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CELL WALL COIIPOSITIOIN OF FUSARIUII OXYSPORUI! f. sp. VASINFECTUIt 

AIID F. OXYSPORUII f. Sp. IIELOIIIS AS COZIPARED WITH CELL WALLS OF 

SCLEROTJIUI JOLFSII AND RIIlZOCTOIIIA SOLAII. 

AIS2 IlACT 

The protein content of cell walls hydrolysater vi :'usarluin 

pt's-okjurn was up to i15X and 1I1Z higher than that of cell walls 

of Scler'otlum rolfsli and Shlizoctonla solani, respectively. 

Sl:.ilarly, cell walls of both forma speciales of F. oxysporum 

contained more hexosamines as compared tu those of S. rolfsli and 

R. solani. However, cell walls of S. rolfsll and 11. solani 

contained 53.6 and 57Z neutral sugars, respectively, as compared 

with values of 19.5Z and 37.9% in cell walls of F. oxysporum f. 

sp. melonis and ' oxysporum f. sp. vasinfectun , respectively. 

Of all tested fungal cell walls, those of S. rolfsli contained 

the higlhest amount of lipids (7.5Z). Following 2hi hydrolysis (211 

1 2 SO I ) the non hydrolyzed residue content of F. oxysporum 

cell wall: was found to be much higher than that of S. rolfsll 

amiv R. solani. 

IIITRODUCTIOII 

Fusarlumn spp. are spread all over the world and belong to 

the most devastating soil-borne plant pathogens, causing 

diversified symptoms. Forma speciales of F. oxysporu p 

specifically induce vascular wilt disr.ases In ,,arny crops 

(Ilacliardy and Becluman, 1901). 

Th morphology, physiology and the ecology iln soil of these 

pathogens was broadly reported (Ilelson et al. 1901). lowever, 

there are not sufficient data regarding the cell wall 

composition of Fusarla and, in particular, F. oxysporum. Fungal 

cell wall structure contribute,, to the unique hyphal shape and 

serves -as the main barrier against microbial lysis (Potgleter and 
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Alexander, 1966 ;Chet et al. 1967 ; Van Eck, 1978). 

In the present study we have carried out a chemicat 

analysis of hyphal wall composition of F. oxysporum f. sp, 

melonis and F. oy.ysporum f. sp. vasinfectum In comparison with 

that of Rhizoctonia solani and Sclerotlum rolfsii. 

MATERIALS AND HETHODS 

Fungal culture conditions 

Fusarlum oxysporum Schlecht f. sp. melonis Snyd. and Hans, 

(F. o. melonis) and F. oxysporum f. sp. vasinfectum (At..) Snya' 

and Hans. (F. o. vasinfectum) were cultured on a yeast extract-i 

glucose medium (YH) containing (gll distilled water) yeast 

extract (Difco Laboratories Detroit, 1ichigan, USA) 5 , peptone 

(Difco) 5 ; glucose, 10 ; agar (Difco) 20, and were incubated a% 

27C. 

Rhizoctonla solani Kuhn and Scierotium rolfsl Sacc. were 

grown on a synthetic medium (SH ; Okon et al., 1973) an4 

Incubated at 30C. 

Preparation of hyphal walls 

Hyphal cell walls, produced according to Chet and Huttermarn 

(1980). F. o. melonis, F. o. vasinfectum and P. solani, werd 

grown in liquid YH while S. rolfsl was grown in liquid SH. All 

fungi were grown for 96h In Erlenmeyer flasks (250 ml). The 

mycelial mats were separated from the medium and thoroughly 

washed with distilled water and homogenized In an Ultra.-Turrax4 

(Ika-Werk, W. Germany) for 5 min. Hycellal suspension was 



centrifuged at 30,000xg, for 20 minutes, at 4C. The precipitate 

was re-uspended in distilled water and sonicated, Intermittently, 

3 times, for 5 minutes each, using a 'Heat Systems-UltrasonIcs' 

(NY, USA) sonicator, at full amplitude. The suspension was 

cent',Ifuged again at 800xg, for 20 minutes at 4C, to precipitate 

the coarse particles. The supernatant containing the remaining 

fline particles, was washed by centrifugation and homogenized 
I 

intermittently until no residual glucose, protein and amino acids 

could be detected in the supernatz.nt, as determined with glucose 

oxldase (Slgma), coomassie-brilliant blue (Sedmak and Grossberg, 

1977) and nynhidrin (Cocking and Yemm, 1954) reagents, 

respectively. The precipitated walls were then deep-frozen, 

lyophilized and stored as a powder in a sealed container. 

Chemical analysis of hyphal cell walls 

Samples o.F hyphal cell wad preparations of F. 0. melonis. 

F. o. vaslnfectum, R. solani and S. rolfsil,' of 20 mg each, were 

sealed in hydrolysis ampoules each of which contained 2 ml of 2H 

H2 SOq and heated in an air forced oven at 105 C for 2, 

5, 12, 20 and 2qh. This method resulted in the highest amount of 

glucose after hydrolysis of 5 h. The hydrolysates were then 

neutralized with llaOH and diluted to 25 ml. These diluted 

hydrolysates were assayed for total sugars and glucose by the 

glucose oxidase reagent and phenol sulphuric acid method (Dubois 

et al., 1956), respectively. 

The hexosamine content was determined by the Elson-Horgan 

method (Elson and Horgan, 1933) in samples of the above mentioned 

- cell wall hydrolizates, which were neutralized with hot Ba(OH) 

Z2?. 
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and centrifuged at 30,O00xg for 15 minutes, to remove the salt. 

Amino acid was outdetermination carried using 20 mg 

samples which were hydrolysed In 6 HCl, for 24h, at 105 C, In 

an air forced oven. The hydrolysates were dried under vacuum tn a 

rotovapor (Buchl, Switzerland) and tested, using a Biotronlc, 

Hodel LC-7000 ( W. Germany) amino acid analyzer. The protein 

content was calculated from the amino acid profile. 

Lipids were extracted from 20 mg byphal cell walls samples 

after shaking the samples in sealed 00 ml Erlenmeyer flasks each 

containing 10 ml chloroform-methnol (2:1;v/v) for at24h, room 

temperature. The Insoluble fraction was removed after 

centrifugation and the extracted lipids were determined­

grt.vlmetrlcally In the separated chloroform fraction (Folch et 

a 1957). 

The ash content was determined gravImetrically after 

heating the hyphal wall samples at 650 C until no further weight 

decrease could be detected. 

Infra-red 
 (IR) spectra were obtained with an IR­

spectrophotometer (Hicolet HX-S, USA) using 2 mg of fungal cell 

wall powder which was mixed with 90 mg of KBr and pressed Into a 

pellet (Chet and Huttermann, 1980). 

RESULTS
 

The results of acid hydrolysis of fungal cell walls 

(Table 1.) showed remarkable differences In almost each tested 

parameter. The hexosamine and protein content were found to be 

higher In cell walls of boLh fusaria when compared with R. solani 
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or with S. rolfsli. On the other hand, the total neutral sugar 

content was higher in hyphal cell walls of R. solani and S. 

rolfsii. 

Seventy and 53 percent of total amino acids of F. o. melonis 

and F. o. vasInfectum, respectively, were found to be histdlne. 

The non-hydrolyzed residue content (after 5h
 

hydrolysis of both fusarla cell walls) was up to 74% higher than
 

those of R. solani and S. rolfshl. However, no differences in the 
non-hydrolyzed residue of the tested fungal walls could be 

detected after 24 h hydrolysis. 

Similarly, no signlficant differences could observedbe in 

the ash content among the hyphal cell walls. 

The infra-red spectra of the tested hyphal cell walls 
showed a strong resemblance between cell walls of F. o. melonls 

and F. o. vasinfectum and those of R. solani and S. rolfsii. A 
comparison with the IR spectra of andchitin laminarin, showed 

that the proportion between 4these wo polymers in cell wall of F. 
o. vasinfectui was different from that present In cell walls of 

S. rolfsli (e.g. higher amount of chitin) (Fig. 1). The main 

differences .n the absorbance could be observed at wavenumbers 

ranging from 1100 to 1670. This part of the spectrum represents 

the chitin (Fig. 
 1,A) and Is characterized by a high 

absorbance at wavenumbers: 1161.2, 1317, 1383, 1564 and 1666. The 
infra-red absorbance spectrum of chitin was found to be very 

similar to that of o.F. vasinfectun and F. 0. melonis and 
different from those of cell wall of F. o. melonis and R. 

solant. 
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DISCUSSION 

This study is a first report of chemical analysis of F_. 

oxysporum cell walls and (iin particular) of F. o. melonis and F. 

o. vasinfectum. The results of this analysi., clearly point out 

the higher chitin content present in fusaria cell walls, when 

compared with those of R. solani or S. rolfsil. However, the 

total neutral sugar content was lower in cell walls of both 

fusarla. These results correlate with the report of Baaran and 

his co-workers (1975), whose worK indicated that 1l-acetyl­

glucosamine Is the dominant monosaccharide present in hyphal cell 

walls of F. sulphureum (39Z}. Similarly, SkuJins et al. (1965) 

"zhowed an even higher content of this sugar (47Z) in cell hyphal 

y.,alls of F. solanl f. sp. phaseoli. This fact may be of a great 

Importance to mycoparasites which are unable to produce h'gh 

levels of :hitinase. 

Data provided by the amino acid analyzer also revealed that 

.tle protein content of fusaria hyphal cell wall: was up to 194/ 

higher than the hyphal walls of R. solani. In the part, a high 

protein content was found in several other fusaria: 7.3Z and 28Z 

- In hyphal and chlamydospore cell walls of F. sulphureum, 

respectively (Baaran et al., 1975 ; Schneider et al., 1977). 

