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ABSTRACT

From infected sorghum leaves Brought- from three different
place, 17 yellow coloured bacterial coldnies were 1sclated. After
having conducted hypersensitivity, morphological, physiological
and blochemical tests, including pathogenicity test using sorghum

line W8 1297 as a susceptible host, only one 1solate was found to

be Xanthomonas helcicola, the causal organism of bacterial streak
disease of sorghum. Six different inoculation techniques were
compared to achleve an effective method of screening together with
pathogenicity test, The isolated organism induced typical symptomatic

response when the rub and spray method of inoculation was used.

Using the rub and spray method, 31 sorghum lines, 7 from high-
land (about 2000 metres), 8 from intermediate (1600-1900 metres),
15 from lowland (800~1600 metres) and sorghum WS 1297 as & control
were examined for resistance to bacterial streak disease caused by
Xoholclicola. High resistance to the disease was showm by sorghum
lines 80 K 6056, Gambella 1107, 80 K 6088, 81 ESIP 21, 81 ESIP 25,.
Melkamash 79, ETS 0601, ETS 4946, Of these 75% are from lowland
and 25% are from highland groups. Sorghum lines IS 9294, IS 9302,
IS 9379 81 ESIP 29, Dobbs, IS 8686, Muyra white,X8 9823 and'tha
control WS 1297 showed susceptible reactions. Of the susceptible
sorghum lines 62,5% are from intermediate, 25% from lowland and
1245% from highland groups. The reaction of the other lines range

from moderately resistant to moderately susceptible.




INTRODUCTION

In Ethiopia, sorghum grows under a wide range of altdtude and
rainfell conditions, It is imperfant Both in highlands andi lowlands.
Nopmally, it is cultivated in altitudes azx high as 2500 metres andi
as low as near sea level, Often it Is the only"cr’% grDWn_ﬂn_mois&ur&
stressed areas and in the lowlands covering a total of over a mili&gnx
hectares. in the country(ESIP, 1976; Brhane, 1977; ESTP, 1978; Hrhane
and ¥ilms, -1979; Brhane, 1981a).

Sorghum is used as a grain crop for human consunption, for
brewingrlocal beers and other drinks. Me leaves and stalks are used
as @ foorage for animals, as fuel, for flences,, for constructing n
local huts,  baskets, mats etc, (Tamr, 1962; Tadblle>and*Brhane‘1975;
Brhane, 1979 ),

Yearly production of sorghum is estimated to e one million

tons(E3TP, 1978; Brhane and’ Beladnesh, 1981).

Scrghum is second to teﬁ’(Er@grostﬁStteﬁﬂ for making Injera
(the traditional unleavened bread) Both in qu%lity end’ quantity
(Brhane, 1977; Brhane and Yilma, 1979; Brhane andi Belaihesh, 1981),
Sorghum ranks. fourth in importance following: whest, rice and maiZe:
in the world{Brhane and Yilma, 1979Y. It f's: estimated that,nearif
30% of the arable land fn the wopld fs cultdvated with sorghum
(Rangaswaml and Rajagopalan; 1973). Thay also have reported that

sorghum conéistently outyieids-other crops grown in these areas,
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Though tolerant to a wideﬂrange oft ciimatic:and‘soil conditions,
sorghum iis knOWn to be attacked! by Poth fungal and°bacterial dﬂse&ses-.
(Tarr,1962; Rao and House, 1972), According to Rangaswami and Rajas
gopalan{(1973), seven bacterial diseases are reported that attack

sorghum; Pseudomonas andropogoni, Pseudomonas: alboprecipitans,

Pseudomonas syringae, Xanthomonas holcicola, xénthomonas-albilineahs,

xanthomongsAngg;;ingqps and! Xanthomonas wvasculorum,Out- of thesze,

Pacterlial stripe caused by Pscudomonas andropogoni, bacterial spot

caused by Pseudomonas syringae and bacterial streeak caused by

Xanthomonas-hOICiCQég.are'best known and® wide spread follan Wacters-

1zl diseases(Rao and House, 1972; Mengistu aﬂd‘Erhan@ﬂ 1978);
Ther present. study deals with bacterial streak discase(X.holeclcola)
the most commonly occuring bacterial disease in Ethiopia(Mengiastu
and' Brhane, 19785& 3
Little has been reported on bacterjal streak disease regarding
extent off damage, dissemination mechanism, establishment of artd-
fleclal infection and varietal resistance(Tarr, 1962; Rao and House,
1972; ICRISAT, 3978), In Ethiopia too, little information ts avail-
able on varietal resistance and® ather aspects of the diisease. Though
it 1s widely distributed in Ethiopla and other parts: of the world,
i1t has not: been considered as a major disease of sorghum. Heruer,

Frohlich and' Rodewald(1989), FA@(1972) and’ Nikolaeva(1977) have

peported the lncidence of the dilscase is Increasing and' also that
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some: popular cultivars such as: Wonder Kaffir, European Milo, Farr's
Duwarf: were found susceptible(ICRISAT,1978).

