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Chapter-1

INTRODUCTION

Onion Allium cepal.) is a biennial vegetable grown as an annual aset for
enriching the food. It is placed in the famiynaryllidaceaehaving chromosome number,
2n=16 (Anonymous, 1999). It is likewise a rich stmuof vitamin C, phosphorus, calcium
and carbohydrates and its pungency is becausevotatile oil known as Allyl-propyl
disulphide. In spite of the fact that there are arous substitutes to onion like garlic
(Allium sativumL.), shallots Allium ascalonicunlL.) and leeks Allium porrumL.), the
production of the last three is immaterial compatedthe previous, because of the
popularity of onion in making stews, soups and maue different recipes (Anonymous,
1982).

Onion is an important source of vegetable andetxls are valued as one of the
condiments (Baswana, 1984). It is one of the @ittwndiments consumed as a seasoning
agent all the year round, however the green kauwainger and even developed bulbs are
eaten raw or utilized for preparation of vegetabegen the little bulbs can be pickled in
vinegar. The onion has been cultivated for more tfiee thousand years and has been
utilized as an important constituent of herbal medi. The recent research has revealed
that onions if eaten routinely may have an inflleemt counteracting heart disease and

other different ailments (Anonymous, 1999).

The name Onion is derived from the Latimjo, signifying "one huge pearl”, and it
is fascinating to note that the Chinese called @méon as the "gem among vegetable”
(Anonymous, 2015). It is now cultivated all througire world having originated in
temperate and has been bred to adjust to the srajso (Ross, 2001).

Allium is the genus of onion with around 1250 types atpeial bulbous plants.
Onions are among the world's most seasoned cwdtvptants. They were most likely
known in India, China, and the Middle East beforetten history. It is considered as

native to South Western Asia yet is presently grairthrough the world, predominantly



in the temperate locales. Although the Central #sieountries in the area of Iran and
Pakistan are considered as the primary centreigihaf onion. The close East Asiatic and
Mediterranean locales are considered to be thendacp centers of origin (Anonymous,
2004). They are developed in every temperate afgheoworld, particularly in Egypt,
Spain, Italy and the United States (Jordan, 1915).

Onion Allium cepal.) is an economic vegetable crop not just for detic
consumption yet in addition as one of the highesti§n exchange earner among the other
agricultural products. The major onion growing coi@s are China, India, USA, Iran and
Russian Federation (FAO, 2016). In India the magorion producing states are
Maharashtra, Gujarat, Odisha, Karnataka, Uttar éasladAndhra Pradesh, Tamil Nadu,
Bihar, Punjab and Rajasthan (NHB, 2017). It ocesi@n area of 1306 thousand ha, with
production of 22427 thousand metric tonnes in I(N&B, 2017). The export of onion
amid 2016-17 was 24,15,757.11 MT to the world foe tvorth of Rs. 3,106.50 crores/
464.02 USD Millions (APEDA, 2017). India is the sed biggest producer of onion, in
the world next just to China, however the produttiof onion in India is quite low i.e.
14.21 tonnes/ha as compared to China and othertrezsitike Egypt, Netherlands, and

Iran etc.

In Himachal Pradesh, onion is grown in subtropamadl dry temperate zone. It is
not the commercial crop of Himachal Pradesh but thaspotential to become one. It
occupies an area of about 2530 hectares withaotahal production of about 47960 metric
tonnes and has productivity of 18.96 metric tonpershectare (PDOGR, 2016). In spite of
favourable environmental conditions for onion adtion, the production of crop is
affected by various insect pests, nutritional dises and diseases. Among the important
diseases responsible for creating a gap in theupgtioh level, incidence of downy mildew,
purple blotch, Stemphylium blight and smudge aretpoominent and widely distributed
in the entire area. One of the main economicallyartant onion disease is downy mildew
caused byPeronospora destructorBerk.) Casp. ex Berk. (Yarwood, 1943). It is
cosmopolitan in distribution and yield loss assesgmecords showed that it can reduce
yield by as much as 15-27 per cent in bulbs andGBper cent in seed crops (Jones,
1932).



The disease was first time reported in England8411 Since then it has spread to
all parts of the world, where onions are grown (6laead Macnab, 1986). In India, the
pathogen was recorded for the first time during4t®83 and 1975-76 from Kashmir valley
where it caused 60-100% losses in crop field (Mitaket al, 1977). Subsequently the
disease was reported from Kurukshetra in Haryaate §Gupteet al., 1984).

The disease is characterised initially by slighible spots which later developed
into a light brown or purplish shade. As spots egdaoften girdling of the leaves and a
greyish violet furry mould develops on the spotisface. Plants may get dwarfed,
distorted, pale and slightly green. Plants oftes raot killed, but bulb quality is poor and
often spongy. Lesions weaken the seed stems ttdebreakage, causing seed to shrivel
(Cynthia and Ocamb, 2008). Successive leaves tekat leaving the youngest one. The
bulbs of such plants are unable to develop fullg semains immature (Chupp and Sherf,
1960). Onion downy mildew occurs regularly in a ra@de to severe form in Himachal
Pradesh ever since its breakout was first repariethe state (Singlet al, 1987) and
causes 12-75% losses in bulb yield (Sugha and Sirg$).

Downy mildew is one of the serious diseases onrowibich occurs in moderate to
severe form depending on the prevailing environalenbnditions in HP. Therefore,
looking into the economic significance of the canl high magnitude of crop loss due to
high intensity of the pathogen in Himachal Pradehk, present investigation has been
proposed on studies on downy mildew of onion wlii fiollowing objectives:

1. To assess the disease status in Solan districtgriiP)o identify the pathogen.

2. To study the environmental factors on disease devednt.

3. To evaluate the potential of fungicides and SARugidg chemicals in
controlling downy mildew of onion.



Chapter-2
REVIEW OF LITERATURE

The available pertinent literature on following esfs of onion downy mildew is

reviewed as under:
2.1 OCCURRENCE

Downy mildew of onion, caused by the fungBsronospora destructofBerk.)
Casp. ex Berk, is worldwide in presence and mak®seanse financial misfortunes to the
crop (Cook, 1932; Viranyi, 1974). The pathogenckisadiverse kinds of onion, however,
is especially damaging to the common onion, A#ium cepa It is predominant in
occurrence, in most onion producing territory aiund the world, causing greater loss in
both yield and quality (Lorbeer and Andaloro, 1984hwartz and Mohan, 1995). In India
it was reported for the first time in 1974 from Kagr valley (Mirakhuret al.,1977).

The disease is caused Byeronosporaspecies and reported from northern hilly
track and fields especially in high humid arease @isease is most exceedingly terrible in
damp conditions and late planting of the crop, &l as utilization of higher doses of

fertilizers and higher number of irrigation increaghe disease severity (NHB, 2017).

Disease can be disseminated by the wind and coméea seeds. The congenial
environment for disease is humid and cool condgtighmid the period of strong winds,
prevention and control measures are necessarya(Ant Santos, 2012). The pathogen
attack is seen in all the phenological stages efctlop, the most elevated estimations of
severity of the infection correspond with low temgiares (6-20° C), frequent rainfall or
relative humidity more than 95 per cent. As indéchby Hildebrand and Sutton (1982,
1984) no pathogen attacks when relative humiditynder 90 per cent and temperature
regimes higher than 24° C since they impact theeldgwynent and sporulation of the
pathogen adversely.

2.2 LOSSES

If there is an occurrence of downy mildew in greenmons, yield losses can be as

high as 100 per cent, with the whole crop beingalgd off as downy mildew infections



make them unmarketable. Losses to seed productenfeen caused by the collapse of
contaminated seed stalks and poor germination efissgathered from infected stalks
(Schwartz and Mohan, 1995). The disease can caungrIs losses in short span of time
frame in the midst of cool and humid climatic cdrafis (Hoffmannet al, 1996). Actual
yield losses of 60 to 75 per cent in bulb oniongehlaeen recorded (Develash and Sugha,
1997 a).

Yield losses up to 75.11 per cent accomplished usscaf downy mildew as per
Jayakumaret al (2008). These losses, basically result from serimfections in onion
bulbs, causing early defoliation, diminished bulkes, moreover, poor storage quality of
bulbs (Survilieneet al, 2008). Relative humidity up to 100 per cent aechperatures
stretch out from 20 to 28°C are perfect for downydew disease with purple blotch
(Kumar, 2007).

The losses generally attributed from serious imdestin bulb onion crops causing
early defoliation, diminished bulb sizes and potmrage quality of bulbs (Lorbeer and
Andaloro, 1984; Gillest al, 2004; Gianessi and Reigner, 2005). Onion downglew
has widespread occurrence and can affect wholendeas area, causing severe reduction
in the bulb growth (Scholtegt al, 2007).

2.3 SYMPTOMATOLOGY

The fungus may fruit on any part of the seed glagét the fruiting structures
normally seen first on the leaves and after thahernseed-stalks. They may occur anytime
on the seed-stalk from the base to the top andsamwally are found on the inflorescence.
Soon after the fungus has fruited, the epidermdl gadisade cells of the affected parts
collapse and the resulting lesion become whitghdlf sunken and roughened. The
lesions are typically circular or elliptical in gf®and involve just a single side of the
stalk. At times, in any case, they are vast andlgithe stalk. Lesions are fundamentally
the same as in appearance with the mechanicalyiaused by two stalks rubbing
together (Cook, 1932). On the off chance that tkzathage is severe, bulb development is
particularly hindered and as a result a substantiahber of "bottlenecked" onion bulbs

develop (Rondomanski, 1967).

Butler and Jones (1955) revealed that the disatizeks the plants at all stages of

growth and all parts of the plant might be invadElde disease occurs in two stages: the



primary stage (when infected bulb is planted) ame $econdary stage (when a healthy
plant at leaf stage becomes infected from sppreducedby primary stage The most
characteristic feature of onion downy mildew is tevelopment of grey “downy” growth
on the leaves under humid conditions, hence theendrhis superficial growth which
consists of sporangiophores and sporangia of thgulsiemerges from the sub-stomatal air
spaces in the leaf tissue (Wheeler, 1972). Symptoften seen first on older leaves. If
weather conditions are moist and temperaturesoaverhasses of dark to violet parasitic
spores conceal infected leaves, which become girdidlapse and may die. The dead leaf
tissue is quickly colonized by purple blotch, whishdull in colour and obscures downy

mildew.

Plants raised from infected bulbs are infectedesygally. These plants remain
stunted, distorted and light green in colour, caushrivelling and softening during
storage. Under humid weather conditions, the gheyislet downy growth of the fungus
can be seen on the whole leaf surface. Local iwieas caused via air-borne conidia
which produce oval to cylindrical spots. Lesion®Koviolet to purple and might be
confused with initial lesions of purple blotch. the field, vast yellowing areas that
extends out in the direction of the prevailing warate an indication of downy mildew.
Affected plants might be dwarfed, leaves distodad may produce bulbs of reduced size
and quality (Schultz and French, 2009).

Older leaves are attacked first and infection agseto the sheath. Affected leaves
become light green, fold over and collapse. Atpbet when leaves are attacked in the
centre, they hang from the point of infection. @ed stalks, circular or prolonged lesions
are produced and infected stalks break over frarh#aviness of the seed umbel, and lead
to seed shrinkage. The fungus additionally infdmt$anical parts and might be carried
with the seed. In dry weather, the contagious gnowveinishes and spots thin out, however
when positive conditions prevail again the fungesumes its growth (Gupta and Paul,
2001).

Under humid conditions infected leaves are covevét a light greyish purple
mildew growth. The tissue under the growth becoye#®w and folds at the lesion and
collapse. Infected bulbs are generally smaller cmexgh to healthy bulbs. The disease
causes leaves to turn light green or yellow, antl downwards. A greyish-violet downy
growth develops on infected leaf tissue. The dsesisnore common on seed crops than



bulb crops. Indications of pathogen can be seeth@surface of leaves or bloom stalk as
violet growth of fungus, which later becomes paleegish yellow and finally the leaves
or seed stalks collapse (Schwartz and Mohan, 1995).

2.4 ETIOLOGY

Peronospora destructofBerk.) Casp. ex Berk the causal agent of onionrgow
mildew is an obligate parasite in the familjeronosporaceaeunder the order
Peronosporalesf the clas©®omycetegAlexopoulos, 1962).