'Similarly, Lamborda et al. (1974) showed a very high protein 

-content (21)Z in hyphal cell walls of F. culmorum. Apparently, a 

liligh content of protein in fungal cell walls may prevent their 

avsis by antagonistic soil microflora. This argument was also 

raised by Schneider et al. (1977), who suggested a linltage 

,between the high content of protein in chlamydospore cell wall of 

F4, sulphureum and their survival in soil as resting structures. 



Cell walls of F. oxysporum. are more resistant to acid 

hydrolysis (211 HpSOq). This may explain the relatively 

high r, stance of F. oxYsporum to lytic enzymes (Slvan and Chet, 

unpubli .,ed). After hydrolysis oZ 5h, the non-hydrolyzed residue 

content In cell walls of F. o. vasinfectum and F. o. melonis was 

25.1Z and 32.8Z, compared with 8.4% and 12.2Z In cell walls of R 

solani and S. rolfsil, respectively. Presumably, there are 

different or additional bonds In and/or between the 

polyssaccharldes present thein cell wall3 of F. oxyiporum. 

Indeed, Chu and Alexander (1970) argued that fusaria cell walls 

contain heteressaccharides. which contribute to their resistance 

to lytic enzymes In soil. 

The differences between cell wallthe composition of F. 

bxysporum and those of R. solani and S. rolfsI were also 

exhibited by infra-red spectrophotometry. The spectral results 

Pl-Irly show that the chitin and lamInari, content cellIn walls 

6f F. o. vasinfectum and F. o. melonis comprised different 

proportions (e.g. a higher chitin content) when compared with the 

spectra of R. solani and S. Theserolfsil. results confirm the 

data obtained by the chemical analysis. 

The uniqueness of the high content of chitin and protein of 

Fusarlum hyphal walls, becell should taRen into consideration 

when screening antagonistic mycoparasites. Apparently, their 

lytic activity should consist mainly of chitinase and proteases 

fLs well as glucanase. 
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Table 1. Chemical composition of hyphal cell walls of F. oxysporum f.
 

sp . vasInfectum. F. oxysporum f . sp. Melonis, R. solani and
 

S. rolfsii. 

Percentage of cell wall dry weight. 

Cell wall F. oxysporum .• oxysporum
component f. sp.vaslnfectum f. sp.melons R. solanl S. rolfsii 

Neutral
 
Sugars 19.5 
 37.9 57.0 
 58.6
 
Hexosamines 29.0 16.5 
 6.1 5.4
 

(1) 
Protein 3.5 5.6 1.9 
 2.6
 
Lypids 3.8 4.2 
 2.2" 7.5 

Ash 1.2 1.4 1.1 1.1(2) 
Non-hydroyzed 32.8 25.1 8.4 12.2 
Residue 

Total 89.8 -- -- -­90.7 76.7 87.2 

(1) Calculated from the amino acid composition obtained from the amno acid 

analyzer.
 

(2) 2H H2 SO4 at 105 C, for 5h.
 



-- - - - - - - - - - - - - - - -------------------------------------------------------------------------

---------------- 

Table 	 2. Amino acid composition of hyphal cell walls of EF. orysporum f. sp. vasinfectum, _. 

.......-- ... ... 
F oXVsporum f sp.

vasinfectum 

oyysporum 

f.sp. 	melonis, B. solani and S. rolfsii. ,f) 

Amino 	acids g/mg dry weight of hyphal cell walls. 
.... ...-------------------------------------------------------------------------

F. 	 oxysporum f. sp.
melonls R .solani S .rolfsli 

Amino 	acid Conc. Amino acid Conc. Amino acid Conc. Amino acid Conc. 

Aspartic acid 

Threonine 

Serine 


Glutamic acid 

Proline 

Glycine 

0. 5 Cistine 


Valine 


Methion"ne 


Leucine 


Trosine 

F.aenyl- alanine 

Hystidine 

Lysine 

Arginine 

. ------...
 

------------------------------------------------------------------------­
2.47 Aspartic aclde 0.65 Aspartic acid 2.52 Aspartic acid 2.96 

3.18 Serin 0.8 Threonine 1. 19 Threonine 1 .5 

1.52 Glutamic acid 0.75 Serine 1.21 Serine 1.64 

3.52E roline 0.96 Glutamlc acid 0.25 Glutamic acid 3.3 

2.74 Alanine 0.69 Glycine 0.11 Proline 1.34 

1.14 0.5 Cistine .40 Alanine 1.88 Glycine 1.34. 

0.27 Vallne 1.87 Valine 2.39 Alanine 1 .78 

3.17 Hethlonine 1.08 Hethlonine 0.77 Valine 2.62 

0.77 Leucine 0.65 Leucine 1.07 H-thionlne 0.35 

1.32 TyrosIne 0.48 Tyrossne 0.73 Leucine 2.4 

1.18 Phenyl-alanine 0.73 Phenyl-alanine 1.25 Tyrosine 1.1 

0.8 Hystidine 23.2 Hystidine 3.58 Phenyl-alanine 1.35 

29.8 Lysine 0.74 Hystldlne 1. 18 

0.5 Arginine 1.15 Lysine 1.14 

1.16 Arglnine 1.95 

. .--....-----------------------------------------------------------------------­
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LEGEND TO FIGURE 

Fig. I. Infra-red absorption spectra of chitin (A) and lamInarin 

(B), as compared with hyphal cell walls of F. oxysporum 

f. sp.vaslnfectum (C) and S. rolfsii !D). 
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AB-TRACT 

Elad,Y.,and Chet, t. 1987.Possible role ofcompetition for nutrients in biocontrol of Pythium damping-off by bacteria. Phyiopathology 77:190-195. 

Of the 130 bacteria isolated front the rhizospheres of plants infested with 
Pirhium spp., sixwere found to be efficient biocontrol agents of this 
pathogen under greenhouse conditions. No lyricenzymes were involved in 
in vitro interactions between the bacteria and P. a'hatiderniain.l, 
Substances inhibiting grosili of the fungus iertprodu.ed by both the 
bioconirol agentsand otherrhizobactrria. 9n theotherhand.competition
for nutrients between germinating oispores of P. al)fianitlerniatum and 
bacteria, sshicb sas unique to the bioconirol agents, significantly
correlated with suppression of disease in the greenhouse. Oospore
germina'ion in rhizospheres of heat, itomato,h cucumber, melon,bean, and 
cotton plants was decreased in thepresence of these bacteria. Broadcast 

Rhizobacteria, by their interactions with various pathogens, 
play a major role in the biological equilibrium among 
microorganisms in therhizosphere (1,23). f.trthitiz spp. have a 
broad host range and cause preemergence and postentergence 
datsping-off and root rots followed by considerable yield losses in 
miny important crops. 

Biological control of this pathogen with bacteria is not well 
established. Mitchell and lurvitz (15)protected tomato seedlings 
against damping-off caused by P. ieharanmtn I lesse with a lytic
strain of ,trthrobacter,and Iadar etal (7) protected gcrrntinating
cucumber seeds with Enerobacter cloacae (Joroan) Ilarn & 
Edwar from rots caused by 'thium spp. Ilowell and Stipanovic
(9) isolated a strainof 11'euclonmonas fluorescetns Migla that 
produces an antibiotic inhibiting growth of Ptttirua ultitauni 
TIrow on seeds. 


Rhizobacteria have been tle subject of several 
 repots
(11,12.16). Itwas suggested that the antibiotics or siderophores 
produced by these bacteria lisplace deleteriots nmicroorganisms, 
presumsa bly minor pathogens (I I,12). Insuch a case, comtpetition
with the native microlura should also b considered. 'lhe 
objectives ofthe present work were toisolate potential antagonistic 
rhizobacteria, apply them against Pythiut datping-off, and 
investigate their anstagonistic nmechanism. 

MATERIALS AND METIIODS 

Isolation and characterization of bacteria. One hundred thirty
bacteria were isolated from roots of beat,, cotton, radish, 
cucumber, arid iselon plants grown in soils infcsted with Plrhir/i 
spp. or in peat-verinictilit, growth media (P'VMI. isolations were 
made on nutrient agar (NA) (Becton-Dickinson Corp., 
Cockeysville, MO) or King's medium 11(K II) (10). Bacteria were 
identified by the Anaytical Profile Index (API) system (La Balme 
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application or seed coating with these bacteria reduced disease incidence in 
cucumbers planted in peat-vermiculite mixture or in soil by 60-75% 
compared with the untreated control. Damping-off caused by P. ltintum 
in cucumbers was reduced by up to 94%. Combining low levels of 
Iuettrortonasttidaor P. celnaciawith the fungicide prothiocarb resulted 
in an additive effect. Bacteria applied to cucumber seedi became
established along the roots. Populations "ere tO0-fold higher at root tips
than at their upper parts. On the oilier hand, except for the root tips, the 
total population of bacteria was decreased in lie presence of the beneficial 
ones. Disease cc'trolwas achieved in bean, pepper, melon, tomato, and
 
cotton plants as well.
 

lesGorotles 38390, Montalieu, Vercieu, France). Identification was 
verified by Bergey Manalof Deterntiave Bacteriohgt. The 
following strains were used: Pseudonontas ptaida (Trev.) Migula 
(805 and 310), P. cepacia Iltrk (808, 814, and YI I), Alcaligens
Cast. & Chal. sp. ( 2),and Pseitilonitonas (ligula) Dond & Pall. 
sp. (AA4, SS3,and 806). Cultures were nmaintained on NA fordaily 
use. Pure cultures were grown on NA for 24 hr, wassied from the 
agar surface wilh 10% skimmed milk, atid freeze-dried. 

Density of bacterial populations. Strains of the biocontrol 
agents resistant to rifasspicin [3

-(4-neiliylpiperainyl-t-inoncerhyl) 
rifamycin 5v) and nalidixic acid (Sigma) were selected from parent 
cultures by platting cell suspensions on NA containing 151 Pg/ml3rifampicin [ -(4-ntethtylpiperazinyl-ininomethlyl) rifamvcin] and 
nalidixicacid and incubating thei for48 hr at30 C. The antibiotic­
resistant strains were similar to their parent cultures. 

