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I:N T ROD U C T ION 



Among the many diseases recorded on ground nut,tikka disease 

caused by two species of Cercospora ~~. personata (Berk. & Curt.) Ell.& 

Ever. and 2,.. arachidicola Hori.' is perhaps the most destructive - the 

loss in pod production some times amountin~ upto 50% (Smartt, 1960). 

In India the disease appears to have been first reported by Bnt.ler (1914) 

from Bombay presidency and sineethen was reported from almost all parts 

of the country wherever ground nut is grown. Reliable estimates of 

losses due to this disease are lacking; but it is certain that the 

heavy defoliation caused by the disease results in considerable 

reduction in yield of ground nuts in our country. Indeed Butler (1918) 

atributed the fall of exports of ground nuts during the close of the 

last. century, in part, to the ravages of tikka. 

The symptomatology of this disease was studied by Butler (1918), 

vloodroof (1933) and Jenldns ('1938). Both the fungi produce conspicuous 

spots on the leaves with occasional lesions on petioles and stems. 

Although it is difficult to distinguish between the two species during 

the early stages of infection, as the spots mature they can be 

differentia.ted. c. arachidicola produces irregu10rly circular to 

often confluent spots varying in size from 0.1 to 1 cm. in diameter, 

surrounded by a bright yellow halo blending into the green leaf. 

~~ile in the initial stages the spots appear as yellowish specks, 

lmen mature they are dark brown to aL~st black on the upper surface 

and light brown on the lOl'Ier surface. Spots produced by .Q ..... p_er_s_o_na_t_a 

tend to be circular, 1 - 7 nun. in diameter with bright yellolv halos 

around mature spots on the upper surface. L~ both the spots halo is 
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either wanting or faintly present on the lower surface. 

Although known under one name the disease is caused by two 

distinct species. Cercospora perscnata was first descri.bed by Berkely 

(1875) as Cladosporium personatum. Ellis and Everl~rt transferred it 

to the genus Cercospora. Later on many lrorkers (See review of 

literature) described the two fungi under several names and synonyms. 

Woodroof (1933), after a laborious observation of herbarium specimens 

and descriptions, set a seal to this taxonomic contraversy by 

concluding that g. arachidicola and _E. personata are the two valid 

species causing leaf spots on ground nuts. Jenkins (1938) obtained 

the perfect stages of the two fungi from the fallen leaves of ground 

nut and described them as 11zcosEhaerella berkeleyii (= Cercospora 

personata) and ~tvcosphaerella arachidicola (c Cercospora arachi.dicola). 

Butler (1914) illustrated and described the inter cellular 

nature of the mycelium and 10"bed haustoria of ,2. 2_ersonata.. Woodroof 

(1933) reported that the mycelium of.2. arachidicola is both internal 

and external and inter and intra cellular, while in the case of 

.2. personata the mycelium l-mS only internal and inter cellular. She 

also observed branched haustoria in the case of C. personata in 

pallsade and spongy mesophyll. 

Jenkins f (1938) description was very sil'lrl lar to that of Butler 

and Woodroof. He also described the histopathological effects caused 

by £. arachidicola. There was a collapse of the lower epidermal cells 

which lost contact with the mesophyll cells in the initial stages. 

The inte~cellutlar mycelium, later on as the spot matures, became 

intra-cellular. One significant observation made was that while the 
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cells are killed in advance of the mycelium in the case of C .arachidicola 

there was no such advance killing in the case of C. personata. 

A certain degree of difference in varietal responses to the 

l' attacH of these two fung~had been reported. Reyes and Rema Santa (1940) 

classified five of the thirteen varieties they have studied as highly 

susceptible, six as intermediate and two as highly resistant. Hemingway 

(1957) observed certain histological differences between the resistant 

varieties Kanyoma and l~itunde and the susceptible variety Natal Commons. 

In general, bunch varieties are more susceptible than spreading varieties 

(Clinton, 1961). 

Although two distinct species of fungi are involved and the 

host-parasite relationships in the two species show considerC'.ble 

differences,enough information is not available to make a clear 
" .... 

distinction between the diseases caused by the two species. Much 

emphasis has been placed by several workers (Woodroof, 1933 and 

Jenkins, 1938) on the time of appearance of the halo in differentiating 

the symptoms due to the two species. This criterion however cannot 

be applied to a mature spot where halo develops in the case of both , ~ 

the fungi. Nor is the shape of the lesion so definite as to serve 

as a differentia.ting character. 

There is no information about the presence of the mycelium 

in the region of the halo. Jenkins (1938) su~gested that there is a 

killing of cells in :,advance of the myceliwn in the case of _2.arachidicola. 

Now that the role of toxins in the physiology of pathogenism is well 

known (Lud~dg, 1960) it is not presumptuous to postulate that the 

halo is a result of one or more toxins. That the production of toxins 
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is dependa.nt on the available nutrients has been well established 

(Ludwig ~. ~). In the light of this, placing too much emphasis 

on halo production as a criterion for differentiating the two species 

does not appear to be sound. Indeed, it has been observed by tne 

author that halo may not develop even around mature spots in some 

varieties. 

Based on the time of incidence of the disease due to the two 

species, Woodroof (1933) des:i.gnated the disease caused by 

.£. arachidicola as early spot and that of ,2. personata as late spot. 

In our country precise information on the relative periods of 

incidence of the two fungi is lacking. 

In the present investigation an attempt has been made to 

study the detailed symptomatology and host - pathogen relationships 

of the disease caused by the two fungi on several varieties with 

varying degrees of susceptibiI1ty and resistance. Such a study, 

it is hoped,would provide a basis not only to define clearly the 

symptoms caused by the two fungi which will facilitate ready 

identification of the spots, but also throws light on the histological 

mechanism of resistance, if any. 

Besides the above, certain factors influencing the epidemiology 

of the disease, like those influencing spore germination, the age of 

the ground nut plant in relation to susceptibility to disease, and 

the relative incidence of the disease due to the two species, 

were studied. 



REVIEW o F LITERATURE 



The salient fea\itures of work done on this disease :is 

O~RA PRAOESb- ~ 
~~ ~ -, 
LIUR:\RY 

reviewed below: 

Distribu.tion:-
(.:. Cdk\',c of t\\,~i(U~tLlfC'.",-

"9: t::01ICllil ".J.-..\,I.:r ~ ~ 

Known under different names as Brown spot, 
~. C' /.' .\)- .".. 

Black sp '~ct..Ol..hii. l,1· \ • ----_ .. ___ -' 

Chestnut spot" Peanut leaf spots, Cet:_~~spor~ leaf spots etc; the 

disease has a wide distribution. It appears thc-t the disease is 

present in almost all pa.rts of the world except, probably, the 

Soviet Union. Leaf spots have been reported from several states 

of the U.S.AJ as causing severe destruction to ground nuts 

(Wolf, 1914; Woodroof, 1933; Jenkins, 1938; Ken knight, 1941, 
t 

Water~on, 1941 and Martin, 1944). It has also been reported from 

Brazil, (Chevalier, 1934), Peru (Rada, 1939), Argentina (Frezzi,1960), 

Saupau10 Brazil (Cruz!! a1, 1962) A Columbia (Barcenas, 1962)j. 

the South American Continent and North America (Hunt, 1946). 

The widesprelld nature of the disease was reported from \-lest Africa 
,_ 

(Maub1anc, 1924), Gambia (Brooks, 192), French West Africa 

(Ma11amaire, 1931), Uganda (Hansford, 1934), Transval (Pole Evans, 1939), 

Mozambique (Cardoso, 1940) and Nyasaland (Corbett, 1962). Other 

countries where the occurence of ground nut leaf spot is reported 

are !ofaritius (Anonymous, 1925) and Hopkins, 1960), Burma (Rhind,1924), 

Dominica. (Ciferri, 1925), Peurto Rico (Tucker, 1924), Germany (Nagormy 

and Eristavi, 1928), Italian Somaliland (Petri, 1931), Nanking:Chiria 

(Teng, 1932 and Tai, 1936), Gautame1a (Palm, 1932), Phillipines 

(Welles, 1924), Ghana (Anonymous, 1957 ' ) and Queensland (Purss, 1962). 

In India fikka disease was reported by Butler (1914), as 

existing in the Bombay presidency area. Subsequently it was reported 

from the Central ProvincesCPear1, 1923), Assam (Choudhary, 1944) 

an 
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and from almost all parts of the country where ever ground nut is 

cultj_vated (Vasudeva, 1%1). 

Nature of Damage:-

Severe leaf spotting" followed by defoliation" is the principal 

damage caused by ~. arachidicola and ~ personata (Butler" 1914; 

Woodroof" 1933 and Jenkins" 1938). Stem lesions, though common" 

do not attain much severity. It is generally observed tha.t lesions 

are restricted to the aeria~ organs mentioned above. However it has 

been reported that Q. personata does appear on the 'Pegs'" directly 

obstructing the conveyence of elaborated nutrients required for the 

normal development of the pods (Reyes and Romasanta, 1940). 

Butler (1918) estimated the losses due to .£. personata 

ranging from 33% to 50%. Brooks (1925), Hal1amaire (1931) and Rogers 

(1935) reported heavy losses from the attacks of ~. personata. 
,... 

However" \-.Ioodroof (1933) observed that both the lea.f spots were 

equally destructive. Hherever both species occur together, tlE major 

damage is due to £. personata (Chevaugeon, 1952; Hemingway" 1955 and 

Anonymous" 1957 ~). Cole and Hunter (1944) observed C. arachidicola 

to be the major pathogen in Georgia. Smartt (1960) estimated 50% 

losses due to C. arachidicola and C. personata put together. 

Sympt~matology:-

The most oonspicuous symptoms are observed on tre leaflets. 

