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II; Sivan, A., and Cet, I. 1987. lle possible role of ccinpetition 
j between Trichdenna harzianum and Fusaritu oxysporun on 

j rhizosphiere colonization. Phytopathology 

Soil was eniriched with chlanydospores of Fusariu oxs'sporuin 
P f. sp. vasinfectuin and F. oxysporun f. sp. rnelonis, and amended 

with increasing concentrations of glucose and asparagine. Maximal 

germination of chlainydospores was obtained in soil mended with 
231 0.4 and 0.08 mg glucose and asparagine per g soil, respectively. 

Addition of conidia of the biocontrol agent T. harziantrn (T-35) 
2! significantly (F=0.05) reduced the chlamydospore germination rate 

2i 
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of both Fusaria. However, in soils amended with higher

concentrations 
 (0.3 and 0.06 ing/g soil) of glucose and 

asparagine, respectively, 
 the inhibition was nullified.
 

I Orlamydospore germination F.of 0. melonis and of F. C0.
 
vasinfectun 
 in melon 
and cotton rhizosphere soil were
 

6 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 e.;udate 
 increased the germination rate and
 

!! eliminated the inhibition. Moreover, continuous
a application of
 
I0 germinating 
 cotton seed exudate to a soil infested with F. 0.
 

vasinfectiln planted with cotton 
 and treated witl T-35,
 
12 significantly reduced Mne 
disease control capability of the
 

LI antagonist.
 

A seed treatment 
with T-35, in a constantly humid soil,
 
15 resulted in 
 hIgh population densities of the antagonist on the
 

; developing rhizosphere. Plants grown 
 fron seeds treated with T-

J 35 had roots with 
 lower levels of Fusarium spp. in their 
j rhizosphere than roots fraii plants fran non-treate seeds. alle
 

greatest density 
 and the largest reduction in Fusariumn levels 
2' were detected on the lower 4 an of the roots. Numbers of 
21 Fusarium in the rhizosphere were reversely proportional to the
 

number 
 of conidia of T-35 applied to soil. Oil the othler hand as 
21 the concentration of the pathogen in soil increased, T-35 counts 
21 on root segments decreased. Trichoderma had a little effect on 
2i the survival of Fusariun spp. In non-rhizosphere soil. Inhibition 
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Plant roots growing in soils are a major source of carbon 
and energy to microorganisms in the form of root exudates.
 

Cells detached 
fran old parts of the root, or the root itself,after plant death (7). Barber and Martin, (3) estimated that 3-9% 
of assimilated carbon by wheat and barley is exuded by root by
products. Wipps and Lynchl (25), in a similar experiment showed 
that the total carbon released from cereals was 25-30% of the 
total fixed carbon. 

OCnpetition for nutrients, primarily carbon ard nitrogen,
 

may 
 result in biological control of soil-borne plant pathogens.
 
12 In many cases where 
 the amount of these nutrients become limiting
 
I for the pathogen due to 
intensive microbial activity, the soil
 

becomes suppressive (7).
 
Cbok and 
 Schroth (8) idetified carbon and nitrogencanpounls required for chlaiydosFire germination of F. solani f. 

io 
sp. phaseoli. Similarly, Sneh et al (23) demonstrated the role 
of glucose and asparagine in stimulating chlamydospore 
germination of F. oxysroru f. sp. lini. Recently, Elad and 
Baker (9) and Elad anid Met (10) reported that carbon sources, 

21 either provided by synthetic substances or excreted by plant
 
rhizosphere, 
 might be involved in the chlamydospore and oosporegermination of F. 2 ,im and Pythium aphanldenmtt__.
 

Proliferation along 
 the developing rhizosphere is one of tie most
 
important 
traits for antagoiists applied to seeds (7). 