The: present investigattion, therfore, had the fbliowing-obﬂectivesi
1) To study the diagnostic characterstic of the pathogen(X.holcicola)
2) To evaluate sorghum cultivars for thedr reactlon to bacterial

streak disease caused by X.holcicola,
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LITBRATURE REVIEW

General Characterstiecs off Xanthomonas holcicola

Classificatigg

The term Xanthomonas is derived from two Greek words: xanthus
(yellow) and monas(unit or monad?); hence it is a yellow monad.
Dowson{(1939) in Starr and Stephens (1964) emphasized that the: yellow
colour is one of the most significant characterstics. This emphasis
upon the production of the yellow colour, and' its: use as a primany
determinative feature for these bacterial group has also promoted

& general study of the yellow colouring matter of Xanthomonas, The

Yellow substance was found to be carotenoid’ in nature and non-watep
soluble(Walter and Stgrr,1948; Buchanan and Buchanan, 1952; Breed
et al;1957),

| The genus Xanthomonas is very closely related to the genus

Pseudbmonas. In fact, Xanthomonas initdally was formed by splitit~

ing the genus Pseudomonas into two, so as to include a considerabile

group of” phytopathogenic bacteria in the genus- Xanthomonas. HWowever,

due to some variability in characterstics, some purely saprophytic
specles are included in this genus(Buchanan and Buchanan, 1952),
As reported by Vidaver(1976) nomenclature of phytopathogenic acter-

ia is unsettled, particularly for Pseudomonas and Xanthomonas,

According to Breed et al.,(1957) and Rangaswami and Rajagopalan,
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(1973), the genus Xanthomonas 1s grouped in the family Pseudomona-
dageae and in the order Pseudomonadales,

Xanthomonas speciation has been PBased on proved or assumed

host specificity. Neverthless, as summarized by Gibbs and Skinner
(1966) this concept is wldely held to be unreliable Because of the
followlng reasons,

a) Xanthomonads are relatively homogeneous and there is no
consistent physiologlcal basis for species differenciation. It is
usually impossible to identify @ species when 1t 1s separated from
the host of origin(Walter and Starr, 1948), Species from diverse
hosts are diffficult to be distinguished in the laboratory.

B It appears that virulence and pathogenicity may not he st
stgble characters, although the evidence on this point 1s conflicting.

) Speciles of Xanthomonas have bBeen shown by numerical taxonomy

to form a group distinct at the generic level from Pscudomonas., but

too closely clustered to justify the numerous species found in the
literature,

In the proposal of Young et al.,(1978) for nomenclature and
classification -of plant pathogenic’ bacteria, Xs holelcola 1s inciu—
ded as @& pathovar of X, campestris for it is generaliy-indistinguish—'
aBle from X.campestris except By its host range.

It is most likely tha£ some of the species of the ¢genus Xantho-

monas will be united or recogized as varieties having special adap-
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the maximum 36 “370C,and the thermal death point is 51°C.,
ol

Symptoms, Ppidemiology and host. susceptibility

The appearance of bacterial streak({X. holcicola) in sorghum
filelds is related to the stage of plant development (FAQ, 1972).
Similarly, the colour of the streaks varies according to the variety
. of sorghum(FAO, 1972), The initial symptoms of infection appear as
narrow water-soaked streaks 2 -3 mm wide by 2-15cm long surrounded
by red,éurple or brown colour appearing as early as the second’ leaf
stage of the seedlings. As the plant grows old. the lesions soon
turn red, become opague, and at intervals may broaden into somewhat
irregularly oval spots with tan centres and narrow red margins. In
severe attacks these coalesce to form long irreqular streaks and
blotches extending across all ormuch of the leaf blade, with more
or less dead tissue bordered by narrow dark margins: between the -
reddish PBrown streaks, Bacterial exudate is produced as light yellow
droplets which dry to thin white or cream coloured scales(Dagnakbhew,
1967; Ganga et al,, 1971; FAO, 1972; Rao and House, 19723 Weber,
19733 ARS, 1975; Williams et al., 1978),

Bacterial streak (X.holcicola) was first discovered on sorghum
leaves in Texas and was subsequently found on many sorghum varieties
in Kansas, Oklama and Montana (Tarr, 1962), Although apparently

reported from the United States of America, Australia, South Africa




and Argentina(Tarr,1962;FAO, 1972), the disease is widely distri..
buted where sorghum are eultivated(Jdohnson, 1953; Ganga: et al.,
1971) especially in USSR, India and Phillibines(ICRISAT,TQ?B)g
The disease has recently been reported to prevail in Argentina
(Frezzl and' Teyssandiler,1978), in Bangladesh(Mian and' Ahmed, 1978),
in Mexico (Vallejo, 1978) amd in New Zealand (Watson, 1971). In
ESIP (1978) it is reported that X. holcicolm occurs at Kobo,
Nazareth, Arsi MNegelle, Alamaya and Dakata which were ESIP's
research stations,

