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CHAPTIR 1

INTRODUCTION

Dolichog lablgb Linn, commonly known as field bean or
avare in kannade is an important pulse and vegetsble erop of
Kernataka state. It is usually grown as s mixed crop with ragi
(Bleugine corscapng (linn.) Gaertn, end as a pure erop around
cities. During 1975-7¢ it covered an area of 62,711 ha in
Karnateka with the production of 12,765 tonnes (Source :
Bureau of economics end statistics, Karnaiska state). The
seeds are rich in protein (24.9%) and cerbohydrate (60.1%)

( monymous, 1952). Hence in the recent years considersble
attention ip teing peid towerds the development of high
ylelding varietics of this crop.

Several fungal pathogens are known to infect this crop.
Of these leaf spot csused by Septoris dolichi Berk, amd Curt.
is of wmajor importemce. The literature available on this
digease is mostly confined to the description of the pathogen'
and symptomatology. Information on aspects relating to the
fungel metabolism end 1ife history is lacking. Hence en
attempt hes been mmede to study the aspects enumerated below:

1. Morphological characters snd host parasite
relationship.

2. Culturgl, nutritionel and physiologicel studies.

3%« Spore germination studies.



4, Disease incidence apd development.

5. Post-infectional changes in the host,
6. Host range of the pathogen.

7. Perpetuation of the funguse in nature,

8, Chemical eontrol.

The above studies were conducted during 1977=78, w.
Agriculturel College, Bangalore. The results of the investi-
gation are presented in the following pages.
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CHAPTER II

REVIEW OF LITERATURE

Various species of the genus Sentoria attack a number
of plante belonging to different femilies, TLeaf spot caused
by Septorie dolichi is one of the important diseases of avare.
This disease was regarded as of minor importance, since the
severity on locul Grop was low and &vare wae of minor impor-
tance, However, with the in*roduction of high yielding
varieties and hybrides the disease problems on this erop have

also assumed importance,

Except for & brief repert on the occurrence of the
disease, no information is available either on the pathogen,
S. dolichi or on the disease it causes. In view of this, all
the relevent informetion having direct or indirect bearing
on the problem investigeted here, has been reviewed in the

following pages.

Morphology of the fungus

Septorie dolichi was first reported hy Berkeley end
Curtis (Saccardo, 1884). According to them, the spores are
40 -/u. long and triseptete., McRae was the first to report
this pathogen from India in 1909 (Sydow H and P and Butler,
1966). 4ccording to Chona and Munjal (1956) 8. dolichi
has spores 28 to 40 um (mostly 32 to 35 pm) x 2.5 pum.



Growth on different media

Growth and culturael characteristics of a funpus such
as colony diameter (dry myceliesl weight) topography, sporula-
tion etec., depend on nutrition provided by the medium, TLiters
ture on various Septoria epp. indicates that this fungus can
be cultured well on non-synthetic media indicating ite re-

Quirement for several nutrients.

Septoria lycopersici Speg. growe well on potato dex-
trose agar (Sohi and Sokhi, 1973), host extrect (Patil, 1977)
end on sterilised tomato leaves (Endrinel and Celine, 1940).
Malt ager and celery extract agar sunport good growth of
Septoria apiigreveolentis Dorogin. (Kochmen and Fubicka, 1962),
Weber (1922a, 1922b, 1923) found poteto dextrose ager (PDA)
as good medium for Septorie nodorum Berk., 8. tritiei Deem.,
S. secalis Prill. and Del., S. passerini Sacc., S. agropyri Ell.
énd Lv. and 5. avente srenk., Onion and potato media are found
to support good growth of S. tritiei (Arsenjevie, 1965),
According to Luthre et al. (1937) S. nodorum grows well on
oatmeal agar and wheat leaf decoction agar while,S, tritiei
grows well on onion agar, Munjal end Gautem (1977) observed
maximum growth of S. humuli West. on modified Czapeck's medium.

Utilization of carbon sources

Fungi exhibit carbon heterotrophy and obtain their

carbon requirement from various organic sources, Although



generalization regerding carbon sources 2re lacking, glucose
is said to be the most efficient source of carbon and energy
for most of the fungi (Cochreme, 1958; Bilgremi end Verme,
1978).

Sohi end Sokhi (1973) found glucose, sucrose and
maltose a2 good carbon sources for the growth of Septori
lycopersiei while glycerine wes found to support least growth.
Saccharose has been found to support good growth of §. fritiei
(Arsenjevic, 1966). Septoria humuli grows well on mannose,
sucrose, and glucose followed by maltose, while glyecerol
supporte least growth (Munjal and Gautam, 1977).

fgetate and citrate form of carbon source is not uti-
1lized by Chytridium spp. and Pythiogeton &p. (as cited in
Cochrene, 1958). Seversl streins of Piricularie oryzae Cav.
are also known to méke no growth with sodium citrete and
sodium acetate &s carbon sources (Otsuke K et al,, 1963).

Utilization of nitrogen sources

Nitrogen is an important constituent of proteins &nd
mucleiec acids. No single pattern of nitrogen assimilation
ecan be descridbed to apnly to 211 fungi. Nitrates are exce-
llent sources of nitrogen for meny fungi (Lilly end Bamett,
1951), Potessium nitrate is smperior over other forms of
nitrete such as calcium nitrate, sodium nitrate and ammonium

nitrate for a large number of fungi imperfecti (Tandon, 1967;



Mix, 1933; Suryanarayenan, 1958). Howev:r, ammonium sulphate
and ammoniun chloride are gene:ally inferior to ammonium
nitrate in their nutritive value (Bilgremi and Verma, 1978),
Amino acids are usually good sources of nitrogen for fungi.

Munjal end Gautem (1977) recorded optimum growth of
S. humli on ammonium nitrate, sodium nitrete and urea.
Parther, casein hydrolysate end proline gave bhetter growth
as compéred tc other 135 amino &acides., However &spartic and
glutamic acide also supported good growth., Sohi and Sokhi
(1973) found asparagine and urea &s best nitrogem sources
for S. lycopersicl while they observed no growth in the
medium, containing either asparatic 2c¢id or glutamic acid
as nitrogen source, Asparagine, glycine and ammonium tarta-
rate have been found to sypport good growth of S, tritiel
(Apsenjeric, 196¢).

Effect of pH on growth

Hydrogen-ion concentration hés & direct effect on the
vhysiology of fungus. IEnzyme systems, metal solubilities,
entry of essential vitamins, surface metabolic reactions,
upteke of minerals and emtry of organic acids into the cell
are all governed by pH (Cochrane, 1958)., The literature
available suggests that the optimum pH for growth of varioue
Septorie spp. varies from 5.6 to 8.4.

Septorie lycopersicli can grow over @& wide range of pH
from 4.0 %0 8,5 with optimum 28 6.0 for growth and 6.0 to 6.5



for sporul2tion (Sohi and Sokhi, 1973). According to Patil
(1977) it grows over a pH renge of 3.5 to 8.7 with 6.5 as
optimum for growth. He observed excellent sporulation bet-
ween 6.0 and 6.9, However indrinel and Celino (1940) have
noticed good growth of 8. lycopersici between & pH renge
of 5.6 to 8.4.

Septoria tritici growe well between & pH range of 4.6
to - 6.0, while 8. nodorum grows well at a verr wide range
of pH from 3.0 to 8.3 (Luthra et al., 1937). Weber (1922a
and 1922b), notod 6.2 as the ootimum pH for the growth of
8. avenae end good growth of S. tritici between a2 pH renge
of 3.8 to 8.0 while both the fungi could grew over & range
of pH from 2,5 to 9.2.

sﬂ'toria humuli ean grow over a wide range of pH from
4.0 %o 9.0 with &an optimum of 6.0 for growth and 5.5 for
sporuletion (Munjal emd Gewsem, 1977). '

Zemperawre reguirements

Temperature affects growth, Spore gemination, repro-
duction anc indeed all activities of the organiem, The litera-
ture availabl e ind ‘.eutos' that the optimum tempereature for growth
of Septoria spp. reanges from 18 to 28°C,

The optimum temperature for growth and sporulation of
S. lycopersici is 25°C, Turther 1t grows and sporulates



poorly &t 10°C and 35°C (Patil, 1977). Sohi and Sokhi (1973)
glso found 25°C to be the optimum tempereture for growth and
20 %o 28¢°C, for sporulation. They found 10°C and 28 to 30°C
as ninimum and meximum temperaturesfor growth, respectively.
According to Pritchard and Porte (1924), 25°C is optisum for
growth and sporulation of S. lycopersici. They found 2°C

and 34.5°C as minimum and meximum temperetures for growth
regpectively. Corresponding fipures for sporulation were
15°C and 27¢C. £. nodorum hes an optimum temperature recuire-
ment of 25¢C (Luthre et 2l., 1937), However, Weber (1922)
states that, it ranges from 20 to 24°C with 4°C and 32°C

a8 minimum and mexioum temp exratures, respectively.

The optimum temperature for growth of S. tritici rangee
from 20 to 26°C with 2°C as minimum and 36°C as meaximim tempe-
ratures for growth (Weber, 1922v), Arsenjevic (1965) reported
22 to 26°C as optirum temperature for the growth of 8. tritiel
while Luthra et 8l. (1937) found it to be 25°C. The minimum,
optimum and maximum temperatures for growth of 5. avenae are
2°C, 20 to 25°C and 32°C, respectively (Weber, 1922a), Accord-
ing to Munjel end Geutem (1977) S. humuli grows over a wide
range of temperature from 5°C to 35°C with 20 to 25°C as best
for growth and sporulation. Murther, lese growth wes recorded
at 30°C and 5°C and least at 35°C,

Effect of light on growth amnd spormulation

Light {8 absolutely required for the formation of

various types of reproductive organs in certain species of



fungi (Cochrane, 1958), Richards (1951) observed that
cultures of 5. nodorum kept in continuous darkness failed

to sporulate while he recorded abundant sporulation in
cultures under contimuous light of atleast 100 ft cendles,
Septoria lycopersici produced greater number of cirri

under constant illumination or alternate light and darkness
cycles then in constent darkness (Yurozewe end Balmer, 1975).

Spore germination studies

Spores are the prinecipal agents of dispersal of
fungi, Consequently any consideration of ecology or of the
spread of economically important fungi will have to take into
account the spore gemination. HNutritional dependance of
spore geminction is very well demonstrated in several fungi
(Cochrane, 1958). According to Patil (1977) epores of
Septoria lycopersici germinate well in leaf decoction while
less in tap water. Spores of §. Sritiei germinete repidly
in vheat 1e&f decoction (TLuthre et el., 1937). However, it
has been observed thet both S. iritici end S. nodorum
germinate well in water (Shipton et al., 1971).

Temperature has got profound influence on spore germiné-
tion., Literature on this indicates that optirum temperature
for spore germination of severel Septorie rpp, varies from
11.5°C to 27¢C.

The optimum tempereture for spore germination of
Septoriae passerini hes been found to be 20 to 24°C (Green and



Dickson, 1957). Iuthra et al, (1937) found 20¢C as the
optimum temperature for spore gemination of 5. tritiei,
with the maximum renging between 25 to 30°C and minimum
below 5°C. However, Weber (1922b) found 22 %o 26°C, 2 to
3eC and 32¢C as optimum, minimum énd maximum temperature
respectively for spore gemmination of 8, fritici. Accord-
ing to Choma and Munjel (1952) spores of S. nodorum germi-
nate well between 20 to 22°C and do not germi mte either »
below 12°C or &bove 30°C, Further, Weber (1922b) reported
20°C as best temperature for spore germination of S. nodorum.
The minfmum, optimum end maximum temperatures for spore
germination of S. lyeopersici are 3°C, 25°C and 30°C, res-
pectively (Sohi and Sokhi, 1973). However, Macheil (1950)
observed optirmum germination of spores of this funpue at
temperetures between 21 to 29°C with no germination at 31e0,
The optimum temperature for spore germination of S. apii

smd S.eppiigraveolentis has been found to be 17 to 27°C and
11.5 to 25.5°C, respectively(Cochren, 1932). Schnieder (1959)
reported 0 to 1°C as minimum temperature for spore germinée
tion of both 5. obesa and S, chrysenthemella Sace., while
maximum a8 31°C for the former and 32°C for the latter. Opti-
mun temperature for spore germination of S. avenae renges
between 20 to 24°C and no germineétion occurs above 36°C. At
4°C germination is prolonged (Weber, 1922a),

Availeble water 18 one of the primery determinents of
spore germinftion., Most of the fungi reuire 2 high relative
humidity (RH) for spore germination with the well known



exception of powdery mildews. Sheriden (1968) observed spore
germination of Septoris apiicola at 96.8 per cent and above,
but nct 8t 96 per cent RH. The minimum relative humidity
requirements for spore germination of 5. gbesa and

S. chrysanthemella are 92 per cent and 91 per cemt, res-
pectively (Schnieder, 1959).

Lffect of oil on fungus

Various types of oil héve been shown to control several
plant diseases and to inhibit meny phytopathogenic fungi.
The effect of oil on sporulation, gemmiretion and stomatol
penetration by lfycosphaerells musjicola is in dispute. There
is general agreement that oll has & therepeutic action after
the fungus penetireics into thie 1@f or during early sumptom
formation. In Septoria leaf spot of celery there is evidence
for two modes of oil action: (1) drastie lowering of sporuletion,
and (2) an inhibition of infection or of eymptoms, However,
no further details ere available (Vilson, 1961). Calpouzos
(1966) who has reviewed & literature on oils feels that oil
sprays may shiit the physioclogy oi leai tissue which might

result © 'in diseage resistence.,

Conditions favouring infection &nd disease development

Envirmmental faectors, particulerly temperature,
humidity and rainfall heve significant effect on infection

and development of disease,



MacNeil (1950) found that a minimum of 48 hre 100 per
cent RH 18 required for germination and penetratior of tomete
leaves by Septoria lycopersici. It has been ghserved that
severe damage by this fungus occurs in the parts of U.S5.A,,
in & temperature belt of 23°C to 25.5°C (Pritcherd and Porte,
1924). According to Endrinel end Celino (1940), it is more
destructive under humid conditions. A tempepature of 20 to
25°C with 75.6 to 92.9 per cent RH were congineel for the
disease development (Sohi and Sokhi, 1969). However they
found no correlation between the disease ingidence, RHand
reinfell, lw temperainre playadd B medor »)e 2 Jlsesse
development. S. lycoversici spreads widely Guring wet
weather but checked by & period of prolonge§ dry weath er
(Reed, 1911).

aArsenjevic (1965) found that reiny weather, eerly
sowing and high doses of fertilizers favour the infeetion of
vheat by S. tritiei. Turther, 2 minimum of 20 hrs high
hunidity at 12°C is required for infection (Holmes and
Colhoun, 1974). Studies under controlled cpnditions and in
field by Scharen (1964) indicete that oneet of infection by
Septorie nodorum on new leaves and heads of ywheat, depends
upon (&) rein and wind with epleshing water droplets to re-
lease and distribute spores and (b) a subseguent humié period
~of atleast 48 hrs during which gemination, penetration and
successful establishment of the fungue occur, However,

Holmes and Colhoun (1974) cleim that only 3 hrs high humidity



at 12¢C 1s sufficient for S. nodorum to attack wheat
planti.