21; 

27+
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However, most studies in this field hdve been shown by
 
2 antagonistic rhizobacteria (5,12,24) and tlere 
 is relatively
 
! little information involving fungi. 
 Recently, Ordentlich, et al
 
I (15), showed 
 the potential of chitinolytic Serratia inmarcescens 

a colonizing bean rhizospiiere after its application to soil 
surrounding the garninating seed.
 

lao et 
 al (6) reported the unsuccessful establisneit of 
H Trichoderma harzianum in pea rhizosphere. Ilie failure of 
11 Trichoclena to establish in rhizosphiere wasof pea and bean also
 

III reported by Papavizas (16). Recently, Aunad 
 and Baker (1)
 
JI demonstrated 
 that a bencinyl resistant strain of T. harzianmn,
 
12 colonized the rhizos[lhere of several crops 
when applied to seeds.
 
1 Wild 
 types failed to establish in the rhizosphere.
 
11 lbe objectives of the present study 
were to evaluate tie role
 
Ifi of canpetition in 
 the biological control of Fusarium wilt of
 
JI; melon aid cotton aix] Fusariumn crown rot 
 of taiutoe by T.
 
Yi harzianumn 
 strain T-35 (20,21). We investigated he potential of
 
i this 
 strain to inhibit chlamydospore gerninatlon in nutrient-

Jhi amended soils. We also examined the rhizosphere colonization of 
'!I) T-35 and its effect on rhizosphere populations of F. oxysporun. 

: 1 

2:11~WnI. AL AND MrnIRDs
 
Fungal isolates. F. oxysporun f. sp. melonis Snyd. 
 and Mins. (F. 
o. melonis), F. oxysporum f. sp. vasinfectu, (Atk.) Snyd.25 and-
Hans. and F. oxvspErum, f. sp. radicis-lycopersici Jarvis and
 
Shoemaker were 
 isolated fron infected plants on the Fusariun 

21 
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I selective medium Nasti d Snyvder (13). After isolation, these
 

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

:1 (YM) containing 5 g yeast extract (Difco Laboratories, Detroit,
 

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

h (Difco) per liter. An isolate of T. harzianum obtained fra, a
 

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

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

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

!i described elsewhere (20).
 

Greenhouse experlments. Experiments were carried out in
11 

artificially-infested sandy loam soil (1)117.1) consisting of
 

82.3% sand, 2.3% silt, 15% clay, 0.3% organic matter, 0.02% N,
 

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

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

oxyspsru with a microconidial suspension Erlerineyer(20). flasks
 

(250 ml) each containing 50 ml of liquid YM "ere seeded with
 

mycelial disks fran 72hr-old cultures of the 
 pathogen. Flasks
 

were incubated at 27 C in a rotary shaker at 120 rpn for 4 days.
 

Microconidia were then separated fran the myceliuan by filtration
 

through eight layers of cheesecloth. 'Ibe conidia were washed
 
three times by Lejitrifugation at 9150x g for 30 min.at 4 C. Ten
 

m. of this supension, adjusted to 2x10 7 microconidia per ml, were 
mixed with sandy loam soil in
an electrical soil mixer.
 

7lbe test plants were: cotton (Gossypiun hirbardense L. 

'Pima') and melon (Cucuats melo L. '56'). 
26; 

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

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

:l	seeds of the test plant; seeds were not subjected to any che ical
 

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

following formulations: (a) conidial suspension - conidia were
 

(.collected fran cultures grown in Erlejuneyer flasks containing 20
 

'7 ml of FDA. Thle suspension was washed three times in sterile 
tap
 

q water by centrifugation (15,000xg) anv] adjusted to Ix10 6
 

p 	 conidia/ml. (b) Seed coating - cnidia were collected as
 

9
I 	 described above, adjusted 
to 	5x10 conidia/ml and supplenented 

H 	 with 0.015% (v/v) of Nu-film-17 (Miller Clanicals, Pezu. USA) as 

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

I melon aid cotton seeds or 10 g of 
 tonato seeds. 'Ie nunber of 

Trichorerin populations on seed surfaces were counted by 

I',shaking 5 g of ;ecxs in 50 ml of sterile fortap water, 1 hr, 

j ; in 250 ml Erlejuneyer flasks in a rotary shaker at 200 r[in. 

