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ABSTRACT

Downy mildew caused by Sclercspora ¢raminicola is a devastating disease of pear] millet
n India. Some aspects of epideniology of the disease are not clearly understood. Studies on the
ffect of temperature and relative humidity on the sporulation process of . graminicola was studied
vith special reference to the production of sporangiophores and sporangia.

Sporangiophore and sporangial production increased with increase in teinperature from 10
0 22°C and at 235 and 30°C their production was less. No sporangiophore and sporangia was
roduced at 35C. The number of sporangiophores and sporangia also increased with increase in
ncubation time up 1o 8 h. but decreased at 24 h incubation period. An increase in length of
porangiophore was observed with increase in temperature from 10 to 30°C but the sporangiophore
1ameter was not affected by temperature.

Sporangiophores did not emerge from stomata at or below 95% RH. At 96 and 97% RH,
elayed (6-8 h) production of sporangiophores was observed. Only at 98 and 100% RH, production
f sporangiophores began after 1.5 h of incubation. Sporangial production started after 2.5 h of
icubation at 98 and 100% RH. Delayed (> 8 h) sporangial production was observed at 97% RH.
porangiophore and sporangial size were not affected by RH.

Sporangiophores were viable for at least 30 minutes at RH > 95%. The sporangiophores



xii

chapsed and lost thg ability to produce the sporangia when RH fell t0 90% or below even for 10
minutes. The sporangiophores were very sensitive to RH and were unable to survive during the day
after their production at night. This suggested that sporangia could be produced only on freshly
emerged sporangiophores. ’ o
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CHAPTER1

INTRODUCTION

Pearl millet (Penniserum glaucum (L) R. Br.) is one of the important food grain crops of
the world. It has been cultivated as a cereal or forage crop mostly in Africa and also in India for at
least 3000 years. In India it covers an area of 10 nullion ha with a production of 7.91 million tonnes
in 1991-92 (Directorate of Economics and Statstics, 1998). In Andhra Pradesh, it is grown in the
distncts of Srikakulum. Vizianagaram. Vishakapatnam. Ranga Reddy. Mahaboobnagar, Nalgonda,
Prakasam, Chittor and Ananthpur, as a rainfed crop in kharif and as irrigated crop in summer. The
crop is grown on the poorest soils and under harsh climatic conditions where no other crop can
grow. Therefore, it 18 popularly called the tood of the poorest of the poor. Although the crop is quite
hardy at still suffers from various biotic stresses. One of the major biotic factors reducing yield 1s
the downy mildew disease, caused by Sclerospora graminicola. The disease is of great economic
impontance in India and downy nuldew epidemics caused substantial yield losses in FI hybrids

during 1970-76 (Safeculla, 1977), 1983, 1984, 1987 and 1988 (Singh et al., 1993).

The disease was first reported in India (Butler. 1907). It has also been reported from more
than 20 countries (Safeeulla, 1976). It is a major limiting factor for full exploitation of high yielding
potential of hybrids in India. Grain yield losses of 10-60% have been reported in various countries

in Asia and Africa (Nene and Singh, 1976).

The primary inoculum of the pathogen is seed or soil borne oospore, but the secondary



spread is by airborne sporangia. Asexual propagules are ephemeral and fragile. Thus production,
liberation, deposition and gemunation are greatly influenced by envionmental factors as are
penetration, infection and disease development. Effects of environmental factors on asexual

sporulation of Sclerospora graminicola was studied by Singh et al. (1987),

Epidemiological studies indicate that dew formation v the: most important factor that
govem the disease development. In addiion, disease incidence positively correlates with relative

hunudity and maximum temperature (Sheuy, [987).

The difficulty of controling humudity testncted the study of eftect of humidity on
pathogenic processes on living plants Butler et al ([995) constructed a set of controlled hunudity

chambers for single plant.

The role of porangia i the epidenuology of pearl nullet downy muldew was clearly
established by Singh and Willuans m 1980, But the role of sporangiophore in sporulation and effect
of hurmudity on that was to be clearly established. Hencee the present study was undertaken with the

tollowing objectives:

- Effect of temperature und relative humidity (RH) regimes on sporangiophare production.

- Longevity of sporangiophore productiity with reference to changes in RH and time
interval.

* Effect of RH regimes on asexual sporulation process 1.e., the time taken for differentiation,

Sporangial initiation and quantum of sporangial production under constant and varying

humidity regimes.
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CHAPTER 11

REVIEW OF LITERATURE

The downy muldew constitute a wide spread and highly destructive group of pathogens.
They received their name because of the profuse white “down” praduced on infected plant pans.
The "down” growth consists of the sporangiophores or comdiophores and sporangia or comdia
produced dunng the process of asexual reproduction (Wilthiams, 1984). The downy mildew
pathogens belonging to the fanuly Peronosporaceae, are obhgate parasites, although a few of them

have been grown in tissue culture (Bhat et al., 1980),

Among the diseases aftecting pearl mullet (Penmisetom glancim (1) R. Br.), downy mildew
caused by the tungus Sclerospora gramincola (Sace.) Schroet, i the most destructive one and
prevalent in the tradiional pearl mullet grewing areas of Africa and the Indian Sub-continent. This
is evident from several epidemucs on hvbnids in India (Dave, 1987: R, 1992). The pathogen and
diwise have been reported from Asia, Africa and Europe, but apparently not from South America
or Austrahia (Safeeulla. 1976). Sclerospora grammicola infects several grasses including pearl
mullet. talian nullet (Setaria italica L..) and sorghum (Sorghum bicolor (1..) Moench). In the tropics
the pathogen causes serious losses 1o pearl mullet. which causes the  green car’ symptoms (Shaw,

1975). The pathogen has been found on maize in Israel and USA (Shurtleff, 1980).

Sclerospora graminicola (Sacc.) Schroet. was onginally named as Protomyces graminicola

by Saccardo in 1876 who reported it on Setaria verticillata. Subsequently Schroeter in 1879



renamed it as S. graminicola in his work on the genus Sclerospora in Germany (Ullstrup, 1973, In
1884. Farlow descnbed S. graminicola on Setaria viridis (L) Beauv. In India, the carliest
investigations on pearl millet downy muldew were camed out by Butler (1907) and Kulkami
(1913). The disease was not considered serious since dumage was severe only where pearl miliet
was grown in low-lying. poorly-drained areas (Butler, 1918) Muter and Tandon (1930) reported
the seniousness of the disease 1 low-Iving areas in the vicimty of Allihabad m North India. In
India. the pathogen is present in all the states where peard millet is culuvated. However, the disease

has not been reported on pearl millet in the Amencan countnes (Singh et al, 1993),

Although pearl millet downy mildew has been recognized as an important cereal pathogen
since the early part of this century. it received relatively ittle research attention until the carly
19605, But the true magmitude of the fosses has now been fully appreciated. In East China. Porter
(1926) estimated a 6% vield loss, while Mitter and Tandon (1930) reported a 45% yield loss due 1o
S graminicola in Allahabad. India. Mathur and Dalela (1971 revealed disease incudence ranging
from 0-27% in a survey in Rajasthan, India duning 1962 and 1964, With the release of high yielding
hybnds. the disease occurred in epidemic proportions and devastated the hybrid crop, which was
culivated on more than one million hectares (Sateeulla, 1977). According 10 reponts from Afnica,
there was 60% loss in Mozambique (DeCarvalho. 1949, 10% in Nigenia (King and Webster, 1970)
and 0-50% in other western African countries (Saccas, 1954: Selvara), 1979; CILSS 1986 CILSS

1987).

Although comprehensive data for grain vield loss in pear! millet due to this pathogen is not

available (Singh et al.. 1993), the actual yield reducing potential of the disease has been fully



recognized. This was clearly demonstrated 1n HB2. a popular hybnd in India in the carly seventies
when pearl mullet grain production was reduced from 8.2 mulhon tin 1970-71 1o 3.3 mullion t1n
1971-72 by an epidemic of the disease (AICMIP. 19721 Subsequently graim vield losses continved
to occur quite frequently due to downy nuldew epidenucs i India (Singh et al . 1987). The vield
losses can be directly proportional to the disease seventy (Willams and Singh, 1981, Downy
mildew 18 considered a major biotic vield reducing factor i pearl nullet not only i India, but aho

in many countnies in Afnca (Singh, 1995

Following infection, S. gramuucola readily induces svstenne svmptoms atter colomzing the
nlcn\lcmalia“ segments of voung seedhng. Local levons are rarely prodoced (Kenneth, 1981
Svatermie symptoms generally appear at any stage of development from the voung seedhng tusually
from second seedling leat) up to flowering and once these appear, all the subsequent feaves and
panicles also develop symptoms, except in cise of recovery resistance where plants outerow the
disease (Singh and King, 19880 In the tier fead 1o develop sastemie svmptoms, i general mild
vellowing is observed. usuadly confined te the basad portion of the Lamimas Al subsequent leaves are
fully diseased. In some instances the leaves mas not show svmptoms but the intlorescence may be
Wy or partially diseased. The arew ot leaves with muld yellowing support massive asexual
sporulation from the abaxial surfaces. producing a thick white "down™. In highly susceptible
varieties, under ideal conditions for spore production. & mere sparse asexual sporulation can ocenr
on the adaxial leaf surfaces. In pearl mullet. the pathogen infection generally results n the
production of grossly malformed inflorescence with vanous degrees of transformation of

inflorescence tissue into leafy structures (Williams 1984).



Singh and Gopinath (1985) observed that highest incidence of downy mildew occurred on
pearl millet plants in Growth stage I (i.e., < Smm long) and the incidence declined progressively
when seedlings were inoculated after Growth stage III (>10 mm long. first leaf still tolded).
However, susceptibility was noticed up to seven leaf stage (Safeeulla. 1976). According to
Subramanya et al. (1981). S. graminicola 1s apparently incapable of svstemically infecting plants
after it had reached a certain age. The main shoot was susceptible to downy mildew up to 26 days
from emergence. However. the susceptibility of pearl millet crop throughout its growth phase is due

1o continued emergence of tillers.

Sc'i¢'r'().v11()t'¢1 graminicola produces both asexual (sporangia, zoospores) and sexual spores
(oospores). Sporangia are hyaline. thin-walled. ellipsoid. and papillate, measuring 1510 22 x 12 to0
21 pm. Oospores are thick-walled resting spores produced in the infected leaves. A mature oospore
1s brownish yellow and sphencal. and measures 32 pm (22 to 35 pm) in diameter (Singh et al.,

1993: Singh. 1995).

Sporangia germinate indirectly by producing zoospores. The number of zoospores per
sporangia may vary from | 1o 12 (Ramaknshnan. 1963: Shetty. 1987). Zoospores emerge through a
pore produced by the opening of the operculum in the apical region of the sporangium. Zoospores
swim for 30-60 minutes (min). encyst. and then germinate by forming a germtube. Sometimes
zoospores may germinate within the sporangium. in which case. the germ tube grown through the
apical pore giving the appearance of direct germination of sporangium (Shaw, 1981). However,
direct germination, without the formation of zoospores also occurs (Maunch-Mani et al. 1989,

Singh, 1995).



Effect of environmental factors on sporulation

The asexual spores are of great importance for the local spread of the downy mildew within and
among crops in a season. Thus knowledge of the asexual reproductive process and factors atfecting

asexual spores will contribute to the understanding of the epidemiology of these discases.

Sporangia of S. graminicola serve as the primary source of inoculum that spreads downy
mildew from infector rows to test rows in disease screening trials. Disease pressure in screening
trials is often variable and the availability of inoculum may determine the extent to which disease
spread occurs. Sporangia are produced on the leat surface and the extent of production is moderated
o a large extent by environment. An understanding of the influence of weather factors on
sporulation is necessary to better appreciate the inoculum pressure under which screening is carried

out.

Environment can affect the development and spread of plant disease in difterent ways. It
can affect the perpetuation or overwintering of the pathogen, the build up of both primary and
secondary inoculum, the dissemination of inoculum. germination, and host penetration. The
environment can also affect growth and development of the host prior to being infected in such a
way as 1o affect its susceptibility. Finally, it can influence the actual development of disease after

the plant has become infected (Chalam, 1996).