However,symptoms are also observed on the rachis, petiole" stipules 

and stems etc. late in the season. 
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tf. £. personata: Butler, (1918) described symptoms on leaves 

as dark spots surrounded by a bright yellow ring. Hoodroof (1933) 

described them as circular S~)ts 1 - 7 rom. in diameter with bright 

ye.Llow halos on mature spots. Similar descriptions were made by 

Jenkins (1938) and Mundkur (1949). Vasudeva (1961) differed from 

the above workers in tha.t he described the spots to be darker in 

colour on tne uppJ'r surface and lighter brO'tffl on the lower ,Surface, 

c. arachidico1a: Butler (1~18) reported it as only another 

species of Cercospora. He described the spots as .Less regular than 

£. personata, lighter in colour and not as sharply defined. According 

to Maffei (1922) the spots are roundiSh oval, dark chestnut brown in 

colour without a liehter centre or concentric markings. WOodroof(1933) 

described them as irregularly circular, 1 mm. to 1 cm. in diameter, 

surrounded by a bright yellow halo blending into the green leaf, which 

is prominent only on the up~r surface. Jenkins (1938) described 

siMilarly. Vasudeva (1961) agreed with Woodroof in all aspects but 

for this description of a da.rker colour of the spot on the lot-rer 

surface and a lighter colour on the upper surfa.ce. 

Morphology:-

£. personata: The mycelium of ~. personata is internal, 

strictly inter cellular with characteristically branched or lobed 

haustoria(Butler, 1918; Woodroof, 1933 and Jenkins, 1938). Jenkins 

(1938) clearly demonstrated the presence of botryose type of haustoria 

in apparently healthy cells. Similar descriptions were given by other 

workers (MUndkur, 1949 and Vasudeva, 1961). Sporulatio~ is most 

commonly observed on the lower surface though it is not uncommon on 
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the upper surface also. Conidiophores are thick (6u), unbranched, short, 

non septate and are marked by pronounced angular bends,each of which 

represents the point of attachment of a spore. The spaes are 

irregularly cylindrical, straight or curved, rounded at the free end, 

and slightly flattened at the base; ashy grey to light brown in 

colour, 3 - 8 celled; measuring 20 - 55 x 6 - 8u (Butler, 1918). 

According to Woodroof (1933) they measure 24.3 - 54 x 2.7 - B.lu; 

contm/..ous or 1 - 2 septate; subjeniculate; developing from stromatic 

mycelium beneath epidermis, frequently in spaces beneath stroma. 

Conidia are obclavate, cyl~~drical, 18 - 60 x 5.4 - 10.8u and 1 - 7 

septate. Jenkins (1938) described the conidia as obclavate 1 - 8 

septate pale brown, olivaceous, measuring 18 - 60 x 5 - 11u. 

£. arachidicola: According to Woodroof (1933) the mycelium 

is internal and external and inter and intra cellular without haustoria. 

Conidiophores are formed exclusively on the upper surface in young 

leSions, which later become amphigenous with age. Conidiophores first 

emerge directly through a stoma forming a small fascicle. Secondly 

the mycelium grows in between epidermal cells or through a stoma and 

continues to develop under the cuticle, and from this mycelium fascicles 

of conidiophores are formed. Thirdly conidiophores form from mycelium 

growing in the epidermal cel~s, which are later ruptured by the 

developing conidiophores. Conidiophores are sub~eniculate, ~ 

21.6 - 40.5 x 3.2 - 5.4u, yellorrl.sh brown and continuous or 1 - 2 

septate. The scars mArking the point of attachment of conidia are 

plainly vissib1e. Conidia colourless to pale olivaceous, obclavate, 

measure 37.8 - lOB x 2.7 - 5.4u and are 4 - 12 septate. Maffei (l922) 

previously described conidiophores measuring 40 - 47 x 4 - 5u; conidia 
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with 8 - 12 septa and measuring SO - 110 x 4 - 7u. Jenkin$' (1938) 

descriptions were similar to those of V-loodroof. 

Ascigerous ~tages:-

Jenkins (1938) obtained the ascigerous stages of both 

C. arachidicola and C. personata in nature and on the basis of the 

morphological ch8racters the two oreanisms are referred to the genus 

MycosEhaerell~ anG named as ~.berkeleyii (= Q. persoaata) and 

~. arachidicola (= ~. arachidicola). Perithecia of ~. berkeleyii 

are sCB.ttered erumpent, amphigenous, ovate to nearly globose with 

a slightly papillate ostiole and measure 47.6 - 84 x 44.4 - 74u in 

diameter (occu~ing mostly along the m2rgins of the lesions). Asci 

cylindrical, clubshaped, short, stipitate, fasciculate, eight spored 

and measure 27 - 37.8 x 7 - 8.Llu. Ascospores uniseriate to biseriate, 

two celled, slightly curved, hyal:i ne and mea.sure 7 - 15.4 x 3 - 4u. ' 

The general morpholog~of the perithecia of~. ~~i~~la 

is very similar to the atove. The size of peri the cia is 84 - 140 x 70-112u; 

of the asci 30 - 40 X il - 6 u and of ascospores 10.9 - 19.6 x.2.9 - 3.8u. 

In both species the formation of perithecia is initiated in autonm. 

(Jenkins, 1938). 

Taxonomy:-

Berke1y (1875) first described the causal organism of ground 

nut leaf spot as 61adospor:i~ personatUE:. Ten years later, Ellis and 

Everhart (lc85) renamed the fungus as Cercospora f€rsonat~ 

Atkinson's (1891) collections agreed with those of Ellis and Everhart, 

except for 1:he amphigenous nature of the conidiophores (opposed to the 

hypophyllous nature according to Ellis and Everhart). Hennings (1902) 
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described 6ercospor~ arachidis as a new spedes, which, other workers 

later on relegated it to the status of a. synonym to Cercospora personata. 

Raciborski (1899) described Septogloeum arachidi~ and Zi~rman (1902) 

studj_ed the same spot, and later on it was proved,Septoglo~':J!ll arachid2-! 

to be the same as Cercospora personata (Vloodroof, 1933). Bancroft (1910) 

reported both Cercospora personata and Septogloeum~. Heald 

and vlolf (1912) described CercO_I?~ra personata as producing long, 

slender obclavate coni_dia. Butler (1~14) also reported both 

Septogloeum arachidis and.2. peraonat_!- on ground nut. Wolf (1914) 

considered~. persona.ta synonymous with CercosE,o!,a ~i.d~!!. 

Reinking (1918) described short thick abruptly obclavate or cylindrical 

conidia of a leaf spot on ground nut which he considered as Septogloe~ 

?,a_c..!:idis. Wolf (1919) however referred to ,2. ~s.o_n..a_t_a and stated 

that a further stuey would reveal it as a soocies of Septo~loewn. 

Sawada's (1927) illustrations of,2. personata.are similar to 
,._ 

those of Zirmnerman (loc.cit.), Butler (loc.cU.) and Heinking (~.,£2:.9 

for Sep_~_g_lo_e~ arachidis, and of Maublanc (1924) and Bal (1921) for 

c. personata. His illustrations of C. arachidicola are similar to - .....___.._--_. 
those of Welles (1917), Heald and Wolf (loc • .£!!.) and vl01f (~.cit.) 

A second species of Cercospora on ground nut was identified 

by Hori (1917) who termed it as Cercospora arachi~cola. Maffei (1921) 

described a second leaf spot on ground nut as being caused by 

£. arachid}~ var ~!'2~E£ra. Both meant the saroo fungus, but, by 

virtue of priority CercosEDra arachidicola is the valid name and 

hence is retained. 
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Woodroof (1933), compared a number of herbarium specimens and 

descriptions of Saccardo (1902), Maub1anc (1924), Ciferri(1925), 

Wakefield (1921), Mason (1928), Solheim and Stevens (1931) and 

Curzi (1931) etc. arrl fina.lly concluded that .2. ~s..?nata with short 

cyljndrical spores and £. ~achidi~.?~, with long slender spores are 

the tw valid species c8using leaf spots on ground nut. 

Chupp (1953) followed the nomenclature of Noodroof (1933). 

In a very recent paper, however, Khan and Kamal (1961) have shifted 

Cercospora personata to the genus Passalora,based on the short,O - 3 

septate conidia borne from stroIM.tal conidiophore tufts and accordingly 

renamed the fungus as Passa.lora personata (Berk and Curt) Khan and Kamal. 

Host Range:-

So far no alternate or collateral hosts outside the genus 

Arachis. have been found to be associated w:ith ej.ther Cercospora 

personata or~achidico1a. However Chevalier (1934) found E.personata 

on several wild species of Arachis indigenolls in Bra.zil. Chupp (1953) 

opines that, the reports, implicating Cassia sp. as a host of .2.personata 

are erroneous. 

Cultural Characters:-

No perfect stage was observed in culture for both the fungi. 

Satisfactory cultures 'Were obta:Lned in several agar media. Both 

conidial and ascospore cul¢tures almost behaved similarly. Jenkins 

(1938) studied the ctJ.ltural cr...aracters of the tl-.'O species and the 

following account is based on his 'Work. 
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MYcosphaerella ~~dicola: After 3 days of single spere 

(coni.dial) isolation, sharp, whitish, pulvinate colonies were visible 

to the naked eye which sparula.ted in 56 to 72 hours at room temperature. 

They assumed olivaceous colour in 4 to 7 days and produced spennogonia 

in 3 to 4 weeks. Ascospore cultures behaved similar to conidial cultures 

except for the fact that the latter had a slow initial growth. 

1~cosphaerella berkeleyii: Single and multispored isolates 

of conidia were obtained easily. They were visible only after 4 to 7 

days. From the time the mycelium is visible in culture, the hyphae 

are distinctly pigmented; at first the colour is pale bluff but as the 

colonies age it became tawny or even reddish. Growth was always 

sparse. The culture differed in many aspects from Ii. arac~dicola. 

After 7 - 10 days or some time longer, conidia were produced. In 

all respects spores were simil~r to those on ground nut leaves except 

that they \-lere uniformly longer because of constant moisture supply. 

After 4 weeks colonies became stromatic and produced conidia. 

Ascospore¢ cultures were visible after 7 - 8 days. They were 

similar to conidial cultures, but for their slower initial growth. 

They produced conidia in 7 to 12 days which were identical with tnose 

produced in conidial cultures. Spermogonia were produced in 3 - 4 

weeks but there was no further development in culture. 

