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ABSTRACT 

DOWNY MILDEW OP ISABGUL (PLANTAGO OVATA F O R S K ) 

Student Major Advisor 
s h r l J . 6 , Patel Dr. M,v, Desai 

Departm^it of plant pathology 
B.A. College o£ Agriculture 

Gujarat Agricul tural univers i ty 
An and Csfopus^ Anand. 

Isabgul (plantacro ovata Porsk) i s an important 

medicinal cxrop of high escport po t en t i a l for our country, 1 

The crop i s at tacked mainly by d^nping-off, wilt^ dovffiy •̂ , 

mildew# leaf b l igh t and povidery mildew* ;vnong the diseases / 

downy mildew (peronospora p lan tag in i s ) i s a ser ious one 

causing considerable damage to the crop. 

Following aspects of t he d isease i ^ r e s tud ied : (1) 

hiatopathology and morphology of the fungus, ( i i ) meteoro­

l o g i c a l parssneters in developm^it of d i sease , ( i i i ) phyto-

chemical changes brought by disease and (iv) management 

of d i sease through c u l t u r a l , chemical and r e s i s t a n c e of 

Isabgul cu l tu re s /Var i e t i e s to downy mildew fungus. 

The r e s u l t s revealed tha t the fUngus penet ra tes 

through stomata which grows i n t e r c e l l u l a r l y in host t i s s u e s . 
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Remlflcatlon by the fungus lead to t i s s u e necros i s and 

death of p l a n t . The sporangia a re borne on s t e r l ^ n a t a of 

t h e dlchotomougly branched sporanglophore. The sporangia 

germinate by germ tube and not by zoospores. The hypha 

I s 6.25 to 12 .50 /{ thicks s t e r l ^ a t a a re 4,25 - 12.50 

X 4.0 - 4,20 /{ and sporangia a re 32,00 - 44.00 x 17.00 -

25.00/{. 

Effect of d i f fe ren t tet t^eratures (5 to 40*c with an 

Increment of 5*c) s tudied in v i t r o refvealed tha t 20*0 i s 

optimum for sporanglal geirolnation. Under f ie ld condi t ions , 

t he temperature around 20* c and r e l a t i v e humidity around 

89 pe r cent favour max̂ n̂um sporanglal germination between 

2 a*m. and 8 a«m. and 8 p.m. and 10 p.m. Thi^e parameters 

during crop growth period help in development of s eve r i t y 

of d i sease . Maximum disease under these conditions are 

olMerved between 75 and 95 days a f t e r so%d.ng. The regress ion 

co r re l a t ion for sporanglal germination i s negative with 

temperature and p o s i t i v e with r e l a t i v e humidity. 

Biochemical s tud ies of leaves co l lec ted from healthy 

and diseased p lan t s revealed reduction in chlorophyll content 

by 57.71 and phenollcs by 52.01 per cent due t o infect ion 

by P. p l an t ag ln i s . 

Moisture and t o t a l ash contents a re a lso reduced in 

leaves of diseased p l a n t s . Total nitrogen and reducing 
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sugars showed p o s i t i v e cor re la t ion with disease develop-

m^it. 

Chenical analysis of seeds col lec ted from healthy 

and diseased plants ind ica tes that the amount of n i t rogen, 

number of black seeds and swelling factor of seed may be 

considered as parameters in determining the qua l i ty of 

Effect of d i f fe ren t dates of sowing coupled with 

various seed r a t e s ind ica t e s t ha t the seed r a t e more than 

2,5 kg/ha sown in November affects t he y i e l d adversely 

due to severe diseeise development, while t he crop sovm 

with seed r a t e higher than 2*5 kg/ha in December increases 

the y ie ld and with lower seed r a t e t he re i s y ie ld reduct ion 

due to poor p lant population and growth of the crop. 

The f i e l d experiments on ch«nical oantrol revealed 

t h a t seed treatment with j^ron 35 SD 5 gAg seeds coupled 

with three sprayingjof Mancozeb 0.2 per cent or use of 

Dehusked seeds coupled with th ree sprayings of Metala3<yl 

0.c» per cent or seed treatment with Captafol 2.5 q/kg 

seeds e i t h e r coupled with three spraying/of Captafol 0,2 

per cent or Metalaxyl O.CS per cent could e f fec t ive ly 

control the downy mildew disease giving higher y i e l d s . 

All sprayings a r e t o be applied t h r i c e a t the interw'al of 

15 days# the f i r s t one to be applied Just a f t e r t he f i r s t 

a p p e a r ^ c e of d i sease . 
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The reac t ion of Isabgul v a r i e t i e s / c u l t u r e s v i z . , 

EC 42706-1, EC 42706-a/pl , EC 124345, QUjarat l a abgu l - l , 

Gujarat Isabgul-2 ' (TS 6 ) , Male f e r t i l e , Progeny-3 and 

Progeny-l3 to £• plant aglnls was pos i t i ve In var ied 

propor t ions . The cu l tu re EC 124345 I s s ign i f i can t ly cnore 

t o l e r a n t and s ign l f loah t ly y i e ld s more. The cu l tu re 

progeny-13 I s highly suscep t ib le . The r e s t of the v a r l e t l e a / 

cu l tu res a re in termedia te . 
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I N T R O D U C T I O N 



INTROr̂ CTIOM 

;pongst a l l t h e medicinal plants^ Flea seed or 

Isabgul (Plantago catyata Forak) i s a crop having high 

e3^}ort p o t a i t l a l l t y for our country, Xaabgul i s a plant 

o£ i ^ t Asian o r ig in introduced in India during the l-toghul 

per iod . Xts nj^e derives £rom two Persion words ' I s a p ' and 

•ohol* meaning a horse-ear , r e fe r r ing to i t s character­

i s t i c of boat-shaped seeds (Anonymous« 1976}« 

In the whole world, Isabgul i s t r a d i t i o n a l l y grown 

only in Mehs«^a and Banaskantha d i s t r i c t s of -^iPuJarat s t a t e 

as a cash crop. Now i t i s cu l t iva ted in Saurashtra and 

Kutch regions of GMjarat, southern region of Rajasthan 

and ce r t a in p a r t s of Me^arashtra a l s o . In Gujarat , i t 

was cu l t iva ted in about 25,000 hectares producing about 

14,000 tonnes of seed during 1982-83. 

Uses of Plantago species as sources of pharmaceutical 

drugs a re reported by shyren (1935). the husk from the 

seed i s separated out by i^ys ica l process and i s used as 

bulk l axa t ive . Seeds a f t e r removal of husk are by-products 

of Isabgul industry and a re used as ice-cream s t a b i l i z e r 

(Pa te l et, a l , , 1978). The seeds have a lso cooling and 

demulcent effect being used in j^urved ic &nd Allopathic 

medicines, seeds without husk a re r i c h in p ro te in and 



used aa cattle £eed« The seed and husk are used to cure 

inflammation o£ the mucous membrane o£ gastrointestinal 

and genito-urinary tracts # duodenal ulcer^ ^norrhoeo. and 

piles. It can also be used as cervical dilator for terminat­

ion of pregnancy (Anonymous, 1979). 

About 75-85 per cent of total annual produce of North 

Gujarat is estported which brings crores of rupees as 

foreign ejcchange annually. India continues to hold a 

monopoly in its production and trade in the world (^agat 

et al«» 1930). m view of its sustained demand«r there is 

a scope to increase the production per unit asea. Therefore, 

if India is to retain its monopoly in production of this 

important foreign exchange earning corwnodity, there is an 

xirgent need to intensify the researches on all aspects of 

crop production in general and particularly on diseases 

and pests of this crop which have remained almost une3Q>lored* 

The crop is attacked by various fungi inciting 

diseases oc»nmonly known as dampingKoff of seedlings, wilt, 

doimy mildew and powdery mildew* ;ynong these, downy mildew 

is a dreadful disease causing enormous quantitative as well 

as qualitative loss and many times it becomes limitir̂ j 

factor in successful cultivation of this crop (Desai and 

Desai, 1369)- Under such situations, it is very necessary 

to study behaviour of the pathogen and workout suitable 



control measures 1^ chemicals« cu l t u r a l methods and 

evolving r e s i s t a n t v a r i e t i e s . 

AS the diseases of Isabgul have not be^i studied at 

length, very l i t t l e Information Is ava i l ab l e about var ious 

d iseases of the crop. In recent p a s t . I t has been observed 

tha t downy mildew (Peronospora p l a n t a q l n l s ) * I s a t t a in ing 

alarming proportion In chief isabgul growing areas of 

Gujarat and causing enormous economic losses to t he farmers, 

(P l a t e , 1 - A, B, c>. Keeping t h i s In view, attempts have 

been made t o study var ious aspects of the disease and 

pathogen In d e t a i l viz.. hl8topattK>logy of t h e ^ l s e a s e , 

biochemical changes In diseased p lan t , meteorological 

partfnetera favouring the d isease , sc re^ i lng of various 

Isabgul cu l tures for r e s i s t a n c e t o the d isease , the r o l e 

of c u l t u r a l p rac t ices and the use of e f f ec t ive chemicals 

in managing t h i s se r ious d isease . 

* Itie name of species used here Is near Iden t i ca l to the 
species described by Undejcwood as per l e t t e r No. H391/ 
81 /y i2 , 1983 fron Francis s.M,, Commonwealth Mycologlcal 
I n s t i t u t e , Kew, sur rey , England. 
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REyiEW OP LITERATURE 



RgyiEl^ OF LITERATURE 

2.1 Introductory 

Because of l ess economic imi^rtance of the diseases 

of I sa i^u l raucin a t t en t ion has not been given to study In 

depth, obviously^ very l i t t l e l i t e r a t u r e i s ava i l ab le . 

Furthermore, the crop i s grown in only few places # the 

diseases have not b e ^ observed in an alarming proport ions 

w^ich otherwise would have dra%m the a t t en t ion of the 

s c i ^ i t i s t s . However* an attempt has been made to review 

the ava i l ab le l i t e r a t u r e on severa l d iseases of Isabgul in 

general and pa r t i cu l a r l y on various aspects of downy 

mildew. 

Most important d iseases reported to affect economic 

cu l t i va t ion of Isabgul are Fusarium oxyaportim Schecht 

emend. Synd & Hans, (pusarium w i l t ) ; pythium ultimum 

Trow, (Damping-off of seedl ings) ; A l t emar l a a l te rna ta(FR.) 

Keiss le r (Al ternar la leaf b l i g h t ) ; Peronospora p lantaqinis^ 

Underwood (Downy mildew) and arysiphe cichoracearum D,c. 

(powdery mildew). 