Septoria passerini develope more rapidly on barley
between 2 temperature remge of 20 to 24°C (Green end Dicksonm,

1957). Buddin epnd vakefield (1924) observed that Septoria sp.
attacking antirrhinum is favoured by cool and moist weather.

Mode of penetration

Septoria spp. enter their hoste either direetly or
through stometa or both.

The entry of Septoria lycopersici has been found to be
by direct penetration as recorded by Patil (1977) @né Chupp

(1925) while Endrinal end Celino (1940) cbserved only sto=-
matal penetration of S. lycopersiei. Sohi and Sokhi (1973)
180 support the latter view. The entry of 5. nodorum and

lo tritici has been found %o be by direct penetration (Weber,
1922a, 1922b), while Arsenjevie (1965) has reported the entry
of S. tritiecl to be chiefly stomatal., 8. apii enters celery
leaves either through stometa or more commonly through the
epidermal cells (Campenile, 1926), Green &nd Dickson (1957
report the penetretion of 5. passerini to be meinly thragh
stomata, However they also found evidence fur penetration
between the epidermal cells, Septoria glycines Hemmi. enters
soybean leaves thr aigh stomata (Wolf, 1926), Corey (1962)
observed definite penetrations of stometa by S. linicolaipeg.)
Gar,, and noted apparent direct penetration also.
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Hil‘lmtholon

Pathogenic fungi induce severel histologic changes in
their host. Cunninghem (1928) while studying the histologi-
eal chenges induced by certain leef spotting Tungl observed
meny chaenges due to infection, In the 1lesions produced by
Septorie conspicus Fllet.tMart. on Steironema ciliatuma (Limm.)
Raf., the diseased portion was comparatively thinner then the
healthy ticsues of the leaf, In holonecrotic area, the
epidermel cells had collapsed., Palisade mesophyll cells and
spongy perenchyme were completely filled with demse grapular
substance. In the lesions produced by Septoria &pii on
celery, cells were killed with the ir contents disappearing
and the walls collapsed. The necrosis shaded off gradually

{nto healthy tissues without the apnearance of 2 cork
cambium,

Green and Dickson (1957) while working with Septoria
passerini on Barley observed sparse intercellular hyphae
without haustoria in the leaves, which incited necrosis of
mesophyll cells, but did not normelly ettack other tissues
of the leaves, Thickening of the cell walls in cantatt with
hyphae was observed, Further shrinkage of cell contents
without intercellular deposite wes also observed which they
suspected to be due to loss of water by the cells as the

disease progressed.



Remification of leaf tissue by the fungus Septorie
1inicola with collapsing of mesophyll cells. The mesophyll
cells were apparently weekened in advance of the funpus as
some collepsed oceyond the margins of the infected area,

S. linicole after entering into the host leaf reinfed the
tissue and mesophyll cells collapsed, Fursher, mesophyll
celle in advance of the funpus were apparently weakened,
At the margins of the infected &area, the mycelium was
frequently &ppressed to the cells of host, but no haustoria
or intra-cellular mycelium was observed (Corey, 1962),

Post=infec changes in the hos

beverel chénges in the host are induced by the patho-
gens after infection.

Changes in phenol contents:

Phenolic compounds have been implicsted in many functions
of plent. They play a role in defemse reactions (Pridhem,
1960) and 1in wound healing (Samuel, 1927 and ¥asuge, 1969).

Chengee in phenol metabolism appears to be & common
phenomenon in the diseased plante, Increase in total phenol
content hes been observed in wheat leaves iniected with stem
rust (¥irely, 1962), Raghunathan et 81, (1966) observed an
increase in phenol content of fruit peels of banana socn
after infection by Gloeosporium musarum Cke.. A steep
increase of phenols in citrus plents infected by Xanthomonas
citri (Hasse.) Dowson has been reported by Kishore and Chand(1975).



Chenges in amino nitrogen:

The content of amino nitrogen is indicative of the
soluble nitrogen stetue of the plant tissme., Thus &n in-
erease in it8 content might indicate 2 rapid degradation of
proteins or @ syntheeis of aminc acids.

McCombe and Winstead (1964) ohbserved decreased in
levels of @amino acids except -alanine, twe days after
infection of cucumber fruite by Pythium aphenidermatum (Fdsm.)
Fritz.. Then the concentration increased by the 4th day
after inoculation, They attributed this increase %o proteoly~
eis of existing tiscue proteins or synthesis of amino acids
by the fungus. =Raghunathen et al. (1966), noticed an increase
in concentration of 9 amiro acids in banane fruit coat soon
after inoculation with Gloeosporium musarum but declined
after 120 hrs.

Perpetuation of the pathogen

There i8 considerable variation in the longevity of
Septoria spp. in culture &as well 28 in the diseased leaves,

Septoriea lyecopersici can survive upto seven months in
diseased leaves under laboratory conditions (Patil, 1977),

atleast upto six months on dried infected leaves (Tndrinal
and Celino, 1940). 8Sohi and Sokhi (1973) found it to over
winter in the soil under the conditions preveiling at 'Solan’

on host debris, §. nodorum c¢on survive for more than 18



months in the form of spores (wober, 192?\)) while S, tritied
can survive for 10 monthe on wheat leaves., Mande and Shuring
(1970) found the survivel period of S. épiicola on diseased
celery debrie in soil to be upto 9 months,

Chemical control

In-vitro eveluation of icides:

Responee of & fungus to different fungicides varies.
In-vitro evaluation of fungicides provides & rapid end easiest
technigue of sereening funglicides, Theee resulte need to be
confirmed under field conditions, Patil (1977) found thirem
ag the beet fungicide followed Ly Bavistin and Captan against

8. lycopersiei in-vitro.
Field evaluation of fungicides:

Remlts obtained by various workers suggest thet no
single fungicide is effective agrinst all the Sepforia spp.

Excellent control was obtained by captafol against
8. apiicola, while Senomyl and Bavistin gave poor remmlts
(Wilson, 1974). Nine years date from Omtario Agriculwurel
experimentel farm indicated thet only Bordcaux mixture could
control §. apii (Anonymous, 1922). Difclatan wos found to
be the best emong five fungicides tested in controlling
fruit spots of grapes caused by Septoria spp. (Fouget and
Gonzales (1976). whetzel (1922) got good control of 8.
lycopersici with “ordesux mixture with the addition of fish



oil soap, Sohi end Sokhi (1970) also obtained best control
with Bordeaux mixture 4:4:50 end Dithane Z-78 (0.2%). They
have recommended weekly sprays of Dithane Z<78 for effective
control of the disease considering the economices of spraying
and yield of crop. Miller and Lin (1954) while reviewing th
literature on the efficacy of fungicides in the control of
certain gencre of plant pathogenic fungl observed that coppe
fungicides were better tham the organic comnounds against

several Septoria spp.



MATERIAL AND METHODS



CHAPTER III

MATERIAYL AND METHODS

Collection solat and tenanc

The funpue was isolated from the direesed leaves of
Dolichos lableb, collected from the experimentel fields of
Main Research Station, Hebual, Bangalore during May 1977.
The funpus was isolated on potato dextrose agar (PDA) by the
common tissue isolation technicue by disinfecting the leaf
bite containing diseased portion in sodium hypochlorite for
two minmutes, After washing the bits in eterile water for
several times, they were transferred on to slants containing
PDA. In order to eliminate the possible contemination of
fast growing seéprophytee the slants showing fungal growth
during first 6 days were discaried and the remeining were
retained with regular observetions. The growth obtained in
such PDA slants were taken for artifieial inoculation after
observing them under light microscope and confiming their
identity as Septoria spp.,. The growth on PDA slants was
crushed into fine suspension end this suspension wae auto-
mized on to the leaves of avare, previously weshed with
sterile distilled water, All the plants were kept in humid
cheamber end observations were méde regularly. When the
leaves showed typical disease symptoms, they were collected
end the spore suspension was obtained by keeping them in
sterile water to which 2 pinch of streptomycin was edded.



A drop oif this spore suspension wus placed on one per cent
water agar in petridishes and epread ueing & bent glase rod.
The isolated single spore wae marked and using & cork borer
it wes lifted and transferred on to & petridiesh containing
PPA. Out of several such isolations, only one was selected
and multiplied, discarding the others, The funme wes trens-
ferred to several PDA slants which were kept in refrigeretor
at 4°C, after considerable growth wés observed. This culture
was used in all the studies and the fungus was renewed by
subculturing once in two months,

Glesswares and chemicals

In all experiments on growth studies only acid weashed
Corning glasswares and Analar grade BDH, Oxoid and Difco

chemicals were used .

Sterlisation

All the media and glasswares were sterilised by auto-
claving for 15 minutes at 15 psi unlese otherwise stated,

Method of inoculetion

A1l the 1licuid media were inoculated as follows:

A disc of 0.5 mm diemeter was taken using cork borer
from the edge oif actively growing culture. The lump wes pla-
ced in 5 ml sterile distilled weater and crushed into & fine

suspension. This was used as & sptandard inoculum. Inoculatins



were done by diluting suitably and 0.2 ml of the suspension
was added to each flesk using sterile one ml pipette.

Petridishes containing solid media were inoculated

using an inoculation needle with & loop of 3 diameter.

Measurement of growth

In all studies on licuid media the growth was measured
by taking dry myeelial weight. This was done as follows.

Myceliel growth was harvested in 9 om Whatmen No, 42
filter paper dises which were previously dried 2t 60°C and
weighed to & constani weight. The dry weighte were taken
after harvesting the myceliam and drying in heot air oven a%
60°C for 48 hours,

In etudies on solid media colony diemeter weas measured,
Preparation of different media

The composition and method of prepareation of media
used in the studies are given below. Most of the media were
prepared by following the procedure given by Tuite (1969)
and Riker end Riker (1936).

1. Potato dextrose agar:

Peeled potatoes 200 g
Dextrose 20 g
Agar agar 20 g

Distilled water 11



2.

3

4o

Richards' medium:

Potassium nitrate (KNOBJ

Potassium dihydrogen phosphate
(KH,P0, )

Magnesiunm sulphate (ngso4-vnzo)
Ferric chloride (re015-6n20)
Sucrose

Agar agar

Distilled water

Modified Cox's medium:
Magnesium sulphate (ngso4-vnzo)

Potassium dihydrogen phosphate
(KH,P0, )

Aspargine (04H8R203n20)
Glucose

Agar agar
Distilled water

Leonian medium:

Peptone
Maltose

10 g

58
2.5 g
0.02 g
50.00 g
20.00 g

0.75 g

1.25 g
2.00 g
2.00 g
20.00 g
1 1

0.625 g
6.25 g

Potassium dihycrogemphosphate (KHgPO,) 1.25 g

. Malt extract

Magnesium sulphate (ngso‘7nzo)

Agar agar
Distilled water

6.25 g
0.625 g

20.0 g
1 1



5. Agthane and Hawker's medium:

Glucose 5.00 g
Potassium nitrase (KNOB) _ 3.50 g
Potacsium dthy rogen phosphate
(xH,P0,) 1.75 ¢
Mammesium sulphete (Mgs."i4 .7H20) 0.75 g
Agar egar B 15.00 g
Disti{lled water . 1.00 1
6. Sahouraud dextrone agars
Dextrose : 40.00 g
Peptone ' 10.00 g
Agar agar - - 20,00 g
Dissilled water 1.001
7. Host leaf exirect agar: o
Avare green leaves (D. lablab) 300 g
Agar agar L - 20 g
Wager : 11

The leaves were boiled for 30 min. &nd then streined
throupgh cheese cloth, Volume was made upto one litre and

agar was added.,

8. Avare (g. lablab) pod extre&ct ager:

#yare green podse 60 g
Agar agar 20 g
“ Water 11



Pods were cut into pieces and boiled for 15 min., and

then strained through cheese cloth. Volume was mede upto

one litre and agar was added.

9. Avare seed (D. leblab) extract agar:

Avare seeds

Agar agar
Distilled water

60 g
20 g
11

Seede were boiled for 15 min, amd strained through

cheese cloth., Volume was mede up to one litre and agar wes

added.

10, Tochinai's medium:

Potassium nitrate (KNO,)

Sucrose

Magneeium sulphate (MgS0,.THy0)
Potassium dihydrogen phosphate
(x1,P0, )

Potassium monohydrogen phosphate
Ferriec chloride

Agar agar

Dietilled water

2 g
30 g
0.1 g

0.5 g
0.5 g
Trece

20.0 g

1.01

11, A mixture of le~f extract, seed extract, and PDA

in equel pronortions,



Morphologicel studies

Morphology of the fungus in culture ag well &s in the
hoet was studied, Fifteen days old growth on PDA was used.
Length and breadth measurements of comidia, pyenidia and
hyphae were taken using caliberated ocular micrometer. Number

of septa in a conidium were 2lso noted.