th%eriai discases of plants occur in almost every place that-
ls reasonably moist and warm (Woodi, 1953). Xe holcicovla is found
in climates with lower temperatures but more favoured etween 75 .
to 85°F (Leukel and ﬁartin, 1953). However, it is limited in host
range{Ganga et als,1971; Rao and House, 19723 Weber,1973). Leukel
and Martin(1953), Tarr (1962), Ganga et 3l,,(1971), Rao and Hbuse
(1972), ICRISAT(1978) and FAO (1980) have recorded X.holcicola on
sorghum species which include grain sorghum, sorgho(or sweet sorghum) ,
broomcorn, sudangrass and johnsongrass. This: disease did not appear:
to attack Broomcorn in the United States, however, broomcorn is
reported to be susceptibBle in Argentina (Tarr,1962;ICRISAT,‘19781.
Vel'sovskii (19703) also reported that X. holcicola is known to be

a pathogen on millet (Fanicum miliaceum).
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Bacteria may be carried over from one season to another on
seeds, on infzcted plant materials, in or on the soil, and occasion-
ally on plants that overwinter (Leukel and Martin, 1953;Cafati and
Saettler, 1980). Chumaevakaya and Nikolaeva (1975) made a study on

the three bacterial diseases of sorghum that include X. holecicola

On buruing infected leaves or placing them on the soil surfaces,
infection was found on the surface and at 5 cm depth after 5 months,
they also found that infection was higher in plets where sorghum

was grown in two successive years, Evidently, bacteria persist °
between crop sensons on infected sorghum trash and plants remaining
after harvesting (Tarr, 1962).

Streaks may develop on sorghum crops any time bhetween the seed-
1ing stage and their maturity (kRS, 1975). The appearance of streak
on the leaf of sorghum seedlings suggests that transmission of the
disease is possibly, from seeds or s&il. It was not possible to iso-
late X. holcicola from seeds (Tarr, 1962)° However, Avezdzhanova
and Sotochenko (1978) isolated 35 bacterial isolates from seeds and

leaves of 150 specimens of Penicum miliaceum.

Bacteria, in ¢general, may also be spread from leaf to leaf or
from plant to plant by wind, rain splash or insects (Leukel and
Martin, 1953), Though little has been studied on X. holcicola,

it most likely spreods by rain and wind (Tarr, 1962),
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Physiclogical and Biochemical Tests

Tests conducted in the laboratory were: 1} liquefaction of
gelatin 11) nitrification iii) fermentation of starch and other
carbohydrates iv) production of acldy ges, ammonia, hydrogeh
sulphide and indol v) coagulation of milk vi) production of catalase

and oxidase.

Pathogeniclty Test

To achleve an effective methid of screening of sorghum lines,
six methods of Inoculations employed in phytopathological experi-
ments were compared (Table 6) simultaneously with the test: of
pathogenicity. The susceptible host plant used for this test was
W51297 obtained from Plant Genetic Resource Centre in Ethioéia--n
For inoculation purposes, 48~hour-ocld cultures were used to make
bacterjal suspension of approximately TOgcells/ml (Howell and Fre-
deriksen, 1983), The average greenhouse day and night temperatures
were approximately 81 and 3g8°F respectively (Table 1) and the
humidity level was maintained almost near saturation point at the
time of inoculation. After inoculation the seedlings were kept in
a molst chamber, under plastic bags, till symptoms of infection
appeared in at least one or more of the methods.

Bacteria were reisolated from the artificially infected leaves

and were characterized in laboratory tests for similarity with those

isclated from the naturally- infected leaves.




Screening of Sorghum Lines in the Greenhouse

A total of 31 sorghum lires, 7 highland, 8 intermediate,15
lowland lines and one selection WS 1297, as a& susceptible control
Were obtained from the Ethicpian Sorghum Improvement Project (ESIP).
Five to 10 seeds were planted in a pot: using sterilized garden soil
taken from the compound of Addis Ababa University, Scilence Faculty
and were placed in a greenhouse. Three seedlings in a pot were kept
under high humidity condition for a period of 24 hours so as to -
predispose the scadlings for infection CTuite, 19693 Rangaswamil and
Rajagopalan, 41973; ICRISAT, 1978),

Three weeks after planting, artificial inoculation of sorghum
lines was performed in the evenings (Watson, 1971; Rao and Davadath,..
1977) using the rub and spray method which was found to be the nmost
effective. The leaves were rubbed with sterilized fine sand (mesh
size 0.365mm) and were sprayed with aqueous bacterial suspemsion
of approximately 109 cells/ml using a paint sprayer., The principle
involved in this technique was the forcing of inoculum through the
wounds formed by the fine sand. They were replicated three times
and the controls were inoculated with sterile diétilléd water by
using the same method, After inoculation the infectwed plants and .
the controls were kept in moilst chamber under plastic bags and were
placed under greenhouse benches for 24 hours to maintain- high hunidity -

(Reygood and Strider, 1979), Then they were kept on the greenhouse
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benches where the average day and night temperatures are 81 and 38°F
respectively,