Physiology:~ 

The reluctance of the tw:> fungi to grow and sporulate 

profusely in artificial media is probably one of the reasons, for 

the very D_ttle knowledge on the physiolQgy of £. personata and 

c. arachidicola. Jenkins (1938) obt~ed sporu18tion on many culture 
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media. Roldan and Querijero (1939) failed to get e culture of 

,2. persona~. !1:Uler (1949) obtained cultures :from material collected 

in different geographjc regions of the U.S.A. He found these cultures 

to behave differently in growth as well as in the green house 

inoculations. Shantha (1956) obta.ined good sporulation of 

,2. personata on Czapeck's Agar ~th yeast extract. She found the 

fungus to be partially deficient for thiamine and inosi tol.:!n addition 

to thiamine, pyridoxine and biotin were necessary for good sporulat:i.on 

of the fungus. Qu:lte recently Narayanaswamy (1961) reported that, 

leaves he.avily infected by.E. personata produceda-v01alfiile substance, 

probably ethylene. 

Host-Parasite relations:-

It was Butler (1914) whO first illsstrated the presence of 

haustoria in the leaf cells of gronnd nut infected by ~cospora 

personata. He described the mycelium as chiefly inte~ellular, 

sending cha.raderistic haustoria (Woodroof, 1933). He also described 

the formaUon of stromata on both the surfaces, but chiefly on the 

lower surface. "Toodroof's (1933) description of .£. persona_ta tallied 

with that of Butler. She also described, an internal and externalJ 

inter-cellu1a.r and j ntra-cellul.ar mycelium without haustoria, in the 

case of C. arachidicola. Jenkins (1938) confirmed this. He observed, 

in leaves infected with Cercospora arachidicola, the collapse of lower 

epidermal cells which lost conta,ct with mesophyll, when ~he spot just 

appeared. He observed the myce:!.:; um to be first inter,cellular and 

later on intra-cellular, in the cells which have been killed in advance 

of the mycelium. 

Hemingway (1957) observed histological dif.ferences in the 



resistant Kanyoma and MWitunde varieties, and attributed, the slower 

rate of lesion growth on these varieties, to the extra thickness o~ 

the palisade tissue. 

Epidemio 1Op.~:-

Butler (1918) was of the opinion that spores can remain long 

enough in the soil to infect the succeeding crop. He also stated 

that the disease was chiefly sprea.d by wind, though insects also 

carried spores on their body and in their alimentary canal. I1al1amaire 

(1931) proved the seed borne nature of this disease and suggested 

burning of diseased husks and seed disinfection as measures of 

control. ~Jj_lson (1950), however, argued that the evidence for 

seed transmission is not adequate. 

Roldan and Querijero (1939) concluded that the organisms 

persist in the soil from one season to another in the dead refuse 

of diseased ground nuts. Certain wild species of Arachis indigenous 

in Brazil which are hosts to Cercospora personata (Chevalier, 1934) 

may also be playing a part in the epidemiology of this disease. 

Where the perfect stages are known to occur as in the U.S.A. 

(Jenkins, 1938) the primary infection is by ascospores. 

Like many other diseases tikka disease is also highly 

influenced by environmental factors. Maublanc (1939) indicated 

the probabj.1ity of heavy rainfall influencing the spread of 

Cercospora person~. The prevalance of £. personat~ in Gambia, 

was attributed to the lighter and less frequent rainfall during 1925 

(Line,1926). This is evidenced by the fa.ct that C. personata 



fructifies well in more humid regions (Rogers, 1935). Magnesium 

deficiency in soils is also suspected to be responsible for the 
. t.l-i 

susceptibility of the plants to C. arachidico1a. (B1e~!oe et ~, 1946). 

Shantha (1961) observed that plants Yere infected by ~. nersonata 

under conditions of high ~elative humidity or prolonged low 

temperatures. In another experiment she observed that application 

of nitrogen and phosphorous markedly increased disease incidence 

while potassium decreased the incidence slightly. 

Varietal resistance and sUBceptiblity:-

Varying degrees of resistance and susceptibility is exhibited 

by different varieties of ground nut towards the t"WO leaf spot fungi. 

Brooks (1931) reported the presence of £. Eersonata on all 

varieties of ground nut tested by him, out of which only one variety 

known as Phil1ipine Pink succumbed. "1e11 marked differences, in 13 

varieties of ground nut, were Observed with regard to infection on 

'Pegs' (Reyes and Romasanta, 1940). In the same work, five varieties 

were classified as highly susceptible, six as intermediate and two 

as highly resistant, on the basis of leaf spotting. Nandi (1941), 

from Assam, found the ground nut varieties, Shaw (Magura),Cawnpore 

No.23 and M 30/38, to be resistant to £. personata. According to a 

report from Georgia (Anonymous ,1951) ,a wild species; Arachis diogoi 

is immune to .£. personata and.2- aracM.dicola. Similarly Arachis 

rasteiro among the spreading types and A.H.45 (RG-l) among the bunch 

types appear to be showing some resistance to .2- personata 

(Anonymous, 1953 and John, 1949). Hemingway (1957) studied 

resistance and susceptibility in 29 varieties. According to him 
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Kanyoma and Mwitunde varieties showed some degree of resistance. 

Clinton (1961) reported that the upright varieties Natal Commons 

and Barberton were more sllsceptible. Late varieties were observed 

to be more resistant than early ones by Rothwell (1962). 

Contro1:-

Mallamaire (1931) suggested burning of diseased husks to 

control Cercos,'pora personata. Shelling the seed before planting 

was recommended by the Georgia experiment station (Anonymous, 1933). 

In another report of the Georgia experiment station (Anonymous, 1945) 

better yields were obtained by digging undusted plots 109 days after 

sOwing and dusted plots 116 days after sowing. Smartt (1961) 

recommended destrllction of volunteer crops for the successful 

control of th:i.s dJ.sease. It was reported from !1oza.mbique that best 
e. 

control of _g. arachidicola lJaS secured by shortening the lingth of 

rows (Vasudeva" 1961). ' ... 

Although Butler (1918), Brooks (1925) and several others 

recommended the use of resistant varieties for controlling the tikka 

disease, very few such varieties appear to be available. Work on 

evolving resista.nt varieties held been reported to be under way at 

Ceorgia experi"'lent station (Anonymous, 19)8). Perhaps the most 

outstandine success in this field was that of Cooper and Gregory (1960) 

who developed resistant lines by radiation induced mutations. 

vlork done in Madhya Pradesh (Anonymous, 1936) revealed 

that C. personata. and .2- arach:idicola could be effectively controlled 

by Bordeaux Mixture (2 - 2 - 50) containi~g linseed oil or Agrar I 
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as spreader. Dastur (1~39) reported increased ground nut yields 

as a result of applying Bordeaux mixture against tikka. T"lcdougall 

(1941) confirmed this report. Results obtained at Georgia experiment 

station revealed Bordeaux mixture to be probably more effective than 

sulphur dusts. Addition of magnesium oxide increasec1 the efficacy 

of Bordeaux misture. U.nonymous 19439- 1946). Trials conducted at 

Madras had resulted in an average increase in yield of 31% of ground 

nuts due to Bordeaux mixtm'9 sprayings (Anonymous, 1953~). Lynn 

(1959) reported an increase in yield of 800 100 per acre by spraying 

Bordeaux misture against Cercospol'a persona~. 

Results of Georgia experi.'llent station (Anonymous, 1941) 

re:ftea1ed an incrased yield of 329.5 lbs of ground nuts per acre, 

by dusting copper containing preparations. Haximum :i_ncrease in 

yield of nuts s.nd foliage VIas observed by Van Hoof (1950) by the 

application of copper oxychloride (0.5r, Kopper KaJ..kvr.j_eko). ,_ 

According to reports from Nyasaland (Anonymous, 1955) perenox, 

sprayed at 6 lbs per acre in 100 gallons of water, controlled both 

the leaf spots on Gambia Variety resulting in a 70'/0 increase i_n 

yields. Increased yields of 20 - 30% were however obta,ined by' 

successful control of .2. personata after using 0.75% copper 

naphthalene ( Sern ... '" G:>oeYl, '4tS-4) • 

Sulphur dust enabled to retain leaves, ultim1-ltely resulting 

in an increased yield of 5 - 77% (Average 18%) (Higgins 193'). 

Woodroof and Higf,ins (1939) reported satisfactory control of leaf 

spots by dusting sulphur (40 - 45 19t. per' acre, 325 mesh) at 
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fortnightly intervals. Miller (1940, 1942) simila.rly observed an 

increase in yei~l upto 23.5% valued at $ 18 per acre, by sulphur 

dusting. With tha similDr dusting schedule Higgins (1941) reported 

satisfactory control of ~. personata and~. arachj dicola, with a . 
resulting increase in yield of 16 - 20%. At the North Carolina 

Agricultural experiment station (Anonymous, 1943) effective control 

was obtained by dusting sulphur not lEter than 8 days after 

inocula.tion. So extensive was theuse of sulphur for controlling 

ground nut leaf spots, in U.S.A. that, as muc¥ as 7% of the total 

sulphur used in U.SoA. in 1947, Has applied ag~nst tikka 

(Mcnew et.al, 1951). Mehta et.al (1955) reported 40% increase in 

yields by dusting sulphur (16 Ibs per acre) at 10 days interval. 

Bates (1959) obtained successful control of ~. arachidicola by 

3 applications of sulphur dust, with 12% increase in yield. 

Johnson (1960) report,ed control of _<2. ~hid_~c2la with 

Maneb and Zineb resulting in an increased production of 750 Ibs 

per acre. Low voll1me application of oil sprays was reported to 

give slight control of C. personata (Calpouz !!.~,1961). Of a 

number of modern organic fungicides tested Brestan VP 19 - 40 

was reported to give good control (Ter Horst, 1961). 

