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INTRODUCTION




INTRODUCTION
—_—— YN

Leize (Zea mays L.) is the premier crop and the main
source of food in Africa. It is added to wheat and used ag
& steble food for the majority of Egyptians. It is the
tnird most important cereal crop in the world after wheat
and rice. It occupies nearly one-third of the total crop

lend in Egypt. ,

iiaize, like other cultivated crops, is susceptible
10 & wide number of diseases which reduce both yield and
quality. In Bgypt, the sorghum downy mildew disease cauged

by Peronosclerospora sorghl was first recorded in 1931 by

Lelchers, but it was of minor importance. During the last
decade, however, the importance of that disease tended to
increase and nowadays, it becomes a serious problem threa-

ten meize cultivation and production allover the country.

Up till now, the knowledge on sorghum-downy mildew
disease of maize in Egypt is scanty and uncertsin .

Tonis worx aims to find answer on the following :=

1- The status of the diseasge in some governorates.

2- Is there any resistent variety or hybrid among the
cultivated oneg ?

3- Effect of various levels of the NPK fertilizers on

Susceptibility of maize to the disease.
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REVIEW OF LITERATURE

I-Distribution of sorghum downy mildew disease of maize:

In the past few years, sorghum downy mildew causged

by Peronosclerospora sorghi (Weston and Uppal) Shaw (Syn.

Sclerospora gsorghi (Kulk.) Weston and Uppal) has appeared
in Sudan (Taerr, 1963); the United States (Reyes et al.,
1564); Israel (Ke;neth, 1966); Mexico (De Leon, 1970) ;
brgentina (Nider et a8l., 1969 and Frezzi, 1970) ;Uruguey
(Chisra and Artola, 1974); Brazil (Fernandes and Grobman,
1975), Venezuela (Fernsndez et al., 1975); South Africs,
(Westhuizen, 1978); 4dustralia, (Reddy, 1979 and Navaratnon,

1586) and Nebraska, (Partridge and Doupink, 1979).

This disease was observed in India by Butler (1907)
who recognized the similarity of the oospores of Sclero-

spors sorghl to those of S. graminicola (Sacc.) Schroet
on millet and sssigned it to the same species . In 1913,

Kulkerni described the ocospores and conidia and he used
disease symptoms and characteristics of the asexusl stege
to differentiate S. greminicole var. andropogonis sorghi.
Kelhus et al. (1928) found two natural occurrence of S.
greminicole; one in 1925 on dent maize seedlings and the

second in 1927 on sweet maize.

Futrell and Bain (1967) observed S. sorghi on
Sudan grass, sorghum hybrids and in commercial sorghum
fields in Mississipi in 1966, having spread 1rapidly in
Texas in 1964.
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Anonymous reported in 1973 that meize was att-
acked by et least nine species of Sclerophthora and
Sclerospora . Digeage symptoms caused by all thesge
species are somewhat similar and manifest chlorotic
streaking, motligg, stunting, malformation of~ ears
and tassels and excessive tillering. The symptoms of
sorghum downy mildew on meize pPlants are character-
ized by narrower and more erect leaves than those of
healthy plents, and digeaged plants may have phyllo-
dled tassels. Frederiksen et sl. (1973b) added that
symptoms of sorghum downy mildew disease may are
either systemic or localized form . The systemic form
of the disease 1s caused by infection of seedlings
with either oospores or conidia of the fungus soon
after seedling emergence from the soil. The localized

form of the disesse 1s caused from foliar infection

by conidia.

Williems end Herron (1974) found that S.sorghi
in Kentucky on sudangrass, sudan-sorghum hybrids,corn
not on shattercane during 1972. This fungus waes also

observed on meize by Warren et al. (1974).

Malaguti (1976) reported that & limited erea of

diseased sorghum and corn was first seen in the state



of Yerecuy in 1973, subsequently observed in three addi-
tional stateg in 1974, and in 1975, it wes found to be
pPresent in nine states. Covering at least one-third of
the nationel cultiveted corn area. The average of dig-
eased plants in the total affected ares wag abqut 1.6%,
but, in many part;culer fields they have reached 60 % .
“eleguti et 8l. (1978) added that 21% of inecculeted maize
seedlings in the fields by S. sorghi were stunted and
died prem&turely, 36% had deformed, phyllodied to tas-
sels, while the rest hsd chlorotic striped, erect leaves,
énd only 8.5% of the seedlings developed into healthy
plents.

Thomas and Lengkeek (1979) stated that sorghum
downy mildew incidence reached significant levels in
several localizaetion areas in Kanses in 1978.They showed
that btoth shuttercane (Sorghum bicolor)and Johnsongrass
(S. helapense) were found to be infected.

Nevaratuor (1986) found that maize downy mildew,

caused by Peronosclerospora mayids, was detected in N.

Queenslend for the first time in June 1985. The digease
occurred first in Australis in 1980 in the Northern
Territory end Parts of Vestern Australia. Action is
being teken to prevent spread to the major maize and

Sweet corn production arees in the South.

in Egypt, kelchers(1931)observed the spread of sorghum
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downy mildew from sorghum to msize, and he seﬁ@culated
tnat inocuwlum entered via sorghum packing materials
from India. Salams (1976) decided thst sorghum downy
mildew was not listed as e disease of sorghum in Egypt
before 1975. El-Sharawi (1985) in Egypt, reported that
this disease wag limited in about ten thousan& feddans
of the Experimental Farm of Sakhe Agric. Res. St.,
Kafr Bl-Sheikh Goverrorate. This disease was not obser-
ved in the other abovementioned locations until 1980
season. However, it was first observed as a single in-
fected plants in some experimental plots in 1977,it wes
become wide-spread in the other neighbour fields in the
next years. Moreover,the ingidence of infected plants
veried from 5-60% within the maize fields checked in
1982 season, it was more distribution on sorghum sowing

in tnis area.

¢-knvironmental conditions effects on the downy mildew

diseagse development:

In the Philippiness, Exconde et al. (1968)reported

that the severity of downy mildew of maize was highest
in the crop sown in July, November and December s when
temperature were 27.5, 27.0 and 26.3°C and relstive humi-

dity were 88, 88 and 88.4%,respectively.

Chang and ¥Wu (1969 ) indiceted that the optimunm,

minimum and maximum degrees of temperature for conidisl
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production of S. ssccheri on corn were 22.25, 13.00 and
31.00¢°cC, respectively. The conidial germination percent-
8ges &t different temperature degrees were; 62%, 92.7%
and 100% at 13, 16 and 19-28°C, respectively. In addition
tney slso reported in 1970 that, under natural conditions
the dispersal of jhe fungel spores on maize began at 1-2

8.m. and ended at 3-4.30 a.m.

In Uganda, Doggett (1970) stated that sorghum
downy mildew which caused by S. sorghi was seldom severe
in early season (August-November) and increagsed with later

plantings.

Shah and Tuladhar (1971) obtasined the highest
infection of downy mildew disease in maize sown in 16
June when average of temperature was 38.3°C and relative
nuridity was 83.2%. The lowest severity was recorded in
plentations occurred between 1~15 May, and the diseage
did not develop in the crop sown after August nor prior

to iay.

In Israel, Kenneth and Shahor (1973) observed
that systemic infection of sorghum downy mildew was
higher at 17-18°C than that at 23°C. They interpretated
that the higher rate of infection at the lower tempera~
ture could be attributed to the larger amoun:t of inocu-
lum presented in these conditions. Under the laboratory

conditions, Wongsinchsun {1975) found no sporulation
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occurred on infected leaves with S. sorghi under in-
cubation conditions of 81-84% R.H., while it occurred
et SO% R.H. and 20°C for s Period of 8 hours. In addi-
tion, thne fungus did no: produce conidiu at or below
16°C nor at 30°C; sporulation was rather light at 18°c,
and highest at 24-26°C.

Exconde (1976) suggested that conidial production
of corn downy mildew was highly affected by temperature
and relative humidity. Thig usually occurred during
night at 21-26°C and 85-95% R.H. Correlation matrices
snowed tnat local infection wasg positively correlated
with sunshine duration. Systemic infection was positi-~
vely correlated with night and day R.H. and spore pro-
duction. It was adversely correlated with night end day

temperature, or sunshine duration.

Bonde et 8l. (1978) reported that the optimum
temperatures for conidial germination and germ tubes

growth of S. gorghi were 15°C and 22°C,respectively.

3~Economic impact and grain vield losses:

In Texas 1964, Reyes £t 8l. reported that sorghum
downy mildew disease becomes s great hazard on sorghum
end maize cultivetion, and is presently one of the major
factors caused reduction in Yields of broom corn,forage,

grain sorghums, sweet and field maize. Broom corn suffered
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serious yield reduction in 1967 and 1968 due to severe
infection, broom corn acreage has decreased (30.000 to
5.C00 acres) in 1960-1971 period; seversal commercisl
maize fields have been wiped out and other heavily da-
maged.As a result of that, farmers had to discontinue
the use of sorghum~sudangrass hybrids as a green manure,
pasture, silage or hay crops because their highly sug-
ceptivility and consequent heavy residual inoculum ex-
tended to infect any succeeding susceptible crop.Fields
of sorghum wnen cultivated following sorghum-sudangrass
hytrids, or fields with long histories of grailn sorghum
production, have a higheyr percentage of diseased plants
thaen other fields of sorghum or maize which cultivated

following e nonsusceptible host.

