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ABSTRACT 

STUDIES ON MYCOPHYSIOLOGY OF BOTRYQDIPLOPIA TH£DBflOMAE PAT. 
CAUSING MANGO (MANGIFERA INDICA L.) 

TWIG BLIGHT AND ITS CONTROL 

Name of Student • '^^^^^ ^^^^^^^ 

Shri G. A. PATEL Dr. J . G . PAT£L 

Department of Plant Pathology, 
B.A, College of Agriculture, 

Gu;3arat Agricultural Universi ty, 
Anand Campus, Anand 388 110 

Twig b l igh t witii exudation of gum as suspected, 

proved to be the i*iasewise effect of mango decl ine , 

prevalent i n South, Middle and North Gujarat. Botryodip-

lodia theobromae Pat, was always found associated and 

proved pathogenic. The pathogen also caused stem and 

l a t e r a l ro t of the f r u i t s . 

The pathogen i n i t i a l l y produced hyal ine , one ce l led , 

th in walled, globose to subglobose immature spores, %rtiich 

a f t e r maturity turned brown black, two ce l l ed , thick 

walled and produced longi tudinal s t r i a t i o n s . Pycnidial 

bodies were subglobose to globose, errumpent, o s t io l a t ed 

measuring 145 - 396.4 X 107 - 323.5 ^̂ Jun with an average 

of 289»74 X 219.13 -Aim, \rtiile the average s i ze of 

pycnidiospores measuring 26.4 x 11.3 >um. 

ftiysiological s tudies indica ted , Richard's medium to 

be the best for growth and sporulat ion. Maximum mycelial 

growlii occurred a t 15 day in incubation. S l ight ly acidic 

medium 6.0 to 6 ,5 fH and a temperature range between 

file:///rtiile
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9 0 

25 - 30 C were optimum for both growtii and sporulatloQ. 

'Glucose*, 'Mal tose ' , and 'Sucrose' were b e t t e r and 

'Lactose' , , 'Xylose ' , 'Galactose' and 'S tarch ' were in fe r io r 

carbon sources vdiile 'Calcium n i t r a t e ' as b e t t e r and 

'Ammonium sulphate ' as poor ni trogen sources for the gix>wth 

and sporulat ion. A combination of 'Calcium n i t r a t e ' as 

nitrogen and 'Maltose' as carbon proved s ign i f i can t ly bes t . 

These sources could be replaced in Richard's medium against 

the respect ive normal sources. 

Out of 12 fungicides t es ted in v i t r o , carbendazim 

(250 ppm) was most ef fect ive; while mancozeb, M£MC 6 %, 

PMA 1 % (1000 ppm, each) were next i n order of mer i t , 

captafol , thioiSianate methyl and aureofungin (2000 ppm, 

each) were l i t t l e effect ive while carboxLn and bordeaux 

mixture were ine f fec t ive . 

In the in vivo s tudies the fungicides and insec t ic ide 

cum nematicide used as so i l drenching carbendazim was found 

superior as compared to olJiers. 
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CHAPTER. I 

INTRODUCTION 

The mango (Manglfera Indlca L.)» i^amily Anacardiaceae, 

i s the most popular commercial o r i en t f r u i t In India and 

occupies r e l a t i v e l y the same posi t ion as the apple In 

temperate regions . Mango I s believed to have or ig inated 

In India and established since long. I t I s ca l led king 

of -tile f r u i t s . The t ree I s hardy in nature and has 

comparatively low maintenance cos t s . 

The orchards well managed In a l l respects always 

give remunerative re tu rns . Besides having a del ic ious 

t a s t e , excel lent flavour gold a t t r a c t i v e fragrance. I t I s 

an excellent source of vitamins A and C, sugar, ac ids , 

f a t and pro te in . Kernel of jhango contains carbohydrates, 

carotene, r ibof lavin , thiamine, prote in , f a t and calcium. 

Of the t o t a l area vinder mango cu l t iva t ion i n the 

world, 70 per cent i s occupied by Indifi and hence 

considered to be the predominant country for mango 
• ' I • • 

cu l t iva t ion . I t I s grown from southern eas t of India 

up to the border of, the western desert as well as a t sea 

level to 5f000 fee;fc above i n Himalayas (Bhatnagar and 

Subramanyam, 1973^). 

In India dango occupies 42.6 per cent of the t o t a l 

area under f r u i t s comprising of 0.94 mill ion hec ta res , 

Willi a t o t a l production of 8.21 million tons . Of the 

various s t a t e s , U.P, has the l a rges t area accounting for 



nearly 33.2 per cent of the t o t a l followed by Bihar( 13,596) 

and Andhra Pradesh (13.4%) (Anonymous, 1985). 

In Gujarat, i t occupies more than 28,CX)0 hectares 

area with a production of about 2,80,000 metric tons 

(Anonymous, 1982-83)• 

Mango i s subject to at tack by a number of diseases 

a t a l l stages of i t s development r igh t from the nursery 

to the f r u i t i n storage (Singh, 1968). Almost every pa r t 

of trunk, branch, twig, leaf , p e t i o l e , flower and f r u i t 

i s attacked by fungi, bacter ia and algae. Major diseases 

of mango are Bacter ia l leaf spot (Pseudomonas mangiferae^ B, ) ; 

Powdery mildew (Oidium mangiferae. Ber th . ) ; Anthracnose 

(ColleTtotrichum gloeosporloides Penz.) ; Malfoinnation 

(Fusarium moniliformae. Sheld); stem-end r o t of f r u i t 

(Aspergillus te r reus Fr. Ke i ss le r ) ; Twigblight (Macro-

ftiomina sp , ) and Loranthus, a phanerogamic flowering 

pa ras i t i c p l an t . Some of the diseases take a heavy t o l l 

and have become l imit ing factors i n mango orchards i n 

cer ta in regions . Out of a l l the d iseases , mango die back 

and decline are observed to be qui te destruct ive i n India 

and many mango growing countries (Pathak, 1980). Since 

l a s t decade, anthracnose and leaf b l igh t are recorded to 

be the devastating diseases of mango, pa r t i cu la r ly 

alEhanso orchards ( Josh i , 1978), Patel (l978) reported 

heavy damage i n mango orchards due to anthracnose 

(Colle totrlchuun s loeosporioides . Penz.) vtille l eaf t i p 



bl igh t (Riv l los t l c ta sp, ) was found to be the cause of 

heavy leaf f a l l . 

However, the incidence of leaf infect ing fungi 

continues to increase year a f t e r year resu l t ing in to 

decline accompanied by exudation of gum and die-back of 

mango orchards. Therefore, i t can be considered as a 

^destructive disease and l imi t ing factor for mango c u l t i ­

vation i n South, middle as well as North Gujarat . The 

increase i n inoculum poten t ia l may lead to dest ruct ion 

of the orchards. Twig b l igh t appear to be the i n i t i a l 

phase of die-back and decline accompanied by exudation of 

gum which are the major symptoms wilii vrtiich BotrvodiPlodia 

s p . was always found to be associa ted. .The problem was, 

therefore , taken-up on hand t o ascer ta in the r ea l cause 

of disease and to study the morphology of causal agoat, 

symptomatology, physiological requirem'ent such as 

superior media for excel lent growth, optimum pH, 

temperature, sources of carbon and ni t rogen and use of 

effective chemicals i n managing t h i s dev€istating disease. 





CHAPTER - II 

REVIEW OF LITERATURE 

2.1 INTRODUCTORY : 

Mango i s attacked by 75 fungal, 5 b a c t e r i a l , 1 a lgal 

and djaer {Sianerogamlc pa ras i t e s (Singh, 1968; Joshi and 

Desai, 1979). Botryodiplodia -Qieobroinae Pat. was 

i n i t i a l l y reported to cause r o t of cacao f r u i t s , from 

Squador by Patounil lard and Lagerhim (1892); however, i t 

has also been found to be responsible for die-back with 

exudation of gum on twigs of mango. Pert inent l i t e r a t u r e 

regarding Botryodiplodia theobromae Pat , on mango have 

been presented here , 

2.2 OCCURRENCE : 

Botryodiplodia sp , was i n i t i a l l y reported to be 

causing die-back of mango from India (Das Gupta and 

Zachariah, 19^5); Puerto Rico (Alvarez Garcia, 1967) and 

Egypt (Ragab e t a l . , 1971). 

In India i t was reported from Uttar Pradesh (Das 

Gupta and Zachariah, 1945) J Jobner (Ra;)asthan), (Vej:ina and 

Singh, 1970, 1973, 1974); Hiubaneshwar (Orissa) (Swain, 

1974; Mohanan, 1975; Rath e t a l . , 1978)and Punjab (Chadha, 

1978). 

F ru i t r o t caused by B. theobromae was reported 

from Delhi (Chakravarti and Srivastava, 1964; Eharam Vir 

e t a l . , 1967; Vyas, 1986), Allahabad (Bhargava e t a i . ,1966; 



Srivastava and Tandon, 1969), Orissa(Sohi e t a^. , 1973; 

Rath and Mohanan, 1977, 1986) and Surat (Gujarat) 

(Uppal e t ^ . , 1934). 

Mostly a l l the va r i e t i e s including 'Mohanthog', 

Deshi, Dashdiarl, Langra, Sarol i and Safeda are more or 

l e s s susceptit>le to stem end r o t of f r u i t caused by 

B. theobromae but, 'Mohanbhog' i s the most suscept ib le and 

»Saroli* the l e a s t (Verma and Singh, 1973). 

2.3 SYMPTOMATOLOGY : 

Botryodiplodia tiieobromae Pa t . at tacks blossom, 

branches, panicles , twig, pedical and f r u i t s of the plant 

and produces various types of symptoms which are described 

as under : 

Leaf b l igh t : 

The upper leaves lose t h e i r healthy green colour and 

gradually tu rn brown to dark brown. Darkening advances 

towards the t i p above the infected region. The browning 

also s t a r t s a t the base of liie leaf nftxich spreads along 

the midrib and veins to the margin. This i s followed by 

browning of the whole leaf accompanied by the upward 

ro l l ing of the margin (Rath e t a i . . , 1978), 

Wither t i p : 

Symptoms are restricted to the tender tips of the oz« 

year growlii. The tips dry up, lose weight, develop 

cracks and turn brown. The associated leaves turn pale. 



dry up and ul t imately drop-off leaving d i s t i n c t leaf 

surface (Ralii et a l . , 1978). 

Blossom blight : 

The presence of small, dark coloured les ions on the 

panicles , branches and pedicels i s very conmon. As a 

r e s u l t flowers tu rn brown, wither and drop-off (Ratii and 

Mohanan, 1977). 

Twig b l igh t : 

The affected leaves show browning of the en t i r e 

lamina, eventually the affected twig .or branches dry up 

and s h r i v e l . The brown ro l led leaves often p e r s i s t for a 

month o r more and f ina l ly drop off leaving the shr ive l led 

twig ( R a t h e t a l . , 1978). 

Die back : 

Rath et a l . (1978) found tha t i n die back phase, 

la rge branches and basal trunk develop bark cankers and 

gvmmy exudations. Eventually even large branches of the-

en t i r e t ree d i e . Pathak (l980) showed t h a t , the onset 

of d ie back become evident by discolourat ion and darkening 

of the bajrtc a t some distance from the t i p . The dark area 

advances and young green twigs slowly and slowly s t a r t 

withering f i r s t a t the base and then extending upwards 

from tile base, subsequently extending along the veins of 

l eaves . The affected leaves turn brown and r o l l upward. 

At t h i s s tage , the twigs or branches dry and sh r ive l . 