Good control of leaf spots of ground nut was obtained by 

three applications of either Bordeaux mixture (8 - 12 - 100), Lime 

sulphur (2 in 100 with or without catalytic sulphlJr or 4 in 100) 

or four proprietory sulphur dusts (98 - laos throueh 325 mesh); 

two of Bordeaux followed by one of ~rettable sulphur (6.5 in 100) 

and one of Bordeaux followed by two of wettable sulphur'M111er, 1939). 
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Results with Burgandy mixture, copper and sulphur dusts at three 

weekly interva~s were unsatisfactory (Simmonds, 1947). Mehta and 

Mathur (1954) reported successful control with sulphur dusting 

(6 applications at wee""}i.ntervals) or spraying with 0.15% cupravit, 

0.15% perenox or 2 - 2 - 50 Bordeaux misture (All these sprays were 

used with l:inseed oil as sticker). Cooper (1961) found that, TC-90 

spray (experimental liqtrl.d copper @ 1.5 - 2.5 gallons per acre) was 

effective at weekly and biweekly interrals and Dithane (1 - 2.5 Ibs) 

and cyprex (0.5 - 0.75 lbs) were effective at weekly intervals. 

Staples (1958) obtained good control of,2. arachidicola by the 

application of copper 'oxychloride, Maneb and sulphur dust. Red 

copper oxide combined with sulphur gave best control of C.personata 

(Shantha, 1961). 

Shaw and Herbert (1941) obtained practical control of 

ground nut leaf spots, by four applications of copper - sulphur 

dusts at fortnightly intervals. Woodroof (1942) recolllIl1ended 

the use of sulphur (93% through 325 mesh) or copper - sulphur 

(10 - 90) on the first appearance of spots on the basal leaves, 

at the rate of 15 - 20 100 per acre; 3 or 4 times. Results of the 

Georgia experiment station (Anonymous, 1944) revealed copper-sulphur 

dusts to be most effective. It Has reported from Texas Agricultural. 

experiment station (Ken Knight et.~, 1945) also that copper-sulphur 

dust.s were superior to sulphur alone. Further experiment at 

Georgia experiment station revealed that 20% mixtures of Zerlate 

or Fermate with talc were inferior to sulphur and copper - sulphur 

(10 - 90). Fermate-sulphur and Zerlate-sulphur (20 - 80) showed 

some superiority to sulphur a~one, but were less effective than 

copper - sulphur combination (Anonymous, 1950). 



MATERIALS AND METHODS 
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The Host:-

Unless otherwise stated, the variety of groundnut used was 

Sparrl.sh Improved - a bunch variety highly susceptihle to tikka disease. 

For inoculation experiments groundnu~ plants were raised in 9" x 5" 

pots filled wi th a soil-farm yard manure mixture. In genera 1 two 

seeds were sown in each pot. All the plants raised in pots were 

maintained in the green house. 

The Pathogen:-

Inoculum: As the fungus does not sporulate freely on artificial 

media, inoculum was always obtained from infected host plants. The 

following procedure was adopted for obtajning the inoculum free from 

conta.rnin2.nts. 

Tikka affected lea.ves were collected from t he field and well 

developed spots of Cercospor!: arachidicola and .£. persona.ta were 

separately cut into bits. (It js quite possible to dj_fferentiate 

spots produced by .£. arachidicola and C. personata, by the external 

appearance of the spot). The leaf bits, with spots thus obtajned, 

were thoroughly washed in sterile water to remove any saprophytic 

fungi or a.ny other contaminant. The washed bits were pressed dry 

between filter papers and kept in a petripla.te moist chamber for 48 

hours (Shantha, 1956). 

Abundant sporulation of both the species of fungi occured, 

without any microscopically visible contaminants, after 48 hours of 

incuba.tion. The spots of .2. ara.chidico~a and £. E,ersonata were 

separately transferred to tubes with 5 ml. of sterile water. The 
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tubes were thoroughly shaken to obtain a heavy suspension of the 

spores. The spore load in the suspension was always maintained" 

by dilusion with sterile water, to contain 15 to 20 spores per 

microscopic field (xlOO maginification). The spore suspension 

was immediately used for inoculations. 

Inoculations:-

Inocul.ations of C. arachidicola and C. Eernonata were always 

conducted sepa.rately on different plants. 

Prior to inoculations, the plants were wttted by a fine 

spray of sterile water with a small nozzle sprayer. The plants were 

then thoroughly shaken,to remove all excess water,and inoculated b.y 
i 

spraying the spore suspension with an atomfzer. (separate atomizers 

were used for the two species to prevent possible contamination) 

Inocu.lations were always conducted in the green house "late in the 

afternoon. All inoculations ~ere done on 30 day old plants. 

Incuba.tion: -

The inoculated plants, were covered with polythene bags whose 

open end was sealed by tying to the pot with a thread. 

The controls were sprayed only with sterile water and then 

covered with po1J~hene bags as usual. 

Polythene bags he.d been removed 3 days after the plants were 

inoculated. 

~",OHRA PR-AOESH--~, 
LIBRARY . 
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Host - parasite relations:-

]ixing: From the time the first symptoms l-1ere observed, spots 

of C. arachidicola andC. personatatwere fixed on alternate days until 

the spots were mature. Formalin - acetic acid - alcohol (F.A.Ao) of 

the following formula was used as fixing medium. 

Formalin (40%) 5 c.c. 

Glacial acetic acid 5 c.c. 

Alcohol (70%) 90 c.c. 

The fixed material was dehydrated through alcohol grades 

rap~ing upto absolute alcohol, cleared in xylol and then embedded 

in paraffin (melting point 56 - 58°c.) Serial transjerse paraffin 

sections of the material were obtained by a rotary microtome. The 

sections were stained in Saffram.n - fast green combination and 

mounted in 'Depex' mounting medium. 

HUMidity Experiments:-

The various levels of relative humidity were obtained by using 

sulphuric acid solutions of different specific gravities. These were 

obtained by mixing sui table quanti ties of -water with sulphuric acid 

of known specific gravity (1.84). The following table gives the 

actual amounts of sulphuric acid and wa.ter 0 that have been mixed 

(Stevens" 1916). 
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S.No. Percentage Percentage Percentage of 
of water of H2SO4 relative humitidy 

1 100 Nil 100 

2 94 6 ,. 98 

3 88.5 11.5 95 

4 80 20 90 

5 77 23 85 

6 73 27 80 

7 67 33 70 

The above mixtureso£ sulphuric acid - water solutions were 

taken in 10 x 22 em glass cylindrical jars. In these jars conical 

flasks of suitable size were inverted as platfonns"to keep the slides. 

The ja.rs were covered with lids and sealed off with cellulose tape. 

Spore germination experiments:-
~ 

All spore germination experiments were conducted on fresh 

clean glass Slides. The desired liquid media were spread on the 

slides~ not too thinly, and then the spores were dusted in such amounts 

as to avoid congestion. These slides were then transfered to the 

petriplate moist chambers 

All the laboratory experiments were conducted at a room 

temperature of 260 - 300 0. 



EXPERIMENTAL 



Plate. 1 

Left: Ground nut leaf infected by Cercospora arachidicola. 
Top leaf is upper side and the bottom one lO'tt.19r side. 

Right: Ground nut leaf infected with Cercospora. personata. 
Top leaf is upper side and the bOttom one lower side • 

. ,._ 
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1. Symptomatology:-

Field observations indicated tr.t.8t the lesions produced on 

ground nut plants by the two species of Gercospora, vary, to some 

e'Xten~~ accordin[; to the variety of ground nut. In general it was 

observed that lesions produced on creeping varieties were sma.Ller 

than tn;se on erect varieties. 

Seven varieties of ground nut§ comprising of five bunch 

varieties, Spanish Improved, TMV-2, 417, 419, 422 a.nd two spread:ing 

varieties, .t T - 28 and P50l/90, were inoculated in the green house" 

separately, w:i.th Cercospora perso.!::ata and .£. ara~~~~. The 

symptoms produced on these varieties were critically stucD!ed, once 

in the initial stages and next when the spots were mature. Particular 

attention was paid to note the size" shape and colour of the lesion 

and halo formation. 

Symptomatology of tikka disease caused by cercospora persona.ta:­

a) Initial symptoms: (Table Ia:): The first observation was made 

eleven days after the plants were inoculated. The spots apJ:eared 

as amall specks, below i mm. in size and their colour varied from 

light brolil1~ to dark brown on the upper surface and light yellow 

on the lower surfa.ce. A slight depression was evident on t he lower 

surface. The colour of the spots on the upper surface was brick red 

on 417, light bro'Wl'l on THV-2, brown on Spanish Improved, light tan 

on 419, dark brown on 422, brick red on T-28 and dark brown on 

PSOl/90. 

No discerncft,le halo was present around the spots on 417 ani 
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419. light yellow areas which can be designated as halos were 

present on L22 and on PSOl/90. On T~1V-2, Spanish Improved and 

T-28"faint greenish yellow halo merging into the leaf" appeared. 

No halo developed on the lower surface. Thus it may bee seen tha.t 

in some varieties halo is formed even in the initial stages. 

b) Developed symptoms (Table Ib): The second observation was made 

15 days later. The spots were very well developed. The colour of 

the spot was carbon black in one variety, 422" and in the rern8ining 
. 

varieties it was very deep black; on the lower surface the colour 

was still darker. Except in the varieties TMV-2 and 419 (in which 

the spots tend to be irregular), the spots were definitely circular. 

The spot size vc::ried from 1.5 - 3.5 rom. in diameter. 

Halo w~~ almost entirely absent in 417 and 419. In other 

varieties, halo of varying width was present on the uPier surface. 

On the lower surface of the le~ the halo was not visible,in T-28 

and TI1V-2, faintly visible in P501/90 and distinctly visible in 422. 

Symptomatology of tikka disease caused by Cercosp?ra arachidicola:­

a) Initial symptoms: (Table II a): The following observations were 

made in the intial sta.ges of lesion development. The shape of the 

spots at this stage was irregular in Spanish Improved" T-28, 422 

and PSOl/90; irreguln.rly round in h19 and round in THV-2 and 417. 

