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produced in the laboratory in detached leaf cultures by flosting pieces

of freshly infected leaves on wator surface in Petri dishes, and incubating
them at 20°C and below. A thick felt of conidicphores bearing conidia,
produced on the leaf surface by this method, was used to inoculate sorghum
and maize seedling by brushing them on young leocves previously wetted

wvith a water-spray containing 0.05% sodiun recimuolate. They obtained
10-30 percent infection.

Jones (1970) devisod a method of conidial inoculation in which
leaf sections were taken from infected plants with sorghum downy mildew
and placed on the loaves of sorglhum seedlings. Ho covered the seedlings
with polythene sheots to create a high relative humidity. When cold
night temperature occurrod, the excised leaf srctions producod conidia which
were deposited on the loaves of the soedlings. Ho reported that levels of
infection were high and sorghum plants 1 to 5 days old were more suscepti-
ble to infection than older plants.

Inoculation by spraying with conidia of S.sorghi has been success-
fully used for identification of downy mildew resistance of corn selectioms
in Thailand.

Schmitt and Freytag (1974) recently reported a technique for arti-
ficial inoculation of sorghum and corn by spraying with a water suspension
of conidia.

Craig (1975) examined the efficiency of inoculstion methods in the
identification of downy mildew resistance with five commercial sorghum
hydrids in the green-house and in the field. He reported that the corre-
lation between reactions of the resistance of hybrids to comidial inmocu-
lation in the green house and field were good, but the less resistant
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hydrid exhidbited much higher level of infection in respomse to artifical
inoculation than those observed in the ficld. Some varieties resistant
in the field were highly susceptible to artific: 1l inoculation. This
indicates that certain types of resistanco to downy mildew may be circum-
vented by the artificial inoculation technique.

These and cther reports led us > believe that we should utilise
the conidia for our SOM resistance screoning. In preliainary attempts
to use conidie at our Hyderabad farm several difficulties were encountered
and the levels of infection produced were disappointingly low. The major
difficulty was the nocturnal production of the conidia on infected leaves
and their germination long before day-light hours. In view of these diffi-
culties and disappointing results the following questions were set out:

i. how do we maintain a source of conidial inoculim at all times

ii. how do we produce enough conidia at any one time to imoculate
several hundred plants

1ii. how do we get over the difficulty of sporangial production
and germination in the oarly morming hours

iv. what is the best inoculation method, and at what age are
soedlings best inoculsted, and at what time of day

v. what is the relationship between resistance to conidial
infection and resistance to cospore infection

vi. what is the relationship betwoen local lesion production and
resistance to systemic infection from conidia and ocospores.

In this study attempts have been made to find answers to questions ii, 1ii,
part of iv and part of vi. In some cases answers are incomplete and new

questions have been gemerated. The work is writtsn up at this point, evea
while there are still seversl gaps in our knowledge, becsuse it represents
the offorts of ome Research Fellow who is shortly lesving ICRISAT for his
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home country. The various experiments are reported independently and
a final overall discussion is made.
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I. STUDY OF CONIDIAL PRODUCTION ON INCUBATED II'FBCTRD LEAVES

INTRODUCT 10

The three main factors affecting conidiel production in SDM
infocted sorghum locves aro likely to be tomporature, humidity, and light
onergy recoived prior to the initiastion of cunidial production. 1n the
case of SOh of maize in Thailand, o minimm of 3 hr sunlight is necessary
betweon successive crops of conidia. In practice those leaves were
harvosted from the ficld between 11.00 and 13.00 hr and were subsoquontly
incubsted at the optimm humidity and temperature. It was found that
tho same leaves could be used two or throe timos for conidial production
provided certain critical light requirements wore satisfied following
cach conidial crop.

This experiment was undertaken to detormine the effect on conidial
production of different light and iacubation troatments and to examine
the posdibility of utilizing one leaf for soveral conidial crops.

MATERIALS AND METHOOS

Treatment 1. SIt{ infocted sorghum leaves were collected from the field

at 15.00 hr and were washed with tap water to remove old conidiophores,
comidia and dust. After washing they were cut into 1 cm® pieces snd placed
in Petri dishes comntaining moist blotting paper. The Petri dishes were
incubated at 20°C from 17.00 hr to mid-night after which the incubator
temperature was changed to S°C which was maintained until the conidia were
harvested the next moraing.

Treatment 2. The same as Treatment 1, but then the leaf pieces were rewashed
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to renove the first crop of comidia and thoir conidiophores. After
washing the Petri plates were saintninod undor n combination of incan-
descont and flourescont light (280 ft-candlo) from 08.00 hr to 15.00 hr,
From 17.00 hr thay were incubated in the san way ns in Treatmont ).

Troatment 3. Following the first washing cfter collection, infected

loaves weru kept under a combination of incandescent and flourescent
lights from 17,00 hr to 08.00 hr aftor which thoy were cut into 1 cm?
pieces and placed in Petri dishes containing moist blotting paper. The
Petri dishes were incubated at 20°C for 8 hr after which conidin were

harvested.

Moasuremert of conidial Eroducuon.

After incubation the conidia were harvestod from each leaf piece
and suspended in S ml of water. From oach leaf piece the mumber of
conidia in 10 microscope fields was determined using a hacmacytometer.

RESULTS AND DISCUSSION

The data in Table I 1 indicate that Treatoent 1 was the best of
tho three for conidial production, but double incubation is possible if
sources of conidia are limited.

Treatmont 1 is useful for imoculation in the morning at the beging-
ing of the normal working day. The viability and infectivity of the
conidia produced in this way must be evaluatoed. If injection imoculation
is nade there should be no problem with day=time inoculation. However
injection imoculation is slov and laborious and if large mmbers of plants
are to be imoculated; e.g.. by spray, thea evening imoculation may be
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rore appropriate. 1If so the efficiency of Treatnent 3 will need to be
ifuproved, perhaps by increasing the overnight light treatmont.

Table 1 1. The number of conidia produce er e infected leaf wler
three incubation treatments.

Tnammt' Conidi nlcu2
Singlo, irmediats 11.2 x 10°
4QO.
Double 2.8 x 10
Single, delaysd 1.3 x 10°

* Single immediate: legves harvested st 15.00 hr and incubated from
17.00-24.00 hr at 20 C followed by 8 hr at S°C,

Double: leaves first incubated as in single, followed by maintenance
under light source for 7 hr and then incubated in the same yay o
second time,

Single delayed: after harvest at 15.00 leaves maintzined under lights
17.00-08.00 hr and then incubated at 20°C until 16.00 hr.

"MouoflOOhdmuuchlclz.

**¢ Data from the second incubatiom.
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IT. MAINTENANCE OF MATURE CONIDIA OF SCLEROSPORA SORGHI AT LOW
TEMPERATURE POR INOCULATION,

For the grainicolous downy mildews, no wn vitro culture technique
is available. Thorefore, screeming for resistance has been practiced only
by field test, by natural infection or by inoculition of conidin directly
collocted from naturally diseased plant, In tho 1atter case, it is quite
Jifficult to obtain conidiz of an uniform stage, becnauso immature conidia
as woll as germinated ones are collected topothur.

At the prosent time, the problem of imaature conidia and germinated
conidia are solved by artificial incubation. In this case, the infocted
leaves are collected from the field in the day time and are incubated at
tho optimm condition for sporulating. After incubation, we can collect
an uniform stage conidia for use in inoculation. Howevor, we cannot keep
the mature conidia for a long time for inoculation any time, especially
inoculation in the day time.