Sporulation in downy mildew occurs only under moist dark conditions following a period of

light. Under continuous light or darkness and high humidity, there was little or no sporulation
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(Weston, 1923, 1924: Yarwood. 1937). The members of the genus Sclerospora have a special
position in that their spores are produced in a very few hours in the middle of the night and
discharged immediately afterwards. After dawn. only scanty remnants of the previous night's crop
are usually evident as the sporangiophores are Killed by dryving and disintegrate rapidly (Weston,

1923: Jones, 1971; Dogma, 1975 Payak. 1975).

According to Weston (1924), asexual sporulation in §. graminicola on the surface of plant
was nocturnal and occurred in the presence of dew. He observed that if dew formed 02.00 h, mature
sporangi(jphores and sporangia were present by 02.00 h. peak sporulation occurred at 03.00 h, and
sporangial production continued until dew  disappeared. For nearly thiny years, nocturnal

sporulation in different species of Sclerosporu was taken as an established fact.

Mivake (1911) induced sporulation by incubating infected leaves in moist chambers.
Subsequently. Thirumalachar and Narasimhan (1952) repeated the experiment with Sclerospora
dichanthicola Thirum and Naras. Thirumalachar et al. (1953) obtained the sporangial stage of
Sclerospora macrospora (Sace.). Thirum. Shaw. and Nuras on infected leaf bits of ragi at any

required time and concluded that there was no penodicity n its production.

Safeeulla and Thirumalachar (1955) observed no sporulation of S. sorghi on dry or
submerged leaf areas. and sporulation on areas covered with heavy dew. under lab conditions. Dew
chambers have been used for inducing sporulation in S. sacchari (Bonde and Melching, 1979) and

S. sorghi (Schemitt and Freytag, 1974).



Safeeulla & Thirumalachar (1956). determined that three factors were required for
sporangial production on pearl millet: i) a period of 15-20 h since the previous event of sporangial
production, 11) the presence of moisture on the surface of leaves: and iii) a temperature of about
25°C. At 15°C and below. sporangial formation was sparse and delayed. Methus et al. (1927) and
Suryanarayna (1965) considered temperatures as low as 10°C favourable for sporulation. According
to Suryanaravana (1965) sporulation did not occur at temperatures greater than 28°C. Under
favourable conditions. S. graminicola produces 33 x 10' SPOTangia per square centimeter (cm ) leaf
area of infected pearl millet plants per sporangial crop, and as many as 11 crops on successive
nights are formed (Safeeulla, 1976). Sporangia are discharged forcibly up 10 2.5 mm (Methus et al.,
1927) and contact with liquid water is required for sporangial germination. Each sporangium

produces 3-8 zoospores (Survanarayvana, 1965).

Thakur and Kanwar (1977) have reported that downy mildew phase of the discase initiated
from sporangia infection was maximum in young seedling. Further they have also reported that
sporungia play a significant role in secondary spread of downy mildew. Their study showed that
only secondary sporangial infection caused 13.2% plant intection. Wind direction had an effect on

the extent of secondary spread.

Singh and Williams in 1980 reported that the sporangia play a major role in the
epidemiology of pearl millet downy mildew. They reported that sporangia remained infective for up
to 340 m downwind source during the rainy season and 80 m during dry period from a sporangial

source.
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Thakur (1986) through detailed studies on various aspects of sporangial infection observed
that inoculation of sporangia produced downy mildew seedlings within six days under high

humidity (> 90%) and at a temperature range of 18-20°C.

Hirata and Takenouti (1932) reported sporangial gemmination through the release of
zoospores when placed in water at 12.5 to 29°C. Germination was not affected by light. According
to Nene and Singh (1976), the pathogen trom halian millet had minimum, optimum and maximum
sporangial germination at temperatures of 5-7, 18 and 30-33°C, respectively. The optimum
temperature range for germination of the pathogen was 14-18°C (Melhus et al., 1927). In contrast.
the sporangia of S. graminicola from pearl millet germinated at 18-29°C, the optimum being 24-
25¢C (Safeeulla et al.. 1963). Zoospores germinate by producing germ tubes. Zoospores of the
pathogen from pearl millet readily germinate and swim at 16-22°C (Suryanarayana, 1965). These

germ tubes exhibit a chemotactic response by growing towards pearl millet roots (Safeeulla. 1976).

Dew formation was the most probable variable that could be useful in predicting the downy
mildew incidence of pearl millet. In addition, relative humidity and temperature were also found to
be positively correlated with disease incidence (Muthusamy, 1979). Distribution ot rainfall was
important in the expression of downy mildew (Nene and Singh. 1976), rather than total rainfall

(Suryanaryana, 1965).

Effect of different environmental factors such as temperature, light, relative humidity, and
dew formation on germination of sporangia/conidia, and infectivity of different downy mildew

pathogens were studied in several other crops such as sorghum (Safeeulla et al., 1974; Schmitt and
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Freytag, 1974: Schuh et al., 1987). Maize (Exconde et al.. 1967: Change & Wu. 1969; Bonde and
Melching, 1979: Bustaman and Kamiga Fukuro. 1981: Bonde et al.. 1992), Chinese cabbage (Shao
et al.. 1999). Cucurbits (Tsai and Hsu. 1989). alfalfa (Patel. 1926: Melhus and Patel, 1929: Fried
and Stuteville. 1977). Soyabean (Kink et al. 1985). Peas (Singh et al.. 1988) and onion

(Hilderbrand and Sutton. 1984a.b).

Weston (1923) noticed whip-like elongations of conidiophores in place of conidia in
Sclerospora philippinensis Weston due to the ctfect of excess moisture, Under excessive moisture
conditions, elongation and proliferation of sporungiophores of 8. graminicola were observed by
Safeeulla and Thirumalachar (1936). They also studied the effect of temperature on the asexual
phase. Their observations indicated that at 15°C and below, the sporangial formation was delayed
considerably extending up to 24 to 36 h. The sporangial formation was delaved considerably
extending up to 24 to 36 h. The sporangiophores formed at 10°C were stout and dwarf with
complete suppression of branches. There were only -3 sporiangia borne directly on the main axis
with well developed sterigmata. At 15-C. the branches were shortened. and all the sporangia

appeared to be clustered at the top.

Williams (1984) reponted that the process of asexual reproduction of downy mildews 1y
dependent on temperature. relative humidity and the supply of photosynthate in the infected host
organ. The need for a good supply of photosynthate, indicated by the requirement for exposure of
diseased plant to several hours of sunshine between successive crops of asexual spores. together
with the requirements for relatively low temperatures and high relative humidities. results in natural

Sporulation generally occurring in the early hours of the morning (02.00-04.00 h).



S. graminicola can be induced to sporulate during the day time provided the incubation
period (7-8 h) is initiated at the appropriate time with leaves that have received at least 34 exposure
to daylight after production of the previous crop of asexual spores (Schmitt and Frevtag, 1974;

Dange and Williams. 1980: Williams et al., 1981,

The temperature ranges over which sporulation occurs will probably vary somewhat with
species and location, and will probably reflect the nocturnal temperatures during the carly part of
the cropping season where the disease occurs. Most of the downy mildews infecting graminaceous

hosts appear to sporulate well in the 20-24°C range (Williams, 1984).

The sporangiophores emerge through the stomata within 2-4 h after the itiation of
incubation. The most critical period for high humdity is probably from the time of the emergence
of sparangiophores from the stomata to the time of spore maturation. Experiments with pearl millet
downy mildew at ICRISAT. Hvderabad indicates the occurrence of profuse nocturnal sporulation
following a 30-mm nust-irmigation shontly after sunset (Williams and Singh, 1981). which leads to
dew formation as the temperature falls during the night. Excessive free moisture is detrimental to
the sporulation process. and sporulation is considerably reduced or precluded 1f heavy rains occur

following the period when the sporangiophores emerge from the stomata (Williums. 1984).

The role of sporangia of pear] millet downy mildew has been controversial for many years
(Safeeulla, 1975 Nene and Singh, 1976). Kenneth (1966) reported no evidence of secondary spread

in Israel, and Safeeulla (1976) reported that asexual spores have little role in disease spread in
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Mysore (Southern India).Girard (1975) in Senegal. however, obtained evidence that sporangial
inoculum does play a role in secondary infection. Singh and Williams (1980) showed that sporangia
produced on infected plants play a major role in the secondary spread of the discase. The asexual
phase of the pathogen. leading to the production of sporangia is very efticient in that the sporangial
cvele repeats every 24 h under favourable conditions, the number of sporangia produced per unit
infected surface area is large. spore dispersal and dissemination is rapid. and spores can travel up to
340 m downwind duning the rainy season with the disease spreading up to 80 m from the source of

inoculum.

Fredenksen and Rosenow (1967) reported that the conidia of 8. sorghi are air-borne and can
be trupped several feet away from diseased plants. Under ideal conditions these spores were carried
several hundred meters away from the site of production. Comdia were hberated on clear nights
around midnight and remained abundant in the air at 01.00-03.00 h and none was found in the air

atter (06.00 h.

The effects of temperature, relative humidity and light on sporangial production of
Sclerospora graminicola was studied by Singh et al. (1987). They reported that though the process
of sporulation was completed in about 6 h, high RH (95-100% ) was essential only during the last 3
h. Maximum sporulation occurred when infected leaves were incubated for 6-12 h at 30°C and
ambient humidity before exposure to high RH for sporulation. Sporulation occurred at 10-30°C
with an optimum at 20°C. The size of sporangia and sporangiophores were affected by temperature

and the largest were produced at 25 and 15°C respectively.
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Singh and Gopinath (1990) reported that the germination of sporingia occurred at 10-45°C.
There was a gradual increase in germination with the increase in incubation time from 30 minto 2 h
at temperatures from 10-35°C. Germination was most rapid at 40 and 43°C. but total germination at
these temperatures did not increase more than 60% even after 3 h. Optimum temperature tor

cermination was 29.6°C and little germination occurred after 2 h 40 min. Germ tubes grew at 15-

35°C and temperature has no influence on the germ wbe length.

Singh and Gopinath (1990). further reported that the infectivity of sporangia (700spores) as
Judged by .systemic infection of young seedhings was greatly influenced by preinoculation
temperature of the sporangial suspension and post inoculation temperature. Sporangia stored at
10:C and 15¢C for up to 12 h prior to inoculation produced >70% downy mildew when used as
inoculum. Sporangial infectivity  generally declined more rapidly at the higher incubation
temperatures, with no infectivity after 2 b incubation at the two highest temperatures, 40 and 45¢C.
Inoculuted seedlings incubated at 30<C developed downy mildew sviuptoms as carly as 3 days after
moculation. At 4 to 5 days after inoculation, seedling at 20, 25 und 35°C also developed downy
nildew symptoms. Seedling at 15°C remained svmptomless for 8 days. but when they were moved
at 20°C. >75% downy mildew develops within five days. Downy mildew did not develop at 40 and

45¢C up to 13 days after inoculation.

Ramesh and Safeeulla (1982) reported that the sporangia can germinate in the soil and
liberate zoospores. The zoospores can move against gravity and remain viable and infective for 5 h
in the soil. Survival of zoospores in the soil indicated that, they may serve as a potential secondary

source of inoculum through soil under field conditions.
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Humidity is a key weather variable which strongly influence the majority of foliar pathogen.
Except powdery mildew. spores of many fungal pathogens require liquid water to germinate,
although a number of species have been reported to germinate when the air is not saturated
(Yarwood, 1978). Clayton (1942) was able to distinguish pathogens in virro which germunated on a
dry surface at relative hunudities of 99% and above (e.g.. Venturia inequalis) from those which

required liquid water (e.g.. Sclerotinia fructicola).

Harrison (1992) stated that humidity within the leat boundary layer is usually different from
the surrounding air and 15 dependent on wind speed. Accurate control of humidity s difficult,
especially in situation where plants are transpinng. Saturated salt solutions provide a convenient
method to control relative humidity in vitro, but when living plant material is mtroduced into such a

system the equilibrium humidity changes.

Harmson & Lowe (1989) described systems to control RH for detached leaves and whole
plants using water baths to control the dew point and chamber temperatures. In their plant chamber,
they were able to obtain RH within £2% of the desired value in studies on sporulation of

Phyvtophthora infestans.

Because of the difficulty in controlling humidity.relatively few studies on the effect of
humidity on pathogen processes on living plants have been reported. Most reports describe the
effects of different levels of constant humidity on processes such as sporulation and infection.In

nature, diurnal changes in humidity can be large and little is known of the response of pathogens to
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a dynamic situation.