“rederiksen (1973) reported that the incidence
of systemically infected plants in 1967 ranged from 1%
when grain sorghum cultivated after a nonsusceptible
c¢rop to as high as 30% in snother location in the same
field when it cultivated after a crop of digsessed sor-
ghum. 2y season of 1972 some of commercially avagilable
8rain sorghum hybrids (177-191 cvs.) were classified as

susceptible.

Frederiksen et 8l. (1969) reported that losses
of total income for sorghum end maize were estimated by

about 2.5 million Dollars- asg & result of sorghum downy
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mildew infection. Estimation reductions in grain sor-
ghum cultivation due to the sorghum downy mildew dig-
eage were ranged by about 0-70% in grain yield. The
actual e;timation of losses become obviously difficult
because diseage severity were greatly independent on
some variable factors such ag plant populations, en-
vironmental condit&ons, hybrid Susceptibility , crop
maturity at time of estimation and incidence of sorghum
downy mildew. The disease effects on yield are relati-
vely easy to measure in case of satisfactory field scale

inoculation technique is evailable.

Cosper (1969) noted that, infected plants produced
8 great yleld reduction in dry weight (56-80%) . Plant
systemically infected in the seedling stage, usually died
and those of seedlings which survived and became infected
8t &dult stage of maturity lossed 56-82% from their yield
in comparison with healthy plants. It is interesting to
note here that, vast majority of systemically infected
sorghum plants produced no seed. Moreover, regrowth from
¢lipred forage plots have higher incidence of sorghum
downy mildew. The disease demage effects on tested culti-

vars were obviously increased ag the season progress .

4-The mode of infection and inoculation technigues:

Jones (1968) reported that seedling infection of

grain sorghum with S. sorghi was obtained in the leboratory
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&nd greerhouse by using young sorghum leaves bearing
conidia end conidiophores.Witn emple moisture; the
conidia,conidiophores snd hyphae within excised lea-

ves produced zooupores which adhered to youns seedl-
ings es the later emerged from their seed coats. and
entered the coleoptile, coleorhiza and the central
portion of the shoot. Columns of zoospores formed
intercellularely within the host tissue. 4 thin-walled
hyphe weg formed by each column. The fungus spresd from
the coleoptile to the basgsl leaves, but seldom spread

to the enterior of the seedling. He added thst syste-
mic infection appears to be initiated by Zoospores
entered the shoot from benesth the coleorhiza at break
made by the primery root. The same author found in 1970
that infectlon with S. sorchi was obtained in sorghum
seedlings by leaves collected from infected corn and
sorghum plents in direct contact with healthy seedlings
and covered overnight. Infection occurred readily through
stomatal openings, &nd sporulation occurred on infected_
seedlinzz 5 days after exposure to inoculum. On the other
hend, in 1971, he showed that germ tubes from conidis
grew Ly random on the leaf surface until, they reached

& stoms then an appresorium formed over the stomatal
openinz. Tne penetrating structure enlarged ingide to
form s substomatal vesicle which gave rise to one or more

infection hyphae. In the same mamner he added that conidis
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were Iorrmed durirng the night , and it was germinated

skortly efter discharge and hagd penetrated Ly 7.00

“eL., Tne nost cell: conteined houstorisg three hours

~&ler. Tnis indicetes that the funsus can enters its

no.t erd estatlish infection in 3-4 hours.

2oeng S.ucnor (1973) steted thet scedlings

ct

enre
-=14 days of gge were susceptible to conidial inoculum
of S. sorghi, beconing systemically infected. Older
seedlirgs did not shnow chlorotic symptorms on those
Zesves wrnich had elonzeted, such as on the first and
gecond leesves of 14-days-old plents in which the third

les? hed eclready begun to appear.

Sefeeulla (1276) found thet when two-doys-old
corgrum ceedlings own in pots were brought in contact
witn sporuleting meize leaves for 24-48 hours in the
Zield, then trensfered to s gless-house and wutered
deily, the symptoms of sorghum downy nildew appesred
3~4 dsys efter trensplanting. The same author edded
Tret wren the seedlipgs 3-4 days=o0ld were inoculated
witn tne cornidie from sorghum plants, chlorosis app-
eared ot tre Tirst or second leaf stage (5-6 days ofter
irensplenting). The first lesf of the seedlings was half
chlorotic end the successive formed leaves were comp-
letely chlorotic. When meize sown in plots infested with
S. sorsri oospores, systemic infection appeared 2 weeks

—lan

efter sowing erd the Tirst leaf is inveriably free from
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infection. However, by using conidiel inoculum in the
laboratory, it is possible to induce systemic infect~
ion on the first leaf itself. He concluded that thig
difference may be due to the fact that the first leaf
Overgrows the pathogen which takes time to penetrate
the root and invades the stem tissues under natural
conditions. How;ver, he also obtained a close correl-
ation between leaf age and symptoms appearance, if no
infection observed within 2 weeks, the second and the
third leaves escape from infection, while the younger
leaves may develop symptoms subsequently. Like-wise,

if the 4th, 9th and 11th leaves do not show infection
after 4, 6 and 8 weeks, respectively, symptoms express-
lon does not take place and the leaves below this region

escape from infection.

Siradhana et al. (1976) obtained infection with
S. sorghi by placing 2-3 drops of conidial suspension
prepared from infected leaves at about 3:00 a.m.in the
whorle of each seedling (2-3 leaf stage) for 3 consecu-

tive days between 4:00 and 6:00 a.m.

Shah (1976) suggested that the best and easiest
metkod of inoculation was to collect conidia from the
field at 200-400 hours and spray the suspension in the
whorl with & knapsack sprayer. Moreover, Siradhana
et 8l. (1978) reported that in the 6-days old inoculeted

malze plants, systemic infection of sorghum downy mildew
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was 69-93.3%. The percentage of systemic infection
decreased in each subsequent gowing date, plants in-
oculated when they were 16-days-old or older exhibi-
ted localized infection.

Frederiksen, (1980) summarized the source of
irfection of sorghum downy mildew as follows:-
1) Oospores on ;eed,or debris,carried by wind,and soil
from infegted area; 2) Conidia from infected plants;

and 3) Mycelium in seed or in living hosts.

Shetty and Sofeeulla (1981) suggested that plants
inoculated just after emergence and up to 4-5 leaf
stage were highly susceptible to P. sorghi plants in-
oculated after 6-7 leaf stage, systemic symptoms were
not observed end only local lesion eppeared, whereas,
soil and seed-borne inoculum can initiate both syste-
mic and local lesion type of symptoms at any growth
stage of the host plant.

Shivakumar and Bhat (1983) stated that oospores
produced in naturally infected maize and sorghum by

P. sorghi were able to infect either host.

4- Varietal resistance:

The need for new varieties, inbred lines and
hybrids with resistance to downy mildew has been pointed

out by a number of workers.
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Sefeeula and Thirumalacher (1955) and Frederi-
ksen et s1. (1965) reported that grain sorghum and

maize varieties show difference in the incidence

of sorghum downy mildew disease caused by
S. sorghi.

Futrell and Webster (1966) concluded that the
most of the resistant entries were collected in
Southern Africa, which is probably the geographic
point of origin for resistant sorghums to sorghum

downy mildew disease.

Futrell (1967) observed that the symptoms of
sorghum downy mildew disease on the leaves of 2.693
lines or varieties of grain sorghum, but, systemic
symptoms were rarely found. In the same report he
added that the late maturing verieties and sudan-
grass sorghum hybrids were highly susgceptible, but
lines from East Nigeria and Southern Africa were

resistant.

Prederiksen et al. (1971) tested 50 Mid Western
corn inbreds, 5 Texas inbreds and one grain sorghum
hybrid to S. gorghi. They found that, Tx 441, Tx 601,

H 52, and Oh 43 can be considered sources of resgist-

ance. A large number of Mid Western corn inbreds were

highly susceptible to sorghum downy mildew disease.
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Prederiksen et al. (1973a) suggested that over
balf of the tested corn entries had a sorghum downy
mildew disease incidence of 75% or greater, 16 entries
hed 100% systemically infected pPlents. Resistent in-
breds were Syn.D 1-1, K 175 and 4 297. They found that
in most crosses Pf resistant by susceptible, ‘the re-
action of resulting hybrids is intermediate in react-

ion of their parents.

In Venzuels, Malaguti (1976) reported that ell the
tested commercial cultivars are susceptible to sorghum
downy mildew. Whereas, in India, Siradhana et a1.(1976)
recorded that of 1764 materialsbtested, 138 maize germ-
plesms had no infection with sorghum downy mildew. In
the remaining materials, infection varied up to 100%.

Safeeulla (1976) suggested that most of maize
hybrids and Composites introduced for commerciasl pro-
duction were susceptible to S. gorghi. Dange (1976)
added that maize hybrid 'Ganga 5' was highly susceptible
to S. sorghi, while the local varleties, mainly "Malan"

was fairly resistant in comparison to ‘Ganga 5°'.

Titatern (1976) found that all maize entries
were infected with S. sorghi, the infection ranged
from 11.8-100%. In the seme manner, Schmitt and Freyteg1977)
stated that maize lines 3316, R.177, K.10 and Tex.601

and the cross Tx 601 x MP 337 have good resistance to
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S. sorghi. Craig et sl. (1977) found that 22 of the
33 corn inbred lines which used @3 parents for hybrid
seed production were susceptible to sorghum downy
mildew. In addition to that mentioned before, Concli
and Sobrinho (1979) recorded that 9 lines and commerc—
ial hybrids were '‘susceptible to sorghum downy mildew
disease, but the line Disconhecido 15 had the highest
genetic resistance. Nakamura et al. (1981) recorded
that none of meize cultivars screened in the field was

immune to S. gorghi.