Antagonistic properties of selectesl bacteria. The cell wall­
degrading enizymnes-Exo-l,3-/3-t)-gtcosidlase (/3-1,3-glucanase, 
EC 3.2.1.58); Exo-l.4-8l-it-gltcosiduse (Cellulase, EC 3.2.1,74); 
and/3-N-aedtyl-D-glucosa itiisdas (Chitinase,EC 3.2. 1.30)-were
assayed for filt rates of bacteria gr.wn on either lantinarin (Sigma), 
chitin (Sigia), or cell wvalls or mvcelium of Pt'thiutttt 
ophlanidernatu t (Edson) Fii:p. as a so' cnrh.i source. All 
enzymatic tests ind prepartion of fungal cell walls or nycelium 
were carried out a'cordin to previous publications (4,5). 

For production olinhibitory substances, bacteria were grown 
for 41 hr ina poiato-dextrose and nutrient broth (each 15g/I.)
medium (PIsN It. Bacterial cells were separated tronsthe medium 
by centrifugation at 3,010 g, then the supernatant was sieved 
through a 0.45-pm pore size filter (Nillipotc Corp., Bedford, MA).
Ilhe cellfree mediun., diluted witha fresh,double concentration of 
PDNII, was seeded with a iycelial disk taken from a 48-hr-old 
culture of P. al/hattiihrimttut. After 48 hr of incubation at 28 C, 
the mycelium was dricd for4 daysat 61 Cand weighed. Presence of 
anstibiotics was also tested insolidNA.

Mlass of naycelitis ireoved front cuilitures of A. op/tanhi/ermlutotIu 
grosn for 48 hr inpetri plaitescontaining liquid II)NIl %were 
transferred into a fresh medium to check theirgrowth in the 
presence of bacteria. Dry weight gained by the fungus (luring the 
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intrctiun period was measured 48 hr later and compared with lhe 
average dry weight of the fungus before incubation with the 
bacteria. 

Enrichment of soil with oospores. One hundred milliliters of 
carrot medium, in Roux bottles (18), was seeded with mycelial
disks taken from the margin of a 48-hr culture of P.
aphanideroatum and incubated for 2 mo at 30 C. Mycelial mats 
containing oospores were placed on four layers of cheesecloth, 
washed with running distilled water for 5 min, suspended in tap
water, and homogeniced in a Waring Blendor for 5 min. Oosporcs4were separated on a 0-.rn-mnesh Nitex nylon screen (I etko Inc.,
Elmsford, NY), resuspended in 100 nil ofwater, and added to I kg
of air-dried, well-mixed loamy sand soil (pit 7.6) whose 
characteristics have been described previously (6). 1he soil vas 
placed in plastic bags, incubated for 2wk at 30 C,sieved througha2-frim-mesh screen, and stored at 4 C until needed. This soil 
contained an average of 4.5 X 10' colony-forming units (cfu) of P. 
aphanideraiunr per gram, as de!!rtined on a selective medium
according to Schrittlecr (22). Microscopic observations 
revealed that colonies originated predominantly from oospores.

Oospore germination tests in soil. Bacterial strains that were grown on NA plates for 24 frr were collected, washed twice, and 
resuspended in distilled water to the desired concertration. 
Oospore-enriched soil sarrples (5 g each) were placed in a 10-ml 
test tube. Aliquots 10.1 nil) of glucose and asparagine solutions (to
indrrce germination [19]) and bacterial suspensions were added to
give the desired concentrations at 15%dry weight (-0.3 bar) water 
content. Soil was mixed thoroughly and incubated at 30 C for 24
hr. "liree 0.5-g subsamples of each treatment were transferred to 
test tubes for processing, staining with Calcofluor New M2R 
(American Cyanamide Company, Bound Brook NJ) (20), andviewing at X;60 undera UV light microscope for fluorescence. One 
hundred oospores were counted for each of the three replicates pertreatment. 

Oospore germination in the rhizosphere was tested using the 
method developed by Elad and Baker (3). Oospore-emicied soil 
was mixed witl bacteria ard placed between two glass slidcs along
with roots of pregermiated plants. Test plants were cucumber 
(Cucumi. sativs L. 'Sliirshon'), tomato (L'copersiron
esculentrr L. 'Marrrand Rehovot'), pepper (Capsicum amaurri 
L. 'Maor'). -elon (Cucumis melo L. 'Galia'). bean (Phaseolus 
vulgaris L. 'Brittlewax'), wheat (Triicrun acstivm L. 'Scout'), andcotton (Gos.rrpiunr herbaceum L. T'ira U. SJ2'). Root exudates 
induced germination of oospores. RIhizosphere .oil was separated
from the roots after 48 hr of incubation, and oospore germination 
was assessed according to the procedure renrtioncd earlier. 

Infestation of greenhose grovth media. P. alhanidernratumor 
P. ultinrurs were isolated from diseased cucumber seedlings on e.
selective medium for Pi.thil spp. (22) and identified according to 
Middleton (14) and \Vaterhouse (25). Growth medium contained 
75% Canadian peat and 25% vermiculite no. 2. Oospores of P. 
aptaniderulun were added to 'IM, alter adjusting their

concentration with a hcrracytonreter, by diluting tire suspension

with water to the desired level. The pit of PVM was 6.0. 


In most experiments with both Prnlrnur 
 spp.. inlested peat was 

used as inoculur. 
 'Ilree or four repeated plantings with 
cucumbers, when 90-100% of tire plarrts had died from damping-
off, w%,ereused to ircrease irrc.ulum. Inoculuns wsas suspended iu
50t nl of water to allow cvirplete ruix with tire grmsth medium 
Ile population of Pr* ithirr. as counted on Sclrnitircrnner's 
seeevtise rrrediurr (22) ransgedfror5X 10'to5x 10'clu/gofdried
infested medium. 

Bacteria sycre applied citier as water suspensions mixed with tie
total ,,ro.-th medium or by dipping seeds irto a suspension of tie 
candidate strain, drying at room tenmperature, ard planting in the 
greenhouse. 

Polypropylene boxes (/ X 19 X 14 cr) were filled with the 
infested riedia, planted with 10 seeds eaci, irrigated once a day,
and the number of diseased seedlings recorded. All experiments
were conducted under greenhouse conditions at 28-32 C and 
consisted of six replicates. Expcrimrts were repeated at least 
twice. Severity of disease synptonis in cotton was calculated 

according to an index ranging from 0 for healthy, symptomless
plantsto4forplantscovered wiih Priumlesions overmore than 
80% of their hypocotyl. Preernerrtcc damping-off, which 
occurred in each treatment, was calculated by deducting tre rate of 
-merged plauts in the pots of this treatment from the average 
em,:rgcnce in the medium free of i,rthium. 

"lie fungicide prothiocarb (Previcur 50%) was mixed vitll I'VM 
alone or combined with bacterial suspensions to control disease 
caused by P. aphanideritriumin cucumbers. 

Population dynamics along cucumher roots swere tested by tire
rhizosphere competence technique of Scher et al (21) as modified 
by Ahmed and Baker (per.ional ommun cation). Two 
longitudinal halves ofa 50-ndlcortical polypropylene tube l(lalcon
Div., Becton-Dickinson, Oxnard, CA) wsere filled with wet sandy
loam soil (15%, -0.3 bar), and one seed coated with bacteria wasplaced between both parts, I cit front the top. lhe two parts were 
sealed with two rubber bands -and incubated in a polyethylce
plastic bag for 5 days at 30 C unndcr artificial light without
additional watcring. At tie end of tine incubation period, the tube 
halves were separated and the plant ecrrtly remo'cd to assess the 
rhizosphere population as mentioned earlier. 

Counts of bacteria from soil or peat ssere carried out by plating
theappropriate dilutions, using ttre drop plate method (17). on NA 
or Kit medium. Results ssere expresseJ as colony-forming units 
per gran. Rhizonphere populations wrre -assessed by separating
tie soil adhering to tire specific root segments (20 mn each). in 
water, by shaking thenm in a rotary shaker for 30 rin at 100 rpm.
Average dry weight of ririzosphere soil was calculated by
measuring tire weight of 20 samples of root .egrert that could be
separated according to the distance from the base of thc stern. 

RESULTS 

Isolation of potentially antagonistic bacteria. Bacteria sere
isolated lrorm toots of bean. cotton, radish, cucumher. and mclon 
plants. Selected plants '. cre uprooted from soils naturally infested 
sith P. aplrnidernrarmn. Of the i30 bacterial isolates tested for 
their ability to suppress darrpin,-oif in cucumbers, tile six that 
were superior in reducing d .case ircidence by 17-67% (Fig. I1)
were selected for furtie- experiments. "liese strains are 
I'.rerrdonrron a.rlridn(1t815 arrd 310),.A cr-puia(808,814.and Yi i), 
and Ahl'gens sp. ( lh2).

Antagonistie acliit) of bacteria in culture. Ltiec:t'rines. None
 
of the strains produced 1-1,3-glucanase, chiitinase. or cellulase
 
wlhen grown on larinrarin, chitin, cellulose, or cell 
 walls of P.
alradermatur,.Similarly, when placed in a liquid nediun
 
containing a nrycelial rrat of P. aplaid'errnatumas a sole carbon
 
source, 
none of the bacteria degraded the myceliurrr. 

lihibitor*.surstarce'. Bacteria were separated from tire PDNB 
medium in which they were grown alter 40 ir. I re cellfree melia,
mixed swith a double concentration of PDNII, were seeded with P. 
aphanrderrratur and incubated for 48 hr for dry "eight
delriiration. Dry %%eight of myccliun giown in unanended 
conrol mediunms was 84.4 rrg per plate. Bacterial isolates 805. 8118.
Rh2, and 310 inhibited growth of I al)lrarnlrrnrunby 87.9,
85.4,49.8, and 39.0%, respectively, whereas isolates AA4, 90f.and 
SS3, whiclr did not control 'rlthttr. reduced it by 76.5. 89.6, and
70.4r'j. respectively, compared wsith the control (dry %%eight84.4 mg 
per plate) grown in unarrended nediun. (ro.ll rif P. 
alhaudermatum was inhibited by only 5.7% wher grnr in a
mediuitlhat previously sulportedgrowrstioftre sanrre fnrgus. No
significant irrlribition of grswtl of rrryceliurrt was obsersed on solid 
medium seeded with the test bacteria. 