As different members of the class, it reproducesiakly by oval-shaped oospores
measuring 15.8 - 43.2 yu which under favourable tmms$ germinate by germ tubes.
Asexual reproduction is by lemon shaped sporangsasmring 53.4 - 61.7 x 24.2
(Jovicevic, 1964).

Sporangia are produced on dichotomously branched aeterminate
sporangiophores. These sporangia dependably geaeminyagerm tubes (Alexopoulos,
1962). Peronospora destructgparasitises onion tissues intercellularly derivmgrients
using haustoria which when mature curl and sepaiate measures 80 - 100 x 2.5 - 5u
(Ikata and Yamauti, 1941).

This assimilation of nutrients can result into aegr weight reduction of up to 53
per cent every night, and this green weight reduacltias a positive correlation with the
reduction in yield as revealed by Yarwood (1941h)e Expansive pyriform sporangia of
Peronospora destructare effectively distinguishable from the sporangfimther downy
mildews, however the shape of the sporangia inecatonsiderable variety. The
sporangial study done by Yarwood (1943) has dematest that at 22°C there is the
development of fusiform sporangia, however at a elowemperatures they were
predominantly pyriform. Sporangia framed in solidifeial light were sometimes
constricted in the centre. The characters mostflieip distinguishing Peronospora
destructorfrom closely related structures are the largefpym sporangia, the flamentous
haustoria, the dichotomous branching of the spoophgres and the germination of the
sporangia by germ tubes.

The downy mildews are believed to have arisen fRimgtophthoralike ancestors
and were shown to be embedded within this genusd®et al., 2011; Thines, 2009).

However phylogenomic investigations with a limiteekon sampling seem to favour an



independent evolution ¢thytophthoraand downy mildews (Matari and Blair, 2014; Seidl
et al, 2011).

Peronosporais a wide spread, primarily northern hemispherenwgs, with
diversity in families such asFabaceae, Caryophyllaceag Ranunculaceae and
Boraginaceagwhich in turn have a high diversity in Asia aheé tMediterranean (Farr and
Rosman, 2015).

2.5 PATHOGENICITY

Yarwood (1937, 1943) demonstrated that sporangguimes free water for
germination and the germ tubes dependably entdnedhbst through stomata. He
additionally observed that inside the host, myceleveloped at the rate of 300 p/hr.
Sporangial germination is directly subjected taideumidity level.

The sporulating lesion produces sporangia for radod days continually under
ideal conditions. This continuous supply of inoculguarantees chances of infection.
Pathogenicity related studies has demonstratedsgfmaingial germination on and inside
onion leaf tissue was quicker than that in ar@fianedia like rain water, water agar or
distilled water (Cook, 1932). Katerfeld (1926) fauthat the incubation period extended
from 10-15 days under the green house and 13-18idalie field.

Cook (1932) from field observations, found that ttevelopment of the mildew is
supported by abundant dampness and relatively laeemperatures. Undein vitro
conditions, he found that the fungus sporulated @veextensive range of temperatures,
free water on the leaves being a necessary conditid the incubation time frame was of
11-15 days. According to Viranyi (1974), an incubatperiod of 11-14 days and previous
day exposure to light and minimum of 95 per cent\Reéte found as basic condition for
sporulation of the fungus however the infectionleytook two humid evenings with the
ideal temperature at 11 - 13°C.

Abd-Elrazik and Lorbeer (1980) had developed ttee@dure for the isolation and
maintenance dP. destructoron onion plants in a greenhouse where leavesiohgiants
were inoculated (leaves, either wiped or unwipeddtyon) in a wet chamber at 14°C for
24 hr in darkness. Sporulation can be induced agipy) the infected plants overnight in a

damp chamber at 14°C in darkness starting at 1800-hhours. Once isolated, the



pathogen was maintained by transferring 1 or 2adysporangia to healthy plants at an

interval of 3 weeks.

The effects of temperature and relative humidity Peronospora destructor
sporulation on onion leaves were studied underrothet environmental conditions.
Sporangia were produced most rapidly at 8 to 14t€r & hours of high humidity during
dark periods. The greatest number of sporangia praduced at 100per cent relative
humidity (RH) and sporulation decreased to almdswvhen humidity decreased to 93 per
cent RH (Gilleset al,, 2004).

2.6 EPIDEMIOLOGY

A close correlation was much of the time seen betwthe direction of the
prevailing wind and the spread of the disease. Sgwrangial germination occurred most
quickly (2-3 hours) at 10-18°C but took to somerdeglonger (4 hours) at 22°C and
longest (5-7 hours) at 5°C. In field, two humid eiwgs were normally necessary for the
occurrence of the whole infection cycle with inctiba time of 11-14 days (Viranyi,
1974, 1975).

Downy mildew developed in a succession of stepspoéad and intensification
from a point source of inoculum in field plots. Aggyance of epidemic was identified with
a sequence of brief periods (< 1-2 days) requicedsporulation and infection alternating
with longer latent periods (10-16 days). Productminspores in the predawn hours
required temperatures below 24° C on the earligr @ad continuous high relative
humidity (RH> 95%) at favourable temperatures from 0200-0300<houtil first light
(Hildebrand and Sutton, 1982). Accordingly the spwuiability decreased exponentially
with time in controlled condition and highest deadlites recorded at warm temperatures
(30°C) and high RH (95%).

In another field study, Leach (1985) found that tReronospora destructor
sporulates profusely at 100 per cent RH as lonthasir is still however not when it is
moving. According to him, the rate of spore germiorawas highest at 10°C but declines

further with increase in temperature.

Germ tubes develop in liquid water and a continupgisod of wetness has been
required for infection to be completed. The temperideal for epidemics is 10-12°C,

yet temperatures up to approx. 22°C can bolst¢diasase development (Palti, 1989).



The capacity of sporangia to survive after dischagd during dissemination is a
crucial factor in the study of disease epidemioladydowny mildew. Bashi and Aylor
(1983) studied the germination of sporangia dethchhem the leaves under different
conditionsin vitro and revealed that germination of sporangia wate @® per cent at 76-
95 per cent RH when kept at 10°C for 72 hours dhgde2 cent at 33 per cent RH; though
at 25°C, germination after 48 hours was roughlyp@0cent at 75 per cent RH and 0 per
cent at 33 per cent RH.

Jesperson and Sutton (1987) developed downy mildescast based on
guantitative and temporal relationship of tempemtwain, humidity, rate of dew
deposition and dew period with infection cycle dthppgen. The pathogen requires
presence of dampness in the form of free water fimmor dew on the leaf surface for the
faster spread of the disease. For the initiationnééction, the pathogen requires cool
temperature<{ 22°C) and relative humidity more than 95 per cénipta and Paul (2001)
reported that cloudy days additionally supportdiegelopment of disease because 8 hours

of light is deadly to sporangia production.

Similarly downy mildew Peronospora parasiticain cauliflower often develops
during the winter season. Cool damp weather withhhielative humidity and air
development invigorates disease development by @iiag sporulation, spore dispersal

and plant infection by the pathogen (Anonymous 5200

Successful infection byeronospora belbahriithe downy mildew of basil, is
supported by cool to warm temperatures accompabiedhigh humidity. Profuse
sporulation is facilitated by warm and wet condisovhereby the sporangiophores come
out of the stomata, branch dichotomously and beamgle extensively ellipsoidal to
subglobose sporangium at the tip (Mersha, 20P2)elbahrii produces sporangia on
sporangiophores under dark and humid conditionsiyMaudies suggest that sporulation

of oomycetes occurs only during dark night hoursh€het al.,, 2013).

The disease has a wide geographical conveyandehwhan be credited to the
versatility of the onion crop to many sorts of dit®, including temperate, tropical and
subtropical zones; the comparatively wide tempeeatxtend under which conidia of the
mildew can survive and the simplicity with whichetlpathogen can be spread by

systemically infected bulbs. The effect of natueadtors on sporulation blp. destructor
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on onion plants are complex. SporulatiorPofdestructolis a diurnal process, and the two
times of light and obscurity are required, desgiie fact that sporulation just occurs in
haziness (Yarwood, 1937, 1943). High day tempeeatexceeding 24 to 25°C or
exceeding 27, 28, 29 or 30°C for more than 8, ér 2 hours respectively, were found to
inhibit sporulation during subsequent nights. Ard@vening time, sporulation was found
to occur just when humidity transcended 94 to 95gemt RH and temperatures were in
the vicinity of 4°C and 24°C.

2.7. DISEASE MANAGEMENT

Onion production remains hampered because of nuofliiseases at all stages of
development i.e. from nursery to its consumptionvegetable and it is assessed that

production could be increased manifold if the asoprotected against different diseases.

Apart from reduction in crop yield, the diseaseliidnally cause some harmful
effects during harvesting, post harvesting, praogsand marketing stage, which brings
down the quality and export capability of the ctbpt significantly causes the economic

loss.

The disease adjusts the cropping design and funthre affect the local and export
markets as well. Downy mildew management inclutbesmethods such as planting time,
tolerant or resistant cultivars, soil drainage,dsee bulb health stock, wind block
(Schwartz and Mohan, 1995; Hoffmarat al, 1996; Develash and Sugha, 1997 b;
Krauthauseret al, 2001).

The influence of variable fertilizer levels wakewise significant on downy
mildew (Khan and Ahmed, 2001; Goncahetsal, 2004).

2.7.1. FUNGICIDES

To minimize the losses, use of resistant variethesideal way, but downy mildew

is one of the worst diseases affecting almost evarigty.

The principal methods for controlling the downy aeiv is by applying fungicides
also, the efficiency of protection relies upon theipplication time and disease
development level. The current IPM recommendat®moi apply fungicides at the first
indication of downy mildew (Hoffmanat al, 1996; Develash and Sugha, 1997 b; Wright
et al, 2002; Gianessi and Reigner, 2005). Generallgygmtive fungicide sprays are
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scheduled at a period of 7-10 days in order torobmtowny mildew and to guarantee
higher yields and higher crop quality (Palti, 19B@; Visser, 1998).

On the other hand if, fungicide applications arelertaken during unfavourable
weather conditions for controlling infection andetse spread then control measures are
economically and ecologically superfluous. To achia superior control over epidemic of
downy mildew in onion it is critical to make propagtic sprayings as and when the main
disease symptoms starts to show up i.e., whenii@aske incidence does not exceed 5.0
per cent. Fungicide application schedule shouldirbeg about the time of the first

sporulation-infection period (Jesperson and Sutt®8;7; Wrightet al, 2002).

Investigations conducted by Survilieagéal (2008) during the period 2004-2007,
considered the effect of various fungicides viz.rékmt Plus (Dimetomorf 90 g Kg
Mancozeb 600 g kY, Amistar 250 SC (Azoxystrobin 250 )] Infinito SC 687.5
(Fluopicolide 62.5 g , Propamocarb HCL 625%, IPenncozeb 75 DG (Mancozeb 750 g
kg?) and Signum 33 WG (Pyraclostrobin 67 g'k@oscalid 267 g k) on the epidemic
advance of onion downy mildew. Three fungicidal pray applications significantly
minimized the disease incidence in order of thepesiority such as Infinito took after by
Signum and Amistar; the biological efficacy of fiu@gicides averaged as 74.38-89.36 per

cent and increase in the marketable onion yieldwpalsy 4.3—26.3 per cent.

Many research workers have reported the contrttisfdisease through the use of
fungicides (Rakhimov and Sadygov, 1975; Loss aeti8a, 1975; Teviodalet al, 1980;
Georgyet al, 1986; Smittet al, 1986; Miret al, 1987; Palti, 1989; Golyshit al, 1991;
Ahmad and Hakim, 2000; Hakiet al, 2002).

An alternative control measure is the use of chalsicA number of chemicals
have been evaluated by different research workeisontrol the disease. Among these
fungicides Metalaxyl and Cyomaxanil have proved thest effective in reducing the
disease intensity from 72-88 per cent (Palti, 1989phly significant control of the
disease was obtained with Ridomil MZ-71 WP (Tatial, 1989).