This may be accompanied with exudation of gum, Burtian(l987) 

observed the blackening and necrosis of the tap root i n 

Botryodiplodia die-back infected seedlings of mango. He 

also noticed die-back, twig b l igh t and blackening of stem, 

canker, necrosis and root necros i s , 

a i ama and Sankaran (1988) showed tha t die-back 

caused by Botryodiplodia theobromae i s d ia rac te r i sed by 

development of stem canker, gradual die-back of shoots and 

f ina l ly death of t rees due to g i rd l ing of stem by 

progressive cankers. 

F ru i t ro t : 

Stem-end r o t or rough rot or storage spoilage s t a r t s 

from stem-end por t ion, showing dark brown to black d i s ­

colouration around the stem end. Under humid condit ion, 

the f r u i t turns completely black and pulp becomes l i g h t 

brown and sof t (Quimino and Quimino, 1974), Vyas (l986) 

observed tha t in the primary s tage , small l i g h t brown 

patches on the f r u i t on the development of the disease 

•ttie colour of the spots changed to dark-brown and f ina l ly 

to black. With the advancement of r o t , small daric brown 

to blackish pycnidial bodies appeared on the infected 

regions and l a t e r the f r u i t became pulpy. 

2.4 I so la t ion : 

Uppal e t a l . (l934) i so la ted B, theobromae Pat from 

mango f r u i t . While Das Gupta and Zachariah (l945) 
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i so l a t ed i t from mango twigs which was associated with 

' ^onta sp . and Fusarium sp . Rath and Mohanan (l977) 

i so la ted B, tfaeobromae from mango twig and f r u i t causing 

blossom b l igh t which was associated with Collet^totrichtun 

gloeosporioides Penz. Fusarium Sp. , Aspergillus s p . , 

Pes ta lo t i a mangiferae (P. Henn.); (Curvularia maculans 

Bancroft) Boedijn; Sclerotium rolfsij. Sacc, and s t e r i l e 

mycelium. Further , Rath e t a^. (1978) also reported 

associat ion of Pes ta lo t ia mangiferae (P. Henn); ftioma s p . . 

Colletotrichum gloeosporioides Penz., Sclerotium ro l f s j l 

S a c c , Rhizoctonia so lan i . Kuhnj Aspergillus niger Van 

Tiegham; Cladosporlum cladosporioides ( I res) De v r i e s ; 

Curvularia maculans (Bancroft) Boedijn; Ai temar ia tenuis 

Auct,; Peziotrichum cor t icola (Massec) Subram, and two . 

unident i f ied spec ies . Rowan (1982) reported associat ion 

wilii Fusarium moniliformae (Gibberella fu.iikuroi J . ) . 

Mattos and Ames (l986) i so la ted from t r ees witii defo­

l i a t i o n , die-back, basal ro t and cankers on the trunk 

and branches of the apple and iden t i f i ed as Botryodiplodia 

theobromae, Adisa and Obinyereokwa (1988) reported asso­

c ia t ion of B, theobromae with Rhizopus s to lon i fe r and 

Trichoderma sp, 

2.5 PATHOGENICITY TEST : 

Pr incipal ly die-back and twig b l igh t of mango caused 

^y B, theobromae and associat ion of several micro-

oxiganisms enhance the infect ion (Rath e t ^ . , 1978). 



Rath and Mohanan (1986) found Botrvodiplodla theobromae 

P a t . , pathogenic to mango i n a r t i f i c i a l inoculat ion t e a t 

and reported tha t i t i nc i t e s f r u i t ro t of mango. 

Lutchmeah (1988) i so la ted B, -ttieobromae from severely 

ro t t ed f r u i t s i n Mauritius and i t was shown to be patiio-

genic to wounded f r u i t s with severe ro t t ing under 

control led condit ions, 

2.6 MORIHOLOGY OF THE PATHOGSN : 

Olunloyo and Esuraoso (l975) i so la ted the pathogen 

Lasiodiplodia -ttieobromae (Botryodiplodla theobromae from 

apple and indicated tha t i t i s imperfect stage of 

Botrvosphaeria rtiodina. Alvarez Garcia and Lopez ( l97l) 

reported serious die-back in grafted mango due to 

Physalospora rtiodina. the 'pe r fec t stage of Diplodia. This 

indicated tha t Botryodiplodla theobromae i s the imperfect 

stage of Botryosphaera rhodina. 

Chona (l933) s ta ted t h a t Botryodiplodla i s a very 

fas t growing fungus and has profuse ae r i a l mycelium which 

i s cottony vftiite to s t a r t with, but gradually turns 

greenish-grey and f ina l ly dark-grey vhen the cul tures are 

about three weeks old . Countless t iny black pycnidia 

par t ly embedded in the medium are formed. Black s c l e r o t i a l 

bodies are formed frequently in old cultxires. 

The pycnidia of Botryodiplodla sp. were aggredated 

i n botyose c l u s t e r s , th in walled, s ingle ce l led and 
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hyaline inmature conidia, l a t e r i t produced 2-cel led dark 

brown, annall ides dollifonn to short ly cy l indr ica l mature 

conidia (Ainsworth e t a l . , 1973). Pycnidia or ig ina ted 

from a net work of vegetative hyfiiae (£Jcundayo and Haskins, 

1969). Pathak (l980) found tha t Diplodia na t a l ens i s , • 

Evans produced brown to black, globose to subglobose, 

pyriform or erumpent pycnidia i»rtiich were o s t i o l a t e , 

Prabhakara Rao and Deshmukh (1986) stated* liiat pycnidia 

were gregarious, black erumpent, globoid to i r r e g u l a r , 

occasionally o s t i o l a t e , measuring 135.0 - 398.5 -u, X 

100,0 - 315.0 AX. with an average of 286.8 X 217.5 -u. 

The young pycnospores are hyal ine and one cel led becoming 

dark coloured and bice l led a t maturity (Bamet t and 

Hunter, 1972). The spores are oblong to e l l i p so ida l and 

measuring on an average 28.0 X 10.9 -<1 (Prabhakara Rao 

and Deshmukh, 1986); 24,0 to 3O.O -u X 11.5 to 23.5 AX 

(fikundayo and Haskins, 1969); and 24.0 X 12 to 16 >a 

(Luke and Paul, 1982). 

2.7 PRIMARY INOCULUM : 

Venna and Singh (l970) found that B. theobromae 

could survive in infected and dead mango twigs even in 

hot weather. Pathogen also survives under favourable 

conditions by means of chlamydospores and specialized 

hyî iiae in diseased Yam tissue (Ogundana, 1983). Aderiye. 

and Ogundana (l986) stated that pathogen can also survive 

in the form of chlamydospores and microconidia. 
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2.8 PENETRATION ; 

Chakravarti and Srivaatava (1964) found Dlplodia • 

natalensls Evans to penetrate the mango fruit near liie 

stem-end only when it was wounded. Pathak and Srivastava 

(1967) and Lele et al. (l975) showed that the pathogen 

travels and invades through vascular system of the 

pedicel and thus infects Hie uninjured fruits. Verma and 

Singh (1974) reported that the fungus could enter tiie 

host liirough wounds inflicted either by insects or by 

primary in;3ury. Infection of the B. theobromae starts 

through the wound (Ogundana, 1983; aiarma et al., 1984 

and Sharma and Sankaran, 1988). 

2.9 EPIDEMIOLOGY : 

Verma and Singh (l973) reported t h a t the mango 

var ie ty 'Mohanbhog* i s the most susceptible to t h i s 

d isease , while var ie ty 'Saroli* i s l e a s t . None of the 

v a r i e t i e s were r e s i s t a n t to t h i s d isease . Rath and 

Mohanan (l977) observed severe infect ion of BotrvodiPlodia 

theobromae on panicle axis of mango t r e e , while Verma and 

Singh (1974) reported tha t young branch and ripened 

f r u i t s were more vulnerable. Rath e t ^ . (l978) observed 

maximum infect ion on 3 to 12 years old mango p l an t . Nutr i ­

t i ona l deficiency predisposed the plant to t h i s d isease . 

The disease was severe vdien B. theobromae was associated 

with oliier organisms. Vyas (l986) reported t h a t the 

maximum incidence of die-back in August or during the 
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period of higher humidity. The maximum growth of 

B. theobromae and disease development under field 
o 

conditions were recorded a t 25.9 to 31.5 C.(Verma and 

Singh, 1970). Ratii and Mohanan (1977) also mentioned 

•tiiat the blossom bl igh t caused by B. -ttieobromae was 

maximum under the conditions of heavy r a i n f a l l . 

Botryodiplodia theobromae has been reported to 

occur on 42 hosts as mentioned by Butlar and Bishy 

(1960); Sarbhoy e t ^ . (1975) and Bilgrami e t a l . ( l 9 7 9 ) . 

2.10 HiYSIOLOGY OF TH^ PATHOGEN :. 

2.10.1 Media : 

Siradhana (196O) reported tha t the Flichard's medium 

was the best medium for the maximum growth of papaya 

i so la te of B. theobromae. Verma (1968) observed tiiat 

Glucose-asparagin medium was the best followed by 

Richard*s medium for maximum growth. He a lso noticed 

tha t Asthana and Hawker's medium gave poor growth. 

Bhatnagar (l970) reported tha t the C z a p ^ ' s medium showed 

the best growth, while in Asthana and Hawker* s medium 

growth of fungus was very poor. Patel ( l97l) s t a t ed tha t 

Yam-leaf-decoction-agar proved to be the bes t followed 

by Richard's medium for the good growth of B, theobromae 

(Yam i s o l a t e ) . 

2.10.2 Temperature : 

Srivastava and Tandon (1963) showed that the 
o o • 

fungus could grow between 15 to 35 C tanpera ture . 
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0 0 

They al30 noticed that it did not grow at 10 and 40 C, 

Srivastava (1968) observed that optimum temperature for 

growth and sporulation was 23 C but conidial germination 

was maximum at 30 C. Tsai (1983) reported that the 

mycelial growth of an isolate of banana (B. theobromae) 
0 e 

in vitro was best at 25 to 30 C and pycnidial formation 
at 30 C. Seehann and Tabirih (1983^ and Mattos and Ames 

0 0 
(1986) observed that 25 to 30 C was optimum temperature, 

for the best growth and pycnidial production of 

B, theobromae. 

2.10.3 Hydrogens-ion concentration : 

Patel (1971) stated that the fungus could grow in a 

wide range of pH(3.5 to 8.5); the best growth was near 

neutral or acidic condition and it decreased when pH value 

either increased or decreased. Optimum growth of the 

fungus was obtained at pH 6.0 (Srivastava, 1968). Nwufo 

and Fajola (l986) stated that maximum growth of the 

fungus was between pH of 6,0 - 7.0. Tsai (l983) observed 

Poor growth of the fungus (B. theobromae) at pH 2 - 3» 

2.10.4 Carbon and Nitrogen sources : 

Margolin (1940) and Seehann and Tabirih (l983) 

found Sucrose and Glucose to be the best carbon sources 

for the growth of the fungus. While, Lactose was a poor 

carbon source. Monosaccharides viz., D. fructose and 

Glucose were found to be good carborj sources (Bhatnagar, 

1970; Verma and Prasad, 1975; Kaul, 1987); While Dextrin 
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and Starch (Srivastava and Tandon, 1969)1 Galactose and 

Sorbose (Verma and Prasad, 1975); Rhannose and Mamitol 

(Kaul, 1987) were poor carbon sources for the growth of 

B, theobromae. 

