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INTRODUCTION 

Amongst the cereals which must necessarily take the 

leading position in crops o:f primary significance to mankind, 

wheat is the most important.because it provides the people 

o:f every country with quality nutrient. About hal:f o:f 

worlds population depends :for sustenance on its production. 

In India, wheat is grown over 23 million hectares which 

yield nearly 44 million tonnes o:f grain (Anon; 1983). 

Many kinds o:f pathogens attack wheat causing greater 

reduction in yield. The bacterium (Corynebacterium michiganense 

pv tritici (Hutchinson, 1917) Dye and Kemp, 1977) in association 

with the ear-cockle nematode (Anguina tritici.{Steinbuch, 1799) 

Filipj ev 1936) causes a yellow ear rot disease, whi.ch is 

commonly referred to, in this country, as 'tundu' disease. 

1Tundu1 is one of the ~portant diseases 10 India, which 

lias l;>een reported to cause an annual loss o:f Rs. 75 ·million. __ 

even at a low in.festatiom level o.f less t.b.am one per cent 
D~~~~ ' 

(Seshadri,.tr.19SO). Singh ~ .5Ya,. ( 1953) recorded an annual 

loss of 3~ per cent in U.P. state due to this disease only. 

Chakravarti and Singh ( 1961) recorded prevalence o:f 1 tundu1 

as high as 40 per cent on a local variety in Bihar. Paruthi 

(1982) reported that the incidence of 'tumdu' on ear heads, 

1m Haryana, ranged .from 0.31 to 6.96 per cent. 

The disease has been disaeminated through infested 

seeds to all the wheat producing regioms of the world. In 

India tl'ilis disease was first recorded .from Punjab (India) 
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by Hutchinson in 1917; from Egypt by Fahmy and Mikhail, 1925; 

from western Australia by Carne, 1926o 

Although the disease has been studied ~d reported by 

various workers from different parts of the world, yet the 

information about the precise relationship between the nematode 

and the bacterium is not complete. Chau.db.tlri (1935) reported. 
-. -· 

that'tundu'aisease of w~eat is caused by the bacteri~ alone. 

Sabert (1952) suggested that bacterium was present in the soU 

and carried-by the nematode as contaminant. Cheo (1946) 

suggested that bacterium was carried with in the wheat galls. 

Gupta ( 1966) repert,ea that 1 tundu' disease is caused by the 

association of nematode aad bacterium and nematode acts as 

a vector. Detailed studies on the sym~t.oms, histopathology and. 

sal'ient features of the morphology of· the various developmental 

stages of Anguina tritici have been carried out by Gupta and 

Swarup ( 1968a, b), Swarup and Gupta ( 1971) with very little· 

emphasis on the.bacterial aspects. For the control of 

yellow ear rot amd ear cockle diseases of wheat, water 

floatation technique is in practice but continuous occurrence 

of this disease proved that this method is not so much 

practically adopted. Vasudeva and Hingorani (1952) compared 

salt sedimentation, water floatation and heat treatment and 

found that disease was kept under control by sedimentation anc:l 
' 

water floatation but solar neat treatment was not effective in 

destroying the bacteria. Ia view of economic tmportance ot 
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the disease, detailed investigations were taken up with the 

~ollowing objectives. 

1. To study the association of nematode and bacterium in 

causing the disease with particular empbassis on the 

bacterial aspect of the diseas.e complex. 

2. Location af bacterium in galls, 1.arvae, plants at 

different stages of plant growth. 

3. To device suitable chemical control measures to 

minimise the losses caused by the disease. 
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. REVIEW OF LITERATURE 

The yellow ear rot or 'tundu' disease o£ wheat was 

first reported £rom Punjab (India) by Hutchinson (1917) and 
. . .. ~ 

subsequently the disease has been reported £rom various other 

countries like China, Australia, United Arab Republic, T.Jithiopia, 

Egypt, u.s.4., U.s.s.R., Canada, Brazil, New Zealand, P~istan, 

Israil and .from serveral Europecm countries ( Fabmy and Mikb.aU, 

1925; Sabet, 1952, 1954a, 1~54b; Carne, 1926, Cheo, 1946; 

Hingorani and Bekele, 1969). 

The disease is characterised by the presence o.f 

brigb.t yellow .sl.ime or gum on abortive ears and leaves in 

contact with such ears in the boot leaf. Tlae affected ears 

.fail to produce any grains. The initial symptoms are same 

for both ear cockle and 'tundu' (Gupta and Swarup, 1968). 
-

Seedlings become twisted and crinkled and may die im severe 

infections. In the later case the emerging spike is either 

narrow and short with grains partially or completely replaced 

by bacterial mass, or it .fails to emerge out of boot leaf. 

The stalk is always distorted when ear shows bacterial rot 

symptoms (Hutchinson,· 1917; Milne, 1919; Carne, 1926; 

Cbaudh111"i, -·1935; Vasudeva and Hingorani, 1952; Sabet, 1954; 

Gupta, 1966 and Gupta amd Swarup, 1968). 

Primary sources of inoculum are nematode galls carried 

in soil as con~amtmamt of wheat seed (Cneo, 1946; Vasudeva 

amd Hingorani, 1952) or soil (Sabet, 1954). The galls carry 

thle bacterium eitb.er on the out si<de surface (Swarup and Singh., 
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1962) ar inside the gall (Gupta, 1966; Gupta and Swarup, 1972). 

Chaudh~~i(1935) reported that bacterium alone could cause 

the typical disease symptoms, but detailed studies carried out 

subsequently by various workers showed beyond doubt that the 

infection could take place only when the nematode galls were 
' 

mixed with the bacterial inoculum (Vasudeva & Hingorani 1952 a, 

b; Sabet, 1954). Various workers (Gupta and Swarup, 1968; 

Swarup and Singh, 1962; Swarup and Gupta, 1971; Midha, 1971) 

have reported about the various aspects.o£ association of the 

bacterium Corynebacterium michiganense pv tritici and the 

nematode ADguina tri tici in causing 1 tl:Uldu'· disease. 

' 
Fabmy and Mikhail (1925),Carne (1926), Cheo (1946) 

and Gupta (1966) reporteq.that.the bacterium was carried 

into the plants.by nematode. Swarup and Singh (1962) reported 

that both Rematode and bacterium are essential for the 

expression of 1 tundu1 symptoms but nematode larvae themselves, 

however, do not appear to carry the bacterium internally 

or externally. Pitcher (1963) observed that nematode acts 

as a vector of the bacterium for carrying it either from 

part to part of a single plant or from soil to plant. 