Butler et al. (1995) constructed a set of controlled humidity chambers for single plant. They
reported that accurate control of RH between 40 and 99 was achieved by mixing dry air with a
saturated air stream using solenoid valves controlled by a programmable data logger. The system
responded to a step change of RH in about 6-10 min. and diumal changes of RH were
reproduced.similar o those observed in nature. The stability of control made it possible
differentiate between the requirement of hquid water and verv high RH (98¢0) for conidial
sermunation and subsequent infection of groundnut by Phacoisariopsis personata causing late leaf
spot disease. Controlled environment studies of comdial production by Phacosariopsis personata
on groundnut are described by Butler et al. (1995). Under constant RH. comdia were produced
above a threshold(94.3% RH) and thege was a hinear increase between 94.5 and 1004 RH. Conidial
production was less with continuous leaf wetness (resembling heavy dew) than with continuous 98-
99% RH. but it was similar with intermittent feaf wetness and internuttent (98-99% ) RH (Sh at 70%«
RH each dav). With altemate high (> 97% RH) and low hunudity daily comdial production

depended both on the duration of high RH and low RH value.

Viranyi (1973) apparently concluded that the pathogen Peronospora destrucior may
sporufate and infect leaves during single period of high humidity (RH >95% for 12-14 h) or during

two periods of high humidity on successive nights (RH >6 h and > & h respectively).

. . . . 2 )
Conidia were produced in continuous light when the photon flux density was 2 pmolm” g .

but production was completely inhibited with 60 pmol m’ g". With constant RH.more conidia were
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produced with a 12 h photoperiod than in continuous darkness. With continuous darkness, more
conidia were produced during the night (18.00-06.00 h) than during the day. but this bivlogical
rhythm was over come with a light-night. dark-day regime. With constant RH of 98-99% there was
a linear increase in conidial production with temperature between 10 and 28°C. and virtually no
conidia were produced at 33°C. The daily production of comdia increased with ime for 2 o 6 days,

depending on the treatment.
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MATERIALS AND METHODS

The studies on the "Dynamics of sporangial production in relation to temperature and
humidity 1n the pearl mullet downy nuldew” were cammed out at International Crops Rescarch
Institute for the Semi-And Tropics, Asia Center.Andhra Pradesh. India. The materials and methods

used in the present investigation are broadly descnbed under the following heads:

General
A Time course study on sporangiophore development and sporangia production.
3 The effect of temperature and relative humudity (RH) regimes on sporangiopore production.
4 Viability of sporangiophores and production of sporangia under intermittent low and high

humidity regimes.

‘o

Effect of RH regimes on the asexual sporulation process.

b Statistical analysis.

3.1. General

This section includes the matenials and method common to all other sections.
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3.1.1. Plant material

Downy mildew susceptible genotype 7042S plants was used in this study. 70428 is a
selection of IP 2696 from the Republic of Chad. which normally develops >80% downy mildew

cidence under moderate disease pressure (Singh and Gopinath. 1990).

3.1.2. Production of systemically infected plants

Seeds of 7042S were planted in thirty pots (20 seeds in cach pot) on every alternate day in
the greenhouse. Plastic pots (sizes: 10 em & 17.8 em) were filled with a nuxture of Alfisol and
Sand (2:1, v/v). At the time of sowing few diammonium phosphate granules were added to the soil
tor healthy growth of plants. Seedlings at two-leaf stage were inoculated with sporangial inoculum
and immediately after the expression of first symptoms (chlorosis) and before the occurrence of

sporulation. seedlings were shifted to an environmental chamber maintained at low (60% ) RH.

3.1.3. Preparation of inoculum

Sporangial inoculum was obtained from systemically infected leaves (Plate 1) of 70428
inoculated with an ICRISAT isolate of the pathogen. Leaves were thoroughly washed with moist
cotton to remove old downy growth of the pathogen and were kept in humidity chambers made by
lining both the lids of plastic trays with moist filter paper.The humidity chambers were incubated in
dark at 20°C for 6 h for sporulation. The incubator was programmed in such a manner, that after

this incubation period the temperature automatically drops to 0°C to prevent sporangial
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germination. Sporangia were collected by washing the leaves with cold (5-6°C) distilled water. The
concentration of sporangia was estimated using a Haemocytometer and adjusted to a desired

concentration.
3.1.4. Inoculation

Seedlings at two-leaf stage were shifted from greenhouse to downy mildew inoculation
chamber where temperature was maintained at 20°C and relative humidity of >95%. Freshly
prepared inoculum (as described above) was delivered to seedlings by a mass moculation technique
using a sprayer (Singh. 1993). After inoculation. the pots were covered with plastic covers. After 24

h the pots were shifted back to greenhouse.
3.1.5. Maintenance of systemically infected plants

Immediately after the expression of first symptoms (chlorosis), 4-5 well established infected
plants were selected. Before the occurrence of sporulation. the plants were shifted to a plant growth
cabinet (E15 Conviron.Winnipeg, Canada) (Plate 2). The cabinet can be programmed to desired
temperature. humidity and lighting. The light intensity can also be mantained by adjusting the
height of the bulbs. The cabinet was programmed to a temperature of 25¢C and humidity to 60%.
The lights (450 y.nmolm2 s"') were tumed off from 09.00 to 21.00 h and turned on from 21.00 to
(9.00 h. Almost all the experiments were given the same preincubation treatment expect for few

initial experiments where lights were off from 18.00 to 06.00 h and vice versa.
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3.1.6. Microscopes

Olympus CHB-2 light microscope was used to count the number of sporangia. Olympus Vanox
Fluorescence microscope and Olympus AH 70 Fluorescence microscope were used to study the
sporangiophore development and sporangia production. to count the number of stomata,
sporangiophore initials. sporangiophores and the dimensions of

sporangiophores and sporangia.

3.1.7. Glassware

“"Borosil”, "Coming™ & "Pyrex” brand glassware were used after cleaning and stenlization.

3.1.8. Stains

Fungiflour (solution A. Polysciences Inc. Warmington, PA) was the only stain used for all

the experiments. It is a fluorescent stain for observing fungal structures on Jeaf samples under

fluorescence microscope.

3.1.9. Sampling

All leaf samples were collected from the same leaf at regular intervals as per requirements

of the experiment. Pieces of leaf lamina (2-5 cm) were sampled from the 3rd or 4th youngest leaf of

the plant using forceps and scissors. Leaf tip (2-3 cm) and the midribs were discarded while
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collecting the samples. Utmost care was taken in collecting the samples so as not to disturb the

sporulating structures elsewhere in the plant.
3.1.10. Methodology of observation

Many samples were collected at each sampling time and observation of samples was a time
consuming process.Hence the samples were stored in a refrigerator immediately afier collection to
restrict further fungal growth as the fungus fails to sporulate at <5°C (Chalam, 1996). Later, each
sample was taken out and cut into 3-4 mm pieces. Each piece was placed on a slide flooded with
Fungifluor. mounted on the slide with the help of stain and topped with a coverslip. Excess stains
was blotted out and wiped from the slide using an absorbent paper. Fluorescence microscope was
used to count the number of stomata contaimng sporangiophore imtials, number  of
sporangiophores, their dimensions, and asexual sporulation  process at 80x  and  160x

magnifications.

Light microscope wus used to count the sporangia number. Leaf sample was washed
thoroughly in known quantity of distilled water with the help of a brush. After washing, the quanuty
of water was measured again. A drop of spore suspension was mounted on a Haemocytometer and
five observations of sporangia count was taken in 5 different fields. The average of sporangia
number in five fields times the quantum of spore suspension after washing muluplied by 1o

becomes the number of sporangia present in the particular leaf sample.

3.2. Time course study on sporangiophore development and sporangia
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production

The production of sporangiophores and sporangia is a continuous process. Not all the

sporangiophore primordia give rise to fully developed sporangiophores at a single point of time.

Six experiments were conducted to study the time required for development of
sporangiophores and sporangia from the stomata. The infected plants were given preincubation
conditions of 60% RH. 25°C and 18.00 to 06.00 h light in growth cabinet (E15) 1o prevent

sporulation.

Three infected but nonsporulating leaves from three different plants were collected and their
old downy growth (if any). was removed. Three leaf segments (one from cach of the three leaves)
were Kept on moist blotting paper in an uncovered petriplate (Singh et al. 1987). They were
incubated at 100% RH. 20°C for 6 h and observations were tuken at every 1S min of incubation. At
cach sampling five microscopic fields were observed. Observations were taken at 160x
magnification except for dimensions of sporangiophores and  sporangia (observed at 80x

magnification). Sporangia were counted with the help of Haemocytometer.

3.3. Effect of temperature and relative humidity (RH) regimes on

sporangiophore production

To examine the effect of temperature on sporangiophore production, dew cambers (Butler et

al. 1994) were used (Plate 3). Each dew chamber consisted of an outer cabinet and inner chamber
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(containing the plants) with heated water bath. Substantial leaf wetness, resembling heavy dew, was
achieved by maintaining the outer cabinet at about 10°C less than the inner chamber High RH (98-
99%) with little or no leaf wetness was achieved by maintaining the outer cabinet at 1-2°C less than
the inner chamber. The humidity in the inner chamber was measured with an aspirated wet and drv
bulb psychrometer, with thermistor sensors calibrated individually to within #0.05°C. The
temperature of the inner chambers were controlled by means of a data logger (CR 10,Campbell.

Logan. UT, USA).

Eight dew chambers were used for the experiment. They were set at eight different
temperatures (10°, 140, 18°, 200, 220, 25°, 30° and 35°C). Three infected plants of the same age (25
days) and size grown in E1S (growth chambers) were shifted into each dew chamber. Each plant
was considered as a replicate. Pieces of the samples for examination were taken at every half an
hour interval from second or third leaf excluding top or basal portion of the leaf. The leaf samples
were examined directly under the microscope using Fungiflour stain. The number of stomata
containing sporangiophore initials and the number and size of sporangiophore in relation to time at
different temperatures were recorded. A total of eight experiments with three replications cach were

conducted.

To study the effect of humidity on sporangiophore production,single plant chambers made
of glass jars (Butler et al. 1995) were used (Plate 4). These chambers can be controlled individually
10 cater to experiments with six treatments and they can be programmed to give diumal changes in
humidity. The chambers are housed in a basement room (below ground level) where the diumal

temperature changes by about 0.7K between day and night. Each chamber was supplied with moist
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and dry air.mixed in an appropriate ratio (o achieve the desired humidity. Relative humidity in the
plant chambers was calculated from the chamber temperature and the absolute humidity of air

leaving the chamber.

The chamber temperature was measured using five copper/constant theremocouples in
series and air humidity was measured either with a condensation dew-point meter (General Eastern;
Wooburn, MA. USA) or with a thin-film capacitative Hunicap sensor (Vaisala Sensor Systems,

Helsinki, Finland).

At the ime of experiment. five single plant chambers were set to five humidity levels (95%.
96%%. 97% .98% and 100%). Uniformly infected plants of 25 days old and of same size were shifted
from E15 to single plant chamber room. Each plant was placed 1n one chamber and at every half an
hour of incubation time the glass chambers were lifted and samples were taken out. The samples
were mounted on a slide with a drop of vtain and observed under fluorescence microscope. A total
of fifteen experiments were done at different lengths of incubation time (6. 8 and 24 h) 1o study the

effect of humidity and time interaction on sporangiophore growth.

3.4, Viability of sporangiophores and production of sporangia under

intermittent low and high humidity regimes.

Sporangiophores are normally produced within 1.5 h after incubation at 98-100% RH and

sporangia are subsequently produced after 1 h. Experiments were conducted to determine the
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viability of sporangiophore after exposure to different periods of variable sub-normal RH. Two

kinds of experiments were conducted.