Competitionr. Corrrpetitive ability of theboth bacteria and 
rsyceliun of I' nthium was tested in dual cultures. P. 
aplhanirraum sas grown in !iquid I'[)NIt for 48 ir and
transferred into fresh rmedium along with dilferent bacterial 
isolates. Strains 805, 808, Y II, Rh2, 310, and 814 inhibited urirgal
growth by 50, 45, 60. 98. 14,and 62c', respectively, compared with
the control culture (dry weight 63.5 org per plate) grown in 
bacteria-ree rnedium. Ioowevcr, other bacteria, when grown
together in liquid culture, also inhibited growth of P. 
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aphaniderntatuni. To determine whether the bacteria produce inhibitory 
1Inhibition of oogpore germination by bacteria. Bacteria were substances affecting oospore germinatioi, cellfree supernatants of 

introduced into raw soil enriched with oospores of P 24-hr-old cultures of tiledilflerent bacteria were added to tile 
aphaniderniatun, and glucose and asparagine were added. oospore-enriched soil. No sigoificant reduction in oospore 
Oospore germination, det:rmined after 24 hr of incubation, was germinabdlity was observed unless bacterial cells were present in 
inhibited by up to 57% by the biocontrol agents (2 X 10' "fu/g or the soil. 
soil) compared with only 13-20' inhibition by bacteria not Germination of oospores in rhi;ospheres of wheat, tomato, 
cffective in disease control under greenhouse conditions (Fig. 2). melon, cucumber, beart, or cotton in tile presence of bacteria was 
Similarly, when th: initial population level of the bacteria was compared with their germination in the untreated control (Table 
reduced to 2 X 10'cfu/g of soil, germinability of oospores was 1).Average inhibitions of germination in all plant crops by isolates 
inhibited by 20-50%. 805 and 808 were 72.3 and 66.4%, whereas isolate AA4, which is 

A significant corrclation at P= 0.05 or 0.01 was found betws'een not capable of controlling Pc)trium in the greenhouse, inhibited 
the ability of the various bacteria (applied by broadcast or seed germination by only 5-36%. 
coating) to reduce Pythium damping-off in cucumbers grown Biological control of damping-off in cucumbers. Effects of 
under greenhouse conditions and their ability to inhibit ..spore bacterial concentratios. Bacteria were suspended inwater and 
germination insoilenricled with 150or 250/g/gglucose or 'V M. mixed with I'VM to give two initial population levels of 10' and 10' 

cfu/cnil. Isolates805 and 808 were the most effective in control of 
i

TABL.E 1.Influence.of bacteria ofgermination ofoospores of Prthim P.rittliuotwhen apnlied in concentrations of 10' cfu/c ' (Iable 2).TAplnidersatuI rliosphters rmious Relatively high percentages of healthy cIcitntber plants (ttp to 62%of crops' 
reduction of disease) were obtained when bacteria "sereapplied in 

Oosporc germination (c!;) concentrations of 10' cfu/ci 
n '. Cells of bacterial isolates 805 and 

isolate Wheal lomato Melon Cucunmber Ilcan Cotton Av. 808 were suspended in three low concentrations to give final counts 
of4X 10',8x 10' , and 2X I' cfu/cnt' of PV . lhe concentration 

815 7 a' t0a 8 a 18 a 21 a 15a 13 of cells of isolate 808 influenced the efficacy of disease control, 
1;08 31 b IIa 12a 19a 19a 12 a 17 whereas differences between concentrations of applied isolate 805 

AM4 41tc 35S 1 b 4bth 57b 27bI 41 
U 4treated 

Itcterial 

were not reflected in marked diflerenccs indiscas: control (Fig. ?). 
control 64 d 37 b 46 b 57 b 65 b 36 b 51 Prccnergence damping-off in uttreated control was 71.6%, 

whereas it was reduced to 21.1-26.3 and 2.1-10.5% by treatments
'Seeds of various crops ,eregerminated in moist bags and placed on soil with isolates 808 and 805, respectively. 
cniched Aith oosporcs. betlccn two glass slidtes. Gerniination was 
calculated. aficr 3 days of i-cuhation, by the Calcolluor staining method 
(20)1. 60 1 
'Nubecrs in eact column folloncd by the sant letters are not significantly 
dillcrentacco dig to Duncan's multiple range test (1'= 0.05. 0 
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Effects of bacterial seed coating and irru'i rated control. 
Cucumber seeds were dipped in bacterial suspensions (8 X Io' 
cfu/ml) and planted in I'VM. Damping-off caused by A, 
ap/:aniderinatumwas recorded during 12 days after sowing. The 
most efficient isolates were 805, 808, and Rh2, which reduced 
disease incidence by 57-67%, compared with isolates 814 and 310, 
which reduced disease incidence by 38-42%( Fig. 4). Preemergence 
d mping-off. 27.5% in the untreated control, was reduced to 
0- 12.5% by the different bacterial isolates, 

' 
Bacterial isolares, at the low rate of 3 X 10 cfu/cn' of PVM, 
were combined with prothiocarb at therate of 0.25 ml/'L ol VNI. 
Incidence of dar.nping-off caused by . aphaniderntatunr inthe 
untreated control was 89%. Isolat:s 805 and 808. alone, decreased 
Plythium damping-off by only 9-15%, because tire bacterial level 
swaslow. A significant decrease in disease irnciderne, 34%, was 
cbtained by the chemical treatment. Combination of prntlhiocarb 
with strain 805 resulted in 46% disease reduction; however, 
combination of irwiocarb with strain 808 was significantly 
superior, yielding an 80% reduction i: disease incidence. 

fffects of bacteria ort disease builtqr during successive 
replaning. Cucumber seeds were planted five times at 10-day 

intervals in PV'NI mixed with suspensions of isolates 805 or 808, 
and the percentages of healthy plants were recorded at tine end of 
each growth cycle. In the untreated control, disease incidence of 

which was 93% at tlre end of tie first cycle, stabiliied at 


50% betwccn the third and fifth 

Prhitmi. 

growth cycles. Disease incidence in 

bacteria-treated media was 12-45% during the five successive 

plantings and was 12 and 27% at the end of the fifth cyclr in 

treatments of strains 808 and 805, respectively.
 

Control of damping-off caused by P. uliirnr in cucu,,hers. 
Control of P. uIirwa in cucumbers was tested in 'VM amended 
with eacti of the bacterial isolates. Disease incidence was 
drastically reduced by all isolates in tire first growth cycle (Fig. 5). 

of eoncrcntrdtion' 
mthediun on ability of strais to controlP.rthiunn 
1AtLE 2. Influencebacterial in peat-%seriiculite 

aphardernauniin 
cucumber 

ELireigerice ( i)7 days I caltt y plants;)I I das 

acterial alter plantinrg alter planting 

isolate t0'cfujcii I0' clulcr' Il' cu;cni' t'tclu/crli 

Rb2 18a' 42 b 12 a 27 b 
805 60 bc 83 d 48 c 70 d 
IllI 37ab 48b t8 c 37tc 

808 77 cd 72c (0d 6ld 


814 37 ab 51h 10a 32 b
 
310 42 b 53 h 19ab 41 be
 

'Suspenrsions of 24-lh-old bacteria sere mixed %itlhartilicially infested peat­
serricultc conlaincr mediun to gie IO'or Io'Ou/cir'. 
'Numbers in cacti parameter ft)llosocd hy thesame letters are not 
significantl dilterent according to Duncan's multiple range test 
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Ilowever, after 2 wk of the second grossth cycle, there ,ere 7, 18. 
51,42,4, 71.ard 17% lcalthv plant'i in th: untreated control and 
:reatments with isolates 808, 805, 310, 814, 1,h2, and YII, 
respectively. 

Biological control of i')thium danlping-off in pepper, melon, 
bean, tomato, and cotton. Isolates 805 and 808 s ercmixed with 
'VNM,and their influence on disease caused by Pe'Iytinr in seseral 

crops was examined in the gicenhouse. Both isolales reduced 
disease incidence in moelors, tomatoes, peppers, and beans (l:ig.6). 
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Disease indexes in cotton, calculated according to root coverage by 
Pythiunt lesions, were 2.17, 0.83, and 1.0, respectively, itt the 
untreated control and in treatments with isolates 805 and 808. The 
respective percentages of disease incidence were 92, 50, and 62. 
Disease incidence was decreased by 19-53% when pepper, bean, 
and tomato plants were replanted in the original growth mixture, 

Competitive root colonization by antiliotic-resistant bioconlrol 
ageols: general populations of bacteria and P,'thium. Isolates 805 
atid 808 were selected for resistance to rifampicin and nalidixic 
acid. Iloth deceased disease incidence caused by t,titimn in 
cucombers by 50-o when applied to soil. Efficient recovery of the 
resistant bacteria was obtained on medium supplemented with 
both antibiotics at a rate of 15(0pg/nl. 

Cucumber seeds were coated with suspensions of isolates 805, 
808, 814, Y , or Rh2. Two longitudinal halves of plastic tubes 
were filled with s(,;; infested with P'ithiuntand sealed together with 
one coated seed in each tube. The roots, exposed after 5 days, were 
cut into segments 0-1, 2-3, 4-5, and 6-7 cm fromn the stem base. 
General pupulat:ans along the untreated roots ranged between 2.0 
X 10' and 2.2 X 10' cfu/g of soil in the segments 0-1 and 6-7 ct 
(Fig. 7). Application of isolates 814, YI I, and Rh2 to the seeds 
decreased the geiner:l bacterial populations to 4.0 X W-2.3 X 10' 
cfu/g of soil in .egments 0-1 and 4-5 ci, whereas isolates 805 and 
808 decreased bacterial numbers to I0 cfu/g in segments 2-3 and 
4-5 cm. Iloweser, the general populations at the tips of treated 
roots did not differ from those of the Untreated ones. 

