EFTECT OF BACTERIA STIMULATED IN SOIL TREATED

WITH THE INSECTICIDE SEVIN

( N-methyl-1-naphthyl carbamatc )
ON THE WILT PATHOGEN FUSARIUM OXYSPORUM
f. VASINFECTUM IN CULTURE AND ITS PATHOGENIC
POTENTIALITY IN SOIL
By
S, H. ELWAN ¢ and A. A. KHODAIR **

Botany Department, Faculty of Seience,
Ain Shame University, Cairo, A.R.E.

INTRODUCTION

The preferential stimulation of saprophytic microorganisms in the soil
following the application of insecticides or herbivides might restrict the growth
of pathogens and stimulate plent growth, Warren of of ( 1951 ) stated that an
actinomycete inhihitory to Selerotium rolfsii, snec. & Rhizoctonia solani. Knln
hecame dominant in unsterile soil after spraying the plant with 2,4,--D. A lunan
and Tsue (1965 ) isolated from fumigated soils a Pscudomonas sp. which could
~stimulote seed germination and scedling growth of sugar Leels.

Application of the insceticide xcvin (N - methyl-1- napthyl carbomute)
to the soil stimalated certain strains of Bacilfus megaterium and peeudemonads
(Elwan & Khodair, 1969b). These strains were resistant 1o sovin ; one of there ( B.
megaterium, 2') utilized it as only carbon and nitrogen souree. Some of these
straing depressed the activity of Azorobacter ( the authors, 1969¢ ) and Rhizobium
(the authors 1969d) in the soil, The aim of the present investigation is ta reveal
the nature of effect of these hecteria on Fusariem oxysporum. f. vasinfectimn

which causes cotton wilt.

MATERIAL AND METHODS

Microorganisms & host plant : The bacterial strains timulated in the sail
treated with sevin were Bacillus megaterium strains 2,9 & 11 and pseudomanad
strains 6, 7, 10 & 13 (the authors 1969h ), The pathogen Fusarium oxysporum

J. vasinfectum and ihe seeds of the swxceptible host ( menoufi cotton varicty)
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were, kindly supplied Dy D YA Youesel of this department. The puathogen

showed 100%, pathegenicity to the supplied lost.

Preparation of inoculn @ A Fusarium wat of 7 days ol in Crapek’s Haquid medium
was shaken with few glass heeds in sterile distilled water 10 give a hiomezenous
suspension.  In culture work ene ml. of this suspension served as moculum
for 20 ml. stevile medinm in lasks of 230 ml. eapacity. Insoil work, 5 mls, served

us ineculum  for every 100 gm -oil.

In culture work 1 ml. of 18 hes, Timogenised growih of hacteria in Crapek’s
Liguid eulture served as s inoculun for 20 nib. sterile medinm in flasks of 250
ml. copacity. In soil work bacterial eelts were sedimented by centrifugation,
washed in phy=iological saline and their oviginal volame restored by diztilied

water 3 5 mds. of this suspension served  as an insculum for every 100 gm sl

Effect in culture : This has heen corried out botl on solid & in Jignid media. For
studying the cifect on agar plates, a Fuserium dise { 7 days old ) was places in
un inverted positien in the miudle ef a Czopek’s agar plate and one loopful of
an actively growing 18 hiours old, liquid hacteriol endiure wax inoculated at the
periphary of the plate, so a= 2 bacteria could be tested for in the same plate.

Inoeulutions were made accordiug to the followiug :

(@) The pathogen and the bacteria inoculued at the samc time.
{6) The pathogen inoculuted 2 days beforc the bacteria,
(¢) The pathcgen inoculated 5 doys Leforc the baeteria.
(4) The bacterio inocnlated 2 days Lefore the pathogen.
{¢) The: bacteria inoculated 5 days hefare the pathogen.