Growth of the funpus in different solid media

Fleven different solid media described above were pre-
pared and 20 ml of each medium was poured into a 3 inches
petriplate and the fungus was inoculated. All the petriplates
were incubated at room temperature. After 30 daye the colony
diemeter wee measured and other cultural cheracteristics such
as sporulation, eolour and topogréphy of colony, ete,, were
recorded. The results obtained were statistically analysed.

Growth phese of the fungus

Growsh phage cf the fungus was studied in potato dex-
trose broth. Ten ml of PDB wae &dded to 50 ml conicel flasks
and sterilised, All the flaske were inoculeted and incubeted
at 25 ¢ 1°C. The harvest of mycelial growth wes mede on 8th
day and subsecuent harvests were done at 5 days interval,
with five replications, 1In each case dry mycelisl weishte
were recorded. The exneriment was contimped unto 43rd day
only since the last two consecutive dry weights showed reduc-

tion in myeelial dry weight,



Growth of the funrus in diferent licuid media

Ten different liquid media viz,, potato dextrose
broth, Tochina’s medium, Asthane end Hawker med{ium, modi-
fied Cox's medium, Richarde' medium, Leonien medium, pod
extrzct, Sabouraud dextrose melium, seed extract, and leaf

extrect, were prepared as described previaisly.

Twentyfive ml of each medium w&e poured into 100 ml
conical flaske and replicated thrice. All the flaske were
inoculated and incubated at 25 4 1°C. After 30 days, the

growth was harvested &and dry mycelial weights were recorded
Futritional studies

Utilization of differemt carbon sources:

The utilization of different carbon sources by Septoria
dolichi was stucied in Tochinai's medium., Ten carbon sources
viz., dextrin, plucose, plyecerol, lactose, mannitol, rhammose,
sodium acetate, sodium citrate, escluble starch and esucrose
were tried. The quantity of each carbon compound to be added
wrg determined on the basic of their moleculrr weights so as
to provide equivalent amount of cerbon as wes provided by 30 g
sucrose in the Tochinai's medium, Twenty ml of eich ecarbem
source containing basal medium was added to & 50 ml conical
flask and replicated five times. All th. flasks &€long with

the medium were sterilised for 10 min. at 10 1b pressure,



The flazsks were inoculated with the fungus and incubated at
25 4 1°C, After 30 days incubation, growth was harvested
and dry mycelial weights were recorded.

Ustiligation of different nitrogen sources:

The utilization of ten different nitrogen sources vis.,
agparagine, asparatic acid, ammonium nitrate, ammonium sul-
phate, @lanine, glutamic acid, lyeine, potassium nitrate,
proline and tryptophtn, wes studied i{n Tochinai's medium,
The cuentity of each nitrogen compound to be added was
determined on the basis of {te moleculur weight so &8s %o
provide equivalent quantity of nitrogen &s provided by 2 g
of potacefum nit-ate i{n Tochinai's medfum. The quentity of
carbon provided by each orgenic nitrorsen source wee deter-
mined and accordingly the guality of sucrose was reduced.
Twenty ml of each nitroren compound containing basal medium
was poured into 100 ml flaske and replicated four times,
All flaske were sterilised, inoculated witn the fungus and
incubeted at 25 4 1°C, After 30 days incubation, growth was
hervested and dry mycelial weights were recorded.

Physiological studies
Effect of pH on growth of the fungus:

Effect of hydrogen-ion concentration on the growth of
Septoria dolichi wee studied in Tochinei's medium. Citric
acid and phosphate bu‘fers at different pH levels were



prepared as per the schedule given by Vogel (1953), which
18 given under apnendix. One hundred ml of tuffer at 12
different levels viz., 2.4, 3.0, 3.6, 4.0, 4.6, 5.0, 5.6,
6.0, 6.6, 7.0, 7.6 and 8.0 were used. The ingredients of
the medium were weighed for 1800 ml of the medium and dis=-
solved in 600 ml distilled water. Fifty ml of this was
trensferred to 250 ml conical flaske eontaining 100 ml of
buffers, Twentyfive ml of this mixture weas dispensed into
gix, 100 ml conical flaske and autocleved., After autoclav.
ing, only five flasks in each treatment were inoculated with
the funpus end were incubated at 25 4 1°C. After 30 days
the growth was harvested and dry mycelial weights were
reco:ded, The pH of the medium after sterilisation was
noted using the sixth flask,

Tﬂer'!! ‘ure studies:

Saboureud dextrose agar was used for studying the
temperature requirements of S. dolichi. Eight temneratures
viz., 0, 5, 10, 15, 20, 25, %0 and 35°C were tried,

Twenty ml of sterilized Sabouraud dextrose agar was
poured into each 3 inches petriplates, After solidifica-
tion of the medium, the fungus was inoculated and incubated
at different temperetures and was replicated three times.
After 20 days the colony diameter wes meesured and observe-

tions on sporulation were taken.



Effect of 1ight on prowth and sporuletion

The effect of 1light on sporulation of S. dolichi in
culture was studied on Sabourtud dextrose agar, About 15 ml
of sterilised Saboureud dextrose agar weg poured into 3 {nches
petriplates and were inoculeted with the fungus. All the ino-
culeted petridishes were incubated &t roon tempertture and
exposed to different durations of light viz., 24 hrs expo-
sure to light, 12 hrs light, and 12 hrs darkness, and complete
darkness, After 20 days the colony dieameter was measured and

observation on sporulation was recorded.

Spore germinetion studies

"Hanging drop" method was employed in the studies on
spore germination. A drop of spore suspeneion wes placed on
& clean coverslip, which wae inverted end pleced over a
cavity slide. The edge: of coverslip were sealed using
vageline, The slides were placed in petridishes lined with

moistened absorbant cotton.

(a) Spore germinetion in different medin:

The germinftion of spores was etudied in different
media viz,, host extract, sucrose solution (1%), glucose
solution (1%), distilled water and tap water. Host extract
wés prepared by boiling 10 g of avare leaves in 100 ml
water for 10 min, and then straining through a cheese cloth.

All the slides were kept at room temperature and germmination



counts were teken after 24 and 48 hrs. Percentage gerni-
nation was celculated by counting the germinated and un-
germinated spores in 5 microscopiec fields per slide for
three replications,

(b) Spore germination at different temperatures:

Spore germinetion at different temperetures viz., 0,
5, 10, 15, 20, 25, 30 and 35°C was studied in host extract.
The percentage germination was recorded as above after

48 hrs.

(e¢) Spore gemination at different reletive humidities:

Spore suspension (104/n1) was prepared i{n host extract
and 2 loopful of this was placed on & clean cover glass and
allowed to dry completely. Then these cover glasses were
placed in closed containers, kept &% 25 4+ 1°C meintaining
di{7ferent relative humidities, After 48 hrs a smell drop
of lactophenol was placed on each cover glass, which was
inverted over & slicde, The germination counte were taken

and per cent germination was recorded.

The different levels of relative humidity (RH) were
maintained by using following saturated salt soclutions
(Winston and Bates, 1960). |



81, Reletive
- Saturated solution humidity (%)

1. Potassium dichromate '+ 98,0
2. Potassium dihydrogen phosphatse 96.0

3. Potassium nitrate 92,5
4, Zine sulphete 83.5
5. Potassium chloride 85.0
6. Sodium chloride 75.5

Water was used to create 100 per cent relative humidity,

Effect of relative humidity on infection

In this experiment pot cultured 30 days old HA-3
plante were used. The leaves of each plant were inoculsted
with the spore suspension (10‘/131) using an automizer till
few drone of suspension fell from the 1leaf, The nlents
were covered with polythene hags to provide 100 per cent
R, At an interval of 6 hre the polythene bags were removed
and the process was continued upto 48 hre.In each case three
plants were used, After 8 days the plants were regularly

observed for symptoms.

Disease development

In this experiment 3 x 3 lll2 plots were selected and
sown with Hebbel avare-3 (Ha-~3) at an interval of 15 days,



Following observations were recorded at fortnishtly interval,
Ten plants in each plot were selected randomly, numbered and
tagged, Number of leaves per plant and number of diseased
leavee were counted and noted, Tach diseased leaf was numb-
ered end tagged, Severity of infection/disease on each
leaflet of the diseased leaf was also recorded. Severity
wag recorded, based on the disease intemsity charts, which
were prepared after several observations of the diseased
leaves and calculating the dieseased area per leaf using
graph sheets.

Temperature, RH and rainfall data for the period were
collected from Metereologicael observatory, Main Research
Station, University of Agricultural Sciences, “ebbal,
Bangalore,

e ol tio

Mode of penetretion of 8. dolichi was studied by using
the method of Diemer (1955). Thirty days old avare plants
were seleccted and circles of about 5 mm diemeter were marked
using Indian ink on upper surface of leaves and a loopful
of spore suspention of 10‘ concentration was placed inside
the circle on the leaf. It was allowed to cry and then
plants were transferred to humid chember. At &n interval
of 24 hrs the marked leaves were plucked and the portion
enclosed by the circle were cut and placed in a mixture



containing equal parts of glacitl acetic aecid and 95 per cent
ethyl alechol. After two days, the bits were transferred to
75 to 80 per cent lactic ecid. After 4 days each bit wes
pleced on & seperate slide in & drop of 0.1 per cent cofton
tlue in laectophenol with the marked sqrfaee upwards, After
5 min., the excess was removed and clear lactonhenol was
added, A coverslip was placed on the bit and observed un’er

1ight microscope.

Histopathological and histochemical studies

Histopatholopgical and histochemieal studies were mide
ueing the healthy, stage~I (Plate 2a) and stage-II (Plate 2¢)
laaf bits.

ation and dehydration:

The leaf bits ( 10 x 3 mm) were killed and fixed in
Carnoy's B fixative (6 parts ethyl alechol + 3 parts of chloro-
form + 1 part of acestic acid), They were later washed in 80
per cent alechol for 15 min., and subjected to dehydration

using absolute aleohol - butanol grades at 3:1 and 1:1 propor-
tions and then treated with pure butanol, twice,.

Ticsue infiltration and embedding:

The materiels were transferrefl from the medium of pure
butanol to small viale end chips of peraffin were added succes-

sively until the medium reached & sasuration puint at the



room temnerature and later under the teble lemp (40 watts),
Finally, the materials were given 5 to 6 changes with the
molten pure paraffin in the oven at 60°C, thus replacing the
last traces of butenol with parafifin. The materials were
then embedded iu paruiiin employing paper bout method.

Microtoming:

Seriel microtome sections of 8 A thickners were

obtained using A,), spencer microtome,

Affixing. the sections %o slides:

Gelatin (0.2 per cent) with @ 1ivtle potaseium dichro-
m2te was used as an adhesive.. Xylol wes used %o Geparaffi-
nise the sections. Then the slides were passed through the
solutions butanol and then ethanol series successively for
hydration, After staining the sections were dehydrated pass-
ing through ethanol butanol series and mounted in IPX.

Histochemicel staining:

Histochemical assesement was made for insoluble poly-
saccharides, nucleic acids and proteins. Following table
gives the details of the histochemieal procedures adopted

in the present invectipttion,

After staining, the sections were observed under &
1ight microscope, observations were recorded amd photomicro-

graphs were also taken.



Metabolite Lests (from Jensen, 1962) Indication

Ineoluble poly- Periodic acid-Schiff's Test Magenta colour

saccharides (PAS) (Hotchkiss, 1048)
Starch Jodine-Potassium fodide Brownish violet
test (Johansen, 1940) or deep blue
Proteine Mercuric bromophenol blue Deep blue
method (Mazia et 2l., 1953)
Nucleic acide Agur B method (Flax and DliA-greenish
Himes, 1952) RilA=purple or
deep blue
Methyl green-pyronin (MGP) D"A-green or
deep blue
MA-deep
purpie.

Biochemicel changes due to infection

Extraction of the plant sample:

Two grems of the ifresh leal material sampled from both
diceased (about 20% affected) and healthy plents were used
for chemical analyris. Each sample was cut into small bite
and suspended for 5 min. in about 20 ml of 80 per cent boil-
ing ethanol held in a hot water bath, after which 1t was
ground well in a gla-s pestle and mortar for 10 min, and
filtered through cheece cloth (Hadhakrishnen et al., 1955).
The reeidue was re-extracted with @bout 10 ml of 80 per cent
hot ethanol and filtered as described earlier. Both
extracts were pooled and cleared oy filtering through

vhatman Yo, 42 filter paper., The finel volume was reduced



to 5 ml in a flash evaporfitor under reduced presesure at
50°C, thus to represent 0.4 g of plant material (fresh)

by one ml portion of the extract,

Estimation of total phenols:

Totel phenols were estimeted by the method of Bray
end Thorpe (19°4). To one ml of the extract one ml of FCR
eand 2 ml of 20 per cent !Iu.‘,ccl3 were added and heated on &
boiling water bath exactly for one min. The resultant blue
color was diluted to & known volume and read &t 515 nm in
& spectronic-20 (Bausch and Lemb) colorimeter. Appropriate
blanks were prepared using distilled water and necessary
adjustments to 100 per cent transmiscion were made with
this., A standard curve was prepared with catechol., The
gquantity of total plents were expressed as mg/g of fresh

plant material,

Ortho-dihydroxyphenols g 1,0 .Phenols 2:

0:D.Phenols were estimated by the method of Johnson
end Schaal (1957). To one ml of the extract,one ml of
Armow's reapgent, one ml of 0,5 N HCl and 2 ml of one ¥
NeOH were added, The pink colour developed was diluted to
a8 known volume and was read at 5/0 mm in a spectronic 20
colorimeter, OStandard curve was prepared using catechol
end the ouantities of 1.7 ,phenols were expressed i» mg/g

of fresh leaf material.



Eetimation of free amino nitrogen:

Free amino nitrosen was ectimated by the method of
Spies (1957), The =ample (0.5 ml) was placed in & photo-
meter tube, and 1.0 ml of ninhydrin solution was added.
The tube waeg covered with an aluminium cep end the contents
mixed. A rack of tubes was heated for 20 min. in & boiling
water bath, Five ml of diluent was then added to each tube
and the contents mixed. The tubes were wiped, sheken and

transferred to a dry rack. Readings were teken on & speectio-
photometer 2t 570 nm starting 15 min. after the tubes have

been removed from the water bath., Appropriate correction
for plank was made by Zeroing the instrument on the blank
reading obtained. A standard curve wes prepared with

leucine.