* 	 Serial dilutions of the suspension were plated on a 

Trichodenna selecLive medium (TS!!) (11 ). (c) lheat-bra peat 

preparation (221 - flieat bran/peat mixture (1:1, v/v) 10% 

M isture was amended with '10 ml of tap water per 100 g mixture. 

h then autoclaved in eutoclavable polyethylene bagsIbe mixture was 

"2 (50 x 
50 an) for 1 hr at 121 C on three successive days. 

23 	flanoqenized myceliun fran 40 hr-old cultures of T. harziantun 

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

2b mixture atri incubated in an illuminated chanher for 14 days at 

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

21 (cfu)/g, was mixed with soil at a concentration of 5 g/kg soil.
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soil enric meat with cime rso f Fusarium Was performed
 

. according to Slieh et al (23). Mycelial mats of F. 
 oxysonnum f.
 
sp. melonis (F. o. melonis) anid 
F. oxyspor-u, f. sp. vasinfectun
 

(F. 2. vasinfectun) were grown in liquid YM, in 'Roux' bottles at
 
27 C. After 7 days, mycelial mats were separated, placed in four
 

h layers of dieesecloth and washed under runiung distilled water 
for 5 min. 
Twelve mats of each fungus were blended for 1 min and
 

r centrifuged for 10 min at 3,000 x g. 
 le pellet was resuspended
 
in 150 
ml of water and added to 1 kg of soil. Thie soil was
 

I0 mixed, placed 
 in glass bottles and incubated at 27 C for 4 wk
 
]] then air-dried to 10% moisture, sieved through a 2 tim screen,
 

mixed well and stored at 4 C until use. 
 Ilie soil contained an
 

] average of 5x10 4 
 cfu/g of F. oxysrtnrti as determined after soil
 
dilutions on FusariuIm 
 selective medium. 

, Cilamydospore geimination 
tests in were
soil carried out
 

J, according to Snefi (23).et al Samples of 1 g of chlamydospore
enriched soil were placed in 10 ml test tubes. 
Aliquots (0.1 ml)
 
of glucose and asparagine (5:1, 
 w/w) were added to read the
 

IP desired concentrations of nutrients at 15% water content. 'Iliese
 
, cempwiuds 
 were often used to induce germination of nIsaritu, spp.
 

i (9,23). T-35 was
clamydospore-s added as a pre-germinated 
*2:,conidial suspension (inwater solution of 0.01% glucose). Soil
 

was thoroughly mixed and incubated at 27 C for 22 hr. 
After the 

21 incubation, the soil in each Lest tube was stained with 1 ml 
2h aliquots of 0.3% Calcofluor New M2R (American Cyanainid 
 Canpany, 

26;
 

27
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I Bound Brook, NJ) solution according to Scher and Baker (19). 
2 After 5 min, the excess solution, was raloved and replaced with,
:I 1 ml of distilled water. Soil was suspended and a drop of the*i suspension taken for fluorescent observation under an
 
ii epifluorescent 
 light microscope tidier ultraviolet light (Olyn pus,6 Japan) at x 400. 'Three test tubes were replicated for each 
,/ treatnent and 100 chilanydospores were counted at each
 

j observation.
 

9llanydospore 
 germnination in the rhizosphere was tested 
10 according to Snob et al (23). Cotton air] meloll seals were 
If disinfested for 3 rin in 4% sodiun hypochlorite and placed
 
12 between four layers of wet No. 
 1 chrcn tograAiy paxer which were1:1 wrappod in plastic bags and incubated at 30 C for 24 hr. Ille 
1, germinateJ seeds were then transferred to 5 g of chlniydospore"5 enriched soil, sane samples were also amended with T-35, and the 
I. mixture was placed between two microscope glass slides secured 
j with two rubber bands. Iime slides were slightly slanted in 
J moist soil in plastic pots (9 x 9 x 10 an), wrapped in a plastic
 
)9 bag and incubated 
at 27 C for the desired period. 'fie slides 
20 were then recovered from soil, the rubber bands ar] geminated
.2 seedlings were carefully renoved and the soil adhering to roots,
2 transferred to a 10 ml test tube for microscopic observation, as 

2:1described above.
 