Disease reactions were recorded 7 days after inoculation. A
rating scale of 0 =5 , © being highly resistant and 5 being highly

susceptible was used to evaluate disease reaction as indicated below,

TR SV

Disease Score Infection Type : Reaction
0 No sign of streaks Resistant
1 Small dots of streaks Resistant
2 Larger dots of streaks Resistant
3 Lesion length % -% of leaf Roderately -resistant
4 Lesion length greater than
L of leaf “Moderately susceptible
5 Streak covers the whole size
of the leaf Susceptible

Lesion width and length were also measured and the disease scores
were converted to disease index by the procedure adopted from _j
Kauffmen et al., (1973),

Disease Index = Disease Score X Length of lesion X Width of lesion
Using the above scoring method, seedlings in each pot were scored
for disease reaction; The scoring was detrmined by dividing the

SCore sum of each rcading by the number of replicates, The screen-
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ing experiment was repeated three times. Finally the mean disease
Index: was used to evaluate disease reaction.
Statistical analysis of the data was performed and the Duncam

Multiple Range test was used to compare individual means.

1
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EXPERIMENTAL RESULTS

Isclation of the Pathogen

Seventeen yellow bacterial 1solates (four from Alamaya,
seven from Nazareth and six from Ambo) were isolated from infected
leaves grown on media, Potato Dextiose Agar (Table 2). Of these

only seven bacterial isolates, Al_, Al (from Alamayal, Ny and NS

3?7 g
(from Nezareth) and Amg,:Amgland Amg (from Ambo) were showing

positive response to hypersensitive reaction test on broad bean

leayas (Table 2).

Charanterizqﬁﬁgn_of the Pathogen

In morphological, physiological and piochemical tésts,‘all
seven bhacterial isolates possessed the majdrity of the diagnostic

features of the genus Xanthomonas: Cells wepre Gram negﬁtiue,‘sﬁraight

rods, motile and produced a yellow pigment (on PDA), All were oxidase
negative, catalase positive and produced ammonié. All have oxdidative
metabollsm of carbohydrates such as arabinose, celloblose, %nuétose;"

galactose, mannose, saccharose, trehalose and aesculin. The isolates

showed 70% similarilty with each other (Table 3). Only two hacter-

ial isolates were identified as possible XaﬁthomonaéLHOICicola
when compared with the simplified scheme prepared for the identifi.

cation of Xanthomonas holcicola (Table 47,
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Table 1. Maximum and Minimum temperatures in p In the greenhouse

during the test perlods after inoculatjion.

Expt. 1 Expt. 2 Expt. 3
Day Night Day Night Dawy Night
No Max Min Max Min Max Min Max Min Max Min Max Min

-

1 96 64 62 38 98 64 62 38 82 68 62 38
2 a8 72 60 38 98 66 64 38 82 66 64 38
3 98 72 62 38 98 72 64 38 82 68 66 38
-4 58 66 64 38 98 72 64 38 84 68 64 38
5 96 72 64 36 38 72 62 38 82 68 64 38
& 98 72 62 36 28 70 64 38 84 68 64 38

7 98 72 62 38 98 72 64 38 84 68 64 38

97.4 70 62.2 37.4 98  69.7 63.4 38

82.8 67.7 64

38
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Table 2., Hypersensitive reaction for 17 yellow coloured bacterial

isolates from Alamaya (Al), Nazareth (N) and Ambo (Am).

B P i s

Isolates Rll'ﬂlz A13 A14 Ni N2 N3 N4 N5 NG N? Ami Am2 Am3 Am4 Ams Am6

i 7

Reaction - - + + + - + - e = - - - + + - +

+ = positive /

- = negative
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Table 3. Morphological, physiological and biochemical characterstics
of bacterial isolates which showed positive reaction with

hypersensitivity test on broad bean-lsaves.

o Isolates o - Ny

 Kinds of Testa Aly, Al, N, Ny Amg Am,  Amg ,
;Gram reaétioﬁ - - - - - D e -
tmbtility + S+ + + + + +
Galatin:liquefaction  + .45 (+) (+) & + (+)
Nitrate reduction - - - - - S -
Indolrprodﬁction - (+) + (+) = - -
HZS production + + - (+) (+3 4 (+) +
Ammonia production + + + + + + +
Catalase production + + + + + + +
Oxidase production - - - - - - -

J Sttarch hydrolysis + + - - + {+) +
Milk coagnlation - - + - - -
Acid but no gas with '

Dextrose + - + + () + - +
Apabinose + + + + + + +
Cellobiosce + + + + + + +
Fructose + + + + ' 4 + n
Galactose + + + T + +
Mannose + - 4 + + 0+ -+ +

E Saccharose + + + + + + +

E Trehalose + o + + + 3 +

Lr Aescullqw}wl . + + + + RS AT

Note: +S'strongly p051tive- {(+):slight positive {not defined zone
in the. case of starch hydrolysis and gelatin llquefactlon)
(d) doubtful..(becomes. positive but delayed); '+ positlve,J

- negative,
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Table 4.5implified scheme for the identification of Xanthomonas

holcicola ( summarized from Breed et al., 1957, Tarr, 1962;

Weber, 19753 Gibbs and Skinner, 1966).