The spot size was bigger when compared to ,2. personata, varying 

from 1 to 1.5 rom. in diameter, in all the varieties. The colour 

wa.,s dark brown in Spa.nish Improved" TMV-2" 417 and P50l/90; brick 

red in 419 and 422 and brown in T-28. On' the lower surfac' the 
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spots were lighter in colour in all varieties except 419 'in whi.ch 

they were black. Halo was almost absent in 419, 417 and 422; yellow 

in Spanish Improved and T-28 and greenish yellow in P50l/90 and THV-2. 

b) Developed symptoms: The spots were round on Spanish Improved, 417, 

and T-28 and irregularly round. on TMV-2, 422, 1'501/90 and 419. The 

colour was drak brown (T-28 and 419), darktan (T}W-2), tan (P501/90) 

and black (Spanish Improved, 417 and 422). The spots measured 3 - 5 rom. 

in diameter. Spots were lighter coloured on the lower surface. Halo 

was not discerrrl.ble on 417, 419 and 422. On all other varieties 

circu.lar . halo varying from 0.5 - 2 nun. in width was present. CT'c:a.ble. ~. b.). 

Based on the above studies the symptoms of tikka disease 

caused by Cerc0spora persona.ta and Cercospora arachidicola can be 

described as follows: 

i) g_. persol18.ta: In the initial stages of infection the symptoms 

appear as blown to black specks measuring below lmm. A yellowish 

bleached area, Which can be designated as a halo, is present around. 

the specks in some varieties. The shades of the halo depend on the 

variety. On the lower surface the spOts appear as depressed areas 

with a slight yellowish discolouration. 

As the spots mature the colour on the upper surface clearly 

attains a bla.ck shade and on the lower surface the colour is very 

deep black. The size of mature spots varies from 3 nun. to 1 cm. 

depending on the variety. Halos around mature spots either remain 

undeveloped or attain a golden yellow hu~ depending on the variety. 

The width of the halo varies from 0.5 to 2 mm. The di.scernibility 



of the halo on the lower surface of the leaf also appears to be 

a va.rletal character. 

i1) .2. arachid1cola: The initial symptoms produced by.£. arachidicola 

are specks of a brick red to brown cllour, ranging from 1 - 1.5 rom. in 

size. T'neyare less regular in shape and may possess a halo of faint 

yellow colour. On the lower surface they symptoms appear as depressed 

areas with a yellowish discolouration. The cologr of the halo 

depends on the variety. 

Mature spots of ,2. arachidicola vary in size from 1 rom. to 

1 cm. and' are irregularly 1'0 und to round but less sharply defined 

than~. personata. They are definitely dark brown to black on the 

upper surface and light brown to dark tan on the lower surface. 

This constitutes an important difference between this spot and the 

one caused by,2. personata. Halo,when formed is yellow to golden 

yellow in colour and 0.5 to 2.5 mm. wide. Halo mayor may not be 

present on the lower surface. 

2. The incidence of Cercospora personata and C. arac¥dicola under 

field conditions:-

To obtain information on the exact time of incidence of 

both the species and their pers~.stence throughnout the life of the 

ground nut plant, field investigation has been taken up. A centrally 

situated plot in a ground nut field, sown with Spanish Improved 

variety, has been selected and fifty tikka affected leaves have been 

collected at random, from the four corners·and the centre of the 

plot; on alternate days. The number of spots produced by _2.arachidicola 

andC. personata were counted sepera.tely. In the ea.rlier colJ.ections 
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this was done by a microscopical examination, but later it was found 

that separation of spots caused by the two fungi could be done by 

observing the external appearance. The percentage of spots due to 

c. persona.ta and,2. a.ra.chidicola, have been calculated. 

The data are 'presented in Table III. 

Results: It has been found that the disease actually appeared 40 days 

after the r,round nuts were s01m. C. arachidicola "Was the first to 

appear and it persisted until harvest. .2. personata appeared one 

month after .£. arachidicola. and gradually j.ncreased in percentage 

of infection, but remained low when compared to .2. arachidicola. 

However C. personata persisted until harvest. 

3. Age of the rround nut plant in relation to infection by .2.personata 

and C. arachidicola:-

It is a general observ._a.tion that tikka disease does not appear 

until the ground nut crop is 35 - 40 days old. Also, the lower 

leaves are more frequently attacked. This indica.tes that the older 

lea.ves may be more susceptible than the younger. 

An experiment has been designed to see whether the ground 

nut plant is susceptible to leaf spots at all stages of Hs growth, 

Five stages of the plant have been selected for t~1s purpose; these 
(iI.J. 

stages ere expressed :tn the age of the plant from the sowing time. 

These stages are: 

I - 10 days old plants (2 leaf stage) 

II - IS days old plants 

III - 30 days old plants 
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IV - 45 days old plants 

V - 55 days old plants. 

29 

At all the stages of growth the ground nut plants have been 

inocula.ted with separate inocula of thet'tro species am incubated for 

72 hours by covering with polythene bags. The plants have been 

closely observed for the symptoms 'tihich peappeared normally in a vleek's 

time. From the time the first symptoms appeared, the percentage of 

leaves infected and the time taken for the initiation of defoliation, 

have bean noted. 

Results: The most striking observation from the above experiments 

is that the ground nut plant is almost equally susceptible, at all 

stages ·of growth, to both the leaf spottings fungi. Throughout 

the two month period Cercospora persona.ta had been more intensive 

and destructive. It has also been obServed that the earliest 

defoliation occm/ed when the plants were inoculated at an age of 

10 days and the longest time for defoliation was taken when the 

plants were inocula.ted at an age of 55 days. At any stage of growth 

defoliation due to £_ personata had been earlier than due to 

.2.! arach:i dicola. (7 &V~ fi) 

4. The period of high humidity required for success~ll infection 

to occur:-

Fungal pathogens, in general, require a period of high 

hwnidi ty in which their spores germinate and make successful entry 

into the susceptible host. The period of high humidity varies with 

individual species of plant pathogens. There is always an optimum 
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period of high hurnidi ty during w:hich the pathogen takes best 

advantage and produces symptoms with maximum severity. 

An experiment was therefore conducted to find out the optimum 

period of high humidity required by ~ personata and ~ aracnidicola 

for successful infection to occur. 

Plants were inocula.ted with a mixed spore suspension of 

.£.ercospora personata and .Q. ara,chidicola. The plants were then 

covered with polythene ba.gs and the bags were tied around the pots, 

to pro,~de 100% humidity. The pol~~hene bags were removed at 

intervals of 24, 48, 72 and 96 hours respectively. 
'i., 

Hesults:-

No symptoms were observe d on plants kept under high humidity 

for only 24 hours. 

The first symptoms were observed, on tne plants provided 

with high humidity for 48, 72 and 96 hours, nine days after inoculation. 

TWenty days after the first symptoms were observed, the plants 

were scored for the intensity of spotting of .Q. arachldicola and 

c. personata. The results lire presentE'd in Table V. 

From the data obtained it is clear that the maximum infection 

is obtained, in the case of .9. arachj_dicole,.and .Q. personata, when 

the plant s, aft er j,noculation were provided .. Ji th hj gh hum:i di ty for 

72 hours. 
loT 

No infection occurEed 'When they were suspected to 

humidity for only 24 hours • 

.. 
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5. The effect of hu.midity on size and septation of spores of 

Cercospora personnta ~Cercospora arachidicola,-

Humidity is probably the most important environmental factor 

influencing the growth and reproduotion of fungi. The aseJrual 

reproduction of fungi is more influenced by the atmospheric humidity 

than sexual reproduction. 

It was observed by Jenkins (1938) that hjghly moist conditions 

were responsible for the production of lengthy conidia with more 

septations. InforM8tion on the extent of variation in length and 

septation of conidia, undf3r vary:i.ng humid conditions, appears to be 

missing. For these purpose conidia of Cercospora personata and 

Cercospora nracM.dicola were obtained both from field and from spots 

kept in petri plate moist chambers for 48 hours. Two hundred spores 

were measured from each source and their mean length and breadth 

obtained. 

Results :-

The results are presented in Table ft-; Y I 

By p,lancing through the results it appeeJl"s that the length 

and sept'tjon of spores are the most influenced. Both the species 

react strl.kingly to the variatj.on in humidity. In C. DersonEta 

the average length of the treated spores equals that of the ITl8ximum 

length of the untreated spores, w here as in C. ~ac_~dicola the 

variation is a bit less. 

Apart from statistical results, it has been observed that 

the spores obtained under high humidity conditions differ strikingly 
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from those obtained under low humid conditions. But for their 

browrrj_sh colour conidia of _2. personata would have been confused 

with C. arachidicola because the former obtained the length of 

the latter under high humid conditions. 

The number of septa is also strikingly different Irom those 

pi obtained under low humid conditions. 

6. The effect of humidity pre-treat:'Tlent on spore germination of 

Cercospora personata ~ Cercospora arDchidicola:-

It has been observed experimentally that variations :i.n 

humidity strikingly alters the size and septation of the spores of 

.2. perso~ and ,2. arachidicola. It is quite possible that the spores 

produced under high humidity may behave differently from those produced 

under low humidity condiUons, in addition to their increase in size 

and septation. The efficiency of germination is the probable 
,.. 

behaviour which can be studied experimentally to observe the 

difference between prehumidity treated and untreated spores. 

Thus an experiment has been designed to observe the difference 

in spore germination, if !ny, between prehumidity treated and 

untreated spores. 

A thin film of water has been spread on clean glass slides 

and spores obtained from the sources already stated have been dusted 

evenly so as to avoid congestion of spores. The slides so prepared, 

have been kept in m01st chambers iMprovised by using cotton padding 

and sterile water in sterilized petriplates. 
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The slides were then observed under the microscope after 32 

hours to study spore g~rmination. The ntunber of spores that ha.ve 

germinated per 100 in the microscopic field, and the maximum germ 

tube length were recorded. 

Results:-

From the da.ta obtained, there appears to be no significant 

difference in the percentage germination of spores of.Q. personata 

obtained from prehumidi.ty treated spots and those obtained from 

fresh spots. However a significant increase in the maximum germ 

tube length has been observed in untreated spores. 