_In the first type of experiment. the effect of variable number of exposures of different
duration (10,30, and 60 min) under a fixed low RH level (60%) was examined. Infected plants were
exposed to 100% RH in the dew chambers for 1.5 h to allow the production of sporangiophores,
and then these sporangiophores were subjected to the low RH level for 1 h duration. This was
followed by exposure again to 100% RH for 1.5 h to allow production of new sporangiophores.
Such cycle of exposure to low humidity was repeated for 1,2.3, and 4 times. A treatment without
any exposure to low RH was also included as control. Two other durations (30 and 10 min) of low
RH exposures were also examined in addition to the 1-h low RH exposure following the
expenmental protocol mentioned above. The low RH levels were maintained in the E 15
environmental chamber with light. Three plants were used per treatment, a single plant being a

replicate. The timings followed for the experiment with | h low RH exposure is given below:
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Dew Low RH (60%) High RH (100%)
chamber period (time) peniod (time) Samplings
1. - 08.00-09.30 taken
09.30-10.30 10.30-12.00 tiaken
12.00-13.00 13.00-14.30 taken
14.30-15.30 15.30-17.00 taken
17.00-18.00 18.00-21.30 taken
2. - 08.00-09.30
09.30-10.30 10.30-12.00
12.00-13.00 13.00-14.30
14.30-15.30 13.30-21.30
R} - 08.00-09.30
09.30-10.30 10.30-12.00
12.00-13.00 13.00-21.30
1. - 08.00-09.30
09.30-10.30 10.20-21.30
5. - 08.00-21.30

In the second type of experiment. the etfect of variable number of exposures of different
time period (10, 30, and 60 min) under variable low RH level (70. 80.90 and 95% ) was examined.
Five single plant chambers were used for this study. At the beginning. all the chambers were
maintained at 98% RH. and infected plants were incubated in the chambers for 1.5 h to allow the
production of sporangiophores.As per the requirement of the treatment. the RH levels in four single
plant chambers were lowered to 70. 80. 90, and 95% for | h. RH of the fifth chamber was not
changed and thus continued at 98% RH. This subjected the sporangiophores to variable RH levels
for | h. Immediately thereafter, RH levels of all chambers were increased to 98% RH for 1.5 h

followed by exposure at the same respective low RH level for 1h. Therefore, only two cycles of
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exposure to low RH was used in this experiment. Plants in the fifth chamber served as control. A
similar experimental protocol was followed to determine the effect of two other durations (30 and
10 min) of low RH exposures. A single plant was used per chamber. The experiments with 30 and
60 min duration were repeated three times each. whereas the experiment with 10 min duration was
repeated four times. Each repetition served as a replicate. The tinungs followed for the experiment

with 1 h low RH exposure is given below:
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Low RH High RH
Set Set
Dew - value value
chamber (%) period (%) peniod samplings
I - - 98 08.00-09.30 taken
70 09.30-10.30 98 10.30-12.00 taken
70 12.00-13.00 98 13.00-19.00 taken
2 - - 98 08.00-09.30 taken
80 09.30-10.30 98 10.30-12.00 taken
80 12.00-13.00 98 13-00.19.00 taken
RN - - 98 08.00-09.30 taken
90 09.30-10.30 98 10.30-12.00 taken
90 12.00-13.00 98 13-00-19.00 tuken
4. - - 93 08.00-09.30 taken
95 09.30-10.30 9§ 10.30-12.00 taken
95 12.00-13.00 98 13-00-19.00 tuken
S, - - 9% 08.00-19.00 taken
N 98
98
98

Plants were incubated for 6 h at high RH (100% RH for the first set of experiments and
98% RH for the second set of experiments) after the final exposure to low RH in a given treatment
1o determine the capacity of sporangiophores to produce sporangia. Leaf samples were collected
before exposing the plants to dew chambers (first set of experiments) and single plant chambers
(second set of experiments) for the first time before starting the experiment to determine the
condition of sporulation apparatus of the fungus in the plant at the time of initiating each low RH

period (invariably immediately after exposure to high RH to induce sporangiophore production) to
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inspect for the number of sporangiophores and the presence or absence of sporangia, and at 3 and 6

h after the final Jow RH period the number of sporangiophores and sporangia were counted.

3.5. Effect of RH regimes on the asexual sporulation process.

Uniformly infected plants (25 days old) of same size were brought from E15 and arranged
in single plant chambers. During the incubation time at every half an hour interval the glass jar of
the chambers were lifted and samples were collected separately in petriplates. They were placed on
slides with a drop of stain and observed for sporangial differentiation, initiation and quantum of

sporangial production at different humidity conditions.

3.6. Statistical analysis

The data were statistically analyzed by applying square root transformation. The analyses

were carried out using sigma stat program. The graphs were prepared using Freelance packaging.
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CHAPTER IV

RESULTS

The present study reports the effect of temperature and relative humidity on the process and

extent of sporulation of S. graminicola on pearl millet.

It 1s essential to understand the normal development events of sporangiophore and
sporangia under ideal conditions before studying environmental effect on the sporulation process.
Sporangiophore began to grow within 15 min after exposure to 100% RH and started branching 90
min after incubation (Table 1). Sporangial initials formed 135 min after incubation, and sporangia

were fully developed and detachable 165 nun after incubation.
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Table 1. Developmental stages of sporangiophore and sporangia by S gramimicolu in relation to
time

Incubation time Observations
(min)
0 Sporangiophore initials deeply seated within the stomata. Some fluid was

seen on the edges of stomata containing sporangiophore initial which were vet
to come to the surface of stomuta (Plate $).

15 5-7 Sporangiophore imtials covered cach stomata.

30 1-3 Sporangiophores started their aenal growth (Plate 6).

60 Sporangiophores were elongating (Plate 7).

% Sporangiophores started branching (Plate 8).

105 Sporangiophores were branched. Sporangiophore length was 180-215 pvand

diameter 19-26 pm. The length was observed from base to first branching and
diameter to its broadest point (50 observations from each sample) (Plate 9).

120 Sterigmata tormed on Sporangiophore branches.

135 Sporangiophores with sporangia imuals were seen (Plate 10).

150 Sporangia developed but attached to the sporangiophores (Plate T,

163 Sporulation was 0.96-1.98 \ 10° spores cm “leat arca, Sporangia size was 13-

20 x 15-22 pm (50 observauons from each sample) (Plate 12).

360 25-426x 10° spores cm *leat area,

4.1. Effect of temperature and incubation time
4.1.1. Effect of temperature and incubation time on the number of productive

sporangiophores stomata”

The relationship between stomata containing sporangiophore primordia and fully developed
sporangiophores present in an infected area helps in better understanding of sporulation aspects of

the downy mildew pathogen and in turn epidemiology of the disease.



)

Yote . Micropraph of a peard miller leal dnfected with 5. ::umi“i(wln

d. Stomata without sporanyiophore primordia,
I

b Stomata with 5=7 spordanygiophore primordia.



‘late h, Sicrograph of pearl millet leafl sample showing =73 sporangiophores

from cach stomata.



co 7. Micrograph of pearl willet Jeat wawple thewing clongating cporangiopho




Plate #. Micrograph of pesird willet Teal wamplbe powing

initiation of sporaneiophore byancloog.



Plate 90 Micrograph of peavh millet Teat coample chowing branched

sporangiophore:,



Plate 100 Micrograph of pearl millet feat sampae showing emply
steripmata, sporangia initials and developed sporangia

on sporangiophore,



Plate 11, Micrograph o pearl millet leat sample showing matured

sporangia on spovangiophores.,



Plate 12, Micrograph of pearl millet Teal sample whowing detached

sporangia from sporanpiophores.
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Table 2. Number of stomata with sporangiophore primordia at 0 h and sporangiophore production
at 3 and 8 h after incubation of infected pear] millet leaves at different temperatures.

0 h of incubation | 3 h after incubation 8 h after incubation

time
Temp
(°C)

SF

NSP NSP SF! \NSP NSP SEF!

10 18.46 0 0 1513 081
14 16.44 0 0 2043 124
18 16.25 25.26 1.55 27.00 1 66
20 15.01 25.53 1.70 3564 237
22 16.28 34.69 1.79 36.73 1.9
25 15.81 26.62 1.68 34.92 220
30 14.23 11.93 0.83 16.00 1.12
35 2522 0 0 0 0
Mean 17.58 15.5 0.94 233 141

Temp - Temperature.
SF - Stomata with sporangiophore primordia 2mm ~ leaf area.
NSP - Number of productive sporangiophores 2mm ™ leaf arca.

On an average, pear] millet leaves used in these experiments contained 25-28 stomata
2mm” area. Across all temperatures. the number of productive sporangiophores (NSP) that
developed in stomata that initially contained sporangiophore primordia (SF). increased as
. . . . . e .
incubation time progressed from 3 h (0.94) 10 8 h (1.41). The NSP SF' also increased as
incubation temperature increased from 10°C (0) to 22¢C (1.79) at an incubation period of 3 h, and

from 10°C (0.81) to 20°C (2.37) at 8 h of incubation period. Increasingly more NSP were produced

from 10°C to 22°C; further increase in temperature (25°C-35°C) resulted in a gradual reduction of
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NSP. Productive sporangiophores were not produced at 35°C.

4.1.2. Effect of temperature and incubation time on the number of productive

sporangiophores per unit leaf area.

The observations were recorded at 160x magnification. Sporangiophores were formed at all
the temperatures studied except at 35°C. The maximum temperature limit for sporangiophore
formation was 30°C, while optimum observed was 22°C. Increase in temperature hastened the
sporangiophore formation and reduced the time taken for sporangiophore formation. The data on
the incubation temperature and sporangiophore number per unit leaf area is presented in Table 3

and Fig. 1.
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ble 3. Effect of temperature on the number of productive Sclerospora graminicola sporangiophores formed per
it leaf area of pearl millet at 160 x magnification .

wcuba- Temperature(“C)
onth)
ime

10°C 14eC 18C 20:C 2°C 25C i0C 35°C | Mean

1.2 122 1.2 .Y 1.2 1Y 1.2 (PR I PR

(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) | (0.00)

1.2 1.2 3077|338 Lt 3™ | TR R Y
3 0.00) | (0.00) | (9400 | (1080) | (16.53) | (1080) | ©000) | 0.00) | (6.4)

1 22r ] zzr 3,801“”‘ 4'5()(!;: 500?\\1 3'54Inmo I .73q I 22( 279r
0 (0.00) (0.00) (14.61) [ (20.60) | (25.13) [ (11.96) | (2.66) (0.00) {974

112 122 (491 [ ges™ [ sag™ | ass% ok {12 |3y
5 000) 0000 |3se) 2123 |85y [0y |25y oo | (1346

1.2 1.2 06~ [0 | 584 S16™ | 3sm™ |35
0 000) (0000 [(2526) (2553 | (3469 | 2662 [(1193) {000 |(1637)

1.2 428 Laoa™ o™ | seet sst [ aso™ [ a0
t (0.00) (17.53) | (23.87) [ (25.13) [ (34100 | (3306) | (14.66) | (0.00) | (18.79)

395%™ L5 5™ 1597 leovt syt [40s™ ]2 |4s)
0 U5.13) 12043 127000 | 3564 | (3673 [ 249 [ a6om | 000 |22.21)

ER S I I U TS (T T A OV UL P IO T
100 [(1446) [ (1456) (20260 {20260 [ (BLS8) [ (18200 | (10.20) {0000 | (16.31)

fean | 1.87° 233 b L4300 4ss {4 |27 122
@4 119 [ass 12002 |2553) [ 9.6 (812 000

Temperature Incubation time Interaction
- 0.0845 0.0904 0.2391
Vit 5% 0.1657 0.1771 0.4636

*Leaf area visible at 160 x magnification was 2 mm’
*Values in the parentheses are actuals.
*Values of similar superscript do not differ significantly at 5% probability.
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It was observed that with increase in incubation time. the number of productive
sporangiophores per field increased from 6.44 at 1.5 hto 22.21 at 8 h. An increase in mean number
of sporangiophores was also seen with increase in temperature from 10°C (4.44) to 22°C (25.53).
The sporangiophore number was maximum at  22°C after § hr of incubation (36.73
sporangiophores per field). While the number of sporangiophores increased with increase in
incubation time up to 8 hours. but decreased after 24 h of incubation. The under-developed

sporangiophores (unbranched sporangiophores) were not taken into account.