Craig, (1982) reported that ten corn inbred

lines were compared for symptoms on leaves inoculated
with conidia of Peronosclerosgora sorghi in the green-
house and for susceptibility system, leaf symptoms was
devised. The correlation between leaf symptom types in
the greenhouse and levels of downy mildew susceptibil-
ity in the field was celculated to determine the feagi-
bility of using leaf reactions to predict levels of
downy mildew susceptibility. Degree of severity of leef
symptoms was positively and significantly correlated

with degree of downy mildew susceptibility.

Shabani and Frederiksen (1983) reported that
Tx 601 maize inbred line was resistant to P. sorghi,

whereas, Tx 441 was more susceptible.
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¢- liistopathologicel studies:

Nusrat et al. (1969) reported that in downy mildew
diseage, infected leaf tissue showed & decrease in number
end size of chloroplasts s contained abnormal numbers of
nuclear bodies, and there was disintegration of mesophyll
cell wells which lgft a mass of multonucleate éytoplasm.
In host tissue , the fungus appeared irregular in growth
in the interveinel parenchyma. Plasmodium-11ike bodies of
different sizes and shapes were observed in the meso-
phyll tissue . 4ggregations of fungel materiel appea-
red in the substomatal cavities prior to asexual sporu-
letion . No antheridia or oogonla were observed s but
oospores were numerous in interveinal tissue in later

steges of disease development.

Dogma (1975) showed that nuclear number was
proportionate to conidial size . There is no report

of nuclear number of Sclerospora sorghi . Studies were

conducted to determine the morphology , cytology and
germination of conidia of Sclerospora sorghi . Visara-
thanonth (1973) showed that cytological knowledge of the
corn sorghum downy mildew is very limited . The nuclear
number wes reported to be 10-29, 10-26, 22-48 and 15-38

in Sclerospors philippinensis, S.sacchari , S.miscanthi and
S. spontanes,respectively.Pitakspraiwan and Giatgong

(1976) showed that conidia , conidiophors,germ tubes and
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mycelium were found to be multinucleate. The nuclei
were varied in size and shape. The number of nuclei

in mature detached conidia wag 6-12. The number of
nuclei in the bulb-like conidiophare initial wes 1-4.
They divided mitotically and at the same time incr-
eased in number, while the conidiphore enlarged.

Nuclei divided mi;otically and migrated into conidias
through streigmata. At an earlier stage, young conidis
were formed at the tips of the streigmata.One daughter
nucleus migrated into the newly formed conidia,until
each conidium contained an average of 6-12 nuclei
before they were matured (i.e. until stepa were formed).
The number of nuclei in the detached matured conidia
were eight. These nuclei divited in the conidia asg
well as in the conidiophore Chromosomes within the
nuclear envelope could be observed under an oil objec-
tive. The nucleus was rather spherical in shape and
contained about 12 chromosomes which were linked to-
gether by a fine thread. The chromosomes were irregu-
lar in shape and number varied from 12-24 during active

mitotic division.

Chemical components in relastion to diseage severity:

Total, reducing and non-reducing sugars: v
Holbert et al. (1935) , found thet the inor-

ease susceptibility of the stalks to the fungus is

asgociated with conditions that may well result in a
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reduction of the carbohydrate reserves of the plant.
Apparently, this situation does not held , however,
for susceptibility of their ears. Sucorose, reducing
sugar and total sugar, and high pith density were
&ssociated with resistasnce to stalk rot.It is theori-
zed that & decreese in sugar level of the stalk causes
Senescense of pith tissue, indicated by decrease in
pith density. Therefore, plants with senescent pith

tissue are susceptible to stalk rot.

Czaplinska et 8l. (1979), found that when plants

were examined 6 and 13 weeks after inoculation no rels-
tion was found between sugar coantent and intensity of
stalk rot.

T-Effect of fertilizer on downy mildew diseagse of maize:

liatocha et @1. (1973) reported that the fertility
levels appear to influence sorghum downy mildew incidence.
Higher levels of nitrogen favor digeage incidence in
sorghum. Low levels of zinc reduce the incidence of sor-
ghum downy mildew in maize. The zinc probability affects
Plent growth and development in some manner by which re-
duce the probability of systemic infection By Sclerospora

gorghi.

Sheh (1976) indicated that disease severity wag
lowest (21.2%) when 160 kg/ha of nitrogen was applied
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énd highest (52.53%) at 0-60 kg/ha. No significant
different was obteined when nitrogen levels were in-
creased from 180-240 kg/ha. Phosphate aspplication
(0-60 kg/ha) did not appreciably change the incidence
of disease (45.7-53.7%) nor did the application of
lime (0-2000 kg/ha) to the soil.

'

Yeamada and Aday (1977) reported that the infection
of susceptible maize seedlings in nursery boxes by
Sclerospora philippinensis was considerably greater
when X, NP, NK or NPK were applied then in seedlings
glven no fertilizers, P, K or PK. Infection of resist-
ant seedlings was in ell cages less than infection of
Susceptible seedlings, and was less affected by ferti-
lizers; however, infection was least in plants receiv-

ing no fertilizers.

Balasubramanion (1978) showed that increase of
Phospherus fertilization from 0-67.3 kg/ha significantly
increased sorghum downy mildew incidence in susceptible
variety DMS-652. In the resistant hybrid CSH-1l, increg- -
sed sugceptibility was observed only when phosphorus
application was increased from 0-33.6 kg/ha. Additional
phosphorus application did not influence the diseage
significantly. Nitrogen did not significantly affect
the incidence of the disease in DMS-652 or CSH-1, zine
and manganese application did not influence sorghum

downy mildew incidence significantly.
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3onran and Pitipornchai (1984) stated that in-
cidence of downy mildew caused by Peronosclerosgore
sorzni increased with the third sowing dates ﬁecause
the plants received inocwlum at progressively earlier
growth stages. When plants received high concentration
of inoculum at emergence, as in the third sowiné,appli—
cations of N and NP increased disease incidence. How-
ever, these fertilizers tended to reduce incidence in
the first and second sowings. Thus, the effects of P,
X end WP varied with the growth stage at which the
plaents received inoculum. Contradictory results obtained
by other researchers could be reconciled if plent age
were ireated as a variable in future studies on the

effects of fertilizer on the disease.
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MATERIALS AND METHODS

l-Survey of sorghum downy mildew digeage on maize

in some governorates:

A survey for the incidence of sorghum downy mildew
dfsease was conducted in five governorates namely Kafr
Bl-Sheikh, Behera, Gherbia, Sherkia, and Ismaillia éover-
norates during the érowing 8easons of 1985, 1986, 1987
and 1988 years.

The survey was carried out in Sakha, Qalleen,
Desok, and El-Riyad counties of Kafr El-Sheikh governo-
rate; Qovoor,Zifta,end El-Santa counties of Gharbia
governorate; Damanhoor,and Abo-El-Matameer counties of
Behera governorate; Diarb Nigm, El-Ebrahemias and Abo-
Hammad counties of Sherkias governorate; Qassassen and

E1-Tall El=Kebeer counties of Iamaillia governorate.

Ten feddans were chosen at random and inspected
to repregent each couaty. 4 random samples of 5 hundred
Plants werainspected from each field at the age of 60
days.

Semples were classified into healthy and diseased plants.

Percentage of infected plants were recorded.

Temperature and Relative Humidity (RH) were re-
corded monthly through 1985 to 1988 growing seasons for
Kafr El-Sheikh governorate by Sakha Agricul ture Research

Station, while the rest governorates, the temperature and
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relative humidity were recorded by Egyptisn Meteorolo-
gical Institute at Cairo.

II - Artificial inoculation techniques:

4~ Inoculation with cospores:

Shredded iAfected leaves bairing resting oospores
were collected from systemigally infected plants of sor-
ghum sudangrass. The semples were blended in a waring
blender for two minutes at & reasonable speed. Inocula-
tion wag made by putting 1 gm.milled dry leaves along side
the seeds, as described by Malaguti (1976).

B-Inoculation with conidia:

Methods described by Jones (1971) was used. Seedl-
ings of meize 8nd sorghum sudangrass at 2-3 leaf gtage
grown in pots under greenhouse conditions were trans-
ferred to the field and placed beside infected plants of
sorghum sudangrass for 48 hours, then returned to the
greenhouse again. Uninoculated plants were served as s
control treatment. Four pots represent each treatment.
The percentage of the infected plents wes calculated at
40 days after sowing.

3- Bvaluation of varietsl resistance for some varieties

and hybrids under greenhouse conditions:

Seeds of Giza 2, Pioneer varieties and D.C. 202,
$.C.107 and 3 W.C.309 hybrids of maize were planted in
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sterilized pots (25 cm) filled with semi-sterilized
Nile-gilt soil in complete randomized block design,
with four replicetes‘bFertilizers were added at rate
of 3 gm. Urea, 5 gm. calcium superphosphete and 2 gm.
potassium sulphate per pot and watered regularly with
tap water. The pe;centage of systemic infected‘plents
was recorded 40 days after sowing. Statistical analy-
sis was conducted after transforming the percentage
of infection to degrees using the engular transform-

ation (arcsine).