In the case of C. arachidicola an increase in the percentage 

of germination has been observed in the spores obtained from pre 

humidity-treated spots. But the reverse has been observed in germ 

7. The effect of humidity on sP9re germinatio~:-

The spores of many species of fungi do not germina.te in the 
[ . 

absence of l~qu]_d water. Others are capable of germination on dry 

lfurfaces in an atmosphere of high humidity, usually 9.5% or above. 

Liquid water is generally retained as very thin films on leaf 

surfaces, as most of the water j.s drained off because of the rlaxy 

cuticle. Under low humidity conditions such films are subjected to 

very quick evapora.tion resulting in a dry leaf surface which 

ultimately results :i.n the desiccation of the spores. The same water 

film is retained if high humidity conditions prevail. Such is the 

influence of humidity on the germination of spores. 
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Hence, to test the germination of the conidia of Cercospora 

;eersonata and C. araclUdicola, an experiment has been designed with 

different lellels of humidity. 

The various ~evels of humidity have been obtained by mixing 

concentrated sulphuric acid (sp. gr. 1.84) and water at different 

proportions(Stevens, 1916). The above mixtures were taken in 10 cm. x 

22 cm. glass cylindrical jars upto ~ Volume. Conical flasks were 

inverted in the solutions 6.n which the slides were }{ppt. The mouth 

of the jars was covered by lids and sealed with cellulose tape. 

Clean glass slides were swabbed with a wet cotton pad, to 

provide a thin film moisture; and the conidia of ~. personata and 

C. arachidico1a were dusted over the slides. The slides lolere then 

placed over the inverted flasks in the glass jars after w.hich the 

jars were covered and sealed with cellulose tape. 

The observations were recorded 24 hours after the slides 

were placed in the humidity chambers. 

Resu1ts:-

From the observations, as represented in Table VIna and VInb. 

It appears that the conidia of ,2. personata germinate best at a 

humidity level of 98%. "vJhere as the conidia of C. aracMdicola 

germinate best at 100% humidity. 

It has been observed that at humidity levels 70 to 90% the 

water film on the slides has completely disappeared, inspite of 

which, the spores have germinated. 
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8. Percenta.;ge of germination of the_ conidia ?f Cercospora person_ata 

and Cerco~~ arachidicol~, in _<!:i!!er_Emt media:-

Spores of pathogen:ic fungi germinate best on their susceptible 

host. The successful germinat:ion of the spores, on the host, is 

influenced by many factors among which are the host secretions. 

It is quite impossible to obtain as much effieiency in germination 

as on the host surface unless untill the conctitions which favour 

their germination on the host surface are completely understood. 

To understand the above aspect of spore germination, and 

experiment has been conducted with tl~ concentrations of sugar 

solution, sterile water and 2% agar. The germination of the spores 

has been counted as germination obtained per 100 SpOl"es. The 

development of the spores in different nutrient media has been 

observed upto lL hours. 

Results:-

From the data obtained it is evident that both the species 

germinate best in st:ri1e water; Cercospor~ per.~(ma.t~ having 86% 

germil18. tion and ~. arachidicola 53.9% gerrnina tj on, ai'ter 14 ho urs. 

The next favour['ble medium appears to be 1% sugp..l' solution for 

.2. personata and 2% agar for C. ar2chidicola. (Ta..bl.e ~ a.~ ~ h) 



9. Host-parasite relations: 

For the purpose of the study of host-parasite relationships 

in tikka disease, three varieties - Spanish Improved, TI1V-3 and 417 -

have been selected. Spanish Improved is one of the most susceptible 

varieties and TNV-3 a less susceptible one. Variety 417 is different 

from the other t'V;o in that no halo develops on this variety 

(Expt.l Symptomatology). 

Inoculations of C. arachidicola and C. personata were made - ...____ 

separately in the green house. Starting 'VJith the first appearance 

of symptoms, the diseased m;:;terial was fixed in F.A.A. on alternate 

da.ys until maximum lesion development occurred. Serial microtome 

sections were C,lt and stained in saffranin - fast green combination. 

i) Cercospora ~ach~dicola:-

a) Spanish Improv~d: In the initial stages, both the epidermal 

layers collapsed (Plate, 2a). 
"-

No mycelium was observed at this 

stage. There was a eeneral collapse of the cell walls of the 

palisade and spo~gy mesophyll. Beyond the necrotic zone and 

adjacent to it, cells were apparently normal, though the lower 

epidermis in that region appeared necrotic. T1ycelium was inter-

cellular and intra-cellular in the necrotic area (Plate, 2b). 

As the lesion progressed there was a complete collapse of 

the palisade and spongy cells in the necrotic area (Plate, 2c). 

The distorted epidermal layer was thickened in this region and 

deenly stained (Plate, 2d). There was a complete collapse and 

even disappearance of many of the mesophyll cells (Plate, 2d). 





Plate 2: Spanish Improved infected by Cercospora ara.chidicola. 

0: Healthy leaf. 

a: Initia~ stages of infection. 

b: Showing inter cellular and intra cellular mycelium. 





Plate 2: Spanj_sh Improved infected by Cercospora arachidicola (Contd). 

c: Collapsed palisade and spongy cells. 

d: Complete collapse of the cells and stroma £ormation. 





• 

Plate 3: T~N-3 infected by Cercospora arachidicola. 

0: Healthy leaf. Note the closely p8.cked nature of the 

palisade cells. '~ 
a: Initial stages of infection. Note the distorted 

epidermal layers. 

b: Showing inter and intra cellular mycelium in the 

spongy mesophyll. 





Plate 3: Tl1V-3 infected by Cercospora ara.chidicola (Contd). 

c: Showing disor~anjsed cells of the mesophyll resulting 

in vac~~t pockets. 

d: Complete collapse of the cells of the necrotic area, and 

mycelial aggregation below the upper epidermis. 

e: Stroma, emerging out through the ruptured epidermis. 
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Later on the mycel:5.um was observed to be accumulating in abundance 

in the necrotic area. 

After the host cells have completely collapsed in the 

necrotic area, the mycelium began .aggrega.ting in masses in the 

vacant spa.ces below the upper epideMlis. These ma.sses also appear 

to contain the necrotic host tissues. The size of the hyphal 

matryx increased as the ~ge of the lesion increased. The necrotic 

epidermal layer was gradually pushed and finally ruptured by the 

stromatic tissue. 

b) TJ1V-3: Epidermal cells were distorted, making the de~al layers 

appear as mere threads (Plate, 3a). The cells of tne palisade and 

spongy mesophyll started collapsing early. The area of the leaf 

at this pla.ce appeared thin due to the shrunken parenchymatic cells 

and the epidermal layers. Beyond the necrotic region and adjacent 
,._ 

to it the palisade and sp~ongy mesophyll cells stained darker than 

the healthy cells and lighter than necrotic cells. 

Mycelium was observed to be inter cellular and intra cellular 

in spongy mesophyll,adjacent to the lower epidermis (Plate, 3b). 

As the lesion growth progressed the upper epidermal cells 

were badly distorted and the palisade and spongy cells were shrunken. 

The cells of the mesophyll region were disorganised resulting in 

many vacant pockets (Plate, 3c). Severe necrosis occu~ed in the 

mesophyll area. The apper and lower epidermis thickened considerably 

and hence has taken a deep stain, appearing almost black. 





Pla.te 4: Variety hl7 infected by Cercospora arachidicola. 

0: Healthy leaf. 

a: Initial stages showing the disrupted upper 'epidermis 

and intact lower epidermis. 

b: Showing a gradua.l collapse of the cells of the 

necrotic region. 





Plate 4: Vaxiety 417 infected by Cercospora ara.chidicola (Contd). 

c: Gradual collapse of the cells of the necrotic region. 

d: Stromatal formation on the upper and lower epidermis. 

e: Mature stromata rupturing the epidermis,with inter ... 
and intracellular hyphae beneath • 

• 





Plate 4: Variety 417 infected by Cercospora arachidicola (Contd). 

f: Intact vascular vessels surrounded by necrosed cells. 

g: A mature stroma perche~ on the upper epidermis. 
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Beyond the necrotic zone, though the upper epidermis 

appeared necrotic,the mesophyll cells were apparently healthy but 

stained grey with sli.ghtly shrunken cell walls; some of their contents 

appear partially disintegrated. There was no indication of any 

cicatricial formation. 

This was followed by a ·collapse of the cells in the necrotic 

area resulting in the formation of many vacant pockets. Both the 

epidermal layers were distorted. A peculiarity observed here is 

the extension of necrosis to the spcngy mesophyll cells on either 

side, even though the palisade parenchyma and upper epidermis 

were apparently healthy. 

The complete collapse of cel1.s of necrotic area was followed 

by the aggregation of hyphae just below the upper epidermis (Plate,3d). 

This structure gradually pushed the epiderm:i.s upwards until finBIly 

the epidermis was reptured (Plate, 3e). 

c) 417: The upper epide~is was distorted and deeply stained. 

Almost all the cells of the palisade and spongy mesophyll collapsed. 

Some of them disappeared, creating many pockets. At this stage the 

lower epidermis was in~tact (Plate, 4a). 

In the advanced stage of lesion development an increased 

area of necrosis was observed. There was a gradual collapse of cells 

in this region (Plate, 4b and 4c). Stromata were observed on the 

upper and lower e~idermis (Plate, 4d). 

To start with, a stroma was strangled mass of hyph.s.e almost 





Plate 5: Spanish Improved infected by Cercospora personata. 

a: Showing di.storted epidermal layers and shrunken 

palisade cells. 

b: )Inter cellular mycelium 'lin the apparently 
& ) 
c: )healthy cells. 





Plate 5: Spanish Improved infected by Cercospora personata. (Contd). 

d: Showing hyphal net'WOrk in the necrotic area.. Note the 

hi.ghly collapsed palisade and spongy cells. 

e: stroma raising the epidermis 

f: Stroma rupturing the epidermis. Neighbourhood of 

stroma devoid of mycelium. 



39 

globular in shape wM.ch gradually forced its way upwards and 

ruptured the epidermis in the process (Plate, 4e). :t-1ycelium was 

observed beneath the stroma, both inter and intra cellularly. 