Among ni t rogen sources, mixture of amino acid 

(Prasad, 1968; Srivastava and Tandon, 1969)* Aoamonlum 

phosphate, Ammonium n i t r a t e (Pa te i , 1971); Calcium 

n i t r a t e (Kaul, 1987) gave maximum growth; while Ammonium 

chloride and Sodium n i t r a t e (Pa t e i , l971;Shreemall, 1973; 

Tsa l , 1983), Ammonium chloride and Glycerine (Lai , 1969)» 

Sodium n i t r a t e (Tsal , 1983; Kaul, 1987) gave poor growth 

of B, theobromae. 

2,10.5 Light and moisture : 

Schnldt and Fergus (1962) s t a t ed t h a t l i g h t was 

necessary for pycnldlal production. Perera and Lago(l986) 

found tha t under 8,000 lux, mycelial growth and pycnldla 

formation of Dlplodla na ta lens ls (B, theobromae) were 

best with dai ly photoperiods of upto 16 h r s , sporulat ion 

being inhibi ted with l e s s than four hours l i g h t dal ly 

over 32 days. Ekundayo (1970) found tha t maximum spore 

germination a t 100 per cent moisture. Verma and Singh 

(1970) s ta ted tha t maximum develoimient of disease was 

observed a t the time of highest humidity (83.6 % per day). 

Pathak (198O) reported tha t the r e l a t ive humidity above 

80 per cent favours the disease . 
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2.11 MANAQMfiNT : 

2.11.1 In v i t ro : 

Srivastava and Tandon ( l97l ) observed tha t Captan 

9 1.0 per cent was effective against guava and mango 

i s o l a t e s of B, theobromae. They showed tha t complete 

inh ib i t ion of spore germination occurred a t a l l the 

concentrations of the an t ib io t i c 8-Hydroxyquinollne 

benzoate (Nystatin) a t 200, 500 and 400 ppm. Raghvan and 

Saksena (1978) showed tha t Captan gave cent per cent 

growth inh ib i t ion a t 0 .2 , 0 .5 , 1.0 and 2 per cent and 

PCNB (Brasslcol) a t 1 and 2 per cent . Kumbhare and 

Chaudharl (l979) evaluated five fungicides and the best 

control was obtained by bencwnyl (Benlate) and carbendazim 

(Bavlstln) a t the concentration of 0.01 per cent . Pandey 

e t a l . (1980) t e s t ed dithianon (Delan) and t r i fo r ine 

(Saprol 15 £C) a t 1000 and 1250 ppm vtoich effect ively 

prevented the growth of B. theobromae. Splading (1982) 

reported tha t the CGA 64251 (Sonax) was most effective 

for the control of post-harvest decay (B, theobromae) i n 

mango c v s . , Tommy Atkins and Kei t t . Anusuya (l984) tes ted 

f ive fungicides against stem canker of mulberry caused by 

B, theobromae and found tha t carbendazim (Bavlstln) and 

captafol (Difolatan) were most inhibi tory to growth of 

the fungus i n v i t r o being effective only a t 100 ppm. 

Ekundayo (1984) reported tha t 6-methylpurlne prevented 

production of pycnldla and Inhibi ted the germination of 

mature pycnidiospores but had no apparent effect on 
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mycelial growth of Laslodlplodia (Botrvodiplodla 

theobromae). Fajola and Nwufo (1985) observed t h a t spore 

germination and mycelial growth of the fungus were 

completely inhib i ted by captan and benonyl (Benlate) 

each a t 100 to 500 ppm. Ritcher and Kone (l986) showed 

tha t hot-water treatment for 30 minutes was i n i t i a l l y 

highly effect ive against conidial geminat ion on c i t r u s 

f r u i t - r o t caused by B̂  theobromae i n v i t r o . Vyas and 

Singh (1977) found tha t apple i s o l a t e of B. theobromae 

was control led by dipping in carbendazim (Bavistin) a t 

500 ppm or TBZ (Thiabendazole) and aureofungin a t 1000 

ppm. Raghavan e t a l . (l978) found tha t aureofungin was 

most effective against B. theobromae, followed by 

nysta t in and gr iseofulvin. Atri (l985) while evaluating 

three an t i b io t i c s against Botryodiplodia r o t of pear 

showed tha t aureofungin, nys ta t in and t a l s u t i n (lOOO ppm 

each) caused cent per cent inh ib i t ion of mycelial growth 

but only nys ta t in could effect ively control the f r u i t 

r o t i n v i t r o . Decay of mango f r u i t s caused by 

B. theobromae was prevented by storage a t 10 C(Bhargava 

e t a l . , 1966). Srivastava and Tandon (1968) suggested 

careful handling, storage a t 15 C, quick t ranspor t and 

sa le for control l ing f r u i t jrot caused by B, theobromae. 

Ogawa e t a l . (1968) observed t h a t best control was 

obtained with a dip or by painting with benomyl (Benlate) 

a t 1600 ppm + surfactant f. Basofix BM 117, mancozeb 
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(Dithane M-45) and captan. Tsai (1969) reported that decay 

by B, theobromae on banana was inhibited when fingers were 

dipped for three second in 16OO ppm, benomyl (Benlate) aind 

held eight days at 15 C. Ogundana and Dezmis (l98l), 

evaluated 12 fungicides and found that only benomyl 

(Benlate) and thiobendazole (Martect) completely prevented 

the infection. 

2.11.2 In vivo : 

Pathak (l980) s ta ted tha t i n the orchard, good 

control was achieved by spraying with copper oxychloride 

and painting stems with the same fungicide. 

Olunloyo (1983) reported tha t captafol(Dlfolatan) 

1.5 g a . i . / l + Y-BHC 1 g a . i . / l was most effect ive 

against cashew disease caused by Lasiodiplodia (Botrvo-

diplodia theobromae) in preventing inflorescence 

infect ion and increasing nut y i e ld . Mattos and Ames 

(1986) showed t h a t in the g lass house, of the various 

ftingicides applied as paste on apple cut t ings and g ra f t s 

infected with B. theobromae only benranyl (Benlate) gave 

some contro l , 

Utikar e t a l . (l986) evaluated eight fungicides 

under f i e ld condition and observed tha t benomyl (Benlate) , 

carbandazim (Bavis t in) , copper oxychloride (Blitox-50) 

and mancozeb (Dithane M-45) gave some control of f r u i t -

ro t t ing (B. theobromae Pat . ) of pomegranate. 





CHAPTER ~ I I I 

MATERIALS AND MSTHODS 

Materials and methods followed during the course 

of inves t iga t ion are furnished below. 

3.1 PATHOLOGICAL • INVSSTIGATICMS : 

Collection of samples 

Naturally infected max^o twigs were col lec ted fron 

the orchard of ho r t i cu l tu ra l farm, B.A. College of 

Agriculture, Anand and examined visual ly and micro­

scopica l ly . The symptoms and signs observed were recorded. 

I so l a t i on of the oiyanisms 

Selected diseased twig of mango was thoroughly 

Washed to remove the d i r t and s o i l . The bl ighted port ion 

of the twig was cut in to small p ieces . The same pieces 

were kept for two minutes i n 0,1 per cent mercuric 

chloride solut ion for d is infec t ion and then washed th r i ce 

with s t e r i l i z e d d i s t i l l e d water. After washing, the 

pieces were placed on potato-dextrose-agar (PDA) in p l a t e s . 

The petrLplates were incubated for one or two days a t 

28 J; 1 C temperature. The mycelial growth from pieces 

were t ransferred asept ica l ly on PDA s l a n t s . The fungus 

thus i so la ted was maintained for fur ther use in pure 

cu l ture on potato-dextrose-agar. 
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3.2 PATH3G£NICITY TEST : 

Inoculum from about 12 days old cul ture grown on 

l iqu id media was prepared i n s t e r i l e water. Mycelial and 

conidial suspension thus prepared by thoroughly mixing in 

homogenizer was used for inoculat ion on seedlizigs and 

f r u i t s of mango, 

3.2.1 Seedling inoculation : 

Healliiy mango seedlings were raised in the glass­

house. The stems of the one year old seedlings were 
t 

surface sterilized with 0.35 per cent sodium hydrochloride 

solution and washed subsequently with sterilized distilled 

water. An area of two cm of the stem was marked and 

inoculated. Sterilized cotton swab was made and dipped 

into the inoculum and then inoculum was put on the in;)ured 

(with the help of scalpel ) and uninjured surface of the 

seedlings. The control seedlings were treated similarly 

with sterile water without fungal inoculum. All the 

inoculated and uninoculated seedlings of mango were kept 

in separate moist (95 % RH) chamber at room temperature 

(28 + 1 C), The initiation and development of symptoms 

were observed dally and recorded, 

3.2.2 Fru i t Inoculation : 

Healthy f r u i t s (Var. Deshi) were col lec ted , s t e r i ­

l i zed with 0,35 per cent sodixam hypochlorid:e so lu t ion and 

washed subsequently with s t e r i l e water. About two cm 

area a t the middle and a t stem-end portion of the f r u i t s 
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were marked and conidial suspensicaa (30 - 55 conidial per 

low power (10 X) microscopic field). Uninoculated fruits 

served as control. In all four replications each with 

two fruits placed under moist chamber (desiccators filled 

with water at the base) at room temperature. Initiation 

and development of symptoms were observed daily and 

recorded accordingly. 

3.3 IDENTIFICATION OF THE PATHOGEN i 

The pure culture of the fungus, obtained through 

single spore isolation after proving pathogenicity, was 

sent to International Mycological Institute, Kew, 

Surrey, England for identification which was identified as 

Botryodlplodla theobromae Pat. (IMI -32 22 70). The 

culture isolated from artificially inoculated twigs and 

fruits was identical to the original isolate. 

3.4 MDRPHOLOGY AND PHOTOGRAPHS : 

Fungal growth was examined under the microscope. 

Photographs of hyphae, pycnidiophore, pycnidia and 

conidia were taken with the help of a research microscope 

having photor-automatic arrangement. The s i ze of 100 

randomly selected pycnidia and conidia were measured with 

the help of stage and ocular micrometers. 

3.5 MYCELIAL GROWTH : 

Srlenmeyer f lasks (100 ml) containing 20 ml of 

l iqu id medium were s t e r i l i z e d a t 1.2 kg/cm^ pressure for 

20 minutes then inoculated with unifora b i t s of 0,5 cm 

inoculum cut with the help of s t e r i l i z e d cork borer 



21 

from 12 days old cul ture grown on potato-dextrose-agar . 

The flasks were then incubated for 15 days a t room 

temperature (28 + 1 C), The mycelial mat i n the l iquid 

media was col lec ted by f i l t e r a t i o n on pre-weighed 

Whatman's f i l t e r paper No. 42. Dry weight was taken on 

mono pan balance a f te r drying a t constant temperature 

(60 C) for 24 hours in a ho t -a i r oven. 

3.6 PHySIOLOGICAL STUDIES : 

3.6.1 Search for best media : 

With a view to se lec t the best medium for 

Botryodiplodia theobromae Pat , following l iqu id media 

wer« evaluated in the present study, 

1. Asthana and Hawker's medium. 

2. Brown's medium. 

3« C z a p ^ ' s medium. 

4. El l io t t ' s medium. 

5. Modified Asthana and Hawker's medium. 

6. Potato dextrose broth, 

7 . Potato sucrose broth. 