4~ Histopathological studies:

Transverse sections were made from
infected plants of Giza 2 and sorghum Giza verieties.
Samples were taken from leaves, stems and roots of the
plants at 60 days after cultivation. Samples were
killed and fixed in Formaline-Acetic Acid alcohol solu-
tion (F.A.A.). Dehydration wag performed in increasing
concentrations of ethanol serials, then imbedded in a
peraffin wax melted at 56-58°C. Sectioning, staining
and mounting procedures were conducted according to
Johansen (1940). Sections of 18 U thick were cut by &
' rotary microtome and fixed on microscopic slides with
Hauptis adhesive (1 gm gelatin + 100 ml water + 2 gm
phenol + 15 ml glycerol) according to Sess (1961).Slides

were left to complete dryness for 24 hours in dry
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oven at 40°C. Sections were stained with safranine
light green combination, cleared in xylene, mounted
in Canada balsam and examined microscopically amd re-

gults were recorded by means of photocolour pictures.

5- Biochemical emelysis:

Seeds of Giza 2 apd S.C.107 maize varieties
were sown in pots filled with loamy sand soil which
was either disinfested or infegted with oospores of
P. gorghi as mentioned end put under greenhouse con-
ditions. Fertilizers were added at rate of 3 gm urea,
5 gm calcium superphosphate.and 2 gm. potassium sul-
phate per and watered regularly. Leaf-samples from
healthy and infected seedlings were taken at 3, 4 and
5 weeks after sowing to determine their contents of

pigments and sugars.

l1-Determination of leaf pigments:

The leaf pigments content were determined in
fresh leaf samples according to Fadeel's method(1962).‘
The optical densities were measured spectrophotometri-
cally using "spectronic-21" at wave length 662, 644 and
440.5 nm., for chlorophyll &,b and carotenocids, res-
pectively. The pigments concentrations were calculated

using formula of Wettstein (1957) as follow:-

Chl. & = (9.784 x E 662) - (0.99 x E 644) = mg/liter
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Chl. b = (21.426 x E 644) - (4.65 x E 662) = mg/1iter
Carotenoids = (4.695 x E 440.5)-(0.268 "chl.a+b")=
mg/liter.

The contents of pigments were then expressed ag

zg/ 3 fresh weight of the leaves.

’

2-Determination of total, reducing and non-reducing sugerg:

Carbohydrate fractions were determined according
to method of Miller (1959).

A-Determination of reduci sugarsg:
———=—=="_208 0f reducing sugars

Half gram powder of dry plant material wags extr-
acted with 50 ml. of 70% ethanol alcohol in carbohydrate
tube and incubated in water bath at 70°C for 3-4 hours,
then the mixture was filtered. The filtrate was made up
to 100 ml. with distilled water. Five ml.of the filtrate
were taken and 2 ml of the colour reagent 3,5 dinitro
cilecilic acid were added in a test tube, shaked well and
heated for 10 minutes in a boiling water bath and then
¢ooled under running tap water. The colour intensities
were measgured colorimetrically at 550 nm, using "spectro-

nic-21" spectrophotometer.

L= Determination of totsl sugars:

Prom the filtrate of the above-mentioned reducing
sugars, 10 ml. were taken in carbohydrate tube, 5 ml. of

6 N HC1l were added and incubated for 2 hours in & water
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bath. After incubation, 5 ml. of 6 N NaOH were added
for neutrelization and the volume was made up to 25
ml. F¥ive ml. from the neutralized solution and 2 ml.
of ine colowr reagent (3,5 dinitro seleclic acid )were
added to the sample, then density of colour wag measured

a3 above mentioned.

C~ Determination of non-reducing sugargs:

The difference between the concentrations of
totel and reducing sugars was calculated and considered

83 the concentration of non-reducing sugars.

Colour reagent preparation (3,5 dinitro cileilic ac;d):

One gm. of 3,5 dinitro cilcilic acid wag dig=
8olved in 20 ml. of 2 N NaOH, then 50 ml. distilled
water and 30 gm. of Rochelle salt were added and mix-
ture was shaken well until dissolving the salt » then
the volume was made up to 100 ml.with distilled water.

\
6-Effect of NPK fertilizers on resistance of maize to

sorghum downy mildew diseage:

Field experiments were conducted in naturel in-

fested soil at the maize digease nursery in the experi-
mental Farm of Sakha Agricultural Research Station,
Kafr BEl-Sheikh Governorate during the maize growing
seasons of 1985 and 1986.
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Seeds : Seeds of maize and sorghum varieties were
obtained through the cortesy of the Maize and
Sorghum Breeding Section of the Agricultural Research
Center, Giza, Bgypt. 411 seeds were surface sterili-
2ed in 0.2 % asorresive sublimate and throughly
washed in tap water and dried prior to sowing. These
experiments were carried out to investigate effect

of different levels of NPK on the infection of gome
maize varieties with sorghum downy mildew diseaae.

In this experiments two maize varieties were used;
Double crosg 202 (D.C.202) and Giza 2 Composite var-
lety . Experimentsl design wag split-split plot with
four replicatlions. The nitrogen levels 0,60 and 90 kg/
fedd. were assigned to the main-plots, whereas the
phosphorus levels 0, 15, and 30 kg/fedd. were assigned
to the sub-plots and potassium levels 0, and 15 kg/
fedd. were assigned to the sub-sub-plots .« The plot
size was 16.8 m? and each plot contained for rows
(6 meter 1length and 70 cms. apart). The plants were
thinned to one plant per nill at 25 cms. between hills
Seeds of sorghum sudangrass "Sordan Gizg 2" were
drilled in a single row alternating with four rows

of each maize plot, ag a spreader of inoculum.



- 29 -

Fertilizer of calciunm Superphosphate wag added
before the sowing. Nitrogen and potagsium fertilizers
were divided to two equal parts; the first part wag
added just before the first irrigation, while the
second part added before the secoad irrigatiom . The
systemic infection of sorghum downy mildew wasg deter-
mined as a percentage of the infected plants at 60
days after the sowing .

Fertilizers: The fertilizers used in the present

investigation includeds-

Ammonium nitrate 3 %N
Calcium superphosphate 15.5% P50
Potassium sulphate 50 % Hy0
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RESULTS

A-Digeage symptoms on maize:

Sorghum downy mildew cauysed by Perongsclerospors
sorghi (Weston and Uppal) Shaw, occurs in either & syste=-

matic or localized form on maize plants. The systemic

infected plants'were chlorotic and stunted with narrower
and more erect leaves than those of healthy plants(Figs.
1 end 2). The firgt diseaged leaf usually has a sharp
mergin between diseased and nondiseaged tissue, forming
a half-diseased lear. White downy mildew growth consists
of the fungal conidia and oconidiophores appears
clearly during periods of relatively high humidity and
low temperature. Leaf shredding rarely occurs in maize.
Oospores were found embedded in leaf tlssues between
viens. Some systemically infected plants appeared to
have phyllodied tassels(Pig.2), other diseased plants were
failed to produce heads (Pig. 3), produced sterile heads
(Pigs. 1 and 3) or formed partislly affected heads.

The local form of the digeage 8ppeared as long,narrow
and chlorotic local lesiong on the lower side of the
infected maize leaves. Later, lear shredding occurred

on these leaves.

This diseage Ssymptoms were similar to symptoms of
sorghum downy mildew diseage caused by P. sorghi descri-
bed by some investigators, i.e., Frederiksen et a1.(1973+),
4non.(1973),Safeeul1a(1976) and Malaguti et e1.(1978).
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Fige (1): Erect and chlorotic maize leaves of
a8 stunted plant systemically infected
with Peronosclerospors sorghi.
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Fig. (2): Symptoms of sorghum downy mildew diseasé
on maize showing phylloided tassels.
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Fig. (3): Symptoms of downy mildew disease on
; infected meize ears showing the sterile

head (left) compared with healthy one
(right).
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l1-Survey end distribufion of sorghum downy mildew disease
_urvey end di =l Nl deW dlgease

in maize caused by Peronosclerospors sorghi in different

governorates:

Survey of downy mildew disease incidence was

carried out in five governorates namely, i.e. Kafr E]l-
Sheikn, Behera, Gharbia, Sherkie and Ismailli; through-
out 1985 to 1988 years. The percentage of the diseasse
vwas estimated in different counties of the abovementioned
goverrorates and the data were tabulated in table (1).
The percentage of the digeased pPlants ranged from zero

to 53.55%. The obtained data revealed that the higheést
percentages of the disease were observed in Kafr El-Sheikh
during the four seasons ag compared to the other gover-
norates. The percentages of the disease were 2.2%, 15.0%,
53.55% and 15.2% during 1985, 1986, 1987 and 1988 Years,
respectively in Kafr El-Sheikh. However, Behera and
Gharbia 8overnorates showed closed infection percentages
renged from 0.05% to 6.70%, means of sorghum downy mildew
disease incidence during the four growing seasons were
0.05%, 0.70%, 1.80% and 6.70% in Gharbia and 0.25%,0.45%,
2.0% and 4.15% in Behera. On the other hand, the leasgt
percentages of infected maize prlants were recorded in
both Sharkia and Ismaillis governorates and ranged from
zero-percent to 0.57%. The general means of‘ infection,
throughout the four growing seasons did not exceed thean
0.20% in Sherkia and 0.12% in Ismaillia.