Measures to reduce sources of infection and avemad of disease are of
extraordinary importance in controlling onion dgrimildew formation. Elimination of
infected plants, hot water treatment of bulbs aradlieation of diseased volunteer plants

are recommended for the control of the diseaseetefess, currently the best method to
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control downy mildew is the utilization of fungi@d. These fungicides either inhibit

germination, growth or multiplication of the patog(Agrios, 1995).

Mohibullah (1991) utilized a few fungicides (Antagc Cuprisan 311-Super D,
Dithane M-45, Nemispor, Penncozeb, Sandofan M, RidMZ-71 and Tri Miltox Forte)
against downy mildew of onion. Highly significanbrdrol of the disease was obtained
with Ridomil MZ-71 WP and Sandofan M followed by mMispor. Tahiret al (1989)
screened eight fungicides against downy mildewatisa.e. Antracol 70 WP, Liromanzeb
80 WP, Daconil 75 WP, Ridomil MZ-72 WP, Duter WRyl\am Combi, Tri-Miltox
Forte and Cupravit. Among these, Antracol 70 WP thasest, trailed by Ridomil MZ-72
WP. Efficacy of ten fungicides, viz Aliette, Antr@lc Benlate, Cobox, Daconil, Derosal,
Dithane, Polyram, Ridomil and Topsin-M against eonidowny mildew and their
contribution in increasing the yield was considebgdRaziget al. (2008). The results
indicated that the application of fungicide RidoiiEZ at the rate of 2.5 g/l gave excellent
control and is followed by Topsin-M and Aliette,ckaat the rate of 2.5g/l were
comparatively more effective than alternate furdgsiin reducing downy mildew severity
and increasing yield by keeping 10 days intervakfwraying.

Develash and Sugha (1997 a) conduatedtro testing of thirteen fungicides (viz
Metalaxyl + Mancozeb 72 WP, Oxadixyl + Copper oXgcide 50 WP, Oxadixyl +
Mancozeb 64 WP, Benalaxyl + Mancozeb 73 WP, Fo8tetWP, Mancozeb 75 WP,
Zineb 75 WP, Benalaxyl + Copper oxychloride 37 WEypper oxychloride 50 WP,
Captan 50 WP, Captafol 80 WP, Chlorothalonil 75 VWABsetyl-Al 80 WP) against
Peronospora destructorThe results expressed that sporangia were maositise to
combination of Metalaxyl + Mancozeb followed by @xeyl + Copper oxychloride and
least to Fosetyl-Al.

2.7.2. SAR CHEMICALS

Conventional techniques for disease administratiame met with considerable
success in managing plant diseases, but not trale downy mildew in particular.
Utilization of fungicides has raised a larger saaacern for condition and wellbeing of
human itself. Safe cultivars face the issue ofstasice breakdown due to continuous use
of systemic fungicides. Bio control is restrictededto lack of commercial formulations

and has not been successful under field conditidne to loss of viability, poor
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competitiveness, lack of proper delivery systems amvironmental factors. Hence, there
is a need to investigate new techniques based tratatg the plant's own immune and
defense barrier mechanism to control plant dise@$€sSharmaet al., 2002).

Phenotypically, systemic resistance is shown agegtion, which is dependable
and active against wide spectrum of pathogens.ifitheced state is corroborated by an
increase in production of a range of defense rlagt®ducts like pathogenesis related
proteins Pr-proteins), phytoalexins and signalling compourtdisil(and Bostock, 2002).

Induced systemic resistance is activated by varidusmicals, non-pathogenic
rhizobacteria, avirulent pathogens and pathogeivatkelicitors. Exogenous application
of chemicals like R aminobutyric acid (BABA), Acimlar-S-methyl (ASM),
Isonicotinic acid (INA) and Salicylic acid (SA) havshown a multitude of defense
response and can protect various crops like tontattacco, pea, maize, cotton, rice,
potato and other vegetables against viruses, fangi bacteria by triggering a huge
number of guard reaction (Kuc, 2001; Oostendairal, 2001).

Few of these chemicals, such as BTH, have just loeemmercialized as plant
guard activators (Bounauriet al, 2002; Agostiniet al, 2003; Ben-shaloret al,2003;
Decapdiville et al, 2003). Chitosan is a deacetylated type of Nyddito
oligosaccharides containing poly D-glucosaminetasuilding blocks yet is structurally
similar to cellulose. Chitosan is an exceptionathynmon polymer found in nature and has
been accounted for in shells of crustaceans, isseat fungi (Hadwiger, 1999; Takedti
al., 2000). Chitosan has been broadly researchedeterrdine its capacity to elicit
common barrier reaction and protect different cpants from pathogenic parasites.
Chitosan has been accounted for to protect ton@toumber, pea, melon, strawberry,
lettuce against powdery mildews and other diffecis¢ases (Bhaskararedetyal, 1999).
Elexa is a commercial formulation of 4 per centta$an utilized as a part of various
vegetable and fruit crops like cucumber, pumpkuncchini, grapes and strawberries to

control downy mildew, powdery mildew and grey modideases (Jones, 2000).

Exogenous application of SAR inducing compound$fisagcAcibenzolar-S-methyl
(ASM), DL-3-aminobutyric acid (BABA), 2,6-dichlorsonicotinic acid (INA), Salicylic
acid (SA) and Sodium salicylate (SS) is one apgrdacachieve induction of resistance

against an extensive range of microbial pathogemaints (Kessmanet al.,1994; Sticher
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et al., 1997; Cohen, 2002; LaMondia, 2009; Waltetsal, 2005). Chitosan is very
efficient in chelating some essential nutrientstahiens and trace elements necessary for
bacterial and fungal growth (El Hadrami al, 2010; Xinget al, 2015) thus, inhibits
thereby toxin production and microbial growth (Redet al, 1997). Chitosan at low
molecular weight acts as a potent biotic elicitle to induce plant defence responses
and to activate different pathways that increasectiop resistance to diseases (Hadwiger,
2013; Katiyaret al, 2014).

Mersha (2012) assessed five SAR inducers viz. Acbkar-S-methyl (ASM,
Actigard 50WG), DL-3-aminobutyric acid (BABA), Isawotinic acid (INA), Salicylic
acid (SA) and Sodium salicylate (SS) under greesédar their efficacy to control basil
downy mildew and discovered ASM and BABA as mostnpising SAR inducers when
applied at ideal rate, by an efficient techniqud ahan appropriate timing. Application of
phosphate to first leaves has prompted significarease in activities of various enzymes
such as phenylalanine ammonia lyases, peroxidaigpaxygenase in second leaves and
activities of these catalysts were increased furtf@lowing pathogen challenge.
Phosphates in a similar manner appeared efficacmuygve disease control under field
conditions. Along these lines,,KPQO, when sprayed over rice @ 50 mM reduced neck
blast caused by the fung®yricularia oryzaeby 29 and 42 per cent, with increases in

grain yield in between 12 and 32 per cent (Maadahal.1998).

The activation of protective mechanisms in plargsues with chitosan has
inhibited the growth of taxonomically different pagens (Vasyukovat al., 2001). SAR
chemicals has been considered as an alternatigleimical fungicides and also reported
to influence the production of substances relatedttess response such as phytoalexins
and chitinases (O’Herlihgt al.,2003). Kothari and Patel (2004) stated that in maant
pathogen interactions, R-Avr gene interactions Itesn hypersensitive response and at
distal end of the plant, a broad spectrum resistascinduced known as Systemic
Acquired Resistance (SAR). SAR is characterizedrbgccumulation of salicylic acid and
pathogenesis-related proteins. Plant protectionvigea by induction of systemic

resistance is an effective and simple approachsefde management.

Mechanism of resistance to different pathogenspeast (Conratlet al, 2006) can
be activated in different plant species by eligtthe systemic acquired resistance (SAR)
or induced systemic resistance (ISR) pathways €Retet al, 2009). The primary
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mechanism that are involved in resistanc®ta@smopara viticolgdGrape downy mildew)
were described following treatment with BABA (DubileMaurizi et al.,2010), sulphated
laminarin (Trouvelotet al., 2008), plant extracts (Godaet al., 2009) and Fosetyl-Al
(Dercks and Creasy, 1989). Experiment conductedknam and Anjum (2011), has
proven that pathogen growth and development isicessd by structural and biochemical

barriers in plant tissues under the influence stayic resistance inducers.

Reuveniet al (2000) also found that foliar sprays of phosphatere beneficial
for cucumber by reducing infection with powdery delv. The systemic protection by
KH,PQO, against powdery mildew in hydroponic culture wasaziated with 50 per cent
increase in calcium content of cucumber leavesci@al ions play an important role in the
production of salicylic acid and chitinase, botlosdly linked with SAR activity
(Schneider-Mulleet al, 1994; Reuvenet al, 2000).
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Chapter-3
MATERIALS AND METHODS

3.1 SURVEY AND SURVEILLANCE

Systematic surveys were conducted during Februgnnl;A2017-2018 at Research Farm
of Seed Science and Technology, Pandah of Dr. YastvBingh Parmar University of
Horticulture & Forestry, Nauni, Solan, Himachal ¢keah and Farmer’s field for recording the
prevalence of downy mildew in Solan district of Hiohal Pradesh. The places included in the
study were Pandah, Khaltoo, Nauni, Kandaghat, Geathdharampur and Maryog. In each of
these places onion growing localities were survdyethrowing a quadrat of one square metre in
a field randomly at five places and number of ha¢ind diseased plants was counted and disease

incidence was recorded.

The per cent disease incidence of downy mildew wasked out as per the

following formula given by James (1974).

) o Number of diseased plants
Disease incidence (%) = — x 100
Total number of plants examined

KEY SCALE DESCRIPTION INTENSITY (%)

1. No symptom of disease. 0

2. Only few leaves affected. 1

3. Less than half of the plant affected. 5

4 Most of the plants affected but the attack restdct 10

' mostly to one leaf per plant.
5 All the plant affected and attack restricted to one 20
' two leaves.

Three to four leaves of almost every plant affected

6. ) 50
and the crops look fair green.
Three to four leaves of almost every plant affected

7. : 75
and the crops show blighted appearance.
All the leaves of all plants severely attacked,

8. : 90
greenness restricted to the central shoot only.
Foliage completely blighted due to downy mildew,

9. : 100
purple blotch and no green is seen at all.




For determining the severity of downy mildew, tglants from each field were
randomly selected and five such observations pét fvere recorded. Leaves were graded
into different scales depending on per cent aréecied as per Mohibullah (1991) by

examining the lesions on leaves based on 0-9 scale.
The PDI (per cent disease index) was calculatedsinyg the formula given by Mc

Kinney (1923).

Sum of all disease ratings
100

i i = - - : X
Percent disease index (PD! Total no. of ratings x Maximum disease grade

3.2 IDENTIFICATION OF CAUSAL ORGANISM

Infected leaves showing characteristics symptom wellected and brought to
the laboratory and thoroughly examined under mowpe to detect the presence of
mycelia, sporangia and sporangiophores. Morphotdglaracters like Hyphal septation,
branching of sporangiophores, size and shape afsg@ of downy mildew pathogen

were recorded as suggested by Murphy and Mckay6(192

3.3 PATHOGENICITY TEST AND MAINTENANCE OF INOCULUM

3.3.1 Raising of nursery and transplantation of se#ings

Seeds of the variety “Palam Lohit” were sown insauy beds prepared from well-
manured soil in the Research Farm of the DepartiofeGeed Science and Technology of
Dr. Yashwant Singh Parmar University of Horticubu& Forestry, Nauni, Solan,
Himachal Pradesh. Forty five days after sowingfarm and healthy seedlings were
selected and transplanted in the pots of diametem%ontaining soil sterilized with
formalin (4%) for conducting the pathogenicity taater artificially inoculated conditions

and also for the rest of the experimentations.
3.3.2 Preparation of inoculum for pathogenicity tesand epidemiological studies

Sporangia were collected from the surfaces ofirtfexted leaves of plants raised
under field with the camel's-hair brush and suspdnith sterilized distilled water for

utilisation in subsequent experiments. The suspansias filtered through muslin cloth.
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The debris was held in the muslin cloth and thegél spores in the distilled water
were adjusted to a spore concentration of 4*xdfbrangia per ml with the help of
haemocytometer.

