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Two types of local Tesivs, extending and restricted types were identified
in sorghum downy mildew disease. Maximum local lesion infection was
obscerved at I1-leaf stage and this growth stage is recommended for
disease scoring. The maximum leaf area infected on ary crop by local
lesions did not exceed 109", and most of it is recorded on leaves 6 9
which were most susceptible. The last four leaves were relatively free
from local lesions and thus had no substantial direct effect on the filting
of grains. Local lesions were present throughout the crop period and
contributed to a major share of air-borne conidral inoculum. The
maximum sporulation index is found to be at 9-12 leaf stages. The
disease cycle with reference to local lesions took a minimum of 8 days
and in the course of 24 days almost all the plants in the field developed
local festons. even when the source was a single svstemically infected
plant.
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Recent investigations on Sorghum doway
mildew (SDM), caused by Peronoscleraspora

sorghi (Weston & Uppal) Shaw, have
resulted in several new findings. The aeral
dissemination of SDM conidia has been

brought to light by Shenoi and Ramalingam

(1979) and their role in the deveiopment of

local lesions and systemic infection (SI) is
established by Cchen and Sherman (1977),
Jones (1978) and Rajasab et al. (1980). This

communication presents information. collec-
ted since 1971, on the incidence of local
lesion infection on sorghum.

Materials and Methods

A local variety, "Bili jola’. grown over vast
areas in semi-arid tracts of Mysore district,
was used for cujtivation throughout the
course of our investigation. The crop was

*This is 4th paper in the series. **Paper 1 is.....Dispersal and deposition of inoculum™ (Kavaka 7 63-67)
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cultivated in Manasa gangotri. the Post-
graduate campus of the University of
Mysore, isolated by 1 km from the nearcst
farmers fields and about 200 m from the
downy mildew nursery plots of Dr Safeeulla.
An experimental plct measuring half an acre
was used to raise sorghum crops during
kharif (from May to August) and rahi (from
September to December). Sorghum rows
were sown at weekly iniervals between 3
April 1977 and 6 June 1978, and 15 January
1979 onwards. in the botanical garden
approx. 300 m away from the experimental
plot. Each row had 150 plants approx. Data
on the infection were collected at 5-day
intervals in 1971 and 1972 and at 7-day
intervals since 1977. as per scales given by
Shenoi and Ramalingam (1976),

Resnlts
Types of local lesions

wo kinds of local lesions were identified:

Figure 1 Local lesions. A4, restricted type;
3 and 4 on a plant at 5-leaf stage.

B, extending type:
1 and 2 leaves dried up

A H Rajasab. M M Shenoi and A Ramalingain

(1)extending type and (ii) restricted type (ligure
1). The first type expresses only on leaves 1-3,
spreads fastto the entire surface of the leaf, in
many cascs extends to the meristem and deve-
lops into systemic infection. In a number of
plants, upper leaves were free from systemic
infection but lower leaves exhibited extending
lesions. The second type lesions are clearly
delimited. rectangular  spots. measuring
4-45°"1-2 mm in size. These could be clearly
identified from 6-leaf stage onwards only.

In order to confirm these field observa-
tions. sorghum seedlings raised in oospore-
free plots (in a secluded place far off from
any source) were inoculated with conidia by
spore fall and whorl inoculation methods.
Data gathered on the incidence of SDM are
presented in table 1. In plants inoculated
with spore fall method. lesions developed a
day earlier than those inoculated by spore
suspensions into the whorl. When the last
score was taken on 18th day af er emergence.
1009 of the inoculated plants developed

C, extending lesions on leaves
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Table 1 Incidence of extending and restricted lesions
on artificially inoculated plants and their relation to
development of systemic infection and death

o, of plants
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extending lesions, about 45% of the plants
developed systemic symptoms and only 1%
exhibited local lesions of restricted type. On
5th day when plants were in 2-leaf stage,
only 15% plants were bearing extending
lesions on 1-leaf, 229, on both 1 and 2 leaf
and 16% only on 2nd leaf. On 18th day
when last score was taken plants were in 6
leaf stage, 1 leaf is fully dried up, 2nd leaf
three-fourths dried, 3rd leaf half dried, and
4th leaf partly dried, a major share of this
drying being caused by extending lesion
infections, in addition to maturation of
tissues. Since the occurrence of extending
lesions was recognised by us only recently, the
data presented are only on the restricted type
lesions.