111 in both chlainyydospre germination 
tests (e.g. rhizosplere 

26 and non-rhizospiiere soil), T-35 was also applied as a seed 
26 coating. 'Iliree germinated seeds were replicated per treatment 
27 and 100 chlamydospores were counted at each observation.
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Production and collection of plant exudates 

Cotton and melon seeds were disinfested with 4% sodium
 

hypochlorite 
 for 10 min. Mie efficacy of disinfestatioln was
 
tested by placing samples of the treated 
s-eds on PDA or nutrient
 
agar (Difoo) plates. 
 Eight hundred seeds of each crop, were
 

I; placed in a glass cohumi (80 x 7 an) 
 containing 1 L of sterile
 
tap water. 
 Thie lower part of the column was ornnected to an air
 
conpressor aid air was 
 forced inside through a sterile glass
 

: 
 fibre filter at a pressure whilh tloroughly agicated the
 

, uspended seeds. 
 At the upper part of the column an air outlet
 
containing an additional glass 
fibre filter, wag motuited. Ille
 

12 column with 
 the gerninating seeds was incubated at 27 C for 4l day3. Mhe resulting seed exulate mixture was then collected in a
 
sterile container, 
 frozen at -30 C, ]yophilized aid kept at -30 C 

: until use.
unlzoslere colonization tests. Rhizostliere population dynamics
 

of T. harzianun and Fusarium 
 spp. were studied according to the
 
method developed by Scher 
et al (19) as modified by Ahmad aid
 
Baker (1) 
 anl Elad ajd Miet (10). A seed of the test plant was
 
placed at the upper part of two 
longitudinal halves of 50 ml 

,: polypropylene tubes measuring 11.5 x 2.8 an (Falcon Div. Iecton-

Dickinson Co., Oxard, CA, USA) 
 filled with sandy loam soil with 

23 15% (w/w) moisture content. T-35 was applied to soil as seed 
,> coating 

a 
or as a conidial suspension, wile F. oxysrourn was
 

introduced 
 to soil as a microconidial suspension (103 

2i 

l0
 



SIVAN AND CHET 
 10
 
PItYTOPATHOLOGY
 

mlcroconidia/g soil). lOneseed of cotton, Melon or tanato
 
(Lycopersicum escllentum L.) was placed on 
 the half tube 1 c
 
below the rim. 
 lIe unseeded half tube was carefully placed on thle 

I first half and secured with rubber bands. Tubes of all
 
' treatments were ccpletely 
randcaized and placed in plastic pots
 
f (9x9x10 an) containing sarny loam soil with tle 
 same water
 

7 content. IlTe 
 pots were covered with polyethylene bags to maintain 

th e saine soil water content and placed in an illuninated chamber,
 

9 at 28 C.
 
In all additional experiment, aimed 
 at studying the
 

I| population dynamics of T-35 
 in the rhizospAhere of irrigated
 
1 plants, tHie soil 
was daily irrigated with 3 ml of tap water. 
i:i After 8 days of incubation, tubes were removed fran the pots and 

I their two halves carefully separated. lie roots with adlering
 
J soil were cut, startig fran thle 
crown into 2 cm segments.
 
I Corresponding segments 
 fran six plants were coih)ined and shaken
 

in a rotary shaker for 1 hr in 250 ml 
Erlenneyer flasks each 

containing 30 ml of sterilized tap water. Serial dilutions were
 
plated on laS a d Nash and Snyder medium for 
 Trichodenna and 

" Fusariun spp. counts, respectively. flie counts of each fungus 

.'I were expressed as cfu/g root including the adhering soil (dry 

':' weight). 

Each colony of Trichodenna was transferred f an 'ISM to PDA
 
containing cycloheximide 
 (100 mq/L) to distinguish between the
 
resident Trichoderna soil populations and frai 
 T-35 which is very 

26 resistant to this substance (Pe'er aild Qliet, unpublished). 