- 35 -

Table (1): Percentages of sorghum down- mildewed plants of

maize in periodsg of 1985

‘¢ 1988 years in Kafr

El—Sheikh, Beheras, Gharbia, Sharkis ang Ismaillis
governorates.
Gover- Mean of
norates Counties 1985 1986 1987 1988 infec-
tion
Kafr El-Sheikh 6.65 32.62 83.15 18.57 35.25
(Sakha)
Xafr Desok 1.37 12.55 23.95 17,03 13.73
El-Sheikh  0.1)ecen 0.78 11.83 - 14.00  g.87
El-Rivad 0.00 3.00 - 11.20 4.73
Kean of infection 2.20 15.00 53.55 15.20 15.65
Behera Abo-El-Matameer 0.50 0.83 2.70 4.76 2.20
Damenhoer 0.00 0.18 1.30 3.73 1.30
Kean of infection 0.25 0.45 2.00 4.15 1.75
Qotoor 0.15 1.92 2.83 12.00 4.23
Gharbvia El-Santa 0.00 0.18 1.82 5.50 1.88
Z2ifta 0.00 0.00 0.75 2.60 0.84
Xean of infection 0.05 0.70 1.80 6.70 2.32
‘ Diarb Nigm 0.008 0.21 0.42  1.03 o0.42
Sharkia Ebrahimia 0.001 0.00 0.07 0.66 o0.18 _
] Abo-Hammad 0.000 0.00 0.03 0.02 0.01
Mean of infection 0.003 0,07 0.17 0.57 0.20
ismaillia El-Tell El-Kibeer 0.000 0.00 0.00 0.23 0.06
Al-Qassasgen 0.030 0.10 0.10 0.47 0.18
Kean of infection 0.015 0.05 0.05 0.35 0.12
General mean of infection 0.50 3.25 11.51 5.39 5.22
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Counties which had the highest incidence of the
diseagse in each governorate were Kafr El-Sheikh (Sakha)
in Kafr El-Sheikh, Abo-El-Matameer in Behera, Qotoor
in Gharbia, Diarb-ligm in Sharkia and El-Qassessen in
Ismsillia. The generasl mesns of infection through
the four years o? the ;urvey were 35.25%, 2.2é%. 4.23%,
0.42% and 0.18% in Sakha, Abo-El-Matameer, Qotoor,
Diarb-Nigm and El-Qassessen counties, respectively.

On the contrary, counties of El-Riyad, Damanhoor, Zifta,
Abo-Hemmed end El-Tell-El-Kibeer had the lowest percent=
ages of infection. The highest percentages of infection
were recorded in the year of 1987 at Kafr El-Sheikh
governorate and in the year of 1988 at the other gover=-
noretes as compared to the other years at these gover=-

norates.

Data in Table (2) show the minimum and meximum
values of temperature and relative bumidity which were
recorded in such counties had the highest percentages
of sorghum downy mildew disease incidence. It could bg
noticed that mostly the lowest temperature and lowest
renges between the minimum and maximum degrees were re-
corded at Kafr El-Shelkh county (Sakha) followed by
Qotoor and then Abo-BEl-Matameer. The highest relative
bumidity velues were found &t Qotoor and the lowest ones
were at Kafr El-Sheikh county (Sekha). Values of the
ranges between minimum and maximum relative humidity

degrees followed the same trend.
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Table (2): Temperature, relative humidity degrees in some counties
which had the highest percentages of sorghum downy
mildew digease incidence.

o Temperature °C Relative humidity
§ Infected
> | Locations Minimum Meximum Minimum Maximum pl;nts
| sakna 13.85  27.84  47.80  61.66 6.65
& | Qotor 16.00  28.95  43.50  88.50 0.15
Abo-El-Matamer 17.80 29.75 47.00 75.50 0.50
Sakha 16.95  22.49  44.65  58.42 32.62
O
& | Qotor 17.10  30.75  45.00  92.00 1.92
~
Abo-Bl-Watamer 18.30  31.65  47.50  80.50 0.83
Sakha 15.55  21.55 55.60  70.18 83.15
o~
- R 1 Qotor 16.10 29.75 45.10 92,00 2.83
~
Abo-Bl-Matamer 17.90 31.35 48.00 80.00 2.70
Sakha 15.05  21.23  47.80  62.54 18.57
3 | qotor 16.50  28.51  47.10  90.50 12.00
™| Abo-El-Matemer 15.80  30.71  50.00 82.30 4.67
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Rteletiorship between temperature and relstive humiditx

or. systemic infection of sorzhum downy mildew of maize

cultivers, 1985-1988 seasons:

Dealing with data in Table (3), 1t is cleerly
observed that, in spite of the insignificant correlation
coefficient value bgtween temperature and systemic sor=-
ghun downy mildew infection in 1985, this value had &
nesatively’bighly significant estimates in each of 1986,
1987 and 1988 seasons. Meanwhile, correlation coefficients
between infection intensity and relative humidity were
significant and had a negative sign in both 1985 and 1986
seesons, but were insignificant in 1987 and 1988 seasons.
These results suggest that maize cultivars infection in-
tensity with P. sorghi in the five governorates was more
dependent upon the changes in temperstures than that in
relative humidity that had a sl ight effect. Herewith, it
is clearly demonstrated that infection intensity.were
greatly reduced in temperature exceeds 27°C, even 1in high
relative humidity percentages (Table 2). These results
are in agreement with Li (1983), Chang and Wu (1969a) and
Exconde (1976).

Date in Table (4) and illustrated in Figures (4 and
5) show the regression coefficients of infection intensity
on eacn ol temperature and relative humidity percentages
over the five governorates. No significant regression values

in the four seasons were observed between the inténsity of
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Tavle (3): Correlation coefficient between tempersture,
relative humidity and systemic infection of
gorghum downy mildew of some maize cultivars

throughout 1985-1988 seasons.

Years
1985 1986 1987 1988
Pactors .
xx X xx
Temperature(°C) -0.851 -0.994 -0.989 =0.978
x x

Relative humidity -0.922 -0.909 -0.832 -0.757
(R.H.)

x Significant at 5% level.
xx Significant at 1% level.
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Table (4): Regression coefficient between temperature,

relative humidity and systemic infection of
sorghum, downy mildew of some maize cultivars
throughout 1985-1988 seasons.

Years
1985 1986 1987 1988
Factors
Temperature (°C) 2.09 -1.568 0.094 -1.358
xx
Relative humidity -0.081 0.0098 -2.863 -0.,079
(R.E.)

x Significant at 1% level.
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infection and any of temperature recorded over four
8eagons. But, the regression coefficient was highly
significant in only 1987 season for the relationship
between relative,humidity Percentages and sorghum
downy mildew inf?ction intensity. Date auggesis that
many factors might effect and/or involved in the in-
fection process under the environmental conditions
that effect the enhancement of digeage distribution.
These results are in accordance with the finding found
by El-Sharawi 1985.

II-Greenhouse experiments:

1~ Inoculation techniques:

The obligate parasite nature of the downy mildew
pathogen of maize and sorghum poses problems in arti-
Ticial inoculation that are not encountered in studies
of many plant paragitic fungi. Since S. sorghi is capable
of systemically infecting maize and sorghum from either
sexually produced cospores or the asexual conidia y two
inoculation techniques devised which mimic nature were
used to infect seedlings of maize (Giza 2) and sorghum
Sudangrass (Giza 2):

a) Infestation the soil by putting milled dry cospores-
leaf material with seeds in sterilized soil.



b) Exposure seedlings at 2-3 leaf stage to conidie
transfered naturally from infected plants in the field.
The reaction of the tested plants Was recorded 40 days
after the sowing, by counting systemically infected
Plants, and calculating percent infection based on the

total number of blants. Local lesions are not considered.

Data in Table (5) show that the percent infection
of maize Giza 2 variety, ranged from 4.48% to 14.01%,when
the inoculation wag occurred by conidisl spores or by
oospores, regspectively. Addition the fungal oospores to
the seeds in goil at sowing incressed highly significantly
the systemic infected plants comparing to the othexr method.
However, the Percent of infected plants of Sudangrass
Giza 2 was more higher than that of maize Giza 2 which
reached 14.38% and 17.01% for inoculation by the conidial

and oospores, respectively.

2- Evaluation of Some maize cultivars for sorghum downy

mildew infection under greenhouse conditiong:

Five maize cultivars namely Giza 2, D,C. 202, Pioneer
514, 3 W.C. 309 and 5.C.107, and Sudangrass Giza 2 were
screened and a wide range of downy mildew reactions wasg
observed. Data of the Screening are further indicated in
Table (6).

Percent incidence of sorghum downy mildew for Giza 2,D.C.
202,Pioneer 514 and 3 W.C.309 cultivars were similar end
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Tatle (5): Effect of two ertificiel inoculation methods on
the ability of maize (Giza 2 variety) and Sudangrass
"Giza 2 variety" to infection with sorghum downy
mildew under greenhouse conditions.

