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“ If thou shoudst say, “ It is enough, 

I have reached perfection, all is lost, 

for, it is the function of perfection to 

make one know one’s imperfection.” 
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INTRODUCTION 

                    The opium poppy (Papaver somniferum L.) is a dicotyledonous 

plant belonging to the group – Polypetalae, series – Thalamiflorae and family 

– Papaveraceae. A native of Asia Minor, it is indigenous to mediterranean 

coastal region and is distributed across the world extending up to 60 N in 

northwest Soviet Union with the southern limit reaching almost   the tropics 

(Veselovskaya , 1976). It has been legitimately culivated in India, Iran, 

China, Egypt, France, Holland, Hungary, Greece, Spain, Portugal, Italy, 

Turkey, U.S.S.R., Yugoslavia, Japan, Bulgaria and Pakistan (Ramanathan 

and Ramachandran, 1977; INCB, 1981 ). It was identified as a useful plant 

perhaps, right in the neolithic era (nearly 8,000 years ago). Its sleep inducing  

property  was well known to the Greeks  since 6th century BC when Hypnos 

(Morpheus) , the Greek God of Sleep, was depicted holding a poppy stem in 

his hand (Veselovskaya, 1976 ). However, the oldest reference to this plant is 

found from Mesopotamia, where, it is mentioned in the “Assyraian Herbal” 

list.The people of Messpotamia used it as a medicine about 4, 000 years ago 

(Jurgan, 1962). Opium poppy is one of the few medicinal plants grown over 

thousands of years (Neligan, 1927) for opium alkaloids which are frequently 

used as analgesic, antitussive, antispasmodic and as a sedative in modern 

medicines. Besides, opium poppy seeds, as such, are edible and find 

considerable usage in culinary and food industries in India and a small part 

of the seed finds export market, mainly in the countries of Asia and Africa. 

                    In India, the cultivation of opium poppy was established by early 

13th century (Anonymous,1966; Veselovskya, 1976). It became a 

considerable source of revenue to the successive governments. 

              The seeds are a rich source of fatty oil and protein.  Many 

European countries grow it as a source of opium seed oil, which is used for 



 
 
 

comestible and industrial purposes. However, in India it is a dual purpose 

crop, grown for, opium and seeds both. 

            The opium poppy  plant is  also important in apiculture (bee-keeping 

) as its flowers produce large quantity of pollens which is used by bees to fed 

their young ones. 

          The genus Papaver consists of many species, six of these widely 

available in India are: P. rhoeas, P. nudicaule, P.orientale, P. argemone, P. dubium 

and P. somniferum (Anonymous, 1966). While majority of these are renowned 

for their exqusite flower colour, only the P. somniferum is of great medicinal 

importance. It is economically most viable as it contains such therapeutically 

important opium alkaloids, viz., morphine, codeine, narcotine and 

papaverine etc. which manifest sedative , antispasmodic, antitusive and 

analgesic activities. 

           The opium poppy (P. somniferum) is an annual herb with thick pithy 

stem. It grows erect, rarely branched, usually glaucous, 60-120 cm in height.  

Leaves are sessile, oval ovate or obvate oblong, irregularly lobed with cordate 

amplexicaule base enveloping the stem, dentate or serrate . Flowers are 

solitary on long peduncle, bisexual, regular and hypogynous usually white 

with a blue tint, sometimes purple or variegated. They contain no honey. 

Fruit is a capsule, large up to 2.5 cm in diameter, globose to spherical, stalked, 

when immature covered with a waxy coating which imparts greyish blue tint 

to the capsule, pale brown when mature . Seeds are numerous, remiform, 

generally white but grey in some ‘malwa’ forms. Seeds contain fixed oils. The 

plant is cultivated as Rabi (winter) crop. 

             India is gross prodcer of opium and responsible for more than seventy 

per cent of the world output of opium and eighty per cent of it is exported 



 
 
 

annually. A substantial part of this produce comes from eastern Uttar 

Pradesh.  

            The crop is a host to several pathogens. Although poppy is cultivated  

in  eastern Uttar Pradesh since long time, very little attempt has been made 

to investigate the diseases ocurring in this region . Ways open to produce 

more opium are, either to put a larger acreage under poppy cultivation or to 

control the various diseases of the crop. The first aspect is, however, not 

posible due to increasing   pressure of population. Therefore, the systematic 

survey of the diseases of opium poppy and their effective, economical and 

safe control is a great necessity. 

                The crop is infected by a number of phytopathogenic fungi ,  

bacteria and viruses. Besides, as the crop is raised only from the seeds, any 

factor affecting seed vigour and viability assumes vital importance. However, 

majority of the diseases are caused by fungi belonging to various groups. As 

such, fungal diseases are of paramount importance. The diseases caused by 

such phytopathogenic microbes can be categorised as follows: 

(i) Fungal diseases of major importance  

(A) Seed borne fungal diseases  

(B) Other fungal diseases  

(ii) Fungal diseases of minor importance 

               A perusal of literature revals that much of the work on disease 

management and control has been done with the help of usual synthetic 

commercial  fungicides. During recent years, several of these are being used 

with caution due to their undesirable side – effects, such as phytotoxicity, 

carcinogenicity, teratogenicity, residual and pollutive effects. In recent years, 

several workers have controlled plant diseases through the use of varios 



 
 
 

natural (plant) products providing less phytotoxic, more systemic, easily 

biodegradable with stimulatory host metabolisn activities (Tripathi, 1981; 

Beye, 1978 ; Tereziz, 1978; Dixit et al .,1978) 

              So far, no work has been done to evolve an effective and safe control 

measure   to control the fungal diseases of opium poppy through the use of 

natural (plant) products either in India or in any other part of the world. 

             As such, the present project was undertaken with a view: 

(i) To record the incidence of various fungal diseases (mentioned 

above) through a systematic survey of major opium growing 

areas of eastern Uttar Pradesh. 

(ii) To screen various available natural (plant) products against 

fungal pathogens of opium poppy, both in vitro and in vivo 

conditions. 

(iii) To estanblish the most effective natural (plant) product (s) as 

found effective in in vivo screening as economical and safe control 

tool against major fungal diseases of opium in conditions 

prevailing in eastren Uttar Pradesh. 

REVIEW OF LITERATURE 

               As the opium poppy (Papaver somniferum L.) crop has a worldwide 

distribution, it has attracted the attention of plant pathologists all over the 

world. A critical  review of literature revealed that majority of the diseases are 

caused by fungi belonging to various groups. The fungal diseases recorded so 

far in India and abroad can be catergorised as follows: 

(i) Fungal diseases of major importance  

(A) Seed borne fungal diseases  



 
 
 

(B) Other fungal diseases  

(ii) Fungal diseases of minor importance  

(iii) Fungi recorded from dead plant parts  

               The litererature available regarding these categories are discussed as 

follows: 

(i) Fungal diseases of major importance  

(A) SEEED BORNE FUNGAL DISEASES 

                 Investigation on seed mycoflora of the opium poppy have been 

carried- out  by several workers in different parts of the world . The literature 

on the fungi inciting various seedborne diseases is discussed here. 

          Pleospora calvescens was found to be the most destructive pathogen 

in Bulgaria (Christoff, 1930). Most of the seeds contained in infected capsules 

were found infected by the fungus. Such seeds either have a very low viabillity 

or do not germinate at all. Fusarium scirpi var. caudatum was observed as a 

semi- parasite capable of attacking the seeds in Bulgaria (Christoff. 1934). 

Neergaard (1937) reported severe infection of opium poppy seeds by 

Helminthosporium papaveris in Denmark. Disorganisation of the seed –

embryos due to the infection of Pleospora calvescens was reported by Ekstrand 

(1941) from Swedon. Christoff (1943) observed that in Bulgaria seed 

infections are usually caused by Peronospora arborescens, Pleospora calvescens, 

Alternaria brassica var. somniferum, Fusarium scirpi var. caudatam, Mycosphaerella 

tulasnei and Ophiobolus sativus. Simultaneously, Macrosporium bresadolae, 

Fusarium sp., Penicillium sp. and Mucor mucedo were also, though, rarely found 

associated with opium poppy seeds. 

      Plesopora calvescens was often detected in samples of opium poppy 

seeds in Denmark (Neergaard, 1949, 1950 and 1951 ). Ballarin (1950) 



 
 
 

observed that on diseased poppy seeds, the conidiophores of H.papaveris were 

abundantly branched and when such contaninated seeds germinate, more 

diseased seedlings were found on acid medium than on alkaline medium. 

Pleospora papaveracea and Peronospora arborescens were found to contaminate 

the seeds and cause appreciable degree of damage in Turkey (Gobelez, 1956 

). Kutova and Bankova (1975) reported the infection of opium poppy seeds 

by P. calvescens. Dendryphion penicillatum was isolated from opium poppy seeds 

in Denmark (Neergaard, 1956). Seed infection due to Dendryphion papaveris 

(P . papaveracea) was found high in samples from infested areas in Turkey ( 

Karahan and Maden  , 1978 ).Seed transmission to seedlings occurred at 

nearly the same rate as seed infection.  

                       Peronospora  arborescens  was found to cause extensive damage in 

all important opium growing regions of Poland as seed-borne pathogen 

(Pietkiewicz, 1958). Detailed investigations concerning the control of downy 

midew confirms the positive role of the seed in transmitting the causal 

organism, P. arborescens (Alavi, 1975). 

                        Zarzyca(1958) isolated Mucor spp.,Rhizopus nigricans, Yeasts, 

Pleospora calvescens (conidial state of H. papaveris)., Gloeosporium sp., Alternaria 

spp., Fusarium scirpi var. caudatum, Fusarium concolor , Cladosporium herbarum 

, Penicillium spp., Trichothecium roseum, Aspergillus spp., Trichoderma sp. and 

Pullularia   pullulans  from opium seeds collected from different regions of 

Poland. But in pathogenicity tests only Helminthosporium papaveris, Fusarium 

scirpi var. caudatum and Alternaria spp. were found to be injurious for seeds 

and seedlings and these occurred as internal pathogens. Out of these three, 

she observed that the fungus Helminthosporium  papaveris  is  the most noxious 

for seeds and seedlings of the opium poppy. Czyzewska and Zarzyca (1967) 

also reported the infection  of opium  poppy  seeds  by the fungus 



 
 
 

Helminthosporium papaveris  ( perfect state Pleospora papaveracea). Reinmuth 

(1943) reported the infection of opium poppy seeds by Helminthosporium 

papaveris.  The fungus apparently was found as a permanent element of seed 

mycoflora in samples taken at various locations and in various harvest years 

(Blotnicka, 1976) . Seedlings which develop from such seeds, were found 

infected up to 90 per cent . Anatomical investigations of heavily infected seeds 

revealed that no mycelium was present in embryo or endosperm but in 

seedling stage, the fungus infects the primary cortex.  

                 The control measures recommended by Christoff (1930) were strict 

sanitation of seed beds and fields including incineration of the plant debris 

and stubble, use of disease free seed and appropriate crop rotation.Some 

measures of control was also obtained by steeping seeds from diseased plants 

for one hour in 0.25 to 1 per cent Upsulum-Universal, 0.25 to 0.5 per cent 

Germisan, 0.05 per cent Mercuric Chloride , or  0.5 per cent Chigosan. 

Satisfactory results could also be obtained by spraying the diseased plants 

with 3 to 5 per cent Bordeaux mixture, or with 2 per cent Tutokilla or else by 

dusting with Nosperit. He further recommended the disinfection of the seeds 

by 0.25 per cent formaldehyde for 15 minutes and spraying of bolls with one 

per cent Bordeaux mixture and resin soap ( Christoff, 1943). 

                   Kutova and Bankova (1975) reported that seed treatment with 

0.02 per cent of Zinc Sulphate and 0.2 per cent of Copper sulphate for six 

hours eliminates the seed infection by P. calvescens. Karahan and Maden 

(1978) found that in seed treatment trials, out of Benlate (Benomyl), Captan 

and Thiram + Vitavax (Carboxin), the last gave the best  result. Out of five 

chemicals tested by Alavi (1975) Bisdithane was significant at 1 per cent and 

Benlate was the next most effective chemical. 

(B) OTHER FUNGAL DISEASES 



 
 
 

The various other fungal diseases recorded so far, are reviewed as 

follows: 

SEEDLING  INFECTION  AND  DAMPING – OFF 

Severe infection of opium poppy seedlings caused by Helminthospor ium 

papaveris was reported for the first time from Denmark (Neergaard, 1937). 

Opium poppy seedlings sustain heavy damage in Switzerland caused by 

Pyrenophora (Pleospora) calvescens (Zogg, 1995). Helminthosporium  papaveris  (P. 

calvescens ) was also found responsible of ‘ abstriction ‘ of the seedlings in 

Germany (Gassner, 1949). Ballarin (1950) observed that when the seeds were 

contaminated with H. papaveris, more diseased seedlings were  found . 

Seedlings developed from the seeds which were infected up to 90 per cent 

with the fungus H. papaveris, showed narrowing of hypocotyl (Blotnicka , 

1976). Anatomical investigations of the diseased seedlings revealed the 

presence of fungus in the primary cortex. 

  



 
 
 

                          Barbacka (1936) reported that H.papaveris causes a serious 

damping – off of cultivated poppy (Papaver  spp.). Damping–off disease of 

opium poppy seedings caused by Rhizoctonia solani has been reported from 

Pakistan in mild form (Zaman and Khan, 1969) . Dendryphion pencillatum 

(conidial state of Pleospora papaveracea) was found reponsible to cause 

damping–off of opium poppy seedlings in Tasmania (Munro. 1978). Control 

measure  recommended was seed dressing with Captan @2 g/kg of seeds. 

SEEDLING BLIGHT 

Christoff (1934) reported that the opium poppy seedlings raised from 

the seeds infected with Fusarium scirpi var. caudatum, suffers severely from a 

blight caused by the fungus. A root blight of oil poppy seedlings, caused by 

Pleospora calvescens was reported to assume serious proportions by Bergstrom 

(1942). Dipping the seeds in 1.5--3 per cent aqueous solution of the usual 

disinfectants checked the disease without impairing germination whereas dry 

infectants gave less effective control. 

Seedling blight of opium poppy has been reported to be a serious 

disease in Australia. Angell (1950, 1951) found that Pythium ultimum and 

Pythium mamillatum were responsible for this disease. Several pathogenic 

isolates of P. ultimum and P. mamillatum were investigated for their role on 

crop stand. Experiments conducted using different seedling  blight potential 



 
 
 

soils showed that seedling blight was physiogenic as well as pathogenic. 

Studies also revealed that both Pythium species,with four isolates were found 

pathogenic to opium  poppy and were well distributed throughout Australia 

(Angell,1952).He also observed  that both Pythium spp. invade the roots of 

the dying seedlings and cause them to succumb more quickly. The character 

of the experimental soils also pre-disposes poppies to attack by Pythium  spp. 

Angell and Hills (1957) observed that fungicidal seed dressing failed 

entirely to control seedling blight in sterilized soil , though there was a fall 

stand of healthy seedlings in limed soil sown at the same time. Besides, 

farmyard manure or complete nutrient solution did not reduce seedling blight 

in potted soil. However, both in green house and in the field adequate control 

was found by addition of lime to the soil. In the field experiments , lime 

distributed  along the  rows at the rate of 56 lb / acre or worked into the soil 

before seeding at 1.0 60 lb/ acre gave, respectively, 17.5 and 26.5 seedling per 

foot of row after six weeks, as against 13.3 in unlimed rows. 

A seedling blight of opium poppy was also observed in Netherland, 

caused by Pleospora papaveracea (Pyrenophora calvescens) but the fungus attacks 

only dying tissues and should not be considered as a parasite (Mass 

Geesteranus, 1960). Seed treatment with Thiram or Captan can partly supress 

the disease. 



 
 
 

 

DOWNY MILDEW 

                              Out of other fungal diseases , downy mildew is one of the 

serious and widespread disease of opium poppy (Papaver somniferum L).  It is 

caused by Peronospora arborescens and acts as a limiting factor in opium poppy 

cultivation.  

Work done abroad 

 Severe attack of P. arborescens  was reported by Gaumann (1923) and 

Van Poeteren (1923). Gaumann considered P. arborescens, a biologically 

specialized form on P. somniferum. Prochaska (1928) and Proshikina (1928) 

observed that opium poppy crop was heavily damaged by downy mildew in 

Lower Austria and Ukraine respectively. Prochaska (1928) reported that the 

disease was most conspicuous on Esterhaza variety showing 60-70 per cent 

and least so (15 per cent ) on a Burgenland variety . Other varieties also 

showed more or less heavy infection (30-70 per cent). Seeds from abnormally 

small and malformed capsules failed to germinate in laboratory tests. Fokin 

(1922) reported that P. arborescens caused hypertrophy and curvature of the 

stem and flower stalks. 

 Yosssiflovitch (1928) observed that the pathogen caused enormous 

damage to the opium poppy cultivation by reducing the crop by one-half or 



 
 
 

two–third in some districts of southern Serbia  and in some cases, totally 

destroyed it . He found that the disease appeared early in May in sheltered 

localities while a little later in exposed regions. The infection spread upwards 

from the lower leaves and entire leaf surface was covered by the downy 

mildew coating.The lower leaves were completely dry by the beginning of 

June, while the middle ones were covered with numerous brown patches. The 

stems and even the capsules were also attacked, the stem bases often being 

girdled resulting in premature death of the plant .  It was also observed 

by the author that the disease continued to spread even in very dry weather 

during the  May, showing that humidity was not essential to the 

development of the pathogen. 

 Besides, the author observed that the seedlings may by infected by the 

pathogen at the time of their germination and new infections occurred during 

the whole period of growth. All the aerial parts being equally susceptible to  

the disease. Plants that were infected in the cotyledonary stage were mostly 

killed outrightly. When infection occurred in young established plants, the 

growing point was almost diseased. All the new leaves becoming infected 

from the very start and being rapidally killed while in older plants (from six 

leaves onwards ) the disease may assume two forms (Yossiflovitch,1929).He 

also observed that fragments of diseased capsules were dangerous source of 

infection when mixed with seed. Symptomatology, mode of mycelial 



 
 
 

entrance at inter cellular level of the host and morphology was also described 

by him. 

 Severe outbreaks of P. arborescens were observed in opium poppy in 

England, Scotland and Ireland (Cotton, 1929). Skoric (1930) reported that 

P.arborescens, a serious parasite of the opium poppy in Yugoslavia, was a 

specialized   form of the fungus. Lindquist (1939) and Petrak and Esfandiari 

(1941) reported the presence of P. arborescens   for the first time in Argentina 

and Iran, respectively. P.arborescens was found restricted to certain districts in 

U.S.S.R. (Kratichvil and Zakopal, 1948). 

 Christoff (1943)   reported  that  P. arborescens  caused spotting of bolls 

and moulding of seeds with several other fungal pathogens. Darpoux (1945) 

observed   that  P. arborescens  causes slight damage to the crop in Versailles . 

Schmidt (1949) observed that opium poppies were severely attacked by P. 

arborescens in Austria. Pietkiewicz (1958) found that seed–borne P. arborescens  

was  found in all the important opium poppy growing regions in Poland, 

causing extensive damage to the crop. Behr (1956) and Scharif (1970) carried 

out comprehensive  studies  on  the biology of downy mildew , especially  on 

the symptomatology, disease development and control. Leiteritz and Roder 

(1980) also carried out studies on symptomatology of P. arborescens whereas 

Ikata and Yamauti (1941) studied on haustoria of P. arborescens. They found 

that haustoria of the pathogen were complicated in shape and the young 



 
 
 

haustoria were sac-shaped, bending and dividing into a few branches  at 

maturity, and development being sparse measuring 30-70 or upward of 200 x 

2-5 μ. 

The disease was observed to be epiphytotic in Hungary and Germany 

(Moesz, 1938 ; Masurat and Stephan, 1963 ).Infection of  P. arborescens in a 

mild form was also reported from England, Ajarbaijan ,Bucharest,Denmark 

and Poland (Beaumont ,1953 ; Dzhafrov, 1960 ; Elaide ,1960 ; Stapel, 1960 

and Wronska , 1980). Zyubin (1963) observed that the plants which were 

infected with the local form of Peronospora reduced the yield of opium by 5-

20 per cent and the yield of seeds by 50-70 per cent. 

Alavi (1974, 1975) observed the disease in most of the opium poppy 

cultivating regions of Iran and sometimes with heavy loss. He found that the 

disease was seed transmitted. Rundy (1976)  found   P. arborescens  as  the 

main pathogen of opium poppy attacking poppy heads up to 14.65 per cent 

while causes losses in seed yield from 7-37 per cent . 

Work done in India  

 Very little work has been done in India so far on this disease. 

Cunningham (1897) and Sydow and Butler (1911) reported the occurrence of 

P. arborescens as a new pathogen record. Butler (1918) reported that downy 

mildew causes 20-30 per cent loss in yield of opium poppy. 



 
 
 

 Kothari and Prasad (1970) reported the occurrence of downy mildew 

disease in Rajasthan and found it to be of epiphytotic nature. The crop suffers 

heavy loss in Rajasthan due to this disease. The severely infected plants were 

present throughout the crop period but incidence was highest at seedling level 

.After first appearance of the disease on lowermost leaves , all leaves were 

covered by leaf spots within 60-80 days . They further reported that heavy 

incidence (severely infected plants) occurred in those fields where poppy was 

regularly cultivated in consecutive years . The authors found that the disease 

manifests itself in two forms i.e. (i) systemic infection and (ii) local infection. 

Histopathology, pathogenicity with conidia and oospores, host  range, 

infective period of oospore , role of seeds in perpetuation of the fungus, 

biology of the pathogen and control of the disease through synthetic 

fungicides has been discussed in detail by the authors.  

 Sekhawat and Kothari (1971) studied the biochemical changes, 

especially changes in the composition of the healthy and downy mildewed 

plants and found that the concentration of a number of amino acids were 

either reduced   or remains unchanged except for tyrosine, which was absent 

in samples of diseased plants with an increase in an unknown amino acid .  

 Ramanathan and Ramachandran (1977) found that cloudy weather 

and high humidity in the atmosphere were favourable conditions for the 

infection and spread of the diseases.Thakore et al., (1983) observed that  the  



 
 
 

secondary infection  of downy mildew was found to reduce latex yield from 

17-22.8 per cent and its morphine content and seed yield from 12.9-14.8 per 

cent . 

 Prochaska (1928) suggested crop rotation,wide- spacing , avoidance of 

seeds from abnormally small and malformed capsules for sowing purpose  

and the avoidance of low-lying damp sites for poppy cultivation. He also 

suggested control of the downy mildew caused by P. arborescens in fresh and 

infected fields by immediate destruction of infected plants. Yossiflovitch 

(1929) recommended a proper crop rotation (at least of three years), the 

removal of diseased plants and debris from the field either destroying them 

by fire or by deeply dug in, the incineration of the stubbles after harvest and 

the use of pure seed from healthy plants for control of the downy mildew.  

 Christoff (1943) also recommended the destruction of the stubbles of 

the poppy crop, use of disease free seeds and disinfection of the seed by 0.05 

per cent Mercuric chloride for one hour or 0.25 per cent   Formaldehyde for 

15 minutes and spraying the plants especially the bolls with one per cent 

Bordeaux mixture with resin soap for control of the disease.  

 Darpoux (1945) suggested seed disinfection while Beaumont (1953) 

recommended spraying of seed beds with 0.5 per cent Bordeaux mixture or 

other copper fungicides for control of the disease. Seed treatment with 

Granosan @10 g/kg of seed for 7 days before planting, 5 g/kg of seed for 1 



 
 
 

month before planting was recommended by Zyubin (1963) as control 

measure . Treatment of the soil, especially selective treatment was reported 

to improve the yield. High yield was also reported to obtained by a crop 

rotation of 4 years. Removal of plant debris and ploughing the field at the 

same time was recommended as prophylatic measure.  

 Kothari and Verma (1967) reported the control of downy mildew by 

root application of fungicides. Out of 5 fungicides tested , 75 per cent Zineb 

(Dithane Z-78 ), Ferbam and Bisdithane (Bis-D ) (a manganese and zinc salt 

of dithiocarbamate ) gave 51 per cent control. Kothari and Prasad (1970) 

reported the control of primary infection of P. arborescens  oospore  infection 

by application of Dithane Z-78 ( 0.4 per cent ) as a drench treatment of soil . 

However, Captan treatment was not recommended as this fungicide inhibited 

seed germination of opium poppy .They also reported the control of 

secondary infection by foliar application of 12 chemicals including two 

systemic fungicides and antibiotic. Although the 12 chemicals were found 

effective in controlling the disease but Bisdithane proved the best fungicide 

showing 85.62 per cent disease control. They also recommended a three year 

gap in cultivation of two consecutive crops in the same field and destruction 

of infected plants by burning in the field as prophylatic measure.   

 Alavi (1975) tested five fungicides to control the downy mildew disease 

and found that 3 sprays of Bisdithane at 0.15 per cent gave significant result 



 
 
 

followed by Benlate at 0.05 per cent. Crop rotation of 4 to 5 years with one 

year follow was also recommended. Incineration of diseased plants was also 

found advantageous. Seed dressing with Zaprawa Nasienna T and spaying 

the plants with Cynkotox, and Dithane M- 45 (mancozeb ) were found to be 

the best protective measures (Rundy, 1976) . Ramanathan  and 

Ramachandran (1977)  found that spraying of Dithane Z-78 and Dithane M-

45 or Cosan or Copper oxychloride (blue copper) at early stages of growth of 

the poppy prevents the attack and spreading of the disease. Leiteritz and 

Roder (1980) suggested spraying of Dithane M-45 @1.8 kg /ha for the control 

of the disease.  

 Out of  7 fungicides tested ,Thakore et al., (1983) found Dithane M-45, 

@4 gm/kg of seeds , best in reducing the primary infection of the disease, 

Agrosan GN , Difolatan and Bangtan also reduced the primary infection of 

the disease. Among the 9 fungicides tested for control of the secondary 

infection, only Dithane M-45 at 0.4 and 0.3 per cent concentrations was 

found to control the disease severity and increase the latex and seed yields 

and as well as morphine contents . Gupta (1984) recommended the treatment 

of seeds with 4-6 g/kg of Apron -35 to control the downy mildew infection . 

 Three sprayings of 0.2 per cent Ridomil  WP at the interval of 15 days 

from the appearance of first symptoms  of infection provide better control (85 

per cent PEDC) than any other known fungicide (Gupta, 1984). In the 



 
 
 

absence of this chemical, he found that 4 spraying of Dithane M-45 at 0.3 per 

cent at an interval of 10-15 days protects the crop (55 per cent PEDC) from 

the disease. Crop rotation and avoidance to grow poppy crop in already 

infested fields was also recommended by the author. 

WILT   DISEASE 

 Wilt of opium poppy caused by Verticillium sp. was reported for the 

first time from Holland (Vander Meer, 1925). Reinmuth (1942) reported a 

wilt of oil poppy plants caused by Pleospora calvescens (Helminthosporium 

papaveris), which was found to be a dangerous parasite causing severe 

decrease in yield. The disease, generally first attacked the younger plants at 

the base of stem which they generally survived while on older plants, leaves 

beginning  from  the base, faded and dry up. Infection and necrosis of the 

stem, especially in vicinity of the vascular bundles, diminishes the supply of 

water to the leaves, resulting in wilting of the whole plant. The disease was 

more severe in dense fields than those with a more open stand. Another 

poppy wilt attributed to H. papaveris has been reportd from Versailles 

(Anonymous, 1945). H. papaveris (P. calvescens) causes abstriction of the 

seedlings and more generalized infection of the fungus has been found to 

cause death of the plants before flowering (Gassner, 1949). 



 
 
 

Outbreak of Fusarium wilt was observed in several parts of Spain 

(Navarro De Palencia, 1954). The disease occurred during the advanced stage 

of growth causing rapid foliar wilt and total desiccation of the plants. The 

causal organism was identified as Fusarium martii or F. oxysporum var. cubense. 

The preventive measures recommended were avoidance of planting sites with 

an acid reaction, application of lime to the soil  at the rate of 1,500 to 2,000 

kg/ha , crop rotation and cultivation of resistant varieties. 

ROOT ROT DISEASE 

Work done abroad 

 A root rot of opium poppy caused by Sclerotinia sclerotiorum was 

reported by Masalab (1938). Opium poppy stands were severely attacked by 

Helminthosporium papaveris (Pleospora papaveracea) causing decay of the collar 

of young plants. Seed disinfection was recommended as control measure 

(Darpoux, 1945). Pyrenophora (Pleospora) calvescens was found to cause dry 

root rot of opium poppy (Zogg, 1945). He also observed that the fungus 

caused girdling of the older plants resulting into collapse of the plants. P. 

calvescens was reported to cause abstriction of root collar (Anonymous, 1947). 

The root rot observed in Pakistan was found to cause by Rhizoctonia solani 

which appear to be a most damaging disease of opium poppy (Zaman and 

Khan, 1969). 



 
 
 

Dendryphion papaveris (Pleospora papaveracea) was reporoted to inflict 

considerable  damage  to opium poppy stands by causing root and collar rot. 

In control trials, out of three fungicides tested Thiram + Vitavax gave the 

significant result (Karahan and Maden, 1978). D. penicillatum was also 

reported to affect opium poppy plants by producing dark lesions encircling 

the roots of mature plants (Munro, 1978). Seed dressing with Captan @ 2 

g/kg was recommended as control measure. 

Work done in India 

 A root-rot of opium poppy caused by Rhizoctonia sp. was  reported by 

Butler(1918). He found that the disease appears chiefly in badly drained fields 

and the affected plants begin to wither and dry up from the base.Later 

Rhizoctonia bataticola was found to be responsible for causing root-rot of 

opium poppy in Rajasthan (Deshpande et al., 1969). 

 The symptoms of the disease were generally characterized by withering 

and drying of leaves, early maturity and very little or no opium yield. 

Discolouration and rotting of roots and the development of abundant dark 

scterotial bodies takes place on the outer surface of roots. A Fusarium root-rot 

caused by F. semitectum proving serious damage, especially in seedling stage, 

was also observed in Uttar Pradesh (Janardhanan and Husain, 1983). 



 
 
 

LEAF BLIGHT DISEASE 

Work done abroad 

 Leaf blight disease of opium poppy caused by Helminthosporium species 

was reported to be one of the most destructicve disease in Bulgaria, 

Switzerland, Germany, U.S.S.R, Poland, Swedon, England, France, 

Romania and Yugoslavia. 

 Girzitska (1928) showed that when slightly scratched leaves of opium 

poppy were artificially inoculated with the conidla of Pleospora papaveracea, 

infection ensued following formation of diffuse yellow spots followed by the 

premature dying of the infected tissues. The mycelium from infected leaves 

advanced to the stem, on which the pathogen produced the perithecia. 

Christoff (1930, 1948) observed the leaf blight caused by Pleospora calvescens 

and its imperfect state, H. papaveris   to be the most destructive disease of the 

opium poppy. He found that the disease developed rapidly under favourable 

conditions and destroyed entire crop.Although H.papaveris was stated to be of 

common occurrence on cultivated poppy, marked variations were observed 

in response of different varieties of the cultivated poppy to attack by the 

fungus in Poland (Barabacka, 1936). Ekstrand (1941) reported the foliar 

discolouration in opium plants in Swedon due to infection by P. calvescens. 

The crop sustained much less damage in the relatively cool season than in 

exceptionally warm one, however, when cooler and moisten conditions 



 
 
 

developed, the place of P. calvescens being largely taken by various combined 

infections including Fusarium spp., Sclerotiorum and Botrytis sp. (Reinmuth, 

1943). 

 Pyrenophora (Pleospora) calvescens was found to be the agent of a 

destructive opium poppy leaf blight, in Switzerland, affecting the plants at all 

stages of its growth (Zogg, 1945). Leaf shrivelling was also found at the same 

time. The extension of lesions at optimun temperature was 2-3 mm in the first 

48 hours. Later the growth was found more rapid. Continuing his studies on 

reaction of opium poppies to infection by leaf blight, the author reported that 

the pathogen penetrates the foliar tissue and ramifies through the intercellular 

spaces. During this process, toxins were released by the parasite enabling it 

to assimilate the requisite nutrients. Further, it was found that the host can 

react to infiltration of the nutrient by forming a gummous demarcation zone 

extending through 10 to 30 cell layers (Zogg, 1946). Gassner (1949) and 

Ballarin (1950) observed that in opium poppy stands border plants (two outer-

most rows) were more severely attacked than those in the interior of plots, 

and infection gradually increases with dilution of number of plants per unit 

area. Further the conditions that favour abundant and prolonged vegetation 

also increase the severity of the disease. He also found that late sowing also 

contributed to an increase in infection. Meffert (1949,1950) provides 

informations in the symptomatology of leaf blight of opium poppy caused by 



 
 
 

Pleospora papaveracea and the taxonomy of the causal organism. The author 

argued that as P. calvescens was found only on chenopodiaceae and has hairy 

perithecia, the poppy fungus shoud be considerd to be Pleospora papaveracea, 

as it was confirmed to the genus Papaver and has naked perithecia. He further 

observed that the blight perpetuated through the seeds, to which both 

mycelium and conidia adhere externally. The development of the pathogen, 

the course of the disease, and the incidence of infection were dependent on 

the prevailing weather conditions. 

Severe attacks by Pleospora and Helminthosporium papaveris (Pleospora 

papaveracea) were reported on opium poppy stands in various parts of 

Yugoslavia and the England, respectively (Milatovic, 1952; Beaumont, 

1953). Zambettakis (1952) in a detailed study of poppy leaf blight, covers the 

history and geographical distribution of the disease, synonymy of the perfect 

and imperfect states of the causal fungus, its morphology, the development, 

liberation and germination of the ascospores, host-parasite reltionship and 

control. The author uses the name Pleospora calvescens (H. papaveris), relegating 

P. papaveracea to synonymy. He further observed that in artificial inoculation 

experiments with conidia, infection ensued in 4-5 days while when a spore 

suspension was sprinkled on young and adult plants kept under cloches, 

lesions developed in 3 hours and the infected leaves withered. The fungal 



 
 
 

mycelium spread to the stalk of some plants kept in glass house, and 

perithecia develops in following autumn.   



 
 
 

 Incidence of H. papaveris on opium poppy varied from 2.48 to 98.7 per 

cent according to the locality (Marz, 1960). The infection was favoured by 

high temperature and heavy rainfall particularly in July. Bogarada et al., 

(1971) reported that H. papaveris appears on opium poppy in June and mass 

infection follows in July, usually at bud stage. The authors also found that 

higher rainfall and relative humidity in June or July favoured infection. Stapel 

(1960), Louvet (1961) and Misko (1963) reported the occurrence of H. 

papaveris from Denmark, Versailles and some Ukrainian districts, 

respectively, while Masurat and Staphen (1961, 1963) observed that the 

disease reached  9 per cent in Leizpzig and 14 per cent in Halle in Germany. 

Radulescu et al., (1961) and Radulescu and Perseca (1964) reported that the 

poppy stand was impaired most seriously by the P. papaveracea in Romania. 

The authors observed that high plant density and poor nutrition favoured 

infection, while early sowing reduced it. They found a direct link between the 

intensity of attack with density of sowing. Rundy (1976) observed H. papaveris 

(P. papaveracea) as the main pathogen during an investigation. He further 

observed that the early sowing decreased the infection. 

 The control measures recommended were strict sanitation of seed beds 

and field, including the removal and incineration of all plant debris. Some 

measure of control was also obtained by steeping seed from diseased plants 

for one hour in 0.25 to 1 per cent Upsulum-Universal, 0.25 to 5 per cent of 



 
 
 

Germisan, 0.05 per cent of Mercuric chloride, or 0.5 per cent Chigosan. 

Spraying the diseased plants with 3-5 per cent Bordeaux mixture or with 2 

per cent Tutokilla or dusting with Nosperit, all gave satisfactory results. 

However, the time of application and frequency of these treatments was 

entirely dependent of the seasonal conditions and severity of the disease 

(Christoff, 1930). Barbacka (1936) observed that seed disinfection with 0.25 

per cent Formalin solution greatly reduced seedling infection. Spraying with 

Bordeaux mixture also gave a good measure of control but was considered to 

be uneconomical.Reinmuth (1948) found satisfactory control by seed 

disinfection, early sowing, wide  spacing and by hygienic measures in poppy 

fields. Darpoux and Faivre (1949) and Dolle (1954) showed the inhibition of 

H.papaveris (Pleospora calvescens or P.papaveracea) by some actinomycetes 

isolated from opium poppy fields. 

 Ballarin (1950) recommended early and denser sowing in infected 

areas. Out of ten types of fungicides tested, the best control was given by 

dusting with Copper o-oxyquinolinate (18 per cent copper) @ 600 gm/hl seed 

as it completely inhibited germination of the spores and has no adverse effect 

on seed germination even after one year (Zambettakis, 1952). Iron 

dithiocarbamate, because of its tenacity, also gave good results @ 700 gm/hl, 

though it was less effective than the copper compound, while the best liquid 

treatment was given by 0.02 per cent Unalcoylthydroxymercury, with least 



 
 
 

toxicity to seed germination of all the organo-mercury compunds. Beaumont 

(1953) suggested spraying of seed beds with 0.5 per cent Bordeaux mixture or 

other copper fungicides for the control of the disease. Matzner (1958) 

observed that incorporation of lime and Caco3 @ 285 mg/ha appreciably 

reduced the losses caused by H. papaveris. But soil amendments with KCl 

resulted in heavy infection in the absence of lime. Fungicidal spraying with 

Systox before flowering reduced infection and increased the yield (Mass 

Geesteranus, 1960). Marz (1960,1963) found that out of 7 seed disinfectants 

tested against H. papaveris Agronol @ 50 g/10 kg of seed and 0.5 and 1 kg/100 

kg of seed respectively, significantly reduced the infection caused by H. 

papaveris (P. calvescens). Louvet (1961) also recommended seed disinfection to 

control the infection of H.papaveris.  

   Early sowing was observed to reduce the infection caused by H.papaveris 

(P.calvescens) (Radulescu et al., 1961 ; Radulescu and Perseca, 1964). Spraying 

with Germisan (1 per cent), Gramisan (0.1 per cent) and dusting with Thiram, 

Gramisan, Germisan or Agrosan were found to be the most effective  control  

measures of the disease (Radulescu et al.,1961; Radulescu and Perseca, 1964). 

Misko (1963) observed that soil treatment with Borate and Mangnese 

superphosphate (30 kg/ha) reduced the infection significatly. Flanderkova 

(1972) observed that treatment with Fungicidin + Actidione (0.05 g/l) gave 

some control to the disease while the others were found phytotoxic to poppy. 



 
 
 

However, in field trials of 28 fungicides (applied before and after flowering) 

against H. papaveris (Pleospora calvescens) on poppy, 19 were found phytotoxic 

which includes organic Sn compounds, Cuprosan and Morestn, while 

Polyram combi and Polyram ultra were most fungitoxic (Flanderkova, 1973). 

Misko (1973) reported that the direction of metabolic reactions between the 

pathogen and infected plants can be regulated by means of inorganic 

fertilizers with micronutrients (B- and Mn- containing superphosphate). 

Macias and Stopa (1974) reported that in field and glass house trials, 0.3 per 

cent Cynkotox, 0.4 per cent Miedzian-50, 0.2 per cent Sadoplan-75, 0.2 per 

cent Dithane M-45 and 0.1 cent Terrafun 75 gave best results against H. 

papaveris. Rundy (1976) found seed dressing with Zaprawa and Nasienna-T 

and spraying plants with Cynkotox and Dithane M-45 (Mancozeb) as best 

protective measures against H. papaveris. Leiteritz and Roder (1980) also 

reported the control of H. papaveris by Dithane M-45 (Mancozeb) @ 0.8 

kg/ha. 

LEAF SPOT DISEASE 

Work done abroad 

 Van Poeteren (1929, 1933) reported that the opium poppy was attacked 

by the fungus Dendryphium penicillatum producing black spots on mid rib of 

the leaves and only 15 per cent of the plants remained free from the infection. 



 
 
 

------------------Savulescu (1932) reported that the opium poppy was severely 

attacked and damaged by a leaf spot caused by Entyloma fuscum. A 

considerable extension of the greyish-brown spotting and premature shedding 

of opium poppy leaves caused by E. fuscum  has  been reported by Mehlisch 

(1935) from Germany.The chlorotic aspect of the foliage sometimes 

accompanied by curling. Similar reports are there by Kochman (1936), 

Kovacevski (1936) and Brundza (1937)  from  Poland, Bulgaria and 

Lithuania, respectively. E. fuscum  was  also found to infect the opium poppy 

leaves in Cyprus (Nattrass, 1937). Saville (1946) describes the symptoms of 

the smut ( E  .fuscum) and reported the production of conidia on host for the 

first time. Bremer et al., (1947) also reported the occurrence of E.fuscum  on  

opium poppy in Turkey. 

 Another leaf spot disease caused by Cercospora papaveri was also 

reported from Brazil and U.S.A. (Muller and Chupp, 1936; Stevenson, 1942). 

Muller and Chupp observed that the lesions formed on poppy (Papaver sp.) 

were circular to irregular, 3 to 8 mm in diam. and sometimes with an ashen 

centre bordered by a dark line. Chupp (1954) reported the occurence of C. 

papavericola nom. nov. (Syn. C.papveri ) on opium poppy as new combination 

from New York. C. papaveri was also found to cause leaf spot on opium poppy 

in Pakistan (Zaman and Khan, 1969). 

 



 
 
 

Work done in India 

 So far only one report of leaf spot is available in India. Pavgi and 

Upadhyay (1964) reported leaf spot disease of opium poppy caused by C. 

papaveri.  

DISEASES OF STEM 

Work done abroad 

Girzitska (1928) observed that the mycelium of Pleospora papveracea 

spread to the stem after causing leaf infection and perithecia of the 

fungus were found on them in following autumn. Ekstrand (1941) 

reported the occureence of black stem spots caused due to the infection 

of P.calvescens whereas Reinmuth (1942) observed that the disease first 

attacks the base of the stem resulting in necrosis of the stem. Stem spots 

caused by Pyrenophora (Pleospora) calvescens was also reported by Zogg 

(1945). Meffert (1950) observed that when the opium poppy plants 

were attacked by P. papaveracea  , within the stems, its growth was 

predominantly intracellular causing tracheomoycosis. Mass 

Geesteranus (1960) reported that the fungus attacks only dying tissues 

and enters the base of the stem at ripening time. The perithecia were 

found to be confined mainly to the stem base. Development and 

ripening of perithecia of the fungus P. papaveracea on stem pieces was 



 
 
 

studied by Radulescu and Perseca (1964). Drozdovskaya (1977) also 

found perithecia of the fungus on the stem only. Rhizoctonia solani was 

reported to cause stem rot in Pakistan (Zamand and Khan, 1969).  

