublijins by adjusting the pH of the fermenting tea leaf to
a pH of 4.5 to 4.8 by sprays of 0.2 M of orthophosphoric acid.
In an investigation on the effect of acld sprays, an 1improvement
in total liquor colour constituents in made tea over untreated control

was recorded (Table 44).

Tea industry would considerably benefit by adopting certain

important findings presented and discussed in this thesis.
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SUMMARY

\
Bllster blight disease is a serious leaf disemse problem in

tea cultivation in southern India.

The pathogen Exobas{dium vexans, the causative fungus of this
disease completes its life cycle in a short period of 11-28 days.
Both the south-west and north-east monsoon seasons, provide conducive
climatic conditions for the pathogen to develop rapidly and cause

epiphytotics.

Sunshine and infection were negatively correlated and increased
sunshine lowered the i{nfection. The minimum temperature during
disease season, comprising both the S.W. and N.E. monsoon seasons,
in southern India, in a six year study, was found to range from
14.4 to 19.7°C. Disease intensity increased as the minimum temperature
increased showing a positive correlation. The minimum relative
humidity (R.H.) also had a positive correlation with the infection.
Monthly rainfall exhibited a positive correlation with disease
incidence wupto 1000mm. There was no direct relationship between
the rainfall and infection when the former was more than 1000mm

and above.

Crop loss occurred as the infection increased. There was

a strong negative correlation existed botween por cent infection

156
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and crop yleld in all the four years of the pruning cycle. When
the infection level crossed 35 per cont crop yield suddenly dropped,

indicating this mark as the critical threshold limit.

Twelve clones released by the UPASI Tea Research Inatitute
and four by the commercial tea gardens were studied for their
tolerance to blister blight. Among the highly tolerant clones UPASI-15
had the highest level of tolerance, followed by UPASI-6, -10 and
-2 in the decreasing order of tolerance. Of the moderately tolerant
clones UPASI-18 had the lowest level of infection and this was
followed by UPASI-3, -1 and -22. Four clones were found to be

susceptible. Of them, UPASI-9 had less infection than UPASI-4,
=7 and -12.

SA-6 had the least Infection among the four clones released

by the commercial tea gardens. AK-1 was also found to be highly

tolerant.

Addition of low concentrations of agricultural antibiotics to
copper fungicide spray fluld resulted in superior blister blight
control to the latter used alone in tea recovering from pruning.
All these antibiotic formulations were mixtures of streptomycin either
with tetracycline or oxytetracycline. They were effective at 100ppm
concentration in combination with copper fungicide. The dosage of

copper fungicide could be reduced by combining it with antibiotics.
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A ligquid formulation, with low nickel chloride content, when
used in combjination with copper fungicide, controlled blister blight
better than copper alone in tea recovering from pruning. The

combination treatment was also economical.

Tea recovering from pruning warranted protective fungicide
treatment at short spray intervals of three days. Disease control
was unsatisfactory, when spray interval was extended beyond three

days.

Extensive studies were undertaken in tea under plucking, to
identify the most effective fungicide treatment which was also
economical. Ammoniacal copper polymer formulations had to be used
only in combination with nickel chloride as they were ineffective
when used alone. Cuprous oxide performed better than copper
oxychloride at the same usage rate. The three brands of copper
oxychloride were found to be equally effective. 0Of the organic

protectant/therapeutant fungicides, chlorothalonil was better than

dithianon.

Systemic fungicides, such as, tridemorph and pyracarbolid
exhibited powerful antisporulant action and the blister lesions treated
with these fungicides aborted with a very low production of
basidiosporas. Application of these fungicides in blister blight
season also reduced the mite population in the non-disease dry

season that ensued.
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An 1integrated spraying schedule was designed, in which the
systemic tridemorph was applied at the beginning of the season
to harness its antisporulant activity, then swltching over to the
protectant/therapeutant copper-nickel combination at, close intervals
during the heavy monsoon season and reverting to tridemorph during
the last part of the disease s3ason to achieve the added benefit

of mite reduction in the dry season.

This schedule was more effectlve and economical than the
conventional copper-nickel treatment and the tea industry in southern

India adapted it to its advantage.

Critical studies on the interaction of fungicides dosage and
spray Interval, clearly Iindicated, that shorter spray intervals of
five days were raquired during the monsoon season to combat blister
blight effectively wlth copper and nickel fungicides. A combination
of copper oxychloride and nickel chloride was superior to either
of the fungicides, used alone. The ideal dosage of copper oxychloride
and nickel chloride was 210 grams each per hectare. Addition of
non-ionic adjuvants at 0.05 per cent concentration, to copper-nickel
fungicide spray fluid, during the monsoon, provided superior disease
control to the fungicide without these adjuvants. Teia industry adopted

this finding immediately to achieve better control of the disease.
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Performance of triazoles in controlling blister blight was

Xtremely goo\d. These fungicides, nimely, bitertanol, cyproconazole

1d hexaconazole had low active ingredient and wore effective at

' dosage. Combination of lower quantities of triazoles with copper

tychloride provided better disease control than the former used

one at higher rates. The residus levels of bitertanol, in tea,

ve besn worked out and sgome of the tea estates in southern India

ve already started using this product for blister blight control,

Dramatic disease control was achieved by spraying very dilute

ric acid water. However, dally sprays with acid water were

essary to keep the Infection levels below the economic threshold
3ls. Surprisingly, acid water treatment improved liquor characters

overall quality of teas and werse valued at a higher rate.

The findings presented in this thesis, have led to better

rstanding of the blister blight disease, evolve more effective

~0l methods and halp the tea Industry in managing the disgase

tively and economically.
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