" Kinds of Tests . Reaction
Graﬁ.rééétioﬁ- -

- Motdldty +
Gelatin liquefaction +
Nitrate reduction (d)

Indol production -
H2S production +
Ammonia production +
Catalase production +
Oxlidase production -
Starch hydrolysis {(p)
Milk coagulation -
Acid but no gas with
Dextrose -
Arabinose +
Celloblose +
Fructose +
Galactose +
Mamnose | +
-Baccharose +
Trehalose +
hesculin . i P
Note: ~ = negative {(p) = partial( é&%e of
+ = positive clearing not well defined

(d) = doubtful
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Pathogen;pggxw?esg

S1x inoculatieon techniques were tested to effect a reliable
infection (Table 5). However, the rub and spray inoculation tech-
nique was found to be effective in creating an avenue for the multi-
plication of the bacteria, When the injured leaves were sprayed
with the mqueous bacterial suspensions, characterstic symtoms were
produced on those inoculated with culture of Amg. No symptom was
found on the contrecls injured but sprayed with sterile distilled
water, Small water soaked lesions @ppeared 48 hours after lnoculae
tion and these wore enlarged to narrow water soaked areas as the
disease prgresged, After #aking out the plants from the moist
chamber, the colour of the water soaked area gradually changed
into a brownish lesion and extended almost to one -fourth of the
blade.

Few tests were made for the reisolated Bacteria and they were
found to Be the same with the original isolate inoculated but only

the zone of clearing seems more defined (Table 6),

Screening for Resistance

A total of 31 sorghum lines, 7 highland, 8 intermediate and
15 lowland lines with selection WS 1297 as a control were used in

artificial inoculation experiments.,
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Table 5. Extent of infection using different techniques of inocula~
tion compared during pathogenicity test.

R

Types of Technlques Extent of Infection

Hypodermic Injection¢- Infection localized )
Pin Prick Inoculation‘ Infection localized

Rubr and Spray Inoculation Streak formed

Spray Inoculation No infection

Fine Brush Inoculation No infection

Leaf Clipping Inoculation° Inféctioh localized

LT P

* Localized, nonw-specific necrosis and poor development of symptoms
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Table 6. Morphological, physiological and bilochemical characterstics
of the reisolated Xanthomonas holcicola from the artificia-

lly infected sorghum leaves.

A A

Kinds of Tests Reaction
Gram reaction ~-
Motility -

L)
Starch hydrolysis +
Ammonia production ¥

Acdd but no gas with

Dextrose -
sSucrose +
b - Ml e o

L e T

Note: « = negative
+ = positive

? The zone of clearing scems more defined
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Seven days after ilnoculation disease scores were taken
(Table 7) and the length and width of the lesions were moasured
(Table 8). Averagc disease indew was calculated for each experiw
ment (Tsble 9) and the mean disease index was used for reaction t
test (Appendix 1)

Thes tdme for aymptom development: did not vary much among the
lines. Size of the lesions appearingfaffer 7 days of inoculation
was highly variable and significant differences were occuring
among most of the sorghum selections used in the experiment,

Low diseage index reflecting highly resistant reagctieon was
observed in 8 sorghum_lines, 80 K 6056, Gambella, 1107, 81 ESIP 2%,
80 K 6088, 81 ESIP 25, Mclkamash 79, ETS 0601 and ETS 4946, Nine:
lines, IS 9294, 15 9302, IS 9379, IS 9323, 81 ESIP 29 , Dobbs,

IS 8686, Muyra white and the control WS 1297 have showed high
disease indices, which reflect highly susceptible reaction. The
reactdon of the other lines range from moderntely resistant to
moderately susceptible (Appendix 1).

The Duncan Multiple Range test (Rppendix 1) showed that the
mean Indices of 80 K 6056, Gambella 1107, 80 K 6088, 81 ESIP 21,
81 ESIP 25, Melkamash 79, ETS 0601 and ETS 4946 (having low
indices)are significantly different from those which are mentioned
to be susceptible (having high disease indbces). Muyra' white was

@ line having: the highest index and is rated to Be the most suscep=
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Table 7. Average disease score of bacterial streak on sorghum

lines in three experiments,

ennaens s AVERLGCEBCORE

Entex No Lina . obixpte 1 Expt.2 =~ Ex) :
1 Alamaya 70 1433 1.67 1,00
2 ETS 2752 1.00 1,00 1.00 -
3 ETS 3235 0.67 1,00 1400
4 ETS 4946 0,67 1,00 0489
5 ETS 0601 0467 T.33 1,00
-6 Muyra whlte 2,67 4,00 4,00
7 ETS 2624 1,67 1,67 1,00
8 I3 8686 3.33 3.00 2.56
9 IS 9293 1,67 1.67 1,00