8. Richard's medium, 

9. Standard nu t r t en t medium. 

Detai ls of the ingredients used in preparation of 

these media are mentioned in Appendix-I» The pH of each 

medium was ad;)usted to 6.0 on a pH meter, using 0.1 N HCl 

or 0.1 N NaOH before autoclaving, Erlenmeyer flaaks(lOO ml) 
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containing 20 ml of respective l iqu id media were 

S te r i l i zed a t 1.2 kg/cm pressure for 20 minutes and 

then inoculated with uniform b i t s of 0,5 cm inoculum cut 

with the help of a s t e r i l i z e d cork borer from the margin 

of 12 days old cu l ture on potato-dextrose-agar. The 

f lasks were then incubated for 15 days a t room temperature 

(28 +, y C), Four rep l ica t ions were maintained for each 

medium. The mycelial mat was col lected from the medium 

by f i l t e r i n g through previously weighed Whatman's f i l t e r 

paper No. 42, washed twice with d i s t i l l e d water, dried a t 

60 C for 24 hours and weighed. 

3.6.2 Effect of incubation period on the growth of 
Botryodiplodia theobromae Pat. : 

To detennine the incubation period, seven incubation 

periods v i z . , 5, 10, 15, 20, 25, 30 and 35 days were 

se lec ted and reiplicated four t imes. Harvesting of the 

mycelial growth in each was done a t the end of incubation 

period. The incubation period a t which maximum mycelial 

growth was obtained was selected further for physiological 

s t ud i e s . 

3.6.3 Effect of di f ferent temperature on the growth of 
Botryodiplodia theobromae Pat . : 

Among various synthet ic media, Richard's medium was 

found b e t t e r and hence selected as basal medium. The 

growth of the fungus was studied over a wide range of 
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temperature to determine the optimum temperature 

requirement of the fungus. Various degrees of tempera­

tures v i z . , 5, 10, 15, 20, 25f 30, 35 and 40*C were 

adjusted i n separate incubators . Twenty .ml of Richard's 

medium was taken i n 100 ml f lasks s t e r i l i z e d a t 1,2 

kg/cm*^ pressure for 20 minutes. They were placed in 

incubator for 15 days a t respect ive temperature a f t e r 

inoculating with 0,5 cm diameter disc of 12 days old 

fungus cu l tu re . The mycelial mat was col lected from the 

medium by f i l t e r i n g through pre-weighed Whatcaan's f i l t e r 

paper No, 42, washed twice with d i s t i l l e d water, dried 

a t 60 C for 24 hours and weighed. 

3,6,4 Effect of hydrogen-ion concentration on the /growth 
of Boti*vodiplodia theobromae Pat . 

For studying the effect of pH on th6 growth of 

B, theobromae P a t . , i t was grown in Ri»chard*s medium a t 

pH 4 .0 , 4 . 5 , 5 .5 , 6 .0 , 6 . 5 , 7 ,0 , 7 . 5 , 8 ,0, 8.5 and 9 .0 . 

Various pH leve ls were adjusted by adding 0.1 N HCl or 

0.1 N NaOH before autoclaving the medium. Flasks 

containing 20 ml of basal medium a t respect ive pH values 

were inoculated with 0.5 era diameter disc of 12 days old 

cu l tu re . Four rep l ica t ions were maintained for each pH , 

l eve l and were incubated a t room temperature (28* i1**C) 

for 15 days. Dry mycelial weight as well as change i n 

pH value was also recorded as per the procedure described 

e a r l i e r . 
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3.6,5 Sffect of various carbon sources en the growth of 
Botrvodlplodia theobromae Pat, : 

Equivalent weight of carbon I n Richard's medium was 

replaced by d i f ferent carbon compounds,• The quanti ty 

of carbon sources added was determined on the basis of 

t h e i r niolecu;).ar weight. The f ina l concentration was 

equal to the amount of carbon present In 50 g of sucrose 

per l i t r e of the medium, except t h a t In case of poly­

saccharides where the amount of the chemical used was 

equal to the weight of sucrose Incorporated, 

The various sources of carbon compounds used In 

Richard's medium are shown below : 

I 

I I 

I I I 

IV 

Group 

Monotj 
saccha­
r i d e s 

Olsaccha-
r i d e s 

Poly­
saccha­
r i d e s 

Control 

1. 

2. 

3 . 

4. 

5. 

6. 

7 . 

B. 

9 . 

Source 

Fruc tose 

Galac tose 

Glucose 

Xylose 

Lactose 

Maltose 

Sucrose 

Starch 

No carbon 

Chemical 
formulae 

C6«12°6 

%»1206 
0-CH2(CH-0H)jCHDH 

^12^22°11 

^12^22^11 

^12"22°11 

-

-

Mol. 
w t . 

180 

180 

180 

150 

342 

342 

342 

-

-

% of 
carbon 

40 

AC 

40 

42 

42 

4? 

-

-
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The measured quantity of d i f ferent carbon compounds 

were dissolved in the medium. The pH of the medium was 

adjusted to 6 ,0 . Twenty ml of l i qu id medium was f i l l e d 

in each of the 100 ml f lasks rep l ica ted four t imes. 

These were s t e r i l i z e d a t 1,2 kg/cm pressure for 20 

minutes. Flasks were then inoculated with 0,3 cm 

diameter disc of the inoculum obtained from 12 days old 

fvmgus cu l tu re . They were incubated a t room temperature 

(28 + 1 C) for 15 days. Dry weight of mycelial mat, 

pycnidial production and changes in pH value were 

recorded. 

3.6.6 Effect of various nitrogen sources on the growth 
of B. theobromae Pa t . : 

Preference to u t i l i s e pa r t i cu la r source of 

nitrogen was determined by the amount of growth of the 

pathogen i n Richard's medium, replacing potassium n i t r a t e 

by nitrogen compounds. The amount of each chemical used 

was calculated on the basis of the molecular weight so 

t h a t the t o t a l ni trogen remained the same per l i t r e of 

medium. Thus, the amount of nitrogen used in d i f ferent 

sources was equivalent to liie amount of ni trogen 

avai lable i n ten g of potassium n i t r a t e . Various 

ni trogen sources t r i e d in Richard»s so lu t ion were 

as under : 
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Source Chemical 
formulae Mol, Wt. % of 

nitrogen 

1. 

2 . 

3 . 

4 . 

5 . 

6 . 

7 . 

8 . 

9 . 

0 . 

Inoi^anic 
Ammonium aceta te 

Ammonliam n i t r a t e 

Ammonium oxalate 

Ammonium phosphate 

Ammonium sulphate 

Calcium n i t r a t e 

Potassium n i t r a t e 

Sodium n i t r a t e 

Organic 

Urea 

Control 
(without nitrogen) 

CILCOONH^ 

NH4NO3 

(C00NH)2.H20 . 

(NH^)2HP0^ 

(NH^)2S04 

Ca(N0^)24H20 

KNO^ 

NaNO, 

NH2CO NH2 

-

77.08 

80.04 

142.11 

131.00 

132.14 

263.13 

101.11 

85.00 

60.00 

mm 

18.00 

35.00 

19.70 

16,00 

21.20 

75.50 

13.84 

16.50 

46.66 

-

The measured quant i t ies of d i f ferent nitrogenous 

compounds were dissolved In the medium and the pH adjusted 

to 6.0. After preparation 20 ml l iqu id medium was taken 

in each of the 100 ml f l asks , rep l ica ted four t imes. These 

were s t e r i l i z e d a t 1.2 kg/cm^ pressure for 20 minutes. 

Flasks were then inoculated with 0.5 cm diameter mycelial 

disc obtained from 12 days old cu l tu re . They were Incubated 

a t room temperature (23 ' ± T c ) for 15 days. The dry weight 

of mycelial mat, and pycnldial production were recorded. 
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3.6,7 Effect of various combinations of 'Carbon* and 
'Nitrogen* sovjirets In Richard's medium on the 
growth of Botrvodiplodia theobromae Pat . 

Richard's medium was found to be best for growth of 

Botrvodiplodia theobrcmae Pat . i so la ted from mango. 

Sucrose, Glucose and Maltose which proved to be the good 

carbon sources and calcium n i t r a t e , Urea and potassium 

n i t r a t e as b e t t e r nitrogen sources were included in t h i s • 

s tudy. In a l l , nine combinations of carbon and nitrogen 

sources were t es ted with the r e s t of the ingredients as 

i n Richard's medium. Twenty ml medium of each combination 

was f i l l e d in each of the 100 ml f l a sks , r ep l i ca ted four 

t imes. 

Various combinations of 'Carbon' and 'Nitrogen' 

sources replaced in Richard's medium are as under. 

Sr 
JJQ* Carbon sources Nitrogen sources 

Calcium n i t r a t e 
Potassium n i t r a t e 
Urea 
Calcium nitrate 

Potassium nitrate 

Urea 

Calcium nitrate 

Potassium nitrate 
Urea 

1. 
2. 

3. 
4. 
5. 
6. 

7. 
8. 
9. 

Glucose 

Glucose 

Glucose 

Maltose 

Maltose 

Maltose 

Sucrose 

Sucrose 

Sucrose 
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The f lasks were s t e r i l i z e d , inoculated and incubated 

for 15 days as per the procedure described e a r l i e r . Dry 

mycelial weight, find pH and pycnidial production were 

recorded i n the same manner as were used e a r l i e r , 

3.7 EVALUATION OF SYSTEMIC AND NON-SYSTMIC FUNGICIDES 
AGAINST BOTRYODIPLODIA THBOBROMAE PAT. IN VITRO : 

Twelve systemic and non-systemic fungicides 

(mentioned i n Appendix-II) were t e s t ed i n v i t ro against 

B, theobromae Pat . by 'paper disc method' using PDA as a 

basal medium. 

Twenty ml of s t e r i l i z e d hot (45* to 50 C) PDA medium 

was poured in each s t e r i l i z e d pe t r i p l a t e s and allowed to 

so l i d i fy . After so l id i f i ca t i on , the plates were inoculated 

with two to three drops of spore suspension of 12 days old 

cu l tu re of t e s t fungxis. Two paper disc (5 mm diameter) 

previously impressed with the t e s t fungicides were placed 

on PDA pla tes seeded with spores. The fungicides used 

vere tes ted a t 250, 500, 1000, 2000 and 4000 ppm concen^ 

t r a t i o n s . The pe t r ip l a t e s were incubated a t room tempe-
O O 

rature (28 JH 1 C). Four replications were maintained for 

each fungicide. Mean inhibition zone was recorded when 

clear zone of inhibition around each disc appeared. The 

inhibition zones were calculated by substracting the 

diameter of disc from total inhibition zone. 
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3,8 EFFECT OF VARIOUS CHEMICALS ON INTENSITY OF THE DISEASE 

CAUSED BY B. THBDBROMAE IN FIELD/ORCHARD : 

The fung ic ides which were found e f f e c t i v e during 

i n v i t r o s t u d i e s ape f u r t h e r used i n combination of 

nemat ic ide cum i n s e c t i c i d e a g a i n s t t h e c o n t r o l of 

Bot ryodip lod ia d ie-back o r gummosis a t Mango Orchard, 

B.A, Col lege of A g r i c u l t u r e , Anand. 

Three fung ic ides and one nemat ic ide cun i n s e c t i c i d e 

v i z . , Bordeaux mixture (@ 1 %), carbendazim ( B a v i s t i n 

50 WP @ 0.05 % ) , PMA (PMA 1 % # 0.001 % ) , carbofuran 

(Furadan 3 G @ 50 g / t r e e ) and combination of each fungic ide 

wi th a nematicide cum i n s e c t i c i d e (Furadan 3 G) were 

s e l e c t e d fo r s o i l drenching a p p l i c a t i o n t o mango t r e e s . 

For s o i l drenching of each fung ic ide 20 l l t . o f w a t e r / t r e e 

was used whi le fo r g r a n u l a r a p p l i c a t i o n of nematicide cum 

i n s e c t i c i d e carbofuran (Furadan 3 G) @ 50 g / t r e e dose was 

used . 