4.1.3. Effect of temperature and incubation time on sporangiophore length and

diameter

In the past, the size of the asexual propagule and its morphology was considered as one of
the criteria for classification of pathogen. However, it is observed that the propagule size 18 greatly
influenced by the environmental factors. Hence to study their (temperature and incubation time)

effects these experiments were carried out.
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In general, increase in length of the sporangiophore was ohserved with increase in
temperature (Table 4 and Fig. 2). At 10°C of incubation temperature the sporangiophores were
stout, dwarf and branched at the apex. and the branches were few. As the temperature increased
from 10 to 25°C. the sporangiophores were elongated and branches were more and widely spread.
The mean length of sporangiophores at 10°C and 22°C were 45.64pm and 187.75um respectively.
But at 30°C, the sporangiophores were few in number and were thin and much more elongated
(Plate 13). After 8 h of incubation time the length of sporangiophores at 10°C, 22°C and 30°C were
178.22 pum, 214.32 pm and 250.58 pm respectively. Thus an increase in temperature (up to 30°C)

favours the growth of sporangiophore.
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Table 4 Effect of temperature on sporangiophore length (um) of Sclersocpora graminiola 1 pearl mullet at 30 ¢

magnification
s
{ncubaty Temperature (°C)
1 h
-
]
10 14 18 20 n 28 A0 IR Mcan
12 122 122 122 Tk i (IRh IRAN A

(000 (000) 0 00) (00 {0 00) (0 (0N (N {00

pa ] 22¢ 101" L™ et | ese 2 P an
(000) (0 00) (19740) | 20391 ] (2013%) | Q213600 | (000) (oM (102 °5)

12 122° (FR D I TR I ER T TS et [ g 36
(000) (000) (20449) [ (20793) | 206 78) | (20967) | 208~ | (000 (1300

122° 122 1447 s ™ e | st ! 962
{000) (0 00) Q079% {050 [ emen [0y [ euRse [owy [admn

A 122 142 | aee® | ase™ [ | sal IRALE BT
(0 00) (0 00) (20249) L Q190 [ 22070 ] Q1992 | (2499 | (o) (13892)

p 2! 1380 [ 1430™ [t | st ey 15 58" N oo
(0 00) 19044 | Q0449 [ 2673 [ 2sny [isan [T oo | 26)

j33s° 334" 0 [t e e IEX S R 1271
(17822) | (17795) | Q0449) | Q0764 | (23 | Q21345) 1088 Loy | 1s091)
1345 s ot e et et et ! 12 60"

(18890) | (20022) | (19600) | ¢20793) [ Q20793) | 21520 [ 2247200 (O00) (15362)

126° 592 1259 | 1278 128 1295’ o R
(43 64) (71 70) (17728 | I8238) | asd30) | (77 | (764 | o)

Temperature Incubation time [nteraction
04223 04515 1 1945
08273 (18549 U

ausn the parentheses are actuals
wes of similar superscript do not differ aignificantly at 3% prohabihity

The measurement of the sporangiophore diameter (thickness) were made at ¢ magnification
of 80X 1s presented in (Table 5 and Fig 3) Temperature variation influenced the diameter of the

sporangiophores, between 10°C and 30°C



- . . . O
Plate 13. Abnormal elonpation of sporangiophore due to  temperature (30 ¢,



Table 5. Effect of temperature on sporangiophore diameter (um) of S. graminicola in pearl millet at
80 x magnification.

Incubat
ipn Temperature (°C)
lime
(h)
10 14 18 20 Ry 25 30 RN Mean
1220 122 {2t et et et f et |
0 (0.00) |[(0.00) | (0.00) |(0.00) | (0.00) |(0.00) | 0.00)0 | 0.00 |(0.00)

1220 (1220 {457 | 34s® 460t [ 237 [ |t | aw
15 0.00) |(0.00) |(20.8%) | (10.33) [ (20.73) | (7.73) | 0.00) | (0.00) | (8.9%)

120 1 122% (458 | 457 {462 (46 [ it ey
20 0.00) | (0.00) |(20.13) | (2088 | (20.86) [ (21.06) | (16.13) | (0.00) | (12.48)

1220 1120 (431t |48 | 447t 450t faor Lot |
25 (0.00) | (0.00) | (1807) | 21.46) | (19.33) | (20.53) | (17.260) | (0.00) | (13.05)

1224 11220 (4390 4660 [ 465 |46 4250 |1 a3y
30 0.00) | (0.00) | (18.80) | (21.26) | (21.20) | (21.06) | (17.06) [ (0.00) | (13.34)

1224 1 459" [ 458 [467° | 457 |46 a2 22 A
6.0 (0.00) | (21.68) | (20.70) | (21.40) | (20.88) | (21.06) | (16.96) | (0.00) | (16.14)

4348 4550 457" 470" {467 | 4570 4200 |12 47
8.0 (18.33) | (20.70) | (20.88) | (21.66) | (21.40) | (20.40) | (16.81) | (0.00) | (18.43)

$39° 4577 | 454 | 465 448 402" 428 |12 (404
240 | (19.27) | (20.88) | (20.26) | (21.13) | (19.60) | (20.86) | (17.51) [ (0.00) | (18.09)

200° | 2470 408" 420 [406° 391" |36y 122
Mean | (4.76) | (7.90) | (17.46) | (17.2) | (18.02) | (16.58) | (12.71) | (0.00)

Temperature Incubation time Interaction
SE 0.1105 0.1182 0.3127
CD at 5% 0.2167 0.2316 0.6128

*Values in the parentheses are actuals.
*Values of similar superscript do not differ significantly at 5% probability.
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The mean diameter of sporangiophore was 4.76 um at an initial incubation temperature of
10°C. The thickness increased with increase of temperature up to 22°C (18.02 pm). The mean
thickness was less at 25°C (16.58 pm) and 30°C (12.71 um). The reduction in thickness was

significant statistically. At 35°C sporangiophore growth was not observed.

4.1.4. Effect of temperature and incubation time on sporulation

An increase in the incubation temperature decreased the incubation time for sporulation
(Table 6 and Fig. 4). The minimum time required for sporangial production was 2.5 h at [8-30°C.
Sporulation was maximum (4.12 x 10° spores cm ") at 22°C. Sporangiophore length was maximum,
but sporangia production was less (1.43 x 10° em™) at 30°C. At 10°C, sporangiophore production
was late (more than 8 h) and sporulation was minimum (0.93 x 10° spores ¢m ). At 35C

sporulation was not observed.



Table 6. Effect of temperature on sporulation (x10" number of sporangia em’” leaf arca) of §,
graminicola in pearl millet.

Incuba- Temperature(*C)

tion

time(h)
10 14 18 20 n 25 30 RN Mean
IR I Ul I Wl L U6 il Ve S N U B AR VAR BN TRR N R

0 (0.00) | (0.00) |(0.00) | (0.00) | (0.00) | (0.00 | (0.00) | (0.00) | (0.0
[ el I VA D Ve I Wl I VS I8 PR BN PR BN TR RN (R TR

1.3 (0.00) |(0.00) |(0.00) | (0.000 | (0.000 |(0.000 | 0.00) | 000 |0.00
1228|1228 1228 |22t pat pex frat et Y

2.0' (0.00) {(0.00) | (0.00) | (0.000 ] 0.000 [0.00) [ Q00N |00 | (0.06)

1220|1228 |13 | re2 frert [ 149t e et e

25 0.00) |(0.00) | (054 | (1.36) | (134 | 073 | 013 000 | 007
1225 11228 | 182™ 201 [20™ f2ax L [ e
3.0 0.00) |(©0.00) | (1.86) [(242) [296) | (3.18) | ©.5%) [ 0.00 | (1.37)

122 [ 1228 | 1040 204 228 224 ey | 122 206

6.0 (0.00) | (0.00) |(2.28) | (2.51) | (3.36) | (3.22) {(1.43) [ (0.00r | (1.60)

122¢ | 1.81% | 231|228 [240° 202" {136 |12 223
8.0 (0.00) | (1.86) |(3.53) |(3.36) | (4.12) | (246) | (0.6 | (0.00) | (199

1490 144 | 1368 [ 1as L1307 128t o[t 2t s
24.0 093) | 0.71) |0.64) |(0.73) [ (049 {021 [ 000 | 0.00) | (046)

123 {138 184 |19 {rges 202" [yt Y
Mean | (0.11) |(0.32) | (1.10) [ (1.2%) [ (1.33) [ (1.22) | (0.34) | (0.00)

Temperature Incubation time Interaction
SE 00323 00345 00632
CDat 5% 0.0632 0.0676 0.1788

*Values in the parentheses are actuals. N
*Values of similar superscript do not significantly differ at 3% probability.
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4.2. Effect of RH and incubation time

4.2.1. Effect of RH and incubation time on the number of productive

sporangiophores formed per stomata

The sporangiophore production in stomata containing sporangiophore  primordia was
studied at a RH range of 95 to 100%. Even though the sporangiophore initials were present in the
stomata at RH levels of 95 and 96%. they did not develop into sporangiophaores (Table 7). At 97%
RH the ratio of NSP SF' was 0.22 at 3 h after incubation and 0.28 at 8 h after incubation. At 98 and
100% RH good (24.26 and 25.00 at 3 h and 2846 and 33.40 at 8 h respectively) number of
sporangiophores were observed and the ratios of NSP/SF at 98% RH wus 1.40 at 3 b of incubation
and 1.64 at 8 h of incubation. At 100% RH, the ratio was 1.48 at 3 h of incubation and 1.98 at 8 h
of incubation. A slight increase in number of sporangiophores/stonata was observed at 100% RH

compared to 98% RH.
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Table 7. Number of stomata with sporangiophore primordia at 0 h and sporangiophore production
at 3 and 8 h after incubation of pearl millet downy mildew leaves at different humidity levels.

Relative 0 h after 3 h after incubation 8 h atter incubation
humidity incubation
(%)

SF

NSP NSP/SF NSP NSP/SF

95 18.42 0 0 0 0
96 17.98 0 0 0 0
97 17.82 395 022 5.16 0.28
98 17.26 24.26 1.40 2846 1.64
100 16.84 25.00 1.48 3340 1.9%
Mean 17.66 10.64 0.62 13.41 078

SF - Stomata with sporangiophore primordia in 2 mm '~ leaf areu.
NSP - Number of productive sporangiophores/unit leaf arca.

4.2.2. Effect of RH and incubation time on the number of productive

sporangiophores per unit leaf area

Studies on the effect of relative humidity on production of sporangiophores were conducted
between the range of 95 and 100% RH. Sporangiophore production wis not noticed at 95% RH
(Table 8 and Fig. 5). A few sporangiophores formed at 96% RH after 8 h and many of them
elongated slightly from the sporangiophore primordia and stopped growing ( Plate 14). After 24 h of
incubation at 96% RH less than 8 productive sporangiophores were found in 2 mm” leaf area. Al

97% RH the number of sporangiophore was less (3.69) and their growth was slow (4-6 h). Only at



Plate 14, Effect of RH on development of sporanpiophore (967 RiT).
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98 and 100% RH, a good number of sporangiophores were observed after 1.5 h of incubation time.
The sporangiophore number per 2mm’ leaf area increased with increase in incubation time. At 98%
RH there were 4.16 sporangiophores after 1.5 hrs of incubation which increased to 28.46 after 8 h.
Similarly, at 100% RH after 1.5 h, the number of sporangiophores per 2 mm® leaf area was 21.93
which increased gradually with increase in incubation time up to 8 h. However the number of
sporangiophore were fewer at 24 h both at 98 and 100% RH compared to 8 h. Maximum number of
sporangiophores (33.46/microscopic field) was recorded at 100% RH after an incubation period of

8h.
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Table 8. Effect of relative humidity on the number of productive sporangiophores formed per 2

mm- leaf area.
Relative humudity (%)
Incubation
time (h)
95 96 97 98 100 Mean
122" ke 1.2 122" RAN 1.2
0 (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
122" 122" 122" 1.92 473 2.06°
1.5 (0.00) (0.00) (0.00) (4.16) (21.93) (5.21)
1.22" 1.22 122" 453 487 261
20 (0.00) (0.00) (0.00) (20.06) (23.26) (8.66)
122" 1.2 122" 5,004 4.99*™ 2,75
25 (0.00) (0.00) (0.00) (24.53) (2453) (9.81)
1.22" REM 202" 196™ 5.04° 297
30 (0.00) (0.00) (3.95) (24.26) (25.00) (10.64)
1.22" 122" 220" 547" 5.20% 3.04°
6.0 (0.00) (0.00) (4.86) (26.33) (26.86) (11.61)
1.22" 1.2 206" 5.38° 586" 3.00™
8.0 (0.00) (0.00) (5.16) (28.46) (33.46) (13.41)
1.22" 262" 3.98" 377 424 316"
24.0 (0.00) (7.42) (15.56) (14.06) (17.63) (10.93)
1.22¢ 1 1.89° 3.96" 4.45°
Mean (0.00) (0.92) (3.69) (17.73) (21.38)
RH Incubation Interaction
time
SE 0.1372 0.1735 0.3880
CD at 5% 0.2728 0.3451 0.7717

*Values in the parentheses are actuals.
*Values of similar superscript do not significantly differ at 5%
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4.2.3. Effect of RH and incubation time on the length and diameter of

sporangiophore

The observations on the length and diameter of the sporangiophore were made at 80 x
magnification. Mean length of sporangiophore was 21.03 pym at 96% RH and 185.75 ym at 100%
RH (Table 9 and Fig. 6). This difference was due to delayed growth of sporangiophore at 96% RH.
Only after 24 h of incubation period sporangiophores were observed at 96% RH (168.26 pm). The
maximum length (213.40 pm) of sporangiophore was observed at 100% RH after 2.5 h of
incubation period. In general, RH did not have any effect on length of sporangia-bearing

sporangiophores at 97 to 100% RH (data not presented).
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Table 9. Effect of RH on sporangiophore length (pm) of pearl mullet downy nuldew at 80 x
magnification. field.