10° 18 9294 2,00 Z.33 1.44
11 IS 9302 2,00 ¢ ‘2,33 1.44
12 IS 9323 3,00 2.33 2,33
13 IS 9379 2.00 %00 2,00
14 13 9466 1,67 1.33 1.56
15 - 18 9521 © 2,00 1,67 1,22
16 Dobbs : 2,00 2,33 2,33
17 Gambella 1107 0,00 0,00 0400
18 Melkamash 79 1,00 1,00  1.00
19 Niw 13 1.67 1,33 1.11°
20 80 K 5044 1,00 1.00 1,11 {
21 80 K 6056 0.00 0,00 0,00
22 80 K 6085 _ 1.00 0.67 0455
23 80 K 6088 0433 0,33 0,00
24 81 E3IP 21 0.33 0,00 0.33
25 81 ESIP 25 0.39 0467 1,00
26 81 ESIP 29 1,00 2,33 2,22
27 81 ESIP 30 1.33 1.33 1.11
28 81 ESIP 31 1433 1.00 1.22
29 76 Tq # 23 1,33 1,67 1,56
30 RS, X Ve 1467 . 1.67 2,22
T SN ./~ T 73X AR -T -1 - N 11 ¢
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Table 8. Average length(L) and(W) measurements of lesilons formed
on sorghum lines by Xanthomonas holcicola (cm)

P~

Average lengtﬁlk width measurement

Eptry No Line .. ... Expta 1 Expt, 2 Expt,3
1 Alamaya 70 0.85 0497 0,91
> ETS 2752 1,19 0,99 1.26
3 ETS 3235 1,32 1.08 1.00
4 ETS 4946 0.86 0.67 0.89
5 ETS 0601 0.63 0,79 0455
6 Muyra white 6.66 B.93 - 742
g ETS 2624 1,30 1.41 0.71
8 IS 8686 3.70 . 3,85 3,50
9 IS 9293 2.10 2.38 2.35

10 I8 9294 2.98 3,01 2.11
11 IS 9302 3,25 3,89 2.14
12 IS 9323 3,90 2.01 2433
13 IS 9379 2.24 3,57 2,63
14 IS 9466 ’ 1.42 0.74 1.92
15 IS 9521 1.48 1.13 1.29
16 Dobbs 2.28 4,21 2.19
17 Gambella 1107 0.00 0,00 0400
18 Melkamash 79 0.65 0.72 0341
19 N - 13 1.24 1.05 1,21
20 80 K 5044 0.79 0,64 Ta52
21 80 K 6056 0.00 0,00 0,00
22 80 K 6085 1.80 1,00 1,09
21 80 K 6083 0,07 . 0,08 0.00
24 81 ESIP 21 0410 0.00 - 0.33
25 g1 ESIP 25 0,05 0.03 0,51
26 81 ESIP 29 2.85 4,15 - 2422
27 81 ESTP 30 1,17 1,18 1,00
28 g1 ESIP 31 1,95 1,06 145
29 76 T, # 23 0.94 1,93  0.98
30 RS, X V6C 1.29 1,29 2.89
31 WS 1297 .. . 2,33 3,35 3462
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Table 9., Dlsease indices of sorghum lines in three experiments.

Disease Index

Entry No Lines Expts 1  Expt. 2 Expt, 3 Mean
1 Alamaya 70 11,30 16.20 12.10 13.10
2 ETS 2752 11.90 9,90 12.60 11,47
3 ETS 3235 8,84 10.80 10,00 9.88
4 ETS 4946 5,76 6470 7492 6.79"
5 ETS 0601 4.22 10,50 5.50 6.74"
6 Muyra white 177.82 357.20 296.80 277.27°
7 ETS 2624 21,71 23.55 7010 17.45
8 IS 8686 123.21 118556 89.60  109,44°
.9 IS 9293 35,07 39.7%, 23.50 32,77
10 IS 9294 59460 70,13 30.38 53,37°
11 IS 9302 65.00 90.64 30.82 62.15°
12 IS 9323 117,00 146,83 80, 39 81.41°
13 IS 9379 44,80  107.10 52460 68,17°
14 IS 9466 23,71 ‘9,84 29.95 21,17
15 IS 9521 29,60 18,08 15,74 21,14
16 Nobbs 45,60 98,09 74,33 72.67°
17 Gambella 1107 0.00 0.0V 0,00 0.00"
18 Melkamash 79 6450 7420 4,10 5,93%
19 N ~13 20,71 13,97 13.43 16.64
20 80 K 5044 7,90 6440 16487 10,39
21 80 K 6056 0,00 0,00 0.00 0.00%
22 80 K 6085 18.00 6.70 5,45 10.05
23 80 K 6088 0423 0,26 0.00 0.16_
24 81 ESIP 21 0.33 0.26 0400 04207
25 81 ESIP 25 0,17 0220 5,10 1,82,
26 81 ESIP 29 28,50 96,70 80436 68,52
27 81 ESTIP 30 15.56 15.69 11.10 14,12
28 81 ESTP 31 25.94 10,60 17469 18.08
o8, ig«%i #B5 15,56 35,73 14,89 19,87
3 RS XVEC 21.54 21,54 64.16 35,75
31 W 1897 e 59,65 100,50 84,34 81,49°