The specific populations of bacteria applied to seeds before 
incubatiou %were2.2 X 10'-2.0 X 106cfu/g of rhizosphere soil (Fig. 
7). Except for isolate Y II, bacterial counts at root tips were up to 
100 times higher than at the upper root parts. There was a positive 
correlation between the levels of general population and those of 
the biocontrol agents in all root segments except the tips. 
Colonization of cucumber roots by P, aplhatidi'roiatum was 
reduced by 50-1007b in tire presence of the biocontrol agents. 
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I)ISCUSSION 

A major objective of this study' was to isolate potential bacteria 
and characterize their activity in controlling 1.t'thiuo spp. The 
ability of six bacteria applied to PVM or soil to reduce the 
incidence of damping-off in the greenhouse was tested. About 
(1-90% of disease reduction was obtained under gro'sth 
conditions prevailing in our experiments. Although cucumber was 
the major test plant throughout this work. disease control was also 
obtained in other crops susceptible to P aphaniderniatum. e.g., 
pepper, melon, bean, tomato, ansd cotton (Fig. 6). The bacteria 
were also most effective in controlling P. uitimm (Fig. 61, One 
application of tie biocontrol agents was sufficient to prevent 
disease buildup in replanted cucumbers. The additive control 
achieved by combining bacterial application, at a low rate to 
achievediscase control, with the fungicide prothiocarb ,.ommonly 
used against Pl'thium) redtcd disease incidence 80%. 

Our results indicate that the presence of bacteria along roots of 
susceptible hosts reduced tie establishment of ',rthiom along tire 
roots, which are the potential sites for its attack. 

Damping-off, induced by .l-thiumn spp.. has been controlled by 
coating seeds with a variety cf antagonistic microorganisms 
(7-9,13,24). In this work, seed coating was as effective as direct 
application of bacteria into the soil (Fig. 4). Seed treatmentsarean 
attractive metbod for introducing bacteria to tire soil-plant 
environment, because in this way, the bacteria have an opportunity 
of being tile first colonizers of the roots, It was evident that 
bacteria, introduced as seed treatments, moved along the roots. 
Weller (26) showed the distribution of Pseudoiotasfluorescens 
introduced via seeds on seiiral roots of winter wheat. Similarly, 
we have counted higher populations at root tips. Moreover, the 
lower counts of indigenous bacteria obtained in wheat (26} and 
cucumber (Fig. 7) in the presence of the introduced strains indicate 
the obvious competition between them. Populations of the 
indigenous bacteria generally wvere greatest where populations of 
tie biocontrol agents wcre great (Fig. 7), probably because both 
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wcrestimulated by the same factor-rhizosphere nutrients. Intense 
competition for resources such as nutrients among rhizosphere 
bacteria is very probable. Seed coating places the bacteria where 
they are needed the most, at the most important site of interaction 

with the plant-rotting IPhin spp.The abilityof a bacterial strain 
to colonize or establish a large popiulation in the rhizosphere isa 
crucial factor that determines tho importance of rhizobacteria as 
root associates. 

Significant positive correlation was observed between inhibition 
ofoospore germination and disease red uction induced by tire same 
bacteria. Moreover, inhibition of germination of oospores in the 
rhizospheres of several plants was achieved by the biocontrol 
agents. On the other hand, there was o direct observable 


interaction between spores and bacteria. Siderophores may also be 
excluded as a possible mechanism for control of Pyltltiunr, because 
the pll of tire PVNI was calibrated to 6.0. In this case, iron is 
available in high concentration. This may not be toe case in 
Pt,'thiiu-infestcd soil where pllis abut 7.6, as was shown in the 
interaction of Fus.ariumr ox3ysp'orunr and P.,etudoimitar sp. (3). 

Oosporc germination has already been shown to be affecied by 
exogenous nutrients (9). Nutrients supplied by root exudates 
stimulate oospore germination in tile rhizosphere. It tiherefore 
appears that bacteria may compete with germinating oospores for 


available carbon or nitrogen sources, and by eliminating these 
resources, the bacteria reduce the percentage of oospore 
germination. Similar results were obtained recently with 
chlamydospores of Ftrsarttn spp. (3). Moreover, tile reduction in 
the general population of bacteria along the roots caused by the 
biocontrol agents is probably due to competition (Fig. 7). 
Although lysis was suggested as a mechanism in tihe control of 
Prthiumsp. (15)when cell wall lytie bacteria are added to soil, such 
heterolytic activity was not confirmed in vitro in our studies. 
Production of inhibitory substances may be a potential means by 
which the bacteria affect the plant nathogen. P'tiitn isindeed 
known to be sensitive to such inhibitory effects. Ilowever, our in 
vitro experiments have shown that bacteria, unable to induce 
suppressiveness in soil, effectively inhibited myccliurn of tie 
pathogen. This may suggest that inhibitory substances or 
antibiotics do not play a major role in our systems. 

Broadbent et al (2)added flacillhts stbtilis (Fren.) Cohn to soil 
treated by aerated steam. P. ultintit'i was controlled on 
Atirrhiittu, possibly by decreasing infection rather than by 
antibiosis. Iladar ct al (7) protected seedlings from disease caused 
by P/tlhitrtn by application of Enterobaiter cloacae. Ilowell and 
Stipanovic(9)concltdcd that a strain of Pseudittotoa.rltuorescens 
wzs antagonistic to P. ultintnt because of tire production of an 
antibiotic (pyoluteorin) by the bacterium. 

Our results demonstrate tie potential of bacteria to control 
jo-thitt.Further research is needed to develop the formulation of 
bacterial biocontrol agents attd exploit them in agriculture. 
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]; Sivan, A., and Cet, 1. 1987. lbe possible role of competition 

between Trichoderma harzianu aid Fusariun oxysorum on 

] rhizosphere colonization. Phytopathtology 

I'! Soil was eniriched with chlamydospores of Fusarium oxs2yprun 
f. sp. vasinfectu, and F. OXy2S r n f. sp. melonis, and amended 

21 increasing concentrationswith of glucose and asparagine. lMaxlujal 
germination of chla.nydospores obtainedwas in soil amended wit]h 
0.4 and 0.08 mg glucose and asparagine per g soil, respectively. 

2! Addition of conidia of the biocontrol agent T. Lirzianu (T-35)n 


significantly (P=0.05) 
 reduced the chlamydospre germination rate 

21 
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of b d Fusaria. However, in soils amenxded with higher
 

concentravIons (0.3 and 0.06 mg/g soil) of glucose and
 

asparagine, respectively, the inhibition was nullified.
 

QCilamydospore germination of F. 0. melonis and of F. 0. 

5 	vasinfectun 
 in melon and cotton rhizosphere soil were 

" 	 significantly inhibited after soil or seed application with T-35. 

As in the case of the glucose and asparagine, addition of an 

excess of seedling exudate increased the germination rate and 

eliminated the inhibition. Moreover, a continuous application of 

10 	 germinating cotton seed exudate to a soil infested with F. 0. 

1J vasinfectu planted with cotton and treated with T-35, 

] significantly reduced the disease control capability of the 

i:i antagonist.
 

ii A seed treatment with T-35, in a constantly humid soil,
 

]5 resulted in high population densities of the antagonist on the 

6 developing rhizosphere. Plants grown fron seeds treated withi T-

J 35 had roots "ith lower levels of Fusariun spp. in their 

Inrhizosphere than roots from plants frtn non-treated seeds. The 

J!I greatest density and the largest reduction in Fusariun levels 

211were detected on the lower 4 an of the roots. lunbers of 

2)Fusarium in the rhizosphere were reversely proportional to the 

number of conidia of T-35 applied to soil. Oi the other ha]d as 

2:N the concentration of the pathogen in soil increased, T-35 counts 

Z!on root segments decreased. Trichoden. had a little effect on 

5. the survival of Fusarium spp. in non-rhizosphere soil. Inhibition 

26
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of 	germination way therefore have resulted frn conpetition. 

Plant roots growing in soils are a najor source of carbon
 
and energy to microorgoisms in 
 the form of root exudates.
 

Cells detached fran old rarts of 
 the 	root, or the root itself, 

. after plant death (7). Barber and Martin, (3) estimated that 3-9%
 
I; of assimilated carbon by whieat and barley is exuded by root by­

products. Wipps and Lynch j25), in a similar experiment showed
 
V that the 
 total carbon released fra cereals was 	 25-30% of the 
ID total fixed carbon. 

III bOnpetition for nutrients, primarily carbon and nitrogen, 

Ii may result in biological control of soil-borne plant paiogens. 
12 In many cases where the amount of these nutrients becone limiting
 

for the pathogen due to intensive 
microbial activity, the soil 

becomes suppress)ve (7). 

Cook and SchroLh (8) identified carbon and nitrogen 

J 	 canpourds required for cilainydospore germination of F. solani f. 
sp. phaseoli. Similarly, Sneh et 	al (23) demonstrated the role 

of glucose aid asparagine in stimulating chlaOydospore
 
germination of F. oxysporu 
 f. sp. lini. Recently, Elad and
 

Baker (9) aid Elad md 
Cet (10) reported that carbon sources, 

2] either provided by synthetic substances or excreted by plant
 
rhizosplhere, 
 might be involved in the chla-nydospore and oospore
 

germination of F. 
 oxysponun and P.ythini aphanidermattlm. 