Incubation Relatve hunuduy (<0)
time (h)
95 96 97 98 1(X) Mean
0 1220 122k 122" TRhy TRh 122"
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
1.5 122" 122 TRy 13.36" 1458 63
(0.00) (0.00) (0.00) (17648 [ Q1233 | (77.76)
122" 1.2 o 146" 14.55° 6,54
20 (0.00) (0.00) (0.00) (209.25) (211.33%) (8411
122" 1220 12" 14.45" 14.62" 654"
25 (0.00) (0.00) (0.00) (207.80) (213.40) (84.24)
122" TR 1o 1456 14 600" b S0
30 (0.00) (0.00) (0.00) (210.99) (212.70) (84.73)
122" 122" 1308 145" 14.50" 892
6.0 (0.00) (0.00) (108 14) (209.25) (21243 (117.90)
122" TRRN 14.60° 146" 1461 025"
8.0 (0.00) (0.00) (213.30) (200060 [ 130n {12750
122° RAEE 144 14.52" 1433 11.55"
240 (0.00) (168.26) (208.43) (210.26) | (21080) | (159.55)
.22 270 6.0 1271 1291
Mean 10.00) (21.03) (73.74) (179.39) (I185.75)
Incubation
RH time Interaction
SE 1.0466 13239 2.9604
CDat 5% 20818 26333 5. 882

*Values of simular superscript do not differ significantly at 5% probability.
*Values in the parenthesis are actuals.

The effect of RH on the sporangiophore diameter was presented in (Table 10 and Fig. 7).

The mean diameter of sporangiophore was 1.34 pm and 19.23 pm at 96% and 100% RH
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respectively. The sporangiophore diameter was minimum &t 96% RH (10.78 pm) after 24 h of
incubation and maximum (23.53 pm) at 100% RH after 3 h of incubation.

Table 10. Effect of RH on sporangiophore width (pm) of pearl nullet downy mildew at 80 x
magnification.

Incubation Relative humudity (%)
tume th)
93 96 97 0y 100 Mean
0 1.22¢ 1.2 1.2 1o IR 1.2
{0.00) 10.00) (0.00 (000 (.00) (0.00)
15 1.2 1.2 }.2x 33t L01" 230"
(0.00) (0.00) {0.00) (124 (21.25) (6.49)
20 12X 1.2 oy 08" 473 261"
(0.0 (0.00) (0.0 (2145 (21.86) (R.66)
25 122 TRk 2> 166" 470" 260"
(0.00) (0.00) (0.00) (21.200 (21.60) (8.5
30 1.2 1.2 1.2y 1658 481 26"
(0.00) (0.00) (0.0 2120 (235} (8.94)
6.0 122 122 357t 171" 170" 308"
(0.00) (0.00) (15.06) (2173 (21.00) (1167
8.0 122 TRR 344" 170" 477 17"
(0.00) (0.00) (1146 2160) (2275) (11.16)
240 122 30" 468" 463" 4.60" 168"
(0.00) (10.7%) (21.45) (20.96) (21.26) (14.89)
Mean 1.2 147 200" 107 427
(0.00) (1.34) (5.99) (1743 (19.23)
Incubation
RH time Interaction
SE 0.2749 0.3478 0.7776
CD a1 5% 0.5468 0.6917 1.5467

*Values in the parentheses are actuals.
*Values of similar superscript do not differ significantly at 5% probability.
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The mean sporangiophore diameter was 6.49 pm at 1.5 h and 14.89 at 24 h of incubation

time.
4.2.4. Effect of RH and incubation time on the asexual sporulation process

Sporulation was not noticed at 95 and 96% RH (Table 11 and Fig. §). At97% RH after 8 h
of incubation, sporulation was 0.09 x 10" spores cm ~ leaf area. Sporulation after 2.5 h of incubation
was 0.54 x 10" spores and 0.73 x 10° .\porc.\/cm: at 98% and 100% RH respectively. At higher RH
fevels (98% and 100%) the sporangial production increased with increase in incubation time up to 8
h(242x 10° spores and 3.26 x 10° .sporc\/cm“. respectively). Numhc‘r of sporangia decreased at 24

h of incubation time at high RH levels (2.31 x 107 spores and 1.56 x 10° spores/em’, respectively).
g P | I )



Table 11. Number of sporangia (x10" cm leaf area) of Sclerospora graminicola on pearl millet
leaves at different RH.

Incubation Relative hunudity (<)
time (h)
95 96 97 CN 100 Mecin
0 1.23° 1.22° 12X .22 (TRRY 1.2
(0.00) (0.00) (0.00) (0.0 (0.0M (0.00)
1.3 1.2 1.2 1.2 IR 1o 1.2
(0.00) (0.00) (10.00) (.00 (0.00) (0.00)
20 1.22¢ 1.2 1.2 12 1o 1o
(0.00) (0.00) 10.00) (0.00) (0.00) (0.00)
25 1.2 122 R RE) 149" 1.29¢
(0.00) (0.00) (0.00) (0.54) 0.7%) (0.25)
30 1.2 1.2 1,22 ] 46% | 84 1.39°
(0.00 (0.00) (0.00) (0.71) (2.02) (0.54)
6.0 1.2 122 1.2 19" 208 R
(0.00) (0.00) (0.00)) (2.2 (2.50) (0.94)
8.0 1.2 .22 .24 2ot 224 | Sy’
(0.00) (0.00) (0.09) (242) (124 (1.14)
240 1.22° 1.2 12§ 1 os™ 1,73 148"
(0.00) (0.00) (0.21) (231 (1.56) (0.82)
Mean 1.22¢ 1.22° 1.23 1.54" 162"
(0.00) (0.00) (0.04) (0.97) (1.30)
Incubation
RH time Interaction
SE 0.0279 0.0352 0.0788
CD at 5% 0.0554 0.0701 0.1567

*Value in the parentheses are actuals.
*Values of similar superscript do not differ significantly at 5% probability.
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The effect of RH on the sporangial size was studied in respect of the sporangial length and
sporangial diameter. The mean length of sporangium was 5.5 pm at 97% RH and 13.12 pm at
100% RH (Table 12 and Fig. 9). At 2.5 h of incubation the mean length of sporangium was 8.74
um and at 24 h of incubation period it was 13.00 pm. The effect of RH on sporangium length was
statistically significant. The sporangium length was minimum (20.12 pm) at 6 h of incubation

period at 100% RH and maximum (22.13 pm) at 98% RH after 2.5 h of incubation peniod.
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Table 12. Effect of RH on sporangium length (um) of Sclerospora graminicola in pearl millet

downy mildew observed at 80 x magnification.

Relative hunudity (%)

Incubation
time (h)
95 96 97 98 100 Mcan
0 122" TR 20" 122 122 1.2
(0.00) (0.00) (0.00) (0.00) (000 (0.00)
122" TR 1.2 o TR 1228
15 (0.00) (0.00) (0.00) 0.00) (0 00) (0.00
20 122" 1.2 1.22° 1.2 [ 122
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
25 1.22° 122" TRAM 478 Lo 262
(0.00) (0.00) (0.00) {2213 (21.53) (8.74)
30 TRk TR TR 108 166" 260
(0.00) (0.00) (0.00) (21.43) (21.38) (8.6)
6.0 RN 1.2 .20 103 438" 2.4
(0.00) (0.00) (0.00) (19.80) (20.12) (8.2)
8.0 1220 1.2 472 1.56" 472 328
(0.00) (0.00) (21 86) (20.62) (21 86) (12.8)
240 TRk j 22t 475 162 168 282"
(0.00) (0.00) (2210 (2104 (214 (13.00)
1.2 1.2 209" 3 334
Mean (0.00) (0.00) (5.5 (1322 (12.12)
Incubation tme Interaction
SE 0.1976 0.4418
CDat 5% 0.3930 0.8787

*Values in the parentheses are onginal.

*Values of similar superscript do not differ significantly at 5% probability.

The mean diameter of sporangium at 97% RH was 4.40 ym and at 100% RH it was 11.36

um (Table 13 and Fig. 10). There was no significant variation in the diameter of sporangium
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between 98% RH (11.40 pm) and 100% RH (11.36 pm). The mean diameter of sporangium at 2.5
h of incubation time was 7.6 pm and at 8 h of incubation time it was 11.00 pm. The minimum
diameter of sporangium observed was 15.23 pm at 100% RH after 6 h of incubation time and

maximum observed was 19.86 um at 97% RH after 8 h of incubation time.
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Table 13. Effect of RH on sporangium width (um) of . graminicola of pearl millet downy mildew
observed at 80 x magnification.

Relative hunudity (%)
Incubation
ume (h)
95 96 97 98 100 Mean
0 122" AN 1.2 TRR TR 1.2
(0.00) (.00 (0.00) (0.00) (0.00) (0.00)
13 122 12" 122 AN A 1.2
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
20 122" 122" 1220 12 A 122
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
25 122" 122" AN 426" 144 247
(0.00) (0.00) (0.00) (18.83) (19.01) (7.6)
30 IRk 122" 12 398" 446" 242
(0.00) (0.00) (0.00) (15.44) (19.13) (6.9)
6.0 122" 12 1.2 441 191 239
(0.00) (0.00) (0.00) (18.96) (15.23) (6.85)
80 1.22" RAY 450 420 420 109"
(0.00) (0.00) (19.86) (18.62) (18.76) (113)
240 122" p 22 106" 436" 433 345"
(0.00) (0.00) (16.96) (19.02) (18.94) (11.00)
1.2 1.2 198" 3 LNRS
Mean (0.00) (0.00) (4.40) (11.40) (11.36)
RH Incubation time Interaction
SE 0.1459 01845 04125
CD at 5% 0.2901 03670 0.8206

*Values in the parentheses are actuals.
*Values of similar superscript do not differ significantly at 5% probability.
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4.3. Longevity of sporangiophore under intermittent high and low

RH regimes.

In expenments (mentioned previously) conducted 1o study the effect of RH and incubation
time on the sporangiophore and sporangial production, it was observed that the sporangiophores
were formed after 1.5 h of incubation at 98% RH and the sporulation occurred (i.e. sporangial

forntation) after 2.5 h of incubation.

Two expeniments were conducted to undenstand the sporulation process in nature where
alternate periods of high (night) and low (day) hunmdity occur. Otten, the periods of low and high
hunudity vary. In these expenments, high mosture condinons were: provided i cither dew
chambers (for wet conditions) or single plant chambers (for mamtaming vanable levels of high
humidity). Low humidity conditions were provided in a highted incubator (F 15) in which 60% RH

was maintained.

4.3.1. Effect of intermittent wet and dry conditions on the longevity of

sporangiophore.