Midha (1971) detected bacterium in the galls collected 

£rom even these areas where 'tundu' disease has not been 

recorded suggesting thereby that the relatiomsaip between 

tne two organisms is of complex nat~re. Galls were reported 

by him to serve as nutrient source to the bacterbun. 

Bamdadian (1973) observed that the nematode Anguiml tritici 
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acts as a vector of yellow slime disease of wheat caused 

by A· tritici and Q.m. pv tritici and has been·found in 

all samples of disease in Iran. 

Fahmy and Mikhail ( 1925) observed no grain formation in 

100 ear heads infected with Corynebacte!ium tritici. Vasudeva· 

and Hingorani (1952) reported 1-3 per cent damage in Delhi 

state in general and upto 50 per cent in individual cases. 

Singh ~ al. ( 1953) recorded an annual loss upto 30 per cent . 

in yield due to this disease in U.P. state. Sabet (1954) 

repo~ted that number pf plants infected by eelworm and 

bacterium were 1 -out of 52 and 19 out of 57 respectively. 

Chakravarti and Singh ( 1961) recorded prevalence of 'tundu' 

as high as 40 per cent on a local var~ety of Bihar. Hingorani 

and Bekele (1969) ~eported £. tritici for the first time on 

wheat .from Ethiopia and incidenc,e was as high. as 50 per cent 

in some .fields. According to Parutb.i and ~atti (1982) the 

incidemce of 'tundu' on ear heads iB Haryana ranged from 

0.31 per cent-to 6.96 per cent. 

Leukel (1924) reported that 'tundu' disease attacks 

wheat, 1\ye, emmer (Tritictllll 'dicoccum) and- sp·elt (Triticum 

Spe1ta·L.) with almost equal Virulence. ,Bhatti~ Al• (1978) 

first tbne recorded 'tundu' and ear cockle together om barley 

1m Hisar (Harycma). -Dahiya & Bhatti ( t980) from Hisar 

(Haryana) ~- reported that Lolium ~emul,Emt!!ll, Al.opeclltrus 

m0nspeliemsis ana Pb.a1aris mim.pr as ta.osts o:f tb.e 'teciu1 

disease. 
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Midha and Swarup (1974) reported that the analysis 

of gall extract disclosed 13 amino acids and one gram o:f 
' 

gall extract contained sugars equivalent to 42 mg. of 

glucose. 

Swarup and Gupta (1971) reported that out of 5 media 

tested for the growth of bacteria, yeast glucose chalk 

agar medium (YGCA) and special medium supported the best 

growth. •. 

Sieving is the simplest way ·f"or the farmers to 

achieve gall eradication and is commonly practised 1n 

various countries. This method was tested by Coleman and 
' 

Regan (1918), Jones~~. (1938) .and Chu (1945) who 

found that ;os per ceJD.t of the galls remai.Ded in the 

mixture even after sieving. Coleman and Regan ( 1918) 

suggested that seed can directly be put in water. Cbu 

(1945) made observation and found that fresh water method 

Will not be effective unl~SS the operator can remove the 

galls right after the contaminated wheat seed is poured into 

water. By~rs (1919) applied the salt sedimemtation method 

in North America. Different workers have advocated the ttse 

of different concentrations of the salt. Hodson (1933) 

used 30 per cent, Leukel (1929), Singh~ ~o (19S3} and 

Jain J1 ~. (1956) used 20 per-cent concentration. Vasudeva 

and Hingoran:i. ( 19S2) compared sal.t sedimentation, water 

noatatian and solar Heat treatment anCll .found tb.at dise.ase 
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was kept under control by sedimentation and water floatation 

but the selar heat treatment was not e~~ective in destroying 

tb.e bacteria. Parutb.i and Bhatti (1982) reported that 
. -

complete floatation of galls was obtained at or above 10 

per pent salt solution for 5 min~tes. 

Srivastava amd Katiyar ( 1956,- 1957) repQrted that 

among chemicals tested so far.Diazinon (0~15%) has been 

found effective. Gupta (1966), Midha (1969) -found that 
. . . 

Zinfos b.as _been found effective in reducing infection. 

Diazinon has been r~ported to be pb.yt,otoxic. Chakravarti 

and Rangarajan ( 1~66) reported tb.at streptocycline inhibited 

the growth. of th.e bacteri'Wil unaer laboratory conditions •. 



r::::*~ri:**i 
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MATERIALS AND METHODS 

Wheat var. C-306, obtained ~ram Director ~arm H.A.U. 

Hisar was used. Wheat sowing was done in screen house on 
0)1 

November 11, 1983 and in ~ieldnNovember 26, 1983. The ear 

cockle galls collected ~rom tae infested ~ield ~rom Bawal 

{Haryana) during 1982-83 were used a~ inoculum. In pot 

experiment, ~ield soU was used waich. was mixed with fann 

yard ~anure 1n the ratio of 3: 1. 

Isolation.mf the bacterium: 

a) 'Tundu' affected earheads and galls:-

Yeast-gllllcose chalk agar ( YGCA} medium was used for 

isolation of Corynebacterium michiganense pv tritict. The 

galls were sterilised with 0.1 per cent mercuric chloride 

solution for one minute followed by washing in three chamges of 

sterilised distilled water. The galls were then gently . 
curshed in 2-3 ·ml of sterile distilled water. Isolations were 

made. from this by streak method. Test tube slants were 

incubated at 27°C for 48 .l:lrs. Isoiations ~rom 1 tUDdu1 ear 

h.eads were also made in a similar.manner. Culture ot .. tt;te 

bacterium were maintained on YGCA slants at 8°C ~ 2°C in 

refrigerator. 

b) Eitferent plant parts:-

For isolat.ian at bacterium, differemt plant parts viz., 

growing 
4

point, leav.e.tand awns were taken and 'small pieces were· 

cut with a sterilised scissors. Cut pieces were sbakem in 
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sterilised water and streaked on YGCA slants. In another 

case the cut pieces were surface sterilised with 0.1 per cent 

mercuric chloride solution for 30 seconds followed by washing 

in three changes of sterilised distilled water. These pieces 

were teased with sterile needle in 2-3 ml. of sterile distilled 

water. Isolations were made from this by streak method and 

tubes were incubated at 27°C for 48 hrs. 

c) Nematode larvae:-

Isolations for the bacterial presence both on the outer 

surface and inside of the larvae. Surface sterilised galls 

were soaked in sterilised wate~ for 24 hours and them pressea 

with a pair of sterilised forecepso Isolations from larvae 

were made ~0 detect the·presence· of bacterium as.comtaminant 

on the outer surface. For surface sterilisation tne larvae 

were treated with 0.1 per cent mercuric chloride for 30 
' 

minutes.' Tne larvae suspension was poared on a 400 mesh 

sieve ana washed with three changes of sterilised distilled 

water. Larvae from tne sieve were collected in sep~ate 

Petri plates 1m small q~antity of sterilised water and the 
/ 

larvae were er.bsaed. Suspension was streaked on tne YGCA' 

slants an4 incubated at 27°C for 48 nrs. 