Russell (1975) reported Fusarium osysporum as 

pathogen of the mucilage p l a n t , plantaqo ovata . According 

t o him, symptoms may be a pre-emergence damping-of f or a 

rapid wi l t ing of 120-150 days old p l a n t s , d iscolourat ion 

of the tap root (commencing at the t i p ) accanpanied by 
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the presence of l a rge quan t i t i e s o£ hyphae In xylera 

e l em^ t s^ vascular discolourat ion and c o r t i c a l root r o t . 

pythluro ultlmurn ' , was Iso la ted from the decayed 

roo t s of 14 days old damped-off Plantaao ovata seedlings 

(Chastanger Gt̂  a l . lD78) . Seeds of Isabgul when sown In 

s o i l a r t i f i c i a l l y inoculated x^ith P. ultlmurn resu l t ed In 

pro and post-emergence danplng-off of youvg seed l ings , 

Pre~treatment of seeds with CGA-489ai8 provided an e f f ec t ive 

measure to control t h i s d i sease . 

Pa te l et, §1.. (1982) observed Al t emar l a a l t e rna t a as 

the i n c l t a n t for leaf b l i gh t disease of Plantago ovata 

caused du l l green-yellowish colour a t the t i p of the 

leaves. The older and matured leaves get soverly attacked 

and more than 50 per cent leaf area i s covered by I r r egu la r 

necrot ic zones Increasing rapidly and coalescing under warm 

end humid c l imat ic conditions* 3^ advance s tage / blackening 

of leaves followed by burning appearance and ul t imate ly 

r e su l t i ng In to drying of leaves a re important aymptoms. 

Under severe conditions of t he disease^ s h r i v e l l i n g ^id 

blackening of seeds a re a lso noticed. Itie next Inrportant 

d isease of t he crop i s powdery mildew which has been found 

t o occur occaasionally (Kumarwat, 1S79). 

The. downy mildew disease of Plant ago ovata i s 

i nc i t ed by two di f ferent species of Peronospora. Desal and 



Desal (1969) reported that t he Peronoapora p lan taq ln ia 

develops ch lo ro t l c areas on the upper surface of leaves 

and a s h y - ^ l t e - f r o s t l i k e mycelial growth on the lover 

su r face . Later on Infected leafves becxxne ch lo ro t l c and 

brownish in colour followed by cu r l ing , c r inkl ing and 

drying of leefves which re su l t i n poor growth of the plant 

and flowering. 

However« Kapoor and Chowdhary (1976) observed tha t 

the PeronosT?ora a l t a fUckel i s the i n c i t a n t of the <towny 

mildew disease of Xsabgul. The symptoms a r e I n i t i a t e d as 

ch lo ro t l c s t reakes extending along the midribs of t he 

leaves . Profound downy growth was observed on t h e lower 

leaf surface . Ultimately the whole leaf turns necro t ic 

and din severe cases , the e n t i r e plant gave blighted 

arjpearance. The abundant (Oospore formation caused the 

thickening of affected leaves , 

2*2 Studies on hiatopathology and morphology 

The group of downy mildew fungi i s ob l iga t e p a r a s i t e , 

typi f ied by invasion of tost t i s s u e s i n t e r c e l l u l a r l y and 

l imited in t rus ion in to the host c e l l s by haus to r l a . Pray-

mouth (1556) observed mycelium of Peronos-pora a l t a i n t e r ­

c e l l u l a r and haustor ia hyphal infrequent. Hickman and Ito 

(1566) demonstrated tha t t h e stcxnata provide stl/nulOs for 

penetra t ion and according to then, the storaatal penetrat ion 



i s £ai r ly common in the dovmy mildews and the g rea te r 

development of ai^ra^giophores on the lower surface of 

leaves may be due to large niunber of stomata in many 

host species* Francis (1981) reported oonidiophores 290. 

450 X 8/<.ni*trunlc Sl-268/4.m; branching otecurely dichotomous 

4-6 times; brauich ends 8-20 x 2-3/ tm# s lender , tapering 

and curved, angle usually l e s s than r i g h t angle , c»nidia 

2 ^ 3 2 X 18-24/<ra, e l l i p s o i d , pa^le brown - v i o l e t . Thind 

in 1942 measured the conidia of p , p lantaginia causing 

d isease on |>lantago canplexicaulia with 40-44 x 16-18 >^ra 

s i z e . 

However, l i t e r a t u r e revealed no infox:mation on h i s t o -

pa thologica l aspects of l>eronospora p lan taq in i s causing 

d i sease on plantaqo ovata> 

2»3 Studies on meteorological parameters 

The epidemiological inves t iga t ions car r ied out by 

Vlranyi (1975) indicated t h a t dynanics of downy mildew 

infec t ion in onion mainly depend on frequency and length 

of time of humid condit ions in t he f i e l d . 

m addi t ion , these I n v ^ t i g a t i o n s have shown t h a t 

o ther fac tors l i k e f ree \rater on t he plant surface and a i r 

temperature are a l so responsible for the fungus developmcsit, 

file:///rater
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PaXti (1975) recorded that alaandant spoculation in 

downy mildew of cuourblts (r^eudoperonogTwra cubenals) on 

plant rich in photosynthetes« on greenish-yellow (not 

necrotic) lea ions« in temperature range o£ &-30*c (pptinnam 

15*C)# i f leaves wet for at least 6 hours* IXlspersal/ 

mostly by wind« favoured by moderate atmospheric humidities# 

but sporangia r ^ i d l y lo se v iab i l i t y at low humidity or 

high temperatures* Sxconde (1970) concluded that ra infa l l 

and re la t ive humidity had a significant ef fect on the degree 

of infection in downy mildew of maize. 

waite (1971) observed that 11*7 per c^it of the 

conidia of £• tri:foliorum getminated at 5*'c# decreasing to 

o per c^it at 30" c« while l ight did not decrease germination 

but iiihibited germ tube growth* 

Dalmacio and Raymundo (1972) indicated that sclerostx>ra 

philippinenais does not sporulate every night* The presence 

of thin film of moisture over the surfaces of infected 

leaves was determinJUig factor in spore production but 

sporulation was always observed when RH was 90 per c^nt or 

over* 

Bashi and Ay lor (1983) concluded that temperature # 

RH and sunlight were the most important factors in deter­

mining sporanglal survivabil i ty of p* destructor and p. 

tabaclna* 
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Pal t i and Hotem (1S73) suggestea that c l a s s i c a l 

forecasting techniques in temperate zones are based on 

the determination of environmental factors that promote 

disease develoi^raent and on the quantitative e^qiression of 

these factors. They have also siarvnarized that agricultural 

practices such as irrigation and year round cult ivation of 

crops r e ^ e r semi-ari^ areas more suitable for de^elop-^ 

ment of downy mildews and la te blic^t than might be 

supposed by weather cr i ter ia alone, mrther^ the complex 

interrelat ions to be attributed to factor affecting disease 

developm&it make their regional forecasting impracticable. 

This i s due to the absence of clearcut "Zerotlroe'* for the 

beginning of the disease development, the l imited s i gn i f i ­

cance of temperature« the unpredictable occurrence of hot 

and dry spells« int^ise sub-tropical ra infal l and the 

dominance microclimatic factors , on the otherhand, timing 

of control operations can be aided by regional determination 

of disease free periods in crops so%«n in different seasons 

and hy prediction of the length of such periods in individual 

f i e lds according to their age and density, irrigation regime 

and proximity to source of inoculum. It i s very well 

reosgnized in plant pathology that the use of chemotherapy^ 

either alone or in ocmbination with other control methods 

in absence of the information on disease epidemiology, i s 

not going to help the farmei:^ especial ly to get successful 

control of the disease. 
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2.4 Studies on phytochemical chanqeg 

The rate of respiration in downy mildew infected 

leaves of bajra increased b/ 149,5 per c«it than that in 

the healthy ones (r̂ andahar and Grag, 1S74)* 

According to Jain and Arya (1978), healthy leaves of 

bajra contained almost double quantity of ascorbic acid 

than the infected ones with downy mildew* 

The chemical analysis of diseased and healthy letprea 

of Xsabgul on 70th and 90th days from sowing evinced more 

quantity of phenolics in healthy leaves than diseased one; 

(Shah et ĵ ..̂  1981). It was around 4 and more than 3 per 

cent on 70th and 90th day respectively in healthy leaves as 

compared to acvund 3 and less than 2 per cent on 70th and 

90th day respectively in diseased lesves* 

Thanki and Talati (1983) concluded that the husk 

obtained from black seeds of Isabgul is of poor quality as 

compared to healthy one< eventht̂ igh black seeds refvealed 

higher swelling factor. Hcyia&r&c, th^ h^e not given any 

reason for black^iing of seeds. 

2.5 studies on disease management 

Chemical 

It is universally acknowledged that after breeding 

for disease resistance^ chemical control of plant disease 
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i s the best and most s a t i s f ac to ry method of plant d i sease 

management (Anonymous, 1983). P a l t i and oohen (1980) 

indica ted t h a t success of control by protectant chemical 

depends largely on proper timing of app l ica t ions , moreover/ 

r a t e of leaf formation and favourable factors determine the 

frequency of app l i ca t ions . Accoxrding to Desai and Desai 

(1969), appl ica t ion of aureofungin aan control downy mildew 

disease of Isabgul . 

With the recent development of systemic fungic id i^ , 

t h e use of these eompcmnds applied as seed, s o i l o r f o l i a r 

t rea tments may be the p laus ib le means of combating downy 

mildew disease . The developm^it of systemic fungicides i s 

an important mile-s tone in th i s f i e l d pa r t i cu l a r l y for a 

developing country l i k e India where farmers cannot afford 

frequent appl icat ions of conventional fungicides. A systemic 

fungicide has the advantage tha t i t i s ab le t o en ter t h e 

p l a n t system and i s re ta ined by the host for a longer 

per iod and remains unaffected lay t h e externa l adverse weather 

condi t ions especia l ly the r a i n s . Tharefore^ such groups of 

chemical con^xaunds made i t s appearance on the scene 

(Anonymous, 1983). 

The compound current ly known â i Metalas^l was known 

in pas t as CGiv-48988, Apron 35 SD OS Ridomil has been found 

e f fec t ive against do%my mildews of tobacco, onion, spinach, 

ro se , cucu rb i t s , brass ica seedlings and l e t t u c e crops 
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(Johnson et si# 1S7S; Tev lot dale et §1; 1980i Jones and 

Dalnello« 1983; Folk« 1983; Palti and Cohen, 1980 and 

Hartill, 1982)• 

cultural 

Dense seed->bed stands of onion, tobacco or tomato 

are more likely to be attacked by dminjy mildew fungi than 

that in spaced out seed beds. This is more so vihen a^ old 

crop is in the vicinity, plants spaced out in the field 

can be predicted to remain free of disease at leaat as 

long as dense stands in the same neighbourhood are nest 

attacked (Palti and Rot«n, 1973), IIIQ research work 

carried out under AICRP (̂ KeAP) suggested that the seed rate 

of Isabgul should not he more than 4 kg/ha as the seed rate 

higher than that tends to the disease incidence (Anonymous, 

1980), 

Resistance 

Spurling (1973) stated that in Malawi, local cultivara 

of pumpkin and cucumber are rarely affected Iff p.eutacmsis 

but introduced cultivara are sometin^s destroyed completely* 

Simanca gt ^.i 1977) t ^ t e d 360 cult ivars and l ines of 

cucumbers in Cuba under fungicidal protection, natural infect­

ion and a r t i f i c i a l inoculation. Only f ive of them eidiibited 

high resistance to £• eubensis. Thirteen other cult ivars 

possessed mocterate resistance* 
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Nagarajan e t î yc 1970) tested 3961 ent r ies o£ sorghum 

against downy mildew* c^t of th^se 48,2 per cent ifere 

found resis tant^ 17.7 per cent Intermediate and 34,1 per 

cent susceptible. 

only recently, the work on reaction of dlffer<»t 

Varieties o£ Zsabgul to downy mildew has been undertaken* 

Kapoor and Chowdhary (1976) have reported iMclefly the 

reaction of variet ies and crosses of Dsabgul to downy mildew 

and have observed severity of disease almost on a l l va r i e t i e s 

and crosses of th is crop. 