In the first experiment, the level of high humidity and low humidity was kept constant, but
the number and duration of intermittent exposures to low humidity were varied. High humudity was

maintained by providing wetness in dew chambers and low humidity (dry) was maintained in E-15.
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At first. leaves were exposed to 60% RH for 1 h. then in dew chambers at 100% RH for 1.5 h to
induce sporangiophore formation. Subsequently. they were exposed to low humidity for 10, 30 and
60 min followed by incubation in the dew chamber again for 1.5 h. The cyele of low and high
humidity was repeated up to four times in different sets of plants. The number of sporangiophores
and sporangia were counted at the end of 1.5 h wet period before the plants were exposed again to
60% RH (Plate 135). After the final exposure to the low humidity period for all treatments, plants
were continuously, incubated in the dew chamber for 6 h to induce sporangia formation. Sporangial
counts were taken 3 and 6 h atter initiating final wet period to allow formation of sporangia. Plants
in the control treatment was incubated continuously in the dew chamber and therefore did not

receive any low RH exposure.

After exposure to the int wet penod (re.. before mitiating the first dry period, the number
of sporangiophares in different treatments were almost sinular and ranged from 23.5 to 30.2 2mm !
leaf area (Tuble 14 and Fig. 1. The sinularly the number of sporangiophores in- ditferent
treatments 1s not surprising because all the plants were grown under sumilar conditions until then. In
all treatments except one (three low RH exposures of 10 nmin cach). the number of sporangiophores
increased signiticantly when the plants were exposed to the second wet peniod after receiving the
first low RH period. The increase in sporangiophore number ranged from 32-51% over the previous
period. Subsequent exposures to intermittient wet and dry regimes did not provide significant
increases in the number of sporangiophore. A maximum of 42.3 sporangiophores 2mm " Jeaf arca
was observed when plants were exposed 10 four low RH exposures of 60 min cach. Exposure
period to low RH did not have much influence on the number of sporangiophore since

sporangiophore production was almost similar at each stage irrespective of the duration of low RH.
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There was not much difference in observations between different time intervals (60, 30 and 10

min).




Table 14. Effect of high (100% RH) and low (60% RH) humidity regimes on sporangiophore production on peart mitlet
leaves by Sclerospora graminicola

No. of fow

Time penod of RH exposure Number of sporangiophores 2mm “leat area before nimauny
low RH imun) Su
Istdn 2nd dn ird dn 4th dn
penod penad penad penad
60 0 20
(20
1 82
(=2 3%
2 240 RTAN
(£2 85 (2214
3 287 W3 412
t=1.03%) (+1 71
(RN RY]
4 297 1009 RIN3 SR
() 65) (+0) 7
(+] 38y (¢ 1)
0 0 M)A
(22200
| 260
(+21h
2 282 7
(21 62) 142 80y
B 267 100 RRER]
() 6y (231 (4%
4 250 310 6 30
(0.72) (=219 (+297) (RN
10 () 02
(2222
! 295
(21.99)
2 26 1) %3
(21.74) (2191
3 292 115 9.3
(21.40) (£2.35) (£30)%)
4 238 352 396 06
(x1.42) (=].69) (2209) (£215)

“Standard errors are given in parentheses.
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Indeed. sporulation was observed on leaves only when the infected plants were exposed to high RH
(100%) continuously for 3 h or more. Sporulation was not observed when the infected plants were exposed to
Jow RH (60%) even for 10 min after production of sporangiophores, and then for 1.5 h at high RH (Table 15).
Four exposures of leaves to low RH for as little penod as 10 min cach were detrimental to sporangiophores

since no sporulation occurred on leaves after 3 h wet period which ts normally sufficient to induce sporulation.
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Table 13. Effect of high (100% RH) and low (605 RH) humidnty reqimes on sporangia production on pearl millet leaves by
Sclerospora graminicola

Time No. of Sporangia number (V10" spores cm - leaf area)
penod of low RH
Jow RH exposure
tmin)
After (h
final dry
Betore ininating pend
Ist dry ™ drv And dn Ath dry ih oh
penod perid penod penod
60 0 KRY 10
() 1% (0 48)
| 19s 259
(+) %) (15
2 1] 0 162 2
(+0 14y (+01%)
3 0 0 QO 091 118
(0 19 (0 07y
4 0 0 1] 0 \ 008
(24 O6)
30 ( 281 188
(10 1} (24.25)
| 0 267 L
(#0) 35) (0 14)
N 0 0 1.5% 2N
() 160 (+(118)
K 0 0 0 102 149
(1) (M) (+017)
4 1] 0 1] il X 0
(+0.12)
10 0 2K 41
() 39) (+012)
| 0 2m 286
(+).14) (+0.22)
2 0 ] 122 191
(017 () 2
3 0 0 0 1.00 116
(=).0K) (+).4%)
4 0 0 0 0 0.0%
X (£0.01)
Standard errors are given in parentheses.

t-) Observations not recorded.
%) Observations could not be taken.
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Lrrespective of the duration of low RH exposures, an increase in sporulation was observed
with decrease in the number of low RH exposures. When leaves were exposed for 60 min in low
RH for four times sporulation after 6 h of final drv period was 0.03 x 10' spores cm " Jeaf area. The
corresponding level without any exposure to low RH was 4.16 x 10 Spores ¢m " Jeaf arca. Similarly
in the 30 min duration of low RH exposures the figures were .04 x 10" and 385 1 10" and in the
10 min duration of low RH exposure the figures were 0.08 x 10" and 4.1 x 10 sporesisgem leaf

area respectively.

4.3.2. Effect of variable RH regimes on the viability of sporangiophore in single

plant controlled chambers.

Leaves were exposed to five levels of low RH (70, 80, %0, 95 and 984 ) for centain periods
(60. 30 and 10 min) and then at high RH (98%) for 2 h to induce sporangiophore formation (Table
16). The number of sporangiophores and sporangia were counted at the end of 2 h period before
plants were exposed again o the five levels of RH. A second cycle of five RH levels followed by
98% RH was given. Al the end of Y8% RH exposure the leaves were examined again for

sporulation.
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s-le 16. Effect of high and low RH regimes on sporangiophore and sporangra production in Scleraspora graminicola using single plant
arrolled chambers.

. . RH No. of . ,
" peniod of o Sporangiophore Sporangial production (V0" spores em” sqem leaf area
.« RH exposure po- production hefore after
. sures
Final period at <98% RH
Ist penod | Ind IMpenad | Ind penad | 30 th
at <I8% penad at RIRSAR RIRCAT
RH <ORG RH | RH RH
70 2 2553 3526 0 0 | W 218
(£1.2%) (£210 ()2 (+0.35)
80 2 24 MK 0 0 158 247
(£245) (#2204 (RO (#). 10
90 2 2626 642 0 () 128 1.8
(£2.28) (1 46) (+0 3% (+0.18)
95 2 R2 7.2 0 0 (RN MR
(£2.26) (217 (+025) (+).23)
98 0 2622 X (B 1 06 RN 176
(£201) (+007) (+0 1) (+038) (+0.1%)
70 N 27 64 732 1] () (1IN 145
(21 66) (1 0%) (2042 (+0h)
80 2 2884 86 0 0 (N 22
(£2.21 (2274 (240 28) (10120
X) 2 2356 LRIRTS] 1] 0 120 R
(z1.33) (2214 (0 17) (+0.1%)
95 2 288 X (62 1 0K RN YOl
(2264 (+0 (k) () 46) (+0 3 (20 26)
98* 0 2686 % 074 N 260 346
(21.2% () 22) (+0 31 (+0 14) (+021)
70 2 2826 w6 0 0 (RS 206
(£2.12) (£2.04) (+0) 48) (+).3])
80 2 2423 2848 0 ) () k6 14K
(=].84) (1 .08) (+007) (20, 1K)
C,(] 2 2743 36.68 1] 0 128 212
(£2.42) (£2.2}) (=) 3y) (+).0R)
95 2 28.42 X () 119 mnm 298
(21.92) (=0).12) (£0.11) (£).09)
98 0 30.23 X 0 125 214 248
(£2.18) (20.26) (20.12) (£0.08)

15 were maintained continuously at 98% RH and served as controls. Data presented 1o show production of sporangiophores and
"fangia at different time comesponding to observations taken in other treatment.
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The number of sporangiophores increased when plants were exposed to 98% RH following
incubation at 70-95% RH for 10, 30 and 60 min with increase in number of low RH exposures.
Considering all treatments at 70-95% RH. increase in the sporangiophores number were in the
range of 4.25-10.24 considerating all duration tested. At the time of 1t dry period the number of
sporangiophores produced in 60 nun duration at 70-95% RH exposure was in the range of 24.73-
28.2 and in the 30 min and 10 min duration of low RH exposures they were in the ringe of 25.84 to

28.8 and 24.23-30.23 respectively.

Sporulation was not observed in any of the 70-95% RH exposures after Ist and 2nd dry
peniods in 60 min duration. Only in control (98% RH) sporulation was observed at regular intervals
(same time at which Ist and 2nd dry period completed in 70-95% RH exposures). Sporulation after
3 h of final dry penod was in the range of 1.28-1.58 x 10° spores ¢m " leaf area in 70.95% RN
exposures treatments in 60 min duration, where as at the same duration of incubation time the
sporulation in control was 2.42 x 10° spores cm " Jeaf arca. Sinularly at 6 h after final dry penod the
sporulation in 70-95% RH exposure treatments was in the range of 1.98-2.47, and in control it was

376 x 10° spores em’” leaf area.

In the 30 min duration, sporulation was observed at 95% RH exposure treatment after st
0.6x 10° spores cm’” leaf area) and 2nd (1.98 x 10° spores cm " leaf arca) dry penods where as no
sporulation was observed after Ist and 2nd dry penods in other low RH exposure treatments.

Similarly the sporulation was also observed at 95% RH in 10 min duration after 2nd dry
period (1.19 x 10° spores cm” leaf area) where as in treatments other than control no sporulation

occurred during dry periods.
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CHAPTER YV

DISCUSSION

Asexual reproduction producing short hved sporangia oceur outside the host plant and is
therefore governed by the external environment. The effects of various environmental factors on
sporulation of the fungus (Sclerospora graminicola) was studied 1 the past by several workers
(Safeculla and Thirumalachar, 1956; Nene and Singh, 1976; Shetty and Ahmed 1981; Singh et al.
1987). Weston (1924) reported asexual sporulation in S graminicola 1o be noctumal. Safeculla and
Thirumalachar (1956) concluded that nocturnal production of sporangia is a result of coineidence of
factors and there was no relationship with the hte eyele of the fungi. They could obtain sporulation
at will by collecting leaves at certan day light hours after some hours of bright sunhght and then
holding them at 100% RH in darkness. The experiments in this study were also conducted duning

the day time.

In the present study, the seedlings were inoculated at 2 leaf stage (5-6 day old seedlings).
They were incubated in a separate dew chamber at 100% RH and 20°C. This was congenial for
infection. This 1s in agreement with Subramanya et al. (1981) who described that the main stalk and
the tillers are susceptible to the downy mildew infection in their segetative phase and the degree of
susceptibility reduces gradually as the main stalk or the tiller ages, indicating the possible build up
of natural resistance. Similar observations were made by Leu and Chu (1959) who recorded 100%
infection when one week old seedlings of maize were inoculated with Sclerospora sacchari, but no

infection was observed on four week old plants.
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Seedlings used in the present study were freshly infected and had not sporulated earlier.
After expression of first symptoms (chlorosis) and before the occurrence of sporulation they were
maintained at a low (~60%) RH in the growth cabinets (Plate 2). This enabled us to get accurate
results in the study. Only four uniformly infected plants of same size were selected in each pot to

enable proper handling of plants during experiment.

Infected seedlings used for the experiment was 25 days old and were of same size (approx.
one foot in height) and also having uniformly infected leaves. The scedlings below this age were
very tender and difficult to handle in single plant chambers. The seedlings above this age were more

than one foot in height and started tillering which was not required for the experiment.

5.1. Effect of temperature and incubation time on the sporangiophore

formation

The sporangiophores were formed at all the tested temperatures (10, 14, 18, 20, 22, 25 and
30°C) except at 35°C (Fig. 1). It was observed that maximum temperature at which
sporangiophores (productive) formed was 30°C. It was also observed that as the temperature and
incubation time increased the formation of productive sporangiophores was increased from 10 1o
22°C. The maximum number (36.73) of sporangiophores formed at 22°C after 8 h of incubation
time. The formation of productive sporangiophores started only after 2 h of incubation time but due
to their continuous production, maximum number was observed at 8 h of incubation time.