              Laughlin and Munro (1983) reported the occurrence of 

Sclerotinia sclerotiorum inflicting stem infection. They found that in field 

tests N fertilizer (100kg N/ha) had no effect on incidence of S. 

sclerotiorum while P fertilizer (100 kg P/ha) increased infection from 19 

per cent to 39 per cent. They further observed that morphine 

concentration in stem and leaves of infected plants was 75 per cent 

greater than that of uninfected plants. The distribution pattern was 

interpreted as the result of the restrictive influence of S. sclerotiorum 

infection on the vascular system which disrupted the normal 

translocation of morphine.  

 

CAPSULE INFECTION 

Work done abroad 

 Parisi Rosa (1921) found that Macrosporium papaveris caused large 

velvety black spots especially on the green capsules. Garbowski and 

Juraszkowna (1933) reported that Alternaria brassicae var. somniferum   infects 

the capsules of opium poppy. Christoff (1934) observed that Fusarium scirpi 



 
 
 

var. caudatum was capable of infecting capsules of opium poppy. Christoff 

(1943) further showed that spotting of opium poppy bolls ( and moulding of 

seeds) were usually caused by Peronospora arborescens, Pleospora calvescens, A. 

brassicae var. somniferum, F. scirpi var. caudatum, Mycospharella tulasnei and 

Ophiobolus sativus. Besides, Macrosporium bresadolae, Fusarium sp., Penicillium 

sp., Mucor mucedo were also rarely found. Spraying of bolls with 1 per cent 

Bordeaux mixture and resin was recommended as control tool. 

 Darpoux (1945) found that H. papveris causes deformity of opium 

poppy capsules. Pyrenophora (Pleospora) calvescens was reported as the agent to 

cause spots on opium poppy capsules (Zogg, 1945). Reinmuth (1948) 

observed that capsules which were infected by H. papaveris   grow one sided 

and stunted and seed formation of these capsules became defective and 

sometimes supressed. Control measures recommended were seed 

disinfection, early sowing, wide spacing and adoptation of hygienic measures 

in poppy fields. A similar report of capsule infection is there by Ballarin 

(1950) and Marz (1979).  

 Gassner (1949) observed the invasion of the capsules by H. papveris 

(Pleospora calvescens) in Germany. He found that some of the diseased capsules  

were  normal in size and show no external symptoms but the seeds within 

them adhere to the pericarp while in cases of severe infection seeds may be 

matted together by the mycelium. Other infected capsules bore dark 



 
 
 

colouration or the conidia on the exterior surface or they may be undersize 

and stunted on one side. 

 Grummer (1953) reported that Alternaria brassicae var. somniferum 

infected capsules of the opium poppy. The fungus causes a typical infection 

symptom of precocious germination of the unripe to semi-ripe seeds within 

the capsules. Miczulska (1967) observed that the increased infestation of  the 

poppy heads with A. alternata and Cladosporium herbarum resulted in decline 

of morphine content in the heads. Felklova (1976) indicated significant 

decrease in codeine and thebaine content in opium poppy capsule infected 

with A. alternata. Rundy (1976) reported the incidence of fungal infection ( 

Alternaria  sp. and H.papaveris ) on poppy heads upto 14.65 per cent.  

 Dendryphion penicillatum  was  found to cause capsule spots in Australia 

( Munro, 1978). Control measure recommended was seed dressing with 

Captan @ 2g/kg. D. pencillatum and A. alternata were two of the major fungi 

isolated from opium poppy capsules from Australia (Laughlin and Munro, 

1982). The authors observed that the abnormally low concentrations of 

morphine content in poppy  capsules was associated with heavy fungal 

colonization. Colonization was generally localized in the top half of the 

capsules and increased with successive harvests. 



 
 
 

 Laughlin and Munro (1983) further reported that when stem of opium 

poppy plants were infected by S. sclerotiorum  , the morphine concentration of 

terminal capsules was lowered  by 13 per cent while that of the lateral capsules 

increased by a similar amount. The distribution pattern was interpreted as the 

result of the restrictive influence of Sclerotinia infection on the vascular system 

which disrupted the normal translocation of morphine.  

Work done in India 

 A  Dendryphion capsule rot of opium poppy caused by D. penicillatum 

incurring servere damage was prevalent in Rajasthan (Sehgal et al., 1971). 

Another serious capsule rot caused by Botrytis cineria was also observed in 

opium poppy stands grown at Lucknow (Janardhanan and Husain, 1983.). 

POWDERY   MILDEW                                                                                                        

Work done abroad 

 Zaprometoff (1925) reported that opium poppy was frequently  

attacked by Erysiphe cichoracearum . Sawada (1933) recorded Oidiopsis papaveri 

from Japan. E. cichoracearum (Oidium) was observed in France also by 

Darpoux (1945). Schuepp and Blumer (1963) found that E. polygoni, isolated 

from another host, also infected the opium poppy. Zaman and Khan (1969) 



 
 
 

observed the powdery mildew as a minor disease in Pakistan and identified 

the causal organism as E. polygoni.  

Work done in India 

 Patel et al., (1949) reported the occurrence of E. cichoracearum from 

Bombay. Kothari (1968) reported the occurrence of another powdery mildew 

of opium poppy in Rajasthan caused by Oidiopsis sp. Kothari and Prasad 

(1972) reported that powdery mildew caused by E. polygoni has  been found 

as a serious parasite of the opium poppy crop in Rajasthan. The authors found 

that poppy cultivars suffer heavy losses on account of this disease. 

Germination of conidia of E. polygoni in in vitro conditions has been studied 

by Kothari and Verma (1972). Ramanathan and Ramachandran (1977) 

reported that powdery mildew infects opium poppy, when the capsules 

became ready for lancing. 

 Kothari and Prasad (1972) tested 7 sulfer fungicides, 3 copper 

fungicides and two organic fungicides in order to control the infection of 

powdery mildew caused by E. polygoni. They found that all the fungicides 

except Fungimar had remarkable effect in controlling the disease while 

Spersul proved most effective by one spray at 0.5 per cent. Ramanathan and 

Ramachandran (1977) recommended the spraying of Guman-L mixed with 

wettable sulfer (Sultaf) as a control measure. 



 
 
 

 Gupta (1984) suggested that the diseased plants in the early stage 

should be uprooted and burnt while at later stages, the crop should be dusted 

with 5kg/ha of Sulfex or Microsulf (5 litres in 500 litres of water) to control 

the infection of powdery mildew. Besides, spray of Karathane (250 mg/ha), 

Dithane Z-78 or Dithane M-45 beginning at flower stage and repeating it 2-3 

times at an interval of 15 days also prevents the spread of the disease. 

(ii) Fungal diseases of minor importance 

 The various other diseases of minor importance recorded so far are 

reviewed as follows : 

SPOT DISEASES OF STALK 

 Van Poeteren (1929) observed that Dendryphion pencillatum produces 

black spots on the stalk whereas, Barbacka (1936) reported that stalk were 

rarely attacked by the fungus Helminthosporium papaveris.  Zambettakis (1952) 

reported that the mycellium of the fungus Pleospora calvescens, during the 

course of infection spread to the stalks of some plants which were kept in the 

green house and perithecia were developed in the following autumn. 

ANTHRACNOSE DISEASE 

 Hemmi and Nojima (1927) reported anthracnose disease of poppy 

(Papver sp.) from Japan. The causal organism was identified as Glomerulla 

cingulata. 



 
 
 

LEAF SHEATH DISEASE 

 Munro (1978) reported the occurrence of blue-black lesions at the point 

of leaf attachment which was found to be caused by Dendryphion penicillatum. 

(iii)  Fungi recorded from dead plant parts  

 Ascospores of the fungus P. calvescens were reported from dead stems 

and stubble of the opium poppy plants (Christoff, 1930). Similarly, species of 

Fusarium, Alternaria and Cladosporium were frequently isolated from the 

blackened stumps of opium poppy plants abstricted at root collar 

(Anonymous, 1947). 
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MATERIALS AND METHODS 

I. SEED-BORNE DISEASES 

Seed sample collection 

 The opium poppy seeds were collected from different opium growing 

areas of eastern Uttar Pradesh during 1982-83. The samples collected from 

field, market and stores of commercial growers, were kept separately in 

fresh and sterilized polythene bags and immediately sealed to avoid any 

further contamination during transit and storage. The capsules (both 

healthy and deteriorated) bearing seeds were also collected from standing 

crop in the field. The seeds and other parts of both  type of capsules were 

gently separated in laboratory under aseptic conditions and stored in 

sterillized glass bottles in refrigerator. 100 gms of seed from each type of 

seed sample (except in situ seed sample) were taken separately and mixed 

to form a composite sample for further studies. The seed germination as 

and when needed was studied in sterilized and unsterilized standard soil 

and by ‘Standard Blotter Technique’. ‘Standard International Rules for 

Seed Testing’ (Neergard, 1977) were followed throughout the entire 

studies. The study was made in following ways: 

Inspection of dry seed sample 



 
 
 

 The composite sample was examined for (i) impurities classified partly 

as ‘inert matter’ in the International Rules for Seed Testing (ii) for 

discolouration of the seeds and (iii) for the weight lost due to fungal 

infections.  

(i) Inspection of inert matters 

----------------The main sources of the spread of plant diseases are 

remains of diseased plants, infected soil and infected seeds which 

were frequently found mixed with stored seed lots. These seed 

materials can be a source of disease for the crop if disinfection 

measures had not been carried out. As such, it was worthwhile 

like other methods, to examine the seed samples for: 

(i) Impurities, classified partly as ‘inert matter’ such as 

plant debris, sclerotia, galls, soil  particles and other 

grain particles, if any, 

(ii) for symptoms such as, discoloration and 

malformation etc. and, 

(iii) For mechanical damages (as mycoorganisms with 

weaker parasitic and saprophytic nature may infect 

only those seeds which were mechanically 

damaged). 



 
 
 

         -------------The encountered inert matters were tested by Standard Blotter 

Technique and Agar Plate Method. The Inert matters were seeded and the 

plates were incubated at 20(±2)0C. The plates were examined from 5th day 

and then after an alternate days up to 15 days for the growth and isolation of 

the encamping fungi. 

(ii) Seed Discoloration 

---------Discolouration of seeds is an important degrading factor. In 

seeds for sowing, such disorders may indicate that seed transmitted 

parasites are present and in seeds for consumption and for industrial 

purposes, it may be indication of poor quality. There are at least 

three categories of seed discoloration when causes and effects are 

considered: 

(i) Superficial necrotic lesions 

(ii) Fungus coatings and  

(iii) Pigmentation (Neergaard, 1977). 

         For the purpose, 1000 infected (mild to heavily infected) seeds 

were picked out randomly and studied. 

(iv) Weight loss 

------To find out the weight loss due to fungal deterioration, 

1000 each of infected (mild to heavily infected ) and healthy 



 
 
 

seeds were picked-out from composite sample and were 

weighed separately on Mettler AE 160. 

Detection of moisture content 

 Moisture content of the seed is an important factor for the deterioration 

of seeds by seed loving fungi during storage. Higher moisture level of the 

seeds leads to servere destruction of seed embryos (Christensen and 

Kaufman, 1964;    Follstad and Christensen, 1965). Keeping the fact in view, 

percentage moisture of the experimental opium poppy seeds was determined. 

 For the purpose, 10 gm of seeds were taken separately from samples 

collected from field, stores of commercial growers and market and dried in 

hot air oven at 500C for 6 hours. The dried seeds were allowed to cool down 

at room temperature for 15 minutes and then reweighed. 

Examination of suspensions obtained from washings of seed 

 This technique is used for (i) quantitative determination of seed 

mycoflora and (ii) for detection of obligate parasitic fungi harbouring on them 

externally. 

 For the study, 1000 seeds were picked-out randomly from composite 

sample and were dropped in 50 ml of distilled and sterilized water in a test 

tube. The plugged test tube containing the seeds was shaken for 15 minutes 

on a mechanical shaker. After allowing the seeds for 5 minutes to stand, the 



 
 
 

suspended fungal material was concentrated by centrifuging the supernatant 

liquid at 1000 r.p.m. for 15 minutes. The sediment thus obtained was 

examined under the microscope both at low and high magnifications. 

Detection of seed mycoflora 

 To detect the spermaphileein fungi, 100 seeds were tested each by 

‘Standard Blotter Technique’, ‘Agar Plate Method’, and ‘Moist Sand 

Method’(Neergaard, 1977). 

Isolation of external spermaphileein mycoflora 

 To isolate the external spermaphileein mycoflora associated with the 

seeds, 100 seeds were picked-out randomly from the composite sample and 

were seeded on sterilized moist blotter and on agar media (both Potato-

Dextrose-Agar (P.D.A.) and Malt-Extract-Agar (M.E.A.) media. In order to 

detect the presence of Aspergillus restricts (a rare storage fungi), agar media of 

high salt concentration (prepared by using Sodium chloride at 15 and 18 per 

cent range) has been used .The seeded plates were incubated at 27 (±2)0C . 

A similar set of seeded plates was also incubated at two different temperatures 

viz., 20 @#(+2C)@# and 27( + 20C) to know the effect of temperature   on 

the incidence of seed mycoflora. The plates were examined from 5th day 

onwords on alternate days up to 30th day for growth and isolation of the 

encamping spermaphileein fungi under stereoscopic binocular microscope. 



 
 
 

Isolated fungi were further purified by hyphal tip method. Purified fungal 

cultures were maintained on P.D.A. slants for further studies. To facilitate 

recording of fungal colonies germination of the tested seeds was precluded by 

using 0.2 per cent aqueous solution of sodium salt of 2, 4 -dichlorophenoxy 

acetic acid instead of sterilized water ( Neegaard, 1969). In some sets, to 

prevent profuse development of fast growing saprophytic fungi, seeds were 

pretreated by soaking them for three to five minutes in one per cent aqueous 

solution of Sodium hypochlorite. The treated seeds were seeded immediately 

on respective media without washing the treated seeds.  

Isolation of internal spermapileein mycoflora 

 To detect the endophytically carried spermaphileein fungi, 100 seeds 

were picked-out randomly from composite sample.All the seeds were first 

surface sterilized with 0.1 per cent aqueous solution of mercuric chloride for 

1 to 2 minutes, to eliminate the external seed mycoflora. The treated seeds 

were washed in four changes of distilled and sterilized water before planting 

them on different media. Seeded plates were incubated at 27 (±2)0C. The 

plates were examined on 5th day onwards on alternate days up to 30th day for 

growth and isolation of the encamping fungi under stereoscopic binocular 

microscope. Isolated fungi were further purified by hyphal tip method and 

purified cultures were maintained on P.D.A. slants for futher studies. 



 
 
 

 Percentage abundance of the spermaphileein fungi was calculated as 

per following formula: 

 % A =Tp     x 100                                                                                                                                

                    TP                                                                                                                                                                                                                                   

 Where, A  =  Abundance of fungi 

  Tp = Total population of any individual fungi 

  TP = Total population of all isolated fungi 

II. OTHER DISEASES AND DISEASES OF MINOR IMPORTANCE  

Survey 

 With a view to study the (i) effect of different sowing times on disease 

appearance, (ii) disease intensity at different growth stages of the crop and 

(iii) the effect of previous opium poppy cultivation on disease intensity, 

systematic surveys were conducted intermittently during 1982-83 and 1983-

84.  Alongwith this, to explore the co-relation between the environmental 

conditions, terrain, other surrounding vegetation and fungal pathogens 

infecting opium poppy crop prevailing under different climatic condtions, 

three commercial opium poppy fields under three different climatic condition 

were chosen in three major opium growing areas viz., (i) Mughalsi, (ii) 

Barabanki and (iii) Kumarganj of eastern Uttar Pradesh. 



 
 
 

 Systematic surveys of these three fields were made intermittently for 

the incidence of various types of fungal diseases of the crop. The survey was 

started right from the seedling stage and continued up to harvesting of the 

seeds. The disease intensity observations were recordeed by rating on 0-5 

rating scale basis. 

 Besides the survey, informations on following points were also 

collected: the variety cultivated, adaptation of plant protection measures, the 

know-how of modern agro-techniques and the rainfall. Some interesting 

observations, experience-n-orthodox beliefs etc. were also recorded. The local 

names of the disease (s) given by the farmers were recorded at the same time. 

Disease sample collection 

 The disease sample collection was done following Blanchard and 

Tattar (1981). 

                                                                                                                                 

(A)  Collection – The living host part (s) showing symptoms of  other 

than normal) were collected aseptically and kept in fresh and sterilized 

polythene bags and sealed immediately.Possible at the spot diagnosis 

of the disease was also made for each disease sample and was 

accompanied with the respective samples. Different diseased samples 

were kept under separate bags. 



 
 
 

(B)  Identification – Primary identification of the causal agent of each 

sample was done by ‘Zoom approach’ method as follows: 

(i) Macroscopic close-up view – This is the animal’s eye view from 20 

cm distance. In this approach, abnormal parts of the host with naked 

eye and with magnifying lens of 20 X were examined. 

(ii) Microscopic view – Microscopic studies were carried out under the 

following sub- headings : 

(a)  Isolation, purification and maintenance of  the  culture. 

              (b)  Morphological studies of the pathogens. 

a) Isolation, purification and maintenance of the cultures 

 

          Isolation of the pathogenic fungal agents, their purification and    

maintenance of the isolated cultures were done following Blanchard and 

Tattar (1981).  

                 Separate isolations were made from each type of disease sample. 

The isolates were established in pure culture. The pure cultures thus 

obtained, were maintained by transferring them to tube-slants of  P.D.A. 

and M.E.A. media. All stock cultures were further maintained by 

transferring them periodically for future studies. The stock cultures were 

generally stored in a refrigerator (at approximately 50C). 



 
 
 

 b)     Morphological studies of the pathogens 

             Morphological studies of the fungal pathogen were carried 

out under following sub-headings: 

(i) Colony characteristics- Colour and nature of the growth of each 

fungus were observed with naked eye. 

(ii) Mycelial characteristics -  Septation, branching, colour and width 

of the hyphae were studied microscopically. 

(iii) Conidiophore characteristic- Colour, shape, length and width , 

septation and geniculation of the conidiophores were studied 

microscopically.  

(iv) Conidial Characteristics- Colour, shape, size (length and 

breadth), septation and point of attachment of the conidia  were 

studied microscopically. 

(v) Sporangium and sporangiophore characteristics – Colour, shape, 

length and width, texture, arrangement of sporangium and 

sporangiophores were studied microscopically. 

(vi) Spore and zygospore characteristics – Colour, shape, and size 

(length and breadth) were studied microscopically. 

(vii) Azygospore and chlamydospore characteristic – Colour, shape 

and size (length and breadth) were studied microscopically. 



 
 
 

(viii) Sclerotial characteristics – colour, shape and breadth were studied 

microscopically. 

Scan Electron Microscopic (SEM) studies of the isolated fungi 

  The experimental fungal cultures for SEM study have been 

taken either from agar culture or directly from infected plant parts. A 

small piece of the fungus was fixed for 4 hours in 2-5 per cent 

glutaraldehyde in 0.1 m phosphate buffer of 7 pH. The fixed materials 

were thoroughly washed with buffer solution and subsequently with 

distilled water. Materials were dehydrated with upgrading ethanol series 

starting from 30%, 50%, 70%, 90% and two washings of absolute 

alcohol. Materials were left for 10-15 minutes in each grade. Dehydrated 

samples were dried in critical point drier (TOUSIMIS SAMDRI Pvt. 

U.S.A.) with liquid carbon dioxide at critical pressure of 1070 psi and 

temperature of 31oC. 

 Dried samples were mounted on SEM stubs with double sided sticky 

tape and were coated with 200 A0 thick coating of gold. Materials were 

studied and photographed with JEOL  JSM- 35 C. 

Identification of the causative agents 

 Identification of some of the isolated seed borne fungi (external and 

internal both) were made with the aid of standard monographs on 



 
 
 

various groups of fungi and some of the cultures were also got identified 

from Commonwealth Mycological Institute, Ferry Lane, Kew, Surrey, 

England TW9 3AF . 

 However, tentaive identification (at least up to genus  level ) of the 

various causative agents of other diseases were made on the basis of 

morphological charactersitics and the identity of the pathogens was  got 

confirmed by C. M.I. Kew , England. 

PATHOGENICITY   TEST 

 To establish the Koch’s postulates, various  isolates  were tested to 

establish their pathogenic ability which was done as follow: 

A)  Pathogenicity test with seed borne fungi  

           The test was carried out, with some of the isolates appearing 

very frequently. For the study, healthy and surface sterilized seeds 

were used at the rate of 100 seeds per test fungus. The study was 

made by inoculating the seeds with the test fungus.  For incoulation, 

contact inoculation method was employed. Inoculated seeds were 

tested by (i) blotter test and (ii) standard soil test. One hundred 

contact inoculated seeds were used each for blotter test and seedling 

symptom test. 

Blotter test 



 
 
 

 Surface sterilized healthy seeds were rolled on the surface of 7 & 10 

days old, actively sporulating desired culture of test fungus for 30 minutes. 

After rolling, the seeds were left to dry on a sterilized blotting paper in 

aseptic condition for 60 minutes. The plates were seeded as usual with the 

inoculated seeds and incubated. The observations were made for 

proliferation of the inoculated fungi and for pre - and post -   emergence of 

seedling rots on 7th, 14th, 21st and 28th days. The pre- emergence observations 

were meant especially for those seeds which germinated but could not grow 

more and ultimately rotted. One hundred surface sterilized  healthy  and 

uninoculated seeds were maintained to serve as control. Isolations were 

made from the diseased seedlings or their parts and from ungerinated seeds 

to recover the fungus used in the inoculation. 

Seedling symptom test 

 In the blotter test method, the medium used was entirely artificial. An 

approach to establish more natural conditons were obtained by sowing the 

seeds in sterilizzed soil or similar materials as under standard conditions of 

temperature and moisture, artifically infected seeds and seedlings may 

develop sysmtoms comparable with those developed under field conditions. 

For the purpose, following  two methods were employed: 

i) Standard soil method 



 
 
 

ii) Test tube agar method 

(i) Standard soil method 

 The medium for the test was prepared by mixing 3 parts of garden soil 

and 1 part of coarse sand. The soil was filled in earthen pots and got 

sterilized. Contact inoculated seeds (at the rate of 100 seeds per test  fungus 

) were sown in pots containing sterilized and unsterilized soil. The pots 

were watered with sterilized water as and when found necessary. Separate 

trays were used to keep the pots for each test fungus so as to avoid the risk 

of contact infection among the seedlings. 100 surface sterilized healthy seeds 

were sown uninoculated to serve as control.  

(ii) Test tube agar method  

 The test tubes of 16 mm diameter were filled with 1.5 per cent of water 

agar medium at a rate of 10 ml per tube. The medium was got sterilized and 

tubes were kept in slant position to solidify. The inoculated seeds were  sown 

in the tubes and incubated . To retain moisture , the tubes were covered , in 

groups , by aluminium foil. The foils were removed when seedlings have 

reached to cover. 100 surface sterilized seeds were seeded   uninoculated to 

serve as control . 

 In both the tests, observations were made on 7th, 14th , 21 st and 28th 

days categorising them in the following five groups : 



 
 
 

(a) Normal seedlings: Seedlings of normal height, normal vigour and 

unblemished. 

(b) Delayed seedlings: Seedlings of below normal height, below 

normal vigour but unblemished. 

(c) Distorted seedlings:Seedlings showing underdeveloped conditions 

and blemished. 

(d) Blighted seedlings: Seedlings died due to post-emergence blighting.  

(e) Ungerminated seeds : Seeds which could  not germinate.  

           Isolation were made from the diseased seedlings or their parts  

and from ungerminated seeds to recover the fungus used in the 

inoculation .    

(B) Pathogenicity test with isolates of other diseases 

 For the purpose, both intact and detached plant parts, as according to 

the need, were artificially inoculated with the spore/conidial and mycelial 

suspension of one week old, actively sprouting culture of each isolates. In 

case of obligate parasites host was inoculated with freshly collected pathogen 

herbaria. When needed, procedure of direct inoculation with an active culture 

through the injury was also employed. 

Assessment of the losses caused by downy mildew and powdery mildew 

diseases 



 
 
 

 To find out the losses, in terms of latex (opium) and seed yields, due to 

(i) secondary infection of downy mildew and (ii) powdery mildew infection, 

experiments were carried out on local susceptible cultivar,   ‘kalidanthi’  

following randomised block design with three replications in the commercial 

field of N.D. University of Agriculture and Technology, Kumarganj, 

Faizabad, U.P., India where disease has been found to occur in severe form 

under natural conditions. 100 plants having mild to severe infection and 100 

healthy plants, for each set, were selected at random and labelled during 1982-

83, 1983-84 and 1984-85. The losses for different intensities of the disease 

were estimated on the basis of 0-5 rating scale as described earlier. Latex and 

seed yields were collected from diseased and healthy plants separately and 

percentage reduction in yield was calculated. 

 During the assessment of losses due to downy mildew, all experimental 

plants were protected from powdery mildew by spraying sulfex (0.2 per cent 

), whenever needed .  

CHEMICAL CONTROL OF THE DISEASES 

Evaluation of natural (plant) products vis-a-vis spermaphileein fungi 

 In the present investigation, eight natural (plant) products, viz, (i) 

Lawsone, (ii) Menadione, (iii) Eugenol, (iv) Clocimum oil, (v) Lemongrass 

oil, (vi) Cedar wood oil, (vii) Terpinyl acetate, and (viii) Opium poppy seed 



 
 
 

oil , were selected to evaluate their efficacy to control the  biodeterioration of 

opium poppy seeds by spermaphileein fungi. To compare the efficacy of all 

the natural (plant) products , three synthetic commercial fungicides, viz, 

Dithane M-45 , Agrosan GN and Bavistin-50 were also evaluated in vogue . 

 During the evaluation of the natural (plant) products, following two 

points were also kept in view (i) the natural (plant) product (s) should not 

retard the percentage seed germination after their application, otherwise the 

seed lot would become useless for growing purpose and (ii) the natural (plant) 

product (s) should control the infestation of spermaphileein fungi during 

storage and should not impart any toxicity in the seeds. The natural (plant) 

product (s) which fulfil these conditions would be considered as a suitable 

and safe tool to protect the seeds from fungal deterioration . 

Procedure 

 The aqueous solution of all the natural (plant ) products were made in 

sterilized water in a range of four concentrations viz., (i) 250 ppm , (ii) 500 

ppm, (iii) 1000 ppm, and (iv) 2000 ppm. Aqueous solution of synthetic 

commercial fungicides  were also prepared in the same range. 

 Seeds were picked–out randomly from the composite sample at the rate 

of 100 seeds per concentration of each natural (plant) product and synthetic 

commercial fungicide. Seeds were treated in 50 ml of different concentrations 



 
 
 

of each test chemical in Erlenmeyer flasks by shaking well for 15 minutes, on 

a mechanical shaker. After treatment, seeds were taken out from the 

respective solutions and allowed to dry on sterilized blotting paper at room 

temperature in aseptic conditions for 3 hours. Alongwith this ,100 healthy 

seeds were treated with sterilized water and 100 surface sterilized seeds were 

maintained to serve as control-1 and control-2, respectively in order to 

differentiate the effect of natural (plant) product ( s ) on the establishment and 

proliferation of seed mycoflora and on the seed germination.  Pre-soaking of 

seeds before the treatment for 14-16 hours as recommended by Mittal and 

Sharma (1982) and Rahalkar and Neergaard (1969) was avoided as water 

soaking trials were found to retard seed germination. 

 The treated and untreated seeds were tested by standard blotter method 

as usual. The observations were made from 5th day onwards on alternate days 

up to 30th day for the mycoflora developed on the seeds and for seed 

germination percentage. The observations were also made for nature and 

vigour of seedlings by taking average length of cameout  part and the average 

weight  of the germinated seedlings. 

Evaluation of natural (plant) products against other diseases  

 During the present investigation, the natural (plant) products selected, 

were first evaluated during in vitro conditions against all isolated fungal 



 
 
 

pathogens. However , only two major diseases i.e. (i) downy mildew caused 

by Peronospora arborescens  and (ii) powdery mildew caused by Erysiphe 

polygoni were selected for in vivo evaluation of all the natural (plant ) products. 

The procedures were as follows:  

In vitro evaluation of natural (plant) products 

 The effect of eight natural (plant) products viz., (i) Lawson, (ii) 

Menadione, (iii) Eugenol , (iv) Clocicum oil, (v) Cedarwood oil, (vi) 

Lemongrass oil, (vii) Terpinyal acetate and (viii) Opium poppy seed oil were 

evaluated against nine pathogenic fungi viz., A. alternata, D. spicifera , F. 

oxysporum , F. solani , R. bataticola, S. rolfsii , Alternaria state of P. infectoria , M. 

racemosus and R. microsporus  using conventional poisoned food technique 

(Grover and More, 1962) separately.    

 For the purpose, stock solution of the natural (plant) products were 

prepared in acetone or sterilized distilled water, as according to the need and 

incorporated in luke-warm melted and sterilized potato–dextrose-agar 

medium so as to give the concentrations of  250 ppm, 500 ppm, 1000 ppm, 

and 2000 ppm. After mixing the natural (plant ) products solution, 5 ml of 

each concentration was poured into sterilized pertriplates.The medium 

having no test chemical but having the same amount of solvent (acetone or 

sterilized distilled water ) was served as control . The petriplates with 



 
 
 

medium, were left in aseptic conditions for 24 hours so as to observe the 

growth of contaminant, if any, and then inoculated with actively growing 

regions of 5 to 7 days old actively sprouting test fungus. The discs were kept 

upside downwards. The inoculated plates were incubated at suitable 

temperature (27 ±1oC) for 5 to 7 days . Three replications were kept for each 

treatment.    

 Fungitoxicity values were recorded following Mishra and Dixit (1977). 

Percentage of mycelial inhibition (PMI) was calculated as per following 

formula : 

         % mycelial inhibition (I) = 
dc−dt 

dc
× 100 

Where, dc =colony diameter in control. 

      dt = colony diameter in treatment. 

              The candidate fungitoxic natural (plant) product (s) were then tested 

for their fungistatic/fungicidal activity following Garber and Houston (1959). 

Efficacy of the natural (plant) products was compared with three synthetic 

commercial fungicides viz., Dithane M-45, Dithane Z-78 and Bavistin -50 

following Singh et. al., (1980) . 

In vivo evaluation of natural (plant) products  



 
 
 

  Trials were made to evaluate the efficacy of all the eight natural (plant) 

products to control the downy mildew and powdery mildew diseases in glass 

house and under field conditions as per need. The procedures were as follows: 

(i) Evaluation of natural (plant) products for control of downy 

mildew disease 

               Seeds of local susceptible cultivar ‘ Kalidanthi’ and the 

plants raised from them were used throughout the study. 

Experiments were conducted in glass house (in pots) as well as 

in commercial fields where opium poppy has been grown for the 

last three years and disease has been found to occur in severe 

form under natural conditions. In the present study, all the eight 

natural (plant) products were evaluated for their efficacy to 

control the disease with four synthetic commercial fungicides 

(two non-systemic and two systemic) viz., Dithane M-45, Blitox-

50, Bavistin and Calixin serving as standard check. Solutions of 

all the text chemicals were prepared in distilled and sterilized 

water in a range of two concentrations viz., 500  ppm and 2000  

ppm  except in the experiments of seed treatment where 500 ppm 

and 1000 ppm concentrations were used.   

Control of primary infection by seed treatment  



 
 
 

                  150 seeds of susceptible cultivar ‘Kalidanthi’ were 

picked–out   randomly  from the seed sample and were treated in 

100 ml of 500 ppm and 1000 ppm concentrations of aqueous 

solution of all the natural ( plant ) products and two commercial 

fungicides (Dithane M-45 and Blitox -50 ) separately as descried 

earlier. The treated seeds were sown in a randomized block 

design in three replications. Plot size being 2.5 ×1.5 m2. 

Untreated seeds were sown in the control plot. After 

germination, Only 100 plants were maintained by thinning out 

the rest. Effect of treatments on the appearance of systemic 

infection was evaluated by counting healthy and systemically 

infected plants. 

 Control of primary infection by soil drenching   

 The experiment was conducted in pots in three replications 

with a control set. Three days before sowing of seeds of the 

susceptible cultivar, 100 ml aqueous solution of each 

concentration of each natural (plant) product and synthetic 

commercial fungicide were applied as soil drench in the pots 

carrying oospore layer at one inch depth. Simultaneously 

distilled and sterilized water was added to control set pots which 

also had the oospore layer.Seeds were sown after 12 hours of last 



 
 
 

application of test chemicals. After germination 30 plants were 

maintained by thinning out the rest. Observations were made on 

the appearance of disease till maturity. 

Contorl of secondary infection by foliar application 

 To evaluate the efficacy of foliar application on secondary (local) 

infection, experiments were conducted in pots (in glass house) as well as in 

the field under natural conditions.  

(A) Control of the disease in glass house 

 Each treatment was replicated thrice having two healthy plants in each 

pot. Aqueous solution of each concentration of test chemicals were uniformly 

sprayed 4 times at 15 days interval. Twenty four hours after the last spray, the 

plants were inoculated with fresh and virulent conidial suspension of the 

fungus and incubated for 24 hours in humidity chamber with 100 per cent 

humidity. After incubation, the pots were shifted to the glass hous . 

Observations were made 7 days after inoculation for secondary infection and 

disease intensity was recorded by rating on 0-5 rating scale basis. 

(B)  Control of the disease in field 

 Field experiments were conducted during 1982-83, 1983-84 and 1984-

85 cropping season at a commercial field where primary infection as well as 

secondary infection appears every year. The trials were conducted in 3.0 x 1.5 



 
 
 

m2 size plot in a randomized block design with three replications. Aqueous  

solution of test chemicals were sprayed 4 times at 15 days interval. First spray 

was given just after the appearance of initial symptoms of secondary 

infection. In 1983-84 cropping season, the natural (plant) product(s) found 

effective in preceding year were again tested for their efficacy. The period of 

spray interval was reduced from 15 days to 10 days. In 1984-85 cropping 

season, trials were conducted to confirm the efficacy of best found natural 

(plant) product(s) at the most effective concentration. The spraying was done 

4 times at 10 days interval. Spraying operations were done with a hand 

compression (Maruti) sprayer. Observations on secondary infection were 

recorded by rating on 0-5 rating scale basis. Thirty plants per plot being 

randomly selected for the observations. 

 Disease index and the percentage efficiency of disease control was 

calculated by the following formula: 

Percent disease index = 
𝐒𝐮𝐦 𝐨𝐟 𝐚𝐥𝐥 𝐧𝐮𝐦𝐞𝐫𝐢𝐜𝐚𝐥 𝐫𝐚𝐭𝐢𝐧𝐠𝐬

𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇               𝒎𝒂𝒙𝒊𝒎𝒖𝒎
× 𝟏𝟎𝟎 

        
                                                plants   assessed   ×   rating 

                        given 
 
         Score of  disease       –     Score of disease 

Percent efficiency = 
𝒊𝒏𝒅𝒆𝒙 𝒊𝒏 𝒄𝒐𝒏𝒕𝒓𝒐𝒍           𝒊𝒏𝒅𝒆𝒙 𝒊𝒏 𝒕𝒓𝒆𝒂𝒕𝒎𝒆𝒏𝒕

𝒔𝒄𝒐𝒓𝒆 𝒐𝒇 𝒅𝒊𝒔𝒆𝒂𝒔𝒆 𝒊𝒏𝒅𝒆𝒙 𝒊𝒏 𝒄𝒐𝒏𝒕𝒓𝒐𝒍
× 100 

 

Control of secondary infection by root application of natural plant 

products 
  



 
 
 

To find out the possibilities to control the secondary infection of downy 

mildew through root application, all the eight natural (plant) products, 

mentioned earlier alongwith two systemic synthetic commercial fungicides 

viz., Bavistin-50 and Calixin serving as standard check, were evaluated 

following Taylor (1953). 

About 2 months old potted plants were selected for the tests. Three pots 

having 3 plants in each were taken for each treatment. Concentrations used 

were 500 ppm and 2000 ppm. 100 ml aqueous solution of each concentration 

were applied daily in each pot as drench for 7 consecutive days. Care was 

taken to avoid foliar contact of test chemicals. Similarly in control set pots 

(12 plants), 100 ml distilled and sterilized water was applied to each pot. 

During this period no extra water was given for irrigation purposes to the 

experimental pots. 

After 24 hours of the last application, all experimental plants were 

inoculated with a heavy suspension of freshly collected conidial material 

from highly virulent Peronospora arborescens. Leaves of individual plants were 

counted before inoculation. Out of twelve control set plants, six were 

inoculated with the same inoculum serving as control-1 and the rest six 

plants were sprayed with distilled and sterilized water serving as control-2. 

The pots after inoculation were immediately shifted to humidity chamber 



 
 
 

having100 per cent humidity and incubated for 24 hours. Later, the pots 

were shifted to the glass house and watered as and when needed. 

Initial symptoms of the disease (leaf spots) started to appear three days 

after inoculation. Infection manifested itself only on leaves as it appeared 

under natural conditions. Observations were made 7 days after inoculation 

when the disease reached to its maximum stage. For assessing the effect of 

test chemicals every individual leaf was scored on 0-5 rating scale basis. 

Average score per treatment was worked out taking all the leaves of 

three plants per treatments (48-63) into  account . 

Evaluation of natural (plant) products for control of powdery mildew 

 Plants raised from the seeds of local susceptible cultivar ‘Kalidanthi’ 

were used throughout the study. Erysiphe polygoni isolates were maintained 

on the same cultivar in pots under controlled conditions. Plants were shaken 

daily to remove older conidia because E. polygoni releases a single conidium 

per day (Yarwood, 1936). As such, fresh conidia formed after 6-8 hours 

following shaking were used for the in vitro experiments. Experiments were 

conducted in vitro as well as in commercial fields where opium poppy has 

been grown for the last 3 years and disease has been found to occur in severe 

form under natural conditions. In the present study, all the eight natural 

(plant) products were selected to evaluate their efficacy to control the disease. 

Efficacy of natural (plant) products with synthetic commercial fungicides 



 
 
 

viz., Sulfex (80% elemental sulfur), Dithane M-45 and Blitox-50 was 

compared as standard check. Solution of all the natural (plant) products and 

synthetic commercial fungicides were prepared in distilled and sterilized 

water in a range of 250 ppm, 500 ppm, 1000 ppm and 2000 ppm 

concentrations. 

In vitro evaluation of natural (plant) products against the pathogen 

 For in vitro tests, all the four concentrations of test chemicals were 

maintained in 2 per cent agar. Agar with various concentrations of the test 

chemicals was coated on fresh glass slides using the technique of  Zaracovitis 

(1964). Young conidia from diseased leaves of opium poppy were dusted 

uniformly on the agar coated slides. Seeded glass slides were kept in 

petridishes and 20 (+2)0C. After 6, 12, 24 and 48 hours of incubation, the 

slides were taken out and examined under light microscope for per cent 

conidial germination. 

  



 
 
 

Three replications were kept under each treatment. Glass slides with 

submerged conidia in water and glass slides coated with pure agar were 

maintained to serve as control-1 and control-2, respectively. Per cent 

effficiency of conidial inhibition was calculated as per following formula: 

% spore inhibition (I)  = 
𝑆𝐶−𝑆𝑇

𝑆𝐶
 x 100 

where, SC  =  spore germination in control. 

                ST  =  spore germination in treatment. 

Control of the disease in field 

 Field experiments were conducted during 1982-83, 1983-84 and 1984-

85 cropping season at a commercial field where the powdery mildew 

appeared every year. The trials were conducted in 3.0 x 1.5 m size plots in a 

randomized block design. The plants were observed regularly for mildew 

appearance. Aqueous solution of test chemicals were sprayed after 80-100 

days of sowing since powdery mildew appears around flowering stage only. 

First spray was given at the initiation of the symptoms. The diseased plants 

were sprayed thrice at fortnightly interval. Similarly, the control plants were 

sprayed with sterilized distilled water. Yarwood (1939) has suggested control 

of powdery mildews by spraying with water, hence one more set, which was 

unsprayed, serve as an additional control. Three replications were maintained 

for each treatment. A hand compression (Maruti) sprayer was used for 

spraying operations.  

  



 
 
 

                           In 1983-84 cropping season, the natural (plant) product(s) 

found effective in proceeding year were retested for their efficacy. The spray 

interval was reduced from 15 days to 10 days. In 1984-85 cropping season, 

trials were conducted to confirm the efficacy of most effective natural (plant) 

product(s) at the most effective concentration. The spraying was done 4 times 

at 10 days interval. Disease intensity was recorded one week after the last 

spray. Observations on powdery mildew infection was recorded by rating on 

0-9 rating scale basis. Ten plants per plot being randomly selected for the 

observations. Per cent disease intensity and per cent efficiency of disease 

control was calculated as described earlier. 

Phytotoxicity studies on the natural (plant) products 

 The toxic effect of all the eight natural (plant) products on Papaver 

somniferum L. var.ßKalidanthiÞ (the host plant) was studied following the 

procedure described by Tripathi (1980) with slight modifications. Opium 

poppy (P. somniferum var.ß KalidanthiÞ) plants, grown in earthen pots, were 

sprayed  fortnightly with aqueous solution of all the natural (plant) products 

separately at 250 ppm, 500 ppm, 1000 ppm and 2000 ppm for 3 months and 

the symptoms of visual toxicity on leaf, stem, floral parts and capsules were 

recorded, whenever seen. 

 

 

 

 

 

 



 
 
 

EXPERIMENTAL FINDINGS 

SEED PATHOLOGICAL STUDIES 

 

The results obtained during the present studies are summarised below:  

Inert matters associated with the seeds 

 

 The inert matters, that were found associated with the seeds are as 

follows: 

i) Plant debris viz., outer and inner capsular parts, bits of peduncle, 

stem and often leaf fragments.  

ii) Bits of soil were observed from the samples collected from field 

(during threshing of seeds and stores of commercial growers). 

iii) Other inert matters, viz., fragments of rice, pulse and sometimes, 

mustard seeds were observed from the samples collected from the 

market. 