Notet means followed by & Yetter pr are resistant, & By a letter s

susceptible,
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Table 10, Disease index and reaction of sorghum lines recommended

for highland zones when infected with bacterial streak

disease

(Xanthomonas holcicola),

R

Mean Disease Index

Lines Reaction
Alamaya 70 13.10 Moderately resistant
ET8 2752 1. 47 Moderately resistant
ETS 3235 9.88 Moderately resistantt
ETS 4946 6.79 Resistant
ETS 0601 6.74 Resd stant
Muyra white 277, 27 Reslistant
ETS 2624 Tf. 45 Moderately resistank
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Table 11, Diseasc index and reaction of sorghum lines recommended

for intermediate zoned when infected with Bacterlal streak

disease (Xanthomonas holcicola),

i

e hap sl

I e Mean Tlseage Index Reactilon
IS 8686 109,44 Susceptible
I5 9323 81.41 Susceptible
IS 9373 68,17 Susceptible
IS 9302 62,15 Susceptible
IS 9294 53,37 Susceptible
TS 9293 32,77 Moderately susceptible
IS ©465 21017 Moderately susceptible
IS 9521 2144 Modera’zZely susceptible

i SIS S

LIPS
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Table 12. Disease index and reaction of sorghum lines recommended

for lowland zones when infected with bacterial streak

v © disease (Xanthomonas holecicolal

Line Mean Dilisease Index Reactlion

Dobbs 72,67 Susceptible

81 ESIP 29 68,52 Susceptible
RSTXVGC 35.75 Moderately susceptihle
76 T1 23 19.87 Moderately susceptikle
81 ESTIP 31 18,08 Moderately resistant

N -« 13 16.04 Moderately resistant
81 ESIP 30 14412 Moderately resistant
80 K 5044 10,39 Moderately resistant
80 K 6085 10.05 Moderately resistant
Melkamash 79 5.93 Reslstant

81 ESIP 75 1.82 Resistant

81 ESIP 21 0420 Resistant

80 K 6088 | 0416 Reddstant
Gambella. 1107 000 ; Resistant

80 X 6056 0.00 . Resistant
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tible while Gambella 1107 and 80 K 6056 were found to be totally
immune for the bacterial streak disease,

Among the resistant lines 75% are form the lowland group and
25% from the highland groups. None of the intermediate group were
showing resistant reaction. Among the lines' showing susceptible
reactions, 62,5% are from intermediatte groups, 25% lowland and 12.5%

from highland lines (Table 10, Table 11, Table 12).
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DISCUSSION

The inability to isolate Xemthomonas holgicola fiirom most:
specimeris. 1s supported By the work of Watson (ﬁ971). In his work,
bacteria were seen in preparations of damaged leaf Eissue)examined
microscopically, buly occured infrequently and in low numbers. He
detected thé=organisms mixed with non-pathogenic bacteria,

In this experiment, characterstic symptoms: appeared when the
leaves were injured and sprayed! with the bacterial suspension,
Likewise, Watson (1971) found streaks appearing on the emerging
leaves of i1noculated plants on Both wounded and unwounded areas,
when the seedlings were sprayed with sufficient forces,

Disease resistance in plant cultivars, in general, is indicated
when the host: excludes the entrance, curtails the establishment,
restricts the reproduction, and/oxr prevents the spread’ of pathogens
(Derege, 1975). Although some sorghums acquire resistance as they
age, little 1s known of the nature of mechanism of resistance.
Whether known sources of resistance restrict penetration and /or
colonization and subsequent growth By the pathogen has not Been
established (Ying and Frederiksen, 1980). Information on the genetics
of resistance 1s very useful in the choice of appropriate Breeding
and screening methods (Raj and Patel,1978), Recent screening: tests

at ICRISAT have shown that sorghum has sources of resistance for
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downy mildew, leaf blight amd rust (ICRISAT, 1982)., Limited work
suggests that sorghum cultivars differ in reaction to streak
(ICRISAT, 1978; Sundaram, 1978). There is also little information

on efforts to breed for resistance against Xanthomon&s holicicola

(Rao and House, 1972), However, several workers have presented
several sources of resistance for a whole range of diseases in
sorghum (ICRISAT, 1982). One important plant characterstics that
has been used effectively in breeding and screening programmes 1s
tan colour (Rao el ale, 1978; ICRISAT, 1982). Tan plant types
have generally higher degrees of resistance to follar diseases,

Some of the sorghum lines under screening experiment in this
study are collections from Ethiopia, some are introductions from
ICRISAT and Near Bast and a few are hybrids,

In considering the most resistant: lines in this, Gambella
1107 1s: @ ¥an coloured plant. (Yilma, personal communicattion) and
it hms high level of disecase resistance, gpod® graln and excellent:
agronomic backgrounds (Brhane, 1981 b). It possibly has gene: for
resistance against most dlseases,