2 Proliferation along the developing rhizosphere is 	 one of the most 

25 	 important traits for antagonists applied to seeds (7). 
n(;I 

27I
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However, most studies in this field have been shown by
 

i rhizobacteria (5,12,24) and there is relatively
antagonistic 

:i little infornation involving fungi. Recently, Ordentlich, et al 

I (15), snowed the potential of chitlnolytic Serratia marcescens in 

Ii colonizing bean rhizosphere after its application to soil 

I surrounding the germinating seed. 

/ Ciao et al (6) reported the unsuccessful establislmuent of 

8 tichoderma harzianun in pea rhizosphere. Ilie failure of 

I' Trlchderma to establish in rhizosphare of pea and bean was also 

J0 reported by Papavizas (16). Recently, Alunad air] Iaker (1) 

11 demonstrated that a benaimyl resistant strain of T. harzianum, 

12 colonized the rhizosphiere of several crops when applied to seeds. 

1.1 Wild types failed to establish in the rhizosphere. 

III The objectives of the present study were to evaluate the role 

Pi of cuipetition in the biological control of Fusarium wilt of 

I (; melon aid cotton and Fusariun crown rot of tiiatoe by T. 

J'i harzianum strain T-35 (20,21). We investigated the potential of 

III this strain to infhibit chlamydospore germination in nutrient-

I U amended soils. We also examined the rhizosphiere colonization of 

:!o T-35 ajd its effect on rhizosphere populations of F. oxys-porun. 

:!I 

MATERIALS AND MEIIKJDS
2:' 

Fungal isolates. F. oxysor~un f. sp. melonis Siiyd. and Hans. (F. 

o. nnIonis), F. oxyspoun f. sp. vasitfecttun (Atk.) Snyd. and 
25 

Hans. and F. oysporun f. sp. radicis-lycopersici Jarvis and 
"26 

Shoemaker were isolated fron infected plants on te Fusarium 



SIVAN AND CHlET
 

PHYIOPAIHOLOGY 

After isolation, theseIselective medium Nash and Snyder (13). 

2 fungi were cultured at 27C on a yeast extract -glucose medium 

:1 (YM) containing 5 g yeast extract (Difoo ialmratories, Detroit, 

I Michigan, USA) 5 g peptone (Difco) 10 g glucose, and 20g agar 

!j (Difco) per liter. An isolate of T. harziantm obtained fran a 

(; Fusarium-wilted cotton plant ad designated T-35 (22), was 

'j cultured on a potato dextrose agar (PDA, Difoo) or in a liquid 

synthetic medium (SM;16). Its isolation and properties have been 

,idescribed elsewhere (20).
 

Greenhouse experiments. Experiments were carried out in 

artificially-infested sandy loam soil (pl 7.1) consisting of 

02.3% sand, 2.3% silt, 15% clay, 0.3% organic matter, 0.02% H, 

0.067% K, 0.01% P, and 0.003% extractable Fe. Its moisture at 

field capacity was 12.2.% (w/w). Soil was infested withi F. 

oxysporun witl a microconidial suspension (20). Erlenmeyer flasks 

Ji; 
(250 ml) each containing 50 ml of liquid YM were seeded with 

I.7
 
mycelial disks fron 72hr-old cultures of the pathogen. Flasks 

J1! 
days.were incubated at 27 C in a rotary shaker at 120 rpm for 4 

filtrationicroconidia were 'hen separated fron the myceliuit by 

through eight layers of cheesecloth. 'llie conidia wer 3 washed 

three times by centrifugation at 915x g for 30 min.a: 4 C. Ten 

ml of this supension, adjusted to 2x107 microconidia per ml, were 

mixed withi sandy loam soil in an electrical soil mixer. 

21 
The test plants were: cotton (Gossypium barbairdense L. 

'Pima') and melon (Cucunis melo L. '56').
 

21 

21l
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Experiments, comprising six replicates, were set up in plastic 

? pots (9 x 4 x 10 an) each containing 0.5 kg soil sown with 10 

. seeds of the test plant; seeds were not subjected to any cl~inical 

treatment. P. harzianum (T-35) was applied in one of the 

following formulations: (a) conidial suspension - conidia were 

, collected fran cultures grown in Erlenmeyer flasks containing 20 

7 ml of PDA. Tie suspension was washed three times in sterile tap 

.9 water by centrifugation (15,000xg) and adjusted to xi0 6 

:! conidia/ml. (b) Seed coating - conidia were c)llected as 

] described above, adjusted to 5x10 9 conidia/mi and supplenented 

IJ with 0.015% (v/v) of Nu-film-17 (Miller Chemicals, Penn. USA) as 

12 an adhesive. Four ml of this suspension were used to coat 20 g of 

,3 melon and cotton seeds or 10 g of tonato seeds. The number of 

Trichoderma populations on seed surfaces were counted by 

5 shaking 5 g of seeds in 50 ml of sterile tap water, for 1 hr, 

it; in 250 ml Erlenmeyer flasks in a rotary shaker at 200 rpm. 

J. Serial dilftions of the I suspension were plated on a 

j : Trichoderna selective medium (TSM) (11). (c) Wheat-bran peat 

I,, preparation (22) - Vfleat bran/peat mixture (1:1, v/v) 10% 

moisture was amended with 40 ml of tap water per 100 g mixture.
 

lble mixture was then autoclaved in autoclavable polyethylene bags
 

.,:, (50 x 50 on) for 1 hr at 121 C on three successive days. 

2:1 Iioogenized myceliun fran 48 hr-old cultures of T. harzianun 

21 grown in liquid SM, was transferred to thle wheat bran-peat 

25. mixture a] incubated in an illuminated chamber for 14 days at 

26 30 C. Miis preparation, containing 5x10 9 colony forming units 

21 (cfu)/g, was mixed with soil at a concentration of 5 g/kg soil. 

23
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ie ith d osPOreSof Fusarium perfowas ed ..
 
? according to Sneli et al (23). Mycelial mats of F. Rxysonrm 
 f.
 

sp. melonis (F. o. melolis) 
 az d F. oxysporun f. sp. vasinfectun 

(F. . vasinfecttun) were grown in liquid YM, in 'Roux' bottles at
 
5 27 C. After 7 
 days, mycelial mats were separated, placed in four
 

( layers of dceesecloth 
 and washed urder rwuing distilled water
 

for 5 
min. Twelve mats of each fungus were blended for 1 min and
 
p centrifuged for 10 min at 3,000 x o-. Tlhe pellet was resuspended
 

in 150 
 ml of water and added to 1 kg of soil. Thle soil was 
1(1 mixed, placed in glass bottles and incubated at 27 C for 4 wk 

if then air-dried to 10% moisture, sieved through a 2 ma screen, 

I? mixed well and stored at 4 C until use. The soil contained an 

13 average of 5x10 4 cfu/g of F. oxysporum as determined after soil 
]| dilutions on Fusarium selective medium. 

,. Cilamydospore gehumnation tests soil carriedin were out 

I. according to Sneh et al (23). Samples of 1 g of chlamydospore­

ji enriched soil were placed in 10 ml test tubes. Aliquots (0.1 ml) 

1 of glucose and asparagine (5:1, w/w) were added to read tie 

19 desired concentrations of nutrients at 15% water content. Thiese
 

canpounds were often used to 
induce germination of Fusarium spp. 

21 chlamydospores (9,23). T-35 added awas as pre-germinated 
2". conidial suspension (in water solution of 0.01% glucose). Soil 

2:1 was thoroughly mixed and incubated at 27 C for 22 hir. After the 

21 incubation, the soil in each test tube was stained with 1 ml 
25 aliquots of 0.3% Calcofluor New -2R (Aunerican Cyanwadd Ozinpany, 

2r; 

27 
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Boundl Brook, NJ) solution according to Scler and Baker (19). 

2 After 5 min, the excess solution, was removed and replaced with 

:1 ml of distilled water. Soil was suspenided and a drop of the 

4 suspeision talzen for fluorescent observation wider an 

l epifluorescent light microscope uider ultraviolet light (Olympus, 

{ Japan) at x 400. Viree test tubes were replicated for each 

7 treatment and 100 chlanydospores were counted at each 

8 cbservation.
 

Chd amydospore germination in the rhizosphere was tested 

jo according to Sneh et a! (23). Cotton and melon seeds were 

11 disinfested for 3 min in 4% sodium hypochlorite and placed 

12 between four layers of wet No. 1 chranatography paper which were 

13 wrapped in plastic bags and incubated at 30 C for 24 hr. The 

] germinated seeds were then transferred to 5 g of chlamydospore 

enriched soil, ' same samples were also amended with T-35, and the 

J~; mixture was placed between two microscope glass slides secured 

j with two rubber bands. ITie slides wete slightly slanted in 

]q moist soil in plastic pots (9 x 9 x 10 on), wrapped in a plastic 

i!) bag and incubated at 27 C for the desired period. 'llie slides 

20 were then recovered from soil, the rubber bands aid germinated 

21 seedlings were carefully raE3ved and the soil adhering to roots, 

*,, transferred to a 10 ml test tube for microscopic observation, as 

2:1 described above. 

4. In both chlanydospore germination tests (e.g. rhizosphere 

25 mid zospihere soil), T-35 was also applied a seednon-rY as 

26 coating. 'hree germinated seeds wire replicated per treatment 

27 and 100 cilamnydospores were counted at ead observation. 
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Production and collection of plant exudates
 
Cotton ald 
 melon seeds were disinfested with 4% sodium 

hypoclorite for 10 dn. he efficacy of disinfestation was 
.j tested by placing ;ainples of the treated seeds on PDA or nutrient 
!j agar (Difco) plates. Eight hundred seeds of eadi crop, were 
I. placed in a glass column (80 x 7 on) containing 1 L of sterile 
*i tap water. The lower part of the column was connected to an air 
, canpressor wasand air forced inside through a sterile glass 
: fibre filter at a pressure which thoroughly agitated tie 

it) suspended seeds. At the upper part of the column an air outlet 

i containing an additional glass fibre filter, was munted. The
 
12 colLunn with the germinating seeds was incubated at 27 C for 
 4 

13 days. Ibe resulting seed exudate mixture was then collected in a

]- sterile container, 
 frozen at -30 C, lyophilized and kept at -30 C 

Jh until use.
 