Mycoflora of inert matters 

 

 In all, 9 and 7 fungal species from capsule fragments, 5 and 3 fungal 

species from stem fragments and 7 and 6 fungal species from leaf fragments, 

10 and 8 fungal species from soil particles and 9 and 5 fungal species from 

other inert matters were intercepted from Blotter and P.D.A., respectively 

(Table 1).



 
 
 

Table 1: Showing mycoflora associated with inert metters of Papaver 

somniferum seeds 

 

 

Fungi isolated 

Inert matters 

Capsule Stem Leaf  Soil                        

fragments fragments fragments particles    

BT   PDA BT PDA BT PDA BT PDA BT PDA 

1. Aspergillus 
niger 

+ + + + + + + + + + 

2. A. flavus  + + - - + - + + - - 

3. A. 
fumigatus 

+ + - + + + + - + + 

4. Rhizopus 

microsporus 

+ + - - - - + + + + 

5. Mucor 
racemosus 

- - + + - - + + + - 

6. Rhizoctonia 
bataticola 

- - - - - - + + - - 

7. Penicillium 
canadense 

+ - + - + + + - + + 

8. Fusarium 

oxysporum 
- - - - - - + + + - 

9. F. solani - - - - - - + + + - 

10. Trichoderma 
viride 

+ + + - - - + + - - 

11. Alternaria 

alternata 
+ + + - + + - - + + 

12 Cladosporium 

oxysporum 
+ + - - + + - - + - 

13. Dechslera 

spicifera v.  

Arx state of 
Cochliobolus 

spicifera 

+ 

 

- 

 

- - + + - - - - 

Total number of 

species 

9 7 5 3 7 6 10 8 9 5 

-    = Absence, +  =  Presence , PDA = Potato-dextrose-agar 

method ,    BT  =  Blotter  technique 



 
 
 

Out of these A. niger  was found to be associated universally with all the 

inert matters. The highest incidence of fungal species was observed from oil 

particles. 

 

Seed discoloration 

                  The various discoloration symptoms that were observed on the 

infected seeds are – light brown to dark brown, dark brown to black, black to 

olivaceous black , grey, creamish brown, olive brown to clove brown and pink. 

 

                  Besides, shrinkage of the seeds, seed rot and hypertrophy of the seeds 

were also observed. It was observed that the size of heavily infected seeds gets 

reduced in comparison to the healthy seeds. The seed coat of the heavily infected 

seeds got deteriorated due to harbouring of spermaphileein fungi. The 

reticulation walls of the heavily infected seeds also got deteriorated and ruptured 

(Plate 1). Mechnically damaged (by insects, birds and threshing) seeds were also 

observed but in lesser number. 

 

Weight loss 

 

 A significant decrease in the weight of infected (mild to heavily infected) 

seeds has been observed which is shown in Table 2. 

  



 
 
 

Moisture content 

 The percentage moisture content of opium poppy seeds has been shown 

in Table 3. As revealed from the table, higher moisture percentage was observed 

in seeds collected from market whereas the lower moisture percentage was 

observed in seeds collected from field. 

 

Mycoflora  from  the seed washings 

 

 In total 10 fungal species viz., Aspergillus niger,  A. fumigatus, A. terreus, 

Alternaria alternata, Fusarium oxysporum, Drechslera  spicifera v. Arx state of 

Cochliobolus spicifer, Rhizopus microsporus, Cladosporium oxysporum, Curvularia 

lunata, Peronospora arborescens, and Erysiphe polygoni were observed. Out of these, 

P. arborescens and E. polygoni belongs to obligate fungi. 

 

In situ mycoflora 

 

 The fungi that came up in   in situ test, include 15 and 19 fungal species 

from external surface, and 2 and 10 fungal species from internal surface of 

healthy and deteriorated capsules, respectively. Similarly, healthy and 

deteriorated seeds showed 4 and 12 fungal species from external surface 

whereas, zero and 10 fungal species from internal surface respectively (Table 4). 

However, no fungal species was obtained internally from healthy seeds taken 

from healthy capsules. 

  



 
 
 

Table 2 : Showing weight loss of seeds due to fungal deterioration  
 

Weight of 1000 seeds                 Weight lost       

Lot Healthy  seeds Infected seeds   (a-b) (gm) 

 

  (a) (gm) (b) (gm)        

1.  0.3890  0.2580  0.1310 

2.  0.3972  0.2674  0.1298 

3.  0.3873  0.2598  0.1275 

       

Average  0.3911  0.2617  0.1294 



 
 
 

          Table 3:  Showing moisture content of Papaver somniferum seeds 

 

 

 

 

 

 

 

 

 

 

 

 

 Duration Source of Wt. 

after 

Wt. lost Per cent 

Initial 

Wt. (gm) 

of drying 

(hrs) 

seed   

sample 

drying 

(gm) 

(gm) moisture 

lost 

1. 10.00 6 Field 9.6786 0.3214 3.2140 

2. 10.00 6 Stores of 

commercial 

growers 

9.6612 0.3388 3.3880 

3. 10.00 6 Market 9.6600 0.3400 3.4000 

       

Wt = Weight                                            hrs  =  Hours 



 
 
 

Table 4:  Showing presence of mycoflora in situ in Papaver somniferum 
(*capsule and seeds) 

 
             Fungi isolated 

Healthy Deteriorated 

Capsule Seed Capsu
le 

Seed 

Ext. Int. Ext. Int. Ext. I
n
t. 

Ext. Int. 

1. Aspergillus niger ++ - + - +++ +
+ 

++ ++ 

2. A.flavus ++ + + - ++ +
+ 

++ + 

3. A.fumigatus + - - - ++ + + + 

4. A.terreus + - - - + - - - 
5. Penicillium 

canadense 
+ - - - +++ +

+ 
- - 

6. P. expansum + - - - + - - + 

7. P. chrysogenum + + - - ++ + ++ + 
8. Fusarium 

moniliformae 
+ - - - + + + + 

9. F. oxysporum + - - - + - + + 

10.  Cladosporium 
oxysporum 

+ - - - + + + + 

11. Alternaria 
alternata 

++ - + - ++ - ++ - 

12. Alternaria state of  
Pleospora 
infectoria 

- - - - + + + - 

13. Drechslera 
spicifera v. Arx 
state of 
Cochliobolus 
spicifer 

+ - - - ++ +
+ 

++ + 

14. Mucor racemosus + - - - ++ - + - 



 
 
 

15. Rhizopus 
microsporus 

++ - + - +++ +
+
+ 

+++ +++ 

16. Curvularia lunata 
 

+ - - - - + - - - 

17*. Peromospora 
arborescens 

- - - - + - - - 

18*. Erysiphe polygoni - - - - + - - - 

19*. E.cichoracearum - - - - + - - - 
Total number of species 15 2 4 - 19 1

0 
12 10 

-     =Absence   
 

Occurrence 

  * = Observed by ‘washing technique’ 

+    = Presence Ext. = External  

++  =  Sub-domi              
           nence                                                       

Int. = Internal 

+++  =Dominence      

 

 

 



 
 
 

                Out of these A. niger, P. candense and R. microsporus were found to be 

most dominating whereas, A. flavus, A. fumigatus, P. chrysogenum, A.alternata and 

D. spicifera appeared sub- dominating in in situ conditions. However, A. niger  and   

R. microsporus appeared in higher proportion with higher number of colonies 

from deteriorated capsule and seeds.  

 Besides, three obligate parasitic fungal species viz., P. arboresens, E. 

polygoni and E. cichoracearum were also encountered from external surface of 

deteriorated capsules. These three fungal species were observed by the washing 

technique.  

External spermaphileein mycoflora 

 The total fungi that came up on seeds tested include 26  fungal  species  

belonging to 12 genera together with one sterile mycelia (Table 5). Out of these,  

24 fungal species were encountered from moist blotter, 17 fungal species from 

potato-dextrose –agar whereas 11 fungal species were, encountered from malt- 

extract-agar and moist-sand, respectively.  

                         Out of 4 methods used in the present study, moist blotter yielded 

maximum number of fungal species and also fungal colonies. However, the 

colonies of R. microsporus, C. lunata, A. alternata and D. spicifera v. Arx state of C. 

spicifer were in higher number in potato – dextrose- agar than in the blotter, 

whereas the colonies of F. oxysporum and F.solani were in much higher number 

in moist-sand. A.niger, R.microspous , R. nigricans, F.oxysporum, F. solani , C. lunata, 

A. alternata and D. spicifera v. Arx state of C.spicifer were found of universal 

occurrence as these were encountered from all the methods. Interestingly, a rare 

storage fungi,  A. restrictus was also observed on 5 per cent of seeds.  



 
 
 

 The fungi showing higher percentage (11-100 per cent ) of infections were 

A. niger, A. flavus, A. ustus, A. funiculosus, A. fumigatus, A. sydowii , R. Microspores  , 

R. nigricans, M. racemosus, P. canadense, F. solani, A. alternata and D. spicifera v. arx 

state of C. spicifer whereas the others were showing up to 10 per cent infection 

only (Table  5). 

 In all the tests, A. niger and R. microsporus were found to be most 

dominating fungi whereas, A. flavus , A. ustus, A. funiculosus, A. fumigates, A. 

sydowii, R. nigricans, M. racemosus , P. canadense , F. oxysporum, F. solani, A. 

alternata and D. spicifera v. Arx state of C. spicifer were found to be sub- 

dominating. The fungi of these two categories were found to be the most 

commonly occurring deleterious and deteriorating fungi to opium poppy seeds. 

 

 



 
 
 

Endophytic spermaphileein mycoflora 

               The total fungi that came up on seeds tested include 11 fungal species 

beloning to 9 genera. Out of these, 11 fungal species were encountered from 

moist blotter and 7 fungal species from potato- dextrose– agar, whereas , 4 and 

7 fungal species  were encountered from malt-extract –agar, and moist- sand, 

respectively.  

 Out of four methods used  in the present study, moist  blotter yielded 

maximum number of fungal species and also fungal colonies. However, the 

colonies of A. alternata, R. microsporus, C. lunata, D. spicifera v. Arx state of C. 

spicifera were in higher number in potato- dextrose- ager plates than in blotter 

plates, whereas the colonies of F. oxysporum and M.phaseolina were in higher 

number in moist - sand plates.              

            A.niger, A. alternata and D. spicifera v. Arx state of Cochliobolus spicifer,were 

found of universal occurrence as they were encountered in all the four methods 

tested. The fungi showing higher percentage (21- 100 per cent of infections were 

A. niger (in PDA, MEA and MST ) , A. alternata (in BT, PDA and MEA ) whereas 

others were seen causing 10 per cent infection only (Table 6). 

           In all the tests, A.niger, A. alternata, D. spicifera v. Arx state of  C. 

spicifer  and  R. microsporus 

 



 
 
 

(except in MST) were found as the most dominating fungi whereas P. 

canadense , F. oxysporum, M.phaseolina and C. capsici  were found as the sub- 

dominating fungi. 

             As revealed by Table 5 and Table 6, A. niger A. alternata, P. canadense,  

F. oxysporum , C. lunata,  D. spicifera v. Arx stare of C. spicifer , R. microsporus  

were of common occurrence in both the tests which shows their wide 

occurrence and adaptibility. 

             Surface disinfection of seeds with mercuric chloride wiped out the 

infestation of fungi viz., A. flavus, A. ustus, A. funiculosus, A. fumigatus, A. 

terricola , A. restrictus, C. globossum, P. chrysogenum, C. herbarum, C. oxysporum ,  

F. solani , Alternaria zinniae  and white sterile mycelia . Pre-teatment of seeds 

with sodium hypochlorite , provides better development of several slow 

growing and late coming fungal species by restricting the growth of fast 

growing fungal species  like A. niger and R. microsporus.  

     The percentage of saprophytic fungi isolated from discolored  seeds  

were much more than those that were obtained from normal coloured seeds. 

Discoloured seeds also showed higher percentage of A. niger  and  R. 

microrosporus. 

Effect of temperature on the incidence of spermaphileein fungi 

           Incubation of opium poppy seeds at two different temperatures by 

blotter and PDA methods revealed a total of 12 fungal species in both the 

methods at low (20± 20 C ) temperature  whereas 19 and 18 fungal species 

were recovered at high( 27+2 C ) temperature in blotter and  PDA methods,  

respectively (Table 7). 



 
 
 

 Out of these, A.niger, A. flavus, P. canadense, A. alternata, F. solani, C.lunata, 

R.microsporus and R. nigricans were enconuntered at both the temperature but 

their population was higher at higher (27± 20 C) temerature. As revealed by 

both the methods of study, incidence varied with variation in the 

temperature. 

             G. virens apperaed at low temperature only whereas, fungal species 

like A. sydowii , D. spicifera v. Arx state of C. spicifer , M. racemosus, Drechslera 

state of C. bicolour,  C. capsici and a species of  Phoma were encountered at high 

temperature (Table 7). 

.  



 
 
 

Table 7: Incidence of different spermephileein mycoflora on the Papaver somniferum seeds 

incubated at  20 (+2)0 C and 27 (+2)0 C 
 

 

 

 

                                                Per cent incidence of fungi at 

 20 (+2)0 C : 27(+2)0 C 

BT  PDA :       BT    :         PDA 

Oc

c-

urr

-

enc

e 

  

Tp 

%A Occ

- 
urr- 
enc

e 

Tp %

A 

Occurre

nce 

Tp %A Occ

- 
urr- 
enc

e 

Tp 

 

% 

A  

 

1. Aspergillus 

niger 

++ 21.

0 

15.0

0 

++ 15.

0 

12.

0 

+++ 43.

0 

11.87 ++

+ 

48.

0 

13.

91 

2. A. flavus  + 13.

0 

9.28 + 12.

0 

9.6 +++ 36.

0 

9.94 ++

+ 

33.

0 

9.5

6 

3. A. sydowii - - - - - - + 5.0 1.38 + 6.0 1.7

3 

4. A. 

versicolor 

-+ - - + 8.0 6.4 + 10.

0 

2.76 ++ 13.

0 

3.7

6 

5. A. 

fumigatus 

+ 8.0 5.71 - - - ++ 15.

0 

4.14 ++ 14.

0 

4.0

5 

6. Penicilliu

m 

canadense 

++ 13.

0 

9.28 ++ 13.

0 

10.

4 

++ 23.

0 

6.35 ++ 15.

0 

4.3

4 

7. Alternaria 

alternata 

++ 12.

0 

8.57 + 10.

0 

8.0

0 

+++ 52.

0 

14.36 ++

+ 

49.

0 

14.

20 

8. Fusarium 

solani 

++ 18.

0 

12.8

5 

++ 12.

0 

9.6 ++ 18.

0 

4.97 ++ 16.

0 

4.6

3 

9. F. 

oxysporum 

+ 5.0 3.57 - - - ++ 23.

0 

6.35 + 21.

0 

6.0

8 

1

0. 

Curvularia 

lunata 

+ 5.0 3.57 + 7.0 5.6 + 4.0 1.10 ++

+ 

6.0 1.7

3 



 
 
 

1

1. 

Drechslera 

spicifera v. 

Arx state 

of 

Cochliobol

us spicier 

- - - - - - +++ 58.

0 

16.02 + 53.

0 

15.

36 

1

2. 

Rhizopus 

microsporu

s 

++ 13.

0 

9.28 ++ 11.

0 

8.8 ++ 21.

0 

5.80 ++ 22.

0 

6.3

7 

1

3. 

R. 

nigricans 

+ 6.0 4.28 + 6.0 4.8 ++ 11.

0 

3.03 ++ 12.

0 

3.4

7 

1

4. 

Cladospori

um 

oxysporum 

+ 8.0 5.71 + 7.0 5.6 + 5.0 1.38 - - - 

1

5. 

Mucor 

racemosus  

- - - - - - + 9.0 2.48 + 10.

0 

2.8

9 

1

6. 

Drechslera 

state of 

Cochliobol

us bicolor 

- - - - - - + 7.0 1.93 + 5.0 1.4

4 

1

7. 

Chaetomiu

m 

globosum 

- - - + 7.0 5.6 + 5.0 1.38 + 6.0 1.7

3 

1

8. 

Gliocladiu

m virens 

+ 18.

0 

12.8

5 

+ 17.

0 

13.

6 

- - - - - - 

1

9. 

Colletotric

hum 

capsici 

- - - - - - ++ 14.

0 

3.86 ++ 13.

0 

3.7

6 

2

0. 

Phoma sp. - - - - - - + 3.0 0.82 + 3.0 0.8

6 



 
 
 
 

Total number of species 12   TP= 140  12 TP=125 19            
TP=362  18           TP=345 

 

-                = Absence  I              BT =  Blotter 

technique 

+  = Presence  I   PDA = Potato-

dextrose agar method 

++  = Sub-dominance I   Occurrence  % A  = Percentage 

abundance 

+++ = Dominance  I   TP = Total 

Population of any individual fungi 

         TP = Total 

population of all isolated fungi 

  



 
 
 

Survey of opium poppy diseases 

               Survey of opium poppy diseases was carried out in three 

commercial opium poppy fields under  

three  different climatic conditions in three major opium poppy growing 

areas of  eastern Uttar   Pradesh  

viz., (i) Mughalsi, (ii) Barabanki and (iii) Kumarganj 

In eastern Uttar Pradesh, The growers used local cultivar  ‘ Kalidanthi ’ 

for sowing purposes. Farmers of all the three areas did not adopt any major plant 

protection measures during the season. Side by side, they were least aware of 

modern agrotechniques. The crop was sown by broadcast method. In all the 

three localities, the crop was sown within the first fortnight of November. The 

crop sown after this period was found more vulnerable to various diseases. The 

plant stubbles of opium poppy crop of previous cropping season (both healthy 

and diseased), except the poppy straw, was not removed from the field which 

serves as source of various diseaes for the next  cropping  year. It was also found 

that the crop was sown in the same fields from last 4 to 5 years as a result of 

which various pathogens were carried over from year to year resulting in 

increase of inoculum and servere lossess to the crop. The opium poppy crop, in 

all the three areas under survey was found to be surrounded by other crops and 

vegetation (orchards etc.) as described below: 



 
 
 

Plot A:      The opium poppy field ‘A’ was surrounded by other crops from three 

sides. On north, there was a narrow irrigation channel. At the left side in eastern 

direction there was a field of mustard ( Brassica nigra )  crop and  at the right side, 

a field of mixed crop of wheat ( Triticum aestivum ) and mustard. A narrow path 

lied in between the poppy crop and the fields in eastern direction. On the south, 

there was a narrow strip of garlic (Allium sativum ) and broad bean (Vicia faba ) 

crop followed by vast fields of wheat. On the west , there was another narrow 

path then there was a ‘sanwan’ ( Echinochloa frumentacea ,small millet )  field  . 

There was a ‘pigeon pea’ (Cajanus cajan ) field on the right side of sanwan field , 

and was on southern–western corner of the opium poppy field . The soil type 

was of sandy loam nature. 

Plot B:    The opium poppy field ‘B’ was surrounded by other crops from all the 

four directions. On north, there was a narrow path followed by a mixed crop of 

potato (Solanum tuberosum) and   pea  (Pisum sativum). On the east to south part 

, there was a narrow irrigation channel, followed by a wheat crop in the left part 

and on the right part there was a chilli (Capsicum annuum ) crop. On the south, 

there was a vast wheat crop field extending  up to western corner. On the west , 

there was a mustard field followed by the pigeon pea crop. The whole poppy 

crop field was surronded from three sides i.e. west, south and north directions 



 
 
 

by huge mango (Mangifera indica) orchards. The soil type was of silty loam 

nature. 

Plot C: The opium poppy field ‘C’ was surrounded by other crops and 

vegetation from three directions . On the north, there was a field of broad  bean  

crop which was followed by a vast river bank and then the river . On the eastern 

part, there was a mixed orchard of mango, guava (Psidium guajava) and  mahuwa  

( Madhuca indica )  at the right angle wheat and mustard fields . On the southern 

part, opium poppy  field was followed by a huge mango orchard . On the west, 

there was a narrow path and then there was a mixed field of mustard and pea 

crop. The soil type was of loamy nature. 

 Procedure followed for the estimation of losses caused by various diseases 

is given below. Survey of opium poppy diseases was conducted right form the 

seedling stage and continued up to maturity of the capsules.  

  The survey was done in a random way choosing twenty spots per field 

randomly. The spots for the survey  were selected randomly every time the 

selected fields were visited. Number of diseased and healthy plants  were  

counted by placing a quadrangular object of one sq.m. size. Observations were 

recorded on the per cent mortality of the plants due to particular disease or  

number  of  leaves  or  plant parts  infected per one thousand opium poppy plants 



 
 
 

. The diseased plants or plant parts  were    collected in sterilized polythene bags 

and brought to the laboratory for further studies and identification of the causal 

organism(s). 

 The data from different survey trips were collected and pooled. The 

comparative incidence of various opium poppy  diseases  was analysed and is 

presented in Table 8. Following were the diseases and their causal organisms 

recorded so far. 

1. Damping – off (DO) caused by Fusarium solani. 

2. Downy mildew (DM) caused by Peronospara arborescens. 

3. Wilt disease (WD) caused by Fusarium oxysporum. 

4. Root – rot (RR) caused by Rhizoctonia bataticola Briton -Jones state of 

Macrophomina phaseolina. 

5. Leaf spot (LS) caused by Alternaria alternata. 

6. Leaf spot (LS) caused by Drechslera spicifera v. Arx state of Cochliobolus 

spicifer . 

7. Sclerotial wilt (SW) caused by Sclerotium rolfsii. 

8. Stem rot (SR) caused by Mucor racemosus. 

9. Sepal blight (SB) caused by Alternaria alternata. 

10. Petal blight (PB) caused by Alternaria alternata. 



 
 
 

11. Stamen blight (St B)  caused  by Alternaria state of Pleospora infectoria. 

12. Capsule rot (CR) caused by Rhizopus microsporus. 

13. Powdery mildew (PM) caused by Erysiphe polygoni and Oidium state of 

Erysiphe cichoracearum. 

                              Results presented in Table 8 clearaly indicate that the 

most destructve diseases were powdery mildew (E.polygoni) (96.44 per 

cent incidence) , leaf blight (81.0 per cent incidence ) , leaf spot (67.22 per 

cent incidence) and downy  mildew (66.38 per cent incidence) followed 

by capsule rot (25.94 per cent incidence) , damping – off ( 25.22 per cent 

incidence) , wilt disease (19.33 per cent incidence) , petal blight (16.38 per 

cent incidence) , root rot (12.25 per cent incidence) , stamen blight (11.55 

per cent incidence),  

 



 
 
 

Table 8:  Incidence of various opium poppy diseases in eastern utter pradesh 

during 1982-83 

 

Distric

ts 

                                                          Diseases (per cent) 

Do D

M 

W

D 

RR LS LB S

W 

S

R 

PM SB PB ST

B 

CR 

Mugha

lsi 

28.

33 

74.

50 

22.

50 

8.7

5 

65.

00 

90.

00 

9.

66 

7.

00 

96.0

0 

19.

33 

18.

33 

15.

36 

36.

00 

Baraba

nki 

27.

33 

66.

66 

17.

66 

17.

00 

66.

66 

78.

50 

3.

30 

- 100.

00 

17.

66 

12.

50 

10.

66 

23.

50 

Kumar

ganj 

20.

00 

58.

00 

18.

33 

11.

00 

70.

00 

74.

50 

6.

00 

- 93.3

3 

21.

00 

18.

33 

9.0

0 

18.

33 

Mean 25.

22 

66.

38 

19.

49 

12.

25 

67.

22 

81.

00 

6.

32 

7.

00 

96.4

4 

19.

33 

16.

38 

11.

55 

25.

94 

 
DO =Damping–off LS= Leaf spot  SB=Sepal blight 

DM= Downy mildew LB= Leaf blight PB=Petal blight 

WD=Wilt disease SW= Sclerotial wilt StB =Stamen blight 

RR=Root-rot SR=Stem rot  CR=Capsule rot 

PM= Powdery mildew   



 
 
 

sclerotial  wilt (6.32 per cent incidences). Stem rot caused by M. racemosus was 

observed only in Mughalsi with 7.00 per cent incidence. 

 Data presented in Table 8 indicate that the intensity of DO ranged from 

20.00 to 28.33 per cent, DM from 58.00 to 74.50 per cent, WD from 17.66 to 

22.50 poer cent, RR from 8.75 to 17.00 per cent, LS from 65.00 to 70.00 per 

cent, LB from 74.50 to 90.00 per cent , SW from 3.30 to 9.66 per cent, SR 7.00 

per cent, PM from 93.33 to 100.00 per cent, SB from 17.66 to 21.00 per cent, PB 

from 12.50 to 18.33 per cent , StB from 9.00 to 15.00 per cent and CR from 18.33 

to  36.00 per cent. 

 Observatons recorded in Table 8 show that the highest incidence of PM 

(100.00 and 96.00 per cent) was recorded in Barabanki and Mughalsi, 

respectively followed by LB (90.00 per cent) and DM (74.50 per cent in 

Mughalsi and Barabanki, respectively i. e. all these diseases were found in lethal 

scale, whereas the highest incidence of LS (70.00 per cent) was found in 

Kumarganj. Highest incidence of CR  

(36.00 per cent), DO (28.33 per cent) and WD (22.50 per cent) was recorded in 

Mughalsi. Incidence of SB was found highest (21.00 per cent) in Kumarganj, 

whereas highest incidence of PB (18.33 per cent) was  recorded  in Mughali  and 

Kumarganj  and that of StB (15.00 per cent was found in Mughalsi . Maximum 

RR incidence of 17.00 per cent was recorded in Barabanki. Highest incidence of 

SW and SR was found to be 9.66 and 7.00 per cent in Mughalsi. 

  



 
 
 

                    Results presented in Table 8 reveal that at the time of survey, 

incidence of powdery mildew, leaf blight, leaf spot and downy mildew diseases 

were in alarming stage in all the three areas under survey followed by capsule 

rot and damping - off diseases but the productivety of the crop (quality and 

quantity of the latex and seeds) was lowered significantly only by downy mildew 

and powdery mildew diseases. 

          As the downy mildew appeared as a devastating disease especially 

during the primary growth stages of the crop, another survey was conducted in 

the next cropping season (1983-84) to study (i) the effect of sowing time on 

disease appearance, (ii) disease intensity at different stages of growth of the crop 

and (iii) the effect of previous cultivation on disease. The findings were as 

follows: 

 Three commercial opium poppy fields which were sown on different dates 

(i.e. on October 22, 1983, November 3, 1983 and November 25, 1983) were 

sselected for the survey: 

i) Severely infected plants (primary/systemic infection) appeared 3 to 4 

weeks after sowing irrespective of sowing time, while leaf spots 

(secondary (local) infection appeared after 6 to 10 weeks of sowing. It 

was observed that the crop sown earlier (i.e. on October 22 and 

November 3, 1983) escaped leaf spot infection for a longer period while 

the crop sown later   (November 25, 1983) suffered severely from the 

disease.  

  



 
 
 

ii) Intensity of disease was recorded intermittently from 1st December, 

1983 to 1st April, 1984. Severely infected plants were found throughout 

the cropping period but the incidence was higher at seedling to 10 

leaved stage and between 80-140 days period nearly all leaves were 

covered by leaf spots (Table 9).  

                The data presented in Table 10 indicate that when the crop was 

cultivated for the first time or after a gap of 3 years or more, only spots 

(secondary infection) apppeared and not the severely infected (primary 

infection) plants. Such plants appeared in large numbers in plots in which 

opium poppy was cultivated during previous years or before a gap of one or 

two years. Heavy incidence (severely infected plants were found where the 

crop was regularly cultivated in consecutive years. Preceeding crops, other 

than poppy, did not have any stimulatory or inhibitory effect on the disease 

appearance in the subsequent poppy crop. 

 



 
 
 

Table 9 :  Influence of downy mildew disease at different growth stages of  

                 opium poppy crop   

Numbe

r of  
fields 

observe

d  
 

 Dates of observation

  

Dec.
1 

1983 

Dec.1
6 

1983 

Jan.2 
1984 

Jan.1
6 

1984 

Feb.2 
1984 

Feb.1
6 

1984 

Marc
h 2 

1984 

Marc
h 16 

1984 

Apri
l 1 

198

4 

Crop age in days 
A 48 63 78 93 108 123 138 153 168 

B 33 48 63 78 93 108 123 138 153 

C 22 37 52 67 82 97 112 127 142 

𝐃𝐞𝐠𝐫𝐞𝐞 𝐨𝐟 𝐬𝐞𝐜𝐨𝐧𝐝𝐚𝐫𝐲 𝐢𝐧𝐟𝐞𝐜𝐭𝐢𝐨𝐧≠ 
A + ++ +++ ++ +++

+ 

+++ ++ ++ + 

B ++ ++ +++ ++ +++

+ 

+++ ++ ++ + 

C ++ +++ +++
+ 

+++ +++
+ 

+++ +++ ++ + 

𝐈𝐧𝐜𝐢𝐝𝐞𝐧𝐜𝐞 𝐨𝐟 𝐥𝐞𝐚𝐟 𝐬𝐩𝐨𝐭𝐬 (𝐩𝐫𝐢𝐦𝐚𝐫𝐲 𝐢𝐧𝐟𝐞𝐜𝐭𝐢𝐨𝐧)≠≠  
A 3 2.5 7 13 16.4 * 17.5 * * 

B 5 ** 8 17 12.3 * * * 20.2 
C 6 ** 2.8 9.7 11.5 * 17.2 * 21.7 

 # = Such plants were removed from the field especially during 

thinning.  

## = Figure showing average number of spotted leaves per plant. 

* = Leaf spots covering almost all leaves of the of  the plants.  

** = Disease just appeared on few plants. + = Infected plants 

upto 10% in the field. 

++ = Infected plants upto 11 to 28% in the field. 
+++ = Infected plants upto 26 to 50% in the field. 

++++ = Infected plants upto 51 or more in the field. 

 

 

 

 

 

 



 
 
 

Table 10: The effect of previous poppy cultivation on the incidence of 

downy mildew in subsequent crop                 

                                                                                                              

Previous poppy 
cultivation in the 
plot 
  

No. of  
fields observed 

 
Appearance of disease 
Severely diseased 
plants* 

Leaf  
spots 

Preceeding 3 years  
or more 

10 ++++ ≠ 

Preceeding 2 years 10 ++++ ≠ 
Preceeding year only 10 +++ ≠ 
Alternate years 7 ++ ≠ 
Two years earlier 8 ++ ≠ 
Three years earlier 5 + ≠ 
Five years earlier 2 - ≠ 
Freshly cultivated 15 - ≠ 

    
    
++++ = Very high incidence 
+++ = High incidence 
++ = Medium incidence 
+ = Low incidence 
≠ = Disease appeared 
- = Disease did not appear 
* = Incidence of severely infected 

plants (both primary and 
secondary infected plants were 
found). 

 



 
 
 

Symptomatology  

                     Following are the symptomatological details of the fungal diseases 

found impairing opium poppy crop during  the  course of investigation. 

Damping-off disease  

                   The disease was caused by Fusarium solani. The seedlings initially 

developed small brown to black spots at the collar region. Infected portion became 

rotted and got constricted resulting in toppling of the seedlings. 

 Downy mildew disease 

       The disease was caused by  Peronospora  arborescens. The disease 

manifested itself in two forms: 

                 (i)     Primary (systemic) infection and  

                 (ii)    Secondary (local) infection  

(i)    Primary (systemic) infection 

                   The primary infection was caused through the oospores, inflicting severe 

damage to the young plants. Such plants bore two distinct phases; lower healthy 

part and upper diseased part. In healthy parts, the placement and size of the leaves 

were normal while in the diseased part, the leaves remained small, chlorotic, 

curling downwards at the edges and closely placed (Plate 1a and 1b ). Infection 

spread upwards from the lower diseased leaves. Heavy sporulation occurred on 

entire lower surface of the diseased leaves, which were completely covered with 

brownish coating of the fungus composed of mycelium, conidiophores and conidia 



 
 
 

of the fungus (Plate 1c). The sporulation on leaves was persistent. The growing 

point almost fully affected and could not grow normally, the new leaves becoming 

infected from the very beginning and bring rapidly killed (Plate 1 d).The disease 

saped the plant vigour and stunted the plant . On disease being severe, heavy 

sporulation occurred on peduncle , flower buds and young capsules but not 

persistently (Plate 1 e) .  

 The infected buds remained under-developed, became feckless  and did not 

open .  Capsule formation did not take place and when formed it became feckless 

and shrinkled, got crimpled and yielded little or no latex. Simultaneously, 

rudimentary brownish black structures developed in place of normal seeds. Such 

capsules ultimately dried gradually. The infected plants died prematurely (7-40 

days after appearance of the disease). The disease continued to spread even during 

very dry weather during the March – April. 

 (ii)   Secondary (local) infection 

                 The secondary infection occurred through the conidia and appears as 

brown to black coloured spots on the leaves of more then one month old plants. 

The infected area became chlorotic gradually turning into localized necrosis (Plate 

1F). The spots often coalesced and became large covering most of the 5 to 8 lower 

leaves. Sporulation occurred in the underside of spotted area but was neither 

heavy nor persistent. Inspite of excessive spots, plants bearing   infected  leaves, 

did not die prematurely . The disease is locally called ‘Chandwa’,  

WILT DISEASE 



 
 
 

 The disease was caused by Fusarium oxysporum. Symptoms of the disease 

first appeared when the plants were about 5 to 6 weeks old. The disease was 

characterized by yellowing and flagging of leaves. With aging, the disease 

ultimately results in foliar wilt and rapid desiccation of the whole plant (Plate 2). 

The examination of the main root and base of the stem, revealed that the fungus 

produces a brownish -black discolouration of the root and stem bases . With the 

aging, the infected tissues of the wilted plants were blackened, either uniformly or 

in dark streaks. The streaks, when present were found to arise from main and 

lateral roots. In a few plants, the black streaks were found extending upward to the 

stem part. 

 Histopatholgical studies revealed that the mycelium of the fungus 

obstructed the translocation of the sap through the wood vessels which in turn 

resulted in the above mentioned aerial symptoms. The disease is locally called 

‘Jalkandra’,  

ROOT-ROT DISEASE  

 The disease was caused by Rhizoctonia bataticola Briton-Jones state of 

Macrophomina phaseolina. The disease was characterized by gradual yellowing of 

the leaves and flower buds followed by drooping and  withering (Plate 3). The 

plants having inchoate capsules, when attacked by the disease,the capsules lost 

their greenness, shrieveled and died prematurily. The root–rot affected plants 

could be pulled out easily from the soil. All the infected plants died prematurily. 

 Infection often originated from the stem base giving them a red brown to 

brownish black tint and proceeds slowly downwards up to the main and lateral 



 
 
 

roots. At the collar, the stem was blackened and cracked.The infected root portion 

became necrotic and disorganised. The rot is usually a dry one, atleast on the above 

ground part. The cortex was destroyed. Numerous minute sclerotia have been 

produced on the rotted root parts. The disease is locally called ‘Jalkandra’. 

SCLEROTIAL WILT DISEASE  

 The disease was caused by Sclerotium rolfsii. Plants were found susceptible 

at young stage. The fungus attacked the plants at collar region and below the soil. 

Dark lesions started developing just below to nearly 10 cm above ground level. The 

leaves soon yellowed, became flaccid and droop off. Soon the entire plant wilted 

and died. The base of the stem was slightly discoloured. On splitting the stem, a 

dark greyish weft of hyphae were sometimes found within the hollow stem and 

small, round, black shining bodies (sclerotia) could be seen adhering all over the 

inner surface. The mycelium also entered the hollow of the stem and the spaces 

between the stem and sheath forming a grey, wooly growth. Sclerotia developed 

on the free mycelium lining the inner surface. The sclerotia were produced in plenty 

and were responsible for perpetuation and dessimination of the pathogen.  

Leaf blight disease  

 The disease was caused by Drechslera spicifera v. Arx state of Cochliobolus 

spicifer. The disease started as small, irregular diffused spots both on the younger 

and older leaves but more frequently on older ones. Extension occurred with the 

aging and spots became diffused and turned to dark brown to black. The affected 

leaves (Plate 5)  which were followed by premature dying of the infected leaves.  

Leaf spot disease  



 
 
 

 The disease was caused by Alternaria alternata. The disease initially started 

as a small pin–head sized light brown spots both in the older and younger leaves 

but more frequently on the older ones. The spots later on became   spherical  to 

irregular. Extension occurred with the aging and spots turned dark brown to black 

(Plate 4). The infected regions ultimately became necrotic resulting in premature 

dying of the infected leaves. 

Stem rot disease  

  The disease was caused by Mucor recemosus. The disease manifested itself 

as a ashen coloured diffused spot at the base of the stem. With the aging disease 

proceeded upwards encroaching much part of the stem. The ashen coloured spots 

later on turned black to olivaceous black. The infected portion got constricted and 

looked girdled ressulting in wilting of the foliage before or after flowering. The 

infected plants toppled automatically or on getting slight jerk by any means. 

Sepal blight disease 

 The disease was caused by Alternaria alternata. Infection initially started 

from upper half of the sepals which were in intact position covering the whole 

reproductive parts. The disease manifested itself as small, irregular to spherical 

(mostly spherical), dark  brown to black coloured spots. With the advancement of 

the disease, spots coalesced forming long diffused spots extending downwards. 

The infected portion became necortic giving a tarry appearance of the sepals (Plate 

6a).The infection extended rapidly and covered 1/2 to 3/4th part of sepals and 

occasionally covered whole of the sepals. The buds which were ready to flower 

ceased to grow and fail to open perhaps due to tenacious character of the diseased 



 
 
 

sepals, resulting in bursting of sepals from other weakened points rather than from 

normal opening point (Plate 6 b). Such buds either flowered late or fail to flower 

and withered subsequently. 

Petal blight disease 

 The disease was caused by Alternaria alternata. Infection initially started 

from the periphery of the upper half of the petals, when they were in intact position 

(Plate 7b). The disease manifested itself as small light  brown irregular spots which 

later on turns to strip form running through the periphery. Extensions occurred 

with the aging and the infection extended downwards, more preferably in form of 

diffused strips covering more than 90 per cent area of the petals (Plate 7a).This 

results in failure of pollination and the covered ovary either could not develop into 

capsule or if develops , the growth becomes rudimentary. Such capsules were 

found unproductive for the latex and the seeds.  

Stamen blight disease 

 The disease was caused by Alternaria state of Pleospora infectoria. It initially 

appeared on the anther of the inchoate stamen as brown to black coloured, dot 

shaped, spots. Number of spots increases with the growth of the stamen and 

gradually spread all over the stamen making them blurred. With the aging, spots 

coalesces giving a tarry appearance to the stamens. On severity of the disease, 

crumpling of the anther takes place which incapacitate the stamens for 

reproductive purpose. The diseased stamens die later on. 

 



 
 
 

Capsule rot disease 

 The disease was caused by Rhizopus microsporus. The disease arrogated the 

capsules when they are grown to full size and ready for lancing. But it infected the 

inchoate capsules, occasionally. Initially, the disease manifested itself as small , 

ashen coloured rounded spots on midde portion of green capsules. With the aging, 

the spots increased in size in a diffused form covering a large area of the capsule 

(Plate 8). Infected area became bulged and tarnished. In severe condition of the 

disease whole capsule became floppy resulting in total rotting of the capsule. 

Powdery mildew disease 

A.  Powdery mildew caused by Erysiphe polygoni 

                   Powdery mildew appears in the field after 90-112 days of sowing i.e. 

nearly at and after flowering stage. Late sown crop (after second week of 

November) develops  heavy  powdery mildew while crop sown before last week of 

October almost escaped the disease. The disease made its first appearance in the 

last week of February or in the first week of March. Disease first attacked the base 

of the stem were it manifested as small, circular spots consisting of radially 

arranged white mycelium. Extensions occurred with the aging  and  spots coalesced 

with each other resulting in formation of larger patches of white powdery mass.  

Sporulation occurred soon. Several new colonies continued to appear covering 

larger part of the stem. After 10 to 15 days of the appearance of the disease, 

affected   parts, became black. When mildew reached to its maximum, 1/2 to 3/ 4th 

of stem appeared black interspersed with green patches (Plate 9 a). 

Simultaneously, but more frequently after luxurious growth of the fungus on the 



 
 
 

stem, it started to made its appearance on lower side of the leaves. Extensions 

occurred with the aging and soon the disease covered both lower and upper 

surfaces of the leaves forming powdery coating all over the leaf surface (Plate  9b). 

The mildew growth was luxurient in shady part  of the field. Floral parts and 

peduncle of younger (late appearing) branches also got severely attacked by the 

mildew due to which capsule formation did not take place. Wheneve, capsule 

formed on such branches, they got attacked in inchoate stage by the mildew, 

resulting in crumpling and withering . The disease is locally called ‘Dahia’. 

Powdery mildew caused by Oidium state of Erysiphe cichoracearum 

                          The disease was observed during the middle of March, first at the 

base of the stem. Initialy patches were small and isolated but soon they coalesced 

with each other covering a good part of the stem making the mildew colonies 

effuse, indeterminate and subpulverulent. The mildew forms a fine white or pale 

whitish web which became powdery when sporulation occurred. After 10-15 days 

of the appearance of the disease, blackening developed in the affected parts. 

Simultaneously, but more frequently after luxurious growth of the fungus on the 

stem, lower leaves, chiefly on their undersurface, were infected by the mildew, 

covering all or a considerable  part.  At  first  patches  were small and isolated 

(Plate 9 c), later becoming effuse.  Extensions occur with the aging and soon both 

lower and upper surfaces    were  arrogated  by the disease and covered with a 

floury coating . The   mildew  growth    was  luxuriant on shaded parts of the plant  

and their growth was rapid in shady parts of the field. Heavily infected  leaves  

loose  their greenness in the densily covered parts  turns brown                            

followed by withering. 



 
 
 

Morphological studies on the pathogens 

Fusarium solani    (Mart.) Sacc 

Colony  : Under laboratory conditions, colonies were 

usually white   

                           to pale white(Plate 10 a).                                                                                                                                           

Mycelium          :  Aerial mycelium striate, sparse to dense and  

      floccose, greyish white.  

Conidiophore  : Microconidiophores elongated and sparsely 

branched,  

     reaching  up to 400 μ long. Each branch usually 

terminates 

     in a single cylindrical to barely subulate phialide 

which 

       measures  45-80 x  2.5-3μ. 

Conidia  : Microconidia (Plate10 b) develop after 4-7 days 

from initially simple but                 later formed 

short multi-branched conidiophores, abundant, 

measuring 8-16 x 2-4 μ, mostly one septate, small, 



 
 
 

oval to oblong, straight or sometimes slightly 

curved, hyaline. 