MATERIALS AND METCHODS 



MATERIALS AND METHODS 

3,1 introduction 

Itie studl^i on various aspects o£ downy mildew disease 

^^ Plantago ovata were undertaken, 

(I) HlstopathoXoc^ ̂ id morplKiIogy of PeronospojroL plantaqlnla 

The studies on mode of penetration. Infection and 

relation with host cells; raeasurenants of hyphae# sporanglo-

phores, sporangia and sterlgmata were undertaken. 

(II) Hie effects of temperature and humidity on sporanglal 

germination and their overall impact on disease Incidence 

were studied in laboratory and field* 

(III) Variation in moisture^ ash« nitrogen^ chlorophylls and 

ph^iolics percentages in leaves and seeds; molsture# nitrogen^ 

swelling factor and percentage of black seeds from healthy 

and diseased plants %;ere studied. 

iiv) The efforts were also made to manage the disease by 

(a) use of fungicides* (b) cultural practices and (c) search 

of resistant germplasm. 

3«2 Hietopatholoqy 

3.2.1 Host parasite relationship 

To carry out the histopathologloal studies diseased 

leaves of the variety 'Gujarat Isabgul-l' were collected 
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from the f i e l d . Leaves were then cut in to a n a l l p ieces 

a f t e r co l lec t ion and vrere subjected t o process for inicijotaQe 

sec t ions as described by Sass (1964)« Itie microtome 

sec t ions in r ibbons were eoce^nined. 

3«2*2 Morphology 

With the help of camera lucida t h e p ic tu res of 

8porangiophore# s ter igmata , sporangia and germinating 

sporangia were depicted* After s t a in ing hypha# eter igmata 

and sporangia were meeusured %«ith t h e help of s tage micro­

meter, such one hundred measurcm^its for each were taken. 

3.3 Meteorological paratfnetega 

3»3«1 Ihe in f lu^ ice of temperature on sporanqial 

gerroination 

Fresh sporangia were co l lec ted from the diseased 

leaves in the ear ly mojming t o study the ef fec t of 

temperature on sporangial germination* The suspension was 

p r ^ a r e d in tap water and kept a t 0°c , S ' c , Wc, 15*C, 

20*c, 25*C, 30*C, 35*0 and 40*c and t h e perc^ i tage germinat­

ion was worked out by observing a se t of s i x s l i d e s 

prepared from each temperature, r ep l i ca t ed twelve t imes . 
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3«3»2 Itole of temperature and humidity on germination of 

anoranqia under field conditiona 

During the peak period of disease^ 80 days after 

sowing, at every 2 hrs. of interval the disease samples 

i«ere collected from the field from 6«o a.m. onward on 

three consecmntive days and the presence of germinating 

sporangia on Zsabgul leaf tissues were checked under micro­

scope. Field temperature and Relative humidity were recorded 

at the time of collection of s^nplea. 

3,3,3 Role of temperature and humidity on disease 

initiation and development of the disease 

In maize bro«m stripe downy mildew« once the primary 

infection becomes established, then its spread is possible 

throu<;̂  sporangia, although, their viability is of short 

duration (Singh, 1969). Keeping this in view, one hundred 

plants were tagged randomly in the field of <%ijarat Isabgul-l 

to determine the role of initial inoculum on diseased plants 

and subsequently on further developrâ it and severity of the 

disease. The plants so tagged were graded for disease index 

0-4 regularly at 15 days Interval, beginning from the first 

appearance of disease till the time of harvest, furthermore, 

the observations regarding temperature and humidity were 

also recorded in term of meteorological weeks. Ilie yield 

data were also recorded individually for all the hundred 
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tagged plants* The disease severity was graded b/ using 

the following scale (Plate 2A# B)« 

Disease ratings Perc^itaae of necrotic leaf 

0 

1 

2 

3 

4 

area of a olimt 

Oonnpletely healthy (No infection) 

Trace to 25 

26 to 50 

51 to 75 

More than 75 

Disease index was worked out according to the follow^ 

ing forniula* 

Disease index - £ (Class value x Frecjuency) 
itotal no. of plants observed 

3,4 phytochgnical chances 

Gujarat Isabgul-l variety was grown on col lege farm 

during the year 1982-83 as a general crop. Pew days before 

harvest several healthy aid dis^ised plants were marked for 

the study* Leaves and seeds fran f ive healthy and f i v e 

diseased plants were cleaned and cs>llected s^>arately in 

polythene bags and weighed to determine the fresh weight 

(plate^A# B). Care was taken to avoid lo s s of aK>isture 

t i l l the time of determination of weights* The leaves and 

seeds so weighed were then transferred to an oven and 

dried at 65^C t i l l constant weight of each was obtained. 



P L A T E/ 2 • 

C A ) INTBJ^Sr rY O? DOvfilY MILD3VI D13-IV^^ 

0 > , .- COMPLSTELY HEALTHY (NO I N F E C T I O N ) 

1 r TRACE TO 25 PER CENT NECROTIC LEAP ARS,•^S/PLANT 

2 - ; : 2 6 TO 5 0 PER CENT NECROTIC LE^:^ ARE.A5/PLANT • 

3 - • 51 '['O 7 5 T^ER C^NT NECROTIC LEAP A R ^ A S / P L A N T l;:;'^ 

4 - KO;^E i'-i;:,:: 7 5 p ? < CEWT N^CGROTIC LEAF A R E ' ^ S / P I - A N T 

(B) I N T E N S I T Y OF IXJlflTY MILDEW DISEASE Or; 

l : : , \BGUL LEAVES. 
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P L A T S, 3 

( A ) LISPT - DI3^3A3-JD PhP^^VS 

RIGHT - H S , ^ T H Y PL/J^JTS 

( B ) L 3 F T ; - 3-^3n3 7ROM DIS^AS-^D PLA^'^:;3 

• v . R I G H T - SZ^'lJS FRUi HS, ] ,THY PLANTS -• 



• • ^ - - v : ^ - . • • ^ . ^̂  

HEALTHY 

B 
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The differences between f r ^ h and dry weights i«ere taken 

as the moisture content . The moisture content thus 

obtained has been esqsressed as per c^ i t moisture on £resh 

weight basis* further# per cent content of ash« n i t rogen , 

chlorophylls# phenolics and reducing sugars of leaf; per 

cent n i t rogen oont^cit of seed^ swelling f ac to r s of seed 

and per cent of black seed were determined* Thm method 

followed for each axnponent i s b r ie f ly given below* 

3*4,1 Ash 

The enr&i dr ied 1 g:. s t ap l e s of leaves co l lec ted 

from healthy and diseased p lan t s in pr^^iously weighed 

s i l i c a basin were digested separa te ly in a~ muffle furnace 

a t about Soo-SSo'c for about an hour. I t was then ccK>led 

i n a des iccator and weighed u n t i l weighed cons tan t . 

3,4*2 Nitrogen 

Nitrogen was estimated in leaf and seed samples 

co l l ec t ed from healthy and diseased p l an t s i^ using standard 

Kjeldahl method* The procedure i s given below. 

procedure x 200 mg of sao^le was digested with 5 ml of 

concentrated sulphuric acid in presence of ca ta lys t (mixture 

of potassitan sulphate and copper sulphate)* itie so lu t ion 

obtained was t rans fe r red quan t i t a t i ve ly in d i s t i l l a t i n g 

assembly and 20-30 ml 40 per c&nt sodium hydroxide so lu t ion 

was added* The l i be r a t ed ammonia was col lec ted in 
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saturated 20-2S ml o£ 2 per cent boric aold solution and 

titrated with 0.02 N standard NaOH solution using 

brcxnooresol green and methyl red indicator (mix indicator). 

The mid point was blue to colourless and the burette 

reading was recorded. The percentagi^ of nitrogen were 

calculated by using the following formula. 

per cent Nitrogen « x ^ N ^^^0^0^ x ̂ 00 

X *• Burette reading 

N •* Normality of NaoH 

w " wt. of sj^ple. 

3.4.3 Total chlorophylls 

Chlorophylls were extracted and ^timated from 1 g 

dry powder of healthy and diseased leaves in acetone using 

'omega* homogenizer as per the procedure of AOAC (l98o). 

After £ilteration« fliterate "tmB made to 100 ml with acetone 

and 10 ml of fliterate was extracted with ether thrice 

(15 ml each time) using separating funnel. Ether extract 

was 0irther washed with distilled water and the volume was 

made to 50 ml with solvent ether. The optical density of 

the solution was read at 640 nm and 660 nm and total 

chlorophylls (mg/1) were determined using the following 

formula. % e values were converted into per cent chlorophylls, 

Total chlorophylls » (7.2 + OD at 660 tm) + (16.8 + OD at 
640 nm) 
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3«4»4 TtotaX phenollca 

Total phenolic compounds frtxn healthy and diseased 

leaves of £ . ovata were ext rac ted from lOo rag dry powder 

of each with 20 ral 80 per cent V/V ch i l l ed ethanol using 

•omega* homogenizer* The ex t rac t was centrifuged at 

Sooo RPM for 15 minutes and process was repeated twiceusing 

10 ml 80 per cent V/V ethanol each t ime. S u c c ^ a i v e 

ex t rac t s were combined and volume was made t o 50 ml with 

, 80 per cent (V/v) e thanol . phenolics %;ere est imated lay 

Polin method of Swain and H i l l i s (1959). A s u i t a b l e a l iquot 

(1 ml) of t h e e thanol ic ex t rac t was d i lu ted with d i s t i l l e d 

water to 8 ml; th^n 0*5 ml of Folin phoiol reagent was 

added and the contents were well mixed. After 3 minutes, 

1 ml sa turated sodium bicarbonate solut ion was added and 

t h e f ina l volume was made upto 10 ml with d i s t i l l e d water. 