Recently, Kimigafukuro and Lou (1973) found that agar media conta-
ining some ncutral salts were effective in keoping mature conidis from
gernination without causing loss of pathogenocity with §. saochari. For
5. philippinensis they found that medium containing 1/8 M mos is able
to delay the gernination of conidia without causing the loss of pathogond-
city but this medium was not useful because of difficulty in obtaining
exact deasity of conidial suspensions (Kimignfukuro, 1976).

In this study, ve examined an artificial imcubation technique which
can be used effectively to kesp conidia at the right stage for inoculation
in the day time. The purpose of this study was to find out how meny hours
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we can keep thce nature conidia at $°C wi thout gernination and loss of

pathogenecity.

MATERIALS AND METHODS

DMS-652 seeds were planted in large clay pots (approximate 20 cm
dianeter) and werv kopt outside in the open air. The experiment was
designod in randomized complete blocks with 4 replications, 7 treatmonts
and 8 pots por treatment. Therc was an averago of 30 plants per pot
after emergence.

Inoculum preparation.- Infected leaves were collected from the

field at 15.00 hrand wore washed in tap water to romove old conidiophores,
conidia and dust from the leaves. Then tho leaves were put im a moist
chasber in an incubator set at 20°C from 17.00 hr until midnight. After
midnight the temperature was sot at 5°C until the time of imoculation.
There were seven times of inoculation, (6.00, 7.00, 8.00, 9.00, 10.00,
11.00 and 12.00 hr}.

Inoculation.- Seedlings, 7 days after omorgence, were imoculated

by injection with a syringe. The conidial suspension was prepared in
distilled water with a concentration of 21 conidia per low power field
(10x) of a microscope.

Observation.- Germination of conidia was observed after inoculation

(approximately 20 minutes at rooa temperature).

Infoctivity of conidia was tested by imoculatiom of seedlings 7
days after emergence every hour fron 06.00 to 12.00 hr. Local lesions were
observed 7 deys after imoculation and systemic symptoms were observed
14-2]1 days after inoculatiom.
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RESULTS AND DISCUSSION

Evory hour after preparing the conidial suspension the conidia
began to germinato within half an hour. Examination of the remaining
conidial suspension after inoculation rovoaled some conidia germinated
but the percentagy of conidisl germination was not calculated.

After inoculation, the seedlings showod local lesions at the
position of inoculum placement and they were morc sovere 7 days after
inoculation. At tho esrly stage, two or throo days afteor imoculation,
smll palc groen spots appearod on inoculatcd loaves and they turned
reddish brown with a yellow halo lator. Finally botwoen seven days to
ton days after inoculation, yollow-groon streaks appeared on inoculated
loaves and therc was sporulation on thesc local lesion at high husidity.

The percontage of local lesion is shown in Table I1.1 and the
analysis of variance is shown in Table 11.2. Tho differences in porcont
local lesion among the times of inoculation worc significant at 0.001
lovel of probability. Therc were no significant differences between ino-
culations at 6.00, 7.00, 8.00 and 9.00 hr. Tho results of the inoculation
at 10.00 hr were not significantly different from those at 06,00 hr.

The systemic symptoms were observed 14-21 days after imoculation
in the form of palc yollow streaks or chlorosis. The percent systemic
symptoms shown in Table 11.3 and the analysis of variance is shown in
Table 11.4. These indicate that the percont systomic symptom was highost
in plants inoculated at 06.00 hr. However the level of infoction was

disappointingly low.
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CONCLUSION

The conidiz wore viablo and infectiwe oftor kooping at s°% for
st loast 10 hr.

The pcrcontage of systomic symptom was vory low at oach time of
inoculation. Onc possiblo ruason for this is that tho inoculum mey not
have boen placed dooy onough in thu leaf whorl so that it did not reach
the growing points of soedlings.
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Table 11.1. Tho perceat local leosion 7 days aftor inoculation.

Time of Replicntion Average
inoculation T 1§ Im B ¢
6.00 68 77 69 75 72
7.00 6Jd 65 1 61 69
$.00 &0 92 79 72 76
9.00 73 S8 86 70 8]
10.00 64 58 ¢S 5% 60
11.00 71 51 47 23 48
12.00 46 10 1 3 18
L.S.D. (P=0.05) 13

Table 11.2. The anclysis of variance of tho percent local lesion at
7 days after inoculation.

Source of variation  Degree of Sun of Mean of F.test
froodom square square

neplication 3 790 263

Time of inoculation 6 12240 2040 2’98

Error 18 2829 157

Total 27 15359

oot significant (P = 0.001)
C.V. = 218
L.S.D. .05 = 12.8
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Table 11.3. The percent systemic symptom at 1:-21 day after inoculation.

Tine of Keplication Average

inoculation 1 T 4 44 v
6.00 11 14 13 G il
7.00 11 9 5 ? 7
3.00 7 3 S 2 4
9.00 3 ) 6 2 S
10.00 v ki 0 2 2
11.00 S 0 0 l Y4
12.00 2 1 0 2 1
L.S.D. (¥ = 0.05) 4

Table 11.4. The analysis of variance of the percent systemic symptom
at 14-21 days after inoculation.

Source of variation daf $.S H.S. F
Keplication 3 66 22

L 44
Tine of imoculation 6 268 45 7?6
Error 18 106 6
Total 27 440

*** Significant (P = 0.001)
C.V. =55
L.S.D. .05 = 3.6
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I11. EFPECT OF PLANT AGE O SYMPTOM DEVELOP BNT

There sro reports that plant age affects the success of conidial
infection of sorzhun. Jones (1971) reported high infection levels in
1 to § day old sorshun plants which were wore susceptible to infection
than older plants. Kennath and Shahor (1975) stows! that in sorghu
plents at the three loaf stage, conidial inoculation of the coleoptile
aren gave hisher levels of infection than inoculation of leaves above the
coleoptile. On downy mildew of maize in Thoiland, we found that the
best plant age for inoculation with conidia wes S days after emergence.

Butler (191L) described threo distinct types of symptom develop-
pent of SU{ infocted sorghun plants. The first type was seedling in-
fection wherc the leaves became pale yellow an! supported aoumdant
production of conidia and conidiophores on both loaf surfaces. After
five to six wooks of growth, white streaks-sppeared on the upper leavos.
These later turned brown mmorous oospores werce formed, and leaf shredding
occurred. Infocted plants did mot head. In tho second type, symptors
appeared in the upper leaves and bases of thc lower leaves of two-month-
old plants. Those leaves also turned browm and sbundant oospores wore
produced. On the lower leaves, ycllow patches with conidial stage
appeared. The sar-heads were either absent or contained only s few
grains. In the third type, symptons appeared on the leaves in the forn
of long narrow strcaks, or pstches, which turned orange and finally
dark browm in colour. These patches produced only conidis and mainly
on the lower side. Thus, no shredding of the lesves occurred.
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Tor downy niilldow of mafie, Kijiwara (127%) Jdescribed the stare of

symptons cuveloeni as follows

»oafter incculation g

[ )

J Sacll Y- ol il erocn sools appeni un
tnocultte b

5 Yelimiash crecoogen the pmour  on inocu-
Imten lead
! Mo wteeedbs bocone clerr, and sone fanculaterd!

leaves turn yollow

7 Yellowing ¢ inoculated loaves §s conspicious,
some ¢! ther borin to wilt

2 lst - 3rd leoaves e, streaks on ith loaves
elongate nn! rro cloar

14-25 Typicnl systemic -ymptoas appears on nowly
devolooed lonf.

Early work in India, Israc]l (Kenneth, 1964) and clsewhore soparate
syrptoms into the systemic =nd the locul lesion phnses. The objoctive of
this experinent was to deteruine the cffect ¥ ;lant arc on synptoms

induccd by conidiz and the pattern of developaent.