]M;PLizosphere colonization Miizos~lere population dynamics
tests. 

J of T. harzianum and Fusarium spp. were studied according to the 

t:hetlod developed by Scher et al (19) as modified by Aunad and 
J! Baker (1) aid Elad aid Miet (10). A seed of die test plant was
102placed at the upper part of two longitudinal halves of 50 ml 
,! polypropylene tubes measuring 11.5 x 2.8 an (Falcon Div. Becton­
.2 Diddinson Co., Ox iard, CA, USA) filled with sandy loam soil with 

15% (w/w) moisture content. T-35 appliedwas to soil as a seed 

2 coating or as a conidial suspension, while F. oxysporun was 
2! introduced to soil as a microconidial suspension (103 

2; 

2'i 
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I microconidia/g soil). One seed of cotton, melon or tcinato 

9-	 (Lycopersicum esculentum L.) was 	placed on the half tube 1 an 
:1 below the rim. Thbe unseeded half tube was carefully placed on the 

, 	 first half and secured with rubber bands. Thbes of all
 
"; treatments were 
completely rallomized and placed in plastic pots
 
' (9x9x10 on) oontain'ng sandy loam soil with same
the water
 
7 content. were
Mhe pots covered with polyethylene bags to maintain 

the 	same soil water content and placed in an illuminated chamber,
 

0 at 28 C.
 

In a additional experiment, aimed at studying the 
I population dynamics of T-35 in the rhizosphere of irrigated 

i2 	 plants, the soil was daily irrigated with 3 ml of tap water. 
l 	 After 8 days of incubation, tubes were renoved fran the pots and
 

14 their 
 two halves carefully separated. The roots with adhering 

J5 soil were cut, starting fran the crown into 2 an segments. 
.16 Corresponding segments fran six plants were ccxnbined and shaken 

17 in a rotary shaker for 1 u: 	in 250 ml Erleruneyer flasks each 

1.1 containing 30 ml of sterilized tap water. Serial dilutions were
 

plated on W-1 and Nash aid 
Snyder medium for Trichloderma and 
"O Fusariun spp. counts, respectively. Ihe cowuts of each fungus 

were expressed as cfu/g root including the adhering soil (dry 
V weight). 

:.:I Each colony of 1richodenna was transferred fran TSM to IMA 
ni	 containing cycloheximide (100 mg/L) to distinguish between the 

resident Trichodenna soil populations aid fran T-35 which is 	 very 
*X resistant to this substance (Pe'er aid Cliet, unpublished). 
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All tests were performed at least twice. Statistics were 

carried out using Duncan's Multiple Range Thst with a 

:1significance level of P=0.05. 

'IRESUIA
 

Cblanydospore germination in soil amexed with glucose and 

asparagine. Without the addition of nutrients to soil 19% to 30% 

of added chlainydospore of F. o. melonis or F. o. vasinfectum 

germinated. Ibe first germinating chlamydospores were observed 

1 0 
after 18 hr, while maximal germination occurred 22 hr after 

incubation.
 

Addition of pre-gemninated conidia of T-35 to soils reduced 

germination of chlamydospores of F. o. melonis aid F. o. 

vasinfectun (Fig. Table 1).1, Levels of nutrients amended to1I 
soil were reversely related to tie ability of T-35 to reduce 

germination. At 0.3 and 0.06 mg/g soil of glucose and
I (0 

asparagine, respectively (the highest level amended) T-35 had 

almost no effect (Fig. 1). T-35 had a similar effect wien 

applied as a seed treatment (Table 1). hoever, when (in another 

experiment) T-35 was added as ungerminated conidia the inhibitory 

effect was not significant.
 

: Clilamdospore gernmiaticon in rhizosphere soil. In rhizoslpiere 

: 
soil of melon aid cotton seedlings previously enriched with 
chlamydospores of F. o. m-e-lonis and F. o. vasinfectun, and 

" planted with melon and cotton seeds, respectively, the maxinal 

germination rate of chlanydospores (45 % and 56%, respectively) 

was observed after 60 hr incubation [Fig._2). 
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I Mie inhiibitory effect, of T-35 treatments, on chlainydospore
 

I germination in cotton or melon rhizosplere soil was nullified
 

:Iafter the addition of an -xcess of geninating co' .n and melon 

,I seed exudates ('Table 2). Similarly, under greenhiouse conditions, 

.ia continuous external addition of these exudates to soil 

(; infested with F. o. vasinfectuin, and planted with cotton., reduced
 

7 the 
disease control obtained by T-35, after its application as
 

I either seod coating or a conidial suspension (Table 2).
 

!) Phizosphere colonization 
 by T. harzianum and F. oxysporum. After 

IIIits application as a seed treatment, T-35 successfully colonized 

I I the rhizosplieres of developing melon, cotton an.d tomnato roots, up 

I to 12 an fran the crown. In irrigated soil the rhizosphere 

:i population of T. harzianum, resistant to 100 mg/L of 

1[ cycloheximide (e.g. T-35), was much higher than that counted in 
j:inon-irrigated soil (Fig. 3). In both cases the maximal counts of 

jI;T-35 were monitored on root segments which included the crown and 

Vi the root tip.
 

1!: In soil Infested with F. o. vasinfecturn (103 microcoidia/g 

i soil) the colonization of cotton rhizosphere by T-35 resulted in 

:,na decline in Fusarlun spp. cfu on tie respective root segments 

.-i (Fig. 4). A reduction of more than one order of magnitude was 

recorded on root segnents at distances of 8-12 an from the crown. 

:,,IA similar effect was obtain in the rhizosphere of melon as a 

I consequejce of addition of T-35. 

9Ni 1he amount of colonization wit] T-35 of melon rhizosphere 

::I;was dependent on the inoculun concentration of F. o. melonis. 

..1i 
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I Soil infested with, increasing numbers of microconidia of either 

: F. o. melonis or F. o. vasinfectum reduced the establislment of 

T-35 in the rhizosphiere by up to two orders of magnitude on the 

.! root tip (Fig. 5). Similarly, establisueit of F. o. melonis in 

melon rhizosphere was affected by the number of conldia of T-35 

introduced in the soil. In untreated soil te counts of Fusarium 
7 spp. in rhizosphere ranged between 1.5x10 5 and 8.0x104 cfu/g 

n root. Ibwever, T-35 treatment with| 106 conidia/g soil reduced 

!, the establishment of both pathogens up 2to 6.3x0 cfu/g of melon 

it root and rhizosplere soil (Fig. 6). 

S In order to determine the colonization of rhizosplere and 

1 non-rhizosiliere soils, infested with F. o. meloni and treated 

!i with T-35, serial dilutions fron these soils were carried out 

j. (Table 3). After a seed coating treatment, T. harzianum 

I. effectively 
 colonized the rhizosphere soil but failed to 

i establish in non-rhizosphere soil. Application of T-35 as a 
! conidial suspension or a wheat bran-peat preparation, resulted in 

in high colonization of both rhizoslhere and non-rhizosphere soils. 

Ie All Trichcderma treatments had little effect on the recovery of 

:.iwFusarium spp. fron the non-rhizosphere soil. However, Trichoderma 

21 treatments reduced (by up to 3 orders of magnitude) numbers of 

!t Fusaria in rhizosphere soil (Table 3). 

n, 
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I DIS(MJSSIOl 

Currently, thera are two indirect approaches to test 

ccnpetition as a mechanism in biological control of soil-bomne 

plant pathogens. The first is based on the hypothesis that 

biological control resulting from cnpetition has little or no 

effect on the viability of the pathogen (2). 'lhe second involves 
7 

Ue use of limiting factors for which (by definition) 

.9 micoorganisms may comnpete. Addition of an excess of the 

candidate factor should nullify the antagonistic effect. 111e 
11 

present study, using those approaches, r 'ses the question
II 

whether canpetition for nutrients and, rhizosphere colonization 

are involved in the biocontrol of F. oxysporu obtained with T-35 
13 

(20,21).
 

One of the nhst sensitive stages for nutrient canpetition in 

the life cycle of Fusariumn is chlaydospore germination (2). In 
16 

soil infested with ilamydospores of F. oxysporum the germination 

rate ranged between 20 and 30%. Thiese levels of germination
In'
 

could result fran reserve materials in the dilamydospore, or 

might be due to residual organic matter in the raw soil. The 

major surces of nutri-nts for soLl rL-'acr anlm~ are ntrients 

derived fron seeds or roots. In our study wo uscd glucose and 

asparagaine to simulate the organic carbon and nitrogen 

canponeits of plant exud]ates as stimulants of chlanydospore 

germination. Soil aneiybnent with increasing amounts of gluccse 

aid asparagine eianced the germination rate to 62%. However,
116i 
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I the addition of higher concentrations of these nutrients did not 

? result in further increase in germination. Thbe failure of the 

:1 remaining chlamydospores to germinate is probably a result of 

4I their continuous dormancy or may be due to utilization of nost of 

5i Uio amneidd nutrients by the resident soil microflora (7). 

Aithough the role of plant exudates is an impxrtant 

nutritional factor for rhizosphere microorganisms is well 

it established, their role in biocontrol is still unclear. In the 

!%present study we evaluated the effect of plant exudates on the 

it)inibition of clamydospore germination in vitro and on the 

iI suppression of Fusarium wilt of cotton in vivo obtained with T-35 

rt when soil was amended wit], low concentrations of glucose and 

]. asparagine (0.05 and 0.Olmg/g soil, respec ively) or with plant 

)I4 exudates, pre-gerininated conidia of T-35 were fouy to inhibit 

1F the germination of chlamnydospores. However, at concentrations 

J; higher than 0.3 and 0.06 mg/g soil of amended glucose and 

17 asparagine, respectively, or when an excess of exudates was added 

i9 the irlibition was nullified. Similarly, in the presence of an 

I, excess of exudates the reduction in Fusarium wilt of cotton, by 

,-v T-35 was canpletely neutralized. 1his indicates that cnpetition 

.I for these or similar nutrients may occur. At low levels 

:w nutrients are limiting and canpetitive effects are evident, 

: resulting in significant reduction in chlamydospore germination. 