The tube was thoroughly shaken and the colour deveLoiment 

was measured a t 700 r̂ n a f t e r standing for 60 minutes. A 

standard curve was p r e p a r e using chlorogenic acid and a l l 

t h e ccMicentrations were e x p r e s s ^ in terms of percentage 

of t h i s compound. 

3«4.5 Determination of reducing sugar using Somoqyi*s 

copper reaq«i t method 

Exactly 0.5 gm sample of powdered dry leaves (col lected 

from diseased and healthy p lan ts ) was weighed in lOO ml 
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conical flask. After adding 50 ml distilled water aond 

0«5 gr calcium carbonate# the mixture was boiled for 15 

minuti^ with a funnel in the neck of the flask. Th^i it 

was cooled at room temperature and 8 ml of neutral 

saturated lead acetate solution was added. After 15 minutes, 

sufficient quantity of anhydrt>us disodium phosphate(powder) 

was added to precipitate excess lead. Ibe solution was 

mixed thoroughly, transferred quantitatively in 100 ml 

volumetric flask and diluted exactly to 100 ml with 

distilled water. 

After allowing the precipitates to settle down the 

supernatant solution was filtered through i4hat*man No. 42 

filter paper. Avoiding first few drops, the filterate was 

tested for the absence of lead with disodium |̂ :iosphate. 

TVenty five ml of filterate was placed in lOO ml 

conical flask and 10 ml of copper iodometric reag^it SO 

was added to it. The solution was boiled for exactly 15 

minutes. Then it was cooled (36'*c) for 5 minutes under 

running water. Two ml of 2.5 per cent potassium iodide 

and potassium oxlate solution and 10 ml of 1 N H^so. were 

added to it. After waiting for 10 minutes, the solution 

was shekel to dissolve cupjrous oxide. The solution was 

then titrated with o.ol N Sodiiam thiosulphate solution 

adding 1 ml starch solution as an indicator near the end 
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point* Blank %<as alao run in a sixnilar way. Percentage 

sugar was calculated using standard curve prepared £rom 

standard glucc^e solution. 

3.4.6 Swelling factor 

lAider severe condition o£ the disease shrivelling 

and blackening o£ seeds are commonly noticed. The seed 

coat (husk) of Zsabgul seed is mucilaginous and is a bulk 

laxative. The mucilaginous paxrt which is seed coat (husk) 

of Xsabgul seeds swells on absorption of water. Indian 

PharmaoopoeiCL (Anonymous 1966) has prescribed swelling 

factor to determine quality of Xsabgul seeds, tt is a 

measurement of volume of 1 g of Xsabgul seeds swelling 

with water after 24 hrs. The mucilage constitutes over a 

30 per cent of the whole seed. This showed that mucilage 

of the husk has very definite advantage. Thanki and 

Takfi (1983) have claimed that higher tihe husk percentage, 

lower nitrogen pero€ntage and leas number of black seeds 

in a unit of̂ ŝ tfnple are desirable for getting good quality 

seed for the industry. Keeping this in view; swelling 

factor for the seeds collected from healthy as well as 

diseased plants were determined by method recommended in 

Indian pharmacopoeia. (Amionymous 1966) as given below. 

one gram seed was placed in 25 ml graduated stoppered 

cylinder and distilled water was added upto 20 ml. Agitated 
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imnediately fior thorough wetting and allowed to stand for 

about 20 minutes* It was again agitated for uniform 

distr ibution of swollen se^ l s . Volume of the 8%iollen seeds 

was recorded after allowing to stand for 24 hrs. 

3 .4 .7 Blade seeds 

At the time of harvest the seeds were collects frcm 

each of the five healthy and diseased plants. The number 

of black seeds was counted from the seeds collected from 

each plant and per cent of black seeds was accessed. 

3*5 Disease management 

3,5,1 Disease management by diemicala 

Experiments to control the disease were carried out 

at two locations (1} on Agronomy farm of B.A. <3ollege of 

Agriculture^ Gujarat Agricultural University, Anand C^npus 

AQand for four years (1S79-80 to 1982-83) and (2) in the 

Isabgul area in North c^jarat for two years (1980-81 to 

1931-82) at Oujarat Agricultural university Research station, 

Vijapur, 

seed treatment with Apron-35-SD, Captafol and Oarbend-

eiZim as well as Dehusk seeds were used as main treatments. 

Whereas, Metalas^l, c^ilorothalonil, Captafol and Mancozeb 

were used for spraying as sub-treatm«its in field trial. 
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Eaeperlmental de ta i l a 

1* Eaqperim^ital design 

2. RepXicationS 

3» P lo t eizet arose 

Net 

4* Seed r a t e 

5 . Variety 

6. Date o£ aowing 

- S p l i t p lot 

- Three 

- 2 ro X 1*2 m 

- 1 m X 1 m 

- 10 kg/ha 

«» c^tjarat Zsabgul - 1 
(a suscep t ib le var ie ty ) 

- December 1st yi&ek 

The v a r i e t y Gujarat Zsabgul-l was selcKsted t o carry 

out f i e ld esqperiments aa i t i s suscepti lde* 

7 , itie ejqperlroent \ta8 l a id out in an area where the downy 

mildew d isease generally appears every year i n severe 

proport ions . 

8 , Treatments: 

M^in t reatments 

No, i fungicide i zxsse i 
J i gmAgl 
i taeed I 

Active Ingredient 

1 Apron-35 SD 

2 

3 

4 

5 

Carbendazim 
50 % wp 

5.0 (Methyl D, lr-N.c,2»6-dlmethyl-Phenyl) 
-N-(2* metho3Cfacetyl) - a l an ina te . 

2*0 2-(Meth03<y-Carbomoyl) benziraidazole 

C5apta£ol 805i w 2»5 N( l , 1,2,2* - t e t rach lo roe thy l ) th ioc is 
4 <:yalohex!ene - 1,2 dicarbo^dmide 

Dehusked seeds - -

Control - -
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sub* treatment a (Fungicidal sprayinga) 

No*I Fungicide iooncent-l Active Ingredient 
I {rat ion %l 

1 Metalaxyl-25 o,o5 (Methyl D, 1I-NC, , 6-dlraethyl-.phenyl) 
-N-(2"raethoxyacetyl) a l an ina te . 

2 Captafol- 0,20 ti{lA»2,2 - t e t r a d^iloroethy 1) 
^^ w th ioc i s - 4 cyclohex^ne - 1/ 

2 dicarboximide* 

3 chlorx>thalonil 0«10 Tetra ch lo ro iaoph tha lon i t r i t e 
-75 w 

4 Mancx}zeb 0«20 Huiganese ethylgsie bia d i t h i o 
carbamate 

5 Control 

All o ther operat ions were kept common for a l l t he 

treatments* F i r s t spraying was car r ied out every year a t 

both the locat ions during £ i r s t week of S^bruary* s ix ty 

days a f t e r sowing and suhsee^ently a t the i n t e r v a l of f i f t e ^ i 

days* Downy mildew disease was ra t ed on 35 p l an t s rs^domly 

se lec ted from each p l o t during the t h i r d week of March 

every year a t both t h e locations* The d i s ^ e s€R^erity was 

determined by using t h e grade 0-4 as described e a r l i e r . 

Every year during the esq^rimentations a t both t he loca t ions , 

lO p lan t s were tagged randomly in each p lo t and data on 

number of t i l l e r s , t o t a l spikes^ e f fec t ive sp ikes , non 

e f fec t ive spikes and mean length of spike were recorded at 
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the time o£ harves t , crop in the e^periin^ital p l o t s was 

harvested separa te ly during f i r s t w e ^ of ; ^ r i l » Spikes 

were threshed and grains were takenout indiv idual ly from 

eaoh p lo t a t both loca t ions . The data were subjected to 

s t a t i s t i c a l ana lys i s . 

3.5,2 Disease manaqgnent by varying seed r a t e s and dates 

of sowing. 

The effect of seed r a t e and date of sowing was 

s tudied in f i e l d es^eriments on the farm of Medicinal ^ d 

Aromatic Pro jec t , GAU, Anand Campus, man6 for two years 

(1979-80 to 1S80-81), 

Sxperimental d e t a i l s 

1, ©eperimental design : Sp l i t p lo t 

2, Replications t Pour 

3 , Plot s ize t Gross : 8 m x 3 tn 

Net I 6 m 3c 2 m 

4 , Variety t Gujarat Isabgul- l 
(a suscep t ib le va r ie ty ) 

5 , The e3(periment was l a i d out in an area where the downy 
mildew disease general ly appears every year in severe 
propor t ion. 

6, Treatments 

(i) Main treatments (Date of sowing) 

1, 1st November 2, 16th November 

3. Ist December 4. 16th December 

5, 31st Dec(3nber 
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(11) sub treatments (seed rate) 

1, 1 kg/ha 

2« 2.5 kg/ha 

3. 4«0 kg/ha 

4. 5*5 kg/ha 

5. 7,0 kg/ha 

Ninety days after sowing In each of sowing date/ 

(Main treatments) the downy mildew Incidence was rated 

on 4o plants selected randomly fron each of the sub plots. 

The crop under each sowing dates from each plot was 

harvested separately after 120 days of sowing. The yield 

data from each plot were recorded. The data were analysed 

statistically for both the years* 

-to 
3«5«3 Reaction of Isabqul varieties/cultures.downy mildew. 

the best way to contxrol the disease Is to heĉ e a 

variety resistant tar tolerant to the disease. Hence a 

search was made to locate resistant gecmplasm. The germ-

plasm collection at the medicinal plant sch&ne was critically 

examined for resistant to downy mildew ddLsease. Siafven such 

cultlvars located showed resistance In the field. These 

e&ven strains along with susceptible one were further 

tested for three years (1979-80 to 1981-82) In an endemic area. 

The details of the trial are given below -
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I R.B.D. 

: Pour 

t 1.5 m X 1*5 m 

t 1 m K 1 m 

J 10 kg/ha 

; December 1st week 

t Eight 

Experimental d e t a i l s 

1* s>q?erimental design 

2* Replications 

3, Plot sizet Gross 

Net 

4, Seed rate 

5, Date of sowing 

6, V a r i e t i e s / c u l t u r e 

i ) Male f e r t i l e 

i i ) E.C. 42706-2/Pl 

i i i ) progeny-3 

iv) progeny-13 

V) E.G. 42706-1 

v i ) E.C, 124345 

v i i ) Gujarat Isabgul-2(Ts-6) 

v i i i ) Gujarat Isabgul-1 (a suscept ib le v a r i e t y ) 

The crop of most suscept ib le cu l tu re (Progeny-3) to 

downy mildew was r a i sed a l l around the experimental block 

t o a width of one meter with 5 kg seed r a t ^ /ha . Moreover, 

t h e inoculum (sporangial suspension) was sprayed twice 

between 5o to 70 days a f te r sowing t o ensure d isease 

development. The spraying was ca r r i ed out during l a t e 

evening. The sporangial suspension for inoculat ion was 

prepared from diseased leaves co l lec ted in l a t e afternoon 
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and placed in moist chamber for about 12 to 15 hrs« Vh&i 

the crop was at the £loi^erlng stage (i .e* a£ter 90 days 

o£ sowing) th i r ty £lve plants were randomly selected from 

each plot and were graded for disease in t^ i s l ty as per scale 

referred ea r l i e r . 