MATERIALS AD +ETHODS

The suscej;tible cultivar, DMS5-652, was planted at six dates at 5
day intervals to prepare plant ages after emcrgunce of 5, 10, 1S, 20, 25
anc 30 lays. Thc experiment was desione! in randomized complete blocks,
four replications and six treatments. Eight pots were included in cach
treatment, containing 10 plants per pot after thlaning. At oach planting
date two check pots werc included. All pots were kept in the screonhouse.

Infectod lecaves were collected from the field at 11.00-12.00 hr
and were washed in tap water to remove cld conidia, comidiophores and dust
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tronn the leaves. After washin, . the leaves were placed tn a woist chamber
and incubatel 1t 2°°C for 8 hr stter which the mture contdia were harvested.
The ¢ nidin were suspende ! in lstille) wates ‘n ' cortained 29 x lOd conidin
cer mloas Jeteriinel by hiemcytoiwtor counts,

Seedlin s ¢f all & es were inoculste! 20 the s thw by fnjection
€1 conidial suspen<ion inte the whorl.  ‘nocdi “tien was Jono during nlpht
(22.90 to U1.0) hr) 2n! fresh inoculu wos use’ 1n cadd roplication.,

Obscrvations woere made on the occurrence of three types of symnton,

Local lesions The utrect effect fror the insortion of the noedle

and conidia which were deposited at the injection point.  Lesions appeared
2y pale groen spots which turncd yellowis® to reddish brown. The mumber
of leaves with loczl lesion were counted 2 and 5 days after inoculation

(DAL) .

Local colonization. we tern the condition 1n which the pathoron

spretds locally within the tissuc from tho injoction point, producing
evident chlorcesis, as local colonization. In these studies locnl colo-
nization appeared both at the center and the ti; of the leaves, i.0.,
any tissue inoculated. The local cclonizatiun can extend for scveral
‘a2 from the inoculation point. The lata were recorded 10 DAL.

Systenic infection: The slants systemically infected were recorded

frorm 14 until 28 DAI. Plants were rated systemically infected when
systeaic chlorosis was present from the base to the entire leaf of thosc

lcaves which unfolded after inoculation.
Pattern of syrptom development: Symptom dovelopment was exaxined 2,

S, 10, 14, 21 and 28 DAl. All symptoms which appeared were recorded and

described separately for each plant age.
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RESULTS

Effect of plant ace or Jocal lestc. production Loctl lesion dovelopnunt

Al

w1i$ 20TC extensive “n oyounpy than older plents 2 Oal (Table 111.1), but

by 5 Dal there vins no difforonce among apes.  towever, the nature of local
lesions varie! »non ages, The younper planis sh wed more chlornsts
around the infection potnt and the locrl lost ns supporte ! asexurl sporu-
iatisn, The local lestons nothe older plaiis wore an the form ol roddish
sputs with yellow haloes,

Effoct of plant 1:¢ on loc:l colonization., The sroctest incidence of local

colonization developed on seedlings 1noculnto! 5 days aftor emorgonce
(Table I11.1). Locnl colonizstion was more in seedlings inoculatod 5-10
¢ays than 15 days after vmergence., Both lucnl lesion and local colonk-
zation dovelopaent wure pruatust in scoldlines inoculated 5 days aftoer
enerrence. The 2palysis of variance of local colonization data indicatos
nc stetistically si.nificant difference between scedlings inoculated 5
and 10 days after energence, but these were sinificantly different to
scedlings inoculaty! 2t other azes.

Effect of plant a:¢ on systemic infccticn. The ;reatest ancunt of systemic

infection occurrcd in seeclings inoculatud 5 drys after omerponce (394" ..
The next greatest occurrence wes on the seedlings inoculated 10 days

after emergence (24 y), The difference betwoon 5 and 10 day seedlings
was not statistically different (P = 0.05), howcver, the cv was very high.

Syspton developpent description. The observations on symptom development

are described in Table I11.2.



DISCUSSION

The percent iocal lestons 2 Del was Lowor. n the older plants than
S DAL,  An explanstion ts that, on the ~ller dents injoction was deopur
into the whori than with the youn er plant .0 thus tho iafoection points
sppeated 1ator.  om the younger plants, the whorl inoculnticn was not so
cee seothe Jocal lusicns apperret At oinoearly stage after dnoculation.

The locnl lestos on o the Clder plants 1 not Jdovelop te the locn)
colonization stoze, but on the younser plants the pathogon continued
dvevelopment froe the local lesions and a hich porcentare of local colond-
tation rosulte., .

Yith the seodlings inoculated 5 and 10 days after cwerponce, thoro
was good corrvlation between the local coulonizatton an systenic infection;
i1.¢., the younger lants which gave a hich porcunt Incal colonization gave
the hichest percent systenmic infection alsc.

The percenta~e systemic infection at 28 DAl was higher than at 21
BAl for all ilant a~¢s. lHowever, the percont incruasce from 21-28 days
was very low for the younrer plants and was higher on the older plants,

On the oldest -lants no systenic infection was detected at 21 DAL but

was scen 28 DAI. This result indicatcs that tic percent systomic in-
fection should bL¢ observed about 28 DAl.  The younocr plants developed

the three types of symptous - local lesicm, local colonization and systemic
syaptons. The older the plants the less was the developmont of local colo-
nization and systeaic symptoms.

The low fipure for systemic infection, even on the youngest plants,
is disappointinc and is likely to bc related to depth of inoculum placement
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ir. the whorl, for uniess the inoculum gots t the rrowin; point systesdc

infection v1ll no¢ occur.

CONCLUS TG

In the stuly thres o st ty os of infoectt n wore dotocted:

1.

11,

iii,

wocs lesions Discrete lesion. forwet in response to infection
at the stte of wnoculation.  These 1¢nl lestons are soen in
the docic of Loves oartaclly owerooo at the time of whorl
tnncultion,

Lccrl colonization Syeptoms npeenar throuchout the tissuwe around
the Infection polnts of inocultte' leives and at tho tips of
loaves which wure doep in the wherl nt the time of inoculation.
C-lcnization of thu tissue occurs so that tho infection is not
soen as Jiscrute lesions.  Sym.toms appear fdontical to those

of true systomic infoction but they occur at tho contors ane
tips of the inoculated leaves anl! not the bascs, and do not
nccessnrily indicate that subsoquunt Joaves will bu infoctec.

Systuniic infuction Infectinn that occurs throuch the infection
r.f the ¢rowinpg point and which ranifests itsclf first on the
Ilwier portions of emercin, lerves ~nd incroases in severity
proyressively on subsoquent luaves until the loaf laminne aru
100% infected.

For all these symotoms the greztest incidence occurred on plants inoculated

5 days after cacrgence. We should examine whother even younger plants will

sive a ~reater proportion of systemic infection. Local colonization cen

be¢ recorded 13 DAI.  The best time to record systomic syoptoms was found

to be about 28 DAl and even later recordincs should be made for detection

of further infection.



Table I11.1.
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The  roportion of plants wit™ lc~1 lesions, local colond-
satinn and systomic infection varivus lnys after inocul:tin
(Chl) scrohu plants of sax ~ s v1th ¢+ conddial sus, ension
of Selervepere acorgh

S locnd Vel ocolo- Y systundc
Plant a~¢ (U~vs) lus Ittty infoctl-a
1t inceulstac, IOAY TTUTITNEYT T TAOTAT SEOAY
30 35 9, ¥ 0 11
25 53 G " 6 11
20 62 83 2 ? 10
15 89 a5 | o 4 13
10 57 64 8 22 24
5 95 94 94 33 17
L.S.D. (0.05) 20 15 19 12 16
C.V. (%) 19 11 21 64 57

Table 11,2,

Flant ape at
inoculation

30 days

Proccss of sympton development after whorl injection inocu-
lction with conidial suspension.