T r i a l d e t a i l s : 

(1) Locat ion : Mango orchard a t B.A. Col lege of 
A g r i c u l t u r e , Anand. 

(2) Date of t r e a t m e n t a p p l i c a t i o n : 

( i ) January l , 1989. 
( i i ) Apr i l 6 , 1989. 
( i i i ) J u l y 4 , 1989. 
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(3) Treatments : 

(a 

(t) 

(c 

(d 

(e 

( f 

(g 

(h 

Bordeaux mixture : ^ % ^ 

Carbendazim (Bav i s t in 50 WP): 0 .05 % 

FMA (PMA 1 %) 

Carbofuran (Furadan 3 G) 

B.M, + Carbofuran 

Carbendazim + Carbofuran 

EMA + Carbofuran 

Contro l (water) 

0.001 % 

50 g / t r e e 

1 96 + 50 g 

0 .05 % •»• 50 g 

0.001 % + 50 g 

(4) R e p l i c a t i o n s : Three 

(5) Var ie ty : Deshl 

3.9 DISEASE INDEX : 

The incidence of disease was recorded after 45 days 

of last drenching. Thirty twigs were selected randomly 

from each tree of mango and graded into five classes 

( 0 - 4 scale) based on intensity of the disease. 

3.10 DISEASE RATING SCALE : 

For comparing d i s ea se cond i t ion i n d i f f e r e n t t r e e s 

of same v a r i e t y (Deshi) of mango an a r b i t a r y s c a l e witii 

numerical r a t i n g was proposed. 
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Class Description 

0 Twig completely healthy. 

1 Disease present only near the tip of the twig 

with a little browning of apical portion and 

leaves completely healthy. 

2 Twig bearing partially diseased leaves. 

3 All the leaves at the top of the branch 

completely dried. 

4 The branch completely dead and defoliated with 

exudation of gum. 

The disease index was worked out by using the 

following formula : 

Sum of numerical value 
Disease index » X 100 

No. of twigs obsejrved X 4 

Per cent reduction of disease intensity in each 

treatment over control was worked out by using following 

formula. 

Per cent reduction Si!?!SJ„^^" - frj!^?^^®^^® 
of disease in t en - = treaUaent i n control yr ^QQ 
®^"*y Average disease in control 

S t a t i s t i c a l analysis was carr ied out following 

Panse and Sukhatme (1967). 
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CHAPTER - IV 

RESULTS AND DISCUSSION 

4.1 SYMPTOMATOLOGY : 

The i n i t i a t i o n of symptoms are seen a t the t i p s of 

l eaves . Gradually infect ion advances on both the margins 

of the leaves . The area around the midrib remains green, 

then infect ion spreads on en t i r e leaf covering most of 

the areas of the leaf . Thus within shor t period of time, 

marginal blightening i s quite comnonly seen on the 

infected twigs and i t appears as scorched by f i r e ( P l a t e 1), 

Green tender growth of the twigs/branches a f te r in fec t ion , 

turn deep brown to blackish i n colour. I t advances down­

ward along the twigs/branches. The infected brownish 

twigs/branches are shr ive l led , dried and develop cracking 

on baric. From the healthy portion below the node, new 

shoots emerge out i n a whirl aroiond the node, however, the 

leaves remain smaller i n s i ze and ge t infected even a t 

brownish tender s tage . Thus, when the brown tender new 

growth get infected, i t withers out within a shor t period. 

Near the ax i l of the healthy area , but In the dried 

blackish port ion of the branch gummy exudation i s qui te 

commonly seen (Pla tes 2A & 2B), The affected t ree shows 

varying degree of leaf bl ightening, t i p withering, 

defoliated twigs/branches, accompanied by brownish 

discolourat ion, shr ive l l ing and death. Majority of twigs/ 

branches and the basal trunk develop bark canker and 

produce guouny exudation, eventually leading to die-back 

s i t ua t i on of the en t i re t ree (P la te 3) . 



Plate 1 : I n i t i a l symptoms of mango 
twig b l ight . 



Pla te 2A 

r 

Diseased mango twig shov/irig gum 
exudat ion. 

P l a t e 2B : Guin exudat ion leac ling to 
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Genera l ly i n d iseased t r e e with l e a f b l i g h t e n i n g , 

twig b l i g h t , d i e back, gumming type symptoms i n advance 

s t a g e and even degenera t ion of a i t i r e t r e e may a l so be 

seen ( P l a t e 3 ) . Thus the symptoms not iced during t h e 

p re sen t i n v e s t i g a t i o n s are i n confonai ty with t h e r e p o r t s 

of Verma and Singh (1970); Rath e t a l . ( l 9 7 8 ) ; Rodriguez 

Torres (1978); Pathak (1980) ; Chattopadhyay e t a l . C l 9 8 2 ) ; 

Davis e t al, ( l 9 8 7 ) . 

4 .2 M0RPH3L0GICAL CHARACTERS : 

In l a b o r a t o r y , i s o l a t i o n s were c a r r i e d out from 

va r ious d i seased p a r t s of the t r e e i . e . l e a f , twigs / 

branch and gummy bark . This was p u r i f i e d and u l t i m a t e l y 

s e n t for proper i d e n t i f i c a t i o n a t I14I, kew,Surry, England, 

I t was i d e n t i f i e d as Bot ryodlp lodia theobromae P a t . The 

d e s c r i p t i o n of t h e colony c h a r a c t e r s , hyphae, f r u i t i n g 

body and spores are on the b a s i s of fungal growth on PDA 
o o 

a t room temperature (28 i 1 C) . 

Colony : 

On po t a to -dex t ro se - aga r f l u f f y , cot tony whi te growth 

was observed i n i t i a l l y which covered t h e p e t r i d i s h wi th in 

two to t h r ee days . The growth was depressed i n the c e n t r e 

whereas i t was f lu f fy and r a i s e d i n the r e s t of t he area 

which touched t h e l i d of the p e t r i d i s h . After two to 

th ree days co lour of the colony changed o l ivaceous to dark , 

whi le completely b l ack i sh background was no t i c ed a t t he 

lower surface of p e t r i d i s h . 



P l a t e 3 : Tree shov/irig advanced symptoms 
of the d i s e a s e . 
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Mycelium : 

I n i t i a l l y the hyphae of the mycelium were hyal ine , 

asepta te , which l a t e r turned to septate and dark brown, 

on potato-dextrose-agar (Plate 4 ) . 

Pycnidlal bodies : 

On potato-dextrose-agar, few black pycnidial bodies 

were observed on upper surface af te r ten days of growth. 

Brown to black pycnidial bodies were also noticed when 

petr idishes were kept against the l i gh t which were 

confirmed by microscopic examination, Pycnidial bodies 

Were subglobose to globose, erumpent and o s t i o l a t e d . 

Size of pycnidia were 145.0 to 396.4 -4Jim X 107.0 to 

323.5 --Um with an average of 289.74 X 219.13 -Um. 

Pycnidiospores ; " 

The pycnidiospores oozed out were i n i t i a l l y immature, 

hyal ine, t h in walled, globose to subglobose and s ingle 

cel led with bluish dots i n the c e l l s . Later the spores 

became bice l led dark brown thick walled, doliform to 

short ly cy l indr ica l a t maturity (Plates 5A & 5B), Average 

s ize of pycnidiospores was 26.4 X 11,3-<Jtoi- Reisolat ion 

of the organism from diseased par ts yielded exactly 

s imilar type of pure culture and under microscopic 

observations i t was found iden t i ca l to that of Botryo-

diplodla theobromae producing i n i t i a l l y hyal ine, one 

ce l led , th in walled, globose to subglobose pycnidiospores. 

Later turning in to brownish black, two ce l led , thick 

walled spores with longitudinal s t r i a t i o n s (Plate 5B), 



Plate 4 : Septate mycelium vdth pycnidiospores. 

C£5:<-) 



P l a t e 5A : Pycnidiospores (25 >^). 

4', t?» * 
A s. • 

( £ 5 X J 

Pla te 5B : Pycnidiospores ('tO X). 

, * 
% % 

/ <J/- , -V 1 



35 

These c h a r a c t e r i s t i c s a r e s i m i l a r as Bot ryodip lodia 

theobromae P a t , e a r l i e r known t o be Diplodia n a t a l e n s i s . 

The gene ra l c h a r a c t e r i s t i c s of fungus i n r e s p e c t of 

morphology i . e . colony, s i z e of t h e pycnidia and t h e 

pycnidiospores a re found s i m i l a r to those r e p o r t e d by 

Chona ( l 9 3 3 ) ; Alasoadura ( l 9 7 0 ) ; Pa t e l ( l 9 7 l ) ; Pathak 

(1980); Chattopadhyay et a l . ( l 9 8 2 ) ; Prabhakara Rao and 

Deshmukh (l986) and Davis e t a l . ( l 9 8 7 ) . 

4 . 3 PATHOGSNICITY : 

4 . 3 .1 On manfio seed l ings : 

After t h r e e t o four days of i n o c u l a t i o n , brownish 

dark do ts were observed a t t h e poin t of i n o c u l a t i o n . 

The rea f t e r b l ack , n e c r o t i c a rea g radua l ly enlarged 

downward and a l so towards t h e t i p of s e e d l i n g s . After 12 

days of i n o c u l a t i o n , t h e r e was oozing of ye l lowish f l u i d 

from i n f e c t e d a rea which remained on t h e su r face i n form 

of d r o p l e t s . La t e r on t h e r e was a d i s c o l o u r a t i o n , s h r i ­

v e l l i n g and d ic ing of e n t i r e s e e d l i n g s ( P l a t e s 6A & 6B). 

4 . 3 . 2 On f r u i t s : 

After three to four days of fruit inoculation slight 

darkening was observed at the point of inoculation. The 

affected area enlarged and showed dark brown to black 

colour. Infection also advanced to foiTa a big, dark, 

circular patch. Later the whole fruit turned completely 

black and then defonned. The pulp became lightbrown 



Plate 6A : Mango seedlings - Left Inoculated. 

Pla te 6B : Mango seed l ing - Inocu la ted v/ith 
S* theobromae (Late s t a g e ) . 
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and so f t . The f r u i t symptoms noticed are i n accordance 

with the e a r l i e r reports made by several workers(Uppal 

e t a l . , 1934; Lele e t a l . , 1975; ^ath and Mohanan, 1977; 

B^rhan, 1987 and Lutchmeah, 1988). 

4.4 EFFECT OF LIQUID MgPlA ON THE GROWTH OF BOTRYODIPLOMA 
THBOBROMAS PAT. : 

Nine di f ferent synthet ic and non-synthetic l i qu id 

media were t r i e d to find out a su i t ab le medium for maximum 

growtii and sporulat ion of the fungus. Observations 

recorded on growth in form of dry mycelial weight and 

pycnidial production af ter 15 days of incubation period 

are presented i n Table 1 and Pig . 1. 

I t i s revealed from the r e s u l t s tiiat the dry mycelial 

weight was s ign i f ican t ly d i f ferent on each medium. Amongst 

a l l , Richard's medium supported maximum mycelial growtii 

(763.00 mg). Czapek's medium was fovmd next bestC456,50 

to Richard's medium.followed by potato dextrose broth 

(201.50 mg). Asthana and Hawker's solut ion supported poor 

growth (68.50 mg). 

Considering l iqu id media, Richard's medium was the 

best for sporulat ion. The next bes t was Czapek's medium, 

while Asthana and Hawker's medium did not help to produce 

spores . Richard's medium was reported to be be t t e r for 

growth and sporulat ion of Botr^/odiPlodia theobromae Pat . 

by Siradhana (1960% Verma (1968) and Patel (1971). 
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Table 1. Effect of different liquid media oa the growth of 
B. theobromae Pat. 