3.3.3 Pathogenicity test
3.3.3.1 Detached leaf method

Fresh healthy leaves of onion were brought to #mratory of Plant Pathology
and thoroughly washed with 0.1 per cent mercuriorate for 15 seconds and then
washed in distilled water thrice. These leaves vegralried within the folds of blotting
paper and placed in plastic trays lined with thatyelr of cotton and blotting paper
completely saturated with distilled water, as ger leaf detached method suggested by
Songet al (1998). The leaves were inoculated by placin@ Orb sporangial suspension
with the help of micropipette. After that incubatedBOD incubator for development of
symptoms. Suitable control using water drop withepbrangia, was also maintained.

Incubation period (i) was worked out as mentioneld\:
I=ts—ti
where, i = incubation period
ts = time of appearance of symptom

ti = time of inoculation of leaves

3.3.3.2Spray and drop inoculation method (under pot condiions)

In order to prove the pathogenicity of the conedrrpathogenPeronospora
destructorassociated with downy mildew of onion by spray dnop inoculation method
(Chen and Wang, 2005), forty five days old planesermaken. The surface of leaves to be
inoculated was first surface sterilized with 0.X pent mercuric chloride for 15 seconds
and then wiped with cotton pad soaked in distilkeder (Abd-Elrazik and Lorbeer, 1980).
Thereafter the sporangial suspension was sprayediapped (20 ul) over the healthy
leaves of onion plant. After the inoculation, tHams were kept under high humidity (
95%) by covering the pots with moist perforatedytiene bags and incubated in BOD
incubator (14°C and 4 days) followed by 18°C fata&§s. Then pots containing inoculated

plants were transferred to ambient environmentatitmns. Suitable control (water drop
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without sporangial suspension) was also maintailmedibation period was calculated in a

similar manner as mentioned above in 3.3.3.1.
3.3.4 Maintenance of inoculum

In order to maintain the continuous supply of inaou of pathogen during the

research studies, the detached leaf method dedanit33.3.2 was frequently used.

3.4 In vitro effect of different temperature (°C) regime on sprangial germination
and germ tube formation

In order to find out the optimum temperature fporgngial germination and germ
tube formation oPeronosporadestructor,sporangia were harvested in 50 ml of water by
using camel’s- hair brush from freshly sporulatiegves. The sporangial concentration
was then adjusted to 4 x “16porangia per ml with the help of haemocytometedrop
(10 ul) of sporangial suspension was placed in eawgity of cavity slides and placed on
triangular glass rod and finally kept in Petripga{®@0 mm) containing thin layer of cotton
wool on both surfaces moistened with sterilizedilthsl water. Then Petriplates were
incubated in BOD incubator at 5°C, 10°C, 15°C, 2@&°C and 30°C. Three replications
were maintained for each temperature and desidowietl was Completely randomised
design (CRD). Germination of sporangia were readrdean intervals of 12 hours, 24
hours and 36 hours by counting the empty sporaagi per cent germination was
calculated by using the following formula:

Number of empty sporangia

NP _
Spore germination (%) Total number of sporangia x 100

After 12, 24, 36 hours of incubation, spores wds® &xamined for measuring
germ tube length using micrometry under microscbgecalibrating ocular and stage

micrometers.

3.5 In vitro effect of different relative humidity (%) levels o sporangial
germination and germ tube length formation

In order to find out the effect of various relatikiemidity levels (%) at the best
temperature obtained in the aforementioned expe@tima sporangial germination and
germ tube formation dPeronospora destructosporangia were harvested and made into a
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solution of required concentration in a similar wag the experiment explained in
temperature studies (3.4). After that Petriplatesitaining cavity slides were then
incubated at 15°C at different humidity levels Wz.56.8, 75.6, 82.9, 95.1 98.5 and 100
per cent by using the method given by Stevens (196r this aqueous solution of
sulphuric acid, having specific gravity of 1.8 wased to maintain constant humidity.
Since sulphuric acid solution is hydroscopic inunatand does not affect the growth of
fungus. Germination of sporangia were recordedZahdur, 24 hour and 36 hours by
counting the empty sporangia and calculating geatron per cent by using the following

formula as discussed in 3.4.

The germ tube length was also calculated by usiiggometry at different time
intervals of incubation, under microscope by ustadbration factor attained by ocular
and stage micrometers. The design of the experirfa@litwed was CRD with three

replications in each treatment.
3.6 Factors affecting the progression of diseas@&der natural epiphytotic conditions

Disease infection is affected by prevalence ofed#int meteorological factors
which are mainly temperature, relative humidity aaohfall. Therefore in order to study
their effect on the progress of downy mildew of amniunder natural epiphytotic
conditions, data on disease severity were recoedetl days interval by examining 30
plants in total with the first appearance of digeasder field conditions with effect from
the last week of February 2018 to the second wééWay, 2018. The per cent disease
index (PDI) was calculated by using Mckinney’s foten(1923) as described earlier (3.1).
The data on weather parameters were collected trmmMeteorological Observatory,
Department of Environmental Science, College ofeBoy, Dr. Yashwant Singh Parmar
University of Horticulture & Forestry, Nauni, SolaHimachal Pradesh to find out their
impact on disease initiation and subsequent spf@adelation and regression coefficients
were also calculated by following the procedureegiby Gomez and Gomez (1984) and
regression lines were developed. The time of ajpear of disease in days and disease

severity at each interval was also calculated.
3.7 Disease Management

Evaluation of fungicidesinderin vitro conditions was carried out to find out the
most effective fungicide against the test pathodEn destructoy, 4 non-systemic
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fungicides and 3 combi-products were evaluated wmmaevitro conditions by spore
germination method (Zarcovitis, 1965) at differecdncentrations. The fungicides
evaluated during the course of present investigatiere as under

Non Systemic Fungicides Concentrations (ppm
Dithane M-45 (Mancozeb 75% WP) 500, 750, 1000
Blitox 50 (Copper oxychloride 50% WP ) 500, 7500@0
Kavach (Chlorothalonil 75% WP) 500, 750, 1000
Antracol (Propineb 70% WP) 500, 750, 1000
Combi-products Concentrations (ppm)
Ridomil Gold 68 WG (Mancozeb 64% + Metalaxyl 4%) 02800,500
Nativo 75 WG Tebuconazole 50%+ Trifloxystrobin 25% 200,300,500
Cabrio Top 60 WG (Pyraclostrobin 5% + Metiram 55%) 200,300,500

3.7.1 Spore germination inhibition method

Different concentrations of each fungicide werepared in the sterilized distilled
water. Simultaneously the spore suspension (4*spdrangia/ml) was also prepared from
freshly harvested sporangia by using camel’s-haisliin One drop (10 ul) of each double
strength fungicide solution was dropped in the tyasfides followed by one drop (10 pul)
of sporangial suspension. The cavity slides when tplaced on a glass rod kept in a
Petriplate containing sterilized distilled watetla¢ bottom and sterilized moistened cotton
wool lining the lower and inner surface of uppet. [The Petriplates containing cavity
slides were finally kept in BOD incubator at 15 %ith 95% relative humidity. The
experiment was laid out in a Completely RandomiBedign (CRD) and each treatment
was replicated three times. The readings on getromaf sporangia and sporangial germ
tube length were recorded after 12, 24 and 36 hdwysplacing cavity slides under
compound microscope and per cent inhibition in geation of each fungicides was
calculated by adopting the formula given by Vincg®47 as below:

Per cent spore inhibition (I) = C-T/C X 100 whe@s Spore count in control (numbers),
T= spore count in treatment (hnumbers)
3.7.2 Evaluation of fungicides and SAR chemicals waler in vivo conditions

Five most effective fungicides obtained from norsteypnic as well as Combi-
products viz. Dithane M-45@ 0.25% (Mancozeb 75WA)tracol @ 0.3% (Propineb
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70% WP), Ridomil Gold 68 WG (Mancozeb 64% + Metglad®) @ 0.25%, Nativo 75
WG (Tebuconazole 50%+ Trifloxystrobin 25%@ 0.03% , Cabrio Top 60 WG
(Pyraclostrobin 5% + Metiram 55%) @ 0.03% alonghwaystemic acquired resistance
(SAR) chemicals like Chitosan (5ppm), Potassiunmaphosphate (20ppm) and BABA
(10ppm) individually were evaluated for their effen per cent disease severity of downy
mildew under field conditions. The experiment waisl lout in Randomised Block Design
(RBD). Each treatment was replicated thrice by kegphe control. The experiment was
conducted in Pandah Research Farm of Departmefeed Science and Technology of
Dr. Yashwant Singh Parmar University of Horticubiu& Forestry, Nauni, Solan, HP.
Plants of cultivars “Palam Lohit” after 45 dayssaiwing in nursery were transplanted in
the main field with spacing of 10x5 cm. All standlagronomical practices were carried
out at specified time. SAR chemicals were appliadeoat 3-4 leaf stage of the plant
initially (without disease) and later the same [dawere sprayed two times at 15 days
interval, after the appearance of the disease. ®¥dserfungicides were sprayed
immediately at their recommended concentrationr attie onset of the first disease
symptoms under the field conditions with a totaBadprays applied at fortnight intervals.
The observations were recorded on per cent dissageity at 7 days interval, plant height
(cm) was taken at 30 days interval and bulb yi&lgiglot or t/ha) at the maturity of the

crop i.e. at the time of harvesting.
3.8 Statistical Analysis

Data recorded in different experiments conductealva is subjected to statistical
analysis wherever necessary using standard proeedsrper Gomez and Gomez (1984)
and Panse and Sukhatme (2000). The significancdéfefence was tested at 1% and 5%

level of probability.
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Chapter-4
RESULTS AND DISCUSSION

Results of the present investigation entitt&dudies on Downy mildew of Onion
(Allium cepaL.)” are described under following headings
4.1 DISEASE SURVEY
4.2 SYMPTOMATOLOGY
4.3 IDENTIFICATION OF CAUSAL ORGANISM
4.4 PATHOGENICITY TEST
4.5 MAINTENANCE OF INOCULUM
4.6 EPIDEMIOLOGICAL STUDIES

4.7 DISEASE MANAGEMENT

41 DISEASE SURVEY

To assess the prevalence and magnitude of dowrgewilof onion, systematic
surveys of onion growing areas located in Solarridisof Himachal Pradesh were
conducted during the crop season 2017 — 2018. Hbt® wekcorded on downy mildew
severity is presented in Table 4.1 which reveads tie disease was prevalent as very low,
moderate and severe form in onion growing aregotdn of Himachal Pradesh surveyed
during course of present investigations.

Table 4.1 Severity of onion downy mildew disease different locations in Solan of
Himachal Pradesh during 2017-18

Location (s) Disease incidence(%) Disease index (%)

Nauni 30.33 21.76

Pandah 39.24 58.65
Khaltoo 31.25 35.86
Maryog 22.3 28.43
Dharampur 10.24 4.78
Kandaghat 14.3 6.76

Oachghat 18.33 21.16
Mean 23.71 28.96




From the data (Table 4.1), it is also evident thatdisease was widespread in all the
seven areas surveyed. However, disease incidensehighest (39.24 %) in Pandah and
lowest (10.24 %) in Dharampur. The per cent dseadex (PDI) of downy mildew ranged
from 4.78 to 58.65 per cent. Highest PDI was reedrdt Pandah (58.65 %) followed by
Khaltoo (35.46%), Maryog (28.43%) and Nauni (21.76fb contrast to lowest PDI at
Dharampur (4.78%). The overall data revealed tlodh bhe incidence and the PDI of the
disease were higher in Pandah followed by Khalespecially in the areas where dew
prevailed for longer period in winter season. Thiensity of the disease was reported to be
quite high up to 100 per cent in different partsaafrld (Kennedy, 1998). It has got global
occurrence and becomes more relevant in tempergiens (Domingues and Tofoli, 2009).
The distribution of this pathogen is global (Agrid®95 Brewster, 2001) and affects crop
yields by more than 60% (Survilieeéal, 2008).

42 SYMPTOMATOLOGY

During the course of survey the disease was faarappear at all stages of growth.