Dzys after
inoculation

10

14
2l

28

Symj. totas

Sa.1]l pale rruen spots appear at the irn-
foctinn points

Pale -reen spotsbecome clear and dovolop roddish
culor with yullow halo

Infection oint oppears g, reddish spot
with yellow hnle, and no yellow stroaks

N - "

No symptoms appear on the nowly devcloped leaves

White streaks nresont on tho newly devolopod
lezaves st the top.



Flant age 2t cays after
in~culation 1a~culation Sy oTateome
25 days . small uele proen spots appear rt the
infecti noominss
‘ Palv grevt s) 05 becorwe cloar and roddish-
br wn ¢ tor with yollow hailo
10 Infection ndnvw »ppear only as rud spots
with yollovish halo, no yellow stroaks
14 Infoction et tn appenr only as rud $oots
with yullowish hnle, and white stroaks
present on the newly developod leaves
21 White struaks appoar on the upper newly
developed luaves, and turn brown
20 White streaks turn brown and roddish celor
20 days 2 Small pale groun spots appoar on the in-
feetion points
5 Palce green spots bocome cluar and roddish
brown with yclluwish halc and no ycllow
streaks
10 Infection points appoor as red spouts with
yollowish hal ., nn yullow streaks
14 Infuction points appear as rod spots with
ycllowish hale. and white stroaks prosoent
at the basc on newly developed loaves,
21 Whitc stroaks anpear on the uppor nowly
developed 1cnves and turn brown
28 thite streaks turn brown and roddish
brown color
15 days 2 Small pzle greon spots appoar on the in-
fection noints
5 Pale groen spots bucome reddish brown and
ycllowish grecn stroaks appoar clearly
10 Infoction points appoar reddish brown ond

yellowish grocen streaks appear clearly



kR

flant age ot
inoculation

14

10 days

L=

10

14

21

28

S days 2

10

Jays after
inxulation

b ]

Srmptoms

Incculated loaves begin to wilt and dio,
systumic symtms in the form of
chlorosis tad vhite streaks appear on
some 7 thy nowly dovelonod loaves

Mhite stooohs ppeir o the uppor newly
developed toaves and turn brown

Yhity str.ohs turn brown nnd reddish-brown
color

Small pale grueen spoets appsar on the info-
ction points

Prlu gruun spots bocome roddish brown and
bigger. yullowish proen streaks prusont
at the tip of loeaf

Infectinn points anpenr reddish-brown and
ycllomish gruon struanks become clenr

Inoculat :d leaves begin to wilt and dic,
typical systemic symptom of chlorosis
and white stro-xs appear on the nuwly
developed leaves

White streck . appenr on the uppur nowly
developed leaves

white strcaks turn Lrown and roddish-brown
color

Small nale green spots appoar on the infe-
ction points

Pale groeen spots become roddish brown and
bigger, ycllowish groon stroaks prosent
at the tip of loaf

Infection points appear roddish-brown and
yellowish grocn streaks bocome clear



Flant age at Pays ofter
inoculation tacculation Lyigt oms
b Inoculrte  lesves begin to wilt and dig,
typlc 1 systenic symptom of chlorosis
nd bty etroths apponr on the powly
dovelopod Tonves
A St stk var on the upper dowly
dovedoyad Towves
MY Mite atoovks turn hrown and roddish

brwn ¢ :lor

IV, LEFFECTS OF U CIDIAL INOCULATION AT DIFFERENT TIMES OF THE DAY IR
THE FIELD

Une of the aerjor limitrtions to the S scrooning work has boen
the need to 1noculete 1n the carly hours ~f the morning (shortly aftor
midnight). In an corlaier experiment we fount that conidia cruld be
cbtained at varicus tires of the day by manipulnting incubation para-
weters. The object of this cxperiment wos to sov whoether theso conidin

could be successfully uscd for resistance scrooning.

MATERIALS AND ~ETHODS

DMS-652 scods were planted in two row plots (20 plants per row
cfter thinning). Inoculations were done threc times, as the treatmonts,
at 1700 hr, 2400 hr and 0600 hr. Thuere woere four replications per tre-
atment and at cach inoculation time a check plot was maintainod non-
inoculated.

For thc 1700 hr inoculation, infected lcaves harvestod at 1500 hr

were maintaincd for 1700 hr under fluorescent lights and thon were incubated
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1t 20°C in a acist chamber for 7 hr fter which conddin wore harveste’
id weter t omrke t osus ension containierc LD x YD cont-lin twr ol

For the 2.0C 51 inoculation, infocte l;wvow cure hervestod from
the facld At 1S00 W wasaed da e wator =00 wer. dnculs tad in A moist
catmmber 2t 2000 “or T Rr, aftor which m o coor i %Cs O Cnsion was pre e
conthantine 14 10': conm il ey g,

For the VCOORE tnuculation, tnfccte’ 1o 8 were colloctelt fro
the 1cdd At 1500 hr, were muntaine' uncer flucroscent lieht until 2100
hr and suspension contiinga: '8 x 104 coniin Lor ml was propared.

The conilicl suspension was injecte’ tnt the whorls of the soud-
linzs (5 doys after omerrence) and the incidonee ~f systomic infection

w2s recordes 1o fays after inoculation.

PESULTS

As somc clants were atticked by shootfly they did not have the
O OTtWtY Tl X, TCSS systomic symptnns, thurcfoure thuy wore not in-
cluded in the record and ~nalysis.

The data on percent systemic infection 14 days 2fter inoculation
(Table 1V.1) indicated that the 2400 hr inoculation ive the rroatest
level of infection which was not statisticrlly sirnificant from the
1700 hr inoculztion. The 1700 hr inoculation 2avce significantly greater
infection than the 0600 hr imoculation which was not sipnificantly
rrcater than the check. However, the 1700 hr inoculztion ;ave a
reasonably high level of infection - high onourh to designate the culti-
var as highly suscoptible, and had recordinpg bocn made at 21 days aftor

inoculation or cven later than the level of infection could woll have

been higher.
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The back;reund level ol about 28 ¢ oroent infoction in the chuck
presunably coae froo oospores in the soil “nd atr borme contdin (o

nenrty ;rlots.,

CLCLUS TOM

This result indicated that tnocul 'tiin ¢ be made at 1700 hr
wil 1 tood level Cf success s osume as the 2704 hr iaoculation.  One
, '$s1bic reason thet the inoculaticn methe ! use’ in this study was tho
syringe injection, s the conidial suspenst-n was placed deey into the
whorls where the moisture ¢an be matntaline! for lone time,

Table IV.1. Purcont systemic infection 14 ‘nys after tnoculating DMS-
657 scedlin’ nt threo tines ~f the !nys,

Treatnent Tine =f Inoculation

17600 hr 2400 hr 0600 hr
Inocul-rted 65 738 L1.]
Control 20 20 20

L.5.D. (0.05) = 24

V. STUDY OF THE TIME OF OCCUKRENCE NIU DURATIO. OF THE ASEXUAL ANL

SEXUAL REPRODUCTIVE PHASE OF SORGHU: DOWNY MILDEW SCLEROSPORA

SORGHI ON INFECTED SORGHUM PLANTS

Sclerospora sorghi, the causal azent of sorghum downy mildew (SDif),

produces both conidia and cospores on infected sorghum plants. The
conidial production stage can occur at the seecling stayc and appears in
the form of pale yellow leaves covered with downy growth of conidia
mainly on thc under surface but which can appear on both surfacoes of the

leaf. The ocspore production stage appears after five to six woeks and



the lenves an which tue numercus cossores sre oot finally shro!
relunsine the ors 2ros to the envircnmont. In the case of SO on
s 1 hut, Lsexunl o rulation diminishes as thv“wKUﬂl thase incrensos
“atothas gty oo linttine factor for using the isexual spores in -
drscase nursory situati on te screen for resistanco,

In this stu'y the perads of coni i1 roduction and oospore
y ToAUCt1on wote exsmandet to P tran information on the best time for
ylantine the arfector matertal dn rolitan to the test aaterisl. ™

tnfomation 1s requisite to obtatnin- 2 hivh level of infoction from

asvxual inoculurm,

MATERIALY ANU METHODC

The susce, tible cultavar, DMH-652, wns lanted in the fivld and
wits syrinve inoculntel with contdia 5 days after cwrvence., The plants
developin, systenic syaptoms were usc. for this study.