RESULTS AND DISCUSSION 



RESULTS mn DISCUSSION 

The results of research work undertaken on 6o\iny 

mildew of Isabgul Incited hy Peronospora plantaqinis with 

reap€K3t to the (i) histopathology (a) host-parasite 

relationship and (b) morphological attributes, (ii) effect 

of meteorological parameters in relation to spore^gial 

germination and disease development (iii) bio-chemical 

changes brought out due to disease and (iv) management of 

disease through (a) cultural practices (b) chemicals and 

(c) getmplasm screening are presented. 

4.1 His topat hology 

4,1,1 Host parasite relationship 

The histopathological studies conducted with leaves 

infected by P. plantaqinis revealed that the sporangia on 

host leaf surface upon geemination^ produced gezm tubes and 

penetrated through stomata (Plate# 4 A ) . After penetration/ 

fungal haustorium (plate^ 4 B) became hyphoid and then grew« 

normally adjac^it to the host wall giving rise to hypha 

(Plate, 4 c), Thaiafter intercellular mycelium formed 

(Plate, 4 D) haustoria invading adjacent cells. Haustoria 

are generally cylindrical, long tenuous and curling and 

vary in size. They were observed oft^n in clusters in 

mesophyll and lower epidermal walls and resulted in severe 

pathogenesis which progressively led to tissue necrosis 

and death of plants. Sporangia and sporangiptores emerged 
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through stomatal opening before death of the t i s sues , 

zoospore formation was never olsserved. The studies also 

revealed that the fUngus can penetrate either directly or 

throu^ storaata* Although^ i t has been reported that the 

fungus penetrates dir^stly (Iwata* 1SM3 and preece et, al« 

1967}y i t has b e ^ observed here that the fungus penetrate 

only thrc3ugh atomata under the studies as has been 

reported by Gregory (1912); Campbell (1935); suchults(1937); 

wolf (1947) and waite and Gannon (1574). 

4*1«2 Morphological oharacters 

Tt%9 os^nocytio fungal hypha was intercel lular in host 

t i s sues with lareadth ranging from 6,25 to 1 2 . 5 o / ^ (average 

8«5 / < ) (Table 1 ) . Sporangiophores appeared slender and 

"tree l ike" with an erect ' trunks gray to pale v i o l e t in 

colour emerging s ingly or in c lusters from stomata dn the 

lower aur£&ae and were dichotomously branched (Plate 5 and 

Fig« l a ) . The terminal branches or sterigmata were 

pointed more or l e s s s traight , and measured 4.25-12*30/< x 

4 . 0 0 - 4 . 2 0 ^ («rerage 6*81 x 4 ,17>c ) , Sporangia were 

sub-hyaline* broadly e l l i p t i c a l to sub-globose and usually 

measured 32-44 x 1 7 - 2 5 / ^ {^average 37 x 21/< ) (Pig. 1 b) . 

Sporangium upon gennination produced germtube (Fig. l c ) . 

The measurements reported here for branch ends (Steri^pata) 

and sporangia are vexry rmiĉ  s imilar to those reported for 

E* plantaqinia by Bliasson (1915) as referred fay Francis 
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Hyphal 

Sterlgaoaata 

Sporangia 

loo 

100 

100 

(1981). The conldlal width was 16-18/^ according to 

Francis (1981), while it was 17,00-25.OoAin the present 

study. 

i 
Table 1. Dim^isions of different structures of p.plantaqnia 

on Gujarat Isabgul->1| 

structure i Number of ! length (/<.)! width (/< ) 
i observation j { 

6.25 - 12.50 
(8.50) 

4.25 - 12.50 4.00 - 4.10 
(6.81) (4.17) 

32.00 - 44.00 17.00 - 25.00 
(37.00) (21.00) 

NBt Figures in parentheses are mean va lues . 

4 .2 Meteorological parameters 

4 .2 .1 Influence of temperature on sporanqial germination 

in v i t r o 

The study on effect of tec»perature on sporangial 

germination revealed s ign i f i can t differences among sporangial 

germination a t various temperatures, ttie sporangial 

germination was s ign i f i can t ly more at 20*c than those a t 

other temperatures t r i e d (Table, 2 and Pig. 2 ) . Thus optimum 

temperature fo r s|M>rangial germination i s 20 ' c . Thereafter 

i t decreased e i t h e r with increase or decrease in temperature 
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Table 2, Influence o£ tennperature on spoxrangial gecminatlon 

of £ . plantaqinifl In v i t r o . 

(ayeraqe of 12 reDlioatix>na) 
Temperature, *€ ! Mean aporanglal germination, % 

O 11.52 

5 12*08 

lO 18.44 

15 19.51 

20 24.68 

25 20.44 

30 12.88 

35 11.91 

40 5,20 

S.£m, 1.23 

CD, 0,05 3.47 

C.V. % 28.1 

levels (Fig. a,}, Singh et, ̂ . (197o) have also observed 

that the optimum temperature for sporangial germination to 

be 20*22*'C and decreased with increase or decrease in 

temperature in case of selerophthora ravssiae* 
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4.2*2 Influence of temperature and r e l a t i v e humidity on 

aporanqial germination in f ie ld 

The r e s u l t s presented in Table, 3 and Pig. 3 indica ted 

t h a t ttie fnaximum sporangial germination (41.57^) was 

observed a t 17,5"c temperature and 88.50 per cent r e l a t i v e 

humidity a t 06,00 a,m,i while i t was minimiam (17,27%) at 

4 2,5*C tenperature and 32,5 per cent r e l a t i v e humidity a t 

2,00 p.m. In genera l , temperature around 20*c «id 

r e l a t i v e hiunidity around 89 per cent favcmred sporangial 

germination between 02*oo ajn6 08«oo a«m« atid a t l o .oo p.m, 

on the other hand the sporangial germination (40,11 %), 

second highest , was observed a t temperature 22**C and r e l a t i v e 

humidity 66,5o % a t 08«00 p,m« which seems to be exception. 

The probable reason could be e i t h e r the prevalence of 

cloudy atmosphere p a r t i c u l a r l y during tha t period and 

emmision of long wave r ad ia t ion from the cloud or some 

o t h e r ab io t i c fac tors might have played v i t a l r o l e in 

g iv ing higher percentage of sporangial germination. While 

prevalence of low r e l a t i v e humidity during that period was 

caused by advection of vapour to o ther places as a r e s u l t 

of high wind v e l o c i t y . The regress ion correlatix>n for 

sporangial germination was negative (-0,85) with temperature 

and pos i t i ve with r e l a t i v e humidity (40,82). 
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Table 3 . Influence o£ temperature and r e l a t i v e humidity 
(RH) on aporangial germination o€ p . p lan tad in ia 
in f i e l d . 

Time of aporangial iTemperature^i RH % isporangial 
c o l l e o t i o n hra . ! ' 'c * I * jqermination^ %** 

0 6 . 0 0 

0 8 . 0 0 

1 0 . 0 0 

1 2 . 0 0 

0 2 . 0 0 

0 4 . 0 0 

0 6 , OO 

0 8 . 0 0 

1 0 , 0 0 

a.m. 

a.m. 

a.m. 

noon 

p.ra. 

p.m. 

p.m. 

p.m. 

p.m. 

1 2 . 0 0 midnight 

0 2 . 0 0 

0 4 . 0 0 

a.m. 

a«m. 

1 7 . 5 

2 0 . 0 

27 .5 

3 6 . 0 

4 2 . 5 

4 3 . 0 

3 0 , 5 

2 2 , 0 

^ . 5 

23.O 

21 .5 

2 0 . O 

8 8 . 5 0 

8 3 . 5 2 

55.OO 

4 2 . 5 0 

3 2 . 5 0 

4 6 . 04 

4 5 . 0 2 

6 6 . 5 0 

7 9 . OO 

8 1 . 5 0 

8 9 , 0 0 

8 9 . 5 0 

4 1 , 5 7 

3 7 . 9 6 

2 8 . 3 6 

2 1 . 0 2 

1 7 . 2 7 

2 2 . 3 0 

2 7 . 6 2 

4 0 . 1 1 

3 6 . 6 3 

28 .95 

3 2 . 1 5 

3 5 . 6 7 

^ 

• Average of three consecutive daya 

*• Average of 18 s l i d e s ; 25-40 sporangia examined in each 
s l i d e t <a se t of 6 s l i d e s each day for t h r e e consecutive 
days) . 
Co-eff icient of co r r e l a t ion with tempi - 0.89 

Go-eff ic i^ i t of co r re l a t ion with RH t -4- 0,82 



P I G . 3 : H:P.P3CT OP TBT^PERATURE AND RELATIVE: HUMIDITY 

(RH) ON SPORANGIAL G S R I ^ I N A T I O N IN FIELD 
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4 . 2 . 3 Effect of t empera tu re and r e l a t i v e humidi ty on 

d i s e a s e developm^it In f i e l d 

The r e s u l t s ob ta ined under t h e s tudy i n d i c a t e d t h a t 

m e t e o r o l o g i c a l pa rame te r s had g r e a t In f luence on d i s e a s e 

deve i twnen t . The d i s e a s e was f i r s t obsen^ed on 50th day 

a f t e r seed ing . However, the mass ive devslopment of downy 

mildew appeared only a f t e r 75 days which was c o r r e l a t e d 

w i t h t h e p r o g r e s s i v e r i s e In t empera tu re (minimum and 

raaxlirtuni) and r e l a t i v e humidi ty . Disease I n t ^ i s l t y a l s o 

Inc rea sed with t h e dec rease In t h e r ange of t empera tu re 

(minimum and maximum) along wi th i n c r e a s e In r e l a t i v e 

humidi ty (Table 4 , P i g . 4 ) . 

Table 4 . Effect of t empera ture and r e l a t i v e humidi ty on 

d i s e a s e development In f i e l d . 

bat fTof j Temperature, "C {Rela t ive j ' b l s e a s -

o b s e r v a t i o n iTlinimxim t Maxiitnam Ihumidlty,%ilndox •(0-.4)* 

1 5 . 1 . 8 3 9.3 27.4 57 O.OO 

3 0 . 1 , 8 3 10 .0 25.7 79 0,C6 

15 .2 .83 13 .3 28.8 BO 0.30 

3 .3 ,83 13 .5 30.7 34 1.40 

1 8 . 3 . 8 3 16 .6 35 .2 74 2.07 

2 .4 .83 20.1 34 .3 71 2.37 

* O - Free; 4 - Maximum disease intensity 

•** observations based on lOO plants. 
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Thia trend continued till the crop matured. The 

steady increase in both temperature (minimum temperature 

9«3 to 20,1 *c and maximum temperature 27.4 to 34.3 "c) 

and relative humidity (57 to 84 per cent) during the crop 

period favoured the formation of sporangia and their 

germination. This resulted in severe infection, consequently 

the disease intensity also increased. Iliereafter, eventhough 

there is a reduction in relative humidity at 15 days before 

the crop harvest, it did not retard the disease incidence 

as the external meteorological factors had very little 

effect on the pathogen %^ich has already established in the 

host. Hence the maximum intensity of the disease appeared 

in the crop of 80-85 days. Thus* it is evident that the 

effect of temperature on sporangial germination in laboratory 

and in field is more or less identical. 