The characteristic symptoms that were commonly veseare described below:
4.2.1 On leaves

Disease is characterized by circular or elliptiesion (as if caused by mechanical
injury) that become white slightly sunken and roaigbd (Plate. 1a.). Such lesions were
found on the single side of the stalk and mostlyhenolder leaves. With the passage of time
these lesions were covered with the grey downy esaisat turned purplish after heavy rain
(Plate. 1b.) After the infection leaf colour chasdgeom light green to yellow followed by
necrosis of particular area (Plate. 1c.). Downyghoassociated with infected tissues usually
consist of sporangia and the sporangiophores hastiagacteristic branching. Infection at
younger stage has caused systemic infection bycindstunting, defoliation, declining and

death of plant tissues.

Affected leaves were light green and showed tipbdiek in the form of necrosis and
curling (Plate. 1d.). Pattern of yellowing in theld was seen extended out in the direction of
prevailing wind. In case of severe downy mildewestition lesions become necrotic
followed by girdling and collapsing of that portiof leaf that leads to hanging of leaf stalk
from the point of necrosis (Plate. 1le.). Similands of symptoms were reported by many
workers (Schwartz and Mohan, 1995; Gonz&eal, 2010; Maude, 1990; Sharnea al,
2002; Van Doorn 1959).
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4.2.2 On bulbs

Few bottleneck bulbs were also seen due to semézetion of aerial portions of the
plant (Plate. 1f.). Downy mildew fungus has alseetd the bulb development and reduced
yield, as infected bulbs were smaller than hedbips (Plate. 1g.). Scholtet al, 2007 and
Rondomanski (1967) has observed similar kind of ggms on bulbs that cause reduced

quality and yield.
4.3 IDENTIFICATION OF CAUSAL ORGANISM

Identification of causal organism of downy mildéwgus was done on the basis of
morphological characters which were compared wWithitlentification key given by Murphy

and Mckay (1926) by bringing the infected leavesrfrvarious locations.

Table 4.2 Morphological characters of causal orgasm (Peronospora destructor
(Berk.) Casp. ex Berk.) of downy mildew of onion

STRUCTURE SHAPE SIZE (um)
Mycelia Hyaline, Aseptate 3.7-6.8 (width)
Sporangiophore Dichotomously branched Variable size
Sporangia Pyriform/ Fusiform 50.4-65.8 x 24.6-25.2

The microscopic examination of the fungus revedhad the mycelium was aseptate
hyaline and dichotomously branched measuring 3®3gum in width, (Plate. 2a.) whereas
size of sporangiophores varies greatly (Plate.. ¢ size of sporangia ranged from 50.4 to
65.8 x24.6-25.2 um and colour of sporangia wasimgahaving pyriform to fusiform shape
(Plate. 2c.). On the basis of explained morphokgiharacters the pathogen was identified
asPeronospora destructdBerk.) Casp. ex Berk. Above findings were welpgarted by the
work of Langston and Sumner (2000) angkér et al (2007).

4.4 PATHOGENICITY TEST

Pathogenicity test to confirm the pathod®&ronospora destructpewas conducted on
25 days old plants of cultivars “Palam Lohit” byraying sporangial suspension of 4 ¥*10
sporangia / ml and Koch’s postulates were provgth@oms on leaves were noticed after 12
days of inoculation under pot conditions by usimgay and drop inoculation method (Plate.
3.) The leaves that were wiped with cotton devedopgmptoms two days earlier than those

not wiped. While in detached leaf method, the Isameculated with sporangial suspension
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supported the growth of sporangia, 8 days afteculation (Plate. 4.). Thus detached leaf
method also yielded fast and maximum (60 %) of apgia at higher humidity (95-96 %) at
10-15 °C for 72 hours but decreased as the relativaidity levels dropped down.

Table 4.3 Pathogenicity ofP. destructor causing downy mildew of onion

METHOD INCUBATION PERIOD (DAYS)
Detached leaf method 8
Spray and drop
* Pre-inoculation wiping (Cotton pad) 12
* No pre-inoculation wiping 14

Pre inoculation wiping of the leaves has shownyesyimptoms as compared to the
unwiped surface as wiping has increased the wétia#nd removed the surface wax that has
supportd better penetration and germination of apgia (Abd-Elrazik and Lorbeer, 1980).
Such observation has also been reported by Devala$iSugha (1997a). Latency period up
to the development of new sporulation lasts froto 26 days (Yarwood, 1943; Van Doorn,
1959; Maude, 1990; Schwartz and Mohan, 1995).

4.5 MAINTENANCE OF INOCULUM

The inoculum was maintained by following Detachedflmethod for continuous
supply of inoculums for different experimentatioBporulation on detached leaves was
obtained in 8 days and after that pathogen was tmaéd by transferring two days old
sporangia to healthy leaves.

4.6 EPIDEMIOLOGICAL STUDIES

4.6.1 In vitro effect of different temperature regimes on sporangl germination and

germ tube length production

The data pertaining to effect of temperature orrapgial germination and germ tube
length of Peronospora destructocausing onion downy mildew recorded and presented i
Table 4.4. Different temperature levels viz; 5, 18, 20, 25 and 38C were determined for
knowing the sporangial germination and germ tubegtle production. No sporangia
germinated at 5, 25 and 3 however sporangia germination and germ tube hengt
production initiated at limited temperature reginwdss, 10 and 20C after 12 hours of
incubation. Maximum spores (73.96%) germinated5C ltemperature at 36 hours giving
highest germ tube length (202.98um). Overall trefmolwed an increase in spore germination
and germ tube length production from 10 to°C5 maximum (68.74%, 194.63 um) being at
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15°C and thereafter a sharp decline a’@0wvas observed in both the cases giving minimum
(7.91%) germination and germ tube length (64.06 phthe sporangia, respectively. Time
period studied after 24 hours has not played mothin enhancing the spore germination
and germ tube length elongation as the 24 hours3nthours have a little increase in
individual interactions and were found statisticat par when overall impact is observed.
Thus, results of the present study concluded tmatpathogen preferred £&8 temperature
after 24 h of incubation as best for spore gernonatnd formation of germ tube and did not
requires the temperature regimes of 5, 25 and°G0as no response towards spore

germination was noticed.

Similar findings with respect to sporangial gerntioa of downy mildew infection on
various crops were reported by other workers (Bamid Aylor, 1983; Kofoet, 1986;
Hilderbrand and Sutton,1984; Van Doorn, 1959; Ya®01943). Armstrong and Sumner
(1935) using incubation periods of 22 and 48 horegul the optimum germination range of
Peronospora tabacindo be 15-23°C. No germination was reported at teatpees higher
than 29°C. According to Palti (1989) the rate obrgpgermination is highest at 10 °C and
declines with the rise in temperature which is camytto our study, as 15 °C has supported
maximum germination of sporangia. The time taken dporulation byP. belbahrii is
completed within about 11 hours from the onsetarkdess in moisture saturated atmosphere
at 18°C. Similar results were also obtained wrhesal othePeronosporalesincluding
Sclerospora sorghin maize (Cohen and Sherman, 197Bseudoperonspora cubens
cucumber (Cohen and Eyal, 197Beronospora tabacinaon tobacco (Cohen, 1977),
Phytophthora infestansn potato (Cohemt al, 1975) andPlasmopara viticolaon grapes
(Rumbolzet al, 2002).

4.6.2 Invitro effect of different relative humidity (%) levels onsporangial germination
and germ tube length production

The data obtained on effect of eight (100, 98.51988.5, 82.9, 75.6, 56.8 and 0%)
relative humidity (RH) levels on germination andrgdube length of sporangia are given in
Table 4.5. The results revealed that out of variewsls of relative humidity, sporangia in
deionised water germinated only at 95.1, 98.5 &l der cent relative humidity by giving
germination percentage of 33.12, 62.35 and 71.4@@et in increasing order according to
the increase in the RH levels. The levels of reéatiumidity also showed the concurrence in
germ tube length formation which was lowest (78.28) at 95.1 per cent RH and highest at
100 per cent RH (126.91 um) with a gradual incréaggrm tube length as the levels of RH

increased.
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Table 4.4 Effect of different temperature regimen sporangial germination and germ tube length oPeronospora

destructor
Temperature Sporangial germination (%) Germ tube length (um)
R Mean Mean
(°C) 12 hours 24 hours 36 hours 12 hours 24 hours 36 hsu
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
S (0.00) (0.00) (0.00) (0.00)
34.92 44.93 45.03 41.59
10 (36.20) (42.07) (42.79) (40.11) 99.76 115.25 116.95 110.75
60.89 72.66 73.96 68.74
15 (42.07) (58.46) (58.97) (56.06) 180.39 201.74 202.98 194.62
6.03 8.85 9.96 7.91
20 (14.19) (17.29) (17.96) (16.26) 55.36 68.41 69.51 64.06
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
25 (0.00) (0.00) (0.00) (0.00)
0.00 0.00 0.00 0.00
30 (0.00) (0.00) (0.00) (0.00) 0.00 0.00 0.00 0.00
16.98 21.07 21.97
Mean (16.95) (19.64) (20.04) 55.92 64.4 65.94
Temperature (T)=0.6 T=1.02
CDoos Time (H)= 0.4 H=0.72
TxH=01.0 TxH=1.8

* Figures in the parentheses are arc sine transfored values
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Table 4.5 Effect of different relative humidity levels on sporangial germination and germ tube lengthof
Peronospora destructor

Relative humidity

Sporangial germination (%)

Germ tube length (um)

(%) 12 hours 24 hours 36 hours Mean 12 hours 24 hours 36 hours Mean
100 (ggﬁ) (57;’1) (57;'798) (g%:‘;g) 100.06 140.33 14263 126.91
98.5 (ig:gé) (gi:gg) (gi:ég) (gg:fg) 77.87 120.11 122.11]  106.03
95.1 (22; '532) é;:?g) ég:gg) ég: (1)3) 63.33 85.68 86.68|  78.23
88.5 (8:88) (%'_%%) (%'_%%) (%'_%%) 0.00 0.00 0.00 0.00
82.9 (8:88) (%_%%) (%_%%) (%_%%) 0.00 0.00 0.00 0.00
75.6 (%'.%%) (%_%%) (%_%%) (8:88) 0.00 0.00 0.00 0.00
56.8 (%'.%%) (%_%%) (8:88) (8:88) 0.00 0.00 0.00 0.00
0 (8:88) (8:88) (%_%%) (8:88) 0.00 0.00 0.00 0.00
Mean (12:(7)451) (ié:gg) (is:g% 30.16 43.27 45.65
RH (R)=0.39 RH (R)= 2.18
CDo.05 Time (H)=0.24 CDo.05 Time (H)=1.34
RxH= 0.68 RxH= 3.78

* Figures in the parentheses are arc sine transfored values
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In interaction studies, highest sporangial gernmametvas recorded up to 75.9 per cent
after 36 hours of incubation at best°Greported from the previous findings followed by 2
hours at 100 per cent RH level and lowest (24.3&p6yangial germination at 95.1 per cent
RH after 12 hours. Similar levels resulted into maxn germ tube length (142.63um) at 36
hours and lowest (63.33um) after 12 hours. In gdribere was a significant reduction in
sporangial germination (33.12%) and germ tube ler{@8.23 um) at 95.1 per cent RH.
However, no sporangia germinated below the levels88.5 to O per cent RH. Hence very
high relative humidity above 95.1 per cent to 1@ pent is needed for the sporangial
germination at optimum temperature of@5Van Doorn (1959) and Leach (1985) has also
reported similar results showing that lower relathumidity causes rapid loss of viability of
sporangia. Coheret al (2013) has also reported thBeronospora belbahriirequires
moisture-saturated atmosphere in the dark for $@iion. Severe mildew outbreaks under
semi-arid and rainless conditions is attributed ttugavourable early morning temperatures
and the limited hours of high humidity (Palti, 1988porangial germination was decreased
to almost zero level due to decrease in the r@atiwmidity of 93 per cent and hence no

formation of germ tube as reported by Gikgsal (2004).
4.6.3 Role of meteorological factors on diseaseigipytotics under field conditions

In order to study the effect of meteorological ¢aston the progress of disease under
field conditions, experiment was conducted at ParRRiesearch Farm of Department of Seed
Science and Technology of Dr. Yashwant Singh Partaiversity of Horticulture &
Forestry, Nauni, Solan, HP under natural epiphgtotinditions during the cropping season,
2017-2018 The data on severity of the disease e@wded after the establishment of the
crop and once the disease appeared in the fielsgradtions were taken at four days
intervals commencing from 25eb to 18 May, 2018 and are presented in Table 4.6

The data on weather parameters and disease deaiopevealed that the disease did
not appear during cropping period, 2017 and tilll of February, 2018 but only in thd'4
week (25-28 February) the disease initiated with phevalence of congenial weather
conditions such as relatively high average reldtweidity of 52.8 per cent accompanied by
cumulative rainfall (3.4 mm), mean maximum (22.2¢) and minimum (7.6°C)

temperatures.