Hycelium was also observed to be present inter-cellular 

and intra-cellularly in the apparently healthy cells adjoining 

the necrotic area. The presence of mycelium in the healthy cells 

did not appear to influence either their size, shape or their 

contents. Yascular vessels retained their shape jon spite of the 

severe necrosis of ce1ls surrounding them (Plate, 4f). 

ilpercospora personata:-
/ 

I 

a) Spanish Improved: There was a distortion of upper epidermis, . 

and some of the palisade cells were shrunken in the initial stages 

(Plate, 5a). As the dj_sease progressed,cells of the paliaade and 

spongy layers have attained a grey colour; some of their cel1 
... 

valls slightly shrunken. A slight collapse of cells was also 

observed. 

Mycelium was inter cellular (Plate, 5b). Hyphae were seen 

in a net work through out the necrotic zone (Plate) 5d). A severe 
y 

collapse of the palisade and spong~ cells occured in the necrotic 

area (Plate, 5d). The cells of both the epidermal layers were 

disintegrated but the layers were still compact. Hycelium was 

inter-cellular in the collapsed region. Hycelium vlas also observed 

in the area. adjacent to the necrotic areas corresponding to the 

halo observed on the leaves. Cell.s in this region stained grey, 

but neither their contents nor their shape had been lost (Plate, 5b 

and 5c). 

Hyce 





Plate 6: TMV-3 infected by Cercospora Eersonata. 

a: Showing distorted epidermal cells and shrunken 

palisade and spongy cells. 

b: Inter cellular mycelium in the necrotic area 
'-

c: Darkly stained cells of the halo region. 





Plate 6: TIW-3 infected by Cercospora personata (Contd). 

d: Note the formation of stromatic tissue below the 

upper epidermis. 

e: Mature stroma. 
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Mycelium aggregation leading to stromatal formation began 

just below the lower epidermis. The epidermis in that pa.rticular 

area was slightly raised. Abunda.nt mycelium was observed in the 

necrotic region (Plate, 5e). 

After further development, the epidermis covering the stroma 

was ruptured probably due to the pressure exerted by the stromatic 

tissue. No mycelium was observed in the neighbourhood of stromatic 

tissue (Plate, 5f). 

b) Tl~-3: In the earlier stages of lesion develop~ent there was 

a distortion of the epidermal cells. The palisade and spongy cells 

were shrunken the disorganized but not fully collapsed. No 

mycelium was visible (Plate, 6a). 

At an advanced stage of lesion development most of the cells 

of the palisade and spongy ~ were shrunken and collapsed (Plate, 6b) • 

• There was a transitional area between the healthy and necrotic area, 

probably representing the halo. Inter-cellular mycelium is observed 

in the necrotica area (Plate, 6b). 

stromatic formation took plAce after the mycelium aggregated 

below the lower epidermis. However stromatic tissues were also 

observed below the upper epidermis (Plate, 6d). With the advance 

in the age of the lesion the epidermis covering the stromatj., was 

" ruptureq, exposing the stroma.tic tissue. 

c) 417: In the early stages the epidermal cells of both the layers 

were a~~ost unaffected. Some palisade cellS in this region were 





Plate 7: Vanety 417 infected by CercospJra persona.:t!:. 

a: Fairly healthy epidermal cells. Note the decply 

stained and slightly shrunken palisade cells with 

inter cellular mycelium. 

b: Showing distorted epidermis and collapsed palj.sade 

and spongy cells. 

c: Note the perfectly healthy cells beyond the necrotic. 

region. 





Plate 7: Variety 417 infected by Cercospora personata (Contd). 

d: Extensive mycelium in the region of the lower 

epidermis. 

e: Free mycelium in the proximity of the stroma •• ... 
f: Stroma. forl1l8.tion on the upper a.nd lOvJer epidermis. 



disorganized (all of them v-.rere deeply stained, their walls in 

particular) and. their walls were slj_ghtly shrunken. Spongy cells 

were almost unaffected (Plate, 7a). 

Mycelium Has seen ramifying throughout the palisade and 

spongy pa.renchymatic cells inter cellularly (Plate, 7a). As the 

disease progressed epidermal cells of both the layers were 

disintegrated, the epidermis appeerj_ng as a thread like structure. 

A !Tl8jority of the palisade and spongy cells were collapsed 

(Plate, 7b). Beyond the necrotic area the tissues appeared 

perfe~tly healthy (Pla.te, 7c). 

In the necrotic area mycelium was observed to be very 

extensive, particularly below the lO't'ler epidermis. Although 

many hyphae were observed to be inter cellular in the palisade 

zone a few intra cellular hyphae were also observer;l.lPl ... f~, 7 d.) 

-lJa..i 
Further, there ~ a dissolution of the cells of the necrotic 

area, due to which large vacant pockets v-.rere found. In tnese zones 

mycelial aggregation appeared just below the lower epidermis. Free 

mycelium was also observed in the necrotic area in the proximity 

·of the stroma.ta (Plate, 7e). stromatic formation was also 

observed below the upper epidermis (Plate, 7£). 



DISCUSSION 



Ever since it was recognised that tikka disease was caused by 

two species of Cercospora, £. personata and £. arachidicola, there 

were several accounts of differences in symptomatology, hoth internal 

and external, of the disease due to the two species. Particular 

emphasis had been placed on the lesion shapes, the period of appearance 

of the halo and the location of the mycelium in relation to the cells 

(\-Joodroof, 1933 and Jenkins, 1938). 

In the present study the symptomatology of the disease was 

studied on many varieties of varied parentage, under identical conditions. 

The results obtained from such a study revealed that some of the 

differences made out by the previous workers appes.red to be not very 
, 

constant. Earlier workers indicBtecythat while the lesions are circular 

in the case of C. Eersonata, they are irregular in the case of 

C. ara.chidicola. A critical examination of table I and II shows that 

on several verieties, the spots due to Q. arachidicola were as 

circular as those of C. personata (Plate I). Out of the seven varieties 

tested the lesions were ciruclar on four varieties infected by 

_2. personata and these varieties infected by _2. arachj_dicola. On 

two varieties, 417 and T-28, both the fungi produced circular lesions. 

On Spanish Improved the spots produced by ~. personata were more 

circular than those due to C. arachidicola. However, spots produced 

by ~. personata were more oj rcularly defined than those produced by 

C. arachidicola. 

) 

Much emph2.sis was placed in the past on the period of 

appearance of the halo in differentiating spots produced by the two 

. fungi (Butler, 1918 ; Woodroof, 1933 and Jenkins, 1938). \ioodroof (1933) 

• 
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emphasised the fact that a halo is present from the beginning around 

the spots produced by £. arachidicola waere as halo was observed only 

around l1l8ture spots in the case of C. personata. The results obtained 

in the pres ent stUdies are in variance with those 0 bserva.tions • A 

halo was discerna.ble in C. personata also, from the inHia~ stages. 

It may however be pointed out thDt the dievelopment of the spot in the 

case of £. personeta was slower compared to £. arachidicola. Thus 

ten days after inoculation the spots due to ~. persona.ta measured 

below lmm. While those due to C. arachidicola measured upto 1.5mm. 

The early appearance of the halo is perhaps a result of the faster 

development of the spot itself. Nor was there any marked difference 

in the colour of the halo which varies from fa.int greenish yellow to 

golden yellow in both the cases. 

Another interesting fact that has emerged out of this 

experiment is that no halo at a.ll may be produced in some varieties. 

Thus dno discernable halo developed around the spots on the varieties 

417 and 419 infected by both the fungi. There does not appear to be 

any rep.ort, as far as the auther is aware" about the complete absence 

of halo in Cercospora infected ground nut leaves. Although the 

rea.ction of these varieties was not observed in the field, it can be 

concluded that atleast under the environmental conditions obtaining 

in the present green house studies, halo may not develop in the case 

of some varieties. This indicates that the development of halo 

depends on the ~ost also and therefore not solely governed by the 

pathogen. 

~ ... 
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The precise host-parasite reaction leading to the production 

of halo in ~ disease of ground nut is not knO'Wll. The role of 

toxins in the host parasite rela.tionships and lesion development had 

been a elucidated in many diseases, like riee blast, early blight 

of tomato and wild fire of tobacco (Tamari and Kazi, 1952 and 

Ludwig, 1960). It would be interesting to investigate whether the 

tao species of Cercospora causing ~ disease of ground nut produced 

any toxin(s) wr~ch playa role in the development of the halo. 

A more reliable criterion which se:tves in ready differentiation 

of the spots produced by the two species of Cercospora is the colour of 

the spot, on the lower surface of the leaf. Field observations indica.ted 

that it would be difficult to distinguish the spots by viewing from the 

upper surface. Both the spots were derk brown to black in colour 'With 

a yellow halo. But the colour of the spots due to the two species 

differed strikingly on the lower ''Surface; in the case of 

c. personata the spots were of deep black coloux and in the case of 

c. arachidicola, they iI.'"ere light brown to brown. In the present study 

a few hundreds of spots were separated by the author using the above 

driterion and later varified by examining the spores. ~vithout 

exception the i.dentificaUon was found to be correct. 

Although there were no marked differences in lesion size, in 

general it was observed that lesions on the spreading varieties tend 

to be smaller tJ:1an those of the bunch varieties. Also the lesions due 

to C. personata were smaller than those caused by ~. arachidicola. 



Butler (1918), Rhind (1924) and Roger (1935) reported that 

C • .E_ersonata occurs early in the season. 1-k>odroof (1933), however, 

designated the diseases caused by .£. arachid:i.:..~ and C. personata 

as early spot and late soot respectively based on the period of 

incidence of these fungi. Subsequent reports (Jenkings, 1938; 

Garren and vJilson, 1951; Chevaugeon, 1952; Vasudeva, 1961; Corbett, 

1962 and Rothwell, 1962) amply justify Woodroof' s differentiation. 

In the present study also it was observed that under field 

condttions C. ara.chidicola occurs earlier than.2. Eersonata and the 

former remained the dominant one during the entire period of the 

experimental crop. It wa.s however observed in a late sown crop 

that although .£. arachidi?~~ appeared early, .£. personata which 

appeared later was the dominant one. These results indicate that 

the relative predominance of these fungi depends on the date of 

sowing; when the crop is sown early .2. arachidicola is the dominating 
' ... 

species, while in the late sown crop.2. personata domi:1.ates. Jenkins 

(1938) also reported that in the trni ted States .2. arachidicola ~s 

was epiphytotic during August - September and .£. persona~ from 

September onwards. 