The bacterial culture was purified by repeated single 

eolomy transfer. Tbe isolatea bacterial culture was identified 

om the basis of their merpnological and biochemical tests as 

given 1m lVlannual af Microbiologist M.etllods (Society o:f Americam 

Bacteriologist, 1g57 and Bergey's, Mamual of Determ'mative 

Bacteri0logy, 1974). 
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Composition of different media used are given below:-

a) Yeast glucose chalk agar.med·ium (YGCA):-

Yeast extract 

Calcium carbonate 

Glucose 

Agar 

= 10.0g 

a: 20.0g 

= 10.0g 
. 

= 20.0g 

Distilled water to make 1000 ml. 

a) Nutrient agar:­

Pepto:ae 

Bea.f extract 

Agar 

= s.og 

= 3.0g 

= 20.0g 

Distilled water to make 1000 ml. 

c) Nutrient agar + gall extract:-

Peptone = s.og 

Beaf extract· = 3.0g 

Agar = 20.0g 

Gall extract = S.Og 

Distilled water to make 1eoo ml. 

d) Gall extract medium:­

Aga:r 

Gall extract 

= 20.0g 

. = 10.0g 

Distilled water to make 1000 ml • 

. All these media were adjusted to PH 7.8 by addition of 

N/10 Ma oa or N/1e BGl and sterilised at 15 lbs press~re for 
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20 minutes. Bacterium was inoculated in the different 

sterilised media and incubated at 27°C. 48 hours growth 
.. 

containing the bacteria were serially diluted and aliquotes 

of each dilution were placed on YGCA cUlture medium in Petri 

plates. Colonies developing on each plate were counted. 

Number of bacterial cells in an 48 hrs. growth in ome slant 

were calculated by multiplying the average number of colonies 

per countable plate by the reciprocal of the dilution and the 

resUlts reported as bacterial cells pe~ 48 hrs. growth in 

a slant. 

Inocu1ation of Plants {Bacterium; nematpae in ditferent 

C()mbinatioDs). 

a) At sowing timeS-

Two galls per seed. were used as inoculum at. tb.e time 
' 

of sowtmg. 'Tundu' affected ear heads were crushed and powder 

was mixed with the- galls to provide suf.ficie:nt natural 

bacterium inoculum where ever required. For the inoculation 

with nematodes only, sterilised larvae s~pension was poure~ 

ar.-.-oUlild the seed at tJae time of sewing. For imacW.ations 

with baoterium·alone t&e bacterial eel~ suspension and 

infected ear heads powder were used. Wheat seeds were 

sown in sterilised soU to serve< as G:ontrol. 

h) At differemt stage of plant growth:-

Baoterial cell suspemsiom 8.1 x .10
6 

oells/ml was 

prepared by sus@ending 48 hrs. bacterial growth on YGCA slant 



in 100 ml sterilised water. Be~ore inoculaticm very minute 

injuries were given to ~he plants with. the help·. o:f pin head 

and then bacterial cell suspen~ion was sprayed with an 

automizer. Some plants were injected with bacterial cell 

suspension. After inoculation plants were covered with 

polythene sheet ~or 24 hours to provide sut:ficient humidit¥• 

The development o:f symptoms were studied a:fter 10 days o:f 

inoculation in each. case till maturity. 

Analysis for amino acids. 

Tb.e nematode galls weighing 10 g were soaked in 10 ml 

o:f ae per cent o:f ethanol :for 24 hrs. in seprate container 

and allowed to boil :for 5-10 mimutes. The extract was then 

C&Oled and tne gallS aD~ wheat Seeds. were 01'!\.tshed 'fthroughly, 

passed through two layers o:f cheese cloth and re-extracted 

~or 3 minutes ill 80 per cent biailing ethanol. Tb.e extract was 

~ilterea through. :filter paper. 

2.5 g gallS were extracted in 25 ml o~ so per cent 

ethanol. The ethanol was then evaporated by boiling tb.e 

extract on· tb.e top o:f steam. batb.. The residues were dissolved . 

in sterilised distilled water to make tne :final volume to 25 mlo 

-
Descending paper chromatographic technique e:f Block 

Jl.t. .&.· ( 1958) was employed. ·s .W. o:f each sample ·was· spotted 

an Wbatman cttromatograpb.ic paper No. 1 ( 22i x 18i 11
) with tb.e 

help 0~ micra pipette~. The ~olvent used was nbutamol-acetic 
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acid-water (4: 1: 5). ~he chroma'fpgrams were then taken out, 

dried and 0.2% minhydrin dissolved in acetone was used ~or 

the detection of free amino acids. Rf values were calculated 

and compared with those o~ known amino acids which were also 

t'tm simultaneously. The Rf. values were calculated by the· 

~annl:lla:-

R.f. value = 
Distance trayelled by the solute 
Distance travelled by the solvent 

Screeping of varieties for disease resistance:-

Twenty one wheat varieties/lines were screened for their 

relative resistance to •tundu1 disease in the field under 

artificial inoculation conditions. 

Seeds of each of the variety/line were sown_ in the 

field in second week of December during the year 1983. 

Inoculation were done at the tUne of sowing by placing two 

galls with each seed. 

Observations were recorded periodically till maturity 

ot tne crop. 1Tundu1 ear heads and number of galls tormed in 

each treatment·· were also counted. 

Efficacy pf antibiotics and their mixture with i@secticides in 

tmhibitipn pf bacteria1 growth in vitrp:-

YGCA medium was poured in each of the sterilised 

. petri plate. ·5 ml bacterial cell suspensian was poured in 

each Petri plate witb the help e! a sterilised pipette and 
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spread. with the· help of glass rliHl to obtain a ·1:mi.fozm spread 

of the bacterium. The Petri plates were refrigerated .for 

1 hour. In the mean time antibiotics.and insecticidal 

solutions (cone. 1000 ppm) were prepared in sterile distilled 

water. The sterilised filter paper discs were ~ersed in 

different solutioDs. Filter paper disc was touched twice to 

dry i~side the glass tube containing the solution to remove 

any excess solution and the disc was placed on the agar 

surface of one of the plates. The same procedure was followed 

for other antibiotic solutions, laying one disc of each sam~le 

in the centre of separate ~etri dish. The Petri plates were 

incubated at 27°C for 48 hrs. The diameter of the zone of 

inhibition was measured. 