".II
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All tests were performed at least twice. 
 Statistics 
were

carried 
 out using Duncan's Multiple Range 
Test with a
 

significance level of P=0.05.
 

RESUL'LS 
; ilanydospore germination in soil anend~ed with glucose and 
asparagIne. Without the addition of nutrients to soil 19% to 30% 
of added chlainydospore of F. o. meonis or F. o. vasinfectun 

germinated. The fist germinating chlamydlospores were observedafter 18 hr, while maximal germination occurred 22 hr after 
incubation. 

AditiontII. of pre-gcninated conidia of T-35 to soils reduced
germination of cllamydospores of F. o. melonis air] F. o. 
vasinfecttun (Fig. 1, Table 1). Levels of nutrients amendled to 
soil were reversely related to the ability of T-35 to reduce 
gernination.* At 0.3 arid 0.06 mg/g soil of glucose and17 asparagine, respectively (the highest level amien]led) T-35 had 

P, almost no effect (Fig. 1). T-35 had a similar effect when 
applied as a seed treatment ('rable 1). However, when (in another 
experiment) T-35 was added as ungerminated conidla the inhibitory 
effect was not significant. 

C*llamydospore germination in rhizosphere soil. In rhizosphere 
soil of melon and cotton seedlingjs previously enriched with 
chlamydospores of F. o. melonis arid F. o. vasinfectu,, and
 

planted with melon 
 and cotton seeds, respectively, the nximalgermination rate of chlanyospores (45 %ard 56%, respectively) 
was observed after 60 hr incubation (Fig.2). 
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I T'he Inibitory effect, of T-35 treatments, on chlamydospore 

germination in or meloncotton rhizosplere soil was nullified 

:I after the addition of an excess of germinating cotton anY] melon
 

,I seed exudates (Table 2). 
 Similarly, uider greenhouse conditions,
 

!, a continuous external addition of these exudates to 
 soil
 

I; infested with F. o. vasinfectun, 
 aid planted with cotton, redLuced 

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

!; either seed coating or a conid' al suspension (Table 2).
 

Pizosphere colonization by T. harzianum aid F. 
 oxysporum. After
 
its application as 
a seed treatment, T-35 successfully colonized
 

the rl'izospler-es of developing melon, up
cotton andl tanato roots, 

1,' to 12 aim fron the crown. In irrigated soil the rhizosphere
 

1,1 population of T. harzianun, resistant to 100 mg/L of
 
It cycloheximide (e.g. T-35), was much higher than that counted ij
 
t! non-irrigated 
soil (Fig. 3). In both cases the imaximal counts of 

j T-35 were monitored on root segnents which included the crown ard 

1 the root tip. 

11: In soil infested with F. o. vasinfectum (103 microcoidia/g
 

soil) the colonization of cotton rhizosplhere by T-35 resulted 
 in 
:,fi a decline in Fusarinun spp. cfu on the respective root segments 

, (Fig. 4). A reduction of more than order ofone magnitude was
 

recorded on root 
secments at distances of 0-12 an fran the crown. 

:v' A similar effect was obtain in the rhizosphere of melon aas 


I consequence of addition of T-35.
 

Ue0, amount of colonization with T-35 of melon rhizosphere 

:!t was dependent on the inoculumn concentration of F. o. me]onis. 
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I Soil infested with increasing numbers of microconidia of either 
F. o elonis or F. o. vasInfecttu reduced the establishnent of 

:1 T-35 in the rhizospliere by up to two orders of rmyngtude on the 
I root tip (Fig. 5). Similarly, establislunent of F. o. melonis in 

melon rhizosphiere was affected by the ntuiber of conidia of T-35 
f introduced in the soil. In untreated soil the counts of Fusarun 

spp. in rhizosiplere ranged between 1.5xI0 5 and 8.0x10 4 cfu/g 
root. Ibwever, T-35 treatment with 106 conidia/g soil reduced 
the establJs]hnuit of both paUiogjens up to 6.3x10 2 cfu/g of melon 

iu root and rhizossimere soil (Fig. 6). 
In orderIi to determine the colonization of ihizospIhere and