Bashi and i^lor (1583) attritwte light as a factor 

responsible for lower germination of sxsorangia but as has 

been observed here the increase in temperature and decrease 

in relative humidity as the day rises is more responsible 

for lower gexmination than light. 

The crop yield decreased with the increase in 

disease severity (Table 5 and Big.5l). The minimum 

yield (1.10 g/plant) was obtained from diseased plants 

graded 4 while maxlmiira yield (7.3 g/plant) recorded 

from healthy plants. Heavily infected leaf will have lower 
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7.30 

3.87 

1.64 

1.03 

1.10 

(1) 

(17) 

(35) 

(38) 

(9) 

Table 5. Effect of disease intensity on yield 

1 

Disease intensity J Average yield, g/plant 

O 

1 

2 

3 

4 

NBt Figures in parentheses indicate number of p lants . 

r a t e of photosynthesis than that of healthy leaf. This 

i s an universally accepted fact that the diseased plant 

wi l l yield poor. 

4.3 Biooheraioal changes 

The resul t s reported in Table 6,revealed that the 

moisture content« to ta l chlorophylls (a 4- b)« to ta l 

phenolics and ash cont^it decreased significantly in 

diseased leaves. The increase of reducing sugar in 

diseased leaves was not s ignif icant . Increase of nitrog^i 

in diseased leaves was signif icant . The roaximvun reduction 

was recorded in to t a l chlorophylls content (57#76 per 

cent) followed by to t a l phenolics (52.01 per cent) while 

reduction in moisture and ash contents was to the tune of 

15.02 and 12.42 per cent respectively. 



P I G . 5 : SFPSGT OF DlSeiASE INTENSI':PY ON YIELD 
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Reduction in chlorophylls duo to the infection of 

p. plantaginia me^ be compared with tiie results Shukcinau 

et jl. (1978) ^dvi also observed reduction in amount of 

chlorophylls (a« h, A-^B)^ carotenoids and photo-chemical 

activity of chloroplfltfts in peduncles and leaves of onion 

plants infected by peronoapora schleidenii. Hie decrease 

was related to degree of infection and age of onion plant, 

similarly Taliciva (1980), worlcing with Allimn sp, infected 

^ E* destructor reported progressive tissue necrosis 

ultimately resulting into death of onion plants hy 

sporulation of p. destructor* In contrast to this, 

Thornton and Oook© (1974) did not get such effects with 

cabbage cotyledons infected by £• parasitica* The loss of 

chlorophylls reported in tiie present investigation in 

diseased leaves may probably be due to interf er«ice of 

pathogen in the normal chlorcrphyll synthesis ly limiting 

physical/chemical factors necessary for bio-synthesis of 

chlorophylls and disturbing the metabolic events of healthy 

leeEves* Balasubramanian (1981) has denonstrated reduction 

in iron and manganese and increase in chloride^ zinc, 

copper and ];̂ osphoru3 in downy mildew infects sorghvun 

leaves. He has associated ti^se changes in nutrients with 

reduction in chlorophyll a and b in infected leaves* It is 

widely recognized that nutrient uptake by plant root is 

regulated by the activity of photosynthetic parts of plants 
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(Hatrlck and Bowling, 1973), Increase in total nitrogen 

and reducing sugars in infected leaves may be visualized 

in light of reduction of chlorophylls by £. plantaginis in 

Isabgul leaves vihereby affecting the plant growth and 

nutrient uptake, such increased rate of protein and total 

nitrogen in case of onion plants infosted by 2.» destructor 

was also recorded by Talieva (1980), on the other hand, 

Krik and Koshevskii (1577) observed drastic reduction in 

sugar content of diseased pods of pea (P. pisi) against 

increase in reducing sugar by p, plantaqiJiis (Table, 6), 

However, this is possible because this observation was with 

leaves being the scHirce of assimilation as compared to the 

pods which are the bowls of these assimilates. 

phenolic compounds are reported to be important for 

imparting resistance to disease (Gaumann, 1550i Cruick 

Shank and Swain, 1956| 0iehnet et, ̂ # 1968), Shah and 

Dalai (1980) observed that the total phanolics fall rapidly 

duririg the development of the plant to relatively low 

concentrations at the time when £. plantaginis attacks the 

leaves* t̂ was also suggested that the cultures which 

maintained higher levels of phenolics at the time of 

infection are more tolerant tb downy mildew disease* shetty 

and Atmed (1S80) also correlated high amount̂  of phenolics 

with exhibition of natural resistance to d6wny mildew of 
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certain aorgttm cultures* similarly In Allium epp, 

Talieva (1980) demonstrated correlation of phenolic 

substances to peroxidase activity and observed higher rate 

In cultlvars resistant to £* destructor. Xn contrast to 

this TallcBTa gt, ̂ . <1973) rĉ ported higher chlorogenia acid 

content In Infected plants than in healthy plants. Ho^ever^ 

the results obtained in the present Investigation clearly 

pointed out the correlationship between total phenollcs 

and dovny mildew disease giving higher per cent phenollcs 

In healthy leaVes (2.98 per cent) than that In diseased 

(1*43 per cent) leaves. Similar observations are also 

reported by Shah and Dalai (1S80) and Tallcl̂ a (1980), 

Seeds collected from diseased plants showed significant 

increase (34.55 per cent) in total nitrog^i. Yet the 

increase (88,78 per cent) vas nonsignificant in per cent 

black seeds (Table^7), Itie swelling factor recorded for 

seeds collected from diseased plajfits was also lower than 

the seeds collected from healthy plants. Similar results 

were obtained by llianki and Talatl (l983) who demonstrated 

that with increase in nitrog^i per cent in the seeds and 

number of black seeds in the sample^ there was decrease in 

8i*elling factor. They have concluded that higher husk 

percentage, lower nitrogen and less number of l:a.ack seeds 

in a gram of sanple are desirable parameters for datonnlnlng 

good quality seeds. In the pres^it investigation, the seeds 
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Table 7, Ooroparlson of seeds from healthy and diseased 

Zaabgul plants. 

Characters 

TVoe of seed 

Healthy 

Diseased 

Percent increase 
i-*-^ or decrease 
i-f over healthy 

*t' Value 

iNitrogeni 
I % $ 
{ i 

2.46 

3,31 

+34,55 

4.44* 

Black 

% 

4.19 

7.91 

+88.78 

1.76 

t 
I 

s\felliiig 
factor 
ml/a 

10. 80 

10.50 

-2 .78 

1.18 

* significant at S^ level 

collected frcsm healthy plants showed significantly less 

nitrogen« no significant difference In number of black 

seeds and slightly higher swelling factor. Thus It Is 

cfvldent that seeds collcsoted from healthy plants hdve all 

the desirable parameters for €p>od quality seeds. 

If we could understand the meohe^isms of resistance 

and susceptibility. It would be possible to utilize these 

In the control of plant disease. Preliminary work reported 

here on the undergoing biochemical changes in the host due 

to infection of £• plantaqlnla indicated that they have 

played Important role in the physiology of disease develop­

ment in Isabgul. For example, it is evident that Increased 

amount of chlorophylls and total phenollcs have negative 
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effect In contraat to positive effect of nitrogen and 

reducing sugars on the development of downy mildew disease 

in Zsabgul. Further work on the nitrogen content of seeds 

collected from healthy and diseased plants suggested that 

the amount of nitrogen in the seeds may be considered as 

one of the parameters for good quality seeds in addition 

to the number of blac^ seeds in the seed san^le, 

4,4 Management of disease 

4«4,1 Disease management by chemicals 

With respect to various seed treatment the differences 

were nonsignificant for a>ntrol of downy mildew disease at 

/Uiand and vijapur locations (Table 8.1). However« on an 

average^ the seed treatments either with ĵ >n>n 35 SD @ S«o 

g/kg seeds or Captafol @ 2«5 gAg seeds %#ere promising for 

getting high yield and less disease intensity. 

Significant differences were observed amongst various 

fungicidal spray applications for disease intensity at both 

the locations and for yield only at Anand. Metalaxyl 

(Ridomil 25 MP) spray at 0.05 per cent concentration had 

significantly less disease indices of 0.71 and 0,64 at 

;^and and Vijapur respectively than those observed with 

Captafol, C^lorothalonil and Manoozeb, Thus resulted in 

significantly more yield (1519 kg/ha) at Anand thi^ those 
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obtained as a r e s u l t o£ spraying with other fungicides* 

The y ie ld differences a t Vijapur were nonsicpiificant. 

However, spraying with metalaxyl o,<^ % yie lded maximum. 

The disease ind ic / e s in untreated p lo t s were s ign i f i can t ly 

more and y ie lds were l e a s t . The seed treatment and fungi­

c i d a l spray had no s ign i f i can t effect on t o t a l number of 

t i l l e r s , t o t a l number of apik&a and t o t a l number of e f fec t ive 

spikes at both t he locations« e x c ^ t tha t the mean length 

of spikes was s ign i f i can t ly more a t Anand than a t Vijapur. 

The in t e r ac t ion (year x seed treatment) effect was nonsigni­

f i can t a t laoth the locat ions indica t ing tha t the conditions 

p reva i l ing during the year had no var iab le e f f ec t s on seed 

t r e a t m ^ i t s . However, i n t e r ac t ion (year x fungicidal 

spraying) effect for d isease index was s i g n i f i c a n t only a t 

Anand. Looking t o the ove ra l l average d isease ind ices , the 

year 1980-81 had leas t (0.89) d isease index (Table 8.2) 

while i t remained almost cons is ten t for t he years 1979-Bo, 

1981-82 and 1982-83, This c l e a r l y ind ica tes tha t the 

environmental parameters p reva i l ing during 1980-81 may be 

unfavourable for t h e d isease development, t^ereas fungicidal 

e f fec t s on cont ro l of downy mildew disease during 1979*-8o, 

1981-82 and 1982-83 was nrare or l e s s s i m i l a r , with regards 

t o y i e ld , the in t e rac t ion (seed treatun^it x fungicidal 

spraying) ef fec t was s ign i f i can t at Vijapur only (Table 8«3), 

^he seed treatment with j^3ron-35 SD @ 5 gAg seed coupled 
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Table 8 .2 . Signif icant in t e rac t ion of year x spraying 
for disease index a t Anand. 