Efficacy of gptibio%ics. insecticides. nematicides gmd their 

combinations in 1tundu1 disease contrpl. 

The following were used. 

Cpmm.on Name Chemical Nam.e Spurce 

Streptocycline Streptomycin+ChlorotetracycliDe Hindustan anti­

biotic Ltd •. 

P ausb.amyc·in 

Rogor 

•nthio 

Streptomycim 15 per. c.ent + 

oxy~etracy~line 1o5 per eeBt 

01 0 - ~imet&yl 5-(N~etayloar­

aamoy~ethyl) Phosphoroaitaioate 

Pausnalt Ltd; 

Alembic Road 1 • 
Baroda. 

Rallis India. 

•-~-Dimethyl 5-(N-metayl-N-tormy Sandoz. 

-learbamaylmetayl). 



Nuvacron 

Carbofuran 

Nemacur 

Dimecron 

Phorate 

. Metasystox 

D~ethyl phosphate o£ 3-

hydroxy - N - methyl-cis-

crotonamide. 

(dihydro 2,2-dimethyl 

benzafuran)-7-yl methyl 

carbamate. 

Ethyl'3-methyl-4-(methylthio) 

phenyl (1-methyletby) 

pb.ospboramidate •. 

2-chloro-2 dietb.yl.carbamoyl 

-1- methylvinyl dimethyl 

phosphate phospaorodithioate. 

-16-

H in.d.ustan C i ba 

Giegy. 

Rallis India. 

Bayer ( Inaia) 

Limited. 

Hindustan Ciba 

Giegy. 

o,e-diethyl S-(ethyl thiemethyl).Cyanamid.'(India) 

Ltd. 

(Mixture of Thiano and Tniolo 

isomers) O,O~Dimetnyl 0-2 

((ethylthio) ethyl) 

Phosphorotnioate •. 

.Bayer (India) 

Limited. 

Seed used for sowing was mixed with nematode galls 

(2 galls/seed) be£ore sowing in the.field. Wheat seeds were 

saaked iB Nemacur 40 E.C. 0.1%, Streptocycline 1000 ppm, 

Paushamycim 1000 ppm and Pausb.amycim + Nemacur salutiom for 

20 minutes. 
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For soil application Nemacur 5 ~., Phorate 10%, 

CarbofUran 3% were broadcasted in individual plots before 

sowing@ 1.5 kg a.i./ba • 
. , 

Foliar application was done twice with antibiotics viz.,' 

·Streptocycline 1000ppm, Paushamyqin 1000 ppm, Nemacur E.c. 

0.1% cone., Metasysto~ 25 E.c. 0.1% cone., Rogor 25 E.c. 

0.1% cone., Antbio 25 E.C. 0.1% _cone., Dimecron 100·E~C. 

0.1% cone., Nuvacron 0.1% and their combimations with . 

~tibiotics on wheat plants. .First spray was given 20 days 

after sowing and second one month after the first spray. 

Plants were harvested at maturity and each ear head was 

examined for the presence of iBfection with'tunclu 1 , o~ 

earcockle. 



1*******************1 
I .... G~~~.n~:~ . . +V .... 
'******************* ' . . 

• • • • • • • • 4 • • • • ...... .. 



' 

EXPERIMENTAL aESULTS 

Symptomatology:-

In the initial stages of infection,·leaves of wheat 

seedlings showed a bright yellow slime on its surface. In 

many cases, a pale yellow streak running parallel to the 

veins was also observed to be produced by the bacterium on 

leaves (Plate 1). 

. I 

Twisting and crinkling of leaves has been observed 

to be a very common symptom as a result of infection by 
I 

t&e nematodes alone and also when bacterium was associated 

with it. In addition to yellowing of leaves, enlargement 

of the basal stem portion in yo~g seecrll.ings ( 20 days ol.d) 

was also observed. Wheat seedlimgs mortality~have been 

observed under severe im~ections with the sacterium. 
; . 

Generely severely ·infected plants failed t~ develop any 

ear b.eads. 

Yellow slime wa·s alsa observed on the emergimg ears 

and leaves in contact witb them at bo~ leaf stage. The 

stalk was quite often distorted when ears developed typical. 

1 tundu1 symptoms. Emerging ears were always narrower and 

sm:orter with the grains partially or compl.etely replaced 

by tae bacterial mass amd were typic~! yellow 1m agpearance 

(Plate 2). Awns, if devel.oped were also covered with yel.l.ow 

slimY bacterial mass. 

In the ears, all ar some of the grains were found to 

be replaced hy cockles (galls) which on drying beeame raund, 

ha.rd, fllarit brown to black im. colour. 



PLATE 1 

A pale yellovl strea){ produced by 

the bacterium on wheat leaves. 

1 (""1 _, 
'· 



PLATE 2 

Wheat plants showing 1 tundu' 
disease symptoms. 

20 
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Isolation and identi~ication o~ ~he bacterium:-

The bacterium was isolated from slimy ear heads en 

yeast glucose chalk agar medium. It was found to be gram 

positive and having short reds (o.s by 2.4 to 3o2 microns) 

and motile by means of single polar flagellum. It grew 

wel~ on yeast glucose chalk agar medium and produced bright 

yellow, glistening,opaque, moist, smooth colonies (Plate 3)~. 
1 

However, on_natrient agar medium growth of tae bacterium 

was slow with light yellow colo~r colonies. Negative ~or 

nyd~ogen sulphide production, produced nitrites from nitrates 
. . ' 

produced acid but no gas on glucose and lactose •. 

In all the isolations from 'tundu' ear heads, another 

bacterium was consistently isolated aloDgwith the pathogen. 

This produced orange coloured colomi~s on the medium and 

was toumd to be gram negative. From· fUrther studies it was 

found not to be· antagonistic to the pathogea. 

De-tection of tne bacterium in different plant parts:-

Wheat seed mixed with Nematode galls an~ crushed 

•tundu' ear heads were mixed with wbeat seeds and sown im 

pots containing sterilised.soil. Isolations made from 

di.fferemt plant parts at different stages of growth oD YGCA 

mediem staowed the JU"esenee of tae bacterium ( Carynebacterium 

michigqep.se i)V tritici) 1m tb.e Jgrawing point. leaves, stem 

and awns (Table 1). 