Varieties Infection No. of No. of Infected Arcsine

method the the plants value

total infected %

plants plants
Kaize Conidia 233 11 4.48 11.98
(Gize 2) Cospores 219 32 14.01  21.95
Sorghum Conidia 237 34 14.38 22.29
(Sudengrass
Gize 2) Cospores 226 39 17.01 24.36

L.S.D. &t 5% level 5.09
at 1% level 6.89
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Tatle (6): Percent incidence of sorghum downy mildew
disease in some maize cultivars under

greenhouse conditions. ’
]

Mean of infection

Varieties Total x
plants Infected Infection Arcsine
plants % value
Giza 2 85 . 3 3.11 10.11
D.C.202 Q2 2 2.22 8.43
Pioneer 514 71 2 2.74 9.23
3 W.C.309 130 4 3.27 10.63
5.C.107 117 10 8.33 16.44
Sudangrass 160 22 13.32 21.32
(Giza 2)

L.5.D. a8t 5% level 6.66.

x Arcsine transformed data.
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ranged Trom 2.22% - 3.27%. No significant difference
was found emong them. On the other hend, Sudangrass
"5iza 2" and S.C.107 maize cultivar exhibited the high=-
est percentages of the systemic infected plants which

reached to 13.32% and 8.33%, respectively.

Under the copditions of this experiment, it could
be concluded that D.C. 202 and Pioneer 514 were moderate
resistant cultivars, for sorghum downy mildew digease,
followed by Giza 2 and 3 W.C.309 cultivers. However ’
Sudangrass "Giza 2" the main host for S. sorghi was the

most susceptible one followed by S.C.107 maize cultivér.

3=~ Biochemicsl studies:

1- Pigments content:
Determination of the pigments content in the healthy

and infected plants of Gizs 2 which is a moderate resistant
and S.C.107 which is a susceptible maize varieties compar-
ing the other maize cultivars tested, to sorghum downy mildew
at 3, 4 and 5 weeks after sowing.

Data in Table(7)show the interaction effect of in-
fection with S. sorghi on pigments content in leaves of
Giza 2 and S.C.107 maize cultivars at different intervels
of sowing. It could be noticed that, in all cases, chloro-
phyll a was significantly more higher than chlorophyll-b,
while carotenoids content was the least one. The highest

values of chlorophyll-a was in the healthy leaves of Giza 2



Table (7): Interaction effect of sorghum downy mildew infection on
pigments content (mg/g fresh weight)in leaves of Giza 2
and S.C.107 maize varieties at different intervals of

infection. )
Giza 2 (V,) S.C.107 (V,)
Samples ' 1 2
intgrvals Treatments

(weeks)(S) Chl.a Chl.b Car. Chl.a Chl.b Car.
3 Healthy 4.31 2,59 1.00 3.2 1.88 1.09
Infected 4.95 2.33 0.82 4.55 1.05 0.72
4 Healthy 5.48 2.95 1.06 4.18 2.18 1.11
Infected 2.92 1.38 0.76 2.04 1.59 0.59
5 Healthy 4.1 2.03 0.91 3.77T 1.75 0.87
Infected 3.30 1.76 0.73 2.61 1.38 0.65
iverage Healthy 4.63 2.40 1.00 3.69  1.94 1.02
Infected 3.72  1.82 0.77 3.07 1.34 0.65

L.S.D. at 0.05 are 0.50, 0.29 and 0.19 for chlorophyll a,b and
carotenoids, respectively.
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8t the 4th week followed by the infected leaves of
Giza 2 and S.C.107 cultivars at the 3rd week, since
their corresponding values were 5.48, 4.95 and 4.55
mg/g fresh weight, respectively. On the other hand,
generelly, the infected leaves of both cultivqrs con=-
teined significaptly less emounts of chlorophyll-b

and carotenoids than the healthy leaves did. The high-
est increment of chlorophyll-b content in the healthy
leaves over the infected leaves reached 53.22 % for
Giza 2 at the 4th week and 44.15% for S.C.107 et the
3rd week. The minimum difference between the healthy
end infected leaves in chlorophyll-b content was obser-
ved at the 5th week after sowing, since the values of
the difference did not exceed 21.14% and 13.30 % in
S.C.lp? and Gizs 2 maize cultivars, regpectively.

Concerning the carotenoids content, at the 4th
week, infected leaves of S5.C.107,and Giza 2,showed the
upper most decrease which reached 46.85% snd 28.30 %

leas than the healthy leaves, respectively.

Data in Table (8) indicate the effect of sorghum
downy mildew infection, irrespective of plant age, on
means of pigments content in leaves of Giza 2 ,the moder-
ate resistant maize variety,and S.C.107,the susceptible
one in comparison with the screened cultivers. Generally,
Gize 2 had mostly more pigments content than S.C. 107
either in the healthy or in the infected leaves. It is
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intereating to note thai sorghum downy mildew infect-
ior significantly decreaged pigments content of either
chlorophyll a, b or carotenoids in leaves of both culti-
vars. The percent of this increment reached 27.63% ,
27.78% and 22.00% in Giza 2, and 29.26%, 30.43% and
56.92% in $.C.107 for chlorophyll a, b and carotenoids,
respectively. Meanwhile, it worth to mention that the
relative increments of pigments content were more higher

in S.C.107 then in Giza 2 maize variety.

The present data in Table (9) show the effect of
infection with S. sorghi, irrespective of masize variety,
on pigments content in leaves at different intervals
after sowing. The dats obviously declared that infec-
tion led to a significant increase in chlorophyll a
content at the 3rd week in infected leaves comparing
with ﬁealthy leaves. On the contrary, chlorophyll a
content was significantly decreased at the rate of 48.65%
and 25.13% in the infected leaves in comparison with the
healthy leaves at the 4th end 5th week, respectively.

48 respect of chlorophyll b and carotenoids, infection
decreased them aignificantly at all examined intervals
and this decrement was 41.80% and 37.61% at the 4th week,

for chlorophyll b and carotenoids, respectively.
In the healthy leaves, chlorophyll a recorded the

highest value at the 4th week and the lowest value at the
3rd week after sowing. Meanwhile, in the infected leaves,
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chlorophyll a significantly decreased at the succesgive
intervals. Chlorophyll b in the healthy leavegy exhibited
higher increment at the 4%h week and declined at the 5th
week. However, the infected leaves failed to record any
significant changes at the different 1ntervals: Caroten-
olds content in the healthy leaves increaged significantly
at the 5th week only. On the other hand, carotenoids did
neot significantly change in infected leaves at the diff-
erent intervals.

2~ Suzars content:

The effect of sorghum downy mildew infection on the
sugars content (expressed as mg/g dry weight of leaves)
was evaluated as hon-reducing, reducing and total sugars
in the leaves .of pPlants of Giza 2 ag a moderate resistant
end S,C. 107 asg a susceptible maize varieties. The dats
are presented in Tables (10), (11) and (12) and 1llust-
rated in Figures (6 and 7). These results showed that the
healthy and the infected leaves of both Giza 2 and S.C.107
contained significantly higher amounts of non-reducing
sugar than that of reducing sugar (Table 10). The highest
levels of the non-reducing sugar was observed in the healthy
leaves of Giza 2 followed by S8.C.107 maize variety at the
third week after sowing, while the lowest amounts were
found , at 4th week, in both healthy leaves of S.C.107
and infected leaves of Giza 2. Concerning the reducing
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Table (10)s Effect of sorghum downy mildew infection on the
sugar contents (total, reducing and non-reducing)
in the leaves of Giza 2 and S.C.107 maize varietieg
after 3, 4 and 5 weeks of infection.

' Intervals ug glucose/g dry weight

Varieties Treatments after Non- Reducing Total
(V) (T) ?3g§ﬁ§) reducing
(1)
3 16.209 4.351 20.560
Healthy 4 10.960 4.216 15.176
5 9.994 4.081 14.075
Giza 2
3 11.680 3.804 15.484
Infected 4 7.5T1 4.252 11.823
5 7.653 3.653 11.305
3 13.299 4.189 17.488
Healthy 4 7.053 4.567 11.620
5 11.436 4.162 15.598
S.C.107
10.866 4.189 15.055
Infected 4 9.871 3.516 13.387
5 10.649 1.750 12.399

L.S.D. at 0.05 are 1.942, 0.660 and 1.113 for non-reducing,
reducing and totel sugars content, resoectively.
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Table (12): Bffect of sorghum downy mildew infection on
sugars content (mg/g dry weight) in leaves of
maize plants £t different intervals.

4

Sugars content

Intervals

Treatments (weeks) Non-reducing Reducing Total
14.754 4.270 19.024
Heelthy 4 9.007 4.392 13.399
5 10.715 4.122 14.837
3 11.273 3.997 15.270
Infected 4 8.721 3.884 12,605
5 9.151 2.702 11.853
3 13.013 4.133 17.147

lean 4 8.864 4.138 13.002
9.933 3.412 13.345

L.5.D. at 0.05 are 1.235, 0.839 and 1.670 for non-reducing,
reducing and total sugars content, respectively.
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8ugar, the healthy leaves of both cultivars exhibited
higher amounts of reducing sugar than those determined
in the corresponding infected leaves. Total sugars
followed mostly the same pattern of non-reducing sugars
(Table 10).

Date in Taple (11) indicate the sugar intensity
in both healthy and infected leaves of Giza 2 the moder-
ate resistsnt maize variety and S.C.107 the susceptible
variety, irrespective to the plent age. It could be
noticed that infection with sorghum downy mildew caused
8 decreage in either non-reducing, reducing or total
sugars comparing with those in the corresponding heelthy
leaves. The highest percent of reduction of non-reducing
sugars due to infection wag 38.14% in Giza 2, while it
was 36.61% of reducing sugars in S.C.107 maize variety.
It is noteworthy to mention, that the percent of the
total sugars reduction attributed to infection was 29.003%
in Giza 2 the moderate resistant cultivar, while it was

9.46% in S.C.107 the susceptible variety.