Perpetunation of the funpus

Survival of S. dolichi in the diseased leaves and also
in culture was studied, Infected leaves were collected and
stored at room temperature in the laboratory in paper bags
after pressing and drying them properly. At a regular
interval of 15 days survival of the fungus was studied by
keeping the spores collected from these leaves for germina-
tion in host extract.

Culture on PDA elants was stored &t room temperature and
tested for viability at an interval of 15 days by treansferring
a bit of culture on to a fresh PDA slant,



Host rapge studieg

In this study nine commonly cultivated legumes and
tomato, on which Sgptorig leaf spot is severe, were tested
for pathogenicity by S. dolichi.

211:: Common neme Scientific name Variety
1. Cowpea Vigna unguiculats (L.) Walp., C-152
2. [Horse gram Dolichog uniflorug Lem, Hospet 1607
3. Scyheer freine wex {k.) ¥erz, LC 39824
4. Beans Fhegeolug vulgaris R. Pinto
5. Peas Pisum sativum L. sens gample :::ﬁ:npcr-
6, Groundnut Arachig hypogeg L. HG-8
7. Green gram Phgseolus gureusg L. Sheela
8. Black grem Phageolus mungo L. Krishna
9. Tomato Lycopersicon egculentuy Mill. Pusa ruby
10. Tur Cajenus cajan L. HY-3C

Thirty days old potted plants were ipoculated by auto-
mizing the spore suspemeion (105/m1) on to both the surfaces
of leaves. In each case three plants were used and all the
plents were kept in humid chamber, after ipoculation periodie
observations were made upto 30 days after wyhich it was dis-

continued.



Lyvaluztion of fungicides
(e) In-vitro evalustiopn:

In this study, following five fungicides were tested

egainst S. dolighl using polsoned food techrique.

Sl. Concentra~
No. frade neme Chemical neme tion (%)
1. Dithene Z-T& 75 per cent zine ethyleme 0.1, 0.2 and
bisdithiocarbamate 0.3
2. Dithene Me45 Zinc snd Mangsnese salt
of ethylene bisdithiocar-
bamate -(0=
3. Blitox Copper oxychloride -d0-
4. Difolatan N-(1, 1, 2, 2-tetrachloro-
ethyl sulfemyl)-Cis-Le=
Cyclohexene-1, 2-dicarboxi-
mide - 0=
5., Bavistin [~ 2-(Methoxy=-carbomyl) 0.05, 0.1 and
- Benizimimidazole 0.2

The stock solution (10%) of above fungicldes wes pree

pared in sterilised distilled water. Sebouraud's dextrose

ager was prepared in 250 ml flasks. To each flask containe-

ing medium requisite guantity of stoek solution of fumgicide

was plpetted, s0 as to get the required concentrations. The

fungicide was mixéd thoroughly by sBaking the tlask. Then

the medium was poured into 3 inches petriplates. After

golidificetion, the fungue growsing on FLA was cut into

smell dises of 3 mm diameter and placed in the centre of



each petridish aseptically. Petriplates containing only
the medium we ¢ also inoculated. Four replications were
me intained in all the cases. After 20 days of incubation,

the colony dismeter wes measured.

(b) Field evaluation of fungpides

The seme five fungicldes were used in the field to
know their performance under field conditions. All the
fungicides were used at 0.2 per cent concentration except
Bavistin which wes used at 0,05 per cent. Hebbal avare-3
was sown in plots of 3 x 3 l2 in RCBD design with four
replications. The first spray was given when symptoms of
disease appeared in the field emnd the second and third
sprays were given at amn intervel of 15 days. Sevenity five
days old crop was evalusted by teking 10 plants in each
plot =nd observetions were recorded as follows. Total
number of leaves/plent, number of diseesed leaves/plant

and percentege leaf area destroyed per plant.



EXPERIMENTAL RESULTS



CHAPT:R IV

EXPeRIMLNTAL RESULTS

A leaf spot disease of Dolichog lablab caused by
Septorig dolichi was found to be severe in several fields.

Since there was very little information availeble on certain
aspects of the pathogen and disease, studigs were undertaken
which included the following: Iscletion amd pathogenicity,
morphological, cultural, physiological end nutritional studies,
spore germination studies, discase development, histopesthdogy
end histochemistry of diseased lecaves, biochemical changes

in the leaves due to infection, host range, perpetuation of
the patnogen and chemical control., The results obtained are
presented in this chapter.

Morphology of the fungus

Morphological studies of the pathOggn were made both

from culture and ho:st.

from cultures

The mycelium consisted of two types of hyphaej brown
and hyaline. Brown hyphae were thick smd ghort celled. While
hyaiine byphae were thin and long celled, brown hyphae measured
6.30-15.75 pm length x 3.15=5.25 Jam thick breadth, with an
averege of 11,99 x 4.49 Jam. Pyenidia, pyenidisl initials were
mainly mede up of such brown hyphse. Hyaline hyphae were



Plate 1A,

Plate 1B.

Photomicrograph showing spores of
S. dolichi (x 400).

Photomicrographs showing the different
stages in the development of pyenidium
in the host.

a) Aggregation of hyphae below the
Oplde!lil-

b) An advanced stage of aggregation.

¢) Young pyenidium with the host
epidemmis intact.

d) A well developed pyenidium with
spores.

HY

g 4 ¥

Hyphae
Epidermis
Pycnidium

Spores






characteristic of progressing, culture and messured

2.10=3,05 Jam breadth with en aversge of 2.22 A

Conidia measured from 22,31-56,26 pm x 2,06=2,91 fa
with an average of 38,42 x 2.17 /.m.

from hogt:

Conid ia measured from 21.34—62.11/“ x 2.06-2,91 pm
and averaged to 41.46 x 2.11 fam. Number of Septe ranged from
one to five end majority of them (39.8%) were 3 septate
(date 1). Pycnidis which were increased in the host tissue,

measured from 77.5-130.0 pm x 72.5~147.5 pm with an
average of 99,25 x 98,37 /ln.

Symptomgtology

Symptoms were observed on leaves petiole and stem, but
not on pods., On leaves it first appears as small, circular
water soeked spots (Plate 2a). These spots later become
necrotic (Plate 2b). The margin of such necrotic spots will
be of darkbrown in colour while the cemtre will of light brown
to greyish in colour. Later in the centre of the spots black
bodies appear, which are nothing but pyenidla (Plate 2¢).
Colour of the necrotic spots was more comspicuous on upper
surface rather than on the lower surfece., Further pycnidie
were more commonly founé on the upper surface than in lowez
surface. In gevere cases, these spots coalase and produce
blotches resulting in premature yellowing, drying emd finelly
dropping of the leaf,



Plate 2, Differen. steges in the deveIOpment
of eynptoma

a) Appearence of water soaked spots.

b) Neorosis of vwater soaked spota.
¥ote the abaence of dark marging
end the abaence of nycnidia.

¢) Final stége of symptoms, '
Note the durk margin limiting the

spots and numerous pyenidia 4in the
spote.,

“






Similer symptoms were observed on petiole and stem,
but no pyenidia were observed. No symptoms were observed
on pods in field or after artiricial inoculations under

&lasshouse conditions.

dncubation period:

Incubation period ranged from 11 to 18 deys. However
in majority of the ceses symptoms appeared after 14 days.

The reasons for such a long incubatiocn period ere not known,

Spot size end number of pycnidis per gpot:

One hundred spots which appeared to have not coalesed
were measured using a seale with 0.5 mm divisions (Scale
No., M1). The diemeter of spot varied from 1.5 mm to 4.0 mm
aversge to 2.74 mm. BNumber of pycnidia per spot also waried
from 7 to 48,

Srowth of the fungus on different solid medig

This study was conducted to select a best medium for
further studies on solid media, ZEleven different media were
used. The preparation of the media is deseribed under
"Material and Metnods". Twenty ml of each medium was poured
into a sterilised 3 inches petridish and replicated thrice.
All the petridishes were inoculated uniformly with the
fungus and incubeted at 25 4 1°C., After 30 days the radial

growth of the colony wes measured, Other characteristics



Teble.

I

Growth of 5. dolichi on different solid media

81.

Mean colony diameter

Yo. Media (m)
1. Hawaker and Asthana agar 5.66
2. Modified Cox's agar 9.00
3. PDA 13.33
4. Sabouraud dextrose agar 22.33
5. Leonien agayr T7.33
6. Tochinai's agar 11.33
7. Richard's agar 5.00
8., Pod extract agar 4,33
9. Leaf extract agar 13.00

10, Beed extract ager 16 .00
11, Leaf 4 Seed + PDA 13.33

S.Bm. 4+ 1.280

Cp at 5% 2.67
. . . 9.00 11.33 15.00 13.33 13,33 16.00 22.33



Plate 3,

Growth and cultural characteristics of

1.
2,
3e
4o
Se
6.
7.

8.

9.

dolichi on nine differemnt solid media.

Seed extrect agar
Modified Cox'®s medium
Potato dextrose agar
Sabouraud dextrose agar
Leonian agar
Tochinai's agar

Leef 4 Seed + PDA

Leaf extrect ager

Pod extract agar






Table. II

Cultural charaeteristics of S. dolichi on different solid media.

Colour Margin and re-~ Growth and
Lo Medium  of the  action with topo- 81‘,’:{:
. colony the medium graphy
1. Asthapna and Greyish Circular, dark Poor, sli-
Hawker's medium white ghtly
raised +4
2. Modified Cox's VWhitieh Wavy margin, Medium,
agar brown plain e
3. Potato dextrose Oreyish Wayy margin, Good, 8li-
agar dark ghtly
vaiaand L4,
4. Babvouraud de- Greyish VYavy margin, Avundant,
xtrose agar black dark Very much
rajsed +44
5. Leonian agar Whitish Wavy mergin, Poor,
brown rajised +4
6. Tochinai's Greyish Wavy mergin, Medium,
agarp brown plain 4
7. Pod extract Greyish Cireular, Poor,
agar white dark slightly
reised +
8. Leaf extract Greyish Circular, Good,
agar black  medium slightly
dark raised s
9. Seed extract Whitish Circuler, Medium,
agar white pléain 4+
10. Seed + Leaf +  Whitish Vavy, Medium,
PDA with dark slightly
greyish raised 4
centre
11. Richarde' agar VWhitish Circular, Poor plein  ++4
white

Sporuletion: + = Poorj;

++ = Modercte; ++4 = (004} ++44 = Txcellent.



Pigs. I end ITT. Effect of different medi2 on growth of
SQtoga dolgch;.

Pig. 1. So0lid Media

1. Richerds agar

2. Leonian agar

3. Tochinai's agar

4, PDA

5. Seed extract agar

6. Seboureud dextrose agar
7. Leaf 4+ seed + PDA

8, Leaf extract

9. Modified Cox's agar

10, Asthana and Hawker's agar
11. Pod extract

Pig. III. Liquid Media

1. Modified Cox's medium

2. Tochinai's medium

3. Leonian medium

4. Saboureud dextrose medium
5. Seed extract

6. P.D, broth

7. Leaf extract

8., Richerds medium

9. Asthena apd Heawker's medium
10. Pod extract
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of the fungal colony such as rcaction with the medium, margin
of the colony, topogrephy end extent of sporulation were also
recorded., The results are presented in table I and 11 and
Flg. 1.

S dolichi varied in growth on different media. Saboureud
dextrose agar supported maximum growth (22,33 mm) followed by
sced extract agar (16.00 mm);, There was significent difference
between Sabouraud dextrose sgar end the rest of medis tried.
Further there was no significant difference among sced extract
agar,YDA and leaf + seed + PLA, Lepst amount of growth was
recorded in pod extrect (4.33 mm). The growth of §. dolichi

on nine mecia is shown in Plate 3.

Srowth phose of the fungug

Growth phase of the fungus was studied in potato dextrose
broth, The firet harvest of the mycelium wee done on 8th day
end subsequent harvcets were done at 5 days intervels. The

data obtalned is presented in teble 11l end Fig. 11,

It cen be seen that the growth of fungus increased upto
33 days snd thereafter started declining, Hence the maximum
incubation period for all the experiments wae fixed as 30 days.

Growth of ihe fungug in different liguid wmedia

In this study ten differemt liquid media were tried.
The method of preparation is given under "Material end Methods".

Iwentyfive ml 0of each medium was used with three replications.



Table. III

Growth phase of S, dolichi in potato dextrose hroth,

31. Duration Dry mycelial weight
No. (aays) (mes)

1. . . 8 | ‘_ | 8.79

2. 13 | 12.82

3, fa 21.42

4 23 . z1.e8

5. a8 35.40

6. T § 37.00

7. ' ) 34 .80

8. . 4% 30.48




Fig. II. Growth phase of Septoria dolichi.
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All the flosks were inoculated and incubated at 25 + 1°C,
after 30 days, the mycelial growth was harvested and dry
mycelial welghts were recorded., The data wes snalysed
statistically and presented in table 1V and fig, IV,

The extent of growth of the fungus was varying in
different media. The dry myceliel weights differed signi-
ficantly with meximum growth in seed extract followed by
Sebouraud dextrose and potato dextrose broths. No growth
wes observed in pod extract., Growth on Kichards' medium
and Tochinai's medium did not dirfered significently.

Betw en Asthena end Hawker's medium end modified Cox's
medium also, there was no significent difference. While
all other média differed significamtly.

Since there was no growth in pod extract, further
study was made to know the fector inhibiting the growth of
the fungus. The pods of Hebbal avare-3 (Ha-3) are known to
secrete an o0ily substance which gives a peculisr smell to
them. The pods taken from Ha-3 were kept in absolute
alcohol for helf am hour snd later the pods were washed with
tap water and used for preparing extraction, The extraction
was also made from untreated pods. Iwenty ml of seed extract,
untreated pod extract and treated pod extract were transferred
to 100 ml conicel flasks separately end replicated five times.
After sterilisation, all the flasks were inoculated and ine
cubated at 25 +1°C, After 30 deys the dry mycelisl welghts
were recorded. The data obtained is presented in table V.