Sporangiophore formation was delayed (6-8h) at lower temperatures and at 24 h of incubation time
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a decreased number of productive sporangiophores was observed. Safeeulla and Thirumalachar
(1956) reported that at 15°C and below. the sporangial formation was delaved extending up to 24 to
36 hrs. This may be due delayed production of sporangiophores. The decrease in sporangiophore
production at 24 h of incubation time may be due to exhaustion of energy in leaves as they were

exposed continuously to dark penod.

The extent of sporulation is panly govemed by the number of productive sporangiophores.
Hence the knowledge on distribution of productive sporangiophores is essential in epidemiological

studies.

In a particular infected leaf area not all the stomata give rise to sporangiophores. Some
stomata contain only sporangiophore initials and some contain ill-formed sporangiophores which
are not productive. The present study considered formation of differentiated sporangiophores (NSP)
out of stomata containing sporangiophure promordia (SF). It was recorded as the ratio of the
(Number of productive sporangiophores per stomata contaimng sporangiophore primordia or
NSF/SF). NSF/SF showed an increase with increased temperature and also with increased
incubation time. The maximum ratio of NSP/SF was 1.79 at 22°C after 3 h of incubation time and
maximum 2.20 at 25°C after 8 h of incubation time (Tuble 2). Earlier reports are not available on

similar studies.

In the past, the size of the asexual propagule and its morphology was considered as one of
the criteria for classification of pathogen. However, it is observed that the propagule size is greatly

influenced by the environmental factors.
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A wide vanation was observed in the sporangiophore size, particularly in length, at different
temperatures (178.22 ym at 10°C to 250.58 pm at 30°C) after 8 h of incubation time (Fig. 2). These
results are different from results obtained by Singh et al. (1987) who observed decreased
sporangiophore length with increased temperature. But these results are in agreement with the
observations of Safeeulla and Thirumalachar (1936) who reported that at 10°C, sporangiophores
were stout and dwarf with complete suppression of branches and at 15°C the branches were
shortened and all the sporangia appeared to be clustered at the top. They observed elongation and

proliferation of sporangiophore under excessive moisture conditions.

The present study shows that dew along with high temperature may have been responsible
for excessive elongation of sporangiophore at 30°C. The mean diameter of sporangiophore
decreased at 30°C (12.71 pm) compared to 22°C (18.02 um) (Table 5 and Fig. 3). This indicates

that the elongation of sporangiophores suppressed the diameter.

5.2.Effect of temperature and incubation time on sporulation

Sporulation was observed at a temperature range of 10 to 30~C. At 35°C we ohserved no
sporulation due to lack of growth of sporangiophores from its primordials. Similar results were
obtained by Singh et al. (1987). Safeeulla (1976) reported that sporulation occur between 14°C and
30°C. However, Suryanarayana reported that maximum temperature at which sporulation occur was
28°C. In the present study sporulation started after 2.5 h of incubation time at a temperature range

of 18°C (0.54 x 10° sporeslcmz) to 30°C (0.13 x 10’ sporcs/cmz) (Fig. 4). An increased sporulation
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was observed with increased incubation time from 2.5 h to 8 h. This is in agreement with
Subramanya et al. (1981) who reported that with increase in exposure duration, the number of
sporangia produced per unit area also increased. As has been explained by him, photosynthates
produced during the period of light exposure could be utilized for actual phase of sporulation which
needs high nutrition for the process of wall and protoplast svnthesis. When the means were
compared maximum sporulation (1.53 x 10° .\I\wrcs/cnf ) was observed at 22°C, but sporulation
was less at other temperatures. These results are in agreement with Shetty (1987) who reported
maximum sporulation at 23°C and 100% RH. and at temperature lower than 23¢C the time required
for sporangia production was longer than at 23°C. But he reported that at temperature <12°C no
sporulation was obsened. These results are in agreement with Suryanarayana (1965) and Singh et
al. (1987) who reported that temperature as Jow as 10 C was favourable for sporulation. The
production of sporangia in 2.5 h was also in agreement with the work of Shetty (1987) who
reported that inductive period 1.e. initiation of sporangiophore in the substomatal region was almost
same at all the RH profiles. but at 100% RH the formative phase i.e. process of sporulation was as

short as 2 h 25 min. Our studies on temperature were made at 1004 RH.

5.3. Effect of RH and incubation time on sporangiophore formation

Under field conditions the processes from sporulation to penetration occurs between
midnight and sunrise (Singh and Gopinath, 1990). Temperatures during this period generally are
less than 30°C during the rainy season and are not a limiting factor for any of the processes. The
RH on the other hand may be a limiting factor. Butler et al. (1995) have constructed single plant

chambers that help to maintain a predetermined humidity (up to 99% RH) level accurately, (£ 0.2%
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Fig 2: Effect of termnperature and incubation time on sporanglophore length of
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Sporangiophores formed at 95% RH were not productive and only negligible (0.92) number
of sporangiophores were productive at 96% RH after 24 h of incubation ume. At 97% RH
productive sporangiophores started to form at 3 h (3.95) and maximum number (15.56) was
observed at 24 h of incubation time (Fig. 5). Good number of sporangiophores oceurred at 98%

(17.73) and 100% RH (21.58) respectively. Earlier reports are not available on this aspect.

The ratio of NSP/SF was increased with increase in RH from 97¢% 1o 100%. At 97% the
ratio was 0.22 and at 100% the ratio was 148 after 3 h of incubation (Table 7). The ratio also
increased with increased incubation time from 3 h to & h. The increase might be due to continuous
production of sporangiophores for several hours, and also due to utilisation of high nutrition,

produced during the period of light exposed (Subramanya et al., 1981).

5.4. Effect of RH on sporangiophore size

The mean increase in sporangiophores length was observed from 96% RH (21.03 pm) 1o
100% RH (185.75 um) (Table 9 and Fig. 6). The apparent increase in the mean length was due to
the delayed growth (24 h) of sporangiophore at 96% and fast growth (1.5 h) at 100%. The meun
increase in diameter of sporangiophore was also observed from 96% RH (1.34 ym) to 100% RH
(19.23 pm) (Table 10 and Fig. 7). There were no reports on this aspect. The sporangiophore length
was observed in the range of 168.26 um to 213.40 pm. We observed no abnormal increase of

sporangiophore size as observed in temperature experiment at 30°c.
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5.5. Effect of RH on sporulation processes

Sporulation was observed only from 97% RH onwards (Table 11). At 96% RH only small
s 2 . : . . o
(0.03 x 107 spores cm'™ leaf area) amount of sporangia was observed after 24 h of incubation time
A ? - . . .
compared to 100% RH where 3.26 x 10° sporev/em” leaf arca was observed after & h of incubation
time. Thus, sporulation at 96% was more than 100 times less than at 100% RH. A decrease in
sporulation was observed at RH of 98% and 100% after 24 h of incubation time compared to 8 h of
incubation (Fig. 8). This may be due to longer exposure to continuous darkness and decrease in

production of sporangiophores.

Maximum sporulation was observed in these studies was in the range of 3.26 x 10° \pores
cm” (100% RH at 8 h of incubation) to 4.12 x 10° spores cm” (22°C at 8 h incubation). These
results are in contrast with results of Safeeulla (1976) where he reported that under favourable
conditions, 35000 sporangia cm " were produced in infected pearl millet crop. This difference may
be due to more (12 h of artificial light) exposure of plants to preincubation light which gives more
nutrition to plants. Singh et al. (1987) reported that number of sporangia produced were 6.5x 10",
6.4x10" and 6.0x10" sporangia em” leaf area in florescence light, NUV light and darkness
respectively. Further, Singh et al. (1993) reported that under optimum conditions of temperature
and RH, approximately 1.5 x 10° sporangia': can be produced during one night. The quantum of
sporulation probably depends on the nutrition availability which is the result of number of hours of

light exposure in preincubation period.
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5.6. Effect of RH and incubation time on sporangium size

Sporangium size in these studies was in the range of 14.26-22.13 \ 12.40-19.80 pm (Fig. 9
and Fig. 10). They are in accordance with Singh (1993) who reported sporangium size range as 15-

22 x 12-21 pm. Kenneth (1966) reported the sporangium size as 19-31.6 X 13.8-23.7 pm.

5.7. Effect of humidity stress on longevity of sporangiophore

In the present study sporangiophores were viable up to 30 min und RH > 95%. These
studies on the fluctuations in RH showed that the sporangiophores lost their ability to produce
sporangia, when they were exposed to 70-90% RH even for 30 min. A continuous period of high
RH (>95%) 1s essentkal for formation of sporangiophores and for production of sporangia. Singh et
al (1987) and Safeeulla (1976) reported that after sporulation, sporangiophores collapsed leaving a
bed of sporangia on the leaf surfuce and formation of new sporangiophores due to continuous
process of sporulation (Fig. 11). However, thev have not reported the fate of carhier formed
sporangiophores after exposure to RH fluctuation. Significant changes in weather parameters can
occur in the short-term due to several factors under field conditions. Fluctuations in RH during the
1.5 to 2 h period after the production of sporangiophores can have profound influence on sporangial
production in S. graminicola. From the results of our studies it can be concluded the
sporangiophores are very sensitive and earlier formed sporangiophores desiccate and die even with
a slight decrease of RH <90% for 30 min. Only new crop of sporangiophores form and sporulate on

revival of favourable RH conditions.
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CHAPTER VI

SUMMARY AND CONCLUSIONS

The green ear disease caused by Sclerospora ¢raminicola is one of the important and
widespread disease of pearl millet in India and 1» a imiting factor (o bajra production. The leaves
infected by this disease produce a large number of sporangiophores and sporangia under favourable
moisture and temperature conditions. Though much work has been done in this field, there exists

important gaps in knowledge which should be filled to undentand the epidemiology of the discase.

Some aspects such as the effect of temperature, relative humidity and icubation time on the
sporangiophore distribution per stomata. and per unit leaf area. sporangiophore dimensions.
sporulation process and the longevity of sporangiophore under hunudity stress were covered m this

study.

In the time course study of sporangiophore growth and sporulation it was observed that
sporangiophore started branching after 1.5 h of incubation and sporangia initials formed after 2 h 15
min of incubation. Fully developed sporangia were seen after 2 h and 30 min of incubation. An

increase in sporangia number was observed with increase in incubation time.

In the studies on the effect of temperature and incubation time on the distribution of
sporangiohores per stomata, it was observed that only 1-2 sporangiophores were productive out of
5-6 sporangiophore primordials at a given point of incubation time. Their number increased with

temperature (10-22°C) and incubation time (0-8h).
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In the studies on the effect of temperature and incubation time on sporangiophore number in
an unit leaf area. it was observed that not all the stomata contain sporangiophore primordia, and not
all the stomata containing sporangiophore primordia give rise (0 productive sporangiophores.
Sporangiophore number increased with an increase in temperature from 10 to 22°C, and at 25 and
30°C sporangiophore number was less. At 35°C sporangiophores were not observed. The number
of sporangiophores also increased with an increase in the incubation time up to 8 h. At 24 h, a

decrease in their number was observed.

An increase in the length of sporangiophore was observed with increase in temperature
from 10 to 30°C. An abnormal increase in length at 30°C was observed. Sporangiophore diameter

was not much affected by temperature.

Sporangia production started after 2.5 h of incubation at temperature of 18-25°C, where as

at other temperatures delayed production of sporangia was obsen ed.

In the studies on the effect of RH and incubation time on the sporangiophore distribution
per stomata, it was observed that at 95% RH though the leaves contained stomaty, they did not
produce productive sporangiophores in spite of containing sporangiophore primordials. Productive
sporangiophores were formed only after 1.5 h of incubation at 98 and 100% RH. Sporangiophore
number increased with incubation time at 98 and 100% RH. At 96 and 97% RH, delayed (6-8h)
production of productive sporangiophores was observed. Sporangiophore size was not affected by

relative humidity.
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Sporangia production started after 2.5 h incubation at 98 and 100% RH. However,
sporangia were seen only after 8 h of incubation at 97% RH. The quantum of sporulation increased

with RH and incubation time.

Sporangia size was not affected by RH.

In the studies on the viability of sporangiophore under variable RH regimes, it was observed
that after full development the sporangiophores were viable for at least 30 min at RH > 95%. So it
can be concluded that if the RH falls to 90% or below even for 10 min after production of

sporangiophores, the sporangiophores will collapse and lose the ability (o produce sporangia.
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