There was increasing trend in disease level aadstimed serious proportion (70 to
72.76%) during the mid April, 2018 however maximW76 per cent disease index was

31



noticed on first week, 6 - 9 April of observatioateés when the mean maximum, minimum
temperatures and average relative humidity remaivitrdn the range of 25.3 to 27°8, 5.8

to 12.3°C and 58 to 68 per cent that leads to prolific sfation of Peronspora destructor
The disease however decreased slowly thereaftereaoctied to 66.65% up to the harvesting
time of the crop due to the decomposed lower earel emergence of the new leaves.
These results to a greater extent also corrobanatdindings of various workers. (Hiura,
1930; Cook, 1932; McKay, 1939; Hildebrand and Suttb982; Nakov, 1972; Sangeetha
and Siddaramaiah, 2007; Rondomanski, 1967; Virdi®i4; Premila and Sophiarani, 2015;
Premila, 2013). Viranyi (1975) observed that gemation occurred most rapidly (2-3 h) at
10-18°C and took somewhat longer (4 h) at 22°Clangdest (5-7 h) at 5°C . Temperatures
of 10-12°C are apparently optimal for most stades18 °C is still quite favorable, but

temperatures above 22 °C, rapidly become unfalgrabpecially at lower humidities.

Table 4.6 Effect of meteorological factors on the @elopment of downy mildew on

onion during 2017-18

Mean Mean . Average .
. - Cumulative . Disease
Date of Observation Maximum Minimum rainfall relafuv_e index
temperature | temperature « Humidity 0
(Oc)* (oC)* (mm) (%)* ( /0)

25 Feb-28 Feb 22.12 7.6 3.4 52.8 3.5b

01 Mar-04 Mar 21.45 8.2 1 55 8.67
05 Mar - 08 Mar 22.5 5.6 3 47 16.99
09 Mar-12 Mar 24.35 7.8 0 38 23.43
13 Mar-16 Mar 24.2 6.4 0 45.75 33.56
17 Mar-20 Mar 24.45 9.8 0 40 48.67
21 Mar-24 Mar 23.27 8 3.35 66.12 51.34
25 Mar - 28 Mar 26.5 8.2 0 51 53.66
29 Mar-1 Apr 29.3 7.4 0 67 58.11
02 Apr-05 Apr 28.5 9.4 0 68 58.78
06 Apr-09 Apr 25.3 6.7 0 68 72.74
10 Apr-13Apr 26.4 5.8 0 50 71.11
14 Apr-17Apr 26.2 12.3 0 44 70.56
18 Apr-21Apr 27.5 10.8 0 58 70.09
22 Apr-25Apr 24.3 13.2 0 59 69.56
26Apr-29Apr 25.4 16.5 1 67.5 68.27
30 Apr-3 May 23.2 18.2 3.5 65 68.84
4 May-7May 24.5 16.3 15 51 67.21
08 May-11May 25.2 15.7 2 53 67.02
12 May-15 May 26.6 17.23 2.2 48 66.65

*Average of four days
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4.6.2 Correlation and regression analysis

Simple, partial and multiple correlations were waatkout between per cent disease
index (PDI) and meteorological factors (mean maximtemperature, mean minimum
temperature, cumulative rainfall and average netathumidity) for the cropping season
2017-18.

4.6.2.1 Simple correlation

The data presented in Table 4.7 indicates theablaean temperature (maximum,
minimum) and average relative humidity and foundnthpositively correlated with the
disease development but the cumulative rainfallrhitl showed any impact and hence was
negatively correlated with the progress of the alige Simple correlation coefficient between
the onion downy mildew and mean temperature maxinfumi74) was positive and highly
significant. Similarly mean temperature minimum6@D) and average relative humidity
(0.353) were positive and highly significant, siggant, respectively while cumulative
rainfall (-0.178) developed negative correlation aid not found significant. Gupta and Paul
(2001) concluded that the downy mildew pathogeruireqcool temperature (22°C) and
relative humidity greater than 97 per cent withudg days additionally supporting the
development of the disease and found them pogsjito@irelated.

Table 4.7 Simple correlation coefficients betweeper cent disease index (PDI) and
meteorological factors

Meteorological factors Year 2018
Maximum temperaturé’C) x PDI 0.774*
Minimum temperature®C) x PDI 0.620 *
Cumulative rainfall (mm) x PDI -0.178
Average Relative humidity (%) x PDI 0.353

** _ significant at 1 % level
* - significant at 5 % level
4.6.2.2 Partial correlation

Partial correlation coefficients were worked ouingsall the combinations of PDI
with mean maximum temperature, mean minimum tentpexa cumulative rainfall and
average relative humidity and are presented ineldl8. It is evident from the results that the
partial correlation between downy mildew index andan maximum temperature (0.586)

was highly significant and mean minimum tempera(&47) was significant and positive.
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Whereas a negative and non-significant partialetation coefficient analysis observed with
cumulative rainfall (-0.132) however with respeatrelative humidity a partial correlation
coefficient (0.238) indicated positive impact oistfactor but found non-significant.

Table 4.8 Partial correlation coefficients betweerper cent disease index (PDI) and
meteorological factors

Meteorological factors 2018
Maximum temperatur€’C) x PDI 0.586*
Minimum temperature®C) x PDI 0.547
Rainfall (mm) x PDI -0.132
Relative humidity (%) x PDI 0.238

** _ significant at 1 % level
* - significant at 5 % level
4.6.2.2 Multiple regressions

The multiple coefficient of determination YRwas calculated to measure the
contribution of linear function of independent \adles, such as mean maximum temperature
(Tmay, Mean minimum temperature (), cumulative rainfall (Rf) and average relative
humidity (RH) on dependent variable i.e. PDI andrissented in Table 4.9 given below:

Table 4.9 Multiple regression equation and coeffient of determination of disease
development based on meteorological factors

Year Regression equation R

2018 Y=-125.687+ 5.39X +2.17% - 1.51%+ 0.33X%, 0.874

** - significant at 1 % level
* - significant at 5 % level

Where, Y = Disease index (%)3 X Maximum temperature (°C);2¢ Minimum temperature

(°C); X3= Rainfall (mm) and X= Average relative humidity (%)

Multiple correlation coefficients, as depictedTiable 4.9 between the onion downy
mildew (PDI) and other meteorological factors iraded that 87.40 per cent disease index
was caused by mean maximum temperature, mean nmmitamperature, average relative
humidity and cumulative rainfall collectively. Whilthe rest of the variations might have
contributed the change or variation due to unerplaivariables (error variation) and or the

factors not included in the present investigations.

The data on weather parameters and disease dmaibpevealed that the disease

appeared in the ™ week of February, 2018 with the prevalence of emig weather
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conditions such as relatively high relative hunyidif 52.8 per cent accompanied by slight
rain (3.4 mm), maximum temperature of 22.12 °C ammtimum temperature of 7.6°C where
maximum incidence was seen durif @nd 3 week of April, 2018 due to the presence of
suitable factors responsible to cause severe eatiyVan Doorn (1959) has reported that
95 per cent or more relative humidity, at least Tarh followed by RH level above 80%,
were required for mildew outbreaks. Survivabilifysporangia is dependent on temperature,
RH and especially, the absence of strong radiafibe.temperature optimal for epidemics is
10-12 °C but temperatures up to approx. 22 °C ¢sm support rapid disease development
under field (Palti, 1989).
46  DISEASE MANAGEMENT
4.6.1 In vitro efficacy of fungicides on sporangial germinationnhibition and germ

tube length

In order to study the effect of different fungicdden the sporangial germination
inhibition and germ tube length, seven fungicidexemested against th& destructorby
spore germination method and the data pertaininthése parameters were recorded and
presented in Table 4.10. Results in inhibition @orangial germination by different
concentration of the test fungicides (non-systeamd combi-products) at different time
intervals is presented in Table 4.10. From thegmemvestigation, it was observed that with
a progressive increase in fungicide concentratimeret was a corresponding increase in
inhibition of sporangial germination and the adwement of time period has caused a
corresponding decrease in inhibition of sporangeimination. Among the non-systemic
fungicides Dithane M-45 was the most effective simgwalmost complete inhibition in
germination of sporangia at 750 af@00 ppm from beginning 12 hours to 36 hours of
observation. Similar trends were followed with respto the combi-products, Ridomil Gold
and Cabrio Top while Antracol, Kavach and Nativeuleed in cent per cent sporangial
inhibition at highest tested concentration of 1ppin. Blitox 50 was least effective fungicide
in controlling the complete inhibition of sporaniggermination at all 500, 750 and 1000
ppm. Fungicides in particular were more efficaciamsl superior at higher concentrations.
Cabrio Top, Nativo were next best fungicides fokalby Antracol and Kavach at all time
intervals in reducing the spore germination, thodgdtivo, Antracol and Kavach showed
good effect only at higher concentrations i.e. 8d 1000 ppm. At lower concentration of
200 ppm, Nativo appeared least effective compavedgted fungicides by giving 53.16 %
sporangial germination inhibition after 12 hoursilehafter 36 hours it was recorded to be
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78.27 per cent but found statistically superioth® non-systemic fungicides at 500 ppm even

after 36 hours of observation.

The results related to germ tube length of thenqugn, Peronospora destructor
presented in Table 4.11 revealed that the Ridoral G300 ppm) was statistically superior
to all the fungicides tested and was effective amtlling germ tube length followed by
Cabrio Top (300 ppm) and Dithane M-45 at 500 ppnaJlahe three time intervals (12, 24,36
hours). Blitox 50 was least effective in suppreggime germ tube even at 1000 ppm. All the
fungicides tested did not yield any germ tube fdromaat higher concentration of 1000 ppm,
followed by 750 ppm in case of non-systemic furdgsi. Concentration of 300 ppm inhibited
the sporangial germination with respect to combidpicts, Ridomil Gold, Cabrio Top at all
the specified time period. Maximum germ tube len@40 pm) reduction was obtained in
Ridomil Gold followed by Cabrio Top (8.90 um), Datte M-45 among non-systemic
fungicide (9.40 um) after 12 hours thereafter ghslidecrease in germ tube length was
recorded as time interval advances and reache®b tbours of incubation. Sporangia of
Peronospora destructdras shown maximum sensitivity in response to Ritl@uald, that is
well supported by many workers where Blitox-50 &ftblorothalonil was found moderately
effective in controlling sporangial germination ($én 1980; Boyadzhiewet al., 1982;
Jesperson and Sutton 1987; Sugha and Singh, 199&jd3h and Sugha, 1997 a)

4.6.2 Efficacy of SAR chemicals and different fungides underin vivo conditions

Field trial data (Table 4.12) on the efficacy ofdibest fungicides obtained froim
vitro evaluation and three SAR chemicals against dowitgem of onion showed the all the
treatments were significantly superior in terms effectiveness in reducing the disease
compared with the untreated plots. During the @eason (2017-18), Chitosan, Cabrio Top,
Potassium orthophosphate, Ridomil Gold and Dithdr5 all differed significantly in their
effect in checking the downy mildew infection. Maxim (81.93 %) disease control was
achieved in Chitosan with minimum disease seveoityl2.52 per cent while in other
effective treatments, the per cent disease cordrajed between 71.84 to 79.56. Effect of
plant height was also taken into consideratiorhia tesearch work, where it was noted that
the chemicals that have supported good control diserase has also provided improvement
in plant height, maximum (43.89 cm) plant heighingerecorded in case of Chitosan
treatment. This was followed by Ridomil Gold (40€8) in comparison to other tested SAR
chemicals, fungicides and control (untreated plawtzere only 27.72 cm average growth of

the plants was obtained.
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Table 4.10 Effect of different fungicides on sponagial germination inhibition (%) of Peronospora destructor