                 Macroconidia (Plate b & c) are 

inequilaterally fuscoid with many of the spores 

having the widest diameter in penultimate cell, 

dorsiventral, apical call is pointed and sometimes 

beaked, curved towards the end where they are 

narrower, blunt and smoothly rounded at the tip, 

mostly 0-5 septate, sometimes more or less sepate, 

hyaline. Macroconidia with no septation measures 

5-12 x 2-5 μ, with one septation 14-30 x 3-5μ, with 

three septation 19-63x3.5-7μ, with five septation 

22-77x 4-8 μ and rarely with seven septation 

measures 60-89 x 5-8μ. 

Chlamydospoe: Chlamydospores (Plate 10 c) globose to oval, 

smooth to rough walled, 9-12 x 8-10μ and 

formed terminally on short lateral branches or 

are intercalary, only occasionally do they 

form chains, one celled or two celled, one 

celled chlamydospores measures 8-22 x 1-12μ. 



 
 
 

Asci and   : Asci cylindrical, becoming clavate rounded 

apex with 

Ascospore  a central pore, measuring  60-80 x 8-12μ. 

Ascospores were ellipsoid to obovate, hyaline 

but become light brown, measuring 11-18 x 4-

7 μ (Plate 10 c).  

Fusarium  oxysporum  Schlecht  

Colony  : Under laboratory conditions, colonies were 

usually pale (Plate 11 a). 

Mycelium         : Mycelium delicate, white or peachy but usually 

with a purple tinge,        sparse to abundant then floccose, wrinkled 

in older cultures. 

Peronospora  arborescens  (Berk.) Casp 

Mycelium        : The mycelium  consist of hyaline, septate 

branching hyphae measuring 6-22μ in 

thickness. 

Conidiophore : Conidiophores arise directly from the internal 

hyphae . They were  robust,  errect, 

sometimes nearly l mm in length x 10-12 μ 



 
 
 

thick, 5 to10 times dichotomously branched 

towards the tip, the ultimate branches being 

very fin, curved, short and diverging nearly at 

right angles (Plate 12 b).  

Conidia : Conidia were borne single on ultimate 

pointed branchlets of conidiophores (Plate 

12a).They were rounded–oval, smooth, 

hyaline or very pale, turning brown with age, 

measuring 20-25 x 18-22 μ in diameter. 

Oospore  : In the older withered spots, oospores were 

developed within tissues. They were rounded 

and pale yellow in colour measuring 30-54 μ 

in diameter. 

Rhizoctonia bataticola (Taub) Brition–Jones state of  

Macrophomina phaseolina (Tassi) Goid 

Colony : Under laboratory conditions, colonies at 

first ashy, turning later to greyish black to 

black, with fluffy mycelium (Plate 13 a). The 

culture was atypical of the fungus forming 



 
 
 

few sclerotia in sub – cultures.  (Mordue, J. 

E.M. (C. M. I. England). 

Mycelium  : Mycelium branched and sparsely septate. 

Conidiophore  : Conidiophores hyaline, short obpyriform to  

(Phialides)                cylindrical,  measuring  5-13 x 4-6 μ. 

Conidia : Hyaline, ellipsoid to obovoid, measuring 14-

30 x 5-10 μ in diameter                                                          

(Plate 13 b). 

Sclerotia : Sclerotia minute black, rough walled, hard, 

measuring 50-300 μ in                                                              

diameter (Plate 13 c).        

Sclerotium rolfsii Sacc 

Colony : In culture, colonies were at first white but on 

aging may turn to light brown especially at the 

edges and on the surface of the medium (Plate 14 

a). 

Mycelium : Mycelium composed of a layer of thick hyphae, 

not much septate or branched at first. In culture, 

the mycelium, at first was white but later turned 



 
 
 

brown, very floccose, not ropy, producing 

numerous sclerotia. 

Sclerotia : Sclerotia were roughly circular, rough walled 

(Plate 14 b), pinkish buff to olive- brown to clove 

brown, globose, occasionally irregular, measuring 

150-500 μ in diameter. 

Alternaria alternata (Fr.) Keissler 

Colony : Under laboratory conditions, colonies were 

usually black to olivaceous black but sometimes 

grey (Plate 15 a). 

Mycelium : Aerial mycelium usually fairly abundant in 

cultures, varying from loose, open and cottony to 

close, tufted and wooly in appearance.Whitish to 

greyish, greenish to olivaceous or brownish to 

almost black. Hyphae hyaline, septate profusely 

branched  measuring 3-6 μ wide. 

  

Colony : Colonies were usually greenish black to 

olivaceous black and black on aging (Plate 16 a). 



 
 
 

Mycelium  : Aerial mycelium abundant in culture, greyish 

yellow to olivaceous, composed of brownish 

septate, branched hyphae (Plate 16 b).  

Conidiophore : Conidiophores solitary or in small groups, 

flexuous, repeatedly geniculate with numerous 

well defined conidial scars (Plate 16 b,c,d), often 

torsive, mid to dark brown, up to 300 μ long or 

sometimes longer, 4 μ thick. 

Conidia : Conidia straight, oblong or cylindrical rounded at 

the ends. (Plate 16 b,c,e,), when mature golden 

brown except for a small area just above the dark 

scar which remains hyaline or very pale, smooth, 

constantly 3- pseudoseptate, measuring 20 - 40 x 9-

14 (mostly 30-36 x 11-13 ) μ , hilum 2-3 𝜇, wide . 

Mucor recemosus Fres 

Colony            :  Colonies at first white to ashy white, turning 

later to yellowish brown                                                            (Plate 

17 a). 



 
 
 

Mycelium : Mycelium glistening white. Hyphae long 

slender , much branched, coenocytic, septate 

and bifurcate when bears sporangophores. 

Sporangiophore: Sporangiophores errect, close, forming a 

yellow–turf of  very variable height, measuring 

5-40 mm high x 8-20 μ wide, branched 

irregularly in groups. All  branches  terminates 

in sporangia. 

Sporangia  : Sporangia very unequal in size, small 

globose, pale yellow, later wax-yellow or 

yellowish brown, measures 20-70 𝜇 in diam, 

errect or occasionally incurved, hyaline.     

Collumella : Columella free, globose to ovoid or broadly 

cruciform, campanulate, measure 17- 60 𝜇 

long x 7-30 𝜇 at the base and 9-42 𝜇 in greatest 

diam. 

Spore : Spores hyaline, smooth, yellow in mass, 

globose and ovoid measuring 5-8 𝜇 x 4-3 𝜇, 

more often elliptical measures 6-10 𝜇  x 3-6 𝜇. 



 
 
 

Gemmae  : Gemmae in sporangiophores cylindrical to 

barrel shaped, measures 8-12.8 𝜇 in diam.  

Zygospore : Zygospore globose, slightly striate, measures 7o-

85 𝜇 in diam, brown with conic warts. 

Azygospore and  

Chlamydospore: Azygospores and chlamydospores always 

numerous, chlamydospores formed either on the 

mycelium, or on the sporaniophores and even on 

the columellae. Colourless or yellow with a 

smooth membrane, shapes various, measures 20-

30 𝜇  long  and 11-20 𝜇 in diam.  

Alternaria state of Pleospora infectoria Fuckel   

Colony : Under laboratory conditions, colonies were 

effuse, grey, dark brown to black. 

Mycelium : Mycelium immersed or partly superficial, 

olivaceous brown to brown. 

Conidiophore : Condiophores arising singly or in fascicles, 

simple or branched, straight or flexuous, 

sometimes geniculate, pale to mid golden brown, 



 
 
 

smooth, measures up to 80 𝜇 long and 3-6 𝜇 thick 

with one or several conidial scars. 

Conidia : Conidia formed in long, often branched chains, 

conical, obpyriform or obclavate, tapering 

gradually to a beak which is up to half the total 

length of the condium and often swollen at its tips, 

pale to mid golden brown, distinctly verrucose and 

rather thick walled with up to 8 transverse septa 

usually close together and several longitudinal or 

oblique septa, overall length measures 20-70 (50) 𝜇 

and 9-18 (14) 𝜇 thick in the broadest part, beak 

measures 3-5 𝜇 wide. 

Rhizopus  microsporus  v. Tieghem 

Colony  : Under laboratory conditions, colonies were fast 

growing, 5-8 mm high, from greyish white to very 

pale olivaceous grey to mouse grey to back 

depending on amount of sporulation (Plate 18 a). 

Mycelium : Mycelium coenocytic, multinucleate and non-

septate, septa were, however, formed in the older 

hyphae and at the time of formation of 



 
 
 

reproductive structure. Rhizoids and stolons 

hyaline to light brown. Rhizoids branched. 

Sporangiophore: Sporangiophores smooth-walled, non-septate 

(Plate 18 b), light brown, simple, sometimes united 

in a group of 2 or 3 arising from stolons usually 

opposite rhizoids. Measures up to 10 𝜇 in diam, 

and 150-850 𝜇 in length. 

Sporangia : Sporangia globose, white at first then black, many 

spored (Plate 18 b, c). Measures 30-85 𝜇 

Columella : Columellae sub globose to somewhat dorsi-

ventrally flattened, light brown to grey. Measures 

80-70 x 25-55  𝜇. 

Erysiphe polygoni DC 

Mycelium : Mycelium purily superficial, creeping over the 

host, generally delicate, fine and persistent, rarely 

thick. 

Conidiophore : Conidiophores arise vertically from the surface 

and each bears several conidia (Plate19 a). 



 
 
 

Conidia : Conidia were borne on short, errect 

conidiophores and usually formed singly (rarely in 

chains). The production of conidia was so copious 

as to give the surface of the mycelium a 

characteristic powdery appearance. Conidia thin 

walled, elliptical, barrel-shaped, or sometimes 

cylindrical, measuring  25 -38 x 13-21 𝜇, colourless 

and unicellular (Plate 19 a). 

Cleistothecia : Cleistothecia appears as sharp black specks, 

scattered on the surface of the white mycelium. 

Globose or rounded, small, 85-126 𝜇 ( usually 

about 90 𝜇) in diameter with a variable number of 

appendages, dark coloured or colourless and free 

or inter-woven with one another or with the 

mycelial hyphae. Septate when coloured and were 

often angularly bent or flexed but usually  

unbranched  (Plate 19 c). 

 

 

 

 



 
 
 

Asci and 

Ascospore  : Asci 3-10, usually 4-8, sometimes more, ovate to 

broadly-ovate or subglobose, sometimes short 

stalked, measuring 46-72 x 30 – 45 𝜇, each 

containing from 3 to 8 ascospores. Ascospores 

elliptical, non-septate, colourless, measuring 19-25 

x 9-14 𝜇 (Plate 19 b). 

Oidium state of Erysiphe cichoracearum DC 

Colony : Under natural conditions, colonies broadly 

effuse, indeterminate, arachnoid to sub-

pulverulent, white or pale white. 

Mycelium : Mycelium usually well developed, superficial, 

evanescent but sometimes persistent and effusse. 

The mycelium forms a fine or dense network 

according to the vigour of its development, 

composed of branching hyphae. 

Conidiophore : Conidiophores arise from the recumbent hyphae, 

arise more or less at right angles to the surface from 

which upright chains of conidia of the customary 

oidium type found in the mildew arise (Plate 20 c). 



 
 
 

Conidia : Upright chains of conidia of the customary 

oidium  type, arise from the ultimate part of the 

conidiophores. The chains consists conidia, very 

variable in size, measuring 25-45 x 14 - 26 𝜇, 

rounded at the ends, hyaline. (Plate 20 c). 

Cleistothecia : Cleistothecia gregarious or scattered, globose 

becoming depressed or irregular measuring 90-

135𝜇 in diam. Appendages numerous, basally 

inserted, myceloid, interwoven with mycelium, 

hyaline to dark brown (Plate 20 a). 

Asci : Asci numerous, ovate, measuring 58-90 x 30-50 𝜇 

in diam. Each contain two spores (Pate 20 b) . 

Ascospore : Ascospes hyaline, oval and continuous measuing 

about 24x 14 μ in diam  (Plate 20 b). 

Pathogens isolated and their identification 

 During the course of survey of disease vis –a- vis their 

isolation studies, a number of phytopathogenic fungi were isolated 

from different parts of the plant at various growth stages. The 

diseases recorded, their causative organisms and the plant part (s) 

affected are listed in Table 11. The identity of the causal fungal 



 
 
 

species was got confirmed by Commonwealth Mycological  

Institute, Kew, England, (IMI numbers are given against each 

pathogen). 

PATHOGENICITY TESTS 

Pathogenicity test with seed borne fungi 

 Out of total fungal species isolated during the study, nine 

frequently occurring fungal species viz., A. niger, R. microsporus, R. 

nigricans, P. canadense, F. oxysporum F. solani,  A.  alternata, D. 

spicifera and M. phaseolina, were tested for their pathogenic ability  

for seed deterioration and seedling rots by different methods. 

          A.niger, R. nigricans, R. microsporus and P. canadense were 

highly pathogenic reducing seed germination by 72 to 95 per cent 

and 78 to 100 per cent by causing seed rot in unsterilized and 

sterilized soils, respectively. D. spicifera, F. solani, F. oxysporum, A. 

alternata and M. phaseolina, appeared to be ‘severe’ pathogens  

reducing  62 to 74 per cent and 68 to 90 per cent of seed 

germination in similar conditions(Table 12).



 
 
 

Table   11:         Showing various opium poppy diseases and their causal  
    organisms 

Sl. 

No. 

Disease 

recorded 

Plant part (s) 

affected 

Causative fungal species 

indentified 

IMI No. 

1. Damping-off Seedling Fusarium solani (Mart.) 

Sacc 

287175 

2. Wilt disease Root Fusarium oxysporum 

schlecht. 

287170 

3. Root-rot Root Rhizoctonia bataticola 

(Taub.) 

Briton-Jones state of 

Macrophomina 

Phaseolina (Tassi) Goid 

287171 

4. Downy mildew Leaf,flower bud 

& capsule 

Peronospora   arborescens  

(Berk) 

Casp 

287187 

5. Leaf spot Leaf Alternaria  alternata  (Fr.) 

Keissler 

287167 

6. Leaf blight Leaf Drechslera spicifera 

(Bainier) v.Arx state 

Of Cochliobolus spicifer 

Nelson. 

287169 

7. Sclerotial wilt Foot part of 

stem 

Sclerotium  rolfsii  Sacc  

8. Stem rot  Stem Mucor racemosus  Fres 287177 



 
 
 

 

 

9. Sepal blight  Sepal Alternaria alternata (Fr.) 

Keissler 

287179 

10. Petal blight Petal Alternaria alternate  (Fr.) 

Keissler 

287166 

11. Stemen blight  Stamen Alternaria state of 

Pleospora 

infectoria Fuckel 

287172 

12. Capsule rot Capsule Rhizpus  microsporus  v. 

Tieghem 

287168 

13. Powdery 

mildew 

Leaf, stem & 

flower bud 

Erysiphe polygoni  DC  

14. Powdery 

mildew 

Leaf, stem & 

flower bud 

Oidium state of Erysiphe 

cichoracearum DC 

287182 



 
 
 

Table 12: Effect of some frequently occurring fungal pathogens of 

Papaver somniferum seeds on germination and emergence of 

seedlings 
Fungi 

inoculated 
Nature 
of soil* 

No. of 
germinated 

seedlings 

Effect on emergence and 
appearance of seedlings** 

No. of 
ungerminate

d seeds** Nor
mal 

Delaye
d 

Distorte
d 

Blighte
d 

Aspergillus 
niger 

(U.S.) 
(S) 

100 
100 

12 
4 

4 
5 

10 
9 

2 
4 

72 
78 

Rhizopus 
microsporus 

(U.S.) 
(S) 

100 
100 

5 
- 

2 
- 

2 
- 

3 
- 

88 
100 

R. nigricans (U.S.) 
(S) 

100 
100 

4 
- 

3 
6 

3 
- 

4 
- 

86 
94 

Penicillium 
canadense 

(U.S.) 
(S) 
 

100 
100 

- 
- 

5 
- 

- 
- 

- 95 
100 

Fusarium 
oxysporum 

(U.S.) 
(S) 

100 
100 

8 
- 

12 
16 

- 
- 

8 
4 

72 
80 

F. Solani (U.S.) 
(S) 

100 
100 

7 
- 

13 
15 

- 
2 

10 
3 

70 
80 

Alternaria 
alternata 

(U.S.) 
(S) 

100 
100 

10 
2 

12 
9 

3 
- 

3 
8 

72 
81 

Drechslera 
spicifera v. 
Arx state of 
Cochliobolus 
spicifer 

(U.S) 100 12 5 3 18 62 

 (S) 100 5 - 5 22 68 

Macrophomin
a phaseolina 

(U.S.) 100 4 5 12 5 74 

 (S) 100 - - 8 2 90 

Control (U.S.) 100 91 - - 2 7 
 (S) 100 95 - - - 5 

* = Standard Soil Method.  **=Based on 100 seeds.     (-) = Absence.  (US) 

= Unsterilized 
(S) = Sterilized. 



 
 
 

Pathogenicity test with isolates of fungi causing other 

diseases 

 Pathogenicity test of isolates of other fungal diseases were done as 

follows: 

Fusarium solani (Mart.) Sacc       ( Damping-Off) 

 For pathogenicity test, seedlings were raised from healthy and surface 

sterilized seeds in sterilized pots containing  sterilized  standard soil. Seeds 

were sown in furrows and covered with the soil. The fungus was grown on soil-

oat medium and 5-7 days old actively sporulating inoculums was applied into 

the soil simultaneously with the sowing of seeds in first set while after 

germination of the seeds in the second set. The pots were incubated for 24 

hours in humidity chamber and then kept in glass house. Typical symptoms of 

the disease appeared in both the sets 5 to 7 days of the inoculation. Reisolation  

from infected seedlings yielded the same fungal species, thus proving the 

pathogencity of the fungus. 

Peronospora arborescens (Berk) Casp   (Downy mildew) 

 Nearly 2-3 months old potted plants were selected for testing 

pathogenicity. The plants were inoculated with water suspension of fresh 

conidia and incubated in humidity chamber for 4-5 hours. Initial symptoms of 

leaf spots appeared with 5-7 days and typical symptoms of the disease 

appeared after 15 to 20 days of the inoculation. When spotted leaves detached 

and kept in moist chamber, typical sporulation developed in 12-24 hours. All 

inoculations made from December to March were found successful. 

 Plants at all stages were found susceptible to the disease. Older (lower) 

leaves were found more susceptible than younger (upper) ones. However, 



 
 
 

disease did not manifest itself when detached leaves from 2-3 months old 

potted plants and uprooted plants were inoculated with water suspension of 

conidia followed by continuous incubation in humid chamber for 4 to 24 hours. 

Only fresh conidia were found infective. They lost their viability soon after 

collection of diseased plants unless kept at low temperature. Viability  of the 

conidia could be prolonged up to 15-17 days by storing freshly collected 

diseased plant parts at 5-70C. Free water for 4 hours was found necessary in the 

infection court.  

Oospore infection 

Experiments were conducted to study the pathogenictiy of oospores of 

P.arborsecens. The test was carried out in pots in glass-hous . Oospre inoculum 

consisted of powdered leaf debris of severaly downy mildewed plants. 

Inoculum was mixed in sterilized soil surface filled in pots before sowing the 

poppy seeds at a depth of 1-2”. Another set without oospores was maintained 

to serve as control. The pots were incubated at 10 to 150C for 3 to 5 hours and 

then shifted to glass-house. Severely infected plants started appearing within 

20 to 22 days in inoculated pots, whereas plants in the control set remained 

healthy (Table 15). 

In another trial, two years old downy mildewed leaf material stored 

under laboratory conditions was also tested for pathogenic ability of the 

oospores. It was found that the stored oospores retained their pathogenic 

ability during storage but to a lesser extent as compared to the fresh ones. 

Infective period and pathogenic ability of oospores 



 
 
 

 Following experiments were conducted (i) to determine whether 

oospores of downy mildew pathogen P. arborescens    require any resting period 

before they start new infection, (ii) to study the disease incidence at different 

growth stages of the plant. The experiment was conducted during 1983-84 in a 

microplot of 3x1.5m size. 

 Heavily downy mildewed leaves were collected in January, 1983 and 

presence of oospores in them was ascertained  microscopically. These leaves 

were dried under shade, crushed to small pieces and mixed with sterilized 

farmyard manure and mixed in the experimental plots up to half an inch depth. 

A control plot of same size was maintained without adding any oospre debries. 

Seeds from healthy capsule were surface sterilized and sown in second week of 

February, 1983. Observations for appearance of the disease  were  made  

periodically  

 

 

 

 

 

 

 

 



 
 
 

Table 15: Showing pathogenic behaviour of oospores in initiating primary 
infection (systemic infection of downy mildew. 

Experiment 
Number 

Treatment No. of 
plants 

grown+ 

No. of 
plants 

infected 

% 
infected 
plants 

1  Debris *mixed in 2” top 
of soil** 

30 6 2.00 

2 (a) Debris mixed in 1 
1

2
” top 

of soil 

30 10 33.33 

 (b) Control 30 0 0.00 

3 (a) Debris mixed in a thin 
layer at 1  -  " depth of 
soil 

30 13 43.33 

 (b) Debris in a thin layers at 
1” depth of soil  

30 18 60.00 

 (c) Control 30 0 0.00 
4 (a) Debris mixed at 1” depth 

( sterilized soil with 
sterilized farmyard 
manure) 

30 17 56.66 

 (b) Control 30 0 0.00 
5  Debris mixed at 1” depth 

in unsterilized soil with 
unsterilized farmyard 
manure 

30 4 13.33 

6  Two years old debris 
mixed at 1” depth 
(sterilized soil with 
sterilized farmyard 
manure) 
--------------------------------
---------------------------- 

30 6 20.00 

+ = Seeds sown were surface sterilized. 



 
 
 

* = Debris contained heavily infected leaf material of previous crop 

containing abundant oospores. 

** = Soil used was  sterilized  except mentioned otherwise. 

 ≠ = Control set contained sterilized soil but no debris.  

 

but   the disease did not appear in either of the plots even up to maturity of 

plants. At the end of crop period, the dried plants were uprooted and the plots 

were left fallow during summer and  following  rains.  In next sowing season, 

the same plots were prepared again and sown with healthy and surface 

sterilized seeds. Three weeks after sowing, severely infected plants appeared 

in artificially infested plot  only. The diseased plants were counted and removed 

daily for the first two weeks and later at weekly intervals. At the end of the 

season all remaining plants were uprooted and plant debris was completely 

removed.  

 Results (Table 16) show that (i) fresh oospores were non-pathogenic, (ii) 

oospores became pathogenic in the season next  to their formation i.e., they 

require some resting period before they became pathogenic , (iii) plants may 

contract infection at any  of their growth stages but the largest number of plants 

get infected in young stages only, i.e., from seedling to 10 leaf stage after which 

the number of newly appearing diseased plants decreased gradually. Sowing 

was done again in the same plot in the third season to determine whether sick 

soil (already infested soil carrying oospores) had any residual infectivity. After 

germination of the opium poppy crop, few severely infected plants appeared in 



 
 
 

the plot at the seedling stage showing that the soil retains the pathogenic ability 

to some extent during the third cropping season as well.  

Table 16: Frequency of systemic infection of opium poppy by P. 

arborescence in artificially oospre infested plot* 

Sowing date Date of 

observation 

Days after 

sowing 

Number of infected 

plants appear** 

Feb. 16, 1983 Feb. 26, 1983 to 

April 30, 1983 

10-74 0 

Nov. 25,1983 Dec. 5, 1983 to 

Dec. 16, 1983 

10-21 0 

 Dec. 17, 1983 22 2 

 Dec. 18, 1983 23 5 

 Dec. 19, 1983 24 8 

 Dec. 20, 1983 25 7 

 Dec. 21, 1983 26 15 

 Dec. 22, 1983 27 17 

 Dec. 23, 1983 28 21 

 Dec. 24, 1983 29 18 

 Dec. 25, 1983 30 22 

 Dec. 26, 1983 31 16 

 Dec. 27, 1983 32 31 

 Dec. 28, 1983 33 34 

 Dec. 29, 1983 34 47 

 Dec. 30, 1983 35 50 



 
 
 

 Dec. 31, 1983 36 55 

 Jan. 1, 1984 37 21 

 Jan. 2, 1984 38 32 

 Jan. 3, 1984 39 27 

 Jan. 4, 1984 40 13 

 Jan. 5, 1984 41 19 

 Jan. 6, 1984 42 17 

 Jan. 7, 1984 43 23 

 Jan. 14, 1984 50 18 

 Jan. 21, 1984 57 17 

 Jan. 28, 1984 64 14 

 Feb. 4, 1984 71 13 

 Feb. 11, 1984 78 8 

 Feb. 18, 1984 85 7 

 Feb. 25, 1984 92 4 

 March. 3, 1984 99 9 

 March. 10, 1984 106 6 

 March 17, 1984 113 7 

 March 24, 1984 120 3 

 March 31, 1984 127 5 

*  = Plot size 3x1.5m. Heavily downy mildewed leaf material collected 

on Feb. 1, 1983 and dried crushed material was added to the plot in Feb. 10, 

1983. The plot was left as such from May 1, 1983 to November 24, 1983. 

** = Diseased plants were removed from the plot after the observation. 

 



 
 
 

Fusarium oxysporum Schlecht (Wilt disease)  

 For Pathogenicity test, the fungus was grown on soil - oat medium and 

the inoculum was applied into 7 to 15 cm deep holes made around 5 to 6 weeks 

old opium poppy plants grown in pots containing sterilized soil. After 

inoculation, pots were kept in glass-house. Typical symptoms of the disease 

appear after 3 to 5 weeks of inoculation. Reisolation from diseased plants 

yielded the same fungal species thus proving the pathogenicity of the fungus. 

Rhizoctonia bataticola (Taub) Briton-Jones state of Macrophomina 

phaseolina (Tassi) Goid   (Root-rot) 

 For pathogenicity test, the fungus was grown on soil- oat medium and the 

inoculum was applied into 7 to 15 cm deep holes made around 10 to 14 weeks 

old plants grown in sterilized standard soil filled in sterilized pots. The pots 

were kept in glass-house after inoculation. Typical symptoms of the disease 

developed 3 to 5 weeks after inoculation. Reisolation from diseased plant part 

yielded R.  bataticola  Briton-Jones state of M.phaseolina, thus proving the 

pathogenicity of the fungus. 

Sclerotium rolfsii Sacc (Wilt (foot rot) disease) 

 For pathogenicity test the fungus was grown on soil - oat medium and the 

inoculum (mycelium and sclerotia both) was applied in bands on both sides of 

5-8 weeks old plants grown in pots. The pots were kept in glass-house after 

inoculation. Inoculation through artificial wounds was also attempted in few 

plants. Typical symptoms of the disease developed within 7-15 days of the 

inoculation. However, symptoms of the disease appeared earlier on the 



 
 
 

wounded plants than on unwounded ones. Reisolation from infected (wilted) 

plants yielded S. rolfsii,   thus proving the pathogenicity of the fungus.  

Alternaria alternata (Fr)  Keissler  (Leaf spot disease) 

 Plants for testing pathogenicity were raised in pots containing sterilized 

standard soil. Nearly 90-100 days old plants were selected for testing 

pathogenicity. The conidia of A. alternata, had been grown as described by Allen 

et al., (1983). Before inoculation, the leaves were wiped with cotton wool 

dipped in sterilized distilled water. The plants were inoculated uniformly in a 

inoculation chamber, with conidial suspension (20 mg of freshly produced 

conidia per 100 ml of sterilized  distilled water) using an atomizer. The 

inoculated plants were immediately covered with sterilized polythene bags for 

48 hours to maintain high humidity around them. Typical symptoms of the 

disease developed within 7 to 10 days of the inoculation. Reisolation from 

infected leaves yielded A. alternata, thus proving the pathogenicity of the 

fungus. 

Drechslera spicifera (Bainier) v. Arx state of Cochliobolus spicifer Nelson  

(Leaf blight) 

  Plants for testing pathogenicity were raised in pots containing 

sterilized soil. Ninety to hundred days old plants were used for testing 

pathogenicity. Before inoculation the leaves were wiped with cotton wool 

dipped in sterilized distilled water. The plants were inoculated uniformly in a 

inoculation chamber with conidial suspension using an atomizer. The 

inoculated plants were covered with sterilized polythene bags for 48 hours to 

maintain high humidity around them. Typical symptoms of the disease 



 
 
 

developed within 10 days of the inoculation. Reisolation from infected leaves 

yielded D. Spicifera v. Arx state of C. spicifer Nelson,  thus proving  the 

pathogenicity of the fungus.  

Mucor  racemosus  Fres  (Stem rot)  

 Plants for testing pathogenicity were raised in pots. The plants in three 

sets at their 30, 60 and 75 days growth were inoculated by making 1 cm vertical 

incision on bark of the stem at 2-15 cm above ground level. The inoculum from 

4 day old PDA culture was rubbed on the incision with a spatula, covered with 

a piece of moist cotton and finally with a piece  of polythene  which  were 

removed after 48 hours. Typical symptoms of the disease appeared 4-7 days of 

the inoculation. Reisolation from  infected plants yilded M. racemosus , thus 

proving the pathogenicity of the fungus.  

Alternaria alternata (Fr.) Keissler  (Sepal blight)  

 Young and developing flower buds, with intact sepals were selected for 

the pathogenicity test. Before inoculation, the sepals were wiped with cotton 

wool dipped in sterilized distilled water. The sepals were inoculated uniformly 

with conidial suspension of A. alternata, using an atomizer. Inoculation through 

superficial wounds was also attempted in a few sets. The inoculated buds were  

immediately  covered  with sterilized polythene bags for 24 hours to  maintain 

humidity around them . Typical symptoms of the disease developed within 3 to 

5 days of the inoculation. However, symptoms of the disease appeared earlier 

on the wounded sepals than on unwounded ones. Reisolation from infected 

speals of both the sets yielded A. alternata, thus proving the pathogenicity of 

the fungus.  



 
 
 

Alternaria alternata (Fr.) Keissler ( Petal blight)  

 Young and developing flower buds were selected for the pathogenicity 

test. For the test, sepals were gently separated with the help of sterilized scalpel 

and forceps. Petals were incoculated uniformly with conidial suspension of A. 

alternata, using  an atomizer. The inoculated petals were immediately covered 

with sterilized polythene bags for 24 hours to maintain humidity around them. 

Typical symptoms of the disease developed within 3 to 5 days of the 

inoculation. Reisolation from infected petals yielded A. alternata, thus proving 

the pathogenicity of the fungus.  

Alternaria state of Pleospora infectoria  Fucklel (Stamen blight) 

 For pathogenicity test young flower buds were gently opened with the 

help of sterilized scalpel and forceps avoiding damage to the floral parts. The 

stamens were inoculated  with a conidial suspension using an atomizer. The 

inoculated stamens with whole bud were covered immediately with sterilized 

polythene bags for 24 hours to maintain humidity around them. Typical 

symptoms of the disease developed within 3 to 5 days of the inoculation. 

Reisolation from infected stamens yielded Alternaria state of P. infectoria, thus 

proving the pathogenicity of the fungus. 

Rhizopus microsporus v. Tieghem (Capsule rot)   

 Full grown capsules were selected for the pathogenicity test. Before 

inoculation, the capsules were wiped with cotton wool dipped in sterilized 

distilled water. The inoculum was placed over superficial wounds made in the 

centre of the capsule by sterilized scalpel. The inoculated capsules were 

immediately enclosed in sterilized polythene bags for 48 hours to maintain 



 
 
 

humidity around them. Typical symptoms of the disease developed within 3 to 

5 days of the inoculation. Reisolation from infected capsules yielded R. 

microsporus, thus proving the pathogenicity of the fungus. 

Erysiphe polygoni DC  and  Oidium state of  E. cichoracearum DC  (Powdery 

mildew) 

 Plants for testing pathogenicity were raised in pots under a special spore 

proof thick cloth house (30’ x 8’ x8’) for each fungus. Nearly three months old 

plants were used for testing pathogenicity. The inoculations were made by 

shaking naturally infected plants with young sporulating mildew  colonies  over 

them. The inoculated plants were immediately covered with sterilized 

polythene bags for 48 hours to maintain humidity around them. Typical mildew 

colonies of both the fungus appeared on leaves after 15-20 days of inoculation. 

Assessment of the losses caused by downy mildew and powdery mildew 

diseases 

I. Losses caused by downy mildew 

 Three year’s (1982-83, 1983-84 and 1984-85) data from field 

experiments, under conditions of natural infection, revealed that secondary 

infection of downy mildew could give a loss of 16.7 to 33.8 per cent in latex 

(opium) yield and 13.5 to 16.5 per cent in seed yield when infection index 

ranged from 58.6 to 78.4 per cent. 

II. Losses caused by powdery mildew 

 Three year’s (1982-83, 1983-84, 1984-85) data from field experiments, 

under conditions of natural infection, revealed that powdery mildew could give 



 
 
 

a loss of 9.37 to 29.33 per cent in latex yield and 7.85 to 13.75 per cent in seed 

yield when infection index ranged form 65.20 to 89.63 per cent . 

Chemical control of spermaphileein fungi  

 The effect of different natural (plant) products on seed germination, on 

number and intensity  of  establishment  and proliferation of fungal species on 

seeds and on the development of seedlings have been shown in Table 17-19. 

             Out of eight natural (plant) products evaluated, five were found effective 

in reducing the incidence of fungal infections, most effective of them being 

Engenol, Lawsone, and Clocimum oil. Out of these three, Eugenol has been the 

best, as the seeds treated with Eugenol, even at its lowest concentration (250 

ppm), were found to be completely free from fungal infections. Lawsone and 

Clocimum oil, on the other hand checked the spermaphileein mycoflora 

completely at 500 ppm concentration. Menadione was able to check the entire 

mycoflora only at the concentration of 2000 ppm yet very little fungal  

population was recorded in seeds treated at 1000 ppm, 500 ppm and 250 ppm 

concentrations. Very little fungal population was recorded on seeds treated 

with Lemongrass oil at 500 ppm, 1000 ppm and 2000 ppm concentrations, 

whereas, same result was found at 1000 ppm and 2000 ppm concentrations of 

Cedarwood oil. However, Lemongrass oil and Cedarwood oil at 250 ppm and 

500 ppm concentrations, Terpinyl acetate  and opium poppy oil at all four 

concentrations could not check the fungal infections  (Table 17). 

                                         Out of three synthetic fungitoxicants tested, Dithane M-45  

and Agrosan GN were found effective only at 2000 ppm concentration , where 

only 2 and 5 fungal species have been recorded, whereas 6, 16 and 18 fungal 

species were recorded at 1000 ppm, 500 ppm and 250 ppm concentrations of 

Dithane M-45 and 12 fungal species with Agrosan GN at 1000 ppm 

concentration. However, Agrosan GN at 500 ppm and 1000 ppm and Bavistin 

SD at all four concentraions could not reduce the fungal flora of the seeds (Table 

18).  



 
 
 

 Above results clearly established the superiority of Eugenol, Lawsone, 

Clocimum oil, Menadione and Lemongrass oil over all the synthetic 

fungitoxicants tested. Cedarwood oil was found superior to Bavistin SD only at 

the concentrations of 1000 ppm and 2000 ppm whereas,  Cedarwood  oil , 

Terpinyl acetate and opium poppy oil were found ineffective in reducing seed 

borne fungi at 250 ppm, 500 ppm  and 250 ppm to 2000 ppm concentrations 

,respectively. 

 Germination of seeds treated with the natural (plant) products was 

higher than in untreated seeds except those treated with Menadione and 

Lawsone. A marked reduction in seed germination was found with Menadione 

at 500 ppm, 1000 ppm 



 
 
 

Table 18: Influence of different commercial fungicide on occurrence of 

spermaphileein mycoflora    associated with the seeds of p. somniferum 

 
Treatments / 
Fungi recorded 

Number of seeds giving fungal growth after treatments 
Contro
l 

Agrosan Gn Bavistin SD Dithane 
M_45 

C1 C2 .25
* 

.5
* 

1* 2
* 

.2
5 

.5 1 2 .2
5 

.5 1 2 

Aspergillus 
niger 

48 19 26 18 1
3 

9 77 6
3 

5
1 

3
7 

19 1
3 

9 - 

A. Flavus 21 8 19 9 6 3 70 5
1 

3
7 

2
1 

17 6 - - 

A. Fumigatu
s 

15 7 19 15 9 4 53 3
5 

2
1 

1
1 

13 9 5 - 

A. ustus 9 - 13 9 4 - 39 2
7 

1
9 

8 19 7 - - 

A. Variecolo
r 

- 9 19 13 6 - 48 2
1 

1
3 

6 18 7 4 1 

A. Terricola 7 - 15 9 - - 27 1
4 

9 5 13 6 3 - 

A. Penicilliu
m 
canadens
e 

38 23 13 8 - - 37 1
6 

5 2 17 5 - - 

P. Chrysogenum 9 - 11 8 - - 21 1
3 

9 6 12 5 - - 

P. Frequentans - 19 9 3 - - 28 1
3 

4 3 9 3 - - 

Fusarium 
oxysporum 

35 11 18 10 5 - 41 2
9 

1
7 

9 6 2 - - 

F. Solani 13 - 10 6 3 - 35 2
7 

1
7 

8 7 3 - - 

Rhizopus 
microsporus 

78 38 20 11 7 - 63 4
8 

3
9 

1
3 

18 1
1 

7 - 

R. nigricans 21 6 19 11 5 - 39 3
1 

2
1 

1
1 

13 7 - - 

Cladosporium 
oxysporum 

3 - 7 - - - 17 1
1 

5 - - - - - 



 
 
 

Mucor 
racemosus 

11 9 11 4 - - 28 2
1 

1
3 

7 6 2 - - 

Colletotrichum 
capsici 

7 5 19 13 9 2 27 1
9 

1
1 

8 7 - - - 

Chaetomium 
globosum 

3 - 5 - - - 13 1
0 

7 - - - - - 

Alternaria 
alternata 

78 35 7 2 - - 19 1
4 

8 5 5 - - - 

Macrophomina 
phaseeolina 

17 - 6 3 - - 16 1
0 

7 4 - - - - 

Drechslera 
spicifera 
v.Arx  state of 

61 43 28 17 1
0 

7 48 3
7 

2
5 

1
9 

19 1
0 

5 2 

Cochliobolus 
spicifera 

              

Gliocladium 
virens 

7 - 6 3 - - 13 7 6 3 - - - - 

Botrytis cinerea 8 2 13 9 3 - 23 1
7 

9 4 9 3 - - 

Total incidenc 
of fungal 
species 

20 14 22 20 1
2 

5 22 2
2 

2
2 

2
0 

18 1
6 

6 2 

 

 

**  = Concentration (ppm) 

C1 = Control-1 (Seeds without any treatment) 

C2 = Control-2 (Surface sterilized seeds) 

 

 



 
 
 

and 2000 ppm concentrations whereas with Lawsone only at 2000 ppm 

concentration. The best germination of 95 per cent was recorded in Eugenol 

and Lawsone followed by 92 per cent with Clocimum oil at 250 ppm 

concentration. Germination percentage was good at other concentrations, of 

these natural (plant) products.  Lemograss oil, Cedarwood oil, Terpinyl acetate 

and opium poppy oil also favoured good germination as compared with 

synthetic fungitoxicants and control set (Table 19). But as the Cedarwood oil at 

250 ppm and 500 ppm concentrations, Terpinyl acetate and opium poppy oil at 

all four concentrations were unable to control the fungal infections, due to 

which germinated seedlings could not survive much. 

 Excellent seedling vigour was recorded at 250 ppm to 2000 ppm 

concentrations of Eugenol, 250 ppm to 1000 ppm concentrations of Lawsone, 

250 ppm and 500 ppm concentration of Clocimum oil, 250 ppm concentraion 

of Menadione and 1000 ppm and 2000 ppm concentrations of Lemograss oil. 

Poor seedling vigour was recorded only at 250 ppm and 500 ppm 

concentrations of opium poppy oil. In rest of the treatments, normal to good 

seedling vigour was recorded. However, in case of synthetic fungitoxicants 

seedling vigour was ordinary. Poor seedling vigour was recorded at 250 ppm 

to 1000 ppm concentrations of Bavistin SD and 250 ppm concentrations of 

Dithane M-45 and Agrosan GN whereas, in rest of the treatments, normal to 

good seedling vigour was recorded. Hence, natural (plant) products again 

proved their superiority over synthetic fungitoxicants. The order of activity of 

various tested natural (plant) products and synthetic fungitoxicants are shown 

in Table 20. 

 

 



 
 
 

Table 19: Influence of different natural (plant) products and commercial 

fungicides treatments over seed      germination and seedling development in P. 

somniferum out of 100 seeds 

Treatments Seed germination (%) Vigour of the germinated 
seedlings 

250* 500* 1000* 2000*     
TG DG TG DG TG DG TG DG 250 500 1000 2000 

Eugenol 95 - 91 - 84 3 78 5 ++++ ++++ ++++ ++++ 

Lawsone 95 - 89 - 70 7 26 17 ++++ ++++ ++++ ++++ 

Clocimum oil 92 - 88 - 85 3 80 4 ++++ ++++ +++ +++ 
Menadione 77 4 28 10 12 3 10 3 ++++ ++ ++ ++ 

Lemograss 
oil 

80 - 75 4 80 2 85 3 +++ +++ ++++ ++++ 

Cedarwood 
oil 

73 - 76 2 82 6 74 8 +++ +++ +++ +++ 

Terpinyl 
acetate 

72 - 73 2 75 2 78 3 ++ ++ +++ +++ 

Opium poppy 
oil  

57 - 63 3 71 2 73 3 + + ++ ++ 

Dithane M-45 68 - 70 3 71 4 75 2 + ++ +++ +++ 

Agrosan GN 67 - 66 5 68 5 71 5 + ++ ++ +++ 

Bavistin-50 42 - 44 5 48 3 51 4 + + + ++ 

Control-1 55 - - - - - - - + - - - 
Control-2 77 - -- - - - - - ++ - - - 

Control-1 = With out any treatment       
  ++ = Normal 
Control-2 = Surface sterilized   - = Absence  
  +++ = Good 
TG  = Timely germination  + = Poor   
  ++++ = Excellent 
   (within 48 hours) 
DG= Delayed germination (after 48 hours) 



 
 
 

Table 20: Showing order of activity of different natural (Plant) products and 

commercial fungicides 

 

Treatments 
Total number of fungal species developed after treatment 
250* 500* 1000* 2000* 

Eugenol 0 0 0 0 
Lawsone 4 0 0 0 
Clocimum oil 8 0 0 0 
Menadione 15 10 4 0 
Lemongrass 
oil 

19 17 10 2 

Cedarwood 
oil 

22 20 19 12 

Terpinyl 
acetate 

22 22 20 20 

Opium poppy 
oil 

22 22 22 22 

Dithane M-
45 

18 16 6 2 

Agrosan GN 22 20 12 5 
Bavistin SD 22 22 22 20 

  

 *  = Concentration (ppm)



 
 
 

Laboratory bioassay of natural (plant) products against the pathogens of 

other diseases 

       The results presented in Table 21 reveal that amongst the eight 

natural (plant) products (NPPs) tested,  four viz., Eugenol, Lawsone, Menadione 

and Clocimum oil completely (100.00 per cent ) inhibited the mycelial growth 

of 6, 5 , 3, and 2 fungi, respectively , at all four concentrations (i.e. 250 ppm, 500 

ppm, 1000 ppm and 2000 ppm) in vitro with a minium inhibitory concentration 

(MIC) of 250 ppm whereas at 500 ppm, 100 ppm and 2000 ppm concentrations, 

mycelial growth of 7, 4, 3, 3, and 1 fungi were completely inhibited by Clocimum  

oil, Lawsone, Eugenol, Lemongrass oil and Menadione, respectively, showing 

MIC of 500 ppm. Similarly at 1000 ppm and 2000 ppm concentrations, mycelial 

growth of 4, 3 and 1 fungi were completely inhibited by Lemongrass oil , 

Menadione and Terpinyl acetate, respectively, showing MIC of 1000 ppm, while 

at 2000 ppm concentrations, mycelial growth of 2 , 1 and 1 fungi were 

completely inhibited by Menadione, Lemongrass oil and Terpinyl acetate, 

respectively.  