22 

PLATE 3 

" 
PU7Pilli&S1 £l118 Bl&tb_''it'D•U pV 

:Ar&'&iAI (P'OW'tb on 7eae# gluooae 
obalk apr mtd11D:' . 
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Table 1: Isolation of Q.m.,PV tritici from plant parts and 

galls. 

Treatment 

Growing point 

Leaf 

Stem 

Awnso 

UDsterilised galls(outer surface) 

Unsterilised larvae 

Sterilised larvae 

+ 'Present' - lAbsen.t' 

Presence/absence 
of bacterium 

+ 

+ 

+ 

+ 

+ 

It is clear from the resul~s presented in Table 1 tnat 

bacterium was not present on the surface of the galls. It 

indicate that bacteriwn remains ~side the galls~· Isolations 

made from the unsterilised larvae reveal the presence of ~he 

bacterium oB the surface of larvae. The bapterium could not 

be isolated from the larvae sterilised in mercuric chloride 

solllltion tor 30 m_inutes. · It indicate that nematode carri.ed 

the ·bacterium on the surface and not internally. 

Incideace af )aoteripm iD-DematBde galls af different 1pcatiom:-· 

Galls were collected from three dif~eremt locations 

and isalatioss were made to find out the extent of bacterial 

infestation. The results are presented in Table 2o 
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Table 2: Incidence of Corymeoacterium micAiganense pv tritici. 

in nematode galls from different locations •. 

Locations 

Hisar 

BawaJ. 

Rewari 

Percentage of galls with 
£.m. pv tritici 

70.00 

73o33 

83.33 

It was observed that 70.00 te 83.33 per cent galls 

carried the bacterium. The maximum number o:f galls which 

carried tb.e bacterium were collect.ed from Rewari {83.33%) 

followed by Bawal (73.33~) and Hisar (?O.OG~). 

Effect of nptrient media on growth:-

Four di~ferent media viz., yeast glucose chalk agar, 

nutrient agar, nutrient agar + gall extract and gall extract 

were used to study whether the galls provided sufficient 

n~trition for the growth of bacterium or not. The results 

are presented in Table 3. 

Table 3: Effect of different culture media on tne growth of 

Q.m. pv tritici. 

Media 

Agar + Gall extract 

Ntitrient aga~ 

Bacterial cells/ml 
(46 b.rs. growta in 100 ml 

2.1 x 104 

2.9 X 10
4 

Nutrient agar + gall extraet 1.sax 105 

t:'\6 S.1 X 1u 
Yeast-glucose chalk agar 

water) 



It is clear ~rom Table 3 that the maximam growta was 

recorded on YGCA (8.1 x 106 cells/ml) ~ollowed by nutrient 

( 5 . 
agar + gall extract 1.86 x 10 cells/ml), nutrient agar 

(2.9 x 104 cells/mJ.) and gall extract agar medium (2.1 x 104 

cells/ml). It indicat!_that gall extract provides the 

nutrients ~or the growth of the bacteri~. However yeast 

glucose chalk agar meaium was found to be the' best medium 

for this pathogen • 

. Inpcu1atimn of plants (Bacterium. nematode in di~~erent 

combination:-

To study the role of bacterium, nematode and their 

combination im the production of di~ease, plants were 

inoculated with different types of inocula. The results are 

presented in Table 4. 

It is clear ~rom the results presented im Table 4 

that typical symptoms of.'tundu1 appeared only in those 

plants 1m w~ich unsterilised galls and sterili~ed galls 

were used as inoculum. Typical disease symptoms also appear 

when unsterilised larvae were added to the soil around the 

roats of plant. However wllen nematode or bacterium inoculWil 

was added seprat~ly, there was no ex~ression of
1
tundu

1 

d-isease. Surface sterU ised larvae produced ear cockle 

symptoms only, wn.er'e as, bae~erial symptoms failed to 

appear when plants were inoculated wi tiD. bacterium at any ( 

growth stage of the plaRts. 
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Of the thirteen different inoculation treatmemts 

disease was expressed only in eight treatments viz., 

sterilised galls in sterilised soil, unsterilised galls in 

sterilised soil, unsterilised larvae in soil, sterilised 

larvae plus bacterium in unsterilised soil, sterilised galls 

plus bacterium sprayed on young seedling and sterilised . 

galls plus bacterium at ear emergence. In the.remaining 

treatmeDts viz., sterilised larvae in ~sterU.ised soil, 

bacterium on ear emergence and control in sterilised and 

unsterilised soil •tundu' disease symptoms did not appear. 

These results clearly indicate that typical 'tundu' disease 

symptoms appear only when bot~ nematode and the bacterium 

are associated.- This is also evident that source of bacterium 

inoculum is tlle galls wb.ich carry the bacterium iDside •. 

Sine~ no disease symptom were noticed whea sterilised larvae 

were usecd as il:loculum as compared with unsterUised larvae 

wfaiCB resulted in typ_i~al I tund~1 symptoms indicate that 

larvae carried the bacteriUm to tae plants on their sur.tace.: 

A:na1vs1s :tor amino acids im galls:·- · 

Galls extract was prepared in 00 per cent ethanol •. 

The galls were analysed by descending paper chromatograpl!l.ic 

tecbniqae. Tllte results of ttle qualitative amalysis of amino 

acids in galis are given in Table 5.· 
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Table 5: Amino acids detected in galls •. 

Amino acids Gall 

1. DL - Valine. + 

2. DL - Serine + 

3. DL -Alanine + 

4. DL - Tryptophan ·+ 

5. IlL - Threonine + 

6. L .- Tyrosine + 

7. L - Arginine monohydrocbloride + 

B. DL - Methionine + 
/ 

It is clear £rom the Table 5 that eigkt · "' am l.Ilo aq ids 

viz., DL - Valine, DL - Serine, DL - Alanine DL _ T t · ' ryp ophan 
. . ' 

DL -- Threonine, L - Tyros iDe, L- Arginine monob.ydrocaLoriEle 

and DL _ Methionine were detected in the galls. It indicate 

that galls provide nutrition £or bacterium. 

Screening pf yarieties/ltges £p~ disease resistaace:-

Twenty one wheat varieties/limes were screened ag~inst 

•tundu• or yellow ear rot disease in tae field under 

arti£icial inoculati~n conditions. Galls and crashed 'tuadu' 

d ere mixed with seed at tbe time of sowima Tb.e 
ear bea s w , -o• 

0~ tbe incidence of disease were recorded 
observations loll 

The results are presented in Table 6. 
periodicalY• 
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Table 5: Amino acids detected in galls •. 