Sr, jj... Dry mycelial Pycnldial Pinal 
NQ^ wedia wt.(mg) production pH 

8.0 

+ 7.8 

+ 7.9 

+ 8.1 

7.9 

+ 8.0 

+ 8.5 

+ 7.6 

+ 7.8 

' 1. 

2 . 

3 . 

4 . 

5 . 

6 . 

7 . 

8 . 

9 . 

Asthana and Hawker's 
medium 

Brown's medium 

Czapek's medium 

E l l i o t t ' s medium 

Modified Asthana and 
Hawker's medium 

Pota to Dextrose Broth 

Pota to Sucrose Broth 

R icha rd ' s medium 

Standard n u t r i e n t 
medium 

S.Em. : 0.036 
C D . 0 .05 : 0.106 
C.V.% : 3.252 

1.8298 
(68.50) 

2.2963 
(198.25) 

2.6575 
(456.50) 

1.9026 
(81.00) 

1.8234 
(69.75) 

2.3024 
(201.50) 

2.2346 
(172.00) 

2.8822 
(763.00) 

2.2036 
(160.25) 

* Average of four replications 

** Pycnidial production present i + 

Pycnidial production absent : -

Figures in the parentheses indicate retransformed value. 



800 f 

700 

600 

•p 

-§) 500 

o 

AH m 

m = 
CM a 

m = 
MAH =3 

PDB = 

P S B = 

RM = 

400 

Q 300 

200 

100 

Asthana and Hawker's mediiim 

Brown's mediiam 

Czapek's medium 
E l l i o t ' s medium 
Modified Asthana and Hawker's medium 

Potato dex t rose broth 
Potato sucrose bro th 

R icha rd ' s medium 
Standard n i t r i e n t medium 

1 
AH 

2 
BM 

3 
CM 

4 
EM 

5 
MAH 

6 
PDB 

7 
PSB 

7"*^-

8 
RM 

9 
SNM 

Liquid media 
F i g , 1 : Effec t of d i f f e r e n t l i q u i d media on t h e growth 

of B. theobromae P a t , 
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Similarly Czapek's medium was also foiand good as reported 

by Bhatnagar (l970) and Patel ( i 9 7 l ) . Aathana and Hawker's 

medium was reported to be poor source by Venna (1968) and 

BhatnagarC1970), Thus r e su l t s are i n l i ne with the o thers , 

Richard's medium and Czapek's medium contain 

potassium phosphate, magnesium sulphate and sucrose. One of 

them must have contributed tor b e t t e r growth. Asthana and 

Hawker's medium, containing pot€issium n i t r a t e , magnesium 

sulphate and glucose, proved to be be t t e r sources i n the 

E*iysiological study regarding nitrogen and carbon sources, 

respect ively; hence the same can not be responsible for 

inh ib i t ing the growth of the fungus. Therefore, magnesium 

sulphate may be responsible for reducing the growth of 

fungus. Richard's medium was found to be the best for 

growth and sporulat ion and hence was selected for further 

physiological s tudies of the fungus. 

4.5 SFFSCT OF INCUBATION PERIOD ON TRfl GROWTH OF 
BOTRYODIPLODIA THaOBRCMAS PAT. : 

The growth ra te of Botryodiplodia theobromae 

Increased (from 255.50 to 308,00 mg dry mycelial weight) 

s ign i f ican t ly up to 15 days of incubation and thereaf ter 

decreased on 20th, 25th, 30th and 35th day of incubation. 

In present inves t igat ion mycelial growth was maximum on 

15th day of incubation and was selected for fur ther 

physiological s tud ie s . The data are presented i n Table 2 

and Fig . 2. 
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Table 2. Effect of Incubation period on the growGi of 
B, theobromae Pat, 

Sr. 
No. 

Incubation 
period 
(days) 

Dry mycelial* 
weight 
(mg) 

Pycnidial** 
production 

Final 
pH 

1. 

2 . 

3 . 

4 . 

5 . 

6 . 

7 . 

5 

10 

15 

20 

25 

30 

35 

S.Em. 

C.D. 0.05 
c.v.% 

264.50 

275.00 

308.00 

290.25 

284,25 

264.75 

255.50 

: 4.257 
: 12.521 
: 3.069 

-

-

+ 

+ 

+ 

+ 

+ 

7.0 

7 . 3 

8 .2 

7 .8 

8.0 

7 .9 

8 .3 

* Average of four replications. 

** Pycnidial production present : + 

Pycnidial production absent : 



10 15 20 25 30 

Incubation period (days) 
35 

Fig. 2 Effect of incubation period on the 

growth of B, theobromae Pat, 
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4.6 EFFECT OF TEMPERATURE ON THE GROWTH OF BOTRYODIPLOPIA 

THBOBRCMAE PAT. : 

To determine the optimum temperature for the growth 

and sporulation, the fungus was grown at different tempe-
O 0 

ratures varying from 5 to 40 C. Observations on the dry 

mycelial weight and pycnidial production recorded after 

15 days of incubation are presented in Table 3 and Fig. 3. 

The fungus grew well between temperature range of 
0 0 0 0 

20 to 40 C and sporulated in the range of 20 to 35 C. 
0 

Dry mycelial weight was significantly better at 30 C 

(939.25 lag) than the rest, except at 25̂ *0 (921.25 mg) which 

is at par. Both were significantly better than the rest. 
O 0 

Therefore, Hie optimum temperature is between 25 to 30 C 

for both growth and sporulation. The optimum temperature 
O 0 

range observed during the present s tudies i . e . 25 - 30 C 

i s i n agreement with those reported by Verma and Singh 

(1970) on mango^ Taai (1983); Seehann and Tabirih (l983) 

and Mattos and Ames ( l986). Some of the workers also 
0 

reported that the temperature around 30 C to be better for 

the growth of BotryodlPlodia theobromae Pat; (Siradhana, 

1960*; Srivastava and Tandon, 1963; Patel, 1971; Ogundana 

et al., 1971; Pathak, 1980; Nwufo and Fa;Jola, 1986 and 

Mali and Bhatnagar, 1987*). 
4.7 EFFECT OF HYDR0GEM~I0N CONCENTRATION ON THE GROWTH OF 

BOTRYODIPLODIA THEOBROMAE PAT. : 

Dry mycelial output, sporulation and final pH 
observed after 15 days due to effect of various initial 
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Table 3# Effect of various levels of temperature on 
the growth of B. theobromae Pat, 

Sr, Temperature 
No. ("C) 

Dry mycelial Pycnidial** 
wt.(mg) production 

1 . 

2. 

3 . 

4 . 

5. 

6 . 

7 . 

8 . 

5 

10 

15 

20 

25 

30 

35 

40 

S.Em, 

C,D. 0.05 

C.V.36 

-

42.00 

94.50 

408.75 

921.25 

939.25 

455.25 

93.00 

: 6,199 

: 18.235 

: 2.938 

-

-

-

+ 

+ 

+ 

+ 

-

* Average of four replications.. 

*• Pycnidial production present : + 

Pycnidial production absent : 
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l eve ls of pH in l i qu id media, are presented i n Table h 

and Fig. 4 . Dry mycelial weight indicated tha t fungus 

can grow in a wide range of pH 4.0 to 9.0; however, 

aporulation occurred between pH 5.5 to 7 .0 . Yield of dry 

mycelial growth was s ign i f ican t ly be t t e r a t pH 6.0 

(510.50 mg) followed by 6.5 (501,50 mg), while sporulation 

a t pH 6.5 was b e t t e r , followed by pH 6.0. 

Thus s l i g h t l y acidic condition i s more favourable 

as compared to a lkal ine medium. In any case f ina l pH of 

the media was a lkal ine i n na ture . Veraa ( l968); 

Srivastava and Taindon (l968) and Patel ( l97l) reported 

tha t pH 6.0 to 6.5 was be t te r for growth and sporulation 

of Botrvodiplodia theobromae Pa t . These r e su l t s are very 

closely i n accordance with the r e su l t s obtained during 

the present s t u d i e s . 

4.8 EFFECT OF DIFFER£NT CARBON SOURCES ON THE GROWTH OF 
BOTRYODIPLODIA THEOBROMAE PAT. : 

The effect of different carbon sources on the 

growth and production of pycnidia of Botryodiplodia 

theobromae Pat . was compared in basal medivim i . e . 

Richard's medium. After 15 days of incubation period, 

output of the dry mycelial mat and sporulation are 

presented in-Table 5 and Fig. 5 . I t i s evident t ha t carbon 

i s an essen t ia l nu t r i en t for good growth of the fungus as 

the media enriched with carbon gave good growth of the 

fungus (Table 5 ) . Fimgus grew well on a l l carbon sources, 

however, va r i a t ion in the growth was observed. 



Table 4 . Effect of hydrogen-ion concentration on the 
growth of B, theobromae Pat . 
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Sr. 
No. 

PH Dry mycelial 
wt. (nag) 

Pycnidial 
production 

*# 
Final 
pH 

1. 

2. 

3 . 

4 . 

5 . 

6 . 

7 . 

8 . 

9 . 

10. 

1 1 . 

* 

* * 

4.0 

4 . 5 

5.0 

5.5 

6 .0 

6 .5 

7 .0 

7 .5 

8.0 

8 .5 

9 .0 

S.Em. 

C.D. 0 . 

c.v.% 

Average 

PvnnlHi 

206.25 

232.25 

338.00 

426.50 

510.50 

501.50 

401.75 

393.50 

376.75 

271.50 

239.25 

: 5.053 

05 : 14.593 

: 2.852 

of four re 

a l nnri / ln /^+i j->r 

-

-

-

+ 

+ 

+ 

+ 

+ 

-

-

-

iplications. 
t KkT'^e-fii v»4- • -L 

8.1 

8.8 

8 .7 

8.8 

8 .5 

8 .5 

8.6 

7 .8 

7 .9 

7 .7 

8,0 

+ 
Pycnidial production absent : 
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Table 5. Effect of different carbon sources on the growth 
of B, theobromae Pat, 

S r . 
No. 

1. 

2 . 

3 . 

A. 

5. 

6 . 

7 . 

8 . 

9 . 

Carbon sources 

Fruc tose 

Galac tose 

Glucose 

Lactose 

Maltose 

S ta rch 

Sucrose 

Xylose 

Control 
(No carbon 

S.Eni* 

C.D. 0 .05 

c.v.% 

source] 

* 
Dry mycel ia l 

w t , (mg) 

: 5.366 

: 15. 

: 3 . 

572 

590 

405.50 

86 .25 

620.25 

224.75 

587.50 

46.50 

580.50 

118.75 

20.50 

Pycn ld i a l 
p roduc t ion 

+ 

+ 

•I-

+ 

+ 

+ 

+ 

m. 

* Average of four replications. 

** Pycnidial production present 

Pycnidial production absent 
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Considering the dry mycelial weight, glucose 

(620,25 mg), maltose (587.50 mg), sucrose (580,50 mg) and 

fructose (405.50 mg) were s ign i f ican t ly be t t e r over o ther 

sources of carbon. Starch (46.50 mg) was s ign i f i can t ly 

Poor source among the carbon sources t e s ted . 