Incidence of local lesions on crops and weekly
sowings

In kharif and rabi crops of 1971 and 1972,
four in all, restricted lesions were noticed
from 6 or 7-leaf stage. They spread very
fast reaching a maximum percentage of
infection by 11-leaf stage (figure 2). There-
after, a sharp decrease was observed in the
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count as the infected leaves dried up and
fresh lesions were not formed in dry weather
periods. However, in the kharif crop of 1971
the percentage of infected plants remained
high until maturity as the weather was
humid, crop was healthy and infected leaves
had not dried up early.

In weekly sowings made during the dry
season, January to April fresh local lesions
were not recorded on plants in any row at
any growth stage. The first local lesions
appeared, in such rows, only after a heavy
summer shower as in February 1979 or after
regular onset of monsoon rains as in May
1977 and 1978. The source of inoculum was
either conidia coming from a systemically
infected plant as in May 1977 and March
1979, or an external source as in May 1978.
The mean data for the above mentioned
three periodsis given in table 2. It reveals that
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Figure 2 Incidence of restricted type Jocal
lesions on sorghum plants in relation to growth
stages in 4 crops
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Table 2 Incidence of local lesions on weekly sowings
after summer showers *

Growth stage % of plants infected

Emergence 0
2-leaf 0
3-leaf 0
4-leaf 1.0
5-leaf 0
6-leaf 2.0
7-leaf 14.0
8-leaf 16.0
9-leaf 20.5
10-leaf 16.0
11-leaf 2.0
12-leaf 2.5
Flag leaf 0
Booting 0
Half bloom 0
Full bloom 0

*Data mean for 3 periods

sorghum plants are highly susceptible to

local lesion infection at 7-10 leaf stages.

Amount of leaf area infected

The maximum area occupied by restricted
lesions ranged from 1 to 10.99; at any given
growth stage (figure 3) in the four crops
studied. The percentage of infected area
began to increase from 6-leaf stage, reached
a maximum at 10 to 12-leaf stages and
declined thereafter to minimum. The rate of
development of infection also differed from
crop to crop, fastest rates being noticed in
kharif crop of 1971 and rabi 1972, and lowest
in other two crops. A close relationship was
noticed between the rates of infection deve-
lopment, weather as well as healthiness of
the crop. Rabi crop of 1971 and kharif crop
of 1972 in which fast rates of infection were
scored, were healthy, while the other two
crops were very weak.

In the rabi crop of 1971 detailed data were
gathered on the occurrence of different
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stages of leaf spots on foliage at 3-day
intervals. Infection spots of stage-1 were
seen in maximum number at 7-leaf stage and
declined to a minimum by flag-leaf stage.
Fresh local lesions were not seen on any
leaves from booting to physiological maturity
(figure 4). Acute spots, stage-5, appeared
only at 11-leaf stage and contributed to more
than 509, infected leaf area in mature stages

of crop.

Suscepribility of different leaves of sorghum
plant to local lesions

In the rabi crop of 1972 detailed data were
also gathered on the area occupied by restric-
ted type local lesion on different leaves of
sorghum plants, at each growth stage, and
presented in figure 5. The leaves 6, 7, 8, and
9 recorded maximum incidence of local
lesions when the plants were 30 to 60 days
old. The topmost four leaves recorded a
very low incidence, of the diseased area
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Figure 3 Percentage of leaf area occupied by
sorghum downy mildew restricted lesion in 4
crops related to growth stages of crop
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Figure 4 Relative occurrence of different stages
of sorghum downy mildew restricted type lesions
(1—5), related to growth stage of the crop. The
curve indicates the sporulation potential of the
infected crop

decreasing with increasing number of leaf,
the least being on the flag-leaf. On each
leaf, more lesions were formed at tip portion,
the spots often coalescing with each other
resulting in the drying of lamina, whereas,
their number as well as area was least in the
basal and middle portions. The decrease in
the percentage of leaf area (after 11-leaf
stage) as represented in figure 5, is due to the
early drying of the infected leaves as compa-
red to the healthy ones, which were excluded
from the sources.