The tabulated dats of Table (12) show the sugurg
content in either the healthy or sorghum downy mildew
infected leaves as influenced by the plant age, irres-
pective to the variety of maize. The highest amounts of
the non-reducing sugars in both of healthy and infected

leaves were observed at the 3rd week followed by those
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recorded at the 5th week and the lowest amounts occurred
at the 4th week. On the contrary, there were no signifi-
cant differences among the levels of the reducing sugarsg
in either the healthy or the infected leaves at any age
tested. Totel sugars exhibited the highest intensity at
the 3rd week, while the lowest amount was observed at the

4th week in the healthy leaves and at the 5th week in the
infected ones.

It is noteworthy to point out that, sorghum downy
mildew infection decreased the non-reducing, reducing »
end total .sugars in maize leaves at any age tested. The
highest percent reductions in infected leaves as related
to that of healthy leaves of the non-reducing sugars
were 30.88%, 17.09% and 3.28% at the 3zd, 5th end 4th
weeks, respectively. On the other hand, values of reduc-
tion in the reduced sugars, due to infection, increased
parellel with plant age. Concerning the total sugars,
the highest percent reduction was found at the 5th week
(24.58%) followed by the 3rd week, however, at the 4th
week was the least one (6.30%).

Histogethological studies:

Results of the present study of pathological histo-
logy of maize infected with S. sorghi is indicated in
Figures 8, 9a, 9b and 10. Conidia germinated and germ

tube elongated continually until & stoma was encountered
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or until energy for growth was exhausted. When un open
stoma was reached, an appressorium formed over the
stomatel opening and penetration occurred (Fig. 8) .

It wvas observed that germ tubes grow at random on the
leaf surface. When they crossed junctions between epi-
dermel cells, irreéular-shaped swellings developed near
or at these junctions. However, penetration wss not

observed at the site of these swellings.

S. sorghi varied in shape and diasmeter between cor-
tex end vagcular cells (Fig. 9a & 9b). In advanced stages
of the disease, the fungus appeared to have broken into
pleces and was difficult to differentiate from the host
tisgue (Pig. 10). S. sorghi caused disintegration of
the cortex and the vascular cell wells and an increase
in the nuclear material in the diseased tissue wos obser-
ved in either in 8 root (Fig. 9a) or in a stem tissue

(Pig. <v).

Effect of LPK fertilizers on resistonce oi maize to

sorghum downy mildew diseeasge:

Effect of various levels of nitrogen, phosphorus and
potassium on resistaence of Giza 2 and the Double Cross
202 maize cultivars to sorghum downy mildew infections
was studied. Two field experiments were conducted in

1985 and 1986 growing seasons. The experimental design
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Pig.(8): S. gorghi penetration in maize leaveas.
Germ tubes (G) on the surface of a leaf

showing swellinga and an appressoriwn (a)
over a stoma (st.)



- 63 -

(a)

(v)

Fig.(9): Cross section in a maize (a) root and (b) stem
systemically infected with S. sorghi showing
breakdown of the vagcular cell walls and variousg
shape and diameter of the fungal mycelium.

'
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Fig.(10): Cross section in a maize root systemlcally

infected with S. sorghi which appeared to
fiave broken into pleces.
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ves split-split plot end the nitrogen levels were agsigned
to the main-plots. Whereas the phosphorus levels were asgi-
gned to the sub-plots and potassium levels were assigned

to the sub-sub-plots.

Data presepted in Table (13) show effects of the
trirle interaction among the tested levels of N, P and K
fertilizers. The different combinations of the Tertilizers
did not significantly influence the disease incidence of
S. sorghi either in Giza 2 or in the Double Cross 202 at

both the growing seasons.

The statistical analysis of the obtained data re-
veeled the effect of the different levels of each ferti-
lizer solo or in combinations with each one of the regt.
“Le concerned data are indicated in Tables 14, 15, 16 and
17 &s vell as illustrated in Pigures 11 and 12.

Data presented in Table (14) end illustrated in
Figures (11 and 12) show that neither the nitrogen nor
the potassium fertilizers influenced the percentages of
sorghum downy mildewed plents from both Giza 2 and D.C.202
meize cultivars at the two growing seasons. However, the
various levels of phosphorus did not affect the disease
incidence, excepi at the rate of zero which significantly
increased only the number of the infected plant of Giza 2

at tue Tirst season.
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Table (13): Effect of interaction between nitrogen, phosphorus
and potassium fertilization levels on percentage of
. downy mildew disease in Giza 2 and D.C.202 meize
varieties throughout 1985 and 1986 seasons.

@ 1985 © 1986
@ ’
:3 Potassium Phosphorus Nitrogen levels (kg/fed.)
: levels levels
L (ka/fed) (kg/fed.) Zero 60 90 Zero 60 90
Zero 2,31 1.05 4.93 1.19 8.23 5.72
Zero 15 1.07 1.09 1.25 2.99 4.99 2.41°
i o 30 1.41  1.47 1.80 7.66 0.75 5.95
o
© Zero 1.34  2.79 4.31 1.81 5.69 4.40
15 15 2.30  3.42 0.88 4.09 3.51 4.33
30 0.40  3.47 1.14 3.12 6.11 6.63
Zero 0.72 0.55 1.90 1.88 0.38 1.39
Zero 15 1.38  1.16 0.43 0.58 0.66 1.29
B o 30 1.39 1.62 0.86 2.09 1.78 0.42
&
S Zero 0.70  0.50 1.03 0.90 1.12 '1.93
A 15 15 0.10 1.09 0.10 0.10 0.81 1.52
30 1.55 0.38 0.44 0.76 0.42 0.70
Giza 2 2.02 4.42
A
eans of D.C.202 c.88 1.04
. L.S.D. at 5% Giza 2 - 4.21

D.C.202 1.35 1.19
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Tavle (14): Bffect of nitrogen, phosphorus and potasgium
fertilization levels on percentage of downy
mildew disease in Gizg 2 and D.C.202 maize
varieties throughout 1985 and 1986 Seagons.

Pertilizerg kg/fed. 1985 1986
, Giza 2 D.C.202 Giza 2 D.C.202
Zero 1.47 1.06 3.48 1.05
Nitrogen . 60 2.21 0.88 4.88 0.86
90 2.83 0.79 4.91 1.22
Means 2.02 0.91 4.42 1.04
L.S.D.at 5% 0.87 0.62 1.50 0.60
Zero  5.57 1.79 9.02 2.52
PhOSphOmS 15 3.34 1-42 7-44 1.65
30 3.23 2.26 10.07 2.05
Meens 4.05 1.82 8.84 2.07
L.S.D.at 5% 0.81 0.50 1.92 0.65
) 1.80 1.17 4.43 1.16
Potasgium
15 2.23 0.65 4.41 0.91
Keans 2.03 0.91 4.42 1.04

L.S.D.at 5% 0.43 0.48 1.40 0.50
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centage of sorghum downy mildew in Giza 2
maize variety throughout 1985 and 1986
8eagons.



- 69 -

D.C. 202

w

=

o

-i

1 FRERS
& 1986
[~

-

90 kg/fed.

wR

5 M 19
3 B 1986
[+]

g

[
w®

=]

o

o~
ey W 1985
9 1986
4+

=1
[}

o 15 kg/fed.
K

Fig.(12):Bffect of nitrogen (N), phosphorus (P) and
potassium (K) fertilization levels on per-
centage of sorghum downy in D.C.202 maize
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Data in Tables(15, 16 and 17)indicate the effect
of the combinations of esch Possible pair of the NPK
fertilizers on the percentages of S. sorghi infection.
4pplication of both nitrogen and phosphorus .at the
tested levels had no significant effect on the diseaée
incidence, either in Giza 2 or in D.C.202 maize culti-
vars, except at the level of 90 nitrogen plus zero phos-
phorug which increase the number of infected plants from

Giza 2 at the first season (Table 15).

On the other hand, application of 60 and 15 kg of
nitrogen and potassium significantly increased the in-
fected plants of Giza 2 at the first season, as well as
application of 90 kg of nitrogen without potassium incr-
eesed the disease in D.C.202 at the first season also
(Table 16). ”

Application of phosphorus plus potasgsium at the
tested levels did not affect the percentage of 1nfected
plents either of Giza 2 or D.C. 202 maize verietieg

neither in 1985 nor in 1986 growing season.
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Tedble (15): Effect of interaction between nitrogen and
phosphorus fertilization levels on percentage
of downy mildew disease in Giza 2 and D.C.202
maize varieties throughout 1985 and 1986

seagons.
Phosphorus 1595 1986
Varieties levels Nitrogen levels (kg/fed.)
(kg/fed.)  Zgrs 60 90  Zero 60 90
Zero 1.83 1.92 4.62%1.50 6.96 5.06
Giza 2 15 1.69 2.26 1.07 3.54 4.25 3.37
30 0.90 2.47 1.47 5.39° 3.43 6.29
Zero 0.71 0.53 1.46 1.39 0.75 1.66
D.C.202 15 0.74 1.12 0.27 0.34 0.73 1.40
30 1.74 1.00 0.65 1.42 1.10 0.56
Giza 2 2.03 4.42
Means of '
D.C.202 0.91 . 1.04
L.S.D.at 5% Giza 2 1.40 - 3.32

D.C.202 0.86 1.64
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Table (16):Bffect of interactions between nitrogen and potesgsium
fertilization levels on percentage of downy mildew
disease in Giza 2 end D.C.202 maize varieties throughout
1985 and 1986 season.