Similar r e s u l t s of good growth of B, theobromae on 

glucose was observed by Margolin (1940); Bhatnagar (1970); 

Verma and Prasad (1975); Seehann and Tabirih (l983) and 

Kaul (1987). Sucrose was reported to be be t t e r source of 

carbon by Margolin (1940) and Prasad (1965). 'Mal tose ' , 

'Mannose' and 'Sucrose* were reported to be good sources 

(Mali and Bhatnagar, 1987). 'Glucose ' , 'Sucrose' and 

'Maltose' (Pa te l , 1971 and Ahmed and Haq, 1973) and 

'Lactose ' have been reported as poor source(Margolin,1940), 

4.9 EFFECT OF DIFFERENT NITROGEN SOURCES ON THE GROWTH OF 
Botryodiplodia theobromae Pa t . : 

The effect of d i f ferent ni t rogen source on growth 

and sporulat lon of B, theobromae Pa t . was compared i n the 

Richard's medium. Observations recorded on dry weight of 

the mycelial mat and sporulat ion a f t e r 15 days of 

incubation period are presented in Table 6 and Fig , 6. 

Considering the various sources of ni t rogen * Calcium 

n i t r a t e ' supported highest growth (673.25 mg) compared to 

o thers while next best source was 'Potassium n i t r a t e ' 

(586.00 mg) followed by 'Urea' (525.00 mg). I n general 

n i t r a t e sources were be t t e r as compared to anmonical 
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Table 6 , Effect of different n i t rogen sources on the 
growth of B, theobromae Pat , 

SI*. Kn+n«n.«« o«„r»««« ^^ mycelial Pycnidial jj^^ Nitrogen sources i t . ( m g ) production 

1. 

2. 

3. 

^ . • 

5. 

6 . 

7 . 

8. 

9 . 

1 0 . 

Ammonium aceta te 

Ammonium n i t r a t e 

Annoniurn oxalate 

Ammonium phosiE^iate 

Ammonium sulphate 

Calcium n i t r a t e 

Potassium n i t r a t e 

Sodium n i t r a t e 

Urea 

Control 
(No nitrogen source) 

464.25 

525.00 

454.00 

285.25 

222.25 

673.25 

586,00 

487.75 

525.00 

118.50 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

••• 

+ 

S.Em. : 4.073 

C.D. 0.05 : 11.762 

C.V,96 : 2.000 

* Average of four r ep l i ca t ions . 

** Pycnidial production present : + 
Pycnidial production absent : -
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sources. The ni t rogen source in the form of * Ammonium 

sulphate* was s ign i f ican t ly b e t t e r than no nitrogen 

(con t ro l ) , however, the same proved to be most i n f e r i o r 

source among a l l the sources t e s t e d . 

As against the normal source •Potassium n i t r a t e ' , 

•Calcium ni t ra te* was s ign i f ican t ly be t t e r than ttie r e s t 

of sources and same was also reported as good source by 

Prasad(l965); P a t e l ( l 9 7 l ) ; Tsa i ( l983) . Nwufo and Fa^Jola 

(1986) also reported •Potassium n i t r a t e* and •Sodium ni t ra te* 

as good sources of ni t rogen. Kaul(l987) also reported 

* Calcium n i t r a t e ' a be t t e r source. From the resvilts obtained 

i t i s c lear tha t the n i t r a t e sources were def in i te ly be t t e r 

for the growth of B. theobromae. a pathogen causing disease 

in many f r u i t crops . The poor growth of the fungus i n the 

medium devoid of any nitrogen source indicated t h a t i t i s 

an essen t ia l nu t r i en t for the growth of the fungus(Table 6 ) . 

Since n i t r a t e sources were be t t e r as compared to 

ammonical sources of nitrogen and 'AmmoniiM sulphate ' yielded 

the poorest growth of the fungus, i t would be in te res t ing to 

observe the possible effects of d i f ferent kinds of n i t r o ­

genous f e r t i l i z e r s on the incidence of the d i sease . 

4.10 EFFECT OF DIFFERENT COMBINATION OF 'CARBON mU NITROQEN' 
SOURCES ON THE GROWTH OF BOTRYODIPLOPIA THEOBROMAE PAT. 

Dry mycelial output and sporuLation on various combi­

nat ions of * Carbon* and 'Nitrogen* souixes are presented 

i n Table 7 and Fig . 7 . 
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Table 7, Effect of different combinations of carbon and 
nitrogen sources on the growth of 
B. theobromae Pat, 

•ft ^'N-

Sr. Combinations of carbon Dry mycelial Pycnidial 
No, and nitrogen wt, (mg) production 

1. Calcium n i t r a t e X Glucose 278.00 + 

2. Calcium n i t r a t e X Maltose 602.00 + 

3 . Calcium n i t r a t e X Sucrose 586.75 + 

4, Potassium 
n i t r a t e X Glucose 515.50 

5- ^ ^ t e " ^ X Maltose 449.00 + 

^- S t S l e ^ ^ S--^-- 385.00 

7. Urea X Glucose 476.25 + 

8 . Urea X Maltose 345.00 + 

9 . Urea X Sucrose 436,25 . + 

S.Em. : 3.809 

C.D. 0.05 : 11.055 

C.V.96 : 1.683 

* Average of four r ep l i ca t i ons , 

** Pycnidial production present : + 
Pycnidial production absent : -
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Disaccharide 'maltose* and 'sucrose* both were found 

s igni f ican t ly b e t t e r in combination with 'calcium n i t r a t e ' 

with a maximum mycelial output (602.00 mg) and(586.75 mg) 

respect ively , over the r e s t of combinations. While mono­

saccharide 'g lucose ' in combination with 'calcium n i t r a t e ' 

was the poorest (278.00 mg) among the various combinations 

t r i e d . The next best combination was 'potassium n i t r a t e ' 

with monosaccharide 'glucose ' (515.50 mg) which was s i g n i ­

f icant ly be t t e r than the r e s t of other combinations. 

•Urea' i n combination with monosaccharide 'g lucose ' yielded 

be t t e r (476.25 mg) as compared to disaccharides . Taking 

in to consideration both dry weight of mycelium and sporu-

l a t i o n , combination of 'calcium n i t r a t e ' and 'maltose ' 

appeared to be the bes t . 

Sources of carbon (glucose, maltose and sucrose) and 

ni t rogen (calcium n i t r a t e , potassium n i t r a t e and urea) 

were t es ted i n which 'calcium n i t r a t e* ajad 'maltose ' 

combination proved to be almost s ign i f i can t ly be t t e r i n 

production of dry mycelial weight and sporiilation as 

compared to r e s t of the combinations. Other b e t t e r 

combinations were 'ca lc iun n i t r a t e* and * sucrose* and 

* potassium n i t r a t e* and ' g l u c o s e ' . 

For obtaining good growth, i t i s necessary to 

replace 'calcium n i t r a t e ' , in place of 'potassium n i t r a t e ' 

and 'maltose ' in place of ' sucrose ' in Richard's medivm. 
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I t has already indicated tha t individual sources of carbon 

and nitrogen have g rea te r importance and Uie appropriate 

combinations have even more s ign i f i can t ro le in obtaining 

b e t t e r growth and sporulat ion, 

4.11 EVALUATION OF SYSTEMIC AND NON-SYSTiiHEC FUNGICIDiaS 
AGAINST BOTRYODIPLODIA THEOBROMAE PAT. IN VITRO : 

Twelve systemic and non-systemic fungicides were 

assayed i n 1iie laboratory by the 'paper disc method* and 

data are presented in Table 8 . The data (Table 8) 

indicated tha t out of twelve d i f ferent systemic and non-

systemic fungicides, only ten fungicides were effect ive 

in checking the growth of the fungus. The other two v i z . , 

carboxin (Vitavax 75 WP) and bordeaux mixture fa i led to 

check the growth of fungus even a t higher concentration 

(4000 ppm). Similar ly, a l l the concentrations of each 

fungicide differed s igni f ican t ly i n respect of inhib i t ion 

zone. 

Among ten effect ive fungicides, carbendazim 

(Bavlstin 50 WP) showed maximum inh ib i t ion zone even a t a 

concentration of 250 ppm and above followed'by M£MC 6 %, 

^ A 1 %, mancozeb (Di thane M-45 75 WP) a t 1000 ppm and 

above (Plates 7A & 7B). While, captafol (Difolatan 80 ¥P); 

thiophenate methyl (Topsin M 70 3̂  WP)., captan (Captaf) 

and aureofungin were more or l e s s i ITn^nriliii|l 2000 ppm 

and above concentrat ions. Triforij<€4(!SS^K£'^^%c) and 
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Plate 7A & 7B : In -v i t ro evaluation of 
fungicides against B, theobromae 
by paperdisc method. 
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Table 8, Evaluation of systemic and non-systemic 
fungicides against B. theobromae Pa t . in v i t r o . 

S r . 
No. 

1 . 

2 . 

3 . 

4 . 

5 . 

6 . ' 

7 . 

8 . 

9 . 

10 . 

1 1 . 

1 2 . 

F u n g i c i d e s 

Carbendazim 

Mancozeb 

EMA 1 % 

MfiMC 6 % 

C a p t a f o l 

T h i o 0 i a n a t e 
me thy l 

Aureofung ln 

Thiram 

T r i - f o r i n e 

Captan 

Carbox in 

B.M, 

S o u r c e 

T r e a t m e n t 

C o n c e n t r a t i o n 

250 
ppm 

15 .12 

0 . 0 0 

0 . 0 0 

0 . 0 0 

0 . 0 0 

0 . 0 0 

0 . 0 0 

0 . 0 0 

0 . 0 0 

0 . 0 0 

0 . 0 0 

0 . 0 0 

T r e a t m e n t X C o n c e n t r a t i o n 

I n h i b i t i o n zone 

500 
ppm 

21 .69 

0 . 0 0 

0 . 0 0 

0 . 0 0 

0 . 0 0 

0 . 0 0 

0 . 0 0 

0 . 0 0 

0 . 0 0 

0 . 0 0 

0 . 0 0 

0 . 0 0 

S.Em. 

0 . 1 0 4 

0 . 0 7 3 

0 . 2 3 2 

1000 
ppm 

27 .44 

18 .30 

16 .39 

21 .38 

0 . 0 0 

0 . 0 0 

0 . 0 0 

0 . 0 0 

0 . 0 0 

0 . 0 0 

0 . 0 0 

0 . 0 0 

C.D. 0, 

(mm)* 

2000 
ppm 

2 8 . 1 4 

2 1 . 6 3 

1 9 . 1 5 

2 2 . 9 8 

14 .31 

1 5 . 3 7 

15 .36 

0 . 0 0 

0 . 0 0 

1 0 . 0 8 

0 . 0 0 

0 . 0 0 

.05 

0 . 2 8 7 

0 . 2 0 3 

0 . 6 4 3 

4000 
ppm 

30 .51 

2 6 . 5 9 

23 .36 

2 6 . 5 6 

1 6 . 4 8 

18 .34 

1 6 . 2 3 

1 4 . 2 8 

9 . 1 7 

1 1 . 3 5 

0 .00 

0 . 0 0 

C.V.% 

5.021 

* Average of four r ep l i ca t i ons . 
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thiram (Danatax) were effective only at 4000 ppm among the 

various concentrations tried during the present 

investigation. 

Among various fungicides evaluated, carbendazim 

(Bavistin) was most effective in checking the growth of the 

fungus even at the lowest concentration (250 ppm). The 

results obtained during the present studies are in 

agreement with those reported by Bammi et aCL. (1972); 

Sohi et al. (.1973); Vyas and Singh (1977); Kumbhare and 

Chaudhari (1979); Anusuya (1984) and Utikar et ^ . 

(1986). Akanda and Fakir (l9B5); Ogawa et ̂ . (1968) and 

Ogundana and Dennis (l98l) reported that the mancozeb 

(Dithane M-43) and captan (Captaf) were effective against 

B, theobromae Pat. Similar reports were also made by 

Srivastava and Tandon (l97l) and Utikar et al. (1986). 