The totzl number of lerves, number »f lotves with systemic chlo-
rosis, number of luives with only conidiz, number of leaves with conidia
an.! cosporus and number of lunves with only oos . res were observed and
recorded on individuzl plants 2, 3, 4 e 5 weuks after inoculation
(*IAl). The ~verare mmber of leaves per plant wore calculated by using
the following formula, where "x' i3 the tctal number of leaves with
systemic chlorosis per plant, mmber of loaves with conidia only per
vlant, number of leaves vith conidia and oos ores per plant and mmber

of leaves with oospores only per plant.
Totz]l mmber of x

Avcrage number of x per plant =
Totz] mumber of observed plants




The percentr e of infected Jetves with systoule chlorosis,
,ercentae o leaves sroducin cnly conm 'ie areent oo of loaves 1
ducin; both ¢onili~ nt sosperes and percents L 7 jeves preducin

s, re enly wore crloultted using the £ Y w0 mmuin

Percurt of x = (THtol owmier of losves with x) x JOD
fot T nunber - T Yo-vee

Percene inf c2e " lurves was orloul vt cousing the fomuls

Total nuaber of 2l tnfnc.tu«._ loaves x 100

Percont; infected
cCtie lonves ¥
) ¢ ?m:t',l number o f lunwy. s

RESULTS

Systemic syrm.toms were first obscrved on innculstoed plants twe
weeks after inoculation.  The wvers:ov nuboers o loaves per plunt
(Table V,2) were <, B, 10 an! 7 nt 2, 3, 4 ind S AT resjoctively. At
5 #AL the number of leaves per plaat wrs lower than at 4 MAL bocnuso
the tirst znd sccond leaves dicd and were shod.

Averacs numbers of lcaves with systemic chlsavrosis increasced from
2 at 2 %Al tn 6 2t 3 WAL and 5 leaves at < WAL, At S WAl the mmber f
leaves with chlorosis symtom had decreascd to 1 lenf  (Table V.2).

The averag. number of leaves with only conidia increased slowly
during 2 and 3 YAl but increasod rapidly by /4 WAl and docreased rapidly
S MAl. The averzge number of leaves with both conidin and oospores did
mot vary durin; this time period but decreazed after 5 WAL,  Average
mmber of Jeaves with ocospores only bopan to increase at 3 WAL and in-
creased rapidly 2t 4 WAI. The data on the percentage of various cete-

gorics of infocted loaves is shown in Tablce V.3,
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At 2 WAL ost infocted leaves showed systumic chlorosis symptons
but the percent of leves with only conidial | rotuction was about $9
yercent of this 25 sonc of the infecte’ lonves w;rm not sporul-tin .

At 3 AT, thu porceente ¢ of leaves with sysconic chloresis wns
as hih as the percentory =t 2 MAl. Porcuent infocted lunves with only
conidin, oonidin tn suspores, cnd only s oaro wero not Jifferent fror
the orcentaac at 0 oL,

At 4 T, the worcentae of lenves with systomic chlorosis wns
not diffecrent from the svcond and third wock but the jurcent infocted!
leaves with conidia increasoc from 16 porcent to 31 percent.  Tho porcont
infectud leaves with only cospnres was incroasoed fr;m 21 to M,

At 5 A, both infected loaves with systemic chlorosis anc info-
cted leaves with only conidin had decreascd from 44 percont to 17 percont
1nd 31 percent to 17 percent respectively. Omly the proportion of the
leaves with only oospores had incresased (g to 55 percont).

Th¢ relationships betwoen the proportion of leaves in various

categorios duriny this time pericd cin be clcarly soon from Fipures V.1

and v.2.

DISCUSSION

From the resultsof this cxperiment, we can sce (Figure V.2)
that percent infocted leaves with systemic chlcresis and conidial pro-
duction was hi~h at 2, 3 and 4 “d and docrensed by 5 WAL, The por-
cent of leaves with only conidia 2 cnd 3 YAl was not very high because
the plant was youn? and the systemic symptom leaves had just devoloped.
Yhen the plant was older the leaves with systemic chlorosis gave good
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asexual spcrulntion so that the percent ~f loaves with only conidia
1incroasce fron 3 WAL to & WAl,  After & Hal the  vreontase Jecreasod
Loctuse sul'sequent luaves produced oospores nd lid not produce conddin,

In the caso of infocted luavos with ! th cont i~ and oospores,
the jropertion of these id not diffor durin this scriod bocsuse the
systeically infucte! lenvas which a, erra! Carin, 2-% WAL hna not
turncd com; letely to Lospores production.  ‘Mmly the hase to the miadle
ot tha loaves shouwud nuspire [reduction bhut therr tips showed systomic
chlorosis syn-toms with conidial production,

For the infoctod luenves with only cos ares, the percentace
increasod stoadily bocause nost of newly cvelopu! lutves  gave o 3.0T¢

production from 3 AL,

CONCLUSION

The first systeuically infected lenves to nppesr producedonly
conidia and maximm conidial producticn cccurrcc 3-4 YAl Subsequent
lcaves producc both conidin and oos;ores an! finnlly doveloping lonves
Jroduce only oospores. The chanse-over Jrom nninly asoxusl roproduction
tc mainly sexuzl reproduction occurs Letween 4 and § UAL. By § WAl
the leaves werc .roducing mzinly ocspores with little conidial production.

What arc the ix.lications of thesc observations for utilising
naturnlly ;rocuced conidia for field scrooming? ‘'ic noed to have young
(S day) seeclings exposed to conidial inoculuw, and thus in ordor that
the scedlings to be tosted exposud at the mcst susceptible stage during
the time of maximm conidicl production, infector rows should bo planted
about 3 weeks before tho test rows.
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T-ole V.1, Total nuber of observed plants, tet-]l nuhor of leaves,
total mxider of loaves with chlorosis syig:ton, mumber of
leaves vith conidia ~aly, number of lu~ves with conidin
an. oos>ores and numler of loaves vith oosporcs anly nt
2, 3, . and S wouks after inoculzatinng,

woeks ~fter inoculatisn
Characters by Y K T

Trtn]l mumber of.
observed olants 70 b €y L 3
lcaves 299 S04 LY 220

lonaves with chlorosis
symptu. 130 225 259, 38

loaves with conidia
only 65 Lo 13¢ 37

leaves with conidia ~nd
008 0T0S 31 8 67 33

*o
[
1

leaves with ocspores only 65 10¢ 121




~ 3 -

Table V.2. Average value per plant cof total rumber of leaves, total in-
fected leaves, total number of leaves with chlorosis sympton,
total number of leaves with conicia only, total number ot
leaves with conjdia and oospores ani tots]l number of leaves
with cospores only 2, 3, 4 and " weoks after inoculation.