Year 

S p r a y JJftq 
* 1979-80 ! 1S80.81 j 

Disease index (0-4)* 
[ 1980.81 I 1981-82 j 1982>83 

Metalaxyl 

Captafol 

Chlorothalonil 

Mancozeb 

Ho fungicidal 
spray ( Q>n tro 1) 

S*Bn. 

C D , 0,05 

C.V, % 

0,93 

1,80 

1.82 

1.61 

1.91 

0,05 

0.14 

11.5 

0,33 

1.02 

0.87 

0.83 

1.42 

0.06 

0.17 

24.S 

0.62 

1.46 

1.56 

1.32 

2.20 

0,08 

0.24 

22.9 

0.96 

1,63 

1.76 

1.24 

2.18 

0,08 

0.22 

18.9 

* o - Free f 4 - maximum disease in t ens i ty . 

with manccxseb 0.2 % spray, dehusked seed with metalax^l 

(Ridomil 25 WP) 0.05% spray^ Captafol 2,5 g ^ g seeds 

with captafol 0.2% spray and Captafol 2.5 gAg seeds with 

Metalastyl 0.05 % spray gave maximum y ie ld than t h a t 

obtained with r e s t of treatment combinations. The i n t e r ­

ac t ion between year , seed treatment and fungicidal spray 

was nonsignif icant . This ind ica tes that the seasons during 

d i f f e r ^ i t years had no< effect e i t h e r on seed treatment 

o r fungicidal spraying and t h e i r combinations. Thus i t i s 
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Table 8 .3 . Signiil^ant In terac t ion of seed treatment x 

spraying for y ie ld kg/ha at Vljapur, 

Spraying jMetalaxyllCaptafoHChloro-JIManco-INo 
i i i t halo- izeb ffungloldal 

Seed S i {nil ( ispray 
treatment { { j| | i 

Dehusk seeds 

Apron-35 SD 

Carbendazim 

Captafol 

No seed'dressor 
(Control) 

S.Bn* 

C.D» 0.05 

C V . % 

1083 

913 

880 

1060 

927 

82 

230 

21.9 

893 , 

925 

937 

1080 

892 

^ 862 

852 

985 

898 

955 

987 

1088 

822 

^70 

700 

810 

688 

1003 

770 

903 

obvious from the data presented tha t seed treatm<ant with 

Apron 35 3D Q 5 g/kg seeds coupled with three spraying 

(15 days JUiterval) of Mancozeb 0.2H or use of dehusked 

s e ^ with three spraying (15 days In te rva l ) of Metalaxyl 

o,05% or seed treatment (2.5 gAg seed) as well as three 

spraying (15 days In t e rva l ) of Captafol 0.2?J or seed 

treatment with Captafol 2»5 gAg seeds with th ree spraying 

(15 days In te rva l ) of metala3<yl 0,05% can ef fec t ive ly 

con t ro l downy mildew disease giving higher y i e l d s . Jt>r 

waat of cost of Apron 35 SD and raetalasyl, i t was not 
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pos s ib l e t o vork out t h e cost benefi t r a t i o s . I t has also 

been r ^ o r t e d by severa l 'Markers t h a t downy mildew caused 

^ Peronospora sp« can be ef fec t ive ly control led through 

chemicals, Metala^yl was reported t o be e f fec t ive against 

Peronospora des t ruc tor on onion (Wilson/ 1980); peronospora 

on rose (Polk, 1983); Peronospora tabaJtoa on tobaccoCBarlniun 

.Johnson e^ ^ , 1978); peronospora p a r a s i t i c a on brass ica 

( H a r t i l l , 1982); peronospora sorqhi on sorghum (Ahahoaur 

and Pat e l / 1983); Mancozeb (Dithane 14-45) was a l so reported 

e f fec t ive agains t peronosclerospora sorqhi on sorghum 

(Balasuhrsunanian, 1976). v^ i l e both Mancozeb and Captafol 

(Difolatan) were a l so reported ef fec t ive against Peronospora 

des t ruc tor on onion (Mirakixr et^ al» 1977), 

4 ,4 ,2 Sffeet of dates of sowing and seed r a t e s on disease 
i n t e n s i t y and yield 

The differences amongst t he y i e ld s obtained from p l o t s 

sown on different da tes were s ign i f ican t (Table 9 , 1 ) , Crop 

seeded on 16th December suffered s i gn i f i c an t l y l e s s from 

downy mildew disease as compared t o the p lo t s sown on o ther 

dates while disease indices were s i gn i f i can t ly more in the 

p l o t s seeded on 1st November, the d i sease i n t ens i t y was 

moderate in crop sown on other d a t e s . 

crop y ie ld was s i g n i f i c a n t l y l ess in the plot seeded 

on 31st December, than the r e s t s barr ing tha t from crop 
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Table 9.1. Effect of sowing dates and seed rates on dovny 

mildew disease and yield of Isabgul. 

__,,____̂  (Pooled for two years) 
sowing date (D) i Disease index i Yield/ 

8 (0-4)* I kq/ha 

Ist November 
16th Novenber 
Ist December 

16th December 
31st: December 

s.Bn* 

CD. 0,05 

c.v, % 

Seed rate kg/ha (R) 

1,0 
2.5 

4.0 
5»5 

7.0 

S»3n. 
c«o. o*os 

Interaction 

C.V. % 

Year effect 

y X t effect 

2.25 
1.55 
1.&8 

1.57 
1.94 

0.06 

0.19 

21.5 

1.29 
1.35 

2.02 
2.23 

2.29 

0.4 
0.11 

118 

13.0 

Sign, 

sign. 

818 
910 
841 

898 
743 

34 

100 

25.8 

848 
879 

854 

342 
788 

22 
ns 

Sign, 

16.2 

Sign, 

ns 

* O «* Free; 4 » Maximum disease intensity. 
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sown on Igt No\rember and 1st December. t«hlle maximum 

yield was recorded £rom the plot seeded on 16th November. 

This was at par with yields obtcaineci fxtxn plots sown on 

3 6th December* 1st December and lat November. 

with regards to seed rates, significant differences 

vrere obtained amongst various seed rates for disease 

indices. The disease index increased significantly with 

increase in seed rates. Though the disease intensity was 

maximum in the plots receiving seed rate of 7,0 kg/ha# it 

was at par with 5,S kg seed rate, AS escpected plots seeded 

with l«0 kg/ha had least disease intensity. 

O^ugh the yield differences were nonsignificant 

among various seed rat^s, maximum yield was obttained from 

plots receiving 2.5 kg/ha seeds. Thereafter with increase 

in seed rates* the yields decreased, lowest being recorded 

in plots seeded with 7.0 kg/ha seeds. It also decreases 

when seed rate was reduced fxrom 2*5 kg/ha to 1«0 ko^a* 

The interaction effect between sowing dates and 

seed rates was nonsignificant for disease index* while it 

was significant for yield (Table S.2). The plots seeded 

with 1.0 kg/ha seeds on 16th November recorded significantly 

more yield than the rest of the combinations barring 5.5 

kg/ha seed sown on 16th December and 2*5 kg/ha seed sown 

on 16th navmb&c. 
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Further# i t i s I n t e r e s t i n g t o note t ha t the y ie lds 

increased with increase in seed r a t e upto 5«5 kg/ha in 

p lo t s Boim on 16th and 3lat Decenber. itie o v e r a l l increase 

in y ie ld was rees^rded in p l o t s sown on 16th and 3l8t 

December. Hiese l a t e sowings a re not congenial £or growth 

and development of t he crop as well as for d isease develop­

ment as compared t o the crop sown in November* This might 

have r e su l t ed in reduced yit^lds. However^ increase in t o t a l 

y i e ld /un i t area was perhaps because of increase in plant 

population (due to high seed r a t e ) and / o r l e s s disease 

development because of unfavourable meteorological paraneters , 

Vrtiile s i gn i f i can t ly l e s s y i e lds were obtained in the 

p l o t s receiving 1*0 kg/ha seed sown on 31st December than 

the r e s t barr ing 7«0 kg/ha seeds sown on 31st December and 

5,5 kg/ha seeds sown on 1st Kovember. itius i t i s evident 

from the resu l t s t h a t the crop seeded around 16th December 

gives n»3re y ie ld with less d i sease i n t ^ i s i t y* However, crop 

seeded around 16th t^ovember suffered l i t t l e more d isease 

but the re was no adverse effect on y i e l d , on t h e contrary, 

y i e l d was max^uro due t o lu:«iri€ffit growth of the crop. 

For seed rates« the use of 2*5 kg/ha gave optimum 

y ie ld of 879 kg/ha with d isease index of 1,85 while 

increase in the seed r a t e s decreased y i e ld with correspond­

ing increase in d isease i n t e n s i t y . Seed r a t e less than 
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2*5 kg/ha vih&n used, showed minimum disease index (X*29) 

with lower y ie ld as csompaured to seed r a t e o£ 2*5 kg/ha« 

This may be due t o l ^ s plant populat ion. 

Fur ther , i t i s evident tha t the carop sown in November 

i s more prone to doimy mildew as compared t o the crop sown 

in l>ecember. I t has been a l so repozrted tha t seed r a t e 

should not be more ttian 4 kg/ha as higher seed r a t e increased 

the d isease incidence with reduced y ie ld (Anonymous, 1980}, 

4 ,4 ,3 Reaction of d i f ferent isaboul v a r i e t i e s / c u l t u r e s to 

downy mildew 

Data on d isease indices on various v a r i e t i e s t r i e d 

during 1979»80 to 1981-82 (Table 10.1) revealed that t he 

r eac t ion of the pathogen in d i f fe ren t v a r i e t i e s / c u l t u r e s 

va r i ed s i gn i f i c an t l y , HoweR '̂er, none of the v a r i e t y / c u l t u r e 

was found completely free from She d isease . The d isease 

i n t e n s i t y ranged from 0.77 to 2»10. Ttie cu l tu re E.C.I24345 

gave s ign i f i can t ly l e s s d isease index (0.77) t h ^ the 

r e s t s . The d isease i n d i c t of o ther cul tures v/ere a t par . 

The cu l tu re E . G . 124345 having s ign i f i can t ly less 

d isease index* yielded s ign i f i can t ly more than the r e s t of 

the cult iures. Hie next in order was E.G. 42706/pl, being 

at par with progeny 3 , progeny 13, male f e r t i l e and 
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Table 10«1. Braluation of different var ie t ies /cul tures 

for yield and disease in tensi ty . 

Variet ies/cultures 

E.G. 42706-1 

E.G. 42706-2/Pl 

E.G. 124345 

Gujarat Iaabgul-2(T,s,6) 

Male f e r t i l e 

progeny-3 

progeny-13 

Gujarat laabgul-1 

S.Qn. 