Raghvan and Saksena (1978) reported captan (Captaf) to 

be effective against B, theobromae. Adisa and Fa;3ola(l982) 

reported captan (Captaf) and captafol (Difolatan) to be 

effective against B, theobromae Pat., In vitro. Pandey 

et al. (1980) and Bhar^ava et al, (1983) reported that 

triforine (Saprol 15 ̂ C) gave good control of B.theobromae 

Pat. on banana. Captafol (Difolltan) and carbendazim 

(Bavistin) were effective against B. theobromae Pat. 

(Anusuya, 1984). Raghvan et al.(l979); Agarwal et al.(l982) 

and Atri (l985) reported that aureofungin was effective , 

against B, theobromae Pat. in vitro. 
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4.12 EFFICACY OF VARIOUS CHSMICALS AGAINST BOTRYQDIPLODIA 

THEOBROMAB PAT. IN ORCHARD : 

A field trial was conducted at Mango orchard, B.A. 

College of Agriculture, Anand with a view to select a 

suitable fungicide for the control of Botryodiplodia 

theobromae Pat. Chemicals included in the trial were 

carbendazim (Bavistin 50 WP); PMA 1 %, carbofuran 

(Furadan 3G), bordeaux mixture (B.M.) and combinations 

viz., carbendazim + carbofuran, B.M, + carbofuran, PMA + 

carbofuran. Results on mean disease index and per cent 

reduction over control are presented in Table 9. 

It is evident from the data (Table 9) that all the 

chemicals were significantly effective in reducing the 

disease as compared to check. None of the chemicals gave 

complete control of the disease. However, carbendazim 

was significantly superior over all other treatments. 

Carbendazim + carbofuran and PMA 1 % were next in order, 

MA + carbofuran, bordeaux mixture, carbofuran and B.M. 

+ carbofuran were least effective. Thus the order of 

efficacy of chemicals being carbendazim (Bavistin), 

carbendazim + carbofuran, m A ^ %, BlA + carbofuran, 

bordeaux mixture, carbofuran (Furadan J G) and B. M. 

+ carbofuran. 
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Table 9. Effect of d i f ferent chemicals on i n t e n s i t y of 
disease caused by B, Idieobromae Pat . i n 
f ie ld /orchard . "" 

Sr . 
No. Treatment Concen-

tratijOn 

M e a n Per cent redu^. 
Disease c t ion over 
Index(%) control 

1. 

2. 

3 . 

4 . 

5 . 

6 . 

7. 

8 . 

Bordeaux mixture 

Carbendazimi 

EMA 1 % 

Carbofuran 

B,M. + Carbofuran 

Carbendazim + 
Carbofuran 

BlA + Carbofuran 

Control (Water) 

S.fim. : 1.742 

C.D. 0 .05 : 5.284 

C.V.96 : 3.780 

1 % 

0.05 % 

0.001 % 

50 g 

1 %+ 50g 

0.05 % 
+ 50 g 

0.001 % 
+ 50 g 

-

71.70 

41.39 

62.50 

74.72 

75.00 

55.00 

69.17 

83 .33 

13.96 

50.33 

24.99 

10.33 

9.99 

33.99 

16.99 

-

Average of three rep l ica t ions . 
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CHAPTER - V 

SUMMARY AND CONCLUSIONS 

Twig blight with gummy ejcudation observed in mango 

orchards waua suspected to be the important factor of 

mango decline in South, Middle and North Gujarat area and 

hence investigated. 

coerti 

Symptoms observed i n nature WSBB leaf b l i gh t , t i p 

withering, defol iated twigs accompanied by brownish 

discolourat ion, basal trunk developing bark canker and 

gummy exudation. The pathogen associated with the disease 

was iden t i f i ed as Botryodiplodia theobromae Pa t . a f t e r 

studying the pathogenicity t e s t s on seedling and f ru i t s , of 

mango, symptomatology and morphological charac te rs . 

Studies regarding the organism associated with 

t i s sues and pure cul ture indicated i n i t i a l production of 

hyal ine , one ce l led , thin-walled, globose to subglobose 

immature spores, which l a t e r turned to brownish black, 

two ce l l ed , thick-walled with longi tudinal s t r i a t l o n s a t 

maturi ty. Pycnidial bodies were subglobose to globose, 

erumpent, o s t io l a t ed measuring 145 - 396.4 X 107 - 323.5 

-Um with an average of 289.74 X 219.13 -um while the 

average size of pycnidiospores measuring 26.4 X 11.3 HTO. 

Physiological s tudies revealed the Richard 's medium 

and Czapek* s medium to be the bes t for the growth and 

sporulat ion and Asthana and Hawker's medium as the poorest . 
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In Incubatloa study the maxlmun] growth vas found a f t e r 

15 days of incubation in the l iqu id media. The optimum 
O 0 

range of temperature requiranent was between 25 - 30 C for 

both growth and sporulation. At 40 C and 10 C, the growth 

was meagre. Slightly acidic medium pH 6.0 to 6,5 was 

optimum for the growth and sporulation, iioweyer, the 

organism could grow in the wide range from pH 4 to 9, 

•Glucose', 'Maltose* and 'Sucrose* were better and 'Lactose', 

*Xylose*, 'Galactose' and 'Starch* proved to be inferior 

sources of carbon. 'Calcium nitrate' was better and 

•Ammonium sulphate' the poorest source of nitrogen, 'Calcium* 

nitrate' and 'Maltose' combination of nitrogen and carbon 

source was better while the combination of 'Calcium nitrate* 

and 'Glucose' was poorest. 

Among the fungicides tested (in vitro), carbendazim 

(250 ppm) was most' effective in checking the growth of 

fungus. Next best were mancozeb (lOOO Pfwi), £MA 1 % 

(1000 ppm) and MSMC 6 % (1OOO ppm). 

In field trial, soil drenching of carbendazim 

(0,05 %) was significantly superior to FMA 1 %, carbofuran, 

bordeaux mixture and combination of carbendazim + carbo­

furan, EMA + carbofuran and B.M. + carbofuran. 
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APPhl^DlX-I 

Asliiana and Hawker's medium : 

Potassium dihydrogen phosFhate(KH2K)^) 

Potassium n i t r a t e (KNO )̂ 

Magnesium su lpha t e (MgSO^. TH^O ) 

Dextrose (GgH^^^g) 

Distilled water 

Brown' s medium : 

Dextrose (C5H^2%) 

Potassium dihydrogen phosphate {m^^Oj^) 

Magnesium su lpha te (MgSO^ . 7H2O ) 

L( - ) Asparagine im^,CO.Qi^,CAim^) COOH) 

D i s t i l l e d water 

Czapek's medium : 

Sodium n i t r a t e (NaNO,) 

Potassium monohydrqgen phos|*iate(K2HP0^) 

Magnesium su l f i i a te (MgSO^ .THgO) 

Potassium c h l o r i d e (KCl) 

Fer rus su lpha t e (FeS04. 7H2O) 

Sucrose (Ci ^22^11) 
D i s t i l l e d water 

E l l i o t t ' s medium : 

Potassium dihydrogen ^ lospha te (KH2PO4) 
Sodium carbonate (Na^O,) 
Magnesium su lpha t e (MgSO^. 7H2O) 

Dextrose (C5H^2^6^ 
L(-)Asparagine(NH2.CO-NH2-CH(I«2).C0CH) 
D i s t i l l e d water 

1.750 

3.5 

0.5 

5.0 

1000.0 

20.0 

1.250 

0.750 

2.0 

1000.0 

2.0 

1.0 

0.5 

0 .5 

0.01 

30.0 

1000.0 

1.360 

1.06 

0.125 
5.0 

1.0 

1000.0 

g 

g 

g 

g 

ml 

g 

g 

g 

g 

ml 

g 

g 

g 

g 

g 

g 
ml 

g 

g 

g 

g 

g 
ml 
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5, Modified Asliiana and Hawker's medium : 

Potassium dihydrogen phosphate (KH2PO4) 
Sodium n i t r a t e (NaNO,) 
Magnesium su l0 ia te (MgSO^. 7H2O) 

Dextrose (CgH^^^^ 
Di s t i l l ed water 

6 . Potato Dextrose Broth : 

Peeled potato 

Dextrose {^^^^2*^6^ 
Dis t i l l ed water 

7, Potato Sucrose Broth : 

Peeled potato 

Sucrose (^i2^22^11^ 
Dis t i l l ed water 

8. Richard's medium : 

Potassium nitrate (KNO^) 

Potassium monobasic phosphate (K^P04). 

Magnesium sulphate (MgSO^. 

Ferric chloride (FeCa,) 

THgO) 

Sucrose 

Distilled water 

(C,,^220„) 

Standard nutrient medium : 

Potassium monohydrogen phosphateCKpHPO. ) 

Sodium carbonate (NapCO,) 

Magnesium sulphate (t^SO, , 7H-0) 

L(-) Asparagtne (NH2*^°'<^2*^^^'^2^*^°^^ 
Dextrose (C^^'^2'^6^ 
Distilled water 

1.0 
3.0 

0.5 
5.0 

1000.0 

200.0 

20.0 

1000.0 

200.0 

30.0 

1000.0 

10.0 

5.0 
2.50 

0.02 

50.0 

1000.0 

1.36 

1.06 

5.00 

1.00 

5.00 

1000.00 

6 

g 
g 

g 
ml 

g 
g 
ml 

g 

g 
ml 

g 
g 
g 
g 
g 
ml 

g 
g 
g 
g 
g 
ml 



S r . 
No. 

Chemical 
name 

i i l 

APPENDIX - I I 

Trade name Act ive i n g r e d i e n t 

1 . Aureofungin Aureofungin N-methyl-P-amino-aceto-
liienone + mycosamine 

2 . B.M. 

3 . Captafol 

4 . Captan 

12. T r i f o r i n e 

Bordeaux 
mixture 

Di fo la tan 

Captan 

5. Carbendazim Bav i s t i n 

6 . 

7 . 

8. 

9 . 

10. 

1 1 . 

Carboxin 

Mancozeb 

MEMC 

PMA 

ThioF*ienate 
methyl 

Thiram 
(TMTD) 

Vitavax 

Dith-M~45 

MmC 6 % 

PMA 1 % 

Topsin-M 

Danatax 

Saprol 
15 fciC 

Copper s u l p h a t e + calcium 
hydroxide i n s o l u t i o n 

N ( - 1 , 1 , 2 , 2 - t e t r a c h l o r o e t h y l ) 
t h i o c i s - 4 cyc lohexane-1 , 2 
dicarboximide 80 % 

C i s - N (Tr ichloromethyl t i i io) 
4 -cyc lohexene - l , 2 
dicarboximide 

Methyl-1 H- Benzimidazole 
2 y l - carbamate 50 WP 

5-6-dihydro-2 -me thy l - 1 - 4 
o x a t h i i n - 3 - c a r b o x i a n i l i d e 

Zinc ion manganese e thy l ene -
b i sd i th ioca rbama te 75 % 

Methoxy e t h y l mercury 
ch lo r ide 

Phenyl mercury a c e t a t e 

1,2, b i s (3-methoxy 
carbonyl-2-1i i ioureido) 70 

Bis (dime thy l l i i i c -ca rbamyl ) 
d i s u l f i d e OR Tetramethyl 
t h i r u m d i s u l f i d e 

N, N - ( i , 4 , p i p e r a z i n e d i y l -
b i s ( 2 . 2 , 2 - t r i c h l o r o e t h y -
l i dene ) b i s formamide 