The early appearance of .£. arachidicola raises the question 

't"/hether the ground nut plant is more susceptible to this fungus in 

the earlier st2ges. The resuJ:ts obtai_ned (Table rJ) does not however 

support this view as the ground nut plants were equally susceptible 

to both the fungi at all stages of growth. The early incidence of 

C. arachidicola, then, is perhaps due to early liberation of the 

inoculmn under field conditbns. These results are also in variance 
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with the field observa.tions made by several workers (Butler, 1918; 

\voodroof, 1933 and Garren & Wilson, 1951) that the lower leaves are 

first to be attacked. This could be explained by the fact that while, 

in the green house the environmental conditions tend to be more 

uniform,itl the field'the microclimate obtaining nearer to the ground 

level is more congenial for the infection. 

Among the environmental conditions, rela.tive hu.udity is the 

most important single factor in the initiations of infection and the 

subsequent spread of the pathoeen. The results obtained in experiment 

(Table V) revealed that neither of the two species could infect the 

ground nut plant when high humidity was provided "for a period of only 

24 hours. M'aximum infection was obtained when a 72 hour period of 

. high humidity was provided. Under the field conditions also there 

was an increase of incidence of the disease after a week long spell d' -
of \-let weather. Th.1.s limited fieid observBtion indicates that the 

humidity plays an important part in the epidemiology of the disease. 

It was also observed that following high mumidity the spots were 

larger and da,rker coloured and the halo was much brighter. 

High humidity was observed to influence the sporUlation of 

the fungus also. In fact the common method of obtaining the spores 

of these fungi were by keeping the affected leaves in a moist chamber 

for about three days. High humidity not only affected the quantity 

of the spores produced but also the size and septation of spores. 

Je~~U@ (1938) also made similar observations. A quantitative study 

of this aspect revealed that spores of both species react strikingly 
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to the variation in humidity (Table VI). The length of the spore and 

the number of septa increased (Plate la) the germination percentage 

of the spores, however was not altered. An increase in the length 

and number of septa was reported to be a general response to high 

humidity (Hawker, 1951). Gregory (1939) however, reported conidia 

of Ramularia vallisumbosae found under very wet condition were 

shorter and broader and had fewer septa than those from drier 

situations. 

As spore size and septation are important taxanomic criteria, 

great caution is necessary while interpreting small differences in 

these characters. Indeed in the present study it was found that spores 

with almost identical length and septation could be obtained from 

E. pereonata and.2. arachidicola by manipulating the relative humidity 

in the incubation chamber. In view of the strong influence of 

environment on the morphology of tke spores of these two species of 

Cel-cospora it is doubtful whether the recent suggesUon of Khan and 

Kamal (1%1), that ~ •. personata should be shifted to the genus 

Passalora because of its spore morphology, is valid. 

Spore germination is probably the most important of all 

the factors related to epidemiology. The factors influencing spore 

germination thus play an important role in the spread of the disease. 

Among these factors relative humdity is of prime importance. Many 

fungi do not germinate in the absence of free water (Cochrane, 1958). 

For instance uredospores of many rusts may not germinate even at 100% 

humidity in the absence of liquid water. Results obtained in the 
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present studies revealed that a humidity of 98% favoured maximum 

spore germination (45.6%) in~. personata and a humidity of 100% 

was required for maximum spore germination (23.1%) in the case of 

c. arachidicola (Tpble VIII). These results indicate that spores 

of .2. personata not only require a slighly lower hwnidty but also 

have a higher germination percentage. This is the probable reason 

why, where the two fungi occur together C. personata spreads much 

more faster than C. arachidicola. 

Besides relative humidity the nutrients in the infection 

drop are known to play an important role in the spore germination. 

Results obtained in the present studies, however, indicated that 

the spores of both ~. personata and.2. arachidicola germinate best 

j_n sterile water ('I'able IX). Here again the percentage of 

germination of spores of C. persomta wa.s more than that of 

C. arachidicola' .... 

Host-parasi te relationships: In all the three host varj_eties 

studied the initial histopathological symptom was collapse of 

the epidermal cells except in the variety 417 infected by 

.£ •. arachidicola where the epidermal cells collapsed at a later 

stage. 'nhis was followed by collapse of palisade and spongy. cells. 

The vascular bundles however appeared to be unaltered. One 

significant observation made was that the mycelium was never 

extensive. Indeed it is hardly possible to explain the rapid 

collapse of the cells in the absence of extensive mycelium 

.without postUlating that some diffusable substance which travels 
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in advance of mycelium is produced by both the species. It is 

tempting to assign this role to some toxin(s) secreted by these 

fungi. Jenkins (1938) reported ld.lling of the cells in advance 

of the mycelium in lea.ves infected with C. arachidicola. 

According to Butler (19lh) and Woodroof (1933) the mycelium 

in the case of C. ara.chidicola was internal and externa.l" inter 

cellular 8.nd intra-cellular with"ut haustoria. In too present 

studies the mycelium was never found to be external either in the 

case of ,2. personata or in the case of C. arachidicola. The 

myce]j urn however was both inter and intra-cellular in the case of 

C. arachidicola. The mycelium of .2. persona,ta. was predominently 

inter-cellular although in a few slides it appeared to be intra­

cellular also. The haustoria which were stated to be present in 

the case of C. personata (Butler, 1914' and Woodroof, 1933) could 

not be observed. 

Stromatal formation waS predominently on the upper surface 

in the case of C. arachidicola and on the lower side in the case of 

C. personata. Perhaps the dark colour of the spots of ~. personata 

o~ the lower surface may be due to the production of numerous stromata 

on the lower surface. Stromatal forma.tion in· Jll)st cases was 

preceded by a complete collapse of the host tissues. 

In general mycelium in T'!vlV-3 variety was more scanty than 

in the other two varieties. The spread of the myceliwn and lysis of , 

the cells was observed to be slower in the spreading variety than 

in the bunch varieties. Histological observations of the healthy 
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sections of the three varieties had shown that the palisade layer in 

the spreading variety (TMV-3) WB.S very closely packed with minimum 

inter-cellular spaces. In the other two varieties this layer WaS 

loosely packed with plenty of inter-cellular spaces. This differenCe 

in the palisade tjssues of TI1V-3· and the other varieties probably 

accounts for the slow lesion development in the spreading varieties 

when compared to the bunch vB.rieties. Hemingway (1957) attributed 

the slm.rer lesion growth on the resistant varieties to the extra 

thickness of palisade tissue. 

The presence of halo in Spanish Improved and TMV-3 va.rieties 

and its absence invariety 417 was correlated with intermediary 

transitional area which stained lighter than the necrotic area but 

darker than the healthy tissues in the former and by the absence of 

such transitional area in the latter. However inter and intra-

cellular mycelium was observed in healthy tissues beyond the necrotic -
area in variety 417 infected by ~. arachidicola. But the cells were 

not damaged indicating that in var1.eties in which no halo was produced 

the substance resnonsible for halo production (toxin?) was not 

produced. 
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SUMMAR'll 



,1 
A detailed study of the symptomatology of tik~~ disease of 

ground nut caused by Cereospora personata and C. arachidicola 

revealed that: 

a) The spots caused by ~. personata were almost black on the upper 

surface and deep black on the under surface. The spots caused by 

C. arachidicola were dark brown to almost black on the upper surface 

and lighter coloured on the lower surface. This difference is the 

most important criterion to distinguish the spots caused by the two 

fungi. 

b) Hell developed spots due to~. arachidicola were irregularly round 
I).' 

to round vlhile those due to.2. personta were ,in !".€eneral, more circularly 

defined. 

c) The development of halo around the spots appeared to be more a host 

"'-
varietal character that' tha.t of 'Ute pathogen and thus this is not a 

reliable criterion to distinguish the symptoms due to the two species. 

In two varieties, 417 and 422, no halo developed around the spots 

caused by both the species of the pathogen. 

2. Cercospora arachidicola appeared 30 days earlier than 

c. personata in the field and the former waS the domina.ting species in 

the early sown erop. 

3. The ground nut plant was almost equally susceptible at all 

stages of growth to both the species of Cercospora. The defoliation was .. 
greater due to C. personta than Q. arachidicola. 
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4. A reriod of 72 hours of high humidity 'Has required for 

maximum infection to occur in the case of both the species. No 

infection occurred when the inoculated plants were subjected to 

humidity for only 24 hours. 

5. The conidial size a.nd septation, in both the fungi, 

increased strikingly under high moisture conditions. The germination 

capacity of the spores was not however altered. 

6. The conidia of ..f. personate. germinated best at a humidity 

level of 98% while those of .£. a.rachidicola germinated best at 100% 

humidity. The germination percentage of C. nersonata conidia was much 

higher than that of C. arachidicola. 

7. The conidia of both the species germinated best in distilled 

water indicating that they may not require any nutrjents in the infection 

drop for successful infection.-

8. A study of the host-parasite relationships in three varieties 

of ground nut :tnfected by ~. personata and g. arachidicola revealed that: 

a) The mycelium of gercospora personata was inter-cellular although a 

few hyphae were suspected to be intra-cellular also. The mycelium of 

C. arachidicola was inter-cellular and intra-cellular. 

b) In general the mycelium was not extensive in the case of both the fungi 

except during the stroma formation. 
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~CL 
c) Stroma/l were more frequently formed on the lO'.Jer surface of the lea'f 

in the case of ~. personata while they were generally confined to the 

upper surface in the case of C. arac~~;~ola. 

d) In most cases the spongy and palisade cells were completely 

disintegra.ted in the necrotic region. 

e) The palisade layer in the spreading variety, TMV-3, was closely 

packed with minimum inter-cellulnr spaces than in the other two bunch 

varieties. It is suggested that this anatomical difference may 

account for the slow lesion development in the spreading varieties 

compared to the bunch varieties. 
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