 The MIC of  Lawsone   was found to be 250 ppm against  A. alternata, 

Alternaria state of P. infectoria, F. solani, M. racemosus and S. rolfsi, while 500 

ppm against D. Spicifera, F. oxysporum, R. bataticola and R. microsporus ; MIC of 

Menadione was found to be 250 ppm against D. Spicifera, R. bataticola and S. 

rolfsii, while 500 ppm against F. oxysporum ; 1000 ppm against A. alternata, F. 

solani and          



 
 
 

Table 21: Per cent mycelial inhibition of different fungal pathogens of P. 

somniferum with natural (Plant) products 

Treatments Fungal 
Pathogens 

Percent mycelial inhibition at different 
concentrations (ppm) 

Toxicity 
index 

  250 500 1000 2000  
Lawsone A. Alternata 100.00** 100.00** 100.00** 100.00** 400.00 

 Alternaria 
state of  
P. infectoria 

100.00** 100.00** 100.00* 100.00* 400.00 

 D. Spicifera 87.50 100.00* 100.00* 100.00* 387.50 

 F.oxysporum 87.00 100.00* 100.00* 100.00 387.00 

 F. Solani 100.00** 100.00* 100.00* 100.00* 400.00 

 M. 
racemosus 

100.00** 100.00** 100.00 100.00* 400.00 

 R. Bataticola 58.00 100.00** 100.00* 100.00* 358.00 

 R. 
microsporus 

61.00 100.00* 100.00* 100.00* 361.00 

 S. rolfsii 100.00** 100.00** 100.00* 100.00* 400.00 

Menadione A. Alternata 67.50 71.50 100.00* 100.00* 339.00 

 Alternaria 
state of  
P. infectoria 

72.00 72.50 85.00 100.00* 329.50 

 D. Spicifera 100.00** 100.00** 100.00* 100.00* 400.00 

 F. 
oxysporum 

75.50 100.00 100.00* 100.00* 375.50 

 F. Solani 76.00 84.50 100.00* 100.00* 360.50 

 M. 
racemosus 

60.00 65.00 68.00 100.00* 293.00 

 R. Bataticola 100.00* 100.00* 100.00* 100.00* 400.00 

 R. 
microsporus 

70.50 80.50 100.00** 100.00** 351.00 

 S. Rolfsii 100.00* 100.00* 100.00* 100.00 400.00 



 
 
 

Rerpinyl 
acetate 

A. Alternata 00.00 00.00 0.00 36.00 36.00 

 Alternaria 
state of 
P. infectoria 

63.50 67.00 77.00 100.00 307.50 

 D. Spicifera 20.50 30.50 46.00 51.50 148.50 
 F.oxysporum 45.50 49.50 56.50 63.00 214.50 
 F. Solani 46.00 54.50 58.00 68.00 226.50 
 M. 

racemosus 
48.00 51.50 54.00 57.00 210.50 

 R. Bataticola 72.50 86.50 100.00* 100.00* 359.00 

 R. 
microsporus 

0.00 0.00 0.00 6.75 6.75 

 S. rolfsii 00.00 0.00 0.00 0.00 0.00 
Eugenol A. Alternata 100.00* 100.00* 100.00* 100.00* 400.00 

 Alternaria 
state of 
P. infectoria 

100.00** 100.00* 100.00* 100.00 400.00 

 D. Spicifera 100.00** 100.00* 100.00* 100.00* 400.00 

 F.oxysporum 82.50 100.00* 100.00* 100.00* 382.50 

 F. Solani 83.00 100.00* 100.00* 100.00* 383.00 

 M. 
racemosus 

100.00** 100.00** 100.00* 100.00* 400.00 

 R. Bataticola 75.00 100.00* 100.00* 100.00* 375.00 

 R. 
microsporus 

100.00** 100.00** 100.00* 100.00* 400.00 

 S. rolfsii 100.00* 100.00* 100.00* 100.00* 400.00 

Clocimum 
oil 

A. Alternata 69.00 100.00** 100.00** 100.00** 369.00 

 Alternaria 
state of  
P. infectoria 

100.00* 100.00* 100.00* 100.00* 400.00 

 D. Spicifera 80.00 100.00* 100.00* 100.00* 380.00 

 F.oxysporum 84.00 100.00** 100.00** 100.00* 384.00 



 
 
 

 F. Solani 83.50 100.00** 100.00** 100.00* 383.50 

 M. 
racemosus 

80.00 100.00** 100.00* 100.00* 380.00 

 R. Bataticola 85.50 100.00** 100.00** 100.00** 385.50 

 R. 
microsporus 

76.00 100.00** 100.00** 100.00* 376.00 

 S. rolfsii 100.00** 100.00* 100.00* 100.00* 400.00 

Cedarwood 
oil 

A. Alternata 49.50 57.50 65.00 71.00 243.00 

 Alternaria 
state of  
P. infectoria 

44.00 57.00 62.50 70.00 233.50 

 D. Spicifera 34.50 53.00 55.50 62.00 205.00 
 F.oxysporum 33.50 51.00 57.00 66.50 208.00 
 F. Solani 33.00 47.00 53.50 66.00 199.50 
 M. 

racemosus 
15.00 29.50 40.00 45.50 130.00 

 R. Bataticola 17.50 21.00 28.50 58.50 125.50 
 R. 

microsporus 
10.00 22.50 238.00 42.00 112.50 

 S. rolfsii 57.00 71.50 79.50 88.50 296.50 
Lemongrass  
oil 

A. Alternata 80.00 100.00** 100.00** 100.00* 380.00 

 Alternaria 
state of  
P. infectoria 

73.00 100.00** 100.00* 100.00* 373.00 

 D. Spicifera 68.50 75.50 83.50 100.00** 327.50 
 F.oxysporum 69.00 82.00 100.00* 100.00* 351.00 
 F. Solani 55.00 70.50 100.00* 100.00* 325.50 
 M. 

racemosus 
61.50 74.50 100.00* 100.00* 336.00 

 R. Bataticola 58.00 6400 100.00* 100.00* 322.00 
 R. 

microsporus 
0.00 0.00 0.00 0.00 0.00 

 S. rolfsii 28.00 100.00* 100.00* 100.00* 328.00 



 
 
 

Opium 
poppy 

Alternata 12.50 38.50 46.50 53.00 150.50 

 Alternaria 
state of  
P. infectoria 

12.50 23.50 46.50 50.00 132.50 

 D. Spicifera 32.00 37.50 38.50 46.50 154.50 
 F.oxysporum 50.00 54.50 60.00 66.50 231.00 
 F. Solani 38.00 47.00 61.00 71.00 217.00 
 M. 

racemosus 
0.00 0.00 47.00 58.00 106.00 

 R. Bataticola 0.00 0.0 0.00 0.00 0.00 

 R. 
microsporus 

0.0 0.0 0.0 0.0 0.0 

 S. rolfsii 0. 0.0 0.0 3.50 3.50 
Control A. Alternata - - - - - 
 Alternaria 

state of  
P. infectoria 

- - - - - 

 D. Spicifera - - - - - 

 F.oxysporum - - - - - 

 F. Solani - - - - - 
 M. 

racemosus 
- - - - - 

 R. Bataticola - - - - - 

 R. 
microsporus 

- - - - - 

 S. rolfsii - - - - - 
       

  * Fungicidal    ** Fungistatic 

  0 No inhibition   (-) Growth occurs 



 
 
 

R. microsporus and 2000 ppm against Alternaria state of P. infectoria and M. 

Racemosus ; MIC of Terpinyl acetate was found to be 1000 ppm against R. 

bataticola and 2000 ppm against Alternaria state of P. infectoria ; MIC of 

Eugenol was found to be 250 ppm against A. alternata, Alternaria state of P. 

infectoria , D. spicifera , M. racemosus, R. microsporus and S. rolfsii, while 500 

ppm against F. oxysporum, F. solani and R. bataticola ; MIC of Clocimum oil was  

found to be 250 ppm against Alternaria state of P. infectoria and S. rolfsii, while 

500 ppm against A. alternata, D. spicifera, F. oxysporum, F. solani, M. racemosus, 

R. bataticola and R. microsporus ; MIC of Lemongrass oil was found to be 500 

ppm against A. alternata, Alternaria state of P. infectoria and S. rolfsii followed 

by 1000 ppm against F. oxysporum ,  F. solani, M. racemosus and R. bataticola , 

while 2000 ppm against D. spicifera. 

 Observations presented in Table 22 reveal that the Lawsone was found 

to be fungistatic in action at 250 ppm against   A. alternata, F. solani, M. 

racemosus and S. rolfsii while at 500 ppm it was fungistatic against  M. 

racemosus, R. bataticola and S. rolfsii. It was found to be fungicidal in action at 

250 ppm , 500 ppm , 1000 ppm and 2000 ppm against Alternaria state of P. 

infectoria, while at 500 ppm, 1000 ppm, and 2000 ppm, it was fungicidal against  

A. alternata, D. spicifera, F. oxysporum, F. solani and R. microsporus and at 1000 

ppm and 2000 ppm, it was fungicidal  against M. racemosus , R.  bataticola and 

S. rolfsii. 

 Menadione was found to be fungistatic in action at 250 ppm and 500 ppm 

against D. spicifera, while at 1000 ppm and 2000 ppm, it was fungistatic against 

R. microsporus. It was found to be fungicidal in action at 250 ppm, 500 ppm, 

1000 ppm and 2000 ppm against R. bataticola and S. rolfsii, while at 500 ppm, 

1000 ppm and 2000 ppm, it was fungicidal against F. oxysporum only. At 1000 

ppm and 2000 ppm, it was found to be fungicidal against D. spicifera and F. 

solani, while at 2000 ppm, it was fungicidal against Alternaria state of 

P.infectoria and M. recemosus. 

 Terpinyl acetate was found to be fungistatic in action in 2000 ppm against 

Alternaria state of P. infectoria, while it was fungicidal in action at 1000 ppm 

and 2000 ppm against R. bataticola. 



 
 
 

 Eugenol was found to be fungistatic in action at 250 ppm against 

Alternaria state of P. infectoria, D. spicifera, M. racemosus and R. microsporus, 

while at 500 ppm it was fungistatic against M. racemosus and R. microsporus. It  

was found to be fungicidal in action at 250 ppm, 500 ppm , 1000 ppm  and 2000 

ppm against A. alternata and S. rolfsii while at 500 ppm, 1000 ppm, 2000 ppm, 

it was fungicidal in action  against Alternaria state of P. infectoria, D. spicifera, 

F. oxysporum, F. solani and R. bataticola, while at 1000 ppm and 2000 ppm, it 

was fungicidal in action against M. racemosus and R. microsporus.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

             Clocimum oil was found to be fungistatic in action at 250 ppm against S. 

rolfsii, while at 500 ppm, it was fungistatic against A. alterna, F. oxysporum, F. 

solani, M. racemosus, R. bataicola and R. microsporus. At 1000 ppm, it was 

fungistatic against A. alternat, and F. oxysporum, while at 2000 ppm, it was 

fungistatic against A. alternata only. It was found to be fungicidal in action at 

250 ppm, 500 ppm, 1000 ppm and 2000 ppm against Alternaria state of P. 

infectoria, while at 500 ppm, 1000 ppm and 2000 ppm, it was fungicidal against 

D. spicifera and S. rolfsii. At 1000 ppm and 2000 ppm, it was fungicidal against 

F. solani, M. race mosus, R. bataticola and R. microsporus, while at 2000 ppm, it 

was fungicidal against F. oxysporum only. 

 Lemongrass oil was found to be fungistatic in action at 500 ppm, and 

1000 ppm against A. alternata, while at 500 ppm and 2000 ppm, it was 

fungistatic against Alternaria state of P. infectoria and D. spicifera, respectively. 

It was found to be fungicidal in action at 500 ppm, 1000 ppm and 2000 ppm 

against S. rolfsii, while at 1000 ppm and 2000 ppm, it was fungicidal against 

Alternaria state of P. infectoria, F. oxysporum, F. solani, M. racemosus and R. 

bataticola, while it was fungicidal to A. alternata only at 2000  ppm.  

 The fungitoxicity of other concentrations of various natural (plant) 
products, in order of their decreasing inhibitory effect on mycelial growth of 
different fungal pathogens, were Eugenol (83.00-75.00 per cent), Lawsone 
(87.50-58.00 per cent), 

 

 



 
 
 

Table 22: Showing fungistatic and fungicidal nature of minimum inhibitory 
concentrations of     different natural (plant) products 

Treatments Fungal 
pathogens 

Minimum inhibitory concentrations (ppm) 
Fungistatic*   Fungicidal* 

Lawsone A. Alternata 250  250 1000, 2000 
 Alternaria 

state of  
P. infectoria 

   250 500 1000, 2000 

 D. Spicifera    - 500 1000 2000 
 F.oxysporum    - 500 1000 2000 
  F. Solani    - 500 1000 2000 
 M. 

racemosus 
   - - 1000 2000 

 R. Bataticola    - - 1000 2000 
 R. 

microsporus 
   - 500 1000 2000 

 S. rolfsii    - - 1000 2000 
Menadione A. Alternata    - - 1000 2000 
 Alternaria 

state of  
P. infectoria 

   - - - 2000 

 D. Spicifera    -  1000 2000 
 F.oxysporum    - 500 1000 2000 
 F. Solani    -  1000 2000 
 M. 

racemosus 
   -  - 2000 

 R. Bataticola    -   2000 
 R. 

microsporus 
   -   2000 

 S. rolfsii    -   2000 
Terpinyl 
acetate 

A. Alternata -    250 500 1000 2000 

 Alternaria 
state of  
P. infectoria 

  1000 2000 -  - - 

 D. Spicifera     250- 500 1000 2000 
 F.oxysporum     -    



 
 
 

 F. Solani    2000 -- - - - 
 M. 

racemosus 
    -    

 R. Bataticola     -  10000 2000 
 R. 

microsporus 
    -    

 S. rolfsii     -    
Eugenol A. Alternata     250 500 1000 2000 
 Alternaria 

state of  
P. infectoria 

250 - - - - 500 1000 2000 

 D. Spicifera 250 - - - - 500 1000 2000 
 F.oxysporum  - - - - 500 1000 2000 
 F. Solani  - - - - 500 1000 2000 
 M. 

racemosus 
250 500 - - - - 1000 2000 

 R. Bataticola - - - - - 500 1000 2000 
 R. 

microsporus 
250 500  - - - 1000 2000 

 S. rolfsii - -   250 500 1000 2000 
Clocimum 
oil 

A. Alternata - 500 1000 2000 +- - - - 

 Alternaria 
state of  
P. infectoria 

- - - - 250 500 1000 2000 

 D. Spicifera      500 1000 2000 
 F.oxysporum - 500 1000 - - - - 2000 
 F. Solani - 500 - - - - 1000 2000 
 M. 

racemosus 
- 500 - - - - 1000 2000 

 R. Bataticola - 500 - - - - 1000 2000 
 R. 

microsporus 
- 500 - - - - 1000 2000 

 S. rolfsii 250 - - - - 500 1000 2000 
Cedarwood 
oil 

A. Alternata - - - - - - - - 

 Alternaria 
state of  

- - - - - - - - 



 
 
 

P. infectoria 
 D. Spicifera - - - - - - - - 
 F.oxysporum - - - - - - - - 
 F. Solani - - - - - - - - 
 M. 

racemosus 
- - - - - - - - 

 R. Bataticola - - - - - - - - 
 R. 

microsporus 
- - - - - - - - 

 S. rolfsii - - - - - - - - 
Lemongrass 
oil 

A. Alternata - 500 1000     2000 

 Alternaria 
state of  
P. infectoria 

 500 -    1000 2000 

 D. Spicifera - - - 2000   - - 
 F.oxysporum       1000 2000 
 F. Solani       1000 2000 
 M. 

racemosus 
      1000 2000 

 R. Bataticola       1000 2000 
 R. 

microsporus 
        

 S. rolfsii      500 1000 2000 
Opium 
poppy oil 

A. Alternata         

 Alternaria 
state of  
P. infectoria 

        

 

• Property Studied at 100 per cent inhibition (-) Growth occurs 

 

 Clocimum oil (85.50-69.00 per cent), Menadione (85.00-60.00 per cent), 

Lemongrass oil (83.50-28.00 per cent), Cedarwood oil (88.50-10.00 per cent), 



 
 
 

Terpinyl acetate (86.50-6.75 per cent) and opium poppy oil  (71.00- 3.50 per 

cent). However, no inhibition of mycelial growth was observed, with 

Lemongrass oil at any of the four concentrations (i.e. 250 ppm, 500 ppm, 1000 

ppm and 2000 ppm) against R. microsporus, with Terpinyl acetate at 250 ppm, 

500 ppm and 1000 ppm against A. alternata and R. microporus and no inhibion 

of mycelial growth at 250 ppm, 500 ppm, 1000 ppm and 2000 ppm against S. 

rolfsii. This was followed by opium poppy oil, where no inhibition of mycelial 

growth was found at 250 ppm, 500 ppm and 1000 ppm against S. rolfsii, while 

no inhibition of mycelial growth was found at 250 ppm, 500 ppm and 1000 ppm 

against S. rolfsii, while no inhibition of mycelial growth was found at any of the 

four concetrations (250 ppm, 500 ppm, 1000 ppm and 2000 ppm) against R. 

bataicola and R. microsporus (Table 21). The toxicity grades of all the natural 

(plant) products is shown in Table 23. 

 Out of the three synthetic commercial fungicides, only Dithane M-45 was 

found to inhibit the mycelial growth of four test fungi completely (100.00 per 

cent) at 250 ppm, 500ppm, 1000 ppm and 2000 ppm concentrations wheareas 

the mycelial growth of one pathogenic fungus could be inhibited at 2000 ppm 

only. No complete inhibition of mycelial growth was found with Dithane Z-78 

and Bavistin -50 at any of the tested concentrations against any of the test fungi. 



 
 
 

Thefungitoxicity of other concentrations of all the three synthetic commercial 

fungicides in order of their decreasing inhibitory effect on mycelial growth of 

different fungal pathogens, were Dithane M-45 (34.50-74.50 per cent), Dithane 

Z-78 (9.00-73.00 per cent) and Bavistin-50 (4.50-90.00 per cent). However, no 

inhibition of mycelial growth was found at any of the four concentrations  of  

Dithane M-45 and Dithane Z-78 against R. microsporus. Similarly, Bavistin-50 

was also found ineffective to inhibit the mycelial growth of R. microsporus and 

S. rolfsii at all the tested concentrations. 

 On comparing the fungitoxicity of various natural (plant) products with 

synthetic commercial fungicides, five natural (plant) products viz., Eugenol, 

Lawsone, Clocimum oil,  Menadione and Lemongrass oil were found superior 

to all the three synthetic commercial fungicides whereas Cedarwood oil was 

found superior to Dithane Z-78 and Bavistin -50. Terpinyl acetate was found 

superior only to Bavistin -50. Thus the results presented in Table 21, 22 and 23 

show the superiority of natural (plant) products over the synthetic natural 

(plant) products (except in few cases) were found superior over control in 

inhibiting the mycelial growth of different fungal pathogens.  



 
 
 

Table 24:   Per cent mycelial inhibition of different fungal pathogens of P. 

somniferum with synthetic             

 commercial fungicides 

Treatmen
t 

Fungal 
Pathogens 

Percent mycelial inhibition at different 
concentration (ppm) 

Toxicit
y 
index 250 500 1000 2000 

Dithane 
Z-78 

A. Alternata 30.50 44.00 63.00 70.50 208.00 

 Alternaria 
state of P. 
infectoria 

43.50 49.00 53.00 60.50 206.00 

 D. Spicifera 40.50 50.00 60.50 64.00 215.00 
 F.oxysporum 9.00 20.50 29.50 41.50 100.50 
 F. Solani 10.00 21.50 30.50 43.00 73.50 
 M. racemosus 35.50 44.00 47.50 51.50 178.50 
 R. Bataticola 22.50 24.00 34.50 43.50 124.50 
 R. 

microsporus 
00.00 .00 .00 0.0 0.0 

 S. rolfsii 25.50 48.00 66.00 73.00 212.50 
Dithane 
M-45 

A. Alternata 56.50 61.50 68.50 74.00 260.50 

 Alternaria 
state of  P. 
infectoria 

44.00 55.50 64.00 74.50 238.00 

 D. Spicifera 54.00 63.50 69.50 100.00* 287.00 
 F.oxysporum 100.00*

* 
100.00*
* 

100.00*
* 

100.00* 400.00 

 F. Solani 100.00*
* 

100.00*
* 

100.00*
* 

100.00*
* 

400.00 

 M. racemosus 34.50 43.50 49.50 53.50 181.00 
 R. Bataticola 100.00*

* 
100.00*
* 

100.00*
* 

100.00*
* 

400.00 

 R.microsporu
s 

0.0 0.0 0.0 0.0 0.0 

 S. rolfsii 100.00*
* 

100.00*
* 

100.00*
* 

100.00*
* 

400.00 



 
 
 

Bavistin -
50 

A. Alternata 54.00 67.50 72.00 76.50 270.00 

 Alternaria 
state of  
P. infectoria 

53.00 65.00 73.50 80.00 271.50 

 D. Spicifera 60.50 64.00 67.50 74.00 266.00 
 F.oxysporum 16.00 24.00 35.50 55.50 131.00 
 F. Solani 13.50 25.50 34.50 55.50 129.00 
 M. racemosus 4.50 25.50 37.50 46.50 114.00 
 R. Bataticola 4.50 22.00 40.00 48.50 115.00 
 R. 

microsporus 
00.00 00.0 0.0 0.0 0.0 

 S. rolfsii 0. 0. 0. 0. 0.0 
 

 

 *   Fungicidal   ** Fungistatic   00= No 

inhibition 

 

 

 

 

 

 

 

 

 

 



 
 
 

Table 25: Showing fungistatic and fungicidal nature of minimum inhibitory 

concentration of different synthetic commercial fungicides.  

Treatments Fungal Pathogens Minimum inhibitiory concentrations 
(ppm) 

Dithane Z-78 A. Alternata - -  
 Alternaria state 

of  
P. infectoria 

- -  

 D. Spicifera - -  
 F.oxysporum - -  
 F. Solani - -  
 M. racemosus - -  
 R. Bataticola - -  
 R. microsporus - -  
 S. rolfsii - -  
Dithane M-45 A. Alternata - -  
 Alternaria state 

of  
P. infectoria 

 -  

 D. Spicifera -  2000 
 F.oxysporum 250, 500, 

1000 
 2000 

 F. Solani 250, 500, 
1000 

 2000 

 M. racemosus 250, 500, 
1000, 2000 

 - 

 R. Bataticola - --  
 R.microsporus - -  
 S. rolfsii 250, 500, 

1000, 2000 
  

Bavistin-50 A. Alternata - -  
 Alternaria state 

of  
P. infectoria 

- -  

 D. Spicifera - -  
 F.oxysporum - -  
 F. Solani - -  



 
 
 

 M. racemosus - -  
 R. Bataticola - -  
 R. microsporus - -  
 S. rolfsii - -  

 

* Property was studied at 100 per cent inhibition  

(-) Growth Occurs 

Laboratory bioassay of natural (plant) products against the powdery 

mildew pathogen 

 Effects of various natural (plant) products on promptitude of 

germination of conidia are shown in Table 27. Out of eight natural (plant) 

products tested, five natural (plant) products viz., Lawsone, Menadione, 

Eugenol, Clocimum oil and Lemongrass oil inhibited the conidial germination 

completely (100.00 per cent) at all four concentrations (i.e. 250 ppm, 500 ppm, 

1000 ppm and 2000 ppm). This was followed by Cedarwood oil which inhibited 

the conidial germination completely at 500 ppm, 1000 ppm and 2000 ppm 

concentrations. Nevertheless, all the above five natural (plant) products were 

found quite effective at their lowest concentration i.e. 250 ppm. However, of 

various natural (plant) products tested, Terpinyl acetate exhibited the lowest 

percentage of conidial inhibition which was followed by Opium poppy oil. 

Similarly amongst the synthetic commercial fungicides, Sulfex inhibited the 

conidial germination up to 100.00 per cent which was followed by Dithane M-

45 and Blitox-50. 

 Thus, the data presented in Table 27 reveal that out of eight, five natural 
(plant) products viz. Lawsone, Menadione, Eugenol, Clocimum oil and 
Lemongrass oil were found as effective as Sulfex, and established synthetic 
fungitoxicant, for the control of powdery mildew. Simultaneously, they were 
found superior to the other two commerical fungicides, viz. Dithane M-45 and 
Blitox-50. However, Cedarwood oil was found superior only to Dithane M-45 
and Blitox-50.However, Cedarwood oil was found superior only to Dithane M-
45 and Blitox-50  



 
 
 

Table 27: Effect of different natural (plant) products  on conidial germination 

of E. polygoni at different time    intervals   

Treat

ment

s 

Conc

.(pp

m) 

No

.of 

co
nid

ia 

test
ed  

6    hr 12 hr 24  hr 48  hr 

Per 

cent-
germi

natio

n* 

Effici-

ency 
of 

conidi

al 
Inhibi

tion(

%) 

Perc

ent 
ger 

min

atio
n* 

Effi

cien
cy 

of 

coni
dial 

inhi

bitio
n 

(%) 

Per 

cent  
germ

inati

on * 

Effi

cien
cy   

of  

coni
dial  

inhi

bitio
n 

(%) 

Per 

cent  
germi

natio

n*  

Effi

cien
cy 

of 

coni
dial 

inhi

bitio
n 

(%) 

 250 10

00 

0 100.0

0 

0 100.

00 

0 100.

00 

0 100.

00 

Laws

one 

500 10

00 

0 100.0

0 

0 100.

00 

0 100.

00 

0 100.

00 

 1000 10

00 

0 100.0

0 

0 100.

00 

0 100.

00 

0 100.

00 

 2000 10

00 

0 100.0

0 

0 100.

00 

0 100.

00 

0 100.

00 

           

 250 10
0 

0 100.0
0 

0 100.
00 

0 100.
00 

0 100.
00 

 500 10

0 

0 100.0

0 

0 100.

00 

0 100.

00 

0 100.

00 

Men
adio

ne 

1000 10
0 

0 100.0
0 

0 100.
00 

0 100.
00 

0 100.
00 

 2000 10

0 

0 100.0

0 

0 100.

00 

0 100.

00 

0 100.

00 

 250 10

0 

0 100.0

0 

0 100.

00 

0 100.

00 

0 100.

00 

 500 10

0 

0 100.0

0 

0 100.

00 

0 100.

00 

0 100.

00 

Euge

nol 

1000 10

0 

0 100.0

0 

0 100.

00 

0 100.

00 

0 100.

00 



 
 
 

 2000 10
0 

0 100.0
0 

0 100.
00 

0 100.
00 

0 100.
00 

 250 10

0 

0 100.0

0 

0 100.

00 

0 100.

00 

0 100.

00 

 500 10
0 

0 100.0
0 

0 100.
00 

0 100.
00 

0 100.
00 

Cloci

mum 
oil  

1000 10

00 

0 100.0

0 

0 100.

00 

0 100.

00 

0 100.

00 

 2000 10

0 

0 100.0

0 

0 100.

00 

0 100.

00 

0 100.

00 

 250 10
0 

0 100.0
0 

0 100.
00 

0 100.
00 

0 100.
00 

 500 10

0 

0 100.0

0 

0 100.

00 

0 100.

00 

0 100.

00 

Lem
ongr

ass 

oil 

1000 10
0 

0 100.0
0 

0 100.
00 

0 100.
00 

0 100.
00 

 2000 10
0 

0 100.0
0 

0 100.
00 

0 100.
00 

0 100.
00 

 250 10

0 

11.5 83.57 15.5 81.4

3 

18.00 88.2 22.5 76.3

1 

 500 10
0 

0 100.0
0 

0 100.
00 

0 100.
00 

0 100.
00 

Ceda

rwoo
d oil 

1000 10

0 

0 100.0

0 

0 100.

00 

0 100.

00 

0 100.

00 

 2000 10

00 

0 100.0

0 

0 100.

00 

0 100.

00 

0 100.

00 

 250 10
0 

36.0 48.57 38.5 53.8
9 

39.0 57.3
7 

41.0 56.8
4 

 500 10

0 

23.5 66.42 24.5 70.6

5 

26.5 71.0

3 

26.5 72.1

0 

Terpi
nyl 

aceta

te 

1000 10
0 

18.5 73.57 20.0 76.4
0 

21.5 76.5
0 

24.5 74.2
1 



 
 
 

 2000 10
0 

11.5 83.57 12.5 85.0
2 

13.5 85.2
4 

15.5 83.6
8 

 250 10

0 

47.0 32.85 49.5 40.7

1 

51.0 44.2

6 

64.0 32.6

3 

 500 10
0 

29.5 57.85 31.5 62.2
7 

37.5 59.0
1 

53.5 43.6
8 

Opiu

m 
popp

y oil 

1000 10

0 

21.0 70.00 22.5 73.0

5 

24.0 73.7

7 

32.5 65.7

8 

 2000 10

0 

17.0 75.71 19.0 77.2

4 

18.5 79.7

8 

22.5 76.3

1 

 250 10

0 

0 100.0

0 

0 100.

00 

0 100.

00 

0 100.

00 

 500 10

0 

0 100.0

0 

0 100.

00 

0 100.

00 

0 100.

00 

Sulfe

x  

1000 10

0 

0 100.0

0 

0 100.

00 

0 100.

00 

0 100.

00 

 2000 10

0 

0 100.0

0 

0 100.

00 

0 100.

00 

0 100.

00 

 250 10

0 

35.0 50.0 37.5 55.0

8 

37.5 59.0

1 

38.0 60.0

0 

 500 10

0 

22.0 68.57 22.5 73.0

5 

25.5 72.1

3 

26.5 72.1

0 

Dith

ane 

M-45 

1000 10

0 

19.0 72.85 20.0 76.0

4 

21.0 77.0

4 

23.5 75.2

6 

 2000 10
0 

11.0 84.28 10.0 88.0
2 

11.0 87.9
7 

12.0 87.3
6 

 250 10

0 

36.5 47.85 40.5 51.4

9 

42.0 54.0

9 

47.5 50.0

0 

 500 10
0 

29.0 58.57 31.5 62.2
9 

35.0 61.7
4 

37.0 61.0
5 

Blito

x-50 

1000 10

0 

21.0 70.00 22.5 73.0

5 

24.0 73.7

7 

25.5 73.1

5 

 2000 10
0 

11.0 84.28 12.5 85.0
2 

15.0 83.6
0 

16.5 
 

82.6
3 



 
 
 

Cont
rol-

1** 

- 10
0 

61.5 12.5 73.5 11.9
7 

82.0 10.3
8 

83.5 12.1
0 

Cont
rol-

2*** 

- 10
0 

70.0 - 83.5 - 91.5 - 95.0 - 

*Average of 100 conidia in three replicates 

**Glass slides with submerged conidia in water  
*** Glass slides coated with pure agar  

 Temperature during experiment : 20 (±2)0C 

 



 
 
 

             In control sets, conidia submerged in water on glass slides (Control -1) 

also exhibited inhibition in conidial germination but inhibition in this case was 

least of  all the  treatments but significantly superior  to the Control -2. 

Chemical control  of the diseases in field  

Chemical control of downy mildew disease  

Control of primary  infection  by seed treatment 

 The data presented in Table 28 reveal that out of eight natural (plant) 

products and two commercial fungicides tested during 1982-83, under natural 

conditions, three natural (plant) products viz., Clocimum oil, Eugenol and 

Lawsone were found to reduce the primary infection of the disease  up to 97.00 

per cent, 95.00 per cent and 90.00 per cent, respectively at 500 ppm 

concentration followed by Lemongrass oil (72.00 per cent) at the same 

concentration, whereas, the two commercial fungicides, Dithane M-45 and 

Blitox-50 were found to reduce the disease only up to 68.00 per cent  and 59.00 

per cent, respectively. Simultaneously, out of the above four natural (plant) 

products, two natural products viz., Clocimum oil and Eugenol were found to 

check the primary infection completely (100.00 per cent) and Lemongrass oil 

(83.00 per cent) (Table 28). Moreover, all the natural (plant) products were 

found effective at their lowest concentration (i.e. 500 ppm) also. 

 

 



 
 
 

    As the Menadion checked seed germination at 500 .ppm and above 

concentrations, it was tested at 250 ppm and 400 ppm concentrations at which, 

it did not check the primary  infection satisfactorily. 

 Thus, the data presented in Table 28 show the superiority of four natural 

(plant) products over both the commercial fungicides. However, Clocimum oil, 

Eugenol and Lawsone were found to be most effective natural (plant) products. 

The experiment was  repeated  with these three products and  similar results 

were obtained suggesting that Clocimum oil, Eugenol and Lawsone can check 

the transmission of primary infection of P. arborescens through seed treatment. 

Control of primary infection by soil drenching of natural (plant) prodcuts 

 Amongst the eight natural (plant) products tested as soil drench to control 

the primary infection of downy mildew, three viz., Clocicum oil, Eugenol and 

Lawsone reduced the disease up to 93.34 per cent, 87.00 per cent and 80.00 per 

cent, respectively, at 500 ppm concentration whereas, Bavistin-50 and Calixin 

reduced the disease only up to 50.00 per cent and 33.34 per cent, respectively. 

However, out of the three, only two natural (plant) products viz., Clocicmum 

oil and Eugenol checked the disease completely (100.00 per cent) whereas, none 

of the commercial fungicides could check the disease completely. The Mendione 

checked the seed germination at the tested concentrations but when tested at 

lower concentration of 250 ppm and 400 ppm, it could not check the disease 

satisfactorily (Table 29). 

 The experiment was repeated with Clocimum oil, Eugenol and Lawsone 

and similar results were obtained suggesting that all  the  three natural (plant) 

products applied to soil can check oospore infection more effectively than have 

shown their fruitfulness in controlling the primary infection of downy mildew 



 
 
 

and simultaneously show their superiority over the two commercial fungicides 

without  imparting any visual phytotoxicity to the experimental plants. 

Control Of secondary infection by foliar application  

A. Control of the disease in glass-house:  Out of eight natural (plant) 

products evaluated for the control of secondary infecton of  downy mildew in 

glass-house conditions, six natural plant products viz., Clocimum oil (90.26 

per cent), Eugenol (90.26 per), Lawsone (87.61 per cent), Menadione (79.64 

per cent), Lemongrass oil (76.99 per cent), and Cedarwood oil (63.71 per cent) 

were found effective in controlling the disease at 500 ppm concentration. 

However, Clocimum oil and Eugenol gave best results showing  90.26 per 

cent disease control whereas, out of the two commercial 

  



 
 
 

Table 29: Control of primary infection of P. arborescens by soiil drenching of 

natural (plant) products 

Treatments Conc. 

(PPM) 

NO. of 

germinated 
platns 

NO. of 

plants 
infected 

Per 

per cent 

infection 

Efficiency of 

disease 
control (%) 

Clocimum 
oil 

500 30 2 6.66 93.34 

 2000 30 0 0.0 100.00 

Eugenol 500 30 4 13.00 87.00 

 200 30 0 0.0 100.00 

Lawsone 500 30 6 20.00 80.00 

 2000 30 2 6.66 93.34 

Lemongrass 

oil 

500 30 13 43.33 56.67 

 2000 30 10 33.33 66.67 

Cedarwood 
oil 

500 30 17 56.66 43 

 2000 30 13 43.33 56.67 

Menadione 400 30 15 50.00 50.00 

 500 30 25 83.33 16.67 

Opium 
poppy oil 

2000 30 20 66.66 33.34 

 500 30 15 50.00 50.00 

Bavisting-50 2000 30 10 33.33 66.67 

 500 30 20 66.66 33.34 

Calixin 2000 30 17 56.66 43.34 

Control - 30 28 93.34 - 

 



 
 
 

fungicides only Dithane M-45 could check the disease only up to 56.64 per cent. 

All the above six natural (plant) products were found more effective at 2000 ppm 

concentration showing 94.69 to 64.48 per cent of disease control (Table 30). 

However, at the same concetration, Clocimum oil proved to be the best, (93.81 

per cent) and Lawsone (90.26 per cent). Although, Menadione ranked fourth 

position, nevertheless, it gave a good control of 82.30 per cent whereas, Dithane 

M-45 could control the disease only up to 67.26 per cent at the same 

concentration. 

 The experiment was repeated with Clocimum oil, Eugenol and Lawsone 

at 2000 ppm concentration and similar results were obtained suggesting that 

Clocimum oil, Eugenol and Lawsone can check the secondary infection of P. 

arborescens more effectively than commercial fungicides tested. Spraying the 

solutions of all the natural (plant) products, neither affected the leaf number per 

plant, nor produced any symptoms of visual phytotoxicity to any other part of 

the treated plants, of P. somniferum.  

B.      Control of the disease in field : The results presented in Table 31 reveal 

that out of eight natural (plant) products tested during 1982-83, five reduced the 

disease intensity significantly over the control. Clocimum oil, Eugenol and 

Lawsone were the most effective natural (plant) products at both concentrations 

and were superior to all other natural (plant) products. Menadione was found 

next to Lawsone followed by Lemongrass oil and Cedarwood oil. However, all 

of these 

 

Table 30: Effect of follar application on the secondary infection (lead spot) of 

downy mildew under glass- house conditions. 



 
 
 

Treatments Conc. 
(ppm) 

No. of 
leaves 

inoculated  

No. of 
leaves 

infected 

Score of 
infection 

Disease 
index % 

Efficiency 
of disease 

control % 

Lawsone 500 30 6 14 9.33 87.61 

 2000 30 4 11 7.33 90.26 

Menadione  500 30 8 23 15.33 79.64 

 2000 30 6 20 13.33 82.30 

Eugenol 500 30 5 11 7.33 90.26 

 2000 30 4 7 4.66 93.81 

Clocimum 
oil 

500 30 5 11 7.33 90.26 

 5000 30 3 6 4.00 94.69 

Lemongrass 

oil 

500 30 12 26 17.33 76.99 

 2000 30 10 23 15.33 79.64 

Cedarwood  

oil 

500 30 17 41 27.33 63.7 

 2000 30 11 39 26.00 65.48 

Terpinyl 
acetate 

500 30 21 53 35.33 53.09 

 2000 30 19 48 32.00 57.52 

Oppium 

poppy oil 

500 30 26 71 47.333 37.16 

 2000 30 23 65 43.33 42.47 

Dithane M-

45 

500 30 15 49 32.66 56.64 

 2000 30 10 37 24.66 67.26 

Blitox-50 500 30 24 69 46.00 38.93 

 2000 30 19 64 42.66 43.36 

Control - 30 28 113 75.33 - 

       

 

* Plants were inoculated 24 hours after the last application of natural (plant) 

products 

 

 



 
 
 

Table 31: Efficacy of foilar application of natural (plant) products on intensity 

of downy mildew when sprayed at 15 days interval during 1982-83 

 

 

 

Treatments Conc. 

(ppm) 

No. of 

leaves 

inoculated  

No. of 

leaves 

infected 

Score of 

infection 

Disease 

index % 

Efficiency 

of disease 

control % 

Clocimum 

oil 

500 30 8 32 21.33 71.93 

 2000 30 6 14 9.33 87.72 

Eugenol 500 30 9 35 23.33 69.30 

 2000 30 6 16 10.63 86.01 

Lawsone 500 30 10 39 26.00 65.78 

 2000 30 8 19 142.67 83.32 

Menadione 500 30 14 47 31.33 58.77 

 2000 30 12 30 20.00 73.68 

Lemongrass 
oil 

500 30 17 61 40.66 46.50 

 2000 30 13 41 27.33 64.03 

Cedarwood 

oil 

500 30 21 73 48.66 35.97 

 2000 30 18 51 34.00 55.26 

Terppinyl 

acetate 

500 30 23 88 58.66 22.81 

 2000 30 20 77 51.33 32.46 

Opium 
poppy oil 

500 30 28 99 66.00 13.15 

 2000 30 26 85 56.66 25.44 

Dithane M-

45 

500 30 22 74 40.33 35.09 

 2000 30 18 52 34.66 54.39 

Blitox-50 500 30 23 76 50.66 33.34 

 2000 30 19 58 38.66 49.13 

Control 500 30 28 114 76.00 - 



 
 
 

were  found highly efficacious at 2000 ppm concentration. Terpinyl acetate and 

Opium poppy oil were found very poor in efficacy. Dithane M-45 was the most 

effective fungicide amongst the two commercial fungicidess. Blitox-50 was 

found next to Dithane M-45. 

 Clocimum oil, Eugenol and Lawsone proved highly efficacious in 

controlling the disease at 2000 ppm concentration. However, maximum disease 

control of 87.72 per cent was obtained with Clocimum oil followed by 86.01 per 

cent with Eugenol which in turn was followed by 83.32 per cent with Lawsone. 