Spread of local lesion infection in weekly rows
from a point source

In the summer season of 1979, weekly sowings
were commenced on 15 January 1979 and by
the end of February 1979, 7 rows were in
different growth stages, free from downy
mildew infection. One systemically infected
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plant was noticed in the middle portion of
row 5, on 27th February 1979 and by 7th
March local lesions were observed on leaves
of plants in rows 2, 3,4 and 5. The first
score for the mapping on the spread of local
lesions was made on that day followed by 3
more scores as shown in figure 6. It could be
observed that the disease had spread from
the single systemic to almost all the suscep-
tible plants in 24 days.

When the source of conidia is a standing
crop or row, and if the conidial inoculum fell
on plants from emergence itself, extending
lesions were formed on the first 5 leaves of
almost all the plants. However, in a crop
when the source is a systemic, arising
probably from oospore infection, the plants
are aged by the time the conidia are produ-
ced and disseminated from the systemic, and
mostly restricted type of lesions were formed
on plants.

Conidial inoculum from local lesions

Extending lesions could be recognized on
leaves of sorghum plants from 2-leaf stage
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Figure 5 Percentage of leaf area occupied by
sorghum downy mildew lesions on different leaves
of sorghum plant at different growth stages of the
crop



212 A H Rajasab, M M Shenoi and A Ramalingam
9 March 1979
L eo smesse . e WM s cmm car ass taaemats seaniese s ¢ o o0 Half bloom
2. . - - v v ors swesne s 4 se0es vt e AN e eOus B et e b e s s e 12 -leaf
3 W - - - 0 se0 oo ©Ce OCos O © +0mes O s o t0-~jeaf
b ¢ emurnmasaare ses shee 44 o0 O SO S +O FHOD IO s OO o o s O 03010 + OGN OO reh em 8-leaf
S ons wme s%s 200 o Pmirrime s se Os b s Aw ..o.._... . tere wpm s s 6~leat
[ mesees mefre e ss sues s s ade eb.r mrrves & s e - - 5-1leat
7 @ s aetaasims ce s e S sesus ese we  se mee e v ae s aes 3-teat

M March 1979 L.

2. ¢ e o o

Full btoom

ove tre Dmraaess S0 4 e e oo e Flag ieaf
3 w~o e et ses o0 s ase s W WO WE & O rmm 4 es sse 0 ep e o v t2-1eat
4 2 «R 0104000 <0000 00 43 @ P ofD RS OoMu CONS 86 000 © O § 00U 00 0 0O 0 QI CCOTD DO e  *Des v 10-teat
5 0n Owtv* 1o OVAG TOO AR G0 00O O O o.emeancOp*ao 0 +00g0 4’“ ° o o ° 7-leat

B L waemue WO NE 1+ 2000 €0 90 0D O00O0 0000M O OO O O O 0pDO COP0C 00 OW » o see &-leat
T o bu o?20ctoem O a0+ O0p 4s00 400 00O €0 01000 ® 10 000D © ©1000:0 9 © o 4 ~leaf
B ee o memee sas semens creere e e e e emre e e vees 2-1eat

20 March 1979
1T . . ¢ v are s e w b e e

2. . - -
3

. @00 0es hruessesans Ta 0 d W Liper we

« Full bloom
Halt bicom

s emsarsarr e 0 O

e “s0 4 ss 8 0 O 420 0O O oms sse O OQeses ¢ s s00 co coos « s Flag leat
40 AP0 000QF0 000 000 %0 o 9000 OGH CARY OO0 W RPN DO OUEO00 00 000+0 CTDCC OO0 pOmEdD 12 - teaf
$ o0 ongs e e e 40t 0BOBO0HEI 0 00 T ¢ 0 R0 (hdafto 000 Ao ofpo o o o o e 9-ieat
60 eopan AP0 FHO0S DO% 00 Op O0D0 00O © OO OO0 D0 060 0000000 VOO o ., B-ieat
7 +00 000000 go ©O oa,eao 0% @a 0o 0000 OO0 000 O 006000 O © ° 6 -leat
8 .i s s e0s segoo 4-leat

P00PO 00 COFo0 fo O of onoooaoeo-noo

es000

Figure 6 Maps showing the spread of sorghum downy mildew by conidia from a

systemically infected plant in weekly rows

* =healthy plant, O=plant with local lesions and (> =systemically infected plant

and restricted type from 6-leaf stage onwards.
The latter which could be scored with cer-
tainty from 6-leaf stage onwards are found
to produce conidia on leaves until harvest.
On the basis of available data on conidial
production (Shenoi & Ramalingam 1976),
amounts of leaf area occupied by local
lesions; the conidial production from the
crop at cach growth stage was estimated
from the rabi crop of 1971 (figure 4). An
infected crop with local lesions is a source
for conidial inoculum almost throughout its
life period particularly from 7-leaf to full
bloom stage, with maximum sporulation at 9
to 12-leaf stages.