Gambella is typical of the lowlands (500 metres) with high -
rainfall (4000 mm/annum), high humidity (mostly greater than 50%
relative humidity) and high temperature (greater than 86°F all the
year round). Such an environment i1s the most ideal for disecase

development. Therfore, lines which are susceptible for most diseases
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cannot: survive under this condition (¥ilma, personal communication).
80 K 6056 Which also another most resistant line in this study
is a cross between NES-830 x 705 X NES-8847 ESIP, 1977), Both the
parents are introduced from Near East as best parents for the low-
land programme (Brhane, 1981), The male parent NES -8847 is a
clean-leaved plant probably showlng resistance for most foliar
diseases. Hence, 80 K 6056 had possibly inherited its résistance
to streak disease from its male parent (Y¥1lma, personal communication).
80 K 6080 and 81 ESIP 21 which are the next resistant lines
are crosses of 76 T, #432 X NES- 635 and 76 T, # 432.1 / 269 X
76 T, # 478 (ESIP; 1977). In these two cases 76 T4 #432 seems to
have complimentary effect in giving resistance to the lines (Yilma,
pé;sonal communication).
Again 76 T4 i 441 X NES ~-8835 are found to e the parents of
81 ESIP 25(ESIP; 1977), one of the resistant line in this study.
The male parent (MES ~8835) is a clean-leaved cultivar which is
resistant to most foliar diseases. Hence the gene for resistance
in 81 ESIP 25 is possibly inherited from the male parent (Yilma,
personal communication),
Melkamash 79 is selected from ICRISAT Nursery and is known
to Be resistant against most diseases while line ETS 0601 is
released as a better line of intermediate and highland zones,

ETS 4946 has been recommended for highland regions (Yilma, perscnal

communication).
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On the other hand, Muyra white, IS 8686, I5 9323, Dobbs, 81
ESIP 29, IS 9379, IS 9302, and IS 9294 have shown a susceptible r
reaction to bacterial streak disease, It 1s not surpri¥sing that
Muyra white 1s found to show susceptible reaction, because it has
never been selected for any disease resistance. It is simply a
local Hararge selection. IS 8686, amother most susceptible line
has been 1lntroduced from ICRISAT for 1t was tolerant to a parasitic
weed known as "striga', hence it may not be resistant to diseases
(Yilma, personal communication), It has been reported that certaln
Kafirs are resistant to bacterial streak disease and some others
to be moderately resistant (ICRISAT, 1978;Sundaram, 1978). However,
all Kafir types, IS 9323, IS 9379, IS 9202, Is 9294, spgd.
15.8686 have shown a susceptible reactlon to our conditlon. All
these llnes are sclected for interﬁediate altitudinal reglons.
Intermediate altitude (1600 ~1900metres) with high rainfall (gre-
ater than 1000mm) is known to be favourable for disecase development
(Yilma, personal communic¢ation).

Bacterial diseases of plants occur in almost every place that

is reasonably moist and warm (Wood, 1953). Xanthomonas holcicola

1s found in climated with lower temperatures but more favoured
between 75 and 85°F (Leukel and Martin, 1953). The higher the rain-
fall with such warm condition, the more severe the disease problems

particularly leaf diseases (¥1lm, personal communication). In addi-



PR g

tion, I8 9323 has been severely attacked by blight and rust. IS 9294
1s attacked by severe rust and moderate blight and IS 9302 is attack-
ed by sllight rust and moderate blight. Therefore, there is a proba-
bllity that strealk may be found;but IS 9302 1s released as a better
line for production for lntermediate and zones and there was less
streak by the time it was released (Yilma, personal communication).

Nothing is known about the disease resistance of Dobbs. It is
introduced from East Africa for its characterstics not to be attacked
by blrds due to its bitter seeds, Besides, it is a good yilelder
(Yilma, personal communication).

Sorghum cultivars collected by Ethloplan Sorghum Improvement
Project are not selected on the basls of dlsease reslstance per se.
But good grain qualities and some other agromomic backgrounds are
also considered. Besides, selectlon against disease resistance is
on the basis of natural infestation not on artificial inoculation
(Yilmay personal communication).

Younger materilals are often more susceptible than older ones
(Tuite, 1969; Zaumeyer and Meiners, 1975; Hazwl et al., 1980),
Younger leaves of sorghum are also reported relatively to be more
susceptible to bacterial streak diseasc (Raoc and Davadath, 1977).

A6 mentloned above, the intermediate groups which are all Kafir
types are found to be susceptible which, in fact, 1s contrary to

the reports of other researchers. It 1s most likely that greenhouse
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results may not be similar with that of the field. For instance,

many dry bean cultivars were found to be highly resistant to halo

blight infection (Pseudomonas phgsep}icola)in the field but showed’
small necrotic spots in the greehh&use (Zaumeyer and Meiners, 1975),
Many gonditions such as microclimate, age, temperature, humidity,
light, mineral nutrition, wounding, inoculum concentration, etc

can alter the‘susceptibility of a plant to infection (Whitney, 1976).
Therfore, it is always necessary to study these materials in the
field under natural epidemic condition. As a follow-up to this
experimént it may be negessary to undertake a study to identify

the genetic factor responsible for disease resistance in sorghum.
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