Menadione got fourth place in order of efficacy with a disease control of 73.68 

per cent followed by Lemongrass oil (64.03 per cent) and Cedarwood oil (55.26 

per cent). In case of commercial fungicides, maximum disease control of 54.39 

per cent was obtained with Dithane M-45 followed by Blitox-50 (49.13 per cent). 

In addition, Clocimum oil, Eugenol and Lawsone also gave good control of the 

disease at their lowest concentration i.e., at 500 ppm though the performance is 

inferior to that of 2000 ppm concentration. Out of eight natural (plant) products, 

five natural (plant) products, viz., Clocimum oil, Eugenol, Lawsone, 

Lemongrass oil and Cedarwood oil were found superior to both the two 

commercial fungicides. 

 In 1983-84 cropping season, three natural (plant) products viz. Clocimum 

oil , Eugenol and Lawsone found effective in preceeding year, were again found 

highly efficacious in controlling the downy mildew infection considerably at 

2000 ppm concentration when sprayed at 10 days interval (Table 32).  

 Trials were conducted again to confirm the efficacy of Clocimum oil, 

Eugenol and Lawsone during 1984-85 cropping season. All the three natural 

(plant) products were found to control the disease effectively and increase the 

yield of latex and seeds. Maximum disease control efficiency was found with 



 
 
 

Clocimum oil (88.60 per cent) followed by Eugenol (86.84 per cent) and 

Lawsone (84.21 per cent) whereas, with Dithane M-45 maximum disease 

control was found to be 60.52 per cent. Maximum increase in latex and seed 

yield was found with Clocimum oil, the percentage increase being 19.50 and 

17.00, respectively followed by Eugenol, with an increase of 19.20 and 16.30 per 

cent, respectively. It was followed by Lawsone, the percentage increase in case 

of Dithane M-45 was 7.90 and 11.35, respectively (Table 33). 

 Thus, the results presented in Table 32 and 33 clearly show that all the 

three natural (plant) products checked the secondary infection of P. arborscens 

more effectively and were significantly superior to commercial fungicides with 

an increase in latex and seed yield. Spraying the solutions of all the natural 

(plant) products, neither affected the leaf number per plant, nor produced any 

symptoms of visual phytotoxicity to any other part of the treated plant of P. 

somniferum. 



 
 
 

Table 32: Efficacy of foliar application of three natural (plant) products on 

secondary infection of downy mildew when sprayed at 10 days interval during 

1983-84 

Treatments Conc. 

(ppm) 

No. of 

plants 

observed 

No l of 

plants 

infected 

Score of 

infection 

Disease 

index % 

Efficiency 

of disease 

control % 

Clocimum 

oil  

2000 30 6 13 8.66 88.60 

Eugenol 2000 30 6 15 10.00 86.84 

Lawsone 2000 30 7 18 12.00 84.21 

Dithane M-

45 

2000 30 13 45 30.00 60.52 

Control - 30 28 114 76.00 - 

 

 

 

  



 
 
 

Table 33: Efficacy of three natural (plant) products on infection, yield of latex 

and seed when sprayed at 10 days interval during 1984-85 

Treatm

ent 

Con

c. 

(pp
m) 

Dise

ase 

index 
% 

Efficie

ncy of 

disease 
control 

% 

Yield 

of 

latex 
in 

chec

k un 
spray

ed 

plant
s 

(gm) 

Yiel

d of 

latex 
after 

spra

y 
(gm) 

Incre

ase in 

latex 
% 

Yield of 

seeds in 

check 
Unspra

yed) 

plants 
(gm) 

Yiel

d of 

seed
s 

after 

spra
y 

(gm) 

Incre

ase in 

seed 
yield 

% 

Clocim
um  

200
0 

8.66 88.60 26.75
2 

31.9
70 

19.50 583.15 682.
25 

17.00 

Egenol 200

0 

10.00 86.84 26.75

2 

31.8

67 

19.20 583.15 678.

19 

16.30 

Lawso
ne 

200
0 

12.00 84.21 26.75
2 

31.6
79 

18.39 583.15 665.
27 

14.08 

Dithan

e M-45 

200

0 

30.00 60.52 26.75

2 

28.8

67 

7.90 583.15 649.

38 

11.35 

Contro
l 

- 76.00 - 19.63
3 

- - 425.29 - - 

 

 

 

 

 

 



 
 
 

Control of secondary infection of downy mildew by root application of 

natural (plant) products 

 The results presented in Table 34 reveal that the intensity of disease per 

leaf  has been greatly affected by the treatments as compared to the control. The 

results clearly indicate that all the NPPs and both the fungicides were 

tranlocated in the system of the plants through roots and were capable of 

reducing the disease to various degree  at both concentrations. However, four 

natural (plant) products viz., Clocimum oil, Lawsone, Eugenol and Menadione 

were found most effective showing 90.17 per cent, 85.66 per cent 85.82 per cent 

and 75.53 per cent of disease control, respectively, at 500 ppm concentration 

whereas, the commercial fungicides viz., Bavistin-50 and Calixin could control 

the disease only up to 62.64 per cent and 58.45 per cent, respectively. 

 However, at 2000 ppm concentration, out of above four, three NPPs were 

found even more effective showing 93.48 per cent, 90.42 per cent and 89.86 per 

cent of disease control, respectively. Out of these three, Clocimum oil was found 

most effective showing 93.48 per cent of disease control  followed by Lawsone 

(90.42  per cent) and Eugenol (89.86 per cent) whereas, Bavistin-50 and Calixin 

could control the disease only up to 69.37 per cent and 60.47 per cent, 

respectively. Moreover, all the natural (plant) products were found effective at 

their lowest concentrations (i.e. at 500 ppm) also.  

 

 

 

 



 
 
 

Table 34: Response of different natural (plant) products on development of 

secondary infection of downy mildew disease 

Treatment Conc. 
(ppm) 

No. of 
leaves 

inculated  

(A) 

No. of 
leaves 

infected 

(B) 

Total 
score of 

infection 

per 
treatment 

(C) 

Average 
score of 

infection 

per leaf 
(D=C/A) 

Efficiency 
of disease 

control % 

Lawsone  500 54 10 15 0.277 85.66 

 2000 54 7 10 0.185 90.42 

Menadione 500 57 15 27 0.473 75.53 

 2000 60 11 21 0.35 81.89 

Eugenol 500 51 9 14 0.274 85.82 

 2000 51 6 10 0.196 89.86 

Clocimum 
oil 

500 63 8 12 0.190 90.17 

 2000 63 5 8 0.126 93.48 

Lemongrass 

oil 

500 57 21 32 0.561 70.97 

 2000 57 17 23 0.403 79.15 

Cedarwood 

oil 

500 51 28 41 0.803 58.45 

 2000 48 23 35 0.729 62.28 

Terpinyl 
acetate 

500 60 35 54 0.9 53.44 

 2000 57 30 43 0.754 60.99 

Opium 

poppy oil 

500 51 49 78 1.529 20.90 

 2000 54 47 71 1..314 32.02 

Bavistin -50 500 54 26 39 0.722 62.64 

 2000 54 21 32 0.592 69.37 

Calixin 500 51 39 41 0.803 58.45 

 2000 51 33 39 0.764 60.47 

Control-1* - 60 52 116 1.933 - 

Control-2** - 63 - - - - 

 

* inoculated      ** Uninoculated 



 
 
 

                     The experiment was repeated with Clocimum oil and Lawsone at 

2000 ppm concentration and similar results were obtained suggesting that 

Clocimum oil and Lawsone can check the secondary infection of P.arborescens 

more effectively than the commercial fungicides. Spraying the solutions of all 

natural (plant) products neither affected the leaf number per plant, nor produced 

any symptoms of visual phytotoxicity to any other part of the treated plants of 

P. somniferum. 

Chemical control of powdery mildew disease  

Efficacy of foliar application of natural (plant) products on intensity of 

powdery mildew 

                       The results presented in Table 35 reveal that out of eight natural 

(plant) products tested during 1982-83 cropping season, six gave significantly 

superior disease control over the control. Clocimum oil, Eugenol and Lawsone 

were the most effective natural (plant) products at all the four concentrations 

and were superior to all other treatments. Menadione was found next to 

Lawsone followed by Lemongrass oil and Cedarwood oil. However, all of these 

were found highly efficacious at 2000 ppm concentration. Terpinyl acetate and 

Opium poppy oil were found very poor in efficacy. Sulfex was the most effective 

amongst the commercial fungicides. Dithane M-45 was found next to Sulfex 

followed by Blitox-50. Water spray alone (Control-1) also reduced the disease 

intensity and was least effective of all the treatments but was superior to the 

opium   



 
 
 

Table 35 : Efficacy of foliar application of natural (plant) products on the 

intensity of powdery mildew diseas when sprayed at 15 days interval 

during 1982-83 

Treatment Conc. 

(ppm) 

No. of 

plants 

observed 

Score of 

infection 

Disease 

index % 

Efficiency 

of disease 

control % 

Clocimum 

oil 

250 10 19 21.11 76.24 

 500 10 17 18.88 78.75 

 1000 10 13 14.44 83.75 

 2000 10 10 11.11 87.50 

Eugenol 250 10 19 21.11 76.24 

 500 10 17 18.88 78.85 

 1000 10 14 15.55 82.50 

 2000 10 11 12.22 86.25 

Lawsone 250 10 21 23.33 73.75 

 500 10 19 21.11 76.24 

 1000 10 15 16.66 81.25 

 2000 10 12 13.33 785.00 

Menadione 250 10 24 26.66 70.00 

 500 10 20 22.22 75.00 

 1000 10 15 16.66 81.25 

 2000 10 13 14.44 83.75 

Lemongrass 

oil 

250 10 28 31.11 64.99 

 500 10 25 27.77 68.75 

 1000 10 22 24.44 72.50 

 2000 10 19 21.11 76.24 

Cedarwood 

oil 

250 10 40 44.44 50.00 

 500 10 35 38.88 56.25 

 1000 10 32 35.55 60.00 

 2000 10 27 30.00 66.24 

Terpinyl 

acetate 

250 10 65 72.22 18.74 

 500 10 59 65.55 26.24 



 
 
 

 1000 10 56 62.22 29.99 

 2000 10 54 60.00 32.49 

Opium 
poppy oil 

250 10 79 87.77 1.24 

 500 10 75 83.33 6.24 

 1000 10 70 77.77 12.50 

 2000 10 67 74.44 16.24 

Sulfex 250 10 29 32.22 63.74 

 500 10 22 24.44 72.50 

 1000 10 18 20.00 77.49 

 2000 10 15 16.66 81.25 

Dithane M-

45 

250 10 61 67.77 23.75 

 500 10 56 62.22 29.99 

 1000 10 54 60.00 32.49 

 2000 10 52 57.77 35.00 

Blitox-50 250 10 68 75.55 14.99 

 500 10 64 71.11 19.99 

 1000 10 61 67.77 23.75 

 2000 10 58 64.44 27.49 

Control-1 

(with water) 

 10 74 82.22 7.49 

Contrl-2 
(No 

treatment) 

 10 80 88.88 - 

 

 

 

 

 

 

 



 
 
 

poppy oil at 250 and 500 ppm concentrations and to the Control-2, i.e. no 

treatment. However, there was no significant difference in disease intensity 

between the Control-1 and Control-2.  

 Clocimum oil, Eugenol and Lawsone proved highly efficacious in 

controlling the disease at 2000 ppm concentration. However, maximum disease 

control of 87.50 per cent was obtained with Clocimum oil followed by 86.25 per 

cent with Eugenol which in turn followed by 85.00 per cent with Lawsone at 

2000 ppm concentration. Menadione got fourth place in order of efficacy with a 

disease control of 83.75 per cent, followed by Lemngrass oil (76.24 per cent) and 

Cedarwood oil (66.24 per cent). Similarly, with commercial fungicides, 

maximum disease control of 81.25 per cent was obtained with Sulfex  followed  

by Dithane M-45 (35.00 per cent) and Blitox-50 (27.49 per cent). In addition, 

Clocimum oil, Eugenol, Lawsone and Menadione also gave good control of the 

disease at their lowest concentration i.e. at 250 ppm though the performance 

was inferior to that of 2000 ppm concentration. 

 However, out of eight natural (plant) products, four viz, Clocimim oil, 

Eugenol, Lawsone and Menadione were found superior to all the three 

commercial fungicides whereas, Lemongrass oil and Cedarwood oil were found 

superior to Dithane M-45 and Blitox-50 only. Terpinyl acetate was found 

superior only to Blitox-50 (Table 35).  

 In 1983-84 cropping season, all the three natural (plant) products, found 

effective in preceeding year, were again found highly efficacious in controlling 

the powdery mildew infection at 2000 ppm concentration when sprayed at 10 

days interval (Table 36). 



 
 
 

 Trials were conducted again to confirm the efficacy of Clocimum oil, 

Eugenol and Lawsone during 1984-85. All the three natural (plant) products 

were found to control the disease effectively and increase the yields  of latex and 

seed. Maximum efficiency of disease control was found with Clocimum oil 

(91.25 per cent) followed by Eugenol (90.00 per cent) and Lawsone (87.25 per 

cent) whereas, with Sulfex , maximum disease  control was 85.00 per cent. 

Maximum increase in latex and seed yield was found with Clocimum oil, the 

percentage increase being 22.90 and 15.26, respectively followed by Eugenol, 

with an increase of 20.15 and 14.52 per cent, respectively. It was followed by 

Lawsone, the percentage increase being 15.87 and 13.27, respectively whereas,  

the percentage increase in case of Sulfex was being 12.42 and 12.13 respectively. 

Water spray also gave a percentage increase of 4.09 and 2.20, respectively (Table 

37). 

 Thus, The results presented in Table 35,36 and 37 clearly show that all the 

three natural (plant) products gave significantly super performance over 

commercial fungicides in  



 
 
 

Table 36 : Efficacy of foliar application of three natural (plant) products on the 

intensity of powdery mildew disease when sprayed at 10 days interval during 

1983-84 

Treatment Conc. 

(ppm) 

No. of 

plants 

Observed 

Score of 

infection 

Disease 

index % 

Efficiency 

of disease 

control % 

Clocimum 

oil 

2000 10 7 7.77 91.25 

Eugenol 2000 10 8 8.88 90.00 

Lawsone 2000 10 10 11.11 87.25 

Sulfex 2000 10 12 13.33 85.00 

Control-1 

(with water) 

- 10 70 77.77 12.50 

Contrl-2 

(No 
treatment) 

- 10 80 88.88 - 



 
 
 

Table 37: Efficacy of three natural (plant) producets on the infection, yield of 

latex and seed when sprayed at 10 days interval during 1984-85 

Treatment Con
c 

(pp

m) 

Disea
se 

index 

% 

Efficie
ncy of 

disease 

control 
% 

Yields 
of latex 

in 

Check 
(unspra

yed –

plants 
(gm) 

Yiel
ds of 

latex 

after 
spra

y 

(gm) 

Increase 
in latex 

% 

Yield of 
seed in 

check 

unspray
ed plants 

(gm) 

Yield 
of seed 

after 

spray 
(gm) 

Increa
se in 

seed 

yield 
% 

Clocimum 

oil 

200

0 

7.77 91.25 25.879 31.8

06 

22.90 627.18 722.89 15.26 

Eugenol 200
0 

8.88 90.00 25.879 31.0
94 

20.15 627.18 718.25 14.52 

Lawsone 200

0 

11.11 87.25 25.879 29.9

87 

15.87 627.18 71.45 13.27 

Sulfex 200
0 

13.33 85.00 25.879 28.0
94 

12.42 627.18 703.28 12.13 

Control-a 

(with water 

- 77.77 12.50 25.879 28.0

94 

12.42 627.18 703.28 12.13 

Control-2 
(No 

treatment) 

- 88.88 - 18.582 - - 487.37 - - 

 

checking the disease with an effective increase in latex and seed yield. Spraying 

the solutions of all the natural (plant) products, neither affected the leaf number 

per plant, nor produced any symptoms of visual phytotoxicity to any other part 

of the treated plants of P. somniferum.  

  



 
 
 

DISCUSSION 

              Opium poppy Papaver somniferum (L), like other medicinal plants, is 

known to suffer from a number of fungal (Holliday, 1980; Janardhanan and 

Husain, 1983), bacterial (Atanasoff et al., 1932; Christoff, 1932 and Singh, 1969)  

and  viral (Anand & Summanwar, 1981; Horvath and Besada, 1975 and Smith, 

1972) diseases. But  fungal diseases are more numerous, frequent and 

devastating (Butler, 1918 ;  Chattopadhyay, 1967; Horsfall and Ellis, 1977 and  

Schmitt, 1975). Present work revealed that the crop, in eastern parts of Uttar 

Pradesh is attacked by a number of phytopathogenic fungi causing seed borne 

diseases (caused by several spermaphileein fungi); damping-off (caused by 

Fusarium solani (Mart.) Sacc.); downy mildew (caused by Peronospora arborescens 

(Berk.) Casp); wilt disease (caused by Fusarium oxysporum Schlecht.); root-rot 

(caused by Rhizoctonia bataticola (Taub.) Briton-Jones state of Macrophomina 

phaseolina (Tassi) Goid); sclerotial wilt ( caused by  Sclerotium rolfsii Sacc.) ; leaf 

spot desease (caused by Alternaria alternata (Fr.) Keissler); leaf blight disease ( 

caused by Drechslera spicifera (Bainier) v. Arx state of Cochliobolus spicifer Nelson); 

stem rot (caused by Mucor racemosus Fres.); sepal and petal blight ( caused by 

Alternaria alternata (Fr.) Keissler); stamen blight (caused by Alternaria state of 

Pleospora infectoria Fuckel); capsule rot (caused by Rhizopus microsporus v. 

Tieghem) and powder mildew caused by Erysiphe polygoni DC. and Oidium state 

of Erysiphe cichoracearum DC).  

  



 
 
 

Seed borne diseases  

                  Seed comes in contact with various saprophytic and parasitic fungi 

from the time of its formation through harvesting, threshing, transit and finally 

storage. Seed infection leads to a lowered germination percentage, lower 

seedling vigour and mortality. Such infected seeds create disease foci which 

initiate infection of the new harvest (Naumova, 1970). Association of a large 

number of fungi with economically important crop seeds has been worked out 

extensively (Agarwal et al., 1972; Christensen and Gordon, 1948; Morey, 1976; 

Bagga, 1970 ; Luke and Barnett, 1979; Mishra and Kanaujia ,1973 ; Sharma and 

Chauhan, 1974; Suryanarayana and Bhombe, 1961 and Mittal and Sharma , 

1982). 

 Inspection of dry seed samples revealed that opium poppy seeds collected 

from different growing areas and from different sources carried a good number 

of several inert matters viz., soil particles, different parts of the host and several 

other kind of grains. These inert matters on incubation on different media , 

yielded a varied fungal flora including both saprophytic and parasitic fungi, 

establishing that inert materials carry mycoflora. 

 Out of total fungi isolated from all insert matters, six fungi viz., M. 

racemosus, R. bataticola, F. solani, F. oxysporum, A. alternata and D. spicifera have 

already been found pathogenic to opium poppy plants. Neergaard (1977) 

emphasized  the  need of inspection of dry seed for imputities (inert matters) as 

the concomitant contamination occurring in plant debris leads to seed 

transmission of the pathogenic agents. Yossiflovitch (1929) reported that 

fragments of diseased opium poppy capsules act as dangerous source of 

Peronospora arborescens  infection when mixed with seed.  



 
 
 

 In seed discouration studies, discoloration were observed in varying 

degrees. These may be either due to necrosis, due to stains produced by the 

harburing fungi or may be due to fungus coatings. The results are in consonance 

with those of Kondo and Okamura (1927), Christensen (1957), Kilpatrick 

(1957), Ullstrup (1961), Ou (1963), Nath et al.,(1970), Neergaard (1970 b and 

1977) and Laviolette and Athow (1972). 

 The weight lost by the experimental seeds is well documented. It may be 

either due to poor development of seeds or due to shrinkage and reduction in 

size of the seeds. The findings of Bomberg (1936), Wallin (1946 a , 1946 b) and 

Boosalis (1952) are in conformity with the present findings. It might be also due 

to consumption of the stored food material of the seed and their biodeterioration, 

preferably of seed coat and reticulation walls, by the toxic metabolites secreted 

by harbouring spermaphileein fungi. Reduction in seed weight may also happen 

due to poor development of the seed as a result of indirect effect of many fungi, 

which were not necessarily seed – transmitted. Foliage pathogens may severily 

impair photosynthesis with adverse consequences to seed development. The fact 

is supported by the example of black stem rust, Puccina graminis   and other rust 

fungi in cereals, grasses, and other crops; powdery mildews, e.g. Erysiphe 

graminis  in cereals and grasses and downy mildew e.g. Peronospora destructor in 

onion (Neergaard,1977). Naumova (1970) observed that weight of wheat ear 

infected by Septoria spot sometimes drops by 2.3-14.6 per cent while the weight 

of grains from one ear was reduced by 8.3 - 27.3 per cent. 

 The highest and lowest moisture percentages were recorded in seed 

samples collected from market and opium poppy fields at the time of harvesting 

, respectively. The lower moisture percentage in seed samples from fields might 

be due to the fact that opium poppy seeds were harvested during hot summer 



 
 
 

months (April – May) of the year. The moisture content of the seeds play and 

important  role in deterioration of seeds by spermaphileein fungi. Chistensen 

(1964), Christensen and Kaufman (1973) and Kanaujia (1974) have shown that 

seeds with higher moisture content carry higher   percentage of seed infection 

and generlly with more fungal species.  

 Washings of seeds yielded in total 10 fungal species out of which two were 

obligate parasites and four facultative saprophytes. The remaining four were 

saprophytes. The technique was used mainly for the determination of seed 

infections caused by obligate parasitic fungi. The procedure has been used for 

similar purposes in France by Chapman (1975) and in India by Suryanaryana 

and Bhombe (1961). 

 Healthy and deteriorated capsules yielded 15 and 19 fungal species from 

external surface and 2 and 10 fungal species occurring internally, respectively. 

Similarly, seeds form such capsules yielded 4 and 12 fungal species from external 

surface and zero and 10 fungal species internally, respectively. However, seeds 

obtained from healthy capsules yielded no internally occurring fungi. Out of the 

fungi isolated from deteriorated and healthy capsules and seeds, A.niger, P. 

canadense  and R.microsporus were dominant. Moreover, obiligate parasites viz ., 

downy mildew fungus - P. arborescens and two powdery mildew fungi – E. 

polygoni  and E. circhoracearum  were also found to be associated with the 

deteriorated casules externally. It appears that the inoculum reached inside seed 

bearing parts either form atmosphere or through the insect pollinators. Many 

insects may enter the capsule by mechanical inhury (Singh et al., 1983). Similar 

observations  were also made in case of cotton ball rot (Edgerton,1912), 

microbial degradation of cotton fibre  (Guthrie et al., 1950) and Sesamum , 



 
 
 

Linum and Eruca  (Agarwal,1965). Bagga and Laster (1969) studied the role of 

insects in transferring the inoculum in cotton balls. Occurrence of P. arborescens 

from deteriorated capsules and seeds both, prove the fact that the fungus 

(causing downy mildew of opium poppy ) is transmitted through the capsular 

fragments and seeds. The present findings are in  full  agreement  with those of 

Yossiflovitch (1929) and Inaba et al. ,(1983). 

 In all 27 and 18 fungal species were found to be associated externally and 

internally, respectively, with the tested opium poppy seeds. Out of four methods  

tried  in  the  present  study, moist blotter yielded maximum number of fungal 

species and also fungal colonies followed by potato dextrose agar. Thus, the 

present study also proved the superiority of blotter method over other methods 

of determination of spermaphileein fungi and confirmed the findings of  Nath  

et.al., (1970)  and  Agarwal et al., (1972). 

                Active saprophytes like Aspergillus, Rhizopus and Penicillum species 

constituted the majority in both external and internal flora. This may be due to 

their wide range of distribution and greater tolerance capability to various 

limiting factors. However, experiments on surface disinfection of seeds revealed 

that external contamination was most common. Out of 27 externally associated 

fungal species, only ll viz., A.niger, A.alternata P. canadense. F. oxysporum, C. 

lunata, D. spicifera, R. nigricans, R. microsporus, M. phaseolina, C. capsici and B. 

cinerea   showed deep-seated  internal  infections. Aspergillus spp., Penicillium spp., 

R. nigricans, Mucor spp., Alternaria spp. and C. herbarum   along with eight other 

fungi have been  found  to be associated with opium poppy seeds in Poland 

(Zarzyca,1958) too. External contaminations were more frequent and only a 

small percentage of seeds bore internal pathogens viz., Helminthosporium 



 
 
 

papaveris, Fusarium scirpi var. caudatum and Alternaria spp. These results are in 

agreement with the major part of the present findings.  

 The saprophytic fungal species isolated from discoloured seeds out 

numbered those isolated form normal coloured seeds. Discolored seeds also 

showed  higher  percentage  of  A. niger and R. microsporus.  

           On incubation of opium poppy seeds at two different temperatures (i.e at 

20 ± 20 C and 27 ± 20 C) by blotter and P.D.A. methods, higher number  (19) of  

fungi  were  encountered  at 27 +2 C in comparison to that of 12 fungi  at 20±20 

C. Perhaps because of this only, Neergaard (1969) recommended the incubation 

of seeds at 28 ±20 C for tropical and sub-tropical crops. 

 In consonance to that of external and internal spermaphileein mycoflora, 

species of active saprophytes like Aspergillus, Penicillium and Rhizopus were 

encountered  equally at both the temperatures  but they were overgrowing other 

fungi at higher temperature. 

         The studies clearly revealed the succession of mycoorganisms from field to 

storage, through various stages of development and post-harvest activities with 

different microecological conditions and the environmental set up. 

 A perusal of literature reveals  that some of the spermaphileein fungi viz., 

P.arborescens, Alternaria spp., C. herbarum, Aspergillus spp., Penicillium spp., R. 

nigricans, Mucor spp., Aspergillus and  Trichoderma spp. reported here have already 

been reported from opium poppy seeds by different workers (Alavi, 1975; 

Christoff, 1943; Gobelez, 1956; Pietkiewicz, 1943; Rundy, 1976 and Zarzyca , 

1958) from different parts of the world whereas the others (Table 1, 4,5,6,and 7) 



 
 
 

are being reported for the first time and constitutes new world record on P. 

somniferum  seeds.  

 In artificial inoculation experiments, all the nine frequently occurring 

spermaphileein fungal  species  have proved their pathogenic ability. However, 

out of these, nine fungal species, A niger, R. nigricans, R. microsporus  and P. 

canadense   appeared as ‘ highly pathogenic’  reducing seed germination by 72-95 

per cent in unsterillized soil and 78 -100 per cent in sterilized soil, while D. 

spicifera, F. solani, F. oxysporum, A. alternata and M. phaseolina  appeared as  ‘severe 

pathogens’  lowering germination by 62 -74 per cent in sterilized soil. Similarly, 

P. canadense, M. phaseolina, R. microsporus, R. nigricans and D. spicifera, A. niger, F. 

solnai, F. oxysporumn and A. alternata  appeared as ‘ very severe’ and  ‘severe’ 

pathogens in agar test and were found to reduce 93-100 per cent and 72- 82 per 

cent of seed germination, respectively. Suryanaraya and Bhombe (1961); 

Dwivedi and Singh (1973); Kanaujia (1974 ); Jain et al., (1982) ; Mittal and 

Sharma (1982); Kumar and Singh (1983) have also reported the loss of   

germinability due to seed rot by many seed- borne fungi including species of 

Aspergillus, Alternaria, Fusarium, Macrophomina and  Rhizopus  etc. Srivastava and 

Gupta (1982) also reported the species of Aspergillus, Alternaria, Drechslera and 

Fusarium as ‘very severe’ pathogens causing seed and seedling rots in yellow 

cosmos seeds to the extent of 80 per cent. In addition, all the nine fungal  species  

were also found to cause 19-32 and 13-31 per cent of pre- and post–emergence 

seed and seedling rots. Jain et al.,(1982) also  found  Alternaria, Fusarium and 

Macrophomina  spp. causing pre– and post-emergence seed rots in moth bean. 

Out of 15 fungal species isolated from opium poppy seeds, Zarzyca (1958) found 

H.papaveris as the most noxious fungal pathogen, causing considerable loss in 

seed germination, and increased seedlings decay, whereas  F. scirpi var. caudatum 



 
 
 

and Alternaria spp. decreases seed germination and cause seedling  decay to only 

a limited  extent. These findings are in agreement with the findings of the present 

study.  

 The results of present investigation clearly show that opium poppy seeds 

collected from different sources can be grouped into two categories (i) apparently 

healthy and (ii) infected (deteriorated). Both these types have some initial 

mycoflora which can be isolated from external surface (external spermaphileein 

mycoflora) causing deterioration of seeds both qualitatively and quantitatively. 

 Before accession of the fungal flora, seeds have been in direct contact with 

fungi in field, processing yard, transit and storage. Consequently respective fungi 

had fair chance to contaminate the seeds and to grow and multiply there as long 

as food supply is adequate and environmental conditions are favourable. With 

the passage of time, the microecological position of the seed changes because of 

depletion of food and change in the environment. Now other fungi, more suited 

to this microenvironment take over and establish. It also appears that 

morphological structure of the opium poppy seed is quite important and spores 

of many fungi may survive on such sites (within grooves made by reticulation 

walls) and in suitable conditions invasion of seeds takes place.  

 The fungi which could ultimately establish on the seeds, proved 

detrimental to the seed in differernt ways and varying degrees. The presence of 

frequently occuring saprophytes like Aspergillus,  Rhizopus and Penicillium species 

in higher percentage is probably one of the main reason for the    
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variable and Rhizopus sp. produce aflatoxins in seeds. Mishra and Kanaujia 

(1974) reported that seed germination and seedling growth of certain oily and 

starchy seeds were adversely affected by the culture filtrates of Aspergillus  spp ., 

R. nigricans and Penicillium spp. Adverse effect of the mycotoxins has also been 

reported by various workers (Diener and Davis, 1966 b and Coducer et  al.,1963) 

on different hosts. It was also observed during the present investigation that 

besides Aspergillus, Penicillium and Rhizopus species, other spermaphileein fungi 

also cause seed and seedling rots. Even if, all the seeds infected by these 

spermaphileein  fungi  were not killed outrightly, the seedlings which emerge 

from such seeds were weaker and stunted resulting in ultimate reduction in crop 

yield. 

                   It is also likely that survival and infestation of different mycoflora in 

storage is affected by the phenomenon of antagonism or synergism. The 

mycotoxins secreted by these fungi ultimately accumulate on and in the seeds 

and harm it and also the health of humans and animals consuming it (Forgacs, 

1962; Spensely, 1963; Ciegeler et al., 1971; Goldblatt, 1969; Kadis et al., 1971, 

1972; Neergaard, 1977 and Stinson et al., 1980). Toxigenicity of fungi (other 

than A. flavus group) isolated from cotton seed and bolls , to brine shrimp, chick 

embryos and rats has also been reported by Diener et al., (1976). 

Damping–off disease 

The opium poppy crop suffers from damping-off disease incited by several 

phytopathogenic fungi. The present study noted it from eastern Uttar Pradesh. 

It was caused by Fusarium solani (Mart.) Sacc. A damping-off of cultivated 

poppy, was reported for the first time by Barbacka (1936) from Poland and 

subsequently from Denmark (Neergaard, 1937; Gassner, 1949 and Stapel, 



 
 
 

1960).  Zogg (1945) reported that opium poppy seedlings sustain heavy  damage 

from a damping-off disease caused by Pyrenophora (Pleospora)  calvescens,  in 

Switzerland. The disease caused by Rhizoctonia solani, is found to cause mild 

damage in Pakistan (Zaman and  Khan , 1969).  In Australia, the disease was 

caused by D. penicillatum (Munro, 1978). 

During the present investigation, the disease was found to cause mild 

damge to the crop. The disease was favoured by excessive irrigation and cloudy 

weather. The disease surveys reveal that the disease was prevalent throughout 

the eastern Uttar Pradesh. Its incidence was maximum i.e. 28.33 per cent in 

Mughalsi followed by 27.33 per cent in Barabanki and was minimum (20.00 per 

cent) in Kumarganj.  

       The occurrence of the disease caused by F. solani  has  been noted  for the  

first time and thus constitutes a new world record on P. somniferum. 

          Morphological details of the fungus studied during the present 

investigation, were typical of Fusarium solani   (Mart.) Sacc. (Booth , 1971). 

Downy mildew disease 

 The opium poppy crop suffers from a downy mildew disease incited by 

Peronospora   arborescens (Berk.) Casp.  Its occurrence was reported as early as in 

1897 from   India (Cunningham, 1897)  but  Butler (1918)  described it in detail. 

The disease, however, was first reported by Gaumann (1923) and Van Poetern 

(1923). 

 The disease was found to cause mild to severe damage to the crop by 

different workers throughout the world (Gaumann, 1923; Van Poeteren, 1923; 

Fokin, 1924; Prochaska, 1928; Proshkina, 1928; Cotton, 1929; Yossiflovitch, 



 
 
 

1928,1929; Skoric, 1930; Lindquist, 1939, Ikata and Yamauti, 1941; Petrak and 

Esfandiari, 1941; Christoff, 1943; Darpoux, 1945; Kratichvil and Zakopal, 1948; 

Schimdt, 1949; Beaumont, 1953; Pietkiewicz, 1958; Elaide, 1960; Stapel 1960; 

Zyubin, 1963;  Scharif, 1970; Alavi, 1974, 1975; Rundy, 1976; Leiteritz and 

Roder, 1980 and Wronska, 1980). Apart from above, downy mildew was 

reported from other species of Papaver also, viz., on Meconopsis spp. by Alcock 

(1930); on garden poppy by Pape (1933); on P. rhoeas by Da camara et al., (1936) 

and Thind (1942); on P. nudicaule by Annonymous (1950) and   Lindquist et al., 

(1964). 

              Butler (1918) was first to study the yield reducing capacity of the 

disease. According to him downy mildew causes 20-30 per cent loss in yield. 

During the present investigation, disease was observed to appear year after year 

from seedling to maturity stage of the crop as epiphytotic throughout eastern 

Uttar Pradesh. Similar observations were also made by Kothari and Prasad 

(1970) from Rajasthan, Moesz (1938) from Hungary and by Masurat and 

Stephan (1963) from Germany. Gaumann (1923) and Skoric (1930) considered 

P. arborescens to be a biologically specialized form on P.somniferum but Cotton 

(1929) doubted the existence of physiological strain of the fungus. 

Its incidence was maximum i.e. 74.50 per cent in Mughalsi followed by 

66.66 per cent in Barabanki and was minimum (58.00 per cent) in Kumarganj. 

The occurrence and severity of downy mildew of opium poppy under reference 

happen to be the first report of its prevalence from Uttar Pradesh. 

The disease symptoms in the present study are in full agreement with the 

findings of Butler (1918), Kothari and Prasad (1970), Ramanathan and 

Ramachandran (1977), Thakore et al., (1983), and Gupta (1984). Moreover, it 



 
 
 

was observed that the disease sapped the vigour and vitality of the plant and 

stunted it. On disease being severe, heavy infection was observed on peduncle, 

flower buds and even on inchoate capsule but not persistently. The infected buds 

remain under-developed, became feckless and did not open while, capsules 

became crooked. Kotahri and Prasad (1970) during histopathological studies, 

observed the presence of mycelium of P.arborescens within peduncle, stamens and 

developing ovules of opium poppy, which supports the present findings.  

The yield loss experiments conducted during 1982-83, 1983-84 and 1984-

85, showd that secondary infection of downy mildew could give a loss of 16.7-

33.8 per cent in latex yield and 13.8-16.5 per cent in seed yield when infection 

index ranged from 58.6-78.4 per cent. Thakore et al., (1983) also reported that 

the secondary infection of downy mildew was found to reduce 17.00-22.8 per 

cent of latex yield and its morphine content while 12.9-14.8 per cent of seed yield 

when infection index ranged from 68.7-71.2 per cent in Rajasthan. Zyubin 

(1963) likewise, reported the yield loss of opium and seeds by 5-20 per cent   and 

50-70 per cent while, Alavi (1975) observed 7-37 per cent losses in seed yield due 

to downy mildew disease. 

The loss in terms of latex and seed yield is well documented. The infected 

regions of the infected leaves become brown to black (dead) due to heavy coating 

of the fungal material destroying the chlorophyll of the leaves. This, in turn, 

affects the photosynthesis as well as transmission of sap from the soil to capsules 

which in turn, affects the latex and seed yields. Reduction in seed yield as a result 

of poor development of seeds has been recorded by Neergaard (1977) also. He 

further reported that foliage pathogens may severely impair photosynthesis with 

adverse consequences for seed development.The morphological details of the 

fungus studied, resembled those described by Butler (1918) and Kothari and 



 
 
 

Prasad (1970) for Peronospora arborescens (Berk.) Casp. The abundance of 

mycelium, conidiophores, conidia and oospores suggests that P. arborescens on 

opium poppy has developed remarkable adaptability to meet the challenges of 

nature. 

Only fresh conidia were found infective and lost viability soon after the 

collection of the herbaria unless kept at low temperatures. It was observed that 

they retained their pathogenic viability up to 15 days when stored at 5-7°C of 

temperature. However, conidia were found incapable to produce typical 

symptoms of the disease in detached leaves and uprooted plants. 

Results of inoculation with conidia from severely diseased plants show 

that conidia cause leaf spots. The occurrence of leaf spots in new fields of opium 

poppy can be explained. Thus, conidia from severely diseased plants from other 

fields are blown by wind currents to a newly sown field where they cause 

infection. The appearance of leaf spots in nature 2-3 weeks after the appearance 

of severely diseased plants also supports this contention.  

Severely diseased plants appear throughout the crop period and each one 

of these produces a huge crop of conidia. Thus, abundant conidium inoculum is 

available throughout the crop period and this explains why leaf spots continue 

to appear till maturity of the crop. 

Inoculation experiments suggest that an important requirement for 

conidial infection is the presence of free water at least for four  hours  in the 

infection court.  Under natural conditions, this requirement might be fulfilled by 

heavy dewdrops. Inoculation experiments have further shown that night 

temperatures prevailing throughout the crop period are suitable for 

establishment of infection and plants are susceptible at all stages of their growth. 



 
 
 

Thus, the three basic conditions (i) active inoculums throughout the crop period, 

(ii) susceptibility of the crop at all stages and, (iii) suitability of environmental 

factors for establishment of infection, synchronize resulting in severe leaf 

spotting even up to maturity of the crop. 

The oospores of the pathogen were capable of producing typical 

symptoms of the disease within 20-22 days. The experiments conducted to 

workout the infective period and pathogenic ability of oospores reveal that the 

fresh oospores were non-pathogenic and they require some resting period to 

become pathogenic. Oospores were found to retain their pathogenic ability upto 

3 year and to a lesser extent in consecutive years. It was also found that the soil 

acts as a potent reservoir of the oospores of the pathogen. That is why, the 

disease appears in the second year of poppy cultivation.  In a new field, opium 

poppy plants were found susceptible to the disease at all growth stages and may 

contract infection at any of their growth stage. However, older leaves were found 

more vulnerable than younger ones. The observations made by Yossiflovitch 

(1928) and Kothari and Prasad (1970) are in agreement with these findings. 

 

 

 

 

 

 

 



 
 
 

Root-rot disease 

Root-rot disease of opium poppy is reported to be caused by several 

phytopathogenic fungi (Janardhanan and Husain, 1983). Its occurrence in India 

was reported as early as in 1918 by Butler (1918). It was caused by Rhizoctonia   

sp. However, the disease was first reported by Masalab (1938) from Crimea, 

where it was caused by Sclerotinia sclerotiorum. 

 Apart from the report of Butler (1918), Uppal et al., (1935) reported the 

occurrence of Corticium solani (Rhizoctonia solani) from Karachi. Deshpande et al., 

(1969) found root-rot of opium poppy caused by R. solani as a most damaging 

disease. During the course of present investigation, another root-rot of opium 

poppy caused by R. bataticola Briton-Jones state of Macrophomina phaseolina  has  

been observed in opium poppy growing tract of eastern Uttar Pradesh. In 

seedling stage, root-rot was also found to be caused by F. semitectum 

(Janardhanan and Husain, 1983) from Lucknow. 

 The disease surveys conducted reveal that the disease was prevalent 

throughout eastern Uttar Pradesh. However, its incidence was maximum i.e. 

17.00 per cent in Barabanki  followed by 11.00 per cent in Kumarganj and was 

minimum (8.75 per cent) in Mughalsi. 

 The occurrence and severity of the disease under reference happens to be 

the first report of its prevalence from Uttar Pradesh. 

 The disease symptoms produced by different pathogens differ widely. 

However, the symptoms of root- rot caused by R. bataticola Briton-Jones state of 

M. phaseolina were more or less similar with those described by earlier workers   

(Butler, 1918 and Deshpande et al., 1969). Moreover during present 



 
 
 

investigations, it was observed that the disease may appear alone or in 

combination with Peronospora arborescens and the rot was usually a dry one at 

least on the above ground part. 

 Morphological details of the fungus studied during the present 

investigation were typical of Rhizoctonia bataticola (Taub.) Briton-Jones state of 

Macrophomina phaseolina (Tassi) Goid, but was atypical, forming few sclerotia in 

subcultures. It also differs in colony characteristics and sclerotial size as reported 

by Butler (1918) and Deshpande et al., (1969 ). 

Leaf spot disease 

 The opium poppy crop suffers from leaf spot disease caused by several 

phytopathogenic fungi. One of these was reported from India by Pavgi and 

Upadhyay (1969). It was caused by Cercospora papavericola. It was also reported 

by Muller and Chupp (1936), Stevenson (1942), Chupp  (1954) and Zaman and 

Khan (1969) from Brazil, U.S.A, New York and Pakistan , respectively. 

 During the course of present investigation, a new leaf spot disease, caused 

by Alternaria alternata (Fr.) Keissler, has been observed. Leaf spot disease caused 

by other fungal pathogens viz., D. penicillatum and E. fuscum were reported by 

Van Poeteren (1929, 1933) and Savulescu (1932), Mehlisch (1935),  Kochman 

(1936),  Kovacevski (1936), Brundza (1937), Nattrass (1937), Saville (1946) and 

Bremer et al., (1947), respectively. 

The disease survey conducted reveals that the disease was prevalent 

throughout the eastern Uttar Pradesh. However, its incidence was maximum 

i.e. 70.00 per cent in Kumarganj followed by 66.66 per cent in Barabanki and 

was minimum (65.00 per cent) in Mughalsi. Van Poeteren (1933) also observed 



 
 
 

that 15.00 per cent of the plants remain free from the infection of D. penicillatum 

in Oudenbosch district. 