Potasgium 1585 1966
Varieties levels Nitrogen levels (kg/fed.)
(kg/fed.) ™Zore 60 90  Zere &0 90
Giza 2 Zero 1.60 1.20{12.66; 3.95 4.66 4.69
15 , 1.26 3.23 2.11 3.01 5.10 5.12
D.C.202 Zero 1.34% 1.11 1.06% 1.52 0.94 1.03
15 0.78 0.66 0.52 0.59 0.78 1.38
. Giza 2 0.75 2.43
Means - of
D.C.202 0.12 0.65
L.S.D.at 5% Giza 2 2.01 4.42
D.C.202 0.91 1.04

Table (17): Effect of interactions between phosphorus end potassium
fertilization levels on percentage of sorghum downy
mildew disesse in Giza 2 and D.C.202 maize varieties
throughout 1985 and 193§5§eesons.

1

Potasgium 1586

Varieties 1levels Phosphorus levels (kg/fed.)
fed.

(ke/ ) Zero 15 30 Zero 15 30
Giza 2 Zero 2.76  1.14 1.56 5.05 3.46 4.78
15 2.81 2.20 1.67 3.97 3.98 5.29
D.C.202 Zero 1.05 0.99° 1.47* 1.21 0.84 1.43
15 0.74 0.43 0.79 1.31 0.81 0.62

Means of Giza 2 2.02 4.42

D.C.202 0.91 1.04

L.S.D.at 5% Giza 2 0.75 2.43

D.C.202 0.39 1.00
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DISCUSSION

Results indicate that there were wide variations
of sorghum downy mildew incidence among the different
governorates and even among the various counties within
the same governordte. The highest disease occurence was
found in Kafr El-Sheikh governorate namely Sakha location
where the percentage of mildewed maize plants reached
83.15% in the growing season of 1987. However, the per-
centages of infection in the other counties in Kafr El-
Sheikh were more less than Sekha . Thig is may be due to
the seed-borne transmission of the causal pathogen which
wes introduced to Bgypt by the imported seeds of maize or
sorghum used in experimental programs. These are in egree-

ment with the finding obtained by El-Sharawi 1985.

Considerable variations in percentage of mildewed
Plants were observed among the other governoretes and also
within the counties of each governorate. The environmental
conditions differ in the different governorates. Temperg-~
tures and relative humidity values were more lower in Kafr
El-Sheikh than in the other governorates. This lower temper-
atures may be favor the occurence of sorghum downy mildew
in Kafr El-Sheikh. These results coincidence with Chang
end Wu (196%a) who demonstrated that the minimum, optimum
and maximum temperatures for conidia production of S.gacchari
on maize were 13°C, 22-25°C and 31°C, respectively.Conidial
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germination was 62.1%, 92.7% and 100% at 13°C, 16°C gnd
19-28°C, Trespectively. Also, Kenneth and Shahor (1973)
recorded that systemic infection of sorghum downy mildew
wag at 17-18°C higher than at 23°C. They concluded that
the higher rate of infection at the lower temperature
could be ettributeﬁ to the large production of lnocula
under these conditions.

In spite of the abovementioned, variation in per-
centage of infected plants among counties within egch
governorate cannot be attributed to the variaetion in
climatic conditions Preveiling on these counties. In
fact, there is no considerable variation in climatic
conditions on the different counties within each gover=-
norate. In addition, the variation of Percentage of in-
fection among the growing seasons did not 80 parallel
with such differences in the climatic conditions pre-
valent durirg those growing seasons. It 1s more likable
that the varistion in such disease incidence may be due
to considerable veriations in infestation of soil and/or

seed-borne trensmission of the primary inocula.

It is noseworthy to mention that, under condition
of limited primary inocula, neither climatic conditions
ror different varietsl resistance can express on increage

or decrease incidence of the diseasge. Therefore, it could
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be concluded that the apparent influence of either the
location or the growing season on the percentage of in-~
fection is due to the irregular distribution of primary
inocula of the sorghum downy mildew digease throughout
the different plantations.

Uniform distribution of virulent end viable incculum
is essential where natural infection cannot be depended
upon-studies of host-parasite interactionsg require more
sophisticated control over experimental conditions then
field tests allow. However, the obligate parasite nature
of the downy mildew pathogen of maize and sorghum poges
problems in artificial inoculetions that are not encoun-
tered in studies of many plant parasitic fungi.Although
two methods have been used (inoculation with either
oospores or with conidia) it has been found that the
inoculation with oospores method to be successfull only
in promoting 14.01% and 17.01% systemic infection for

maize and sorghum plants, reapectively (Table 5).

Several factors affect the systemic infection of
sorghum downy mildew by conidia in maize field. Bonde
(1979) has summarized the critical factors involved.
Weather conditions and virulence of the pathogen strongly
influence the processes of sporulation, germinetion, in-
fection and disease development. The most critical en-

vironmental factors for optimum conidiel formstion are
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dew deposition, R.H. value above 89% (Shahk, 1973 and Wong~
sinchaum, 1975) and s temperature of 20-24°C. No sporula-
tion occurred below 80% or temperature below 16°C or above
30°C. Moderate to high wind velocities, which inhibits dew
fcfmation, prevents infection process. In addition,Safeeullsa
and Thirumalachar 1955 found that conidia of S. sorghi
formed during early hours of the morning. They germinate

and penetrate the host leaves through open stomasta by 9.00
a.m. (Jones, 1970). This indicates that the time of appli-
cation of conidia to foliage may well explain the difficulty
that has been encountered by former researchers in obtain-

ing infection with thig pathogen (Jones, 1970).

Conidial inoculation of plants in the greenhouse
requires equipments to control temperature, relative
humidity and light intensity. Lack of thege equipments
may explain the lower values of syatemic infection in

this work.

The absence of effective, economically feagible
chemical control method necessiated the development of
resistant cultivars. The effectiveness of the technique
used was not accurate under the unconditioned greenhouse.
Under a conditioned greenhouse or field conditiong » the
values of percent infection may be become more higher for
the tested cultivars. However, their relative value of

infection for each cultivar may be will not change . Ag
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before-mentioned, several attempts to inoculate with
conidia 1in the greenhouse have been unsuccessful
(Sefeeulla and Thirumalachar, 1955, Uppel and Dessi,
1931 end Weston and Uppsl, 1932). In spite of this
difficults, the major advantages of the techniqge used,
are -1) the ability to do resistance screening on a
large scale, unlike & field-based system, 2) moreuniform
inoculum distribution and 3) allow of an extended period
of inoculation.

There are many conflicting reports indicate that
obligate parasite infection can either decrease (Allen,1954,
Livine,1964,Yarwood,1967,Tu et 8l1.,1968, Magyarosy,1977 and
Omar et al., 1985) or increase (Livine, 1964 and Yarwood,
1959) the rate of photosynthesis.

In en attempt to resolve this discrepancy, bio~
chemical analysis was carried out to investigate the eff~-
ects of S. sorghi infection on the pigments content,chloro-
phyll a, b and carotencids in either healthy or infected
leaves of Giza 2 the moderate resistant maize cultivar .
and S.C. 107 the susceptible one.

The preaent results provide evidence that sorghum
downy mildew infection mostly reduced the pigments content.
This observation confirming the results of Kristev and
Dimov, 1977 and Omar et al., 1985. However, infection in-
creased chlorophyll-a at the 3rd week after inoculation
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end this increment wag relatively higher in the moderate
reslstant cultivar (Giza é) than in the susceptible culti-
var (8.C.107). Thig increment in chlorophyil.a may eluci-
date the observation of Livine (1964) and Yarwood (1959)
that obligate paragite infection increase the rate of
photosynthesis.

It is noteworthy to mentlon thet percent of reduction
in the pigments content in the infected leaves at the
different sempling Intervals, was more higher in the sug-
ceptible cultivar (S.C.107) than in the moderate resistant
cultivar (Giza 2). Similar results were observed by Krigtev
and Dimov (1977) who reported that intensities of the
plastid pigments chlorophyll a,b and carotenoids in immune,
resistant and susceptible wheat cultivars infected with

Puccinia reconditg f. sp. tritici were connected with the

reduced healthy leaf area, which correaponds to the spread-

ing of the fungus in the leaf tissues "sugceptibility".

Determination of sugars content in plant leaves may
declare a fungal effect on translocatlion pattern in dig-
eaged plants. Altered translocation may contribute ag much
to the economic damage of diseage asg do fhe more obvious
mechanisms of reduction in photosynthetic capacity or loss
of carbon through resplration, and in ways that are not
immediately obvious (Livné end Daly, 1966). Moreover, they

suggested that tolerance to diseage might be due %o an
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ability to persist in normal patterns of translocation
despite digease. Therefore, the present work was carried
out to show the effect of sorghum downy mildew dlsease
infection on sugers content in leaves of the moderate
resistant maize variety (Giza 2) comparing with those
in the susceptibie maize variety (S.C.107) at three

succesgive plant ages, nemely 3,4 and 5 weeks.

Infection by sorghum downy mildew gignificantly
decreased the amounts of non-reducing asnd total gugars
in leaves of both varletles compsring with those in the
corresponding healthy leaves (Table 11). This finding
confirmed by Inman (1962) who reported that heavy in-
fection by obligate parasites appreciably reduced the
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