For studying the eifect in liquid mediwn, Fusarium mycelial dey weights
weree the criteria for the cffect. Thiree flasks were inoculated for each
treatiment.  The ineculum was as above mentioned. Inoculations were made

according to the following :

{a) Pathegen and bacteria inoculated at the same time.
(b) Bacteria inoculated 2 days before the pathogen,

(¢) Bacteria inoculated 5 days before the pathogen.

Contral flarks were prepared by inoculating 3 Mlasks with the fungus alone.
The inoculated flasks were incubated at 30 C for 7 days after inoenlating the
pathogen.  Far collecting fungal myeelia filteation was made through Whatman
filter papers No. 341 which were previously dried at 70-75 € for 24 lours,
left to cool in a desiccator and weighed. Several consceutive washings were
made that no apparent sign of bacterial growth was obseeved in the residue ;

hacteriul cells passed through the filter paper during washing and vnly the fungus
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remaised. Wlen 1 hacteriad comm wasoli 13 < g lun g il wag  cen grom ing,
filtration was wol made and fungal growth wos considered s zero. Tl filler
paper eoitaining the gesittue was eied e clectsie oven wt the above ment ivned
temperature ( Coclrane 1963 ) foe 24 hours Left to cool in a desvieeaior, and then
weighed.  Some flusks ol both the treaim-nt~ and thewr respectine  controls
were phuotographed before [filtration.
Efect i sail : The eritexia for the effect insail were e pathwgesicity of Fusarfum
and the development of the susceptible -1

The pathegenicity was i estiguted by cutting transverse and longitudinal
hand sectivns 1o oliserve hrowning aml plaggmg of the vessels & Iy examining
microlome stained seclions to oheerve the vecnrrence of 1he pathogen, and by
examining morpholugical ssteptoms { mosaie appeurance, wilting of leaf margin
and falling of cotyledonary leaves ). Representative plants were surlaee sterilized
bisected and left on Czapek s agar plate. Otlwr vepresentatives were left in
jars containing some water.  Fusarium growili on the mediem or on te plants
i the humnid atmosplere, imlicated at feast e entery of the fungus.,

The developmental eeiteria of the hosl were the lengthe ol the primary root

and the hypocotyl, Fotl the length and width of the cotyledonars beaf, amd the
numbers of both lateral and adventition- ronts per plant.

The experimental soils used for sowmng with cotton <veds were :

{a) Sail

(1) Soil invcdated with 1he prathagen alose,

() Soil inoculated with bacierivan wesne,

(d) Soil inoculated with Tioth tly Pitthegen and the hacterivn.

Soil adone served as 2 control for developrent & soil with the pathogen alone
as a cantrol for pathogenicity & soil with the bacierium alone s a measure for
ity eftect on development, and suil with botl the pathugen and the Laclerium
as a weasure of the elfeet of the latier on the pathagenic potentiality.  Porous
pots of about 700 g capacity were used.  In enely treqtment 10 puts were sown,
cuch Iy 7 (48 Louts souked ) sceds,  Seeds were covered with about 2 em. depth
of s0il. The pots were irrigated daily with equal volume of water at optimunt

conditivn: (temperature about 30 C) for 3 weeke.

RESL LTS

In culture, B, megaterium strains 2, 9. & 11 hibited e development of
the pathogen ( Table 1). Tnhibition was evidenred by appearanes ot clear zone
of inhibition on agar plates (e.g- Fig. 1), and absence of hugal prowily in

liquid medium ( Table 2 & Fig, 2 }o Ouagar plates, when the bacteria were
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Table 1. Re-ponse~ ol Fusarium oxysperum f. vasinfectunr. on agar plates
- lo bacteria <timulated in sotl treated with the  insecticide sevin
{--) elear zone of inhibitien ; (L) flatlening or disintigratien of

hyphae @ () negative effect.