Table. 1V

Growth of 5. dolichi in different 1iquid media.

}S]‘;l). Med{um Dry myc?;é&)tl weight
1. Asthana and Hawker's medium 15.33

2. Modified Cox's medium 19.33

3. Saboureud dexture medium 73.66

4, P.D, broth 64.66

5. Seed extract 96.33

6. Leaf extract 39.33

7. Pod extractg nil

8. Toohinai'e medinm 2n.93

9. Leonian mediunm 48.66

0. Richards' mcdium 26 .00

§.Em. + 2,979

CDh at 5% 6.27

0.00 T5.33 19.33 26.00 28.33 39.33 48.66 64.66 73.66 96,33



Table. ¥

Growth of 8. dolich{ in treeted and untreated pods' extract,

81.

Mean mycelial dry

No. Medium welght (mg) Sporulation
1. Seed extract 65.3 nil
2. Pod extract (aloohol
treated) 53.2 Good
3. Pod extract (un-
treated) nil nil




There was no growth in the extract obtained from
untreated pods and there was cmsiderable growth of the
fungus in the extract prepared from alcohol treated pods.
Further good sporulation was observed in the extract of
treated pods while there was no sporulation in seed extract
at the end of 30th day.

Nutritiopel studies
Stucles op utiligatiop of different carbon gources:
The utilization of different carbon sources by
S. golichl was studied in Tochinai's medium, The results

of the experiment are presented in table VI and fig. 1V,
The data was analysed statistically.

It cen be seen that the fungus varied in utilize-
tion of di:zferent earbon sources of the ten carbon sources
tried in this study viz., dextrin, glucose, glycerol,
lactose, mannitol, rhemmnose, sodium acetete, sodium citrate,
soluble starch ené sucrose, maximum growth wss recorded on
gluéoso followed by lactose, starch, sucrose and mannitol.
Glycerol esnd rhamnose surported less growth while sodium ace-
tate and sodium citrate supported no growth, However there
was no signiticant difference among glucose, lactose, starch

and sucrose.
Studles op utiligation of different nitrogen gourceg:

The utilization of different nitrogcn sources by

S+ dolicihi wes studied in Tochinai's medium, The rezults
of the experiment are presented in taole VII and fig. V.



Table, VI

Effect of different carbon souroes on growth of S. dolichi.

Bl. Mean myaelirl dry

Ko, Carbon source weisht (me)
1, Glucose | 58.2
2:‘ Lactose | | 57.6
5 Starch . 56.8
4, Sucrose 55.8
5. Mannitol - 52,2
6. Dextrin 43.2
7. Glycerol ' 38.6
8, Rhemnose 33.4
9, Bodium citrete nil

10. Sodium acetate nil

§.Em, + 2.267

Ch at 5% 4.60

. 7- 30 . . 52-2 43-2 38-6 33.4 0-00 0.00



Fig. IV, “ffect of carbon sources on the growth of
Septoria dolichi.
1. Fhamnose
2, Glycerol
3. Mennitol
4. Btarch
5. Gluccse
6. Iactose
7. Sucrose
8, Dextrin
9. Sodium acetate
10, Sodium eitrate
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Table. VII

Effect of different nitrogen sources on growth of S. dolichi

:t‘ Nitrogen source H“:gig:"%:ﬁ dxy
1. Potassium nitrate 76 .50
2 Agparagine 70.25
3. Lysine 62.75
4. Proline 59.75
Se Aumonium nitrate 53.75
€. Aumonium sulphate 52.75
T Tryptophen 48.00
e. Alanine 33.75
9. Asparatic acid nil

10. Glutamic acid nil

S.BEm., - 4.361

CD at 5% 8.94

0.00 0.00 33,75

59.75 62.75 70.25 76.50



Pig. Y. Effect of nitrogen sources on the growth of
Spptoria dolichi. _

1. Alanine

2. Tryptophen

3. Armonium nitrate
4. Lysine

5. Potassjum nitrate
6. Asparagine

7. Proline

8. Anmonium sulphate
9. “spartic acid

10. Glutamic acid
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The fungus showed a good deal of wvariation in utiliz-
ing different nitrogen sources. Among nitrogen compounds
viz., aspartic acid, asparagine, smmonium nitrate, ammonium
sulphate, alenine, glutamic acid, lysine, proline, potassium
nitrate end tryptophan, used in this study, maximum growth
was Obgerved inm the medium containing potassium nitrate as
nitrogen source followed by essparagine snd lysine. However
there was no significant difference between potassium nitrate
and aspargine, No growth was observed in the medium contein-

ing aspartic acld and glutemic acid es nitrogen sources.

Physiologicel studies

Life 0

Growth of S, dolichi at 12 different levels of pH was
studied, in Tochinai's medium. The detailed procedure has
been explained under "Material end Methods". The pH levels
used were 2.5, 3.0, 3.6, 4.1, 4.5, 5.1, 5.6, 5.9, 6.6, 6.9,
7.6 end 7.8{after sterilisation), All the flasks were ino-
culeted with the fungus end incubated at 25 + 1°C for 30
days. Afterwards dry mycelial weight and sporulation were
recorded. The data was statistically enalysed and is
presented in table VIII gnd fig. VI,

The data shows that there was no growth at 2.6, 3.0
end 3.6. Further maximum growth was observed at 6.0 followed

by 6.5 and 5.5. Least growth wes observed at ph 4.0.



Table, VIII

Growth of 8, dolichi at twelve different pH levels.

:%: (after gzeiglgi:tion) ne::ti§¥ ?2::%1.1
1. 2.5 nil
2. 3.0 nil
S 3.6 nil
4. 4.1 6.3
5. 4.5 12.6
6. 5.1 18,3
T 5.6 30.0
8. 6.1 50.3
9. 6.6 44 .6

10. 6.9 33.0

11, 7.6 25.3

12, 7.8 12.3

S.%m. : 2.433

CD at 5% 5.16

w
6.3 12,3 12.6 18.3 25.3 30.0 33.0 44.6 50.3



Fig. VI, Effect of pH on the growth of S, dolichi.

1o 2.5
2. 3.0
3. 3.6
4 4.1
5. 4.5
6. 5.1
7. 5.6
8. 6.1
9. 6.6
10. 6.9
1, 7.6

12. 7.8
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Sporuletion was observed only at pH 4.5 and 5.0 at the time
of harvest. Further there was no significant cifference
between the dry mycelial weights at pH 7.8 and 4.5, 7.6 and
5.6, 5.6 and 6.9, The growth at pH at 6.1 and 6.6 differed
significantly from the remdning.

Srowth of the fupsus at different temperaturg:

The fungus was inoculated on to petridishes containing
Sabouraud dextrose ager ané incubated at 5, 10, 15, 20, 25,
30 end 35°C with four replications. After 25 days the colony
dismeter wes measured end results are presented in table IX

and fig., VII,

There was remerkable effect of temperature on growth
end sporulation of the fungus. Meximum growth and sporula-
tion was recordedlat 25°C, followed by 20°C and 15°C., However,
there was very poor growth and sporulaticn at 10°C and 30°C,.
Further, there was no growth at 5°C emnd 35°C. There was
no significant difference between the growth at 20°C and
25°C, Further no significent difference was observed between
growth at 20°C and 15°C, The growth of $. dolichi at diffe-

rent temperatures is shown in plate 4.
Effect of light on erowth and sporulstion:

Petriplates containing Sabouraud dextrose agar were
inoculated with the fungus and were exposed to different

treatments viz., continuous light, 12 hrs alternate cycle



favle, IX

Growth and sporulation of 5. dolichi &t seven different

temperatures.

S Tmems  Memslew it gomiasen
1. 5 nil -

2. 10 3.75 -

3. 15 10.00 s

4. 20 13.00 +++

5. 25 17.00 e

6. _ 30 3.50 <

7. 35 0.00 -
S .Em., - 8.51 Sporulation: + poor

++ good

CDh at 5% 4.51 +++ excellent

17.00 13.00 10.00 3.75 3.50 0.00 0.00



Fig. VII. Effect of temperature on the growth of

S. dolichi.

1. 5eC
2. 10eC
S 15¢C
4. 20°C
5. 25°C
6. 30°C

Te 35¢C
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Table, X

Effect of 11ght on growth and sporulation of 5. dolichi.

i Mean colony dig- Growth
reatments meter (mm) charnoters Sporulation

Continuous Dark greyish

1light 11.66 growth, raised Excellent
in the centre,

Continuous Vhitish growth,

darkness 11.66 not reised in Poor
the centre.

Alternate 1ight Dark greyish

and darkness 11.33 growth, slightly Good

raised centre.




Plate 4,

Plute S,

Effect of temperature on ghe growih of
§. dolichi.

a) ;?0°0
b) 150
oj 26;0-
a) 25¢C

e) 30¢°C

Effect of llght on the ﬁporulation 01
9. O.Li(-hlo R

1. Exposed to contimuous light,

2. Exposed to alternste light and

darknens,

3, Exposed to continuous darkneces.






of light ané dark and continuous darkmess. After 20 deys
colony diemeter was measured and sporulation wes recorded.

The results are presented in table X and plate 5.

There wes no di:ference in colony diameter among the
different treatments. However, there was signiricent effect
on sporulation., Poor sporulation was observed in the petri-
plates kept in complete darkness while excellent sporulation

was observed in both the remaining treatments.

Spore germination siudies
Lffect of diffcrent medis on gpore germinetion:

The spore germinetion in different media viz., host
extract, glucose solution (1%), sucrose solution (1%), dis-
tilled water and tep water was studied. The percentage
germination recorded in each medium after 24 and 48 hre is
presented in table XI and fig., VIII,

Meximum gexmination wse noticed in host extract followed
by glucose and sucrose solutions., Least germination wes notie
ced in distilled water. In host extract 75.8 per cent and
86.6 per cent germination was recorded after 24 and 48 hrs
respectively. While in distilled water only 5.8 per cent
end 30.7 per cent germinztion was observed after 24 snd 48

hrs, respectively.
&ffect of tempersture on gpore germination:
Spore germination was studied in host extract at

different tempecratures viz,, 0, 5, 10, 15, 20, 25, 30 and



Table. XI

Spore germination of S. dolichi in different media.

gt: Media Germination percentage after
24 hxs, 48 hrs.
1. Host extract 75.8 96 .6
2. Glucose solution (1%) 41.6 81.8
S. Sucrose solution (1%) 20.6 68.0
4, Tap water 12.9 62.2

5e Distilled water 5.8 30.7




Fig. VITI. “ffect of different mediz in spore
germinetion of Septoria dolichi.

1. Nost extract

2. Glucose solution (1%)
3. Sucrose solution (1%)
4. Tap water

5. Dietilled water
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Table. XIX

Spore germination of S, dolichi at different temperatures,

b RS M B

1. 0 nil

2. 5 nil

3. 10 | 9.60
4. 15 24,50
5. 20 78,63
6. 25 92.80
Te 30 32,50

80 35 7.20




Fig. IX, Effect of temperature on spore germination
of Septoria dolichi.

1. 0%
2, 5°¢
3. 10°C
4, 150€
5. 20°C
6. 25°C
7. 30°C
8. 35°C
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35°C, The percentage germination recorded after 48 hrs et
different temperatures is presented 'in table XII and.fig. IX,

Maximum germinetion wes noticed at 25°C followed by 20°C
and 30°C, No germinatiocn wes observed at 0°C and 5°C., At

35°C slight germination was observed.
Effect of relative hupidity on spore germination:

Spore germinetion wes studied at different EH levels
artificially meintained in closed containers using saturated
salt solutions. A drop of spore suspension was placed on a
coverslip and allowed to dry. After wkich they were trans-
ferred to different RH levels. Percentage germination was
recorded after 48, 72, 96 and 120 hrs. The results are
presented in table X11lI,

From the table XIII it cen be seen that spore germina-
tion was maximum at 100 per cent RH, after 48 hrs, slight
emount of germination (2.3%) wes observed at 9& per cent

RH with no germination below 98 per cent ik,

However, at the end of 120 hrs, considerable smount of
germination (24.24%) was observed at 98 per cent RH while at
96 per cent only 9.33 per cent spores showed germinstion.
Germination and even swelling of gpores were¢ not observed at

RH of 92 per cent and below.



Table, XIII

Spore germination of 5. dolichi at different levels of
relative humidity.

Relative Per cent gernination efter

Remerke
hunidity(%) 48 hre. 72 hrs. 92 hrs. 120 hre.

100 92.0 - - - Germination
counts were
stopped be-
ceuse of
crowded growth
of hyphae,.

98 2.3 6.80 14,16  24.24 Short germ
tutes and se-
veral unger-
nincted tat
pwelled mnoree
were observed.

96 - 4.25 7.76 9.33 30

92 - - - - Swelling of
' Bpures not
observed,

8805 - - - - . -dn—
8%.0 - - - - - 0=

9.5 - - - - =0~




Spore germipstion op podg:

Since no pod infection was observed, spore germination
studies were conducted on pods also. A loop full of spore
suspenaion was placed within & circle previously marked on
the pods md leaves and was allowed to dry. Then the whole
plant was transferred to a humid chamber. After 48 hrs the
pods and leaves were removed, The earlier marked circles
were cut end staln<d with lactophenol. Then the bits were
mounted in lact ophenol snd observed directly using a light
microscope. The per cent germination wes celculated, the

percentage germination on leaf wes used as control.

After 48 hrs maximum germinstion (82%) was moticed on
leaf, while on pods only 10 per cent germination was observed.
When the pods were removed after 5 deys and observed, 786 per

cent germination was noticed.