I:' non-rhizost-ere soils, infested with F. o. melonis and treated 
1: witi 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
If; establish in non-rhizosphere soil. Application of T-35 as a 
i conidial suspension or a wheat bran-peat preparation, resulted in 
I- high colonization of both rhizospihere and non-rhizospihere soils. 
I, All Trichcxlenrau treatments had little effect on the recovery of 
:It, Fusarhu spp. fron the non-rhizosliere soil. However, Trichcdenwl 
21 treatments reduced (by up to 3 orders of magnitude) numbers of 

Fuasaria in rhizosphere soil (Table 3). 
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I DISCUSSIQJ 

Currently, 
 there are two indirect approaches to test
 

competition 
as a mechanism in biological control of soil-borne
 

plant pathogens. Ihie first is based on the hypothesis that 

biological control resulting from canpetition has little or no 

effect on the viability of the pathngenl (2). ihe second involves
7 

the use of 
 limiting factors for which (by definition)
 

microorganisms may compete. 
 )'ddition of an excess of the 

candidate factor should nullify the antagonistic effect. lle 

present study, using those approaches, raises the question
 
II 

whether canpetition for nutrients and rhizosphere colonization
 
V,
 

are involved in te biocontrol of F. oxyspOrmi obtained with T-35 
i:1
 

(20,21).

U
 

One of the most sensitive stages for nutrient coinpetition in
 

the life cycle of Fisarirun is chlamydospore germination (2). In
 

soil infested with chlanydospores of F. oxysr)orum the germination 
rate ranged between 20 and 30%. T'hese levels of germination 

could result fran reserve materials in the chlamydospore, or 

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

major sources of nutrients for soil microorganisms are nutrients 

derived fran seeds or roots. In our study we uscd glucose and 

asparagaine to simulate the organic carbon amd nitrogen
 

conponents of plant exudates as stimulants of chlanydospore 

geratdnation. Soil amendment with increasing amounts of glucose 

and asparagine enhanced thle germination rate to 62%. However, 

''I 

/5
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tie addition of higher concentrations of these nutrients did not 
result 
 infurther increase In germination. qlie failure of 
the 

:i remaining chlanydospores to germinate Is probably a result of 
I their continuous dormancy or may be due to utilization of most of
 

the amended nutrienits by 
 the resident soil microflora (7). 
Although the role of plant exudates is an important 

nutritional 
 factor 
for rhizospihere microorgan [sifs is well 
established, their role in biooontrol is still unclear. In the 
present study we evaluated the effect of plant exudates on the 

10 inhibition of chlamydospore germination In vitro anid on the 
II suppressiot, of Fusarium wilt of cotton in vivo obtained with T-35 
ir.when soil was amended with low concentrations of glucose and 
1.1 asparagine (0.05 an] 0.0mg/g soil, respectively) or with plant 
if exuL-ates, pre-gerninated onidia of T-35 were found to inhibit 

I the germinarion of chlainydospores. However, at concentrations 
in; higher tan 0.3 and 0.06 i,ej/g soil of amended glucose and
 
I asparagine, respectively, or when 
an excess of exudates was added 
I the inhibition was nullified. Similarly, in the presence of an 
I- excess of exudates the reduction in Fusariun wilL ot cotton, by
 
:'o T-35 was caiipletely neutralized. Ibis indicates that canpetition 

for thcse or similar nutrients may occur. At low levels 
/ nutrienits are liniting and ccinpetitive effects are evident, 
!: resultinc in significant reduction in chlamydospore germination. 