Amino acids Gall 

1. DL - Valine. + 

2. lL - Serine + 

3. DL -Alanine + 

4. DL - Tryptophan ·+ 

5. lL - Tb.reon ine + 

6. L .- Tyrosine + 

7. L - Arginine monohydrocbloride + 

a. IL - Methionine + 

It is clear from the Table 5 that eight amimo aqids 

viz., DL - Valine, DL - Serine, DL - Alanine, lJL - Tryf)tophan, 

DL ,- Ttireonine, L - ·Tyresine, L- Arginine moBob.ydroc.IUorid.e 

and lilL - Methionine were detected in the galls. It indicate 

,that galls provide nutrition for bacterium. 

Screemillg m.f yarieties/lines .fmr_ disease r.esistyce:-

Twenty one wheat varieties/limes were screened ag~inst 

•tundu' or yellow ear r0t disease in the field under 

artifiCial inoculation conditions. Galls and crushed •tumau' 

ear heads were mix~d with seed at t~e time of sowimg. -The 

obsezv.atians on the ineidemce af disease were recorded 

periodicaly. The results are presented in Table 6. --
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Table 6: Screeing o£ di££erent varieties/lines o£ wheat.£or 

resistance against 1 tundu1 disease oi wheat. 

Varieties 

PWR 39 

DWL 5023 

WH 147 

WH 147 (M) 

WH 147-2 

WH 147-3 

WH 157 

VJH 283 

WH 291 

WH-331 

HD 1011 

HD 2009 

HD 2281 

I:ID 2285 

HD 2329 

R 1555 
I 

R 1972 

Frontona ( 1) 3P 

C-306 

NT 5439 

Kalyan Sg:ma 

' 

Tillers with 1tundu' ear neads 
(%) 

17.3 

15.3 

49.0 

38.1 

17.8 

30.3 

5.5 

35.1 

15.2 

20.0 

0":0 

23.3 

16.3 

19.5 

10.9 

o.o -
31.6 

o.o 
18.1 

29.8 

17.0 
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It is clear from the results presented in Table 6 that 

out of 21 wheat varieties/lines screened, three varieties 

viz., HD 1011; F.rontona (1)3P and R 1555 were found free 

of infection. Varieties/liQes viz., ~ 157 and HD 2329 

were found resistant against the disease. However, varieties/ 

lines viz., w.H 147(M), w.H 147-3, WH 283, NT 5439 and R 1972 

behaved as susceptible and all other varieties/lines behaved 

as moderately resistant to moderately susceptible. 
i 

In-vitro antibacterial efficacy of antibiOtics and their 

combinations with insecticides:-

The effect of two antibiotics (Streptocycline and 
I . 

Pausb.amycin) and Their mixtures with ins~cticides (Dimecron, 

NuVacrop, Anthio and Metasystox) on Corynebacterigi.michiganepse 

pv tritici growth inhibition was studied by paper disc 

inhibition zone method. The results are presented in Table 7• 

Table 7: Effect of antibiotics and insecticides on the growth 
of f.m. pv tritici in vitro. 

Treatment 
Streptocycl ilae 
Streptocycline + Dimecron 
Streptocycline + Nuvacron 
Streptocycline t Rogor 
Streptoeycline + Metasystox 
Paushamyc in 
Pausb.amyoiB + Dimecron 
Paushamycin +.Nuvacron 
Pausaamycin + Rogor 
Paushamycin + Metasystox 
Control 

Growth inhibition zone (mm)* 
3\3.5 
46 
51.5 
50 
45.5 
47 
49.5 
49.5 
44 
43 

0 

*(Average of taree replications) 

-
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It is clear from the Table 7 that when two antibiotics 

tested alone, Paushamycin was more effective in checking 

the growth of bacterium as compared to Streptocycline. In 

case of Paushamycin, the inhibition zone was 47.mm where as 

in case of Streptocycline it was 38.5 mm. The effect of 

these two antibiotics with Dimecron, Nuvacron, Roger and 

Metasystox seprately, was also studied. 

Maximum inhibition zone was recorded in case of 

Streptocycline + Nuvacron followed by Streptocycline + Ragor, 

Paushamycin + Dimecron, Paushamycin + Nuvacron, Streptocycline 

+ Dimecron, Str~ptocycline + Metasystox, Paushamycin + Rogor 

and Paushamycin +.Metasystox. It was observed that when 

Streptocycline was mixed w.itb. Nuvacron and Roger, tb.e 

effectiveness increased as compared to Paushamycin + 

Nuvacrqn and Paushamycin + Rogor~ Although, Streptocycline 

was less effective as compared to Paushamycin when tested 

alone. 

Efficacy of antibiotics. insecticides and their combipatiQns 

im 'typdu1 disease control:-

a) Seed treatment:- Wheat seed were soaked in nematicide, 

antibiotics and mixture of nematicide + antibiotics solution 

for 20 minutes. The observations were recoraea periodically. 
' Tb.e results presented iB table 8, reveal tb.at -11 the 

treatments were superior to control in reducing the seedling 

crinkling, yellowing, per cent plants with 'tunda' ears ana 
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number of galls. Seed treatment with Nemacar was found 

best in reducing the yellowing a.n.d 1 t1mdu' ears followed by 

Nemacur + Paushamycin, Pausb.amycin aJ.one and .Streptocycline·. 

However, Streptocycline was found supepior in redacing 

crinkling o:f seedlings as compared to Nemacur + Pausb.am.ycin. 

Although Nemacur + Paushamycine was :found superior in reducing 

yellowing and 'tundu' ears in comparison to Str~ptocycline, 
- -

but they were ;found less effective· in reducing erinkling as 

compared to Strepti>cycline. · There was· no gall .formation in 

Pausbamycin and Nemacur + Pausb.amycin, where as 1n case o.f 

Nemacur gall ;formation was high (16 galls/1000seed) followed 

by Streptocycline ~13 galls/1000s~eds) and control (18 galls/ 

1000seeds). Max~um yield was recorded in Nemacur followed 

by streptocycline.~d control. However, yield was mimimum 

1n Pausb.amycin and Nemacur + Paushamyc_in, al thou.gb. there ~as . 
no gall ;formation in both the cases. ~emacar which was most 

effective in reducing crinklin~, yellowing of seedlings, 

•tundu' ears and in increasing yiel:d o.f grains, supported 

maxima number o:f galls in comparison to oft.a.r treatments. 