Inoculations of Bacteria and Fusarium

o oo © e ———— —— C e e —— =

Baocteria 11 the Bacterin? Fusariim 2 Buacterin 3 Fusariume s
same Lime alays before days before days hefore days before
Pasarium  bacteria  Fusarinm  bacleria

B. megategiun, 2

() -) {) () ("}
B. megaterin, (- ) (- ) (-) { ) (- )
B. megaterium, 11 {+) (<} {-) (=) -+
Pusevdomonad =, 6 () {) (+) (%) (—)
Peendomenad s, 7 () (i) () () (4)
Pseudomoenad sp., L0 (1) () (x) (2) ()
Pieadononad <., 13 (. () (2) () (=)

Table 2 : Responses of Fusariene oxysporune, L vasinfectwm in liquid medium
to bacteria <timwlated i soil treated with the insecticide *“sevin®
B, meguteriton strains caused complete inhibition,

( ) indicates significant  deerease.

Mean mycelial dry weights { mgne ) in liquid mediwn
imoealated with bocteria apd  Fusarium.

Bacteria : S
At the same Bucterin 2 Bacteria 3 days
Litue stav= Lefore before
Psendomonad =p., 6 72.6 .3 325 (-)
Preudomonad sp., 7 61.8 (- ) T (—) 2.5 ()
Pzendomonad sp., 10 86.1 82,8 75.1 (=)
Pzeudomenad sp., 13 .1 89.1 1.2 (=)
Control { Fusuriwm alone ) 8t.1 109.2 112.0
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inoculated 5 days before Lhe fungus, its inhibition was elarp and distinel as com-

pared to other appearamees (Fig. 1).

As for the strains of the pseudomonads, the effcct excrted on the Tungus
was not cqually pronounced. Flattening of the fungus on the siles near to the
bacteria or dying out and disintegration of the fungal hyphae beyonl the line ot

contact, werc the inhibitory signs obscrved (Tuble 1).

Fig. 1 — Representalive plates for effect of bacteria an Fusarfum which was inocul ated
5 days before ( right plate ) or 5 days after ( Ieft plate ) bacterial inoculation. B, megate-
rium, 9 ( right side in every plate ) inhibited Fusarium whereas Pseudomonad, 9 ¢ left side
in every plate ) did not.

In liquid medium { Table 2) pseudomonad strain 7, produecd significant
inhibitory cffect in all treatments, whereas stroins 6, 10, & 13 exerte this effect
only when bacterai were inoculated 5 days before the fungus. Negative results
were even sometines recorded in case of these strains ( Table 1 ). B. megaterivm
strains gave definite and cvident inhibition of ihe patkogen in all treatments
made { e.g. Fig. 2 ). They were not tabulated in Table 2, becawse uo fungal growth
was observed. This is also why B. megaterium stranis only were inoculated in the
eoil togheter with the pathogen. Results showed that pathogenicity eriteria
were observed in both controls { treated with pathogen alonc ) and treatmnents.
Tho variation in scverity of symptows ( c.g. Fig. 3) was external. Al the plants

were  definitely infected,
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Fig. 2 — Recpresentation to show the inhibition of Fusarlum development (right) by
B. megaterium, 2 as compared to the control {( Fusarium elonc, left ). The fungus and the
becterium were inoculated in the treatment flask at the same time.

Inoculation of B. megaterium, strains 2 and 1! but not strain 9, together
with Fusarium oxysporum f vasinfectum significantly decreased the length of
the primary root of the cotton seedlings, This did not liappen when bacteria
(‘ax control ) were inoculated alonc in the soil. Significant inereases in numbers
of lateral rools when bacteria alone were inoculated in the soil, did mot remain
significant when soil was inoculated with both the bacteria and the pathogen
together..