I Indeed, Rovira and his co-workers (197) have already 
mentioned
 

that plant root exudates contain lower 
amounts of carbon and 
:; energy than those required by rhizosphere microflora. Similar 

2 (;
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I enanena 
have already been described (9,23), 
 in the i hibition
 

" of F. oxsorum f. 
 sp. cucumerinuml chlamydospore germination by 
pseudomonads. Chlamydospores 
of F. 0. vasinfectum and F.o.
 

melonis in the rhizosphere of cotton and melon, respectively, 

* germinated at higher levels compared with the germination 
obtained in non-rhizosphiere soil. '11e same also occu,red with
 

7 chalmydsopores 
 of F. solani f. sp. phlaseoli and F. oxysporum f. 
* sp. cucumerinum, when exposed to bean and cucumber exudates (23). 

C' Inhibition of chlamydospore germination of F. oyspo _could be
 
if obtained 
even when the antagonist was applied as a 
seed coating.
 
II Apparently, effective utilization of root exudates nriy enable
 
I2 antagonists applied 
to seeds to proliferate along the developing
 
I3 rhizosphere ard interfere 
 with seed anid root pathogens (7).
 
II After application 
 of T-35 as a seed treatment in soil without
 
I!, irrigation, T-35 
 was recovered fron the rhizosphere indicating
 
fI the active proliferation of this strain 
 along the developing
 
Vi roots. Ilie greatest counts 
 of T-35 in the rhizosphere were 

detected on root semTents which included the root base aix] tip. 
I" Since the population dynamics of T-35 were recorded frn 

:!o rhizosphere portions which included roots arid soil. It is not
 

' 
 clear whether T-35 colonized the rhizoplane, the rhizosphere soil 
or both. The population of T-35 could be distinguished fran thfe 
resident soil population of Trichoderma spp. by using the natural
 

I resistance of 
 this strain to relatively high concentrations of
 
cycloheximide (Pe'er aid Clet, unpublished). Similar findings
 

.' were demonstrated by Ahrad and Baker (1) with a benomyl resistant 
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I mutant of T. harziantn. Mie relatively high population levels of 
I antagonists recovered from root tips were also demonstrated with 
I bacteria (10,15,19). 

I lbst of tle exudates present in the rhlzosphere are excreted 
5 fran the root tips. Thus, colonization of this region in the 
f; rhizosphere might reduce infection by Fuarium-like pathotypes 

which penetrate the vascular system of their hosts thirough the 
I! undifferentiated xylem at the root tip (7). Rhizosp!here 

cmcolonization of cotton arid melon, by T-35, was acconpanled by a 
W0 simultaneous decline in Fusariumn spp. Reduction in the pathojen 
II population in the rhizospimere should lead to a decrease in the 
I!1 infection rate. Ilie level of rhizosphiere colonization by T-35 
i: was affected by the inoculun density of the pathogen in soil, and
 

counts decreased
II in soils inoculated with high inoculum levels of
 
I!, both Fusaria. 
 Ol the other hand, increasing the conidia
 
it; concentration 
 of T-35, in soil, resulted in a decrease in
 
i' rhizos[phere colonlztion 
by F. oxysporum. 

11. In soil infested with F. o. melonis Trichderma treatments
 
i had only a slight effect on 
 the survival of F. oxysporum in non

:.p rhizosphere soil. However, application of T-35 as a wheat bran
peat preparation, 
 conidial suspension or seed coating, 
significantly reduced the pathogen counts in thizosplhere soil of 

, melca aitd cotton. The minimal effect of T-35 on population
 
"
densities of F.oxsrr n in non-rhizosphere soil further suggest

;I. a competitive mechanism in biocontrol (2). llese findings are in 

::H'
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correlation witl the lack of Mycoparasitic and antibioticinteractions between T-35 and F. __s__m_ in vitro (Sivan ad 

Met, unpublished). llie great reduction of tle pathogen 
population densities in the rhizosphiere soil could be a result of 

a lower proliferation rate of the pathogen in a rhizosphere
already colonized by the antagonist. However, this does not 

exclude other biocontrol mechanisms fran being involved in the 

rhizosphere. 