Disessg development

In this experiment, D. leblab variety, Liebbel avere-3

2 plois at an interval of 15 days. First

wes sown in 3 x 3 m
sowing was done on 26.8,1977 and subsequent sowings were done

on 909-'977. 2409.1977. 9.10.1977 and 2401011977-

The observations were recorded in each plot as described
under "Material and Methods", Afterwards percentage number
of leaves infected per plent was celculated by taking, number
of diseased leaves per plot end total number of leaves/plant

into congideration,



Table, XTIV

Incidence of disease at different intervals of time
after sowing.

s1. Date of Percentage No. of leaves infected/plant after
No.  sowing 15 days 30 days 45 days 60 deys 75 deys

1. 26.8,1977 - - 2.84 25.79 55.20

2. 9.9.1977 - 12,80 36 .90 46 .10 81,50
3. 24,9.1977 - 34 .97 43.19 56 .80 78.40

‘- 9.1001917 5"20 14169 56050 25-80 19.50

5. 24,10.1977 12.49 30.30 20,60 10.70 8.30




Table, XV

Sewerity of dleedta at d{ffarant intervels of tima
after sowing.

| Pe
81, Date of rcentage leaf urea affected after

¥Yo. sowing Tg days 30 daye 45 éays 60 deye 7% daye

1, 26.8,1977 - - 0.02 0,25 540
2., 9.9.1977 - 0.03 0,69 1.35 6.76
3. 24.9,1977 . = 0.31 1,33 9.90  12.80

4. 9.10.1977 0.02 1.05 3.35 2.03 _1 .90

5. 24.10.1977 <.10 2.50 1.33 0.90 0.65




Tavle, XVI

»
Weather date for the period from 26.8.1977 to 7.1.1978.

ean
- Neen . Mean Raine No. of
§ Dates rat.:go RH fall rainy days
o . (%) (um)
(e¢)

1. 2608|77 - 30-8.77 23.55 7?08 O.TR 1
2, 31.8.77 = 4.9.77 24,18 74.1 0.04 1
3¢  549.77 9.9.77 24,70 60.4 0,02 1
40 10.9.72 - 14!9&77 24030 6908 008‘ 2

5' 15.9077 - 19090?7 24.80 7‘04 10-20 1
6. 2009.77 - 2409.77 24037 7904 ‘036 3
70 2509077 - 2909.17 24070 7808 6.58 3
80 BOtQQn - 4.”.77 24'50 ?8.3 - -
9. 5.10.77 = 9.10.77 24 .05 T9.4 23.00 b
10. 10.10.77 ~14,10.77 23.54 T76.7 388 2
1. 15.10.77 ~19,10.77 23.72 85.0 5.98 5
12. 20.10-77 -'24.10.77 22.55 8405 0.80 2
13. 25.10.77 -29.10.77 21.68 78.6 9.36 3
1‘. 30010077' 3.11.77 22.94 72.0 - -—
15 411,77 - 8,11,77 23.24 78.5 11.24 2
16 9.11,77 «13,11.77 21,61 T79.6 330 1
17. 141177 <18,11.77 21,52 82.6 0.68 3
18‘ 19‘11077 -23011077 22-40 77'2 2.08 1
19, 24.11.77 -28.11.77 22,41 88.0 4.20 5
20. 29-11.77 - 3012.77 22.51 78'0 0014 1
21. ‘.12077 - 8.12.77 21 .27 w.o - —
22. 9012077 -1’012.77 20.22 67.0 - -
2%. 14.12.77 <18.,12.77 18.88 66 .8 - -
24, 19,12,77 -23,12,77 20.%4 6.1 - -
251 24012077 -28.’2.71 19.69 6‘.3 - -
260 29t12077 - 2.1:78 21059 6505 - -
27. 30'.78 - 7.1.78 21.35 6?-9 - -

* bach figure is the average of 5 values.


http://3l.fl.77
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Percentage ar-a affected per leaf was calculated by
aversging the disease intensity of three leaflets. By consider-
ing the entire leaves per plant as 100, percentage leef area

killed by the pathogen per plent was calculated.

The meteorologicel datea wes Obtained from H.x.S., Hebroel,
Bangalore and presented in table XVI., The results of the

experiment are presented in tables X1V and XV and figs. X and Xi,

Fror the figures, it canbe sren that the disesse in the
first sown crop was observed onl; after 45 dsys whereas in
secopd and third sown crops it appreered within 30 days. o
case 0f fourth and fifth sowings i1t appeared within 15 days
only. This might be due tu low relative humidity (less than
75%) during first 25 deys with less amount of precipitetion.
Further, mean temperature wes more than 24°C for nearly first
45 days. Meximum smount of cdisease wa®d noticed in the second
sown and crop followed by third sown crap. In all the first
three crops disease increesed with time. However, in case
of fourth end fifth sowlngs, disease peak reached in 45 and
30 deys, respectively and thereafter L1t started dcclinming.
This might be partly due to increase 1iu number of leaves
since the plaents were =till in active growth stage. From the
fig. X, it 18 cleer thet 100 deys after 23.11,1977 there was
quick decline in RH and precipitation was almost negligible.

Further, mean temceratucre was below 21.27°C,

From the data it cen be inferred thet for the infection
of S. delichi high relative humicity with frequent rains and



Fig. X. Effect of weather on disemse incidence.
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Fig, XI. Effect of weather on dioease severity
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low temperature are needed. However for the quick spread of
the disease freguent rains are a must, since the spores in the
pyenidie are easily disseminated by rain drops in s wind}

weather,

The disease intensity or leaf area damaged also increased
with the sge of the crop. Meximum severity of the disease was
noticed in the crop sown on 24,9,1977 (12.80%) followed by the
crops sown on 9+9.1977 (6.76%) and 26.8.1977 (5.4%). However
the disease intengity increased cduring first 45 days asnd 30
days in the 4th and 5th sown crops, respectively and later
started declining. Lowest intengity was noticed in the S5th
sown crop followed by 4th sown crop. Thus it appears the
erop sown particulerly curing September is attacked by
S. golichi to a severe extent. The low intensity of disease
in 4th and 5th sown crops wes meinly due to decrease in infec-
tion and increase in the follage since the crops were still
in activély growing state when the rain which is essential
for spreading of the disease had stopped.

“ffecect of caration of 100 per ccntof relative bumidity
on infection

This study was conductcd as detailed under "Material
and Methods" symptoms were Observed dnly in plants exposed
to high relative humidity (mear 100%) for 12 hrs and more,

Mode of penetration of the fungug

Mode of penetration of host by S. dolichi wes studied
by following the method of Diener (1955). Germ tubes were



observed entering through stomata. However, no direct pene-

tration was observed. Further many germ tubes passing over

~ stomata without penetrating them, were also observed.

Histopathology smd histochewistry of disessed leaves

These studies were mede 2s described under “"Material

and Methods".

Anatomy of healthy leaf:

The healthy leaf showed dorsiventrel differentiation.
The upper part of the leaf consisted of a single layer of
epidermal cells which were rectanguler in outline and lacked
chloroplamts. This layer was covered by a thin cuticle.
Below this layer, one to 2 layers of palisade parenchyma was
present, consisting of columnar cells with many discoid chloro-
plasts. Below the palisade layer, spongy parenchyms was pre-
sent made up of isodimatrical eclls with less number of
chloroplasts. The lowest part of the leaf was bounded by
lower epidermis which also lacked chloroplasts. Cells which
were parsllel to the surface of the leaf were also observed

nesr the vascular tissues (plate 8a).

dhickness of the leaf:

Thickness of the healthy leasf aversged to 169 Yl

vhereas that of stage~l was 121.25 pm end of stage~1l was
94.5 pam,



Plate 6.

Photomicrographs of leaf pections tested
for totel proteins by MEPB method.

a)

b)

Healthy leaf showing protein positive
bodies in both the palisade and
spongy cells.

Diseased leaf at stage-]l showing increase
in concentration of proteins in palisade

cells while spongy celle showing decreased
concentration.

Discased 1l&f at stage-II, Note that all
the protein positive bodies in the entire
mesophyll tissue have disappeared. Mungel

structures are protein positive.
= Epidemmis

= Palisade parenchyema

Spongy parenchyame

g ¥ ¢ ¥
|

= Pyonidium






Plate 7,

Photomicrographe of leaf sectione tested
for total RNA content with Asur-B method .

a) Healthy leaf, Palisade and sp
cells showing almost eoual distribu-
tion of WYWA,

b) Diseased leaf at stage-I. Showing
apparent increase in RNA concentretion
in palisade cells end decrease in
spongy cells,

¢) Diseased leaf at stage-II, showing
complete loss of RNA in the m 11
tiesue, Hyphae (Hy) are rich i{n '






Changes in protein content:

The healthy leaf tissue steined for totel proteins
with MBPB showed positive reaction for proteins omly in palie-
sade and spongy tissues (Plate 6a)., Shrunken palisade cells
showed an increase in the proteins, while spongy tissurs
showed signs of degredation in the leaf tissue at stage-1
(Plate 6b), However, in the leaf tissue at stage-1l, all the
protein positive bodies in the entire mesophyll disappeared,
Only spor.s were¢ protein positive (Plate 6¢).

Changes in ‘B4 content:

Both the pelisede and spongy cells of h althy tissue
showed almost equal distribution of ENA (Plate Te). The
palisede cells of leaf tissue at stage~l showed increased
HENA while spongy cells showed decreased ANA (Plate Th).
Further in the tissue at sts,e-~ll, the entire mesophyll
showed complete loss of :MA., Fungel hyphae and spores
were Azur B positive indicating the presence of rich
RNA (Plate Te).

Changes in polysaccharide content:

In healthy leaf both palisade and spongy cells showed
polysaccharide grains in their plastids. The cells surround-
ing the vascular tissu:s also had small polysaccharide
grains (Plate 8a). In the tissue at stage-I, clumping of
polysaccharide grains was seen both in pelisade and spongy


file:///tfhlle

Plate 8, Photomicrographs of leaf sections

tested for total insoluble polysa-
echarides with PAS.

8) Healthy leaf showing polysaccharide
grains in palisade and spongy cells

as well as in the cells surrounding
the vasculer tisoue (V).

b) Diseased lenf 8t stage-I showing

clunmping of polysaccharide grains
in both palisade and spongy cells.

¢) Disensed leaf 8t stape-IT showing
the sime of degradation of poly-

gaccharide grains making them
gparse in the tissue.






Plate 9. Photomiecrographs of leaf sections temted
for starch with I-XTY,

a) Healthy leaf showing PAS positive
polyml:oohllidl grains are starch
gra .

b) Diseased leaf at stage-I showing the
clumping of the starch greins,

¢) Diseased leaf at stage-II showing
the 1;:@1. of degradation of -tam
gra






cells (Plate 8b)., Heduction in the size of clump, meking
the tissue almost clear was observed in the tissue at
stage-II, The hyphse end spores showed rich polysaccharide
content (Plate 8c).

Chenges in ptarch content:

The PAS positive graing in previous experiment were
found to be starch. Clumping of starch grains and their
reduction in the content of starch was observed (Flates 9a,
9b and 9e¢).

Blochemical chapnges in the hogt after infection

With , view to study the blochemical chenges that would
occur in the leaves as a result of infection, the following

studies were made and the results are presented in table XVI,

Chenges in phenol content:

Total phenols and ortho-di=-hydroxy phenols in the
diseased ané healthy leaves were estimated by the method
of Bray end Thorpe (1954) and Johnson and Scheaal (1952),
regspectively. It wee obs:rved that healthy leaf contained
0.530 mg of total phenols/gm of leaf tissue (fresh) while
diseased leaf contained 0.975 mg/g of leaf tissue. The
diseased lear contained 0.363 mg of OD pheno’S/gm of leaf
ticsue as acainst 0.249 mg/g of healthy leaf tissue. Thus
it cen be seen thet both total phenols and OD phenols
increased in the diseased leaves compared to heal thy

leaves.



Table., YVII

Biochemical chenges in the leaves of D.lablab infected
with S. dolichi.

Quentity in g Increase or

8l1. of leaf (fresh decrease

No, ~ Cometiment Healthy Diseasea ©°ver heelthy(%)
1. Total phenols 0.530 0.975 + 83.9
2, QD phenols 0.249 0.363 + 45.7

3. Amine nitrosen 0.450 0.8%2 + 84.8




Chenges in emino pitrogen:

Anino nitrogen wes estimated by the method of Spies
(1957). The results, obtained indicate that there was an
increase in amino nitrogen content in digeeased leaves as

compared to healthy leaves.
Hopt range studieg:

Among the ten plent specl s tested (menmtioned in
Material and methods) for pathogemicity, mone of the plemts
showed inrection. Thus it appears thet S. golichi cannot
infect plants other than Dolichog lgblab end the pathogen 1is
host specific,

Berpetuation of the fungug

The discased leaves were collected snd stored in
peper bags under leboratory concitions. At fortmightly
intervals the spore germination test was conducted to know
the viability of the pathogem. The sporcs did not germinate
after 240 days (8 months).

Similarly the viability of S. dolichl in culture
slants was conducted. No growth was observed in the sub-

cultures made from 195 days ©ld cultures.

Thus it can be seen that the pathogen can survive at-
leagt for & months in the infected leaves. Hence the pathogen

can overwinter end infect the new crop in the next season.



Lvaluation of fungicideg
dn=vitro evsluation:

Blitox, Difolation, Dithane M-45, Dithene Z-78, at
0.1y 0.2 end 0.3 per cent concentrations and Bavistin at
0.05, 0.1 and 0.2 per cent concentrations were tried adopte
ing "poisoned food technigue®. The colony diemeter was
measured sfter 20 days of incubation ené the results are

presented in table XVIII,

From the results obtained it 1s clear that only
Blitox at all concentrations wns not effective in comple-
tely limiting the growth of the fungus, However no growth
wa Obtained in all the rema ining fungicides at all concen~
trations tried. Thus it appears that 'poisoned food tech~
nigue' might be unsuitable for slow growing fungi like

Septorig.
Eicld evalustion of fungicideg:

This experiment was conducted as described under
Migteriel snd Methods". UThe results obtained are presented
in teble XI1X gnd fig. X1I1,

¥rom the data, it is seen that number of diseased
leaves per plant as well as severity of disease varied with
the fungicide., Maximum control wes obtained in the plots
wiich received Difoclaton spreys followed by Bavistin,



Table., XVIII

“gfect of fungicides on growth of Septoris dolichi.

s1. Concentration Mean ecolony dif-
No, unricides (%) meter (mm)
1. Dithane M-45 0.1 -
0.2 —
003 -
2. Dithane Z-78 0.1 -
0.2 -
003 -
3. Difolatan 0.1 -
0.2 -
0-5 -
4. Bavistin 0.05 -
001 -
0.2 -
5. Blitox 0.1 12.00
0.2 8.33
0.3 6.66
6. Control - 16.00




Table., XIX

Lffect of fungicidal sprays on the disease development.