o,

Characters weeks after inoculation
N X 3

- - - -

Total number of leaves:

per plant 5.3 7.0 10.4 7.1
infected pear plant 35 55 2.1 6.2
chlorotic per plant 1.9 3.5 4.5 1.2
with conidia only per plant 0.9 1.3 13 1.2

with conidia and oospores
per plant 0.7 1.3 1.2 1.1

with oospores only per
plant 0.9 1.6 14 3.9

Table V.3. Percent total infected leaves, infoctod leaves with chlorosis
symptom, infected loaves with conidia only, infected leaves
with conidia and oospore, infected leaves with oospores only
at 2, 3, 4 and S weeks after inoculation

Characters Da‘i:aftnxzipoculnt%on (waaki)
Infected leaves:
percent total 76 82 89 87
wvith chlorosis symptom 43 45 44 17
with conidia only 22 16 31 17
with conidia and cospores 10 17 12 15

with oospores oaly 22 21 b7 -1
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VI. COMPARISOQI OF REACTIONS OF 2S ISDI®l TiITRIES FOLLOMING INJECTION

INOCULATION AT HYDERABAD AMD NATURAL £/POSURE TO FIELD INOCULUM

AT DHARNAR AID THE EXAINATION OF RELATIONSHIPS BETYEEN LOCAL LESION,

LOCAL COLOMIZATION AND SYSTEIC SYMPTOIS

Sorghum plants producc three types of symntoms in response to coni -

dial inoculations with the SDri pathogen, Sclercspora scrghi. There are
local lesions at tho point of inoculum placemont, local colonization of
tissuo around the point of inoculum placement anu systemic infaction via
infection of the gjrowing point. Ono objective of this cxperiment was to
deternine if there wore any relationships betweon the development of
these throe symptom. types on a range of sorghum dines. The secomd obj-
ective was to comparc the reactiom of a large number sorghum lines after

direct inoculation at Hydersbad with their reaction to flold exposure

to inoculum at Dharwar.

MATERIALS AND METHODS

Twenty-five sorghum lines from the 1977 ISDHN (including the
susceptible checks) wore planted in the ficld in a randomized complete
block design, with two replications and 20 plants per plot after thinning.
Furadan was applied to the s0il beforu planting and perfospray irrigation
was applied daily at 1700 hr for 30 min throughout the experiment. In
the field at Dharwar the same varieties were planted in a randomized
complete block design, with two replications, and 50 plants per plot
after thinning during the raimy season, 1977.

For the inoculatioa at Hydersbad imoculum wss prepared by incu-
bating infocted lesves st 20°C and harvesting the mature comidis after
% hr. A conidial suspemsion vas mede is tap water st 26-32 x 10°
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cystemic infectich exrressed under artificia. incculation. Those three
growxs are cs follows:

Grou - iI. desistant O-17% syst~ ic inlfection

Crou . 1l iloderate suscoptidle 11-¢ % systeric infection

Greu,.  1li: [dgh susce.tible. $0-00% «ysteaic infectior

The corielrtion coefficiont wns ~zlculnted separstely in asch
LTou” alsc. Thr relationshiss votwocr tue rv value of four suscenti-

bility charactars wzs calculated by “peurman‘s coeofficient of rank cor-

relation wethoc us the following formula.

2
)

rs = } - _6_.2 1 e ‘e o (l)

(n-1) n (nel)

where rs is Spoarman's rank correlation cocfficiont
n is the tuber ol pairs
di is the differonce for the i th mair

and the significance ol the ccrrclations were thus.

— - e e

N . (@

1 - rsz
RESULTS AND DICCUssIOn
The complceta data are ivem in Appendir Tables 1 to 14 and are
summrised in Table VI.1.
Caparison of syste-ic infection st .lyderabad and Dharwar. The degree
of systemic infection was higher at Hydersbad tian at Dharwer for 21 of

the 25 entrie¢s. The overall mean at Hyderabad was 43 percent and et
Dharwar, 19 percent. At liydersbad only tvo entries were in the resist-
ant cetegory (<10 percent) whereas at Charwar 11 entries weye in this



SONTIA JWEI EIOAIQ UCTIUTELI00 YSTY ¥ ST 62O 3843 (§°IA OTQRL) 908 oa
pesATuus oIv senysA yuul oy Uowy - secdduds ITEeISAs pedoteasp cawy
pInoa PTYs sauwtd swos jo saurod SupacsS syl peEAl 300 PEY ENINOOUY
o3 A1qyssod vy Juyivotpuy swordnhs OpmOIsSAS JO IIWWPINT N3 UMD
203%01d Sum UOTIVITUOTOD [¥OO] jo $OUSPIIUY oY $OFIIUS 17 204
*SWOTMAS I0410 JO SUCPIMT PUR IJVOPTIUY UOTSE]
19507 o3 UO3M3INQ ISTXD 01 Puncy sen AJYSUOTIVTOI JUCISTSUCD OU ‘IOAGMOH
*(300T-4,9) 03u0pTIUY UOTSOT [Wd07 JO sTMAOT yBty pwy so1i3uo TTe ‘3uemdol
-0A0p UOTSO[ [UDOT OU PRY WITYM ‘f-T0 $O VOTIEIXD oYl YITM TWOTISOFUT

31003848 pUY UOTIFITUOTOD [JJ0] ‘UOTEST [UIO] UNSAI0Q dTYSUOTIVIO o

*(2UAITY] IV OFWOPTIUT Oyl 01 IN[TITS) 3uedlred § ATuo
pedotoAdp p-ASD PUT ‘UOTIDNZUT wol} 001) A103jo(dmCd poutvEn: ¢-h) uotiemMmd
«OUY PUQUIOPAN OJ0ADS Oyl JODUN USAS 3wyl BuyBuanodluo lsow ST 3]
‘UCTIVUTEUXO JoylIng Poou suotTIs{ndout Jujucas
10 Buyuiow 3O AIWI7330 oyl ‘OSly ‘UOTITUTEUXO SIURIITA VIPTUOD JO
uogInInoouy Auads u ;o osn oyl "A3TAFION OATSUOIUY IOQE] DU SMOTPOI o
17 Sujulom oyl 3o sInoy A[IUe Oyl UY S[I04ym OJU] WRNIOUT JO uOTIdOf
-UY "20A0MOH ‘pollojalzd 8q 01 SNYI $7 3| puw porywiutu oIv adudso X0j
sofiyunizoddo Ayl UOTILTHIOUL JO SUOTITNUOD IN1IN] GEOYT JOPUW] STIOYA
ay3 ouy A1doop pridofuy sorsundens [UIPTUOD U YITA POITINIOUT NXda
SOTIIUO [V JO UL 1% PLUutIPA By MG 103DOJUT WX VIPTUOD puv
$6204600 UI0Q-1TO8 AQ PCPTAGIA UNINDOUY [EINIWY O3 POSO~XI BISA SOTIIUG
NMOST 43 Juazuwg 1y C2oyitea ‘sdoylod ‘puw ADUSTOTIIN ‘seIMPOd30ad
UOTIUTNOOMY JUSI0}] T ';a UCTIDNTINL w ST LY Ioyawa ‘soowz dplojopsdnd

JO BOUSIEYXO BY) JO UOTILITPUT U STYL IOPTSUOD 19U Op Oy - AloBe3sd

-lt-



for systemic infection and high levels of local colomisation imcidence (a
range from 47 to 100% and there was no consistent relationship detween

local lesion incidence and incidence of systenic symptoms.

CONCLUSION

1. In this particular cxperimont the norcont systemic infection from
injection was higher than that from aaturs] infoction. The variety QL-3
vas free from downy mildew both at Hydorabad and Dharwar.

2. There wero relationships between local lesion, local colomi-
sation and systemic symptoms after artificisl inoculution with conidia
by the injection mothod. The correlation coefficient indicated a high
relationship existed betwoen them. This means we can use this relation-
ship as an indication of the percent systomic infoction after imoculatiom.
And we can estimato that the actual percent systemic infoction should

be higher than percent systomic which cxpressed in the field condition.
3. From a study of the rank corpelations, we conclude that percent
local colonisation should be used to a groater extent than local lesion
for indicating the potential systemic infoction. This is because we got
s high correlation between the ranks of local colomisation and systemic
infection from the injoction method of inoculstion. In addition, it
uas easier to observe local colomisation than local losioms.