 The occurrence of  leaf spot disease caused by A. alternata  has been noted 

for the first time and thus constitutes a new world record on P. somniferum. 

 The disease symptoms were characterized by dark-brown to black 

coloured spherical to irregular spots. The infected regions became necrotic 

resulting in premature death of the infected foliage. The disease was luxurient in 

shady parts of the fields and was favoured by cloudy weather. 

 Morphological details of the fungus studied during the present 

investigation were typical of Alternaria alternata (Fr.) Keissler (Ellis, 1971). 

Leaf blight disease 

 The opium poppy crop suffers from serious leaf blight disease caused by 

several phytopathogenic fungi. This is the first report of leaf blight disease of 

opium poppy caused by Drechslera spicifera (Bainier) v. Arx state of Cochliobolus 

spicifer Nelson, from India. A leaf  blight disease caused by Pleospora papaveracea 

was reported as early as in 1928 from U.S.S.R. (Girzitska, 1928). 

During the course of present investigation, incidence of the disease was 

found equally throughout the field though it was higher in dense part of the crop 

and on the plants growing under shade. The disease was found to be favoured  

by cloudy weather and excessive irrigation. Similar observations were recorded 

also by Christoff (1930), Reinmuth (1935), Marz (1960), Bogarada et al., (1971), 

Gassner (1949) , Radulescu et al., (1961) and Redulescu and Perseca (1964). 



 
 
 

 The disease surveys conducted reveal that the disease was prevalent 

throughout the eastern Uttar   Pradesh. However, its incidence was maximum 

i.e. 90.00 per cent in Mughalsi followed by 78.50 per cent in Barabanki and was 

minimum (74.50 per cent ) in Kumarganj. Marz (1960) reported incidence of the 

disease varying from 2.48 to 98.75 per cent according to locality, whereas 

Masurat and Stephan (1961) found 9.00 and 14.00 per cent of infection in 

Leippzig and Halle, respectively. 

 Its occurrence has been noted for the first time and thus constitutes a new 

world record on P. somniferum. 

 The symptoms observed during the present investigation, differ from the 

earlier findings as the causal pathogen themselves are different. The disease 

under investigation was characterized by dark brown to black coloured diffused 

spots. These infected regions became necrotic followed by premature death of 

the infected leaves. 

          Morphologicall details of the fungus studied during the course of present 

investigation,  were typical of Drechslera spicifera v. Arx state of Coachliobolus 

spicifer Nelson (Ellis, 1971). 

Wilt disease 

 The opium poppy crop suffers from a mild wilt disease caused by several 

phytopathogenic fungi. 

 In India, wilt disease of opium poppy, caused by Fusarium oxysporum 

Schlecht  and   Sclerotium rolfsii Sacc., has been observed for the first time from 

eastern Uttar Pradesh during the present investigation. A wilt of poppy caused 

by Verticillium sp. was reported as early as 1925 from Holland (Vander Meer, 



 
 
 

1925). This disease was later reported by Donandit (1932) and Schneider (1953) 

on P.bracteatum and by Goidanich (1932 ) and Dimoc ( 1940 ) on P. rhoeas and 

P. orientale. Brittlebank and Fish (1927) found a wilt of P. nudicaule caused by 

Phytopthora cryptogea in Melbourne, while Wager (1931) reported another wilt of 

P. rhoeas caused by Pythium artotrogus from S. Africa. Navarro De Palencia 

(1954) reported outbreaks of a Fusarium wilt, caused by F. martii or F. oxysporum 

var. cubense, from Spain. 

 During the present investigation, the disease was found to be favoured by 

excessive irrigation and high plant density. In addition, intensity of the disease 

was found higher in shady parts of the fields. Reinmuth (1942) observed that the 

disease probably needs warm conditions for its optimum development whereas 

the infection was found to be favoured by drought (Anonymous, 1945). 

 The disease surveys revealed that the wilt caused by F. oxysporum was 

prevalent throughout the eastern Uttar Pradesh, however, maximum  incidence 

of  22.50 per cent was found in Mughalsi followed by 18.33 per cent in 

Kumarganj. It was minimum (17.66 per cent)  in Barabanki. The wilt caused by 

S. rolfsii was maximum i.e. 9.66 per cent in Mughalsi followed by 6.00 per cent 

in Kumarganj and was minimum (3.30 per cent) in Barabanki. 

 The occurrence of wilt of opium poppy caused by F. oxysporum has been 

noted for the first time and thus constitutes a new world record. Occurrence of 

S. rolfsii on P. somniferum, although already reported by Patel et al., (1949) from 

the then Bombay Presidency, happens to be the first record on the foot part of 

the host plant. 

 The disease symptoms observed in case of wilts caused by different 

pathogens naturally differed widely. The symptoms of wilt caused by 



 
 
 

F.oxysporum, observed during the present investigation, revealed that the disease 

appeared in the plants when they were 5-6 weeks old, followed by yellowing and 

flagging of leaves ultimately resulting foliar wilting and rapid  desiccation of 

entire plant. In case of wilt caused by S. rolfsii, the disease appeared at young 

stage of the plants. The fungus attacked the plants at collar region and below the 

soil. The foliage soon yellowed, became flaccid and drooped-off. The infected 

region became slightly discoloured. Infected plants ultimately wilted and died. 

 Morphological characters of both the fungi studied during the present 

investigation were typical of their species. 

Diseases of stem 

 The opium poppy crop was found to suffer from stem rot and stem 

infection diseases, both caused by several phytopathogenic fungi in varying 

degrees. 

 In India, stem rot disease of opium poppy was observed for the first time 

from eastern Uttar Pradesh during the present investigation. It was found to be 

caused by Mucor racemosus Fres. Another stem rot caused by Rhizoctonia solani 

was reprted as early as 1969 from Pakistan ( Zaman and Khan, 1969).The stem 

infection caused by Pleospora papaveracea was reported as early as 1928 from 

U.S.S.R. (Girzitska, 1928), Extrand (1941), Reinmuth (1942), Meffert (1950), 

Maas Geesteranus (1960), Radulescu and Perseca (1964) and Drozdovskaya 

(1977) also reported the stem infection of opium poppy caused by P. papaveracea 

(imperfect state of Helminthosporium papaveris) from Sweden, Bulgaria, 

Germany, Netherlands and Romania, whereas, Zogg (1945)  reported 



 
 
 

that in Switezerland, stem infection was caused by Pyrenophora (Pleospora) 

calvescens. 

 During the present investigation, it was observed that the fungus   M. 

racemosus, attacked the plants around the flowering stage and started infection 

from base of the stem whereas, Girzitska (1928) observed that mycelium of the 

fungus infect the stem after causing leaf infection. Maas Geesternus (1960), 

however, reported that the fungus attacks only dying tissues of the plants and 

confines itself to the bark while, Drozdovskaya (1977) reported that the fungus 

H. papaveris overwintered in the remains of opium poppy plants. Reinmuth 

(1942) reported that P. papaveracea   first attacks the base of the stem and causes 

necrosis. Meffert (1950) observed that within the stem, growth of P. papaveracea 

was predominantly intercellular causing tracheomycosis. Howerver, during the 

present investigation, infection resulted in constriction and girdling of the stem 

followed by wilting and toppling of the plants. 

 The disease surveys revealed that the stem rot was restricted to Mughalsi 

region of eastern Uttar Pradesh on a minor scale and the incidence was found 

only up to 7.00 per cent. The occurrence of stem rot disease has been noted for 

the first time and thus constitutes a new world record on P. somniferum. 

 The symptoms pertaining to stem rot and stem infection diseases were 

found different in each pathogen. During the present  investigation, it was 

observed that symptoms appeared as ash coloured diffused spots, which 

enlarged to encroach much of the stem with the aging. The infected portion 

turned black to olivaceous black, got constricted and looked girdled resulting in 

wilting of the foliage before or after flowering. The infected plants topple down 

automatically or  by getting a slight jerk. 



 
 
 

 Morphological characters of the fungus studied during the present 

investigation were typical of Mucor racemosus Fres. (Gilman, 1957 and Tandon, 

1968). In artificial inoculation experiments, the pathogen appeared as a weak 

parasite and need very high inoculum load to produce typical symptoms. 

Sepal blight and Petal blight diseases 

 The opium poppy crop was found to suffer from sepal and petal blight 

diseases occurring on minor scale. It was for the first time that these diseases, 

caused by Alternaria alternata (Fr.) Keissler, were observed from eastern Uttar 

Pradesh and constitutes first world record. 

 The disease surveys revealed that the sepal blight disease was prevalent 

throughout the area, however, its incidence ranged between 21.00 per cent in 

Kumarganj to 17.66 per cent in Barabanki, whereas the incidence of petal blight 

ranged between 18.33 per cent in Mughalsi and Kumarganj to 12.50 per cent in 

Barabanki. 

The disease symptoms pertaining to sepal blight were characterized by 

long diffused spots covering ½ or ¾ part of the sepals with a tarry appearance on 

aging. Infected buds fail to open from normal opening point and got open from 

other weakened points or could not flower at all and withered. The symptoms 

pertaining  to petal blight were characterized by light brown diffused stripes 

covering about 90 per cent of the petals and became tenacious in severe cases. 

Infected petals neither open nor fall–off as usual resulting in failure of pollination  

The incidence of both the diseases was favoured by cloudy weather. The 

diseases were severed in the fields with higher plant population than in those 

with thinner plant stands. 



 
 
 

Morphological characters of the causal fungus were typical of the species 

(Ellis, 1971). 

Stamen blight disease  

The opium poppy crop was found to suffer from a stamen blight diseases 

caused by Alternaria state of Pleospora infectoria Fuckel which appears on a minor 

scale. 

           The disease surveys revealed that the stamen blight disease was prevalent 

throughout the area, however, its incidence was ranged between 15.00 per cent 

in Mughalsi to 9.00 per cent in Kumarganj. Its occurrence has been noted for 

the first time and thus constitutes a new world record on P. somniferum. 

         The disease symptoms were characterized by brown to black coloured 

spots all over the stamens making them blurred and tarry with the aging. In 

severe cases, crumpling of the anthers takes place which incapacitate them for 

reproductive purposes. The disease was prevalent in late flowering cases and 

was found to be favoured by cloudy weather and winter rains.  

 Morphological characters of the causal fungus studied during the present 

investigation were typical of Alternaria state of Pleospora infectoria Fuckel (Ellis, 

1971). 

Diseases of capsule 

 The opium poppy crop was found to suffer from capsule rot and capsule 

infection diseases, both caused by several fungi in varying degrees. 

 Capsule rot disease was first reported in 1921 from Naples (Parisi 

Rosa,1921) and in 1971 from India (Sehgal et al., 1971). 



 
 
 

 Sehgal et al., (1971) reported a capsule rot caused by Dendryphion 

penicillatum from Rajasthan whereas Janardhanan and Husain reported a serious 

capsule rot caused by Botrytis cinerea from Lucknow. However, during the 

present investigation, another capsule rot disease caused by Rhizopus microsporus 

v. Tieghem has been observed for the first time from easten Uttar Pradesh. Both 

capsule rot and capsule infection were reported to cause mild to severe damage 

to the crop by different workers throughout the world ( Garbowski and 

Juraszkowna,1933; Grummer,1953; Miczulsska,1967; Felklova,1976; 

Rundy,1976; Christoff,1934 and 1943; Darpoux,1945; Reinmuth,1948; 

Ballarin,1950; Marz,1979; Zogg,1945 and Laughlin and Munro,1982). 

 The disease surveys  revealed the presence of capsule rot throughout  

eastern Uttar Pradesh , however, its incidence was a maximum of 36.00 per cent 

in Mughalsi to a minimum of 18.33 per cent in Kumarganj. Rundy (1976) also 

reported the incidence of fungal infection of poppy heads up to 14.65 per cent. 

 The occurrence of capsule disease caused by R. microsporus v. Tieghem 

has been noted for the first time and thus constitutes a new world record on P. 

somniferum. 

 Symptoms differed depending upon the causal oraganism. The symptoms 

pertaining to capsule rot under investigation were characterized by diffused ash 

coloured spots which later bulged and tarnished covering much of the young 

capsules. On disease being  severe,whole capsule became floppy and rotted. The 

symptoms observed by other workers differd from the present study and being 

chracterized by large velvety black spots, especially on the green capsules (Parisi 

Rosa, 1921), precocious germination of the unripe to semi-ripe seeds within the 

capsules (Grummer, 1953), spotting of balls (Christoff, 1943), deformity of the 



 
 
 

capsules (Darpoux, 1945). Infected   capsules grow one sided and stunted 

(Reinmuth, 1948) and spots on capsules (Zogg, 1945). 

 Morphological characters of the fungus studied during the present 

investigation were typical of Rhizopus microsporus v. Tieghem (Lunn. No.  523). 

Powdery mildew disease 

 The opium poppy crop suffers from powdery mildew disease caused by 

several mildew causing fungi in varying degrees. 

 Its occurrence in India was reported as early as 1949 by Patel et al., (1949). 

It was caused by Erysiphe cichoracearum. However, it was first reported by 

Zaprometoff (1925) from Middle Asia. Darpoux (1945) also reported the 

occurrence of fungus from France. During  the course of present  investigation,  

the disease was found to be caused by E. polygoni DC. It inflicted severe losses 

to the crop . Similar observations were made by other workers (Kothari and 

Prasad 1972; Gupta, 1984; Schuepp and Blumer, 1963 and Zaman and Khan 

1969) from Rajasthan, New Delhi, Wadenswil and Pakistan as well. However, 

during the present investigation powdery mildew caused by Oidium state of E. 

cichoracearum DC was also observed . This happens to be the first report of 

occurrence of E. polygoni induced powdery mildew from Uttar Pradesh and 

Oidium state of E. cichoracearum   induced  powdery mildew from world.  

 The disease surveys revealed that powdery mildew disease caused by E. 

polygoni was   prevalent throughout the eastern Uttar Pradesh.  Its incidence was 

ranging between 100.00 per cent in Barabanki to 93.33 per cent in Kumarganj. 

 Contrary to the findings of Kothari and Prasad (1972) , it was observed 

that the floral parts and peduncle of younger branches also got severely attacked 

resulting in failure of capsule formation. Whenever capsule formed, they got 

attacked in inchoate stage resulting in crumpling and withering. However, the 



 
 
 

disease symptoms produced by Oidium state  of  E. cichoracearum  was  

characterized by effuse, indeterminate and subpulverulent colonies with fine 

white or pale whitish web with a floury coating. The mildew growth caused by 

both the fungi was found luxurient in shaded parts of the plants and their growth 

was rapid in shady parts of  the  field. Powdery mildew infection resulted in a 

loss of 9.37 to 29.33 per cent in latex yield and 7.85 to 13.75 per cent in seed 

yield when infection index ranged between 65.20 to 89.63 per cent, Darpoux 

(1945) reported that the powdery mildew coating reduces the oozings of the latex 

from the capsules after lancing which in turn also accounted for low yield of 

latex. 

 Morphological characters of the fungus resembled those described by 

Kothari and Prasad (1972)   for  Erysiphe  polygoni DC and  by Kapoor (1967) for 

Oidium state of Erysiphe cichoracearum DC.  

 The efficient use of any fungicide depends largely on dispensing the active 

substance to the right place at right time (Evans, 1977). For evolving an effective 

chemical control of the disease, it is prerequisite to screen the chemicals which 

may be effective against causal pathogens in the laboratory. Although, such 

testing is not now regarded as being of sole importance and screening procedures 

for chemotherapeutic activity are regarded as essential. The eradicant properties 

of compounds can also be assessed usually by applying compounds to seeds or 

seedlings naturally or artificially infected with pathogens of agricultural 

importance (Fawcett and Spencer, 1970). 

 However, during the course of present investigation, study was made by 

both above methods for (i) Chemical control of spermaphileein fungi (ii) 

Laboratory bioassay of NPPs against the pathogens of other diseases (iii) 

Laboratory bioassay of NPPs against the powdery mildew pathogen and (iv) 



 
 
 

Chemical control of downy and powdery mildew diseases under field 

conditions. 

Chemical control of spermaphileein fungi 

 The present study reveals that out of eight  NPPs , belonging to different 

chemical groups, evaluated against the spermaphileein fungi, Eugenol, Lawson, 

Clocimum oil and Menadione check the incidence of spermaphileein fungi 

effectively at all four (250 ppm, 500ppm, 1000ppm and 2000ppm ) 

concentrations but most effective ones are Eugenol , Lawsone and Clocimum 

oil, of which Eugenol has been the best, as it completely checks the incidence of 

spermaphileein  fungi even at lowest (250ppm) concentration used  followed by 

Lawsone and Clociumum oil, which completely check the spermaphileein fungi 

at 500 ppm. Menadione could check the entire mycoflora only at 2000 ppm. 

However, Dubey et al., (1982), reported complete inhibition of seed mycoflora 

of Coriandrum sativum at 2000 ppm by Citrus medica oil. Dixit et al., (1982) also 

reported complete inhibition of seed mycoflora of C. sativum and Foeniculum 

vulgare by fumigation methods at 3 ml and 6 ml doses of Cedarwood oil (except 

the two fungi in each case). Thus, MIC of Eugenol was found to be 250 ppm while, 

it was 500 ppm for Lawsone and Clocimum oil and 2000 ppm for Menadione. None 

of synthetic commercial fungicides could check the spermaphileein fungi 

completely even at highest (2000 ppm) concentration used. Although, Dithane M-

45 and Agrosan GN, both were effective at highest concentration used (2000 ppm), 

the former inhibited more number of spermaphileein fungi. No report is available 

so far on evaluation of NPPs against spermaphileein mycoflora of opium poppy 

seeds. Similarly, the essential oil of Ocimum canum has also been reported to 

control the fungal deterioration of seeds of C. sativum and F. vulagare (Bhargava 

et al., 1979 and Tripathi, 1981). Cunningham and Sharvelle (1940), Sharvelle et al., 



 
 
 

(1942), and McNew (1942) also reported the successful use of another quinone ( 

chloranil) as a seed protectant. 

 The fungitoxic capability of Eugenol, Lawsone, Clocimum oil and Menadione 

varied against the spermaphileenin mycoflora of opium poppy seeds depicting the 

order of fungitoxicity as : Eugenol > Lawsone>Clocimum oil>Menadione.  

 All the four NPPs and two synthetic commercial fungicides found effective, 

were tested for their phytotoxic properties regarding seed germination and 

seedling vigour. Seed treated with NPPs showed higher percentage of germination 

as compare to untreated and fungicides treated seeds. 

 The best germination of 95 per cent was found with Eugenol and Lawsone 

followed by 92 per cent with Clociumum oil at their lowest concentration used (250 

ppm). However, at the same concentration, 68 per cent and 67 per cent of seed 

germination could be obtained with Dithane M-45 and Agrosan GN, respectively.  

 Lawsone was found phytotoxic to seed germination at 2000 ppm, whereas 

Menadione was found phytotoxic  even  at  500 ppm. However, few of the treated 

seeds showed delayed germination at 1000 ppm of Eugenol, Lawsone and 

Clocimum oil and 2000 ppm of Eugenol and Clocimum oil. Contrary to the present 

findings, Lawsone was reported to be non-phytotoxic to seed germination of maize 

at 2000 ppm and 4000 ppm (Tripathi, 1977), whereas, one of its structural 

analogue, Juglone, was reported to be very phytotoxic to wheat (Fawcett and 

Spencer, 1969). The variation in phytotoxicity might be due to differences in 

physical characters of seeds. 

 Seedling vigour studies reveal that excellent seedling vigour was found with 

all four concentration (250 ppm, 500 ppm, 1000 ppm and 2000 ppm) of Eugenol 

followed by Lawsone giving excellent seedling vigour at 250 ppm to 1000 ppm . It 



 
 
 

was followed by Clocimum oil with excellent seedling vigour at 250 ppm and 500 

ppm which in turn followed by Menadione giving excellent seedling vigour at 250 

ppm only. The excellent stimulation of seedling vigour might be due to the 

stimulation of nitrate raductase activity (NRA) in the treated seeds. NRA is an 

indicator of ultimate crop/grain yield (Johnson et al., 1976). The stimulation of NRA 

in paddy seeds treated with 1000 ppm of Lawsone and 5000 ppm of Cedarwod oil 

has been proved experimentally by Tripathi (1981) and Dixit et al., (1979), 

respectively. Good seedling vigour was also observed at other concentrations of 

Lawsone and Clocimum oil. Dithane M-45 and Agrosan GN ranked lower than these 

with regard to seedling vigour. The present findings are well in agreement with 

those of Dixit et al., (1982) and Dubey et al., (1982). 

 The findings suggest that all the four NPPs especially Eugenol , on account of 

their strong fungitoxicity , broad antifungal spectrum , superiority over some 

synthetic commercial fungicides and non-phytotoxicity to opium poppy seeds at 

their lower concentrations, can be exploited as potent and harmless fungitoxicants 

against seed borne diseases incited by several phytopathogenic fungi in opium 

poppy. Besides, as the NPPs are potent inhibitor of Aspergillus, Penicillium, 

Rhizopus species and other fungi, they will indirectly help in minimizing the adverse 

effects of mycotoxins secreated by such toxigenic fungi. 

Laboratory bioassay of natural (plant) products against the pathogens 

of other diseases 

 During the recent years, several NPPs have been tested for their in vitro 

antifungal activity (Barnes, 1963; Dixit, 1980; Fawcett and Spencer, 1970; Pandey 

et al., 1982; 1982 a; Slavenas and Razinskaite, 1962; Tripathi , 1977; Tripathi et al., 

1978 and Zutschi et al., 1976). The NPPs have been found to exhibit narrow or wide 



 
 
 

range of activity. The oil of Raphanus (Nehrash, 1961) and Juniper (Slavenas and 

Razinskaite, 1962) were reported toxic to one or two fungi. On the other hand, 

during the present study, fungitoxic evalution of eight NPPs against nine test 

pathogens viz., A. alternata, D. spicifera. F. oxysporum, R. bataticola, S. rolfsii, 

Alternaria state of P. infectoria, M. recemosus and R. microsporus of opium poppy 

are made for the first time.  

 Out of eight NPPs evaluted five viz., Lawsone, Menadione 

(Napthoquinones) , Eugenol, Clocimum oil and Lemongrass oil (Essential  oils 

) were found more effective. The MICs of these five effective NPPs varied 

against each test pathogen differently. Likewise, they also differed in their 

fungistatic/fungicidal nature at the MICs showed by them. 

 Lawsone showed MIC of 250 ppm against A. alternata (fungistatic), 

Alternaria state of P.infectoria (fungicidal) , S. rolfsii ( fungistatic), M. racemosus 

(fungistatic), and S. rolfsii (fungistatic)  followed by 500 ppm against D. spicifera 

(fungicidal), F. oxysporum (fungicidal),  R. bataticola (fungistatic) and R. 

microsporus (fungicidal). On the other hand , Tripathi (1977) reported that 

Lawsone Showed MIC of 1000 ppm in solid medium against H. oryzae, while it 

was 750 ppm in liquid media. Besides, Lawsone is also reported to inhibit the 

growth of several fungi (Hoffman-Ostenhof and Fellner-Feldegy, 1944 and 

Kowalik, 1951). 

 Menadione showed MIC of 250 ppm against D.spicifera (fungistatic ), 

R.bataticola (fungicidal) and S.rolfsii (fungicidal), while 500 ppm against 

F.oxysporum (fungicidal) while 500 ppm against F.oxysporum (fungicidal) 

followed by 1000 ppm against A. alternata (fungicidal), F. solani (fungicidal) and  

R. microsporus (fungistatic) and 2000 ppm against M. racemosus (fungicidal). The 

MIC of Lawsone and Menadione was found different against the test pathogens. 



 
 
 

Such veriation in the MICs may be due to: (a) Different sensitivity of test 

pathogens used (Singh et al., 1984), (b) The presence of different functional 

groups and (c) Different strains of test pathogens. The relation of the chemical 

nature of the quinones to their fungitoxicity was studied by McNew and 

Burchfield (1951). They found that halogenation usually improves fungitoxicity 

and is reduced by substitution of a hydroxyl, methoxy or alkyl group or to a 

carbonyl. Placing any two of these groups between the carbonyls erases 

fungitoxicity. 

 Tripathi (1977, 1981) reported that Menadione was more fungitoxic to his 

test fungus than Lawsone, while present investigations with a different set of 

fungi gave reverse results. Fungitoxicity of Menadione reported by Gonzalez 

(1945), Guerillot-Vincet and Richter (1949) and Shibaski and Terui (1953) are 

in line with the present findings. 

 Eugenol exhibited MIC of 250 ppm against A. alternata (fungicidal), 

Alternaria state of P.infectoria (fungistatic), D. spicifera (fungistatic) , M. racemosus 

( fungistatic), R. microsporus (fungistatic) and S. rolfsii (fungicidal ),  followed by 

500 ppm against F. oxysporum (fungicidal), F. solani (fungicidal) and R. bataticola 

(fungicidal ). Contrary to the present findings, Tripathi et al., (1985) reported that 

Eugenol exhibited MIC of 100 ppm against S. rolfsii  and A. alternata, pathogenic 

isolates of betelvine. However, Eugenol was reported earlier to show a  narrow 

fungitoxic spectrum (Barnes, 1963). 

 Clocimum oil exhibited MIC of 250 ppm against Alternaria state of P. 

infectoria (fungicidal) and S. rolfsii (fungistatic) followed by 500 ppm against A. 

alternata (fungistatic), D. spicifera (fungicidal), F.oxysporum (fungistatic), F.solani 

(fungistatic), M. racemosus (fungistatic), R.bataticola (fungistatic) and R. 



 
 
 

microsporus (fungistatic). Tripathi et al., (1985) reported MIC of 50 ppm and 250 

ppm against S. rolfsii and A. alternata, respectively. Such variation in the 

effectiveness of the oil may be due to : (a) Qualitative difference in the oil, (b) 

Quantitative difference of active constituents, and/or (c) Different senstivity of 

test pathogens used and (d) Oils obtained from plants coming from different 

ecological set ups. 

 Lemongrass oil showed MIC of 500 ppm against A. alternata (fungistatic), 

Alternaria state of P. infectoria (fungistatic) and S. rolfsii (fungicidal) , followed by 

1000 ppm against F. oxysporum (fungicidal) , F.solani (fungicidal), M. racemosus 

(fungicidal) and R. bataticola (fungicidal)  whereas 2000 ppm against D. spicifera 

(fungistatic). 

 In contrast to the present findings, the oil of Caesulia axillaris (Pandey et 

al., 1982 b) showed MIC of 0.1 per cent against A. alternata and F. oxysporum , 

the oil of Pepromia pellucida (Singh et al., 1979) exhibited MIC of 1000 ppm 

against A. alternata and the oil of Alpinia galanga  (Tripathi et al., 1983) found 

MIC of 0.2 per cent against A. alternata and 0.4 per cent againtst F. oxysporum 

and F. soilani. The different fungicidal / fungistatic activity obtained during the 

present sutdies from the same NPPs against different pathogens may be due to 

the selective activity of the NPPs. The ability of fungi to detoxicate NPPs may 

also explain differences in susceptibility of various test pathogens to the NPPs 

used (Rich and Horsfall, 1954).  

 The MICs of certain fungitoxic oils have already been detrmined by 

various workers and found to vary consiberably. MIC of Ocimum gratissimum ( 

Clocimum  oil) was found to be 50 ppm and 100 ppm (Tripathi et al ., 1985); of 

Adenocalyma allicea and Cymbopogon oliveri oils, 500 ppm (Chaturvedi , 1979 and 



 
 
 

Singh et al ., 1980,  resperctively); of Rosa sofia oil,750 ppm (Singh et al ., 1980);  

of Curcuma aromatica oil , 1000 ppm , (Rao , 1976); of Mentha arvensis var. 

piperascens oil, 2000 ppm (Dixit et al., 1979) ; of Ocimum canum and Cedrus deodara 

oils, 3000 ppm (Bhargava et al., 1979 and Dixit et al ., 1979); of Zingiber officinale 

oil , 5000 ppm (Singh , 1977) and of ginger grass oil ,7000 ppm, (Singh et al ., 

1980) against different test pathogens . 

 As against to the findings of Tripathi (1977), Lawsone was found to 

exhibit both fungicidal and fungistatic property at MICs as shown in the 

parenthesis. Menadione also exhibited both fungicidal and fungistatic property 

at its MICs like that of Lawsone. In line with the findings of Tirpathi et al., 

(1985), during the present studies Clocimum oil was found to exhibit both 

fungistatic and fungicidal actions at MICs of 250 ppm and 500 ppm. 

Lemongrass oil showed fungistatic as well as fungicidal action like that of 

Callistemon lanceolatus (Panday et al., 1982). 

                Although fungitoxicity of  Lawsone  and Menadione (Tripathi, 1977 ; 

Tripathi et al.,1978 ; Gonzalez , 1945; Guerillot–Vinet and Richeter , 1949; 

Shibaski and Terui, 1953); Eugenol (Barnes, 1963 and Tripathi et al ., 1985), 

Ocimum canum (Bhargava et al., 1979), O. basilicum (Modawi et al., 1984), 

Clocimum oil (Tripathi et al .,1985), ginger grass (Cymbopogen martinii) oil (Singh 

et al ., 1980 ) has already been reported, the fungitoxicity of Lawsone, 

Menadione , Eugenol , Clocimum oil and Lemongrass (Cymbopogon flexuosus ) 

oil is being reported perhaps for the first time against fungal pathogens of opium 

poppy. 

 Out of tested synthetic commercial fungicide, only Dithane M-45 could 

completely inhibit four test pathogens viz ., S. rolfsii, R. bataticola , Alternaria state 



 
 
 

of P. infectroaia and F. oxysporum at MICs of 250 ppm  with fungicidal action only 

for S. rolfsii and being fungistatic for rest of the three pathogens. Rest two 

synthetic commercial fungicides were found incapable to give complete 

inhibition of any of the tested pathogen.  

          Thus the strong fungitoxicity of Lawsone, Menadione, Eugenol,  

Clocimum oil and Lemongras oil against A.alternata, D.spicifera, F. oxysporum, F. 

solani, R. bataticola,  S. rolfsii, Alternaria state of P. infectoria , M. racemosus and R. 

microsporus and better efficacy over some prevalent synthetic commercial 

fungicides suggest that all these NPPs can be exploited as effective 

fungitoxicants against diseases incited by these fungal pathogens in opium 

poppy after successful in vivo trials . 

Laboratory bioassay of natural (plant) products against the powdery 

mildew pathogen  

 During the recent years several NPPs have been evaluated for their in vitro 

antifungal activity against facultative saprophytes (Agarwal, 1978; Appleton 

and Tansey, 1975; Barnes, 1963 ;  Dixit , 1980; Fawctt and Spencer, 1970; Misra 

and Dixit , 1976 ; Murthy and Amonkar, 1974; Pandy  et al., 1982 a ; Singh et 

al., 1980 ; Tripathi et al., 1978 ; Tripathi et al., 1985  and Zutschi et al., 1976). 

But the antifungal efficacy of these NPPs has not been studied to far against 

powdery mildew fungi in vitro. However, the oils of garlic and neem and extracts 

of garlic bulb and ginger rhizome were reported earlier to control the powdery 

mildew of pea caused by E. polygoni (Singh and Singh, 1981). Juglone , another 

NPP, was also reported to check the infection of cucumber mildew caused by 

Sphaerotheca fuliginea completely by leaf discs method (Fawcett and Spencer, 



 
 
 

1970). The present study, described the in vitro effect of eight NPPs on 

promptitude of conidial germination of E. polygoni causing powdery mildew of 

opium poppy.  

The present studey reveals that out of eight NPPs, evaluated, five viz., Lawsone, 

Menadione, Eugenol, Clocimum oil and Lemongrass oil exhibited a marked 

inhibitory effect on conidial germination followed by Cedarwood oil.  

   All the five NPPs were found to inhibit the conidial germination 

completely at their lowest concentration used (250 ppm) even after a 

minimum incubation period of 6 hours. Cedarwood oil was also found highly 

effective as it completely inhibited the conidial germination at 500 ppm at the 

same incubation period. Singh and Singh (1981) reported the complete 

inhibition of condial germination at 1000 ppm, 3000 ppm, and 5000 ppm of 

ginger extract, garlic oil and neem oil, respectively, after incubation of  24 

hours. As such, the MICs of Lawsone, Menadione, Eugenol, Clocimum oil, 

Lemongrass oil appeared to be 250 ppm whereas , it was 500 ppm for 

Cedarwood oil. On the contrary, MICs of ginger extract, garlic oil and neem 

oil were found to be 1000 ppm, 3000 ppm, and 5000 ppm , respectively, 

(Singh and Singh , 1981) which are relatively higher concentrations in 

comparison to the present findings. Such variation in the MICs may be due 

to: (a) The use of different NPPs, and (b) Different strains of test pathogen. 

As in the present case, the test pathogen came from different host.  

Out of tested synthetic commercial fungicides, only Sulfex inhibited 

the conidial germination completely at a MIC of 250 ppm. Rest two, 

were found incapable to give complete inhibition even at their highest 

concentration used (2000 ppm). Ability of water treatment alone was 

superior only to control set. 



 
 
 

Thus, the strong fungitoxicity of Lawsone, Menadione, Eugenol, 

Clocimum oil and Lemongrass oil at 250 ppm and Cedarwood oil at 

500 ppm against E. polygoni gives us additional choices over and above 

the prevalent synthetic commercial fungicides and suggests that all 

these NPPs can be exploited as strong control agents (fungicides) 

against the powdery mildew disease of opium poppy after undergoing 

successful field trails. 

Chemical control of downy mildew disease 

Control of primary infection by seed treatment 

  The present study reveal that out of eight NPPs evaluated, four viz. 

, Clocimum oil, Eugenol, Lawsone and Lemongrass oil reduce the 

incidence of primary infection by downy mildew, from a maximum of 

97.00 per cent to a minimum of 72.00 per cent at the lowest 

concentration used (500ppm). The more effective of these are 

Clocimum oil and Eugenol at the lowest concentration used. Out of 

these four, Clocimum oil and Eugenol, has been the best, as they 

completely check primay infection at the highest concentration used 

(1000 ppm) followed by Lawsone wihch gives a control of 96.00 per 

cent at the same concentration. Lemongrass oil could give a control of 

83.00 per cent at the same concentration.  

 Successful control of seed borne fungi through the use of 

NPPs has already been reported during the present investigation. 

Cunnigham and Sharvelle (1940), Domsch (1958 a,b) , Mcnew (1942) 

and Sharvelle et al., (1942) reported the successful use of a quinone, 



 
 
 

Chloranil (tetrachloro-1,4-benzoquinone) as an excellent seed 

protectant. Sterindorff and Pfaff (1931) also reported 1,4- 

benzoquinone and phenanthrenequinone as seed protectants. 

Similarly, other NPPs, like Ocimum canum oil, Citrus medica oil and 

Cedarwod oil has also been reported to control the seed mycoflora of 

some spices (Bhargava et al., 1969; Dubey et al., 1982; Dixit et al., 1982 

and Tripathi, 1981). 

 None of the four NPPs was found to be inhibited seed 

germination at the highest concentration used (1000 ppm). Fawcett 

and Spencer (1970) also reported that antifungal substances from 

higher plants have been found to be generally less phototoxic than 

synthetic fungicides. 

 None of the synthetic commercial fungicides tested here 

could check the primary infection completely even at highest 

concentration used (1000 ppm) which is in accordance with the 

findings of Thakore et al., (1983). However, Dithane M-45 could  gave 

a maximum control of 79.00 per cent. Although inhibition of primary 

infection of opium poppy seeds through various prevalent commercial  

fungicides and the control of seed borne fungi (other than P. arborescens) 

of some species through various NPPs has already been reported by 

various workers (Beaumont, 1953; Christoff, 1943; Darpoux, 1945; 

Rundy, 1976; Thakore et al., 1983; Gupta, 1984; Bhargava et al., 1979; 

Dubey et al., 1982; Dixit et al., 1982 and Tripathi, 1981) . The control 

of primary infection by downy mildew by seed treatment through 

NPPs stands recorded for the first time.  



 
 
 

 The protectant capability of Clocimum oil, Eugenol, 

Lawsone and Lemongrass oil varied against the test pathogen, P. 

arborescens, depicting the order of fungitoxicity as : Clocimum oil > 

Eugenol > Lawsone> Lemongrass oil. 

 The variation in the effectiveness of the NPPs may be due to 

(a) Different sensitivity of the test pathogen to the NPPs, and (b) 

Presence of different active constituents in the NPPs. High efficacy of 

the Clocimum oil may be explained due to cumulative fungitoxic effect 

of various constituents present in it which separately or individually 

show higher fungitoxicity (Tripathi et al., 1985).  

 Thus, the findings show that all the four NPPs, especially 

Clocimum oil and Eugenol, can completely check the seed 

transmission of primary infection by downy mildew. Thus, due to 

strong fungitoxicity, superiority over some prevalent synthetic 

fungicides and non- phytotoxic nature at used concentrations, they can 

be exploited as excellent seed protectants.  

              Control of primary infection by soil drenching  

The observations made in the present study reveal that out of eight 

NPPs, three viz., Clocimum oil, Eugenol and Lawsone reduce the 

incidence of primary infection of downy mildew from a maximum of 

93.34 per cent to a minimum of 80.00 per cent at the lowest cocentration 

used (500 ppm). The most effective of them is Clocimum oil with a control 

of 93.34 per cent. 



 
 
 

Out of these  three NPPs, Clocimum oil and Eugenol has been the 

best, as they completely check the incidence of primary infection at the 

highest concentration used (2000 ppm) followed by Lawsone, which gave 

a control of 93.34per cent at the same concentraion. Burchfield (1959 a) 

tested Dichlone and Chloranil (quinones) as soil fungicides but could not 

get positive results.  

None of the synthetic commercial fungicides could check the 

primary infection completely even at highest concentration used (2000 

ppm). Although successful control of primary infection by downy mildew 

through various prevalent commercial fungicides already been reported 

by various workers (Darpoux, 1945 and Kothari and Prasad, 1970),  the 

control of primary infection by down mildew by soil drench of NPPs 

stands recorded for the first time.  

During the seed treatment experiment, Lawsone was found to be 

phytotoxic to seed germination at 2000 ppm while in the soil treatments 

study,  it shows no phytotoxicity to seed germination. This variation in 

phytotoxic effect might be due to the fact that in seed treatment 

experiments, seeds were treated directly with the Lawsone which might 

leads to the phytotoxicity, whereas in the present case, it was applied to 

the soil and seeds were sown after three days of last application of 

Lawsone. Burchfield (1960) reported that spinach and beet seeds, treated 

with chloranil, when planted in alkali soil, are injured but when the treated 

seeds are planted in acid soil, no damage occurs. Thus, the soil might play 

some role in minimizing the phytotoxic potentiality of the Lawsone, most 

probably by making some change in chemical structure.  Mcnew and 



 
 
 

Burchfield (1951) reported that halogenations usually decrease 

phytotoxicity and improves fungitoxicity in quinones. 

The fungitoxic capability of Clocimum oil, Eugenol and Lawsone 

varied against the oospores of P. arborescens depicting the order of 

fungitoxicity as: Clocimum oil> Eugenol> Lawsone. 

The variation in the effectiveness of the above NPPs may be due to: 

(a) Different sensitivity of the oospores of test pathogen to the NPPs 

within the soil and (b) Presence of different active constituent(s) in the 

NPPs. High efficacy of Clocimum oil may be explained due to cumulative 

fungitoxic effect of various constituents present in it which separately or 

individually show higher fungitoxicity (Tripathi et al., 1985)  

The present findings reveal that all the three NPPs applied to the 

soil as drench, checked the oospore infection more effectively than some 

prevalent commercial fungicide. Thus, their fruitfulness in controlling the 

primary infection by downy mildew with superiority over two commercial 

fungicides and non-phytotoxic nature at used  concentrations  suggest that 

they can be exploited as potent soil fungicides against downy mildew 

disease of opium poppy. 

         Control of secondary infection by root application   

The observations made in the present study reveal that out of eight 

NPPs, four viz., Clocimum oil, Eugenol, Lawsone and Mendione were 

able to effectively reduce the secondary infection by downy mildew per 

leaf and gave a maximum of 90.17 per cent to a minimum of 75.53 per 

cent disease control at the lowest concentration used (500 ppm). The most 



 
 
 

effective of them are Clocimum oil. Eugenol and Lawsone showing 90.17, 

85.82 and 85.66 per cent eficiency of disease control, respectively.  

Out of above four NPPs, Clocimum oil and Lawsone were found 

highly efficacious at the highest concentration used (2000 ppm) , as they 

control the disease more than ninty per cent i.e. they show 93.48 per cent 

and 90.42 per cent efficacy of disease control, respectively. Eugenol 

ranked third, nevertheless, it gave a good control of 89.86 percent. 

Although, Eugenol exhibited higher percentage of disease control at 500 

ppm, interestingly, at  2000 ppm it was superseded by Lawsone.  

   None of the synthetic commercial fungicides could check the intensity of 

disease as effectively as the NPPs. A maximum of 69.37 per cent of disease 

control was found with Bavistin-50 even at the highest concentration of 2000 

ppm. Control of downy mildew of opium poppy and blue mold of tabacoo by 

root application of some prevalent commercial fungicides has also been reported 

by Kothari and Verma (1967) and Taylor (1953), respectively. 

 All the three highly efficacious NPPs of preceeding year, proved their 

excellence in successive years. The results clearly indicate that the NPPs are 

translocated in the system of the plants through roots and are capable of 

controlling the disease.  

 Contrary to the present findings, Lawsone was reported to show non-

systemic activity in maize seedlings (Tripathi, 1977). Singh et al., (1984) 

suggested that fungitoxic substances of plant origin may be systemic because 

thay are obtained from biosystems similar to those of hosts. Non- systemic 

activity of Lawsone to maize seedlings (Tripathi, 1977) might be due to the result 

of any reaction of the compound with the host tissues. Quinones have been 



 
 
 

evaluated as systemic fungicides, and a few successful trials have been reported 

by various workers. Akai et al., (1955) soaked rice seeds and young rice plants in 

solutions of 2-methyl-1,4-naphthoquinone (Vitamin K2) and found that the 

treatment increased the resistance of the plants to subsequent infection by 

Helminthosporium oryzae. Van Andel (1961) patented a technique for using amino 

acids to  carry fungicide into plants and included dichlone (a quinine) as one of 

the fungicides that could be used in this way. 