Average no, of Average leaf area

:1" Treatments leaves infected effected
. per plant (%) per plant (%)
1. Difolaten 23.32 0.64
2., Bavistin 37.60 1.56
3. Dithane M-45 39.15 2.33
4., Dithane Z-78 48.72 2.91
5. Blitox 61.47 9.41
6. Control 65.12 11.12

Average no. of leaves infected/plant (%):

S.m. : 58054
Ch at 5% 11,52

—————
Difolaten  PAviStin  DM-45 -7 Blitox Control



Fig., XII. Effect of fungicidal sprays on the
disease development.

1. Difolatan
2. Bavistin

3« Dithane M-45
4, Dithane 2.78

5. Blitox

6. Control
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Dithene M=45 and Dithane Z-78. Blitox ess least effective.
There was significent difference between the control obta=-
ined by DPifolaton and the remaining fungicides. Further,
Bavistin end Dithene M-45 and Dithane M~45 and Dithene

Z=T7& dié not differed significemtly. Blitox and the control
plots also did not differ significently with respect to

number of discesed leaves per plant.



DISCUSSION



CHAPTTR V

DISCUSSION

The results of the investipgation on leaf spot disease

of Dolichos lableb csused by Septoria dolichi are discussed
in this chapter.

Morphologicel studies made indicated that there was
very slight difference in conidial measurements of the
isolate studied here as compared to the fungus described
earlier by Berkeley and Curtis (Saccardo, 1884) and Chone
end Munjal (956). Since the difference in the conidial

measuremente could be influenced by many extraneous factors
like the host, environment, this difference alone wes not

considered sufficient criteria for creating a new species,
Hence the presemt isolate has been identified es Septoria
dolichi Berk. and Curt. as reported by earlier workers,

Symptoms appeared on leaves, petioles ané stem tut
not on pods. Jurther no sporulation was observed in the
lesione o» netiole, stem ond midribs. Tnecubation period
ranged from 11 to 18 days. Such & long incubation period
appears to be common for most of the Septoris spp. (Weber,
1922a, 1922b and 1923).

Studies on growth phese of the fungus in potato
dextrose broth indicated that the growth increased upto
33 days and thereafter started declining. This type of
prolonged growth phese seems to be common for Septoria spp.



The fungus chowed distinet difference in growth and
cultural characters on different solid media, Maximum redial
growth was obtained on Seaboureud's dextrore ager followed by
seed extract agar and PDA, Least growth was recorded on
Richard's ager and pod extract agar, Sabouraud dextrose
agar, seed extrect agar and PDA were preferred, probably
due to significant amounts of several growth factors present
in them, naxtm sporulation wes also noticed on PDA and
Sabouraud dextrose agar while sporulation was poor on pod
extract agar. In most of the cases reaction of the funguse
with the medium was dark except, in ocase of seed extract
agar, Only on Sabouraud dextrose agar very much raised
centre wag observed., Grovwth of the fungus in different licuid
med ia also varied. Meximum growth wes recorded in seed
extract followed by Saboursud dextrose broth emd PDR, Mini-
mum growth wes noticed in Asthene and Hawker's medium, while
no growth was recorded in pod extract. This i in line with
the findings of the earlier workers thaet Septoris spp. grow
better on non-synthetic media (Weber, 1922a, 1022h; Arsenjevit
1965; Sohi and Sokhi, 1973; Endrinal emd Celino, 19403
¥ochmen and Fubicka, 1962).

Studies on pod extrect revealed thet an alcohol soluble
substahce present on/in the pods inhibited the growth of the
fungus. ©Since some growth was observed on pod extract agar,
this substance appears to vary in concentration with the age
of pods and weather caditions. This substance is oily in
nature end is secreted by the pods which gives a peculiar



aromé to the whole field. Sporulation was observed in the
extracte of pods previously treated with alcohol. Further
no sporuletion weés observed in the lesions on stem and peti-
ole, Wilson (1961) found reduction in sporulation of
Septoria on ecelery by oil sprays. Since the substance
produced by the pods appears to be an oily substance, this
substance appears to be produced in such concentrations
which could inhibit the sporulation tut not establishment,

on petioles and stem, Murther, spore germination studies

on pods indiceted that the germination is not inhibited.
However the establishment of the fungus méy be prevented.
There are conflicting reports regarding the effect of several
oils on spore germination of Mycosphferellas musicola. How-
ever, sever@l workers are of the opinion that the oils act
as therapeutants (Calpouzos, 1966). This might possibly
explain the reasone for failure of pod infection. Specific
studies with regard to the role of oil secreted by this plang,

in infection &nd sporulation are necessary.

The fungus varied in ite ability %o utilize different
carbon sources. Maximum growth was recorded on glucose
followed by lactose, starch and sucrose, Relatively less

growth was recorded on glycerol and rhamnose while no growth

wag recorded on sodium acetate and sodium citrate. Glucose,
sucrose apnd m~ltose have been reported as good carbon sources
for S. lycopersici (Sohi end Sokhi, 1973), Munjel end Gautem
(1977) observed meximum growth of S. humuli on mennose,



sucrose and glucose followed by maltose, Several streins

of Piricularie oryzae are 2lse known to mae no growth on
sodium citrate and sodium acetate &s carbon sources (Otsuka,
1957). Chytridium ep. and Pythiogeton sp. méke no growth on
citrate and acetate form of carbon source. The inability of
the fungus to utilise citrate and acetate formm may be due to
chelrntion of inorgenic ions which may result in lim#ation
of growth (Cochrane, 1958),

There was considerable variation in the utilization
of different nitrorenous ecompounds used. Maximum growth
wae noticed on potassium nitrate followed by asparapgine,
No growth was recorded on aspartic acid and glutamic acid.
These results agree with the observatione or nitrogemn utili-
zation of S, lycopersici by Sohi amd Sokhi (1973). Aspargine
end glyecine have been found to support good growth of
8. tritici (Arsenjevic, 1966).

There wag significant effect of different pH levels
on growth of the fungus. Maximum growth was recorded at pH
6.1 followed by 6.6. No growth was recorded below 3.6,
Similar optimel pH levels have been reported for S.lycopersici
(Sohi end Sokhi, 1973; Patil, 1977) and S. avenae (Webver,
1922a). However, & still wider range oif pH, 5.6 to 8.4 for
S, lycopersici (™ndrinal emnd Celino, 1940) and 2.5 to 9.2
for S. tritici (Weber, 1922b) also have been reported.



Tempereture had & remerkable effect on growth and
sporulation of the fungus, Maximum growth was recorded at
25°C followed by 20°C and 15°C, Very poor growth was
observed at 30°C and 10°C while no growth was noticed at 5°C
and 35°C, Similar results have been recorded for S. ritiel
(Weber, 1922b) and S. lycopersici (Patil, 1977).

Light also had determining effect on sporulation,
Maximum sporulation was observed in cultures exposed either
to continuous light or to an alternate cycle of light and
darkness, Whereas in cultures kept in complete darkness
sporulation was poor. These resulis are on par with thoee
of Hicharde (1950) end Kurosawe and Balmer (1975) with

S. nodrum end S. lycopersici, respectively.

Extent ol spore germination wes greatly influence by
the neture of medie used, Maximum germinetion wns recorded
in host extract after 48 hrs, followed by slucose and sucrose
golution, Least germination wee noticed in distilled water
indicating nutritional requirement for rapid and meximum
germination., Similar resulus were obtained oy Patil (1977)
end Tuthra et 5.(1937) while working with £. ersi
and 8. tritici, respectively. However, Shipton et 21. (1971)
who have reviewed the Septorie diseases of wheat state that
both S, nodorum end 5. tritici serminate well in water.

Temperature had a considerable effect on spore germina-
tion. Meximum germination was noticed at 25°C followed by



20°C end 30°C. No germinetion was recorded at 5°C and
below while at 35°C less® germination was observed, Similar
type of temperature effect on spore germivnation of S. avenae
heas been reported by Wever (1922a),

The effect of relative humidity on spore germination
wag 2lso significant. At 100 per cent relative humidity
maximum germination was oLvained after 48 hours while
considerable amount of germination occurred &t 98 per cent
and 96 per cent relative humidity only aftver 120 hrs,
Further no gemination was observed below 96 per cent reléw
tive humidity even after 120 hrs. Spores of S. apiicola
2leso reuire a minimum relotive humidity of 96.8 per cemnt
end above for germination (Sheriden, 1968). However
Schnieder (1959) observed the minimum relstive humidity for
germinetion of S. gbesa and S, chrysanthamella to be 92 per
cent end 91 per cent, respectively. Thus under natural
conditions, time re uired for infection may be delayed due
to the requirement of high humidity for germination.

Studies on disease development indicated that both
the incidence and severity of the disease are influenced by
the weather conditions, mainly temnerature, reinfall and
humidity. During first 45 days, the mean temper&ture wase
above 24°C with 14 rainy days and the reletive humidity was
above 70 per cent most of the time., Even then the disease |
appeared only after 45 days. Further from 45 to 100 days



the mean temperzture renged from 21.52 to 23.54°C with 25
reiny days and the relative humidity was above 74 per cemt,
During this period reapid increaése in both the incidence and
severity was noticed. After 100 days, the mean temperature
ranged from 18.88°C to 21,27°C with no rainy days and the
relative humidity weas below 70 per cent. Dluring this period
decrease in disease incidence and severity was noticed in
fourth and fifth sown crops, which was mainly due to the
subsequent new foliage, not taking infection. Thue it
appears thet 2 mean temperature below 23°C with frecuent
raine and releative humidity @2bove 75 per cent favours the
diseage development. The Aupust sown crop wee infected very
late in the season and disease die not developed to severe
form. While the September sown crop was infected severely.
Since the favourable conditions are obtainable during October
~November in Bangalore, it eppears that September sown crop
{8 more vulnereble to disease. However, conclusions can be
drawn only after observing it for some more seasons, Similar
requirements for disease development of severel Septoria spp.
have been reported. According to Buddin and wWakefield (1924
Septoria spp. attacking antirrhinum is favoured by cool amd
moist weather, Septoria lycopersici spreads widely during
wet weather tut checked by a period of prolonged dry weather
(Reed, 1911),

Studies on mode of penetration indicated thet S. dolich

enters the host through etonata, Several germ tubes were



observed growing over stouata without penetrating them, which
might be due to non-synchronization of growth of germ tubes
and opening of stomata, Similar observations of stomatal
penetration by Septoriac lycopersiei (Endrinael and Celino,
19405 Sohi and Sokhi, 1973) and Septoria glycines (Volf,
1926) heve been recorded,

Histochemical studies revealed that im the early stage
of ledion formétion, both protein and ANA appear to increaése.
However, this might be due to shrinkege of the width of leaf
itselfi. Clumping of polysaccharide grains was alsc seen.

In the finel stage of lesion development, both RMMA end protein
became unstainable, This might be due to death of celle and
break down of these compounds by the pathogen. Clumps of
polysaccharide grains, in this stage beceme reduced in size
and became sparse in the tissue., This might be due to utili-
gation of these polysaccharides by the pathogen. Iodine~
potassium iodide test showed that the polysaccharide present
was starch., Further, starch has been found to be a good
carbon source for S. dolichi. Thus it appears that the patho-
gen utilizes starch present in the host efficiently.

Several biochemicel chenges we e observed in the leaf
due to infection by 5., dolichi. Total phenas and ortho-di-
hydroxy phenols were more in diseased leaves as compared to
healt:-hy leaves, TIncre2se in phenols in diseased plants has
been observed by Kiraly (1962), Raghunathan et al, (1966) and



Xishore and Chand (1975) and it appears to be 2 common phe-
nomenon. Content of amino nitrogzen also increesed in diseased
by McCombs and Winetead (1964), Raghunathan et al. (1966).
This might be due to either break down of existing proteins
or due to synthesis of amino acids without incorporating

to proteins.

Host range studies have ind icated that the pathogen
S. dolichi is host epecific and 1% will not infeet most of
the commonly grown pulses in Karnataka, Studies on perpetua-
tion of the fungus in the diseased leaves and in culture have
shown that S. dolichi can remein viable for more than six
months., Since no pod infection takes place seed does not
appear to carry over the infeetion., 8Since 'avare' is grown
throughout the year and also grown &s perennial crop, it is
poesible that both the infected debris end disease on the
standing erop mey serve &s source of inoculum and may help

in perpetustion of the funpus from one season to the next.

In=vitro evealuation of fungicides, indicated tmt
Blitox even at 0.3 per cent concentration was not completely
eifective againset &, dolichi. ilowever the remaining Ifour
fungicides inhibited 1%s growth at all comcentrations.

The fungicidal trials conducted in the field, showed
that Difolaton (0.2%) controlled the disease more effectively
followed by Bavistin (0.05%), Dithane M=-45 (0.2%) and Dithane
2«78 (0.2%), Blitox was found to be least effective, The



rermults obtained suggest that three sprays with Difolaton
(0.2%) could be successfully used in situetions where the
disease is & limiting ractor.
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CHAPTTR VY

SUMMARY

Investigations on leaf spot disease of Dolichos lablab
caused by Septoria dolichi were carried out during 1977.78.
The findings of these investigetions are summarised below:

Morphological studies indi cated that except for minor
differences in conidisl meesurements the isolate under study,
resembled the fungus described by earlier workers and hence
the pathogen is regarded as Septoria dolichi Berk. and Curt.