Table VI.1. rioan valus of percent local lesion. local colonisstion wnd
systemic infoction from artiiicis] {noculation and systeamic
infuoction from natural inoculatio: 2t Dharwar.

) ' \ systomic infoctiom

Varicties 1zcal locul Artlficial , Fatura) .

1csion colontsztion inoculation inoculntion

gL-3 0 9, 9 0

rSV-4 85 34 ) S

UCHV-1 47 35 s -

IS 5273 73 46 15 ?

IS 173 77 S2 26 2

1S 2042 92 73 26 2

SC-239-14 75 57 27 19

UCHV-2 77 $6 28, 4

SC-108-14 8s ” 28 S

Csv-§ 54 24 29 7

SC-120-14 77 72 37 S

IS 2918 92 69 A3 21

1S 3164 81 68 44 10

TAM-428 100 97 46 26

1S 3799 75 64 47 9

TAM-2566 97 92 S8 15

SC-175-14 95 84 58 25

SC-120-6-88 78 62 S9 51

SC-110-14 80 68 61 10

SC-414-12 87 67 65 17

$C-173-12 97 97 66 21

CSV-2 97 97 67 71

NSA-440-12 100 94 68 48

SC-1706-17 90 62 76 14

045652 92 75 80 100

* At ICRISAT Hyderabad

*t At Dharwar
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Table V1.2. Correlation coefficient, moan, standard deviation, and signifi-
cant >f corrolation coefficient anong 2% varietios.

Local Systemic inr. Systemic inf.
Characters coloni- (Artifi, Ino,) (Netural Ino.) !lean  S5.D.
zation
*e L X [ ]
local lesion 0.87 0.64 0.40 80 2]
local colonization - 0.72“ O.u. 65 4
systemic infection - - 0.65" 43 2

(Artificial inc.)

systemic infection . - - 19 23
(Hatural ino.)

* significant at 5% level of probability = 0.40
*¢ significant at 1V level of probability - 0.57

Table VI.3. Analysis data for rank values using Spearmans coefficient of rank

correlation.
Local colomization Systemic infection
Character s t-valuc s t-value
local lesion 0.8 7.6 0.6 5.9
local colonization - . 0.9 0.3
systemic infection . - . -

t (0.05) = 2.1
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Table VI.4. Correlotion coefficient, mean, standaw devistion and signi-
ficanc.of correlation coefficient among 24 varisties (without

verioty QL-3)
Local colo- Systemic infection Systomic Mean 5.D.

Characters nization (Artificial Ino.) infection

(Natura)

Ino.)

Local lesion 0.84" 0.57 0.4¢° 8¢ 13.3
Local colonization . 0.65"" 0.4 68 20.4
Systemic infection - . 0.68% “ 21.0
(Artificial Iro.)
Systemic infection - - - 20 22.9
(Natural Ino.)

¢ significant at S% levol of probability = 0.40
*¢ significant at 1% level of probability = 0.52

Table VI.S., Mean, standard deviation, coefficient of variation and mean
squares of percent local lesion, local colonization, systemic

infection of 25 sorghum varieties.

Characters ean 8.D. $ C.V. Brror
. -~

A Local lesion 80 10 12 900 o
.

% Local colonization 65 15 23 1167 226
[ X ]

' Systemic infection 43 15 35 1007 rryy

(Artificial Ino.)
L 1]

\ Systemic infection 19 9 41 1041 &

(Natural Ino.)

** significant at 1% level of probebilicy.
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inoculation is unlikely to got tho inoculu. devp into the whorls it is
more likely to be successful if done at » timv when the inoculum will not
dry rapidly. The use of the porfospray irrigacicn systom shoul? help get
ovor the lattor difficulty.

fnother a1t jsr area which needs sturr is tho rviationship betweon
the roaction to oosperes, to conitin under naturl inoculun provision
(infuctor rows) =n- to conidin in apeifici-) imoculations. There is sowme
vvidence in thy lilorature that injection .snoculntion gives a highor level
of infoction in soms cultivars than is obtainod in tho fivld under natural
inoculum provision. Our inoculation mothod shouid not bo so harsh that
wo climinate sources of resistance which would bo adoquatc umder natural
inoculum pressure in the field.

Those and othor questions will neod to bo answercd beforo we will
be fully competent to scroem in the most mciningful way for SOM resistancs,
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“ppendix Table 1. Purcent local lesicies ~t 7 crys sftur inoculntion,

[P p— . - - ——— o - -

) Roplicstion

/arioty T 44 AVGE G

15-652 90 ¢ 92
3 0 0 0
C.2.v.-2 g4 100 c7
O TR 75 e 119
C.2.v.-$ $S o %4
“.Co175-1. o o) 95
5.C. 120-6-28 79 44 78
S.C. 170-6-77 87 93 90
S.C. 414-12 75 100 87
S.C. 108 14 80 t9 8s
S§.C. 110-14 95 57 81
S.C. 239-14 72 ') 76
5.C. 173-12 2% 100 97
S.C. 120-14 70 85 77
[.5. 2918 100 04 92
1.5, 3164 71 %0 8l
1.5. 173 65 89 2/
I.5. 2042 90 94 92
1.5. 58273 67 89 78
1.5. 3799 59 91 7%
UChv-1 30 28 47
UChv-2 75 ” 7
Tht-2566 95 100 07
TAN-428 100 100 100

NSA440-12 100 100 100




iopendix Talle 2, Analysis of vardance of porcont lucsl lesions at
7 days after tnocul»td-a,

Swrce of vwrittion Jf 45 F
Uncorrected totnl e %oa5%0
Correctiun for mosn 1 AER P
Corrected tot-l 40 DR
varictios 24 21607 vou 9.06"
Revlication 1 833 833 2.30"°
Expcrimental error 24 2374 ) 99

HMean s 805§

5.D. = 100

c.v, = 124

L.S.D. (0.05) = 20.6
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Appendix Table 5. Percemt lucal colonizsti-n »t 1. days after iacculation

‘ Replicati n
Variety T 4 Avuragy
MMS-652 S0 100 7%
P ] 0 0
C.5.V,-2 9% 100 97
C.5.V,.-4 A n A
C.0.V,-5$ 25 K 24
5.C. 175-14 74 95 8.
5.C. 120-6-£0 5% 6?7 6’
5.C. 170-6-17 60 y 62
S.C. 414-12 50 BS u?
S.C. 108-14 80 7 n
S.C. 110-14 20 47 68
S.C. 2%9-14 61 53 57
§.C. 1738-12 95 100 97
S.C. 120-14 65 80 72
1.5, 2918 75 6} 69
1.5, 3164 6 75 68
1.5, 173 40 63 52
1.5. 2042 57 a9 73
1.5, 5273 43 50 4é
1.5, 3799 47 82 64
UChv-1 20 50 35
UChv-2 78 3¢ 56
TAN4-2566 85 100 92
TAH-428 100 94 97

1iSA-440-12 94 p4 94
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sopendix Tadle .. Analysis of variance of percont Ineti colomization
st 10 days after imoculstion.

swurce of verintion dar o 6 p
Uncorructud tol-l $0 it e §
Cerroction for ooan 1 712643
Correctod tot-l 3 e
Varieties 2" WYY, 5,17
Replication 1 707 7 3.15%
Sxperimental] crror 24 5414 226

Mean . 65.2

S.D. . 15.0

C.v. ’ 23.08

31.0

L.S.D. (0.08)
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Arpencix Table 5. Torcemt systemic infoction -t 2! days »”ter inoculation.