DISCUSSION

Bacteria stimulated in goil treated with the insecticide sovin have exerted
suppressive cflecls on Azotobascter and Rhizobium (the avilors 1969¢ & d).
This was considered a sign of deterioration of the fertility standand of the soil.
In this investigation the inhibition of the wilt pathogen Fusarium oxysporum
f. vasinfeetum in culture was thought of impertance in controlling this pathogen
biologically in the soil. Results however, have shown that the behaviour in
culture differed fromr the behaviour in soil.  Virious faclors might be involved

ia this respeet of which the “micrubiolugical factor” is suggested to be the most

(1),
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Fig. 3 — Menoufi cotton scediings raisad for 3 wecks in soil incculated with the
pathogen alone lower and the pathogen together with Bacillus megatezium, 9 upper. Dif-
ference in severity is external, both showed iaternal symptoms of infection.
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important. Inoculation of the sevin - *Uimulated bacleria in the 201 might lave
resulted in the dominanee ol some microorganisins which are antagonistic to
them. Therefore, these dominating bacteria might have deercased 1le activity
ol antagonising 1he pathogen in the soil by the sevin - stimulated bacteria. In
evidence of the importance of the “microbivlogical Tactor’” is ile reeorded ever-
changing ( dynamie ) nature of the microbial equilibrium in the soil in response
to applying the insceticide sevin ( the authars 1969, ), and probahly in response
o applying any additive to the soil,

The variability of hehaviour of anlagenistic microbes in calture from thal
in soil has been demoustrated also by Mostafa and Gayed (1953). They ab-
erved that Trichodermu viride was antugonistic 1u Fusurium vasinfectum
in culture whereas it failed completely 10 excrt any antagonistic effect towards

Fusarium pathogenicity to cotton.

The vhserved variation in the degree of severity of wilt symptoms Deing
lees drasticin the presence of the investigated B, megateriunt straing, might point
at the importance of the “invenlum size” as a fucler respunsible for the observed

results.  The evaluation of this factor needs Turther investigation

B. megaterium strains induecd signifieantly adventition rony formation when
inoculated alone in the naturyl sotl whereas this induetion was st ~igniticantly
ohserved when these strains were inoculated in seil together with Fusoriun.
Although the uuportauce of this finding was not reflected un the vecurrener of e
Pathagenicity criteria, yet it might pechaps Lave any ether physiolugical vahe
(the degree of severity of symptoms to he mention=l in thix respect ). The
authors suggest that execuling tests for hislagical contral of plant pathogens in

culture only are Ly no mcans integral or adequte,

Acf.'uaufledgumem : The avthuirs offer their thaanks 1o Prolessors AL Montas<ir &
M.G.A, Hafez for encourngement,

SUMMARY

Three strains of Bacillus megaterium and four ones of Peendonionad «pp,
stunulated in sevin treated soil, were Lested for their effects an the development
of Fusarium oxysporam ., vasinfectum, in culture, and its pathogenic potentinlity
to the susceptihle Menous cotton plant, in the sojl

B. megaterinm strains inhibited the fungus iy Czapek *s lignid and agar
media. On the other hand, psendomonad strains excried youeh less inhibitory
effect. Rezults of inoculation of. B.megaterium surains, logether with the pathogen
in the soil in whicl, Mcnoufi cotton plants were raised, were mot similar to the
resulls obtained in culture, Iy all the raieed planis the pathogenicity eriteria

were observed. These were the browning & rhugging of vessels, the vecurrence
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of the pathogen in transverse scetimis of the plasi,the worpholugical symptows
namely mo-aic appearance, «ilting ol the margin and Laling of the cotyledonary
leaves, and the development of Fusarium hyphae va the incabation of surface-
sterilized wnd biseeted plante. However, the ceverity of the symptoms was
much less reduoced.

Ou the other hand, siguificant difference- sere recorded iu some morpholo-
gical determinations {c.g. adventitious root {orraation) but these were not
reflected on the occurrence of the pathogenicity eriteria ; they probably were
thie cause of the reduction in the reverity of :ymptoms.  The authors suggested
that carryiug out tests for biolagical contrui of plunt pathogens in culture only

are by no means integral or adequate.
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