The pathogen infects leaf, petiole and stem, but not
pods. ©Sporulation was observed only on leaves, Different
media used are found to exert varying effects on growth,
sporulation and other charecteristics. Meximum growth and
sporuletion were observed on Saboureud dextrose agar follo-
wed by seed extract agar, while lecst growth and sporuletion
was observed on pod extract agar, Studies on growth phese
showed that the fungus grows upto 33 days actively enéd then
autolysis starts (in 10 ml PDB). Among the liguid media,
seed extract supported maximum growth followed by Saboureaud
dextrose broth. No growth ocourred in nod extract, ™irther
studies indicated that an aleohol diffusing subetance present
in the pods appears to inhibit the fung2l growth,

Glucose wes found to be the best carbon source for

8, dolichi among the several sources of carbon tried. Sodium



acetute and sodium citrate supported no growth. Among the
various nitrogen sources tested potassium nitrete supported
meximum growth followed by asparegine, No growth was observed
in npparatic acid and glutamic acid.

The fungue grew over & rapge of pH from 4,1 to 7.8,
Maximum dry mycelial weight wes recorded at pH 6.1 followed
by 6.6. It eppears that fungus prefers acidic pH for its
growth, However no growth wés observed at €nd below pH 3.6.

The ontimum tempereture for growth end spomletion
of 8. dolichi was 25°C. A%t 10°C and 30°C very less growth
wes observed, The minimum temperature for growth rénged
between 5°C to 10°C while maximum ranged between 30 to 35°C,

Light had & pronounced effect on sporuletion of
. dolichi. 4xcellent sporulation was recorded in the plates
exposed to continuous light or alternate 1ight and darkness
while no sporulation was cbserved in plates exposed to comp=-

lete darkness.

Hoet leaf extract was found to be suitable medium for
germination of epores while in distilled weter minimum germina-
tion was recorded. The optimum temperature for gemination
in host extrect was 25°C with the minimum rengsing between 5 to
10°C and meximum being above 35°C, Maximum spore germinetion
wag observed at 100 per cent relative humidity and e minimum
of 96 per cent relative humidity is reouired for germination



within 120 hrs., Germination studies on pod indicoted thet
germination is not inhibited but delayed.

Weather conditions had wArked influence on the disease
development., A mean temperature below 23.5°C with frequent
raine and high relative humidity of ad%ove 75 per cent appears
to be congenial for rapid development of disecse in the
field. laboratory studies indicated thet, minimum of 12 hre
duration of very high humidity is necessery for successful
infection.

Host penetration of the Iungus was found to be through
stomata. Histopathologicel and histochemical studies indica-
ted thet in the early stages of lesion development apparent
increase of proteins and INA and clumping of polysaccherides
were observed., However in the final stege of the leaf spot
development, both proteins, A were undefectable while
degradation of polysaccharides (starch) was noticed, indicat-
ing the utilization of theee polysaccharides,

Several biochemical changes were observed in the leaves
due to infection. Increese in total phenols, ortho-di-hydroxy
phenols &and amino nitrogen was observed in the infected leaves

ag commared to healthy leaves of the same apge,

From the host range studies mede, it appears that
8. dolichi is host specific i.e,, it is confined to D. lablad



only. 5. dolichi was viable upto 240 days in the form of
spores in the diseased leaves and upto 195 days in cultures.

In-yitro evaluation of fungicides showed that
Difolatan, Dithane M-45, Dithane Z-78 (all &t 0.1, 0.2, 0.3%)
and Bavistin (0.05, 0.1, 0.2%) completely imhibited the growth
of 8. dolichi at all the three concentrations, Blitox, even
at 0.3 per cent concentretion was uneble to inhibit the
fungus completely.

Fungieidal trials conducted in the field, showed that
maximum consrol was given by Vifolatan followed by Bevistin
and Dithane M-45, while Rlitox gave poor control. Ffficaey
of the fungicides under field tricl was assessed on the basis
of the total leaf area destroyed by the disease and number

of leaves infected per plant in each treatment.



REFERENCES



CHAPTER VII

REFERENCES

Anonymous, 1922, Fortyseventh annuesl report of the Omtaric
Agricultural Cellege and Experimental Farm, 1921,

Ontario Dept. Agric., 55 pp.

Anonymous, 1952, The Wealth of Inaia; A dictiomery of
Indien kaw Materials and Industrial Products - Raw
Materials. Vol. III D-E CSIK, New Delhi, 104 p.

*Arsenjeviec, M,, 1965 eptorie ¢ Rob, et, Desm,
¢ ﬁ;uj;t pnn'ice%ﬁ}&? Zast Biljs.
: .700

*Arsenjevic, M,, 1966, Influence of carbom and nitrogen

sources on the development of Septoris tritiei.
Mw" g ! 229-240.

'Vikes Publishing House Pvt, LM. ow H,%q.
Bangelore, Calcutta, Kanpur. 507 pp.

Bray, H.G. and Thorpe, w.Y., 1954, Analysis of phenolic
compoun.s of interest in metabolism. Meth.

Biochem, Analysis, 1 : 27-52.

#*Buddin, W, and Wekefidd, E.M,, 1924, Notes on some
Antirrhinum diseases, Gardner's Chron., n:150~52.

Celpousos, L., 1966, Action of oil in the control of plamt
disesse, Ann. Hev. Phytopathol., 4 : 369-390.

*Campenile, G., 1926, Sulle Septoriosi del sedano., Bull.
-R-' Stag. .P.ll- !.!5' Htﬂo' g s 44-T1.



Chona, B.L, end Munjal, h.l., 1956, Notes on miscellaneous
Inuien fungi III. Indien Phytopgth., § : 53-66.

Chapp, C., 1925, U 1 t d « New
’ & he Hl;I1 §§i§§f’l§5;§dfﬂf“f&?sg%"!'l

Gochren, L.C., 1932, A study of two septoria leaf spots
of Celery. FPhytopathology. 22 : 791-812,

Cochrane, V.vw., 1958, of fungi. John Wiley &
Sons Ine,, uondon. 4 pp.

Corey, R.P., 1962, Mode of action of Sept linicole.
' " Phytopathology. 52 ¢ 1229-1

Cunninghaem, H.S., 1928, A study of the histologic changes
induced in leaves by certain leaf spotting fungi.

Ihytocathology. 18 : 717-751.

Diener, U., 1955, Host penetration and pathological histelogy
in gray leaf spot of tomato. topath y 43¢
654-658 .,

Endrinel, V.. end Celino, M.5., 1940, Septoria leaf spot
of tomato, m_l.m- MC. a H 595"‘10.

*parkes, G.L. and

*Pouget, J.L. and Gengalez, J.L., 1976, Fruit spot of
Grape fruit - observations on 1ts nature and control.

Revista Industrigl Y Agrigols de Tuacmen. 23:61-64.

Green, G.J. and Dickson, J.G., 1957, Pathological histology
and verietal reactions in Septoria leaf blotch of

barley. Phytopathology, 47 : 73-T79.

Holmes, .J .1, and ﬁolhoun, Jes 1-9§74. Infectiion gr*:huz
%ntgg m and S. 3;& ;gf n relation %o
.ﬁ .i': % ornture and relative humidity.

- o. ‘J : 329"3”0



*Jechova, Vere, 1964, A contribution to the study of
Septoria digitelis, (Ceska Mykol., 18 : 226-231,

Jensen, W.A,, 1962, Botenical histochemistry; Prineiplee

end Practice, V. H, FPreemsn & Company, Sanfranscisco
& London, 408 pp.

Johneen, G, end Schaal, L.A., 1957, Chlorogenic acids end
other Orthodihydroxyphencls in scab resistant

Husset Burbank and Scab susceptible Tri Potato
tubers of different maturities, t o
41 + 253-255.

Kiraly, %., 1962, Phenol content in rust infected and
nitro en fertiliged wheat leaves (abstract).
Ehytopathology, 22 : 738,

Kishore, V., end Chend, J.N., 1975, Resistance of citrus to
citrus canker caused by t 3 Analysis
of phenols and sugars. oo 28:46-47.

*Kochmsn, J, and Kubicka, Mme, H., 1962, From studies on

th: biology of ﬂ""%ﬂ ﬁammm Dorogin,

Kosuge, T., 1969, The role of phenolics in host response
to infection., mo MQ W" 1 H 195"2220

*Kurogawa, ¢, and Balmer, E., 1975, ZEffect of high condi-
tions on the sporulation eof t deg.
in three different culture m v

m.%n_a_!ﬂmys-- 42 151156
Lilly, V.G. and Bmctt, H.L., 1951, siology of the
fungi., MeGraw Hill Book C“pﬁ inc. icw York,

oronto, London, 464 pp.

Luthra, J.C., Sattar, A, and Grani, M.A., 1937, A compara-
tin study of species of Septoria occurring on

wheat, M g_a ms- m.. z : 271-289.



*McNeil, B.S., 1950, Studies in t ri Mmo_&q_ Speg.
Caned, J. of Res.,

Mende, R.B, and Shuring, C.G., 1970, The persistenceofof

% a on diseased celery debris in sois.
e @ oy : 177"179-

HOOOIDO. C.L. and wtnltGQQ' N.N.. 19“. mng.. in sugars
and Amino acids of cucumber fruits infected with

Bythiun aphonidermatum, Phytopathology, 54:233-234.

*Miller, P.,M, end Linn, il.B., 1954, The efficacy of fungi-
cides in the control of certain genera of plant
pathogenic fungi -~ a lijerature review. ZFlant Dis.
Heptx. Suppl., 226 ¢ 54=T1.

Mix, A.J., 1933, PFactors affecting the sporulation of

lostict olit in artificial culture,
o t 503=524.

Munjal, R.L. and Geutam, S.R., 1977, Studies on physiole
of Septoris humuli. Inuisn Phytopath., Jg t 513-517.

Otsuka, H,, Tamari, K. and Ogaa‘;wu';; Ney 1§3= Vu't-bility
of ?gggnﬁﬁ gqgg culture, g;gi %ﬂ!
%ﬁ‘f"’ Johns Hopkins Press, ore,

and, 69-109 PP.

Petil, K.S., 1977, Studies on Leaf apot disease of Tomato

( reicon esculentum Mill,) ewsed by
ﬁ%@matm M,Se(Agri) u
su ed to

niv., Agril, Sei., Bangalore, 59 pp.

Prichem, J.B., 1960 ;rg_o%gliﬁs ts health and disease.
’Porag'nmon p;:osn. é! %. London.

'Pz:l.tchaxu. F.J. and Porte, V. S., 1924, The contrel of
Tomato leaf spot. U.S. Dept. of Agric. Bull.,
m s 18.



Hedhekrishnan, A.l., Vaidyanathan, C.3. and Giri, X.Vv,, 1955,
Nitrogen constituents in plants I, Free amino acids

So1."Seot. “ha.s Sgg s ree - d- ddien ast.

Raghunathen, R,, Mshadevan, A, and langaswami, G., 1966,
Biochemical changes in the banana fruit coat caused

&7 Shososporius musasus infection. Indim Suieseth..

Reed, H.H., 1911, %Tomato blight and rot in Virginia,
Virginie Agric. Exper. Sta. Bull., 192 : 1-16.

Richgrds, G.S., 1951, Factors influencing sporulation by
Dodorum. Zhytopgthology, 41 : 571-578.

Riker, A.S, and Riker, K.S., 1936, Introduction to research
on plant diseases. University ofWwisconsin, St.

Samuel, G., 1927, On the shot hole disease caused by

g.!.u_”s_?_q_t-r:‘ri-m&u Annal. Botany.
t 370~ .

Secharen, A.L., 1964, Environmental influences on develop-

ment of Glume blotch in wheat. Fhytopathology,
&_' ”0-3030

*Sehnelaer, ., 1959 8:dw. erreger
ARl X aols
Andicum L, in mutaohlnnu. o« Loy

*Sheridan, J.k., 1968, Conditions far germination of

Pyenidliospores of Septoris gplicola Speg. MNgz. J1.
Bot., § & 315-322.

&1pt°n' W A.. BO’d. .J l{o. ROﬂiellO. AIAO md ShOIr.t' BOIO.
971. The common Septoria diseases of wheat.

Bot. Hev., 37 : 231-262.



Sohi, H.S, and Sokhi, 5.5., 1969, Defoliation disease of

tomato ceused by 8 Speggagini-I,
Andisn Journal M-ﬁgm. % ¢ 193~198.

Sohi, H.S., and Sokhi, S5.8., 1970, Chenicel control of defo-
liation disease of tomato cesused by

lycopersici Speg. Indian J. nm 1201204,

Sohi, H.S. and Sokhi, 3.5., 1973, Morphological, Physiolo~-
g:l.cal and pathological studies in

lycopersici. Indisn Phytopath,, H&sn.

*Suryenarayana, S,, 1958, Growth facter roquixnent of

ﬁﬁ 8pp. udﬁlg%}gapm

Tuite, J.. 1969, methods d
ﬁttrig. gus pu g ompm. eapoulis,

Weber, G.F.y 1922a, Septoria diseases of Cereals.
Phytopathology, 12 ¢ 449-470.

Weber, G.F., 1922b, II Septoria diseases of wheat.
Ehytopathology, 12 ¢ 537-585.

Weber, G.F., 1923, III Septoria diseases of Rye, Barley
and certain grasses, Fhytopathology, 13 : 1-23.

*Whetgel, H.,H., 1922, Report of the pathologist for the
gerlod 10th June to 31st December, 1921. Repts,

Board and Dept. of Agril. Bermuds 1921. PP,



*Wilson, J.D., 1961, O0ils reduce sporulstion of Septoria

*Wilson,

Winston,

on celery. M_ E_o m.. ﬁ t 282-285.,

Gedsy 1974, Control of celery leaf spot. N2 J,
g; m.p m : 33-35.

P.0, end Bates, D.H,, 1960, Saturated solutions
for the control of humidity in Biological research.

Wolf, F.A., 1926, Brown spot disease of soybean. J. Agrig.

Mo| 2 1 365=374.

*0Original not seen



o Wi )a’\.“’n. i

UNIVERSITY LIBRAR'S ?

Th 666

Lot “ b o el 850 8.6 0 e S0
Co- I LTI BT

-



Th. 66

o