“ Yonlic-tion Averapy

variaty Y b

Ni5-65; o 0% 50
QL-3 0 0 0
£.8.V.-2 63 67 -~
C.o.¥, - 10 0 5
C.5.V.-§ % i ”
5.0, 1751 ¢ 8 55
5.C. 120-6-0L 79 39 o
5.C. 170-6-17 80 n 76
S.C. 414-12 70 60 65
5.C. 198-1-. 30 26 28
£.C. 110-14 113 47. 61
5.C, 239-14 22 R 27
S.C. 173-12 80 53 66
5.C. 120-14 ¥ 48 37
1.5, 2912 5$ 32 43
1.5, 3164 4 45 44
1.5. 173 20 1] 26
1.5. 2042 24 28 26
1.5, 5273 14 17 15
1.5, 3799 35 $9 27
UChv-1 0 25 12
TAM-2566 60 50 55
Thit-428 47 44 A6
HSA 440-12 L) 63 68
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Appendix Table 6. ~aa.ysis of variance .~ percent systemic infection at
21 days after artifici-] tnocudntion at !yderabnad.

Surce of vari~tion df 58 HS K
Uncorrected totrl $2 1 08%0
Correctiun i1 voon ! 118
Corrected totnl w¥ 0662
Verioties 24 L1y 1007 toas'
Replication l 32 32 c. “NS
Experiments] error 24 5457.. 27

Moan s N7

S.D. « 151

C.v. LI 2 )

L.§.D. (0.05) = 3.1
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fppendix T=ble 7. Percent systomic Infecticn at {0 days in the field

1t Dharwnr

variety DEEEEEE St § S

M-652 100 100 102
0L-3 0 0 0
€.5.7.-2 §2 i n
C.5.V,-4 5 5 J
C.5.V.-$ A 11 7
Z.C. 175-14 23 27 25
5.C. 120-6-88 ’3 W 1
§.C. 170-6-17 14 14 34
S.C. 4)4-12 17 13 17
5.C. 108-14 $ 8 5
$.C. 110-14 9 12 1%
c.C. 239-14 17 21 19
S.C. 173-12 X ? 21
S.C. 120-14 0 10 5
1.5. 2518 34 9 21
1.5. 3164 10 10 17
I.5. 173 0 5 2
1.5. 2042 9 5 2
1.5, 8273 10 4 7
1.5, 3798 10 8 9
UChv-} 0 10 S
UChv-2 11 7 )
TA- 2566 26 9 13
TAM-428 23 29 26
NSA-440-12 33 56 1%
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ippendix Tatle O, annlysis of variance ~f sercont Systemic {afection at
50 days 2t Dharn

-

b AL TR TR - - Ao . o

Source of vemi~tinm 4 $S e F
Uncorrectos tut-} 50 5567
verroction for agan 1 17802
Corrected total <9 27065
Varioties 24 4985 1041 12.4°
Replication ! non 0.87°
Experimentsl error 2% 2008 84

Mean . 19.3

s.D. . 9.1

C.v. . 47.4

L.5.D. (9.08) 18.9
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Appendix Tablo 9. The rolaticnship betwoen rank value for four susceptd-
bility characters.

. o——. - -

V-rietios Rank ~n A Rank on A Yacal Rank ~n VA systomic infection
local fosion cotonteation  KRRTTTERT S —— TRl —
oL-3 1 ! 1 l
£.8.v.-4 14 3 : 6
JChv-} 2 ] ) 3
1.5, 8273 9 5 4 ¢
1.5. 173 7 [ 4 p]
1.5, 2042 144 17 6 3
5.C. 219-14 > 8 7 17
UChv-2 ¢ 7 o 11
S.C. 108-14 13 19 .9 7
C.5.v,-5% 3 2 10 »
S.C. 120-14 8 16 11 4
1.5, 2918 17 18 12 19
1.5, 3164 12 14 13 12
TAR-428 24 23 14 A
[.5. 3799 4 i |} 10
TN1-2566 22 21 16 15
5.C. 178-14 20 20 17 20
S$.C. 120-6-88 10 10 8 22
L. 110-14 11 13 19 13
C. 414-12 15 12 20 16
S.C. 173-12 22 25 21 18
C.8.v.-2 21 24 22 24
NSA-440-12 24 22 23 23
S.C. 170-6-17 16 ¢ 24 14
0MS-652 19 18 25 25
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Appendix Table 10. Correlation meteix and t vilue.of the relationship
bytweon rank value for fnr susceptidle character-
istics.

loce1l colond-  Systemic infoction Systemic infection

charactors sation Jartificial Ino.) _ (Natupel Inn,
s t-val rs t-valw 9 t-vrlue
Local losion 0.85 7.64" 0.6 " 3.95 0 .8 1.7
el colondzation - XY 0.2 0.%% 19
(2 ]
Systemic infoction - . . . 0.7 a3

(Artificial Ino.)
Systomic infection

(Natural Ino.) - - . . . .
t (0.05) = 2,06
(0.01) = 2,81

Appendix Table 1). Mean, value of percent local lesion, local colonization
and systemic infoction of rusistance variotics growp

(0-17% systomic infoction),

Vlocal  §local colo- % ostemdc infection
Variety lesion nization  Artiflcal Ino. Naturs @ fo.
QL-3 0 0 0 0
C.5.V.-4 85 % s ;
1.5, 5273 78 m 15 )
UChv-1 47 35 12 5




Appendix Table 12.

5

vloan vilus of percent locnl leaion, local celanizntion,
and systemic infecticn of irderato resistance varioty
grown {18-49% systemic infoction),

-

V local lesion % local col - \ systemic infection
Vartotios mreeton  TRITIT TooTatimsT Toar
C.S.V.-S 54 2- n 7
5.C. 108-14 85 14 bt 5
S.C. 239-14 T %7 7 19
S.C. 120-14 n n 3! $
1.5. 218 92 o9 43 2
1.5, 3164 8] 68 4 10
1.5. 173 7 82 26 2
1.5, 2042 92 73 o 2% 2
UChy-2 1 S6 28 )
1.5, I 78 6. 47 9
Tai-428 100 97 46 26
Appendix Table 13. !ioan valuo of percent local lesion, local colonization,

and systemic infoction of susceptible variety rrowp

(50-80% systemic infection).

\ local v local eolo- \ systemic Ln!ocuon

Varieties lesion sizetion  Frtificlal Tno. Teturs Ino;
C.5.V.-2 97 97 68 n
S$.C.-178-14 95 54 11 pi 4
S.C. 120-6-88 8 62 9 )|
§.C. 414-12 87 67 65 17
S.C. 110-14 81 63 61 10
TR 2566 97 92 $S 15
NSA-440-12 100 94 68 45
DMS-652 92 4 80 100
8.C. 170-6-17 90 62 7% 7]
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Appendix Table 14. Correlation coefficient, msen, staadard deviation and
significant of correlotion mmuut of three growpe

of variety.

Characters Growp lesion colani - Systemic infection lean 8.D.

tatio: (Artificial Ino.)

locel losion i . . - LY I
Y - . . 8 1
I . - . 92 7

Local

colonization 1 0.90 . - S D
11 0.90 . . 6 18
113 0.87 . - 0 13

Systemic infection ,

(Artificisl Ino,) 1 0.60 0.8 . 8 7
11 0.52 0.45 - ] 9
111 0.14 0.1¢ - 85 [}

N
¢ infoction , .
so':::h ;‘:,) 1 0.92 1.00 0.86 ¢

3
1 0.47 0.37 0.57 n
11 0.28 0.27 0.60° %
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