Streptocycline which was .found quite e;ffective in reducing 

a:rinkling of seedlings supported high percentage of seedling 

yellowing, plants with 1 tundu' ears, number of galls and 

y~~ld of grain per plant as compared to other t~eatments. 

Sgil treatmemt: ,~ematicides and insecticides were broadcasted in 

individual plots a~-the t 1m-=: o;f sowing and the observations 

were recarded periodiealy. Tne results presented 1m Table 9, 
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reveal that crinkling aDd yellowing was minimm in Nemacur, 

·carbofaran followed by Phorate and control. However, plants 

with • tundu • ears were minimum in case o:f Carbo.furan :followed 

by phorate and Nemacur. Maximum yield was also recorded 

in Nemacur followed by control, Carbofuran and Paorate. 

Although there was no gall formation in case of Carbofuran ana 
Phorate, tb.e yield was less even as compared to control •. 

However all these treatments were :found quite. e:f:fective ia 

controlling the crinkling,·yellowing and 1 tunau• incidence. 

c) Foliar aeplication:- Foliar application was done twice 

with antibiotics, nematicide, inscticides and with their 

combinations with antibiotics on wheat'plants. First spray 

was given 20 days after sowing and second one month a:fter 

tb.e first spray. The observations were recorded periodicaly. 

The results presented in !able 10, reveal that all the 

treatments were superi.sr to contrgl in reducing seedling 

crimkliug, yellowing and 'tundu' incidence except 

Pal:lShamyc~ + Nuvacron ill cas·e of seedling yellowing. 

Neinacur was the best in reducing crinkling followed. by 

Streptocycline, Pausb.amycin, Paushamycin + Dim.ecron, Dimecron, 

Streptocyclillle + Amthio, Antl\iQ and Pausb.amycin + RogGr •.. 

However in case of see<illing yellowiDg Paushamycin was the 

best :followed by Streptooyeltne, Streptocycltme + N~aoron, 

Metasystax, Paasbamycim + Nemacur and Antb.iG. However, 

Paushamyoin + Nuvacron treatment snowed maxtmUD number ef 

seedlings showing yellowing. Plants with 'tuna~• ears were 
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minimun in case o:f Paushamycin :followed ~ Streptacycline, 

Pausb.amycim + Dimecron and Streptocycline + Antb.io •. 

There was BO gall :formation in case o:f Metasystox, 

Paushamycin + Nuvacron, Nuvacron, Streptocycl ine + Roger, 

Streptocycline + Dimecron, Streptocycline + Metasystox, 

Streptocycline + Anthio, Streptocycline + Nuvacron, and 

Pausb.amycin + Roger. However,· maximum numb~r o:f galls were 

recorded in Streptocycline :followed by Dimecron, Paushamycin 
I f • _, 

+ Dimecron, Pausaamycin +. Nemacur, an<d Antb.ioo _Maximum 

grain yield was recorded in case of Paushamycin + Nuvacron 

£ollowed by Paushamycin + Anthio. Although these treatmemts 

suppt>rted maximum crinkling and yellowing o:f seedlings.: · 

Tb.e grain yield/plant was less in all otaer treatments as 

compared to control, although there was no gall :formatioa 
, 

in most of tae treatments. Pausaamycin and StreptocyelinJ 
. . 

were found quite effective in reducing erimklimg, yellowing 

and plants witla •tundu' ears but grain yield was mi!!limum in 
-

both the treatments and maximum galls were recorded in case 

of Streptocycl in e. 





DISCUSSION 

The •tundu' or yellow ear rot caused by Corymebacteri~ 
- -

michiganense pv tritici in association with nematode, Angqiga 

tritici is still one of the important disease of wheat. 

Though the disease has been studied and reported by various 

workers from dif.ferent parts of the worl.d yet the information 

about th.e precise rela~ionship. between tlae nematode and 

the bacterium is not complete. Lot of information is 

however available about tne nematode (ear-cockle) aspect of 

the disease complex. The present study was conducted to 

study various aspeets of the ~isease ~ike symptomatology, 

presence o.f bact~rium in di.f.ferent plant parts at various 

_stages·o.f plant growth, extent of bacterial contamination 

in galls, screening of wbeat varieties for resistance and 

evaluation o.f nematicides/antibiotics and insecticides and 
. . 

their combination for d~sease control. Tne results are 

discussed in tb.is cb.apter. 

The bacterial streak on leaves was reported by 

Vasudeva and Hingorani ( 1952) aDd Gupta ana Sw~rup (1968). 

In present study we also observed pale yel,low streak: nmning 

parallel to.the veins. Production o.f temporary local lesion 

on artificial inoculation was reparted by Sabat (1954) 

bat Gupta and Swarup (1968) did not find sue& lesiom. 

In present study we also did not observe local lesion on 

arti.ficial inoculatioB. Yellow slime was also observed on 

ears and stalk was quite often distorted when ears develoged 
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typical 'tundu' symptoms. Similar observation were recorded 

by Gupta- and. Swarup ( 1968) • 

Twisting and Crinkling o£ leaves, as a result o£ 

infection by nematode have been discribed by Carne (1926), 

Chaudhuri (1935), and Cheo (1946)o Enlargement of basal 

swelling was reported by Gupta and Swarup {1968). T~is was 

generally found to be t~re in the present case as well. 

Isolations made from different parts.of plants raised from 

seed mixed with nematode galls and bacterium clearly 

revealed that bacterium was found on growing point, leaves, 

leaf. saeath, stem and awanso· 

Presence of bacterium on growing point of wheat 

seedling infected witb. A· tritici may be .due to presence of 

larvae contaminated with bacterium. Isolations made from 

plants inoculated wit& umsterilised galls, o~ter surface 

sterilised gallS amd sterilised larvae showed the 'Pl'tsence 

of bacterium.. Only when unsterilised larvae were ttsed as 

inoculum, the bacterium was isolated from plantso This 

study clearly shows that bacterilml is present om tb.e sl:lr:tace 

o:f nematode inside the galls. These results are in 

agreemeat with Cheo (1946} and Gupta. and Swarup (1972) 

but in contrary to Singh ud Swarup { 1962) wb.o. reported 

tbat tne bacterium is present om the surtace o:f the galls •. 

Presence of bacterium 1m galls collected from 

different locations ranged .from 70.00 to 83.33 per oemt. 
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High contamination percentage of galls clearly, suggest that 

the galls are the main source o:f bacterial inoculum. SimUar 

observations were recorded by Pathak and Swarup (1984) but 

the per cent contamination in our studies was higher 

(70.00-83.33%) than that observed by them (40-50%). This 

variation in per cent contaminatiom of galls may be due to 

galls of different varieties, locations and different 

environmental conditions. 