I Ind~eed, Rovira aid his co-workers (197) have already mentioned 

:1r. that plant root exudates contain lower amounts of carbon aid 

::; energy than those required by rhizosphere microflora. Similar 
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I Phenonena have already been described (9,23), in the inhibition 

of F. oxyslrum f. sp. .cucumerinu, chlanydospore germination by
 
:1 pseudomonads. CQlamydospores 
 of F. o. vasinfectumn an F.o. 

melonis in the rhizosphere of cotton and 
melon, respectively,
 

' germinated at higher levels canpared with the germination 

obtained in non-rhizosphere soil. 1he same also occurred with 
chalmydsopores of F. solani f. sp. phaseoli and F. oxysporun f.
 
sp. cucumerinum, when exposed cucumberto bean and exudates (23).
 

* 
 Inhibition of chlamydospore germination of F. oxysporum could be
 
10 obtained 
even when the antagonist was applied as a seed coating.
 

II Apparently, effective utilization of root exudates may enable 
.1"! antagonists applied to proliferate alongto seeuis the developing 
1:1 rhizosphere and interfere with rootseed aid pathogens (7). 

II After application of T-35 as a seed treatment in soil without 
Ji irrigation, wasT-35 recovered fran the rhizosphere indicating 

G the active proliferation of this strain along the developing
 
-J roots. Mlle greatest counts 
 cf T-35 in the rhizosphere were 

p! detected on root segments which included the root base mid tip. 
I!, Since the population dynamics of T-35 were recorded fran 

23' rhizosphiere portions which included ar] soil.roots It is not
 

21 clear whether T-35 colonized the rhizoplane, the rhizosphere soil 

or both. Thle population of T-35 could be distinguished fron the 
::I resident soil population of Trichcx]erma spp. by using the natural 

N1 resistance of this strain to relatively high concentrations of 

"' cycloheximide (Pe'er and Cet, tupublished). Similar findings 

21: were demonstrated by AUunad aid Baker (1) with a benomyl resistant 
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mutant of T. Iharzian n. 'lie relatively high population levels of 

' antagonists recovered fron root tips were also denonstrated with 

bacteria (10,15,19). 

tiost of the exudates present in the rhizosphere are excreted 

5 fran the root tips. T1us, colonization of this region in the 
I; rhizosphere might reduce infection by Fusarium-like pathotypes 

wiichi penetrate the vascular system of their hosts through the 
undifferentiated xylem theat root tip (7). RMizospirere 

9 colonization of cotton and melon, by T-35, was accompanied by a 

I(r simultaneous decline in Fusari-IM spp. Reduction in the pathogen 

population in the rhizospiere should lead to a decrease in the 
12 infection rate. lie level of rhizosphrere colonization by T-35 

i3 was affected by the inoculum density of tUe pathogen in soil, and 
1.1 counts decreased in soils inoculated with high inoculun levels of 

both Fusaria. On the other hary], increasing the conidia 

Iu concentration of T-35, in soil, resulted in a decrease in 

i'; rhizosplhere coloniztion by F. oxysporn. 

In soil infestd with F. o. melonis, Trichcderri treabTeits 

had only a slight effect on the survival of F. oxysporum in non­

::r' rhizosphere soil. flowever, application of T-35 as wheat bran­a 
I peat preparation, conidial suspenision or seed coating, 

significantly reduced tire pathogen counts in tizosphere soil of 

_:i me-lon a d cotLon. 'The minimal effect of T-35 on population 
I densities of F. inoxyspornun non-rhizosphre soil further suggest 

;i! a competitive medianism in biocontrol (2). 'These firlings are in 

:'.+1
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correlation with thie lack of mycoparasitic azd antibioric 

iit-3ractions between T-35 and F. oxysporuin in vitro (Sivan and 

M(et, unpublished). 'llie great reduction of the pathogen 

population densities in the rh!zosphiere soil could be a result of 

S a Io.er proliferation rate of the pathogen in a rhizosphere 

G; already colonized by the antagonist. However, this does not 

exclude other biocontrol mechanisms fran being involved in the 

: rhizosphere. 

Il 

II 
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Fig. 5. 	 Ille effect of microconidial concentration, in soil, 

of Fusarium oxysporum f. sp. melonis on colonization 

of melon rhizospliere by Trichoderma harzianin after 

its application as a seed coating. 

Fig. 6. 	 Ihe effect of Trichlodera harziatun (T-35) conidial 

suspension concentration on colonization of melon 

xhizosphere by Fusarium oxyspormn f. sp. melonis. 

qI7
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I " .TABLE1 Effect~ of 

germination of E!a" 

addition -of' Ti~choderma 

oxysP01:21 f- SP. Melon1is 

Lharzianun 

(FtX4) and 

On chlaznydospore 

F. oxysporum f. SP. 
vasinfectun (EtJV) in rhizosphiere anIdnon-rhizosphiere soil 

(u)
Claxnydospo re germninatlion(% 

(v) (w)
Rhizosphiere soil 140on rhizosphiere soil 
*Trichodermia 

tebnns,Fj tM MV FIOVo 

(x
Notie 43.5 a 50.3 a 39.1 a 25.1 a 
Seed coating .25.3 
 b 33.1 b 19.3 b 12.1 b 

*Conidial 20.1 b 34.5 b 15.8 b 7.5 c 
suspension 

I(u) Counted Miier U.V. light microscope using Calcofluor."4>(v) H4elon and cotton seeds were germinated for 48 hr in soil enriched withi
Ichilainydospores of F. o. meg.o3is and F. o. vasitifectun, respectively. 

w)Soil enriched withi chiamnydospores of F.oypruq and amrended with 
0.05 and 0.01 mg glucose and asparagine per g soil, respectively. 

Wx Values of each column, followed by the same letter, do not differ#/ 
significanitly (PE=0.05) according to Duncan's multiple range test. 

(y) 7.5x104 and 5x 04 conidia of T-35 per each cotton and melon seed,
respectively. 

(z) 1x10 6 pre-germinated coziidia of T-35i per g soil. 

3,? 
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TABLE 2. Effect of gern.iating seed exudates of cotton andK mlon oil the 

iihibitory effect of T. harzianum on chlaiydospore gennination of F. oxysporuin 

and 	on the disease control of Fusaritun wilt of cotton. 

(u)
 
r1ilamydospore germination (%) 

Trichodenma (v) 	 Wilted c.Mon 
plantstreatments Exudates FUV 1i),I 

(x) 
73.8 	ab
Not added 24.5 ab 23.8 ab 


None
 
Added 29.8 a 27.1 a 
 85.9 	a
 

33.6 	c
(y) Not added 12.4 c 10.1 c 

Conidial
 

68.9b
suspension 	 Added 22.1 b 19.3 b 

(z) Not added 14.7 c 13.1 c 39.1 c 
Seed 	coatiag
 

Added 23.4 b 25.6 a 75.1 ab
 

(u) 	 Counted uyer U.V. light microscope using Calcofluor 

(v) 	 Exudates were produced fran 800 genindating seeds. The calculated ainoxit 

of exudatds produced by 10 seeds was added to each replicate (0.5 Kg soil 

sown with 10 seeds) at sawing date and once every 3 days, wutil tie end of 

the experiment (twenty days after sowing). 

A. 	 Calculated anouit of exudates produced by 3 cotton or melon seeds were 

dxed with 50 g of soil enriched with chlamydospores of F. o. 

vasinfectun or F. o. neloni , respectively. 

(w) 	 Under greenhouse conitions in soil infested with microconidia of F. o. 

vasinfectun (2x 10/kg soil).
 

(x) 	 Values of each colhum followed by the saiie letter, are not
 

significantly different (P=0.05) according to Duncan's multiple
 

range test.
 

(y) 	 lx106 conidia of T-35 per g. soil. 

(z) 	 7.5x10 4 and 5x104 conidia of T-35 per each cotton or nralon seed, 

respectively. 

25
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population in 
TABfL 3. Effect of T. hiarzianu fl 	 FusariLn spp. 

i l ( r ) ­somelon rhizosphere and non-rhizosphere 

102 
Colony forming units/g sol x 

spp. ( s ) Fusaritun spp. (W 
'1'richoderina 

) tion-rhizosplereTr-chcde---- Rhizoshere ) -lon-r--zos ere Rhizosphere 

treatneilts soil soil soil soil 
(w)92 

a 920 a1900
1.5 d
4.2 c 	 5
None 	 3(x)
Seed coatig 400 b 	 9 c 35 b 750 a 

(y)
 
conidial3 30 b
41 b20000 b51000 a 	 b3 bsuspension (z)43 


a 	 a 43 b 35 b
Preparation 55000 55000 

soil, planted with melon 
(r) The soil was inoculated with 2x10a 	 Inlcroconidia/g 

seeds and placed in the greenhouse for 30 days. 

(s) Counted oil '.SM (12) 

,ur/L of benlciyl.(15) amleded with 2 
(t) 	 Counted ol Fusariuin selective mediun 

and the soil adhering to the roots was 
plants were gently uprooted(u) The 

collectedk
 
an fran the roots.

fran distances greater than I 
(v) 	 Cbibined soil samples 


the saii- letter are not
 
of each coluimn followed by

(w) 	 Values 

multiple
(P=0.05) according to Duncan's 

significantly different 


range test.
 

per seed.
(x) 	 7.5x10 4 conidia of T-35 


per g soil.
(y) 5xIO 6 conidia of T-35 
5x106 

Meat bran-peat (I :1; v/v) preparation of T-35 consisting of 
(z) 

into soil at a rate of 5 g/hg soil.
introducedcfu/g (d. wt.) was 
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