 Grossmann (1962, 1963) inoculated tomato plants with F. oxysporum f. sp. 

lycopersici, watered the inoculated plants with rufianic acid (1,4-

dioxyanthraquinone-2-sulphonic acid) and found that the treatment greatly 

reduced subsequent disease development. Systemic activity of Menaphthone, 

Dehydroacetic acid, Phloridzin, 2,6-Dimethyl-y-pyrone, Chlorogenic acid, 

Pyragallol, Phloretin and several other natural products of plant origin against 

wheat mildew in varying degrees with or without causing phytotoxicity to host 

plant, has been reported by Fawcett and Spencer(1970). 

 Anderson and Nienow (1947) reported that streptomycin is systemic in 

soybean plants, but not with broad beans. However, it was systemic in cabbage 

and wheat under similar conditions (Crowdy and Pramer, 1966). According to 

Wain and Carter (1967) the extent of mobility may differ from species to species, 

therefore, the non- systemic activity of the Lawsone in maize plants and of P. 

pellucida oil to paddy plants (Singh et al., 1984) does not indicate a non-systemic 

activity of the NPPs in general; they may prove systemic in other plants as was 

found during the present investigation. None of the NPPs was found to produce 

any visual phytotoxicity to the experimental plants at the concentrations used.  



 
 
 

 The fungitoxic capbility of Clocimum oil, Lawsone and Engenol varied 

against the secondary infection by downy mildew in the order depicted as 

Clocimum oil>Eugenol>Lawsone.  

 The present findings clearly show that all the three NPPs, applied to soil 

are translocated in the plant system through roots and have checked the 

secondary infection of downy mildew more effectively than some prevalent 

commercial fungicides without causing any phytotoxicity. Thus, their 

fruitfulness in controlling  the downy mildew disease with superiority over some 

prevalent commercial fungicides and non-phytotoxic as potent systemic 

fungicides against downy mildew disease of opium poppy. 

Control of secondary infection by foliar application    

            The observations recorded in the glass house studies reveal that out of 

eight NPPs, six viz., Clocimum oil, Engenol, Lawsone, Menadione, 

Lemongrass oil and Cedarwood oil were able to effectively reduce the secondary 

infection by downy mildew from a maximum of 90.26 per cent to a minimum 

of 63.11 per cent at the lowest concentration used (500 ppm). The most effective 

of them are Clocimum oil and Eugenol with 90.26 per cent efficiency followed 

by 27.61 per cent efficiency of disease control with Lawsone. Menadione  ranked  

fourth with 79.64 per cent efficiency followed by 76.99 per cent   efficiency of 

disease control with Lemongrass oil. 

 Out of these six NPPs, Clocimum oil and Eugenol has been the best as 

they check the incidence of secondary infection up to 94.69 per cent and 93.81 

per cent, respectively, at the highest concentration used (2000 ppm) followed by 

Lawsone with a control of 90.26 per cent. Although, Menadione ranked fourth 

in the efficacy, nevertheless, it gives a good control of 82.30 per cent at the same 



 
 
 

concentration. Clocimum oil, Eugenol and Lawsone proved their excellence at 

the highest concentration used (2000 ppm) in the consecutive years also. 

 None of the synthetic commercial fungicides could check the secondary 

infection as effectively as the NPPs. A maximum of 67.26 per cent of disease 

control was recorded with Dithane M-45 even at the highest concentration used 

(2000 ppm). Kothari and Prasad (1970) reported a control of 85.62 per cent at 

0.3 per cent concentration of Bisdithane.  

 The Observations recorded under the field conditions during 1982-83, 

reveal that out of eight NPPs, three viz., Clocimum oil, Eugenol and Lawsone 

reduced disease intensity effectively from a maximum of 71.93 per cent to a 

minimum of 65.78 per cent at the lowest concentration used (500 ppm). The 

most effevtive of them are Clocimum oil and Eugenol with a disease control of 

71.93 per cent and 69.30 per cent, respectively. However, all the three NPPs 

were found highly efficacious at the highest concentration used (2000 ppm), as 

they check the incidence of secondary infection up to 87.72, 86.01 and 83.32 per 

cent, respectively. Although, Menadione ranked fourth in the efficacy, 

nevertheless, it gave a good control of 73.68 per cent at the same concentration.  

 Clocimum oil, Eugenol and Lawsone, when sprayed at the higest used 

concentration  of  2000   ppm at 10 days interval during successive years (1983-

84 and 1984-85), proved their excellence by giving an increased efficiency of 

disease control of 88.60 per cent, 86.84 per cent and 84.21 per cent, respectively. 

This increase in percentage disease control was might be due to minimization of 

spray period from 15 to 10 days. Similar results were obtained by Thakore et al., 

(1983) with some prevalent commercial fungicides.  



 
 
 

 None of tested synthetic commercial fungicides could check the secondary 

infection as effectively as the NPPs. A maximum of 54.39 per cent of disease 

control in first year (1982-83), while  60.52 per cent of disease control in 

successive years (1983-84 and 1984-85) was recorded with Dithane M-45 even 

at the highest concentration used (2000 ppm). Control of secondary infection 

through some prevalent commercial fungicides was also reported by Alavi 

(1975), Christoff (1943), Gupta (1984), Kothari and Prasad (1970), Ramanathan 

and Ramachandran (1983) and Thakore et al., (1983). 

 The observations recorded during third year (1984-85) reveal that all the 

three highly efficacious NPPs of preceding years again proved their excellence 

with an increase in latex and seed yields at the highest concentration used (2000 

ppm). Out of these three, Clocimum oil, gave a maximum increase of 19.50 per 

cent and 17.00 per cent in latex and seed yields, respectively, followed by 

Eugenol, the percentage   increase being 19.20 and 16.30 per cent, respectively. 

It was followed by Lawsone, the percentage increase being 18.39 and 14.08, 

respectively. The percentage increase of latex and seed yields in case of Dithane 

M-45 were 7.90 and 11.35, respectively, which is comparatively much lower 

than NPPs. Thakore et al., (1983) also reported the increase in latex and seed 

yields after the application of Dithane M-45. 

Chemical control of powdery mildew disease by foliar application  

 The observations recorded during the present study during 1982-83, reveal 

that out of eight NPPs, four viz., Clocimum oil, Eugenol, Lawsone and 

Menadione reduced disease intensity effectively at the two lower most 

concentrations (250 ppm and 500 ppm). All of them were found very effective  

in  reducing the disease intensity at their higher concentrations (1000 ppm and 



 
 
 

2000 ppm) used. The per cent efficiency of disease control ranged from 

maximum of 76.24 to a minimum of 70.00 at 250 ppm and 78.75 per cent to 

75.00 at 500 ppm. The per cent efficiency of disease control at 1000 ppm ranged 

between a maximum of 83.75 and a minimum of 81.25, whereas at 2000 ppm,  

it ranged  between a maximum of 87.50 per cent and a minimum of  81.25 per 

cent. Sulfex was most effective amongst the synthetic commercial fungicides. It 

shows a minimum disease control of 63.74 per cent at 250 ppm to a maximum 

of 81.25 per cent at 2000 ppm. Control of powdery mildew through various 

prevalent commercial fungicides has also been reported by various workers 

(Kothari and Prasad, 1972; Gupta, 1984 and Ramanathan and Ramachandran, 

1983). 

 All the four NPPs when sprayed at the highest concentration of 2000 ppm 

at 10 days interval during successive year (1983-84) only three viz., Clocimum 

oil, Eugenol and Lawsone proved highly efficacious by giving an increased 

efficiency of disease control of 91.25 per cent, 90.00 per cent and 87.25 per cent, 

respectively. Sulfex also showed an increased efficiency of disease control might 

be due to minimization of spray period from 15 days to 10 days. 

 The observations recorded during third year (1984-85) reveal that all the 

three  highly  efficacious  NPPs of preceding year again proved their excellence 

with an increase in latex and seed yields at the highest concentration used (2000 

ppm). Out of these three, Clocimum oil gave a maximum increase of 22.90 per 

cent and 15.26 per cent in latex and seed yields, respectively, followed by 

Eugenol, the percentage increase being 20.15 and 14.52, respectively. It was 

followed by Lawsone, the percentage increase being 15.87 and   13.27, 

respectively. The per cent increase of latex and seed yields in case of Sulfex were 

12.42 and 12.13, respectively, which is comparetively much lower than NPPs. 



 
 
 

 Strong, fungitoxicity of Clocimum oil and Eugenol has earlier been 

reported by Tripathi et al., (1985) against pathogenic fungi (other than downy 

mildew and powdery mildew fungi) of betelvine, but it was of in vitro evaluation. 

In vitro antifungal activity of Eugenol has also been reported by Barnes (1963). 

High efficacy of Clocimum oil may be explained due to cumulative fungitoxic 

effect of various constituents present in it which separately or indvidually show 

higher fungitoxicity (Tripathi et al., 1985). 

 Lawsone was reported earlier to control the leaf spot disease of paddy 

caused by H. oryzae completely at the concentrations of 1000 ppm and 1500 ppm 

during in vitro test (Tripathi, 1981). But the fungitoxicity was tested by leaf disc 

technique rather than  by foliar spray as  in the present case. Menadione has also 

been tested as a fungicide by Akai et al., (1955) and Akai and Oku (1956) for 

protecting rice plants from Gomahagra disease and Helminthosporium   blight. In 

accordance with the present studies, as a foliage protectant, Chloranil (quinone) 

has also been used mainly for the control of downy mildew of crucifers (Eddins, 

1947; Foster, 1946, 1947 and Horsfall, 1956). 

 Effective control of pea powdery mildew with an increase in total seed 

yield and its   components  through neem, garlic and ginger extracts alongwith 

garlic oil has earlier been reported by Singh and Singh (1981). Fawcett and 

Spencer (1970)  reported  the control of wheat and cucumber powdery mildews 

through various natural products of plant origin viz. Phloretin, Juglone, 

Menaphthone, Kojic acid and Maltol to varying degrees.  

 The relation of the chemical structure of the quinones to their fungitoxicity 

was studied by McNew and Burchfield (1951) and Tripathi (1977, 1981). 

Because, certain groups of vitamins are quinones, Woolley (1945) considered 



 
 
 

that antimicrobial quinones could disrupt normal metabolism by acting as 

antivitamins. Cooper (1912), Cooper and Hains (1928) suggested that the 

antimicrobial action of quinones may be due to another mechanism of action 

suggested for quinones (Hoffmann- Ostenhof et al., 1941). 

               The increase in latex and seed yields might be due to the two fold action  

of  NPPs. NRA is an indicator of ultimate crop/ grain yield (Johnson et al., 

1976). On one side, the NPPs control the disease, thus increased the potentiality 

of the crop to yield more. On the other hand, they might increase the NRA of 

the treated plants which ultimately resulted in increased crop yield. Stimulation 

of NRA in paddy plants has already been reported by Tripathi (1977, 1981). 

 As the powdery mildew reduces the oozing of the latex form the   capsules 

after lancing, spraying of NPPs, inhibited the fungal growth and reduced the 

disease intensity more than ninty per cent , which in turn also resulted in 

increased latex yields. 

 The fungitoxic potentiality of Clocium oil , Eugenol, Lawsone and 

Menadione varied against the secondary infection of downy mildew depicting 

the order of fungitoxicity in glass house studies as : Clocimum oil >Eugenol> 

Lawsone > Menadione, while under the field conditions studies, for downy 

mildew and powdery mildew diseases, fungitoxic potentiality depicted its order 

as : Clocimum oil> Eugenol > Lawsone. 

 The variation in effectiveness of the above NPPs may be due to: (a) 

Presence of different active principles in the NPPs and (B) Selective sensitivity 

for the test pathogens. The ability of fungi to detoxicate compounds may also 

explain differences in susceptibility of the test fungi to these NPPs (Rich and 

Horsfall, 1954). 



 
 
 

 None of the eight NPPs was found to impart any visual phytotoxicity to 

the treated plants either in glass house studies or in field conditions studies. This 

is in accordance with those of Tripathi (1977, 1981) and Tripathi et al., (1985).  

 Thus, the present findings show the usefulness of  Clocimum oil,   

Eugenol and Lawsone in controlling the secondary infection by downy mildew 

and powdery mildew disease affectively, with an increase in latex and seed 

yields, with superiority over some prevalent commercial fungicides, and non-

phytotoxic action at used concentrations. This suggests that they can be 

exploited as excellent foliage protectants of opium poppy against downy and 

powdery mildew diseases incited by P.arborescens and E. polygoni, respectively. 

          SUMMARY 

 Eastern Uttar Pradesh has been surveyed for the incidence and 

distribution of fungal diseases of opium poppy (Papaver somniferum L.). The 

various fungal diseases recorded in the process are: seed borne diseases (caused 

by several spermaphileein fungi); damping-off (Fusarium solai (Mart.) Sacc.); 

downy mildew (Peronospora arborescens (Berk.) Casp.); wilt disease (Fusarium 

oxysporum Schlecht); root-rot (Rhizoctonia bataticola (Taub.) Briton-Jones state of 

Macrophomina phaseolina (Tassi) Goid); sclerotial wilt (Sclerotium rolfsii Sacc.); 

leaf spot (Alternaria alternata (Fr.) Keissler); leaf blight (Drechslera spicifera 

(Bainier ) v. Arx state of Cochliobolus spicifer Nelson);stem rot (Mucor racemosus 



 
 
 

Fres.); sepal blight (Alternaria alternata (Fr.) Keissler); petal blight (Alternaria 

alternata (Fr.) Keissler); stamen blght (Alternaria state of P. infectoria Fuckel); 

capsule rot (Rhizopus microsporus v. Tieghem); and powdery mildew (Erysiphe 

polygoni DC. and Oidium state of E. cichoracearum DC.). These diseases were 

found to cause negligible to considerable lossess to the crop depending upon the 

environmental conditions, cropping pattern, terrain and other agronomical 

practices. 

 The opium poppy seeds collected from various sources have been studied 

for inert matters, discolouration, weight loss, moisture content and mycoflora 

associated with inert matters and the seeds. Inert matters like plant parts, soil 

particles and other grains were found mixed with the seeds. Various grades of 

seed discolouration has been observed on the infected seeds. Shrinkage of the 

seeds, seed rot and hypertrophy of the seeds were also observed. Weight loss 

caused by spermaphileein fungi was found to vary from a maximum of 0.1310 

gm to a minimum of 0.1275 gm. Highest moisture percentage was found in the 

seeds collected from market and lowest in those collected from the field. 

Incubation of inert matters by blotter and P.D.A. methods, revealed a total of 

13 and 10 fungi, respectively. Out of these, A. niger was found to be associated 

with all the inert matters. Washings of seeds yielded in total 10 fungi, of which 

2 were obligate parasites. In situ isolation of spermaphileein fungi yielded 15 and 



 
 
 

4 fungi from healthy capsules and their seeds, respectively, whereas 19 and 13 

fungi from deteriorated capsules and their seeds, respectively. Interestingly, 

three mildew fungi viz., P. arborescens, E. polygoni and E. cichoracearum were also 

encountered in in situ studies using washing technique.  

 Isolation of spermaphileein fungi was carried out by Blotter, PDA, MEA 

and MST methods. A total of 26 spermaphileein fungi and one represented by 

white sterile mycelia were isolated from external surface of the seeds constituting 

external spermaphileein mycoflora. Out of 26, blotter method yielded a 

maximum of 24 fungal species followed by PDA which yielded 17. MST and 

MEA methods yielded only 11 fungal species. Of the total externally carried 

spermaphileein fungi, A. niger  and R. microsporus were most dominant. 

 The surface sterilized seeds yielded a total of 18 fungal species constituting 

internal mycoflora. Out of 18, blotter method yielded a maximum of 11 fungal 

species followed by PDA and MST methods yielding 7 species. MEA method  

yielding  least number of fungal species i.e. only  4. Of the total internal 

mycoflora, A. niger, A. alternata, D. spicifera v. Arx state of C. spicifer and R. 

microsporus were most dominant. On incubation of seeds at low (20± 20c) and 

high (27 ± 20c ) temperatures by blotter and PDA methods, low temperature 

yielded a total of 12 fungal species in both the methods, whereas high 



 
 
 

temperature yielded 19 and 18 fungal species in blotter and PDA methods, 

respectively. 

 Out of four methods tested, blotter method was found the most suitable 

for the detection of  most  of the spermaphileein fungi. Pre-treatment of seeds 

with sodium hypochlorite, restricted the growth of fast growing fungal species 

like A. niger  and R. microsporus. Out of total isolated spermaphileein fungi, nine 

frequently occurring fungi viz., A. niger, R. microsporus, R. nigricans, P. canadense, 

F. oxyporum, F. solani, A. alternata, D. spicifera v. Arx state of C. spicifer and M. 

phaseolina were found pathogenic under laboraory and glass house conditions 

causing various symptoms viz.,distortion of seeds, pre- and post-emerence, seed 

and seedling rots and seedling blight. The reduced germination might be due to 

the mycotoxins secreed by the spermaphileein fungi. 

 The incidence of damping-off disease caused by Fusarium   solani  was a 

maximm of 28.33 per cent in Mughalsi followed by 27.33 per cent in Barabanki 

and a minimum fo 20.00 per cent in Kumarganj. The disease appears at seedling 

stage and was characterized by rotting of collar part followed by toppling of the 

seedlings. The disease causes mild damage to the crop. Its occurrence has been 

noted for the first time and thus constitutes a new world record on P. somniferum. 



 
 
 

 The incidence of downy mildew disease caused by P. arborescens was a 

maximum of 74.50 per cent in Mughalsi to a minimum of 58.00 per cent in 

Kumarganj. The disease appeared in two forms affecting the plant at any of its 

growth stages. The primary infection which is systemic is caused by oospores 

from previous crop. Infected leaves developed chlorosis and get curled.The 

lower leaf surface turned black destroying the chlorophyll of the leaves. The 

secondary infection which is local was caused by conidia emanating from the 

current  crop. Initial symptoms usually appeared on the leaves of over a month 

old plants in the form of brown to black spots. The disease sapped the vigour of 

the plant and it got stunted. Its appearance at capsule formation stage,  inhibits 

the development of capsule or keeps it underdeveloped. The disease inflicts 

severe damage to the crop. This is the first report of the occurrence of this disease 

from Uttar Pradesh. 

 The yield losses due to downy mildew depended upon intensity of the 

infection. At an infection range of 58.60 to 78.40 per cent, the loss varied from 

16.70 to 33.80 per cent in latex yield and 13.50 to 16.50 per cent in seed yield. 

 The incidence of wilt disease caused by Fusarium oxysporum was 

maximum of  22.50 per cent in Mughalsi to a minimum of 17.60 per cent in 

Barabanki. The disease appeared at 5-6 weeks old age and characterized by 



 
 
 

yellowing and flagging of leaves followed by foliar wilting and rapid total 

desiccaion of entire plant. The disease causes mild damage to the crop. Its 

occurrence has been noted for the first time and thus consitues a new world 

record on P. somniferum. 

 The incidence of root-rot caused by Rhizoctonia bataticola Briton-Jones 

state of Macrophomina phaseolina was a maximum of 17.00 per cent in Barabanki 

to a minimum of 8.75 per cent in Mughalsi. The disease appeared near about 

the flowering of crop and is chracterized by yellowing of leaves and flower buds 

followed by drooping and withering. Infected roots became necrotic and 

disorganised with a brownish black tint. The disease causes mild damage  to  the 

crop. This happens to be the first report of its occurrence from Uttar Pradesh.   

           The incidence of sclerotial wilt caused by Sclerotium rolfsii was a 

maximum of 9.66 per cent in Mughalsi to a minimum of 3.30 per cent in 

Barabanki. It appeared at young stage of the plants which were attacked at the 

collar region and below the soil by the fungus. The disease was characterized by 

yellowing of foliage and followed by dropping-off which resulted in total wilting 

and death of plants. This  hapens  to be the first report of its occurrence from 

Uttar Pradesh. 



 
 
 

 The incidence of leaf spot diseased caused by Alternaria alternata was a 

maximum of 70.00 per cent in Kumarganj to a minimum of 65.00 per cent in 

Mughalsi. The disease appeared during the month of February and onwards and 

was found to interspersed  with leaf blight patches. Both older and younger  

leaves ,  but  frequently the older ones were attacked by the disease and was 

characterized by dark brown to black, spherical to irregular spots. The infected 

regions became necrotic followed by premature death of foliage. Its occurrence 

has been noted for the first time and thus constitutes a new world record on P. 

somniferum. 

 The incidence of leaf blight caused by Drechslera spicifera v. Arx state of 

Cochliobolus spicifer disease was a maximum of 90.00 per cent in Mughalsi to a 

minimum of 74.50 per cent in Kumarganj. The disease appeared during the 

month of  February and onwards and was found to interspersed with leaf spots. 

Both older and younger leaves, but frequently the older ones were attacked by 

the disease and was characterized by dark brown to black diffused spots which 

became   necrotic lateron giving blighted appearance to the foliage. This was 

followed by premature death of the infected folige. Its occurrence has been noted 

for the first time and thus constitutes a new world record on P. somniferum. 



 
 
 

 The incidence of stem rot disease caused by Mucor racemosus was found 

only in Mughalsi on a minor scale of 7.00 per cent. It appeared around the 

flowering. The disease attacks the plants at stem base encroaching much of the 

stem upwards lateron. Infected part turns black to olivaceous black, got 

consricted and girdled resulting wilting of the plants. The infected plants topple 

down auomatically or due to any jerk. The disease caused minor damge to the 

crop. Its occurrence has been noted for the first time and thus constitutes a new 

world record on P. somniferum. In artificial inoculation experiments, the 

pathogen appeared as a weak parasite. 

 The incidence of sepal blight disease caused by Alternaria alternata was a 

maximum of 21.00 per cent in Kumarganj to a minimum of 17.60 per cent in 

Barabanki. It appeared at flowering stage and attacked the sepals when they 

were in intact position covering whole reproductive part. The disease was 

characterized by long diffused spots covering  
1

2
 to 

3

4
 part of sepals. Infected 

regions became necrotic with a tarry appearance resulting in non-opening of the 

flower buds as usual. The diseased buds either flower late or could not flower at 

all.The disease caused negligible losses to the crop. Occurrence of disease 

happens to be the first report of its prevalence. Its occurrence has been noted for 

the first time and thus constitutes a new world record on P. somniferum. 



 
 
 

 The incidence of  petal  blight  caused by Alternaria   alternata  was a 

maximum of 18.33 per cent in Mughalsi to a minimum of 12.50 per cent in 

Barabanki. It appeared at flowering stage and attacked the petals when they were 

in intact position covering   the reproductive  part. The disease was characterized 

by diffused strips running through the periphery covering about 90 per cent area 

of petals, became tenacious on severity of the disease, resulting in non-opening 

of the petals as usual. These tenacious petals could not fall-off as usual and 

remains adhered to undeveloped overy. The disease caused negligible losses to 

the crop. Its occurrence has been noted for the first time and thus constitutes a 

new world record on P. somniferum.  

 The incidence of stamen blight caused by Alternaria state of Pleospora 

infectoria  was  a maximum of 15.00 per cent in Mughalsi to a minimum of 9.00 

per cent in Kumarganj. It appeared at flowering stage and was characterized by 

blurred stamens with a tarry appearance. Infected stamens became crumpled as 

the disease being severed, incapacitating them for reproductive purposes. The 

disease being severed, incapacitating them for reproductive purposes. The 

disease cause negligible losses to the crop. Its occurrence  has  been noted for the 

first time and thus constitutes a new world record on P. somniferum. 

  



 
 
 

              The incidence of capsule rot disease caused by Rhizopus microsporus was 

a maximum of 36.00 per cent in Mughalsi to a minimum of 18.33 per cent in 

Kumarganj. It appeared at capsule formation stage. The disease attacked both 

undeveloped and developed capsules and was characterized by buldged and 

tarnished capsules which became floppy on severity of the disease followed by 

total rotting. The disease causes mild to severe losses to the crop. Its occurrence 

has been noted for the first time and thus constitutes a new world record on P. 

somniferum. 

 The incidence of powdery mildew caused  by E. polygoni  ranged  between 

100.00 per cent in Barabanki to 9.33 per cent in Kumarganj. Initial symptoms of 

powdery mildew appeared on 90 to 100 days old crop primarily on the stem and 

subsequently on lower side of the leaves. The disease characterized by white 

powdery growth later turning into large circular patches. In advanced stages of 

the disease, these patches turned black. The disease was also observed on floral 

parts, peduncle and undeveloped capsules. The disease inflicts severs losses to 

the crop. This is the first report of its occurrence from Utter Pradesh. 



 
 
 

  The yield losses due to powdery mildew caused by E. polygoni depended 

upon the intensity of the infection. At an infection range of 65.20 to 89.63 per 

cent, the loss varied from 9.37 to 29.33 per cent in latex yield and 7.85 to 13.75 

per cent in yield. 

                     Powdery mildew caused by Oidium sate of E. cichoracearum 

appeared during the middle of March at the stem bases and lower side of the 

leaves. The disease was characterized by diffuse, indeterminate, and 

subpulverulent colonies with fine white or pale white web with a floury coating. 

It caused mild losses to the crop. This is the first report of its occurrence and thus 

constitutes a new world record on P. somniferum. 

 Pathogenic ability of various fungal isolates has been proved. Typical 

symptoms, generally appeared within 5 to 7 days of inoculation, while those of 

downy and powdery mildew diseases appeared after 15 to 20 days of 

inoculation. Fresh conidia of P. arborescens  were found infective. Oospores 

require some resting period to become pathogenic. M. racemosus, causing stem 

rot disease was found a weak parasite and needed very high inoculum load to 

produce typical symptoms. 

 Eight NPPs and three synthetic commercial fungicides were evaluted for 

the control of spermaphileein fungi. Out of these, Eugenol > Lawsone> 



 
 
 

Clocimum oil > Menadione proved to be most effective for the control of 

spermaphileein fungi in the order depicted. Seeds treated with Eugenol even at 

the lowest concentration of  250 ppm were found free from fungi. None of the 

synthetic commercial fungicides eliminates entire mycoflora of the seeds even at 

the highest concentration (2000 ppm).  Highest seed germination of 95 per cent 

was  observed in case of seeds treated with Eugenol and Lawsone followed by 

92 per cent in case of Clocimum oil at lowest concnetration of  250 ppm . 

Excellent seedling vigour  was recorded with all four concentrations ( 250 ppm 

to 2000 ppm) of Eugenol, 250 to 1000 ppm of Lawsone and 250 ppm to 500 ppm 

of Clocimum oil and 250 ppm of Menadione. These findings suggest that all the 

four NPPs, especially Eugenol, can be exploited as potent and harmless 

fungitoxicants to control the spermaphileein fungi of opium poppy seeds. 

                Eight NPPs and three synthetic commercial fungicides were 

bioassayed in vitro against nine fungal pathogens by employing food poison 

technique. Out of these, Lawsone, Menadione, Eugenol, Clocimum oil and 

Lemongrass oil completely inhibtited the fungal growth at different 

concentrations. The MIC of these five effective NPPs varied against different 

test   pathogens. Likewise, they also differed in their fungistatic/fungicidal 

nature at the MICs shown by them which are parenthesized. 



 
 
 

 Lawsone showed MIC of 250 ppm against A. alternata (fungistatic), 

Alternaria state of  P.infectoria (fungicidal), F.solani  (fungistatic), M. racemosus 

(fungistatic)  and S. rolfsii  (fungistatic) followed by 500 ppm against D. spicifera 

(fungicidal), F.oxysporum (fungicidal), R. bataticola (fungistatic) and R. 

microsporus (fungicidal). 

 Menadione showed MIC of 250 ppm against D. spicifera (fungistatic), R. 

bataticola (fungicidal) and S. rolfsii (fungicidal) while 500 ppm against F. 

oxysporum (fungicidal) followed by 1000 ppm against A. alternata (fungicidal) and 

200 ppm against M. racemosus (fungicidal). 

 Eugenol exhibited MIC of 250 ppm against A. alternata (fungicidal), 

Alternaria state of P. infectoria (fungistatic ) , D. Spicifera (fungistatic) , M.racemosus 

(fungistatic) , R. microsporus  (fungistatic ) and S. rolfsii (fungicidal) followed  by 

500 ppm against F. oxysporum (fungicidal) , F. Solani ( fungicidal) and R. 

bataticola  (fungicidal). 

 Clocimum oil exhibited MIC of 250 ppm against Alternaria state of P. 

infectoria (fungicidal) and S. rolfsii (fungistatic) followed by 500 ppm  against 

A.alternata (fungistatic) ,  D. spicifera  ( fungicidal) , F. oxysporum  (fungistatic) , F. 

solani (fungistatic) , M. racemosus (fungistatic), R. bataticola (fungistatic) and 

R.microsporus (fungistatic). 

 Lemongrass oil exhibited MIC of 500 ppm against A. alternata 

(fungistatic), Alternaria state of P. infectoria (fungistatic) and S. rolfsii ( fungicidal) 

followed by 1000 ppm against F. oxysporum (fungicidal). F.solani (fungicidal), M. 

racemosus (fungicidal) and R. bataticola (fungicidal) whereas 2000 ppm against D. 

spicifera (fungistatic). Of the tested commercial fungicides, only Dithane M-45 



 
 
 

showed complete inhibition of S. rolfsii  (fungicidal), R. bataicola  (fungistatic), 

Alternaria state of P. infectoria (fungistatic)  and F. oxysporum (fungistatic) at MIC 

of  250 ppm. 

 Eight NPPs and three synthetic commercial fungicides were bioassayed in 

vitro against the powdery mildew pathogen by employing conidial germination 

technique. Out of these, Lawsone, Menadione, Eugenol, Clocimum oil and 

Lemongrass oil completely inhibited conidial germination after a minimum 

incubation period of 6 hours at even the lowest concentration used (250ppm). 

Cedarwood oil showed MIC of 500 ppm at the same incubation period. Of the 

tested commercial fungicides only Sulfex showed MIC of 250 ppm for complete 

inhibition of condial germination. Water treatment alone also inhibited the 

conidial germination but was least effective of all treatments though was 

significantly superior to the check. i.e. no treatment. 

 Thus, these findings suggest that because of their strong fungitoxicity wide 

range of activity,  superiority over some prevalent commercial fungicides, 

Lawsone, Menadione, Eugenol, Clocimum oil and Lemongrass oil can be 

exploited as potent fungicides against the diseases incited by above fungi in 

opium poppy, after successful field trials. 

 Eight NPPs and two synthetic commercial fungicides were tested for the 

control of primary infection, by downy mildew,  by (i) seed treatment and (ii) 

soil drench and of secondary infection by (i) root application and (ii) foliar 

application.  

 Of the tested NPPs, Clocimum oil > Eugenol> Lawsone > Lemongrass 

oil proved to be most effective for the control of primary infection of the disease 



 
 
 

through seed treatment in the order depicted at the highest concentration of 100 

ppm without causing any phytotoxicity to seed germination. Clocimum oil and 

Eugenol have been the best as they completely check the disease incidence at the 

same concentration. None of the tested commercial fungicides checked the 

disease completely. These findings suggest that all the four NPPs, especially 

Clocimum oil and Eugenol can be exploited as excellent, non-phytotoxic seed 

protectants against the disease. 

 Of the tested  NPPs, Clocimum oil> Eugenol> Lawsone proved to be 

most effective to check the incidence of primary infection through soil drench at 

the highest concentration used (1000 ppm) in the order depicted. Clocimum oil 

and Eugenol were found to be highly efficacious as they completely checked the 

disease at the same concentration without producing any phytotoxicity to the 

treated plants. None of the tested synthetic commercial fungicides were found 

capable of checking the disease completely at the same concentration without 

producing any phytotoxicity to the treated plants. None of the tested synthetic 

commercial fungicides were found capable of checking the disease completely 

at the same concentration.The findings, thus, indicate that Clocimum oil, 

Eugenol and Lawsone can be exploited as potent soil fungicides against the 

disease . 

            Of the tested NPPs, Clocimum oil> Lawsone> Eugenol proved to be 

most effective to check the secondary infection when applied throught roots at 

the highest concentration of  2000 ppm in the order depicted. Clocimum oil and 

Lawsone proved highly efficacious as they gave maximum disease control of 

93.48 and 90.42 per cent, respectively. None of them produced any 

phytotoxicity to the treated plants. Of the tested commerical fungicides, only 



 
 
 

Bavistin-50 could give 63.37 per cent disease control at the same concentration 

which is comparatively much lower than NPPs. These findings reveal that the 

NPPs are translocated in the plant system through roots and  thus , they can be 

exploited as potent systemic fungicides against the disease. 

 Of the tested NPPs under  glass house conditions, Clocimum oil, Eugenol, 

Lawsone and Menadione were able to reduce the secondary infection of the 

disease most effectively from a maximum of 90.26 to minimum of 79.64 per cent 

at the lowest concentration used (500ppm) . Of these four, Clocimum oil and 

Eugenol proved highly efficacious showing 94.69 and 93.81 per cent of disease 

control, respectively, when sprayed at 10 days interval at the highest 

concentration used (2000 ppm). These were followed by Lawsone and 

Menadione showing 90.26 and 82.30 per cent of disease control, respectively. 

Clocimum oil, Eugenol and Lawsone proved their excellence in the subsequent 

years also. Of the tested synthetic commercial fungicides, only Dithane M-45 

was able to give a maximum disease control of 67.26 per cent at the highest 

concentration used. 

 Under  natural  conditions , Clocimum oil, Eugenol and Lawsone proved 

most efficacious in reducing the severity of the disease, when sprayed thrice at 

15 days interval, at the highest concentration of 2000 ppm during 1982-83. The 

per cent disease control ranged between a maximum of 87.72 to a minimum of 

83.32. All of them, when sprayed at 10 days interval, at the same concentration 

during successive years, proved their execllence with increased disease control 

and latex and seed yields efficiency. Clocimum oil gave maximum disease 

control of 88.60 per cent with 19.50 and 17.00 per cent increase in latex and seed 

yields , followed by Eugenol with 86.84 per cent of disease control and 19.20 



 
 
 

and 16.30 per cent increased latex and seed yields, respectively. Lawsone ranked 

third, showing 84.21 per cent of disease control with 18.39 and 14.08 per cent 

increased latex and seed yield, respectively. Of the tested synthetic commercial 

fungicides, only Dithane M-45 could give a maximum disease control of 54.39 

per cent in 1982-83 and 60.52 per cent in successive years with 7.90 and 11.35 

per cent increase of latex and seed yields, respectively. None of the tested NPPs 

produced any phytotoxicity to the treated plants either in glass house conditions 

or under natural  conditions . 

 Eight NPPs and three synthetic commercial fungicides were tested for the 

control of powdery mildew by foliar application under natural conditions. 

 All the NPPs, tested to control the diseases were superior, except opium 

poppy oil at 250 ppm to water spray alone, Clocimum oil, Eugenol, Lawsone 

and Menadione were able to reduce the disease incidence very effectively at the 

concentrations used (250 ppm, 500 ppm, 1000 ppm). The per cent efficiency of 

disease control ranged between a maximum of 76.24 to a minimum of 70.00 at 

250 ppm ; 78.75 to 75.00 at 500 ppm ; 83.75 to 81.25 at 1000 ppm and 87.50 to 

81.25 at 2000 ppm, when sprayed thrice at 15 days intervals. Of the four, 

Clocimum oil, Eugenol and Lawsone proved highly efficacious, when sprayed 

at 10 days interval at the highest concentration of 2000 ppm during successive 

years. Clocimum oil showed maximum disease control of 91.25 per cent with 

22.90 and 15.26 per cent increase in latex and seed yields, respectively, whereas 

Eugenol showed maximum disease control of 90.00 per cent with 20.15 and 

14.52 per cent increase in latex and seed yields, respectively. It was followed by 

Lawsone showing maximum disease control of 87.25 per cent with an increase 

of 15.87 and 13.27 per cent in latex and seed yields, respectively. Of the tested, 



 
 
 

synthetic commercial fungicides, only Sulfex showed maximum disease control 

of 85.00 per cent with an increased  latex and seed yield of 12.42 and 12.13 per 

cent, respectively. 

 None of the tested NPPs produced any phytotoxicity to the treated plants. 

Thus, the present findings suggest that Clocimum oil, Eugenol and Lawsone can 

be exploited as excellent eradicants of opium poppy downy and powdery 

mildew disease incited by P. arborescens and E. polygoni, respectively.  
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APPENDIX-I 

Natural (plant) products and their source 

Sl. 

No. 

Vernacular 

name 

Source plant Family  Nature 

1. Cedarwood 
oil 

Cedrus deodara (Royle ex. 

Lamb) 

Pinaceae Essential oil (Dixit et 

al., 1979 

2. Clocimum A new hybrid strain of 

Ocimum gratissimum Linn. 

(Clocimum leaves) 

Labiatae Essential oil 

(Tripathi et al., 1985 

3.  Eugenol  Isolation from the oil of 

Ocimum gratissimum Linn.  

Labiatae Terpene (Tripathi et 

al ., 1985) 

4. Lawsone  Lawsonia inermis Lam. 
(leaves) 

Lythraceae Naphthoquione 

(Tripathi et al ., 

1978) 

5. Lemongrass 
oil  

Cymbopogon flexuosus 

(Steud.) Wats. (aerial 

parts)  

Poacease Essential oil  

6. Menadione Patented by Sigma 
Chemical Co.,St. Louis , 

Mo ., U.S.A. 63172 

(Source plant : 
undisclosed ) 

       - Naphthoquinone 

7. Opium 

poppy oil 
Papaver somniferum L. 

(seeds) 

Papaverace

ae 

Fatty oil 

8. Terpinyl 

Acetate 

Patented by Camphore & 

Allied Products , Bareilly 
(source plant : 

undisclosed) 

     - Terpene 

 

 

 

 

 



 
 
 

APPENDIX-II 

Synthetic commercial fungicides and their active ingradients 

Sl. 
no. 

Trade name 
 

Source Active ingredients 

 Systemic 

fungicides 

  

1 Bavistin -

50wp 
BASF India Limited, 

Bomboy – 400011 

50% Carbendazim or 

methyl-1 H-benzemedazol 
-2 –Y1carbamate 

2. Bavistin SD BASF India Limited, 
Bombay – 400011 

50% Carbendazim or (2- 

methoxycarbomyl) -

benzemedazal  

3. Calixin 80 
EC 

BASF India Limited, 
Bombay – 400011 

80% Tridemorph or N- 
tridecyl-2, 6- dimethyl 

morpholine 

 Non – 

systemic 

funqicides 

  

4. Blitox -50 
wp 

Rallis India Limited, 
Bangalore – 560025 

50% Copper oxychloride 

5. Dithane M- 

45 

Indofil Chemicals 

Limited, Bombay – 
400025 

75% Co- ordinated 

product of zinc ion and 
manganese ethylene 

bisdithiocar bamate  

(Mancozeb) 

6. Dithane Z-78 Indofil Chemicals 
Limited, Bombay – 

400025 

75% Zineb or zinc 
ethylene 

bisdithiocarbamate  

7. Sulfex-80  
WP 

Excel Industries Limited, 
Bombay – 400102 

80% Elemental sulphur 

8.     Agrosan GN Imperial Chemical 

Industries, (I.C.I. ) 

Calcutta 

1% Mercury as phenyl 

mercury acetate and ethyl 

mercury chloride 

 

 



 
 
 

APPENDIX- III 

LIST OF RESEARCH PAPERS PUBLISHED BY THE CANDIDATE 

1.  A new fungal diseae of Zizyphus mauritiana Lamk. in India.Fert.     

Technol. 14: 286, (1977), (with R.S. Kanaujia). 

2. A new host record of Periconia byssoides Pers. ex Me’rat from India. 

Fert.Technol. 14: 287 (1977),( with R.S.Kanaujia). 

3.  Annonated list of fungi from Faizabad (U.P.) India – I. Indian J. Mycol 

.Plant Pathol. 8: 183-194, (1978), (with R.S. Kanaujia). 

4.  Three new fungal diseases from India. Acta Botanica India. 6: 92, (1978),  

(with R.S. Kanaujia and C.S. Singh). 

5.  A new leaf blight disease of Tephrosia purpurea in India. Indian J. Mycol . 

Plant Pathol. 9: 100, (1979), (with R.S. Kanaujia). 

6. A new fungal diseases of Phlox drummondii in India.Indian J. Mycol . 

Plant Pathol. 10: 72, (1980), (with R.S. Kanaujia). 

7.  Annonated list of fungi of Faizabad . V. Indian  J. Mycol. Plant Pathol. 

11: 292-293, (1981), (with R.S. Kanaujia). 

8.       A new wilt disease of Brassica nigra caused by Fusaroum oxysporum    f.            

conglutinans. Indian Phytopath. 34: 84-85, (1981), (with R.S. Kanaujia). 

9.  Fungi associated with diseased floral buds of  Quisqualis indica . Avadh 

Univ . Res. J. 1 : 58-61, (1982) , (with R.S.Kanaujia) 

10.  Some new fungal diseases of opium poppy (Papaver somnferum  L.)  Indian 

J. Plant Pathol. 3: 213-217, (1985), (with R.D. Tripathi ; J.K. Johri and 

D.S Shukla )  

 

  



 
 
 

APPENDIX-IV 

Rating Scale 

Six point (o to 5) rating scale 

Rating No.   Intensity of the diseases 

0 No infection, healthy plants free from diseases 

1 1 to 10 per cent plants were covered  

2 11 to 20 per cent plants were covered  

3 21 to 50 per cent plants were covered  

4 51 to 75 per cent plants were covered  

5 76 to 100 per cent plants were covered 

Nine point (o to 8) rating scale 

0 No infection, healthy plants free from powdery mildew  

1 Infection in traces , covering upto 1 per cent leaf area 

2 Infection in small patches , covering 1to 2 per cent of leaf area  

3 Very slight infection , covering 3 to 5 per cent of leaf area 

4 Slight infection on leaves , covering 6 to 15 per cent of leaf area 

5 Very moderate infection , white patches on leaves , covering 16 to 25 per 

cent of  leaf area , stem showing slight infection 

6 Moderate infection , white powdery growth , covering 26 to 50 per cent of 

leaf area, middle leaves showing heavy infection , stem moderately 

infected 

7 Heavy infection, powdery growth with discolured (brown to black ) areas, 

covering 51 to 75 per cent of leaf area, stem heavily infected 

8 Severe infection. powdery growth or discoloured (black ) areas covering 

76 to 100  per cent of leaf area.Stem severely infected showing discoloured 

areas, peduncle and capsule also with powdery mass  