CD. 0.05 

Year effecst 

1 Yield, 
« ka/ha 

846 

1059 

1288 

552 

945 

934 

538 

807 

65.80 

185.50 

* 

Year x (treatment 
culture/ 
variety e f fect ) ns 

c.v. % 22.5 

i Disease index 
i (0-4)** 

2.07 

1.89 

0.77 

1.81 

2.08 

2.05 

2.10 

2.04 

0.11 

0.32 

* 

* 

11.0 

•Significant at 5% level 

** o-Pree> 4-Maxlnium disease intensity 
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Gujarat X8abgul~2 (T . s . 6 ) . This Is poss ib le because 

di f ferent genotypes have v a r i a b l e p o t ^ i t i a l i t y for yield* 

The Gujarat Isabgul-1 yielded minimum (607 kg/ha) as has 

suscept ib le reac t ion t o disease* The year ef fect was 

s ign i f ican t for both y ie ld and disease index whi le , yearx 

Var i e t i e s / cu l tu re s effect was s igni f icant for d isease 

index and nonsignificant for y i e l d . 

The d i sease indices for d i f ferent v a r i e t i e s / c u l t u r e s 

under screening t r i a l during di f ferent years a l so varied 

(Table 10.2}« Moreover* o v e r a l l d isease i n t e n s i t y during 

1981-82 was higher vrfiereas i t was comparatively less 

during 1979-80 and 1980-81. The cu l tu re E.G. 124345 had 

cons is ten t ly l e a s t d isease in t ens i ty ( l ess than one) while 

cu l tu re progeny-13 had cons i s ten t ly more d isease in t ens i ty 

(more than two). Itiis may be due t o the va r i a t i ons in 

prevalence of temperature (minimum and maximum) and 

r e l a t i v e humidity a t the peak period of d i sease development 

during crop phase (Table 10«3). shah and Dalai (1980) 

while screening various Isabgul cul tures observed lowest 

downy mildew disease index in r e l a t i o n to phenolics in the 

leaves in c u l t u r e E.G. 124345. T h ^ suggested maintenance 

of higher itfnount of phenolic compounds at t he time of 

d isease i n i t i a t i o n was probably one of the reasons for 

low disease i n t ens i t y in c u l t u r e E.G. 124345. importance 

of phenolic compounds in d i sease r e s i s t ance of the crop 
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Table 10,2. significant interaction of year x cul tures/ 
Varieties for disease intensi ty. 

I Disease index (0-4)*8 
Year 

c u l t u r e s / 
v a r i e t i e s 

EC-42706-1 
EC-42706ipl 
EG-124345 
GI-1 
TS.6(G.I ,2) 
Male f e r t i l e 
progeny-3 
progeny-13 

s«Bn« 
C.D.O,< 

c.v, % 

\ 

h 
I 
J 

35 

1979-80 

2.12 
1,73 
0 .88 
1.96 
1.26 

2,02 
1.84 
2^00 

oai 
0.30 

1 3 . 0 

i 
1980-81 

1.77 
1.56 
0.44 

1.72 
1.73 
1.80 
1.85 
1.86 

0.11 
0 .32 

13 .8 

J 
0 
\ 

1981-8L 

2 . Jx 

2.38 
0 .98 
2.44 
2.44 
2.42 
2.46 
2.43 

0.08 
0.23 

7 . 1 

* 0-Pree, 4-Maxlmum disease intensity. 

Table 10.3. Mean meteorological parameters prevailing 
during the peak period of disease d^relopraent 
<65 to 95 days of the cjrop period). 

Meteorological { 
parameters I 

Minimum temperature,*C 

Maximum temperature, "c 

RH^ % 

1979-80 1 

12.54 

31.90 

59 .20 

Year 
1980-81 1 

12 .92 

31.44 

68.40 

i 1981-82 

13 .76 

29.04 

78. 60 
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has also been discussed ea r l i e r in deta i ls . How€!ver« i t i s 

quite premature to out l ine any definite reason for resis tance 

of E,C, 124345 culture to downy mildew over other cultures 

because of mult iplici ty of factors governing the development 

o£ disease* 

If such a res i s tan t / to lerant variety i s sown then i t 

i s easy to manage crop health by less number of sprays than 

those required for a susceptible var ie ty . Thus not only 

the cost of production can be reduced, but can reduce the 

spread of the inoculum/disease also. 



SUMMARY mD CONCLUSION 



SUMMARY AND OONCLUSION 

Isabgul (Plantago ovata Porak) l a an Important 

medicinal crop of high export pot<»it ial i ty for our country. 

The crop la attacked by mainly damplng-off (pythium ultjjnum/ 

Trow)* w i l t (Fugarlum oxysporum, Schlecht* emend synd & 

Hans); downy mildew (peronoapora p l an tag in l a , ttoderviood)/ 

leaf b l igh t (Al temar la a l t e m a t a (PR.) Kelaaler) and 

ixjwdery mildew (srvsiphe cichoracearum D«c. )• iwong theae 

dleeaaea downy mildew i s a dreadful dlaeaae which causea 

conaiderable damage to t h e crop qcuantltatively aa well as 

q u a l i t a t i v e l y . 

mvea t iga t ions in to various aspects of downy mildew 

of isabgul caused by £. p l an taq in l s were ca r r i ed out . 

! • The hos t -pa ra s i t e r e l a t i onsh ip s tudies ca r r i ed out 

revealed tha t t he sporangia upon germination produce hyphold 

germ tubes which pene t ra te in host through stomata and then 

grow normally nearby the host c e l l s giving r i s e t o hyphae* 

The coenooytlc hyphae grows I n t e r c e l l u l a r l y in host t i s s u e s . 

Sporangiphore appears as s lender and t r ee l i k e emerging 

s ing ly or in c l u s t e r s from stomata* zoospores were never 

observed. Ultimately^ the host t i s s u e becanes nec ro t i c 

and In severe cases the plant d i e s . The hypha i s 6.25 to 

1 2 . 5 0 / < t h i ck , sterlgraata a re 4,25 - 1 2 . 5 0 y ^ x 4.00 -

4,20yi t sporangia are 32-44 x 17-25 / i i n s i z e . 
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2, The sporangia! suspension prepared in tap water was 

Incwbated at O'c, S ' c , 10*C* 1 5 ' c , 20*c, 25"c, 30"c, 35"c 

and 40*c. I t revealed tha t the sporangia germinate lay 

germ tube s i gn i f i c an t l y more at 20**c and leas t a t 40*c. 

Itius the temperature 20"c i s optimum £or sporangial germinat­

ion. 

Further the study of e f fec ts of temperature and 

r e l a t i v e humidity on sporangial germination under f i e l d 

conditions revealed tha t the t snpera ture around 20"c and 

r e l a t i v e tnimldity around 89 % favour sporangial germination 

between 2 a«m. and 8a.m. and a t 10 p.m. The regress ion 

coreela t ionfor sporangial germination i s negat ive (-0.89) 

with tenirperature and pos i t i ve (+0,82) with r e l a t i v e 

humidity* The downy mildew d isease increased 75 days a f t e r 

sowing which i s cor re la ted with progressive r i s e in temper­

a t u r e and r e l a t i v e humidity. The prevalence of temperature 

around 20* c and r e l a t i v e htunidity about 90 % during adnd 

p r i o r t o the peak period of d i sease development help In 

severe infec t ion , which u l t imate ly r e s u l t s in severe disease 

condi t ions . Maximum disease develops during t h e 75 t o 95 

days age of the c rop . 

3 . inves t iga t ions on biochemical changes of leaves 

co l lec ted from healthy and diseased p lan t s revealed that 

t h ^ i e changes have considerable impact on the physiology 

of downy mildew disease development in Isabgul . 
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(1) The chlorophyll content reduces by 57,71 per cent 

and phenolics b^ 52*Ol per cent due to in fec t ion 

by p . p l a n t a q i n i s . 

( i i ) Moisture and t o t a l ash con t^ i t s a lso reduce in the 

leaves of diseased p l a n t s . 

( i i i ) Total n i t rogen and reducing sugars show p o s i t i v e 

co r re l a t ion with d isease d e v e l c ^ o i t . 

( iv) Chemical analys is of seeds col lected fran healthy 

and diseased p l a i t s indicated that t h e changes have 

considerable Impact on seed qua l i t y . The nitrogen 

contents and per cent black seeds increased in the 

seeds co l lec ted from diseased plants* Mhile swell­

ing fac tor was s l i g h t t o lower in case of seeds 

co l lec ted from diseased p lan t s as compared to those 

from healthy ones. 

4 , The seed r a t e higher than 2*5 kg/ha increases the 

d i sease seve r i ty in November sowing %^ich ul t l jnate ly reduces 

t h e y ie ld s i g n i f i c a n t l y , with lower seed r a t e t h e p lan t 

population decreases and t h e d i sease sever i ty consequently 

reduces* AB a r e s u l t the y ie ld i s maintained. However» 

December sown crop generally escapes from disease due t o 

low temperature and low RH. Itierefore^ the y i e ld i s reduces 

in case of low seed r a t e and increases with higher seed 

r a t e in December sowing. 
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5 . The var ious combinations o£ four seed t reatments 

(Dehusked seeds^ Apron 35 SD# Captafol and Carbendazim) 

and spraying with four fungicides (Metala3«yl# l^fancozelli, 

Captafol and Chlorothalonll) In a f i e l d t r i a l during the 

years 1979-80 to 1982-83 at Ahand and 1980-81 t o 1981-82 

a t Vijapur revealed that the seed treatment with Apron 35 

SD/' coupled with th ree sprayings of Medicozeb o , ^ o r use 

of dehusked seeds with th ree spraying of Metalaxyl 0,05% 

or seed treatment with Captafol 2,5 g/kg seeds coupled 

with the th ree spraying of Captafol o,2Ji or Hetalastyl 0,05% 

reduce the dowiy mildew disease and y ie lds higher than 

o ther combinations. 

The f i r s t spray treatment i s given Just a f t e r the 

appearance of disease a^d in a l l t h ree spraying a re applied 

a t an i n t e rva l of 15 days. 

6, The Gujarat Zsabgul- l , oujarat Isabgul-2 (T.s .6) 

Male f e r t i l e , Progeny-3, Progeny-13, E.G. 124345, B.C. 

42706-1 and E .G . 4 2 7 O 6 - 2 / P 1 were inoculated a r t i f i c i a l l y 

with the sporangial suspension of P« p lan tag in i s twice 

p r i o r t o 75 days of crop gro%*th revealed tha t the c u l t u r e 

E.G. 124345 i s having s ign i f i can t ly leas disease index and 

s i g n i f i c a n t l y y ie lds more than any o ther c u l t u r e . The 

c u l t u r e progeny-13 i s highly suscept ib le t o downy mildew 

d i s e a s e . The v a r i e t i e s / c u l t u r e s Gujarat Isabgul-2 <TS,6) 

E.G. 42706-2/P1, Gujarat I sabgul - l , Progeny-3, E,C,42706-

1 and Male f e r t i l e are intermediate in r e a c t i o n s . 
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