Discussion

Soil-borne oospores infect roots and produce
systemics as shown by Suryanarayana (1954)

using artificial inoculation method with
oospores, but the oosporic infections do not
produce local lesions. On the other hand,
conidial infections, depending upon the
growth stage, age and state of tissue infected,
produce either local or systemic infection
(Fredericksen et al. 1973, Cohen & Sher-
man 1977). Our observations on the develop-
ment of local lesions both on the leaves of
the healthy plants as well as on healthy leaves
and portions of systemically infected plants
further substantiate the above statement.
SDM infections are scored by plant
pathologists at their choice, at any growth
stage. Our study reveals a definite pattern
of host-parasite interactions in relation to
the growth stages as well as the number of
leaf. While the leaves 1 to 5 develop extend-
ing lesions on conidial infection, leaves 6
and above produced restricted type of
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lesions. Maximum expression of restricted
lesion infections were observed at 11-leaf
stage and it is suggested to take scores at
this growth stage for accurate determination
of restricted lesion infections. Further the
scales already given by Shenoi and Ramalin-
gam (1976) could be utilized for the
estimation of local lesion infection in the
crop.

The data presented here clearly indicates
that inoculum required for initiating the foci
of infections in a crop would come from the
following sources :

(1) Soil-borne oospores infecting young
seedlings and developing systemic
infection

(2) The conidial inoculum coming from

seedling systemics

Conidia coming from local lesions—

within the crop or from external

sources

3

The local lesions seem to be an important
source of conidial inoculum and could be
cited as an important factor in initiating
epidemics on young plants in the vicinity of
infected crops as revealed by Cohen and
Sherman (1977), Jones (1978).

An analysis of the data on the initiation
and spread of downy mildew infections in
weekly sowing (table 3) further substantiates
the above conclusion. In row 5, a single plant
expressed systemic infection 8 days after
receipt of a heavy shower of rain, probably
arising from soil-borne oospore infection.
Local lesions appeared on plant leaves in
rows 2-5 after a further period of 8 days. A
second small shower on 28 February contri-
buted to heavy sporulation and spread of
conidia Jeading to 90% of plants in suscepti-
ble growth stages developing local lesions, in
another 8 days period. No increase was
noticed in the percentage of plants infected
in rows 2 and 3 as they reached mature
stages and their leaves became resistant to
conidial infection. Thus 8 days seem to be
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Table 3 Events in the appearance and spread of
Sorghum downy mildew in weekly sowings during
the summer of 1979

Date No. of Event
days after
sowing

12-2-79 0 Row No. 5 sown

20-2-79 8 Heavy shower of rain
43.5 mm.

27-2-79 15 A small shower of rain
1.6 mm

28-2-79 16 One plant in Row 5 ex-
pressed systemic symp-
toms, conidial spread
commenced

8-3-79 24 Local lesions recorded in
rows

9-3-79 25 First score taken. 6.9%
plants  showing  local
lesions

14-3-719 30 Second score taken 36.6%
plants showing local
lesions

20-3-79 36 Third score taken 59.3%
plants showing local
lesions

the period required for the expression of
disease after inoculation. This is in agreement
with the reports of Cohen and Sherman
(1977), Jones (1978) and Rajasab et al.
(1980). The disease cycle taking only 8
days, under optimum conditions, the patho-
gen is capable of spreading in the crop many
times during the susceptible growth stages
of sorghum plant. The capacity of local
lesions to produce successive crops of
conidia could further enhance the epidemic
potentiality of the fungus.

While extending lesions occupied a greater
portion of the leaf area on young plants and
caused death in some (upto 159%,) the
restricted type lesions did not occupy more
than 10.9% of leaf area on leaves 6-9 and
resulted only in partial drying of Ieaves.
However 10, 11, 12 and flag leaves were
relatively less affected. The top four leaves
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being the most important structures in
supplying photosynthates for filling up of
sorghum grains (Fisher & Wilson 1971),
thus in well grown canes bearing local
lesions mostly on lower leaves the grain
yields would not be affected significantly.
Cohen and Sherman (1977) also arrived at a
similar conclusion.
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