Fungicides After 12 hours After 24 hour After 36 hours

Non-Systemic Sporangial inhibition (%) Mean Sporangial inhibition (%) Mean | Sporangial inhibition (%) Mean

Conc.(ppm) 500 | 750 | 1000 500 | 750 | 1000 500 | 750 | 1000
. 75.82 | 100 | 100 | 91.94 | 7098 | 100 | 100 | 90.32| 69.05| 100 100 | 89.68
Dithane M-45 (Mancozeb 75% WP) | 50 97y | (71.54)| (71.54)| (64.68) | (49.13) | (71.54)| (71.54) | (64.07)| (49.01)| (71.54) | (71.54) | (64.03)
. . 6562 | 82.35| 963 | 81.42 | 586 | 79.75 | 9513 | 77.83| 57.87 | 78.67 | 9493 | 77.16
Blitox 50(Copper oxychloride 50% WP) | 47 35y | (53.69)| (62.28)| (54.44) | (44.88) | (52.12)| (61.27) | (52.76)| (44.47)| (51.75) | (60.57) | (52.26)
. 708 | 88.79| 100 | 87.03 | 688 | 8692 | 100 | 8524| 67.95| 7824 | 100 | 82.06
Kavach (Chlorothalonil 75% WP) | 4q 04y | (57.27)| (71.54)| (59.28) | (48.42) | (56.17)| (71.54) | (58.71) (47.85)| (52.63) | (71.54) | (57.34)
Antracol (Propineb 70% WP) 7082 | 903 | 100 | 87.04 | 67.1 | 89.73| 100 | 85.61| 66.97 | 88.34 | 100 | 85.10
P 6 (49.25) | (58.42)| (71.54)| (59.74) | (48.07) | (57.25)| (71.54) |(58.95) (47.82)| (57.37) | (71.54) | (58.91)

Combi-Product 200 | 300 | 500 200 | 300 | 500 200 | 300 | 500
Ridomil Gold 68 WG (Mancozeb 88.68 | 100 | 100 | 9623 | 86.82 | 100 | 100 | 95.60| 85.79 | 100 100 | 95.26
64% + Metalaxyl 4%) (57.44) | (71.54)| (71.54)| (77.25) | (56.35) | (71.54)| (71.54) | (66.48)| (55.78)| (71.54) | (71.54) | (66.29)
Nativo 75 WG (Tebuconazole 7316 | 82 | 100 | 85.05 | 72.97 | 867 | 100 | 86.56| 72.45 | 9633 | 100 | 89.59
500+ Trifloxystrobin 25% ) (51.51) | (63.44)| (71.54)| (62.16) | (48.64) | (56.24)| (71.54) | (58.8) | (48.24)| (55.55) | (71.54) | (58.44)
Cabrio Top 60 WG (Pyraclostrobin 857 | 100 | 100 | 9523 | 84.00 | 100 | 100 | 9467| 8332| 100 100 | 94.44
506 + Metiram 55%) (56.54) | (71.54)| (71.54)| (66.54) | (55.46) | (71.54)| (71.54) | (66.18)| (55.18)| (71.54) | (71.54) | (66.09)
Vean 758 | 91.92 | 99.47 | 89.06 | 7275 | 91.87 | 99.30 | 87.97| 71.91 | 91.65 | 99.27 | 87.61
(51.73) | (63.92)| (70.22)| (61.96) | (50.14) | (62.34)| (70.07) | (60.85)| (49.76)| (61.70) | (69.97) | (60.45)

Fungicides(F)= 0.18
Concentration (C)=0.12
CDoos Time (T)= 0.12
FxCxT=053

" Figures in the parentheses are arc sine transforrdevalues
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Table 4.11Effect of different fungicides on germ tube length(um) production of Peronospora destructor

Fungicide After 12 hours Mean After 24 hour Mean After 36 hours Mean
Contact Germ tube length (um) Germ tube length(um) Germ tube length(um)
Conc.(ppm) 500 750 1000 500 750 1000 500 750 1000

Dithane M-45 28.21 00.00 00.00 9.4 34.76 00.00 0.00 115 35.19 00.00 00.00 11.7
(Mancozeb75% WP) (32.07) | (0.00) | (0.00) | (10.69) | (36.71) (0.00) (0.00) | (12.23) | (37.14) | (0.00) (0.00) | (12.38)
Blitox 50(Copper oxychloride 40.63 29.09 | 17.69 | 28.47 49.25 37.49 18.21 34.98 49.66 37.89 18.65 | 35.39
50% WP ) (39.59) | (31.35) | (24.86)| (19.85) | (43.98) | (33.88) | (28.11) | (35.32) | (44.23) | (34.27) | (28.51) | (35.67)

Kavach (Chlorothalonil 34.66 26.93 0(0) 16.87 40.06 27.53 00.00 22.53 40.46 27.93 00.00 | 22.73
75% WP) (36.05) | (23.52) (21.28) | (39.84) | (25.93) | (0.00) | (21.92) | (40.2) | (26.25) | (0.00) | (22.15)

Antracol (Propineb 38.20 28.79 | 00.00 19.0 45.74 30.40 00.00 25.38 46.18 30.83 00.00 | 25.68
70% WP) (38.16) | (25.68) | (0.00) | (21.28) | (42.54) | (29.59) | (0.00) | (24.04) | (42.84) | (30.01) | (0.00) | (24.28)

Combi-product 200 300 500 200 300 500 200 300 500

Ridomil Gold 68 WG (Mancozeb | 2522 | 000 | 000 | 84 | 27.27 | 00.00 ?O%Ooc; 9.09 | 27.66 | 0000 | 00.00 | 9.22
64% + Metalaxyl 4%) (26.71) | (0.00) | (0.00) | (8.90) | (31.47) | (0.00) ' (10.49) | (31.89) | (0.00) (0.00) | (10.63)
Nativo 75 WG (Tebuconazole | 29.82 | 1857 | 000 | 138 | 302 | 24.763 (ooobooc; 18.98 | 30.62 | 25.13 | 00.00 | 18.58
50%-+ Trifloxystrobin 25% ) (28.52) | (27.09) | (0.00) | (18.53) | (33.32) | (27.09) ' (20.13) | (33.72) | (27.51) | (0.00) | (20.41)

Cabrio Top 60 WG (Pyraclostrobin | 26.93 0.00 0.00 8.90 28.193 | 00.00 00.00 9.39 28.613 0 0 9.53
5% + Metiram 55%) (29.28) | (0.00) | (0.00) | (9.76) | (32.515)| (0.00) (0.00) | (10.83) | (32.95) (0) ) (10.98)

Mean 31.96 14.77 2.52 36.50 17.17 3.60 36.91 17.39 2.66
(32.91) | (15.37) | (3.55) (37.20) | (16.64) | (4.01) (37.57) | (16.87) | (4.07)

CD ¢.05= Fungicides(F)=0.15, Concentration (C)= 0.09, Tim@)=0.09
FxCxT=0.44

" Figures in the parentheses are arc sine transforrdevalues
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Chitosan being maximum effective, possessed maxinguowth, gave excellent
control of disease and supported maximum bulb y2&l7 t/ha) followed by Ridomil Gold
(24.5 t/ha) and Cabrio Top (23.3 t/ha), the latteo were however statistically at par in
controlling the disease as well as supporting doalt yield. Whereas Antracol followed by

Nativo were least effective in controlling the dise as well as increasing the yield factor.

Hence, it is concluded from the results that théaShn not only checked the downy mildew
to great extent but showed good ability in imprgvithe plant height and bulb yield.
Chitosan nanoparticles have got higher degree etyktion that induces resistance

against pearl millet downy mildew through nitricid& generationSiddaiahet al., 2018§.

Other fungicides next best in order were Rido@dld and Cabrio Top, both had
equal ability in enhancing plant growth, managihg tlisease and have almost same yield in
terms of the t/ha as the two were reported to &tesstally at par with each other. Chitosan is
an active inducer of defense responses against \dowlilew disease and thus has the
potential of becoming an alternative means of disezontrol (Sharathchandea al, 2004.)
The efficiency of phosphite application in certgathosystems is due to the fact that the
plant has better assimilation in the presence ofphorus and potassium, making it able to
activate defence mechanisms and to produce phyinajenatural self-defence substances
that confer resistance against pathogens espedialiyrapevine downy mildew system.
Phytogard (KHPG;) may constitute an alternative method to count@wrdy mildew of
Brassicas (Bécoet al, 2000; Jacksort al, 2000; Nojoseet al, 2005). Phosphonate or
potassium derivatives such asHPO, or KH,PO, induce SAR in different pathosystems.
These compounds have similarities witfHRO; (Phytogard) but they seem to have different
modes of action (Reuveni and Reuveni, 1998). Ruxitilation application of BABA was
reported to induce resistance against downy mildéwrape andPhytophthora infestans
tobacco fromPeronospora tabacingCohen, 2002). Ridomil was effective when used @
0.1% and applied 3 to 4 times fortnightly as coredato the untreated control treatment
(Nasiret al, 2015; Igbakt al, 2009; Razict al, 2008). In another study conducted by Jones
(1978) and Timchenko (1979), downy mildew of cuasrband onion was effectively
controlled by the use of Chlorothalonil which iswtrary in the present study where as Blitox
50 did not give good result and hence should notdsemmended for its control. Satou
(2003) suggested various fungicides for the cordfaowny mildew in cucumber and other
vegetables. Eleven fungicides were tested for thatrol of muskmelon downy mildew

(Pseudoperenospora cubensisnd reported that Mancozeb (72% WP) stood first

39



Plate 5 Effect of fungicide on sporangial germination

Flate Sa Blitox at S(4} ppm Pate 5 Ridomil Gold at S(H} ppm

Plate 6 b Plate 6 ¢ Plate 6 d
Control Blitox 50 Chitosan Ridomil gold

Plate 6 In vivo evaluation of SAR and fungicides



Table 4.12 Effect of SAR and fungicides on onion ey mildew severity, plant height and bulb yield

Treatment Conc. Disease severity Per cent disease Height Yield Yield
(%) (%) control (%) (cm) (kg/plot) (t/ha)
12,5 81.9 43.9
Chitosan 0.05 4 26.7
(20.70) (64.84)
17.9 74.2 36.1
Potassium Orthophosphate 0.20 3.33 22.2
(25.01) (59.47)
22.4 67.7 31.5
BABA (R amino butyric acid) 0.10 2.67 17.8
(28.27) (55.33)
19.6 71.8 33.1
Dithane M-45 (Mancozeb 75% WP) 0.25 3.17 21.1
(26.24) (57.93)
32.9 52.7 32.4
Antracol (Propineb 70% WP) 0.3 3 20
(34.98) (46.55)
i i 14.5 79.2 40.1
Ridomil Gold 68 WG (Moancozeb 64% + 0.25 3.67 245
Metalaxyl 4%) (22.34) (62.83)
i i 14.2 79.6 37.4
Cabrio Top 60 WG (Pyra(t)clostrobm 5% + 0.95 35 233
Metiram 55%) (22.13) (63.09)
i 25.4 63.4 29.8
Nativo 75 WG (rebgconazole 50%-+ 05 233 15.5
Trifloxystrobin 25% ) (30.28) (52.74)
Control 69.5 0.00 27.7 > 133
(56.45) (0.00)
C.Dgo5 1.25 1.55 1.58 0.94

" Figures in the parentheses are arc sine transforrdevalues
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showing minimum disease incidence of 3.16 per ¢dnbnymous, 2004). Other workers
have also reported the efficacy of Ridomil and Bite M-45 in controlling the downy
mildews (Sharmat al, 2003; Chaudhargt al, 2009; Bhakt al, 2018). Thestudies on the
management of downy mildew disease of bittergoasl $hown that the Pyraclostrobin was
found best in controlling the downy mildew whereopineb was the least effective
(Vijayaraghavanet al, 2017). Surviellienéet al. (2008) and Gonzalez-Rodriguez al.
(2009) has reported the efficacy of strobilurinscantrolling the downy mildew disease of
onion. Moet al (2016) reported Mancozeb as the best fungiciderder to control downy
mildew. Fungicides containing Mancozeb and othdivadngredients such as Benalaxyl,
Dimetomorf, Metalaxyl are the most effective andulein more than 85% control of onion
downy mildew (Hoppe BioEco, 2004). The highest agltiy against the downy mildew
disease of onion was exhibited by Azoxystrobin Ho@jthalonil and Pyraclostrobin +
Boscalid, which has performed efficiently in preireg infection with storage diseases (over
90%), and had a beneficial effect on the storafgedf these vegetable roots (Robak and
Adamicki, 2007).