TQe result pertaining to effect of different nutrient 

media on growth of bacterium showed maximum number of 

bacterial cell/slant in Y.G.C.A. and minimum in agar + gall 

extract. Gupta and Swarup ( 1968) also observed maximum 

growth of bacterium on Y.G.C.A. Tae results in present study 

clearly spowed that the bacterial growth in nutrient agar 

was far less than that of Nutrient agar + gall extract. This 

higher number of bacterial cells in nutrient agar + gall 

extract clearly shows that gall.extraet enhances the growth 

and development of bacterium.: 

The pathogenecity experiment showed that £.m. pv 

tritici onlY produced typical symptoms on wheat plants with 

the association of the nematode !· tritici. The results 

are in agreement with Cheo (~946), Vasudeva and Hingorani 

(1952), Swarup and Singh (1962),-Gupta (1966) but in contra~ 

to Chaudhury (1935) who reported that bacterium alone could 

cause typical disease symptoms. 
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From wheat seed galls eight amino acids were detected 

where as Midha and Swarup ( 1974) reported tlaat the analysis 

of gallS extract disclosed 13 amino acids. 

Difficult situation with regard to control nf •tundtt' 

and ear cockle disease in the field is welr known therefore; 

considering the need ~or a source o~ resistant varieties, 
' 

21 promising and pommonly grown varieties were screened 

under field conditions against this disease. Of the varieties 

tested three namely HD 1011, R 1515, F.rbntoma (1)3P had no 

infection and two varieties .viz., WH 157 ana HD 2329 were 

found resistant against disease, where as others were found 

to be moderately resistant to moderately susceptibleo 

These varieties can be used for fi:lrther breeding programme 0 . 

·Similar observation were reported by Gupta {1966), Midha 

( 1969) and Bbati and Dalal { 1975) • SimUarly according to 

Joshi. et a1. (1970) awarf wheat varieties viz., Lerma Raje, 
' . 

sonara-64 and.Kalyam Sona were tolerant to ADguiga tritici. 

In chemical control experiment the efficacy of 

different pesticides (Insecticides, nematicides amd · 

antibiotics) as seed treatment, soil treatment and foliar 

· - tested. The latter two metho~s (soil 
appl icat ~on was 
application and .foliar applicatien) p'roved better tb.al!l the 

( 
..:1 t tme t) Because tllle disease 1m S"'U .formar one see~ rea n • w 

treatment and foliar applicatian with ai.f.feremt chemical 
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was less than that of seed treatment. Carbofuran was found 

effective in reducing the number of •tundu1 ears. Miaaa 

(1969) reported that amongst the nematicides tested, Temik 

proved to be an effective chemical as a soil application. 

In present st~dy Carbofuran, Phorate and Nemacur were ~ound 

effective in controlling the ·seedling crinkling, yellowing, 

• tundu' ears. There was no gall fonnation in all the cases. 

However the yield was less as compared to control.: 



r**************] 
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SUMI:VlARY 

1 Tunda1 or yellow ear rot disease .of wheat caused by 
- -6orynebacterium michiggnense pv tritici and Anguipa tritici 

has been investigated. The s~ptoms in wheat plants 

effected with •tundu' disease have be~n described. In the 
- -

intial stage leaves of wheat seedlings showed bright yellow 

slime on ~ts surface. Pale yellow streak running parallel 

to the veins were also produced by tae bacterium. In 

severe infections heavy seedling mortality was observed. 

Yellow slime was also observed on emerging ears and the 

stalk was quite aften distorted.. Emerging ears were with 

the grains par~tially or completely replaced by bacterial 

mass. The .first visible symptom in infected plant by 

nematode was slight swelling at the base which was .followed 

by twisting and crinkling of the leaves. On the ears, all 

or some grains were found to be replaced by cockles (galls) •. 

Bacterium·was detected on the growimg point, leaves, 

stem and awns. Isolations made from the sterilised and 

unsterilised larVae revealed t~e presence of bacterium only 

on the external surface of the larvae. Incidence of tb.e 

bacterium in the mematode galls collected .from different 

locations was .foun.d. maximllDil in Rewari and the minimum 1n 

galls obtained .from Hisar. 

Yeast glucose chalk agar medium s~pported the best 

growth of the bacteril:lDl. Galls have been founld to provide 

sufficient nutrition for bacterial growth and fiievelopment.: 

~~~Itt')\ 
:J/~,' ~\\ ., 
! l t I tt ~ 4 7 6 ',. ·. 
~I • 
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Nematode and bacterium are essential ~or the expressiom 

of 'tundu' or yellow ear rot disease o~ wheat. It was obse~ed 
- -

that typical symptoms of 'tundu' appeared only when plants 

were inoculated with unsterilised galls or outer sur~ace 

sterilised galls or unsterilised larvae. Sur~ace .sterilised 

larvae produced ear-cockle symptoms only. W~ere as, 

bacterial symptsms also failed to-appear when plants. were 

inoculated with bacterium alone.: 

Qualitative analysis of gall extract revealed tae 

presence of 8 amimo acids. Of the varieties/lines tested 

for resistance against •tundu' or yellow ear rot disease 

three varieties, namely~HD 1e11, F.rontona (~) 3P and R 1515 

were fouad free of imfection and WH 157 and SD 2329 were 

found resistant agaimst tb.e· disease •. 

Effect of antibiotics and their mixture with imsectic!des 

on £. micbiganemse ~v tritici was studied and found that 

inbi'IDition zone size was maximum when Streptocyclime was , 

miXed with~acrom followed by when Paushamycin was mixed 

eitner with Dimeeron or Nuvacron. 

Nematicides, antibiotics, insecticides and their 
~ 

combinations were used as seed treatment, soil application 

and .foliar application. Seed treatmemt with. Nemacur was 

.. .found effective ill redlllcing the yellowing, crinkling and 

•ttmatt' ears. 



In soU treatment crinkling and yellowing was min~um. 

in Nemacur, ·Carbofuran followed by P.norate. However 'tundu' 
! 

ears were minimum in Oarbofuran followed by Phorate. There 

was no gall formation in Nemacur, carbofuran and. Phorate.: 

In ~oliar application all the tr~atments were superior 

to control in reducing seedling crinkling, yellowing and 

•tundu1 incidence except Paushamycin + Nuvacron. Nemacur 
-was the best in reducing criBkling. However ·in case of 

seedling yellowing and •tunau• ears Paushamycin was the best~ 
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