Plots treated with fungicides has produced mabketanion bulb yield and it
confirms that early defoliation of onion due to dgwmildew has reduced bulb sizes and
caused yield losses.( Lorbeer and Andaloro, 19&4elash and Sugha, 1997 b; Gillgsal.,
2004; Gianessi and Reigner, 2005; Survilienél, 2008). For getting a better control of
downy mildew in onion it is important to make prgfdctic sprays as soon as the first

disease symptoms appear in the field.

The maximum yield in the fungicide treated plotaynbe due to the more number of
leaves, maximum plant height and less disease igevtbat indirectly contributes to the
higher yields (Razigt al, 2008; Igbakt al, 2009).
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Chapter-5
SUMMARY AND CONCLUSION

The present investigation on onion downy mildegRerponosporadestructor
(Berk.) Casp. ex Berk) as undertaken with respecto¢currence, identification,
pathogenicity, epidemiological studies and manageroé disease through chemicals
and SAR inducers. The results obtained are sumathbelow:

Onion downy mildew was low, moderately and sewepgkvalent in all onion
growing areas of Solan district. Maximum diseasadience (39.24 %) and severity
(58.65%) of downy mildew of onion was observed and®ah and followed by Khaltoo
during the cropping season of 2017-2018 and mearcgat incidence and disease
severity of downy mildew were recorded to be 2Ziid 25.34, respectively at all other

locations surveyed of Solan district.

Characteristic symptoms seen on leaves were lipit@rcular or elliptical
lesions that become white, slightly sunken and lhengd and with the passage of time
these lesions were covered with the grey downy esasst turned purplish after heavy
rain. In case of severe downy mildew infestatioacrosis followed by girdling was
also seen. Few bottleneck bulbs were seen duevéwesanfection of aerial portions of
the plant. Downy mildew pathogen has also affetitecbulb development and reduced
the yield, as infected bulbs were smaller thanthgddulbs.

On the basis of appearance and morphological cteistics of the pathogen
like nature of mycelium which observed as hyalimsgptate with a width of 3.6-6.9
pm and characteristic dichotomously branched spgowphores bearing pyriform
sporangia measuring 50.4-65.8 X 24.6-25.2 pum4e.d8ased on the morphological
characters, the pathogen was identifiedPasonospora destructo(Berk.) Casp. ex
Berk.

In order to prove the pathogenicity , the pathoges inoculated by following
two methods detached leaf and spray and drouiatien with sporangial suspension
and typical symptoms similar to the original syomps developed after 8 days and 12-

14 days of inoculation of the pathogen, respedtivel



Epidemiological studies of pathogen revealed thpathogen preferred
temperature of 15°C as optimum for sporangial geatnon and the favourable relative
humidity was above 95.1 per cent with maximum spgia germination at 100 per
cent. Disease initiated when favourable conditidike temperature and relative

humidity prevailed for at least two days.

Under field conditions disease appeared at theoé@bruary 2018, due to the
presence of favourable mean maximum temperaturelZ22C), mean minimum
temperature (7.6 °C) and average relative humi@g/8 %) and attained maximum
severity (72.76 %) during second week of April, 0IThe simple and partial
correlation were highly significant and positivetprrelated with mean maximum
temperature, mean minimum temperature, averageveelaumidity and negative with
rainfall. Multiple correlation analysis has shothat 87.4 per cent disease severity wsa

due to the cumulative effect of all the factorssidered under the study.

Among different fungicides tested undervitro conditions, four non-systemic
fungicides evaluated against tReronospora destructorevealed that Dithane M-45
resulted in effective sporangial germination intidn at all concentrations up to 91.94
per cent where as 75.82 at lowest concentratidsO0fppm followed by Kavach and
Antracol giving 70.00 per cent sporangial germio@tiinhibition at 500 ppm
concentration. Blitox was found least effective lwi65.62 per cent sporangial
germination inhibition at 500 ppm concentration. tQaf three Combi-products
evaluated against the pathogen underitro conditions, Ridomil Gold at 200ppm and
Cabrio Top at 200 ppm were found most effective sigdificantly superior over other
treatments at 300 and 500 ppm, respectively. How@ativo was least effective at all
the concentrations. In general higherconcentratadrehemicals has shown maximum
inhibition of sporangial germination and germ tubegth. Germ tube length was also
reduced to great extent in case of Ridomil Gold@8.1m) after 12 hours of incubation

followed by Cabrio Top and Dithane M-45 at all thrae intervals.

Similarly, field evaluation of fungicides and SAdkemicals as foliar sprays
against downy mildew of onion showed that Chitosas found superior over other
treatments followed by Ridomil Gold and Cabrio Tmp giving disease reduction in
the range of 79.56 to 81.93 per cent. Minimum diseseverity however was recorded

with foliar sprays of Antracol followed by Nativd-oliar sprays of Chitosan was
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supported by maximum height (43.89 cm) and higlyeddt (26.7 t/ha) followed by
Ridomil Gold (40.06 cm, 24.5 t/ha) and Cabrio T8p.86 cm, 23.3 t/ha).

From the above discussion it is concluded thatjowildew of onion is a
serious disease in low lying areas of Solan districdimachal Pradesh and was caused
by an oomycetePeronospora destructo(Berk.) Casp. ex Berk. The congenial
temperature was found to be 15°C and relative hitynidore than 95 per cent for its
development. Three protective sprays of ChitosaBAR chemical (at 3-4 leaf stage
followed by next two sprays after the appearancagisgase), Ridomil Gold and Cabrio
Top at 15 days interval on the onset of disease abaerved to manage the downy
mildew disease effectively and could be recommenfiedits management under

farmers’ field.
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ABSTRACT

Onion downy mildew disease is a serious threatrim®production in India. Onion downy mildew is
caused byeronospora destructdBerk.) Casp. ex Berk. which causes heavy logsesibn worldwide as well
as in Himachal Pradesh. Therefore detailed invastigs were undertaken with the objectives to re@dbe
disease severity of downy mildew of onion in Soldistrict of Himachal Pradesh, and to study the
morphological, epidemiological parameters of théhpgen and device suitable management strategids wi
SAR inducers and other chemicals. Survey reveélatdisease was moderately prevalent in Solandistith
severity range varying between 4.78 to 58.65 pet,cmaximum at Pandah (58.65 %) and minimum at
Dharampur (4.78 %). The pathogen was identifiedetbasn the morphological features Bgsronospora
detructor (Berk.) Casp. ex Berk. Most distinguishing mormyital features of pathogen were production of
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germination (73.96 %) and germ tube length gro®02(98 pum) was observed at temperature 15° C wherea
RH levels of more than 95 per cent were suitablegémination as maximum germination (71.4 %) wsensat
100 per cent RH with maximum germ tube length (&83um). Effect of different meteorological paramsten
progress of downy mildew of onion (cv. ‘Palam Lghivas studied under field conditions and it waseived
that the disease severity become apparent in laskwf February with minimum disease severity &%
which gradually increase in respective months asstiimed highest proportion (72.76%) in the seconekvod
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orthophosphate and BABA) and reported their effectess by reducing the disease severity to 12.5q#rin
comparison of the control (69.5%) of onion downyd®w and increasing the average plant height, pigllol to
43.9 cm, 26.7 t/ha, respectively.

Signature of the Student Signature of Major Advisor
Name: Ankita Name: Dr. Sunita Chandel
Date: Date:

Countersigned

Professor and Head
Department of Plant Pathology
Dr. Y.S. Parmar University of Horticulture & Forest ry
Nauni, Solan (H.P.) 173 230

56



APPENDIX-II

Analysis of variance tables

ANOVA 1 Effect of different temperature regimes on sporangial germination of
Peronospora destructor (Table 4.4)

Source of Variation | DF| Sum of Squares Mean Squares F-Calculated
Temperature 5 34,914.551 6,982.910 15,123.288
Time 2 115.833 57.917 125.433
Temperature X Time 10 139.065 13.907 30.118
Error o4 24.934 0.462
Total 71 35,194.383

ANOVA 2 Effect of different temperature regimes ongerm tube length ofPeronospora

destructor (Table 4.4)

Source of Variation DF| Sum of Squares Mean Squares F-Calculated
Temperature 5 378,025.240 75,605.048 48,791.992
Time 2 1,150.702 575.351 371.305
Temperature x Time 10 1,243.128 124.313 80.226
Error 54 83.675 1.550
Total 71 380,502.744

ANOVA 3 Effect of different relative humidity levels on sporangial germination of
Peronospora destructor (Table 4.5)

Source of Variation DF| Sum of Squares Mean Squares F-Calculated
Relative humidity 7 41,896.754 5,985.251 35,442.858
Time 2 106.744 53.372 316.053
Relative humidity x Timg 14 184.530 13.181 78.052
Error 48 8.106 0.169
Total 71 42,196.134

ANOVA 4 Effect of different relative humidity levels on germ tube length of
Peronospora destructor (Table 4.5)

Source of Variation DF| Sum of Squares Mean Squares F-Calculated
Relative humidity 7 192,280.406 27,468.629 5,202.59
Time 2 2,749.267 1,374.634 260.357
Relative humidity x Timg 14 5,062.399 361.600 68.488
Error 48 253.430 5.280
Total 71 200,345.502




ANOVA 5 Effect of different fungicides on sporangi& germination inhibition (%) of
Peronospora destructor (Table 4.10)

Source of Variation DF| Sum of Squares | Mean Squares F-Calculated
Fungicides 6 3,825.120 637.520 5,872.627
Concentration 2 12,257.423 6,128.711 56,455.695
Fungicide x concentration 1p 1,774.971 147.914 A58
Time 2 74.230 37.115 341.889
Fungicide x time 12 51.582 4.298 39.596
Concentration x Time 4 26.859 6.715 61.855
Fungicide );ir%%ncentratlon X o4 64.308 2 679 24 683
Error 126 13.678 0.109
Total 188 18,088.170

ANOVA 6 Effect of different fungicides on germ tubelength production (um) of
Peronospora destructor (Table 4.11)

Source of Variation DF| Sum of Squares | Mean Squares F-Calculated
Fungicides 6 11,574.504 1,929.084 11,865.7098
Concentration 2 32,563.097 16,281.544 100,147.818
Fungicide x concentration 1p 4,132.601 344.383 2303
Time 2 413.178 206.589 1,270.729
Fungicide x time 12 61.479 5.123 31.513
Concentration x Time 4 312.368 78.092 480.34%
Fungicide >t<ir<r:1c;ncentrat|on X o4 53282 2 920 13.656
Error 126 20.484 0.163
Total 188 49,130.994

ANOVA 7 Effect of SAR and fungicides on onion downymildew severity (Table 4.12)

Source of Variation DF| Sum of Squares | Mean Squares F-Calculategl
Replication 2 0.776
Treatment (SAR 8 2,017.222 364.653 711.651
+ Fungicides)
Error 16 8.198 0.512
Total 26 2,926.197




ANOVA 8 Effect of SAR and fungicides on plant height (Tlale 4.12)

Sum of

Mean

Source of Variation DF Squares Squares F-Calculated
Replication 2 1.863
Treatment (SAR + Fungicides) | 8 640.723 80.09 97.677
Error 16 13.119 0.82
Total 26 655.705
ANOVA 9 Effect of SAR and fungicides on bulb yield (Tablel.12)
Source of Variation DF Sum of Mean F-Calculated
Squares Squares
Replication 2 0.776
Treatment (SAR + Fungicides) | 8 2,917.22 364.653 711.651
Error 16 8.198 0.512
Total 26 2,926.20
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