18 
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it 	 A anr] F. oxysportum f. sp.vasinfectum 
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with Ue germination rate in non
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rhizosphere 
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of several crops,

Rhizosphiere colonization,
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Trichcderma harziantun (T-35), applied 3s a seed 

coating, in A, irrigated and 13, non-irrigated soil. 

cotton seed coating with Trichoceria 
Fig. 4. The effect of 

on A, rhizosphere soil population of 
harzianum (T-35) 

of
 
T-35 and B, Fusarium spp. (B) after 8 days 


soil inoculated with microconidia of F. 
incuIation in 

3/g soil).
oxysporu n f. sp.vasinfctu~_ (10

"1; 
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Fig. 5. Ille effect of microconidial concentration, in soil, 

of Fusariun oxysporun f. sp. nMeoiis ol colonization 

of melon rhizosplere by Triclodeina harzianLun after 

its application as a seed coating. 

Fig. 6. 'lle effect of Tridodelnt harziauii, (T-35) conidial 

suspension concentration oil colonization of ielon 

rhizosphere by FusariLun oxs.ortul f. sp. nielonis. 
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TABLE 1. Effect of additionl of Trichodenna iarzinLu on cllanydospore 
germinatio,! of FusarLun oxysporlun 

vasilifectmun (FlV) in rhizosphere and non-rhizospliere 

f. sp. meloris (FU) 

soil 

and F. oxysporwn f. sp. 

(u)
Clairydospore gcnniuation (%)(v) 
 1w) 
Mllzosphlere soil Non-rhizosphere soil 

Trichoden , ... . ...
 .. .
T-richderma------------ -----. 
treabents -U FLM IUV,UV
 

Cx) FU u 
None 
 43.5 a 50.3 a 
 a 25.1 a 
Seed coatitig 25.3 b 
 33.1 b 
 19.3 b 12.1 b
 
Conidial (z) 28.1 
b 34.5 b 
 15.8 b 
 7.5 c
suspenisioni 

(u) Counted ier U.V. light microscope using Calcofluor. 
(v) Nolon and cotton seeds were genniinated for 48 hr in soil enriched witl 

chl-nlydospores of F. o. melo, is and F. o. vasinfectun, respectively. 
w) Soil enriched with| chlaydospores of F. oxyspormt and amnled with 

0.05 and 0.01 my glucose and aspairagine per y soil, respectively. 
(x) Values of each coiuuim, followed by the same letter, do not differ 

significantly (P=0.05) according to Ducan's multiple range test. 
(y) 7.5x10 4 and 5x104 conidia of T-35 per each cotton and n-lon seed, 

respectively. 

(Z) Ix10 6 pre-gemitnated conidia of T-35 per g soil. 
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TABLE 2. Effect of germinating seed exudates of cotton ad melon Dix tWe 

inhiibitory effect of T. harzianum on chlamydospore genination of F. oxysporull 

and on the disease control of Fusari,,n wilt of cotton. 

(u)

Qilamydospore germinuation (%) 

Trichoderma (v) Ili ted coon
 
trea ients Exudates IUV IU! plants M
 

Not added 24.5 ab 23.8 ab 73.8 ab
None 

Added 29.8 27.1a a 85.9 a
 

(Y) fNot added 12.4 c 10.1 c 33.6 c

Conidial 
suspension 	 Added b22.1 19.3 b 68.9b 

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

Added 23.4 b 25.6 a 75.1 ab 

Cu) Couited umder U.V. light microscope using Calcofluor 

v) Exudates were produced from 800 gemidnating seeds. 'Ile calculated amuoLt 

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

sown with 10 seeds) at sowing date and once every 3 days, until UMe end of 

the experiment (twenty days after sowing). 

A. 	 Calculated amount of exudates produced by 3 cotton or melon semIs were 

titxed with 50 g of soil enriched with dilaydospores of F. o. 

vasiifectun or F. o. yelonis, respectively. 

(w) 	 Under greenhouse conditions in soil infested with microconiidia of F. o. 

vasinfectui (2 x 108 /ky soil). 

(x) 	 Values of eachi colu, followed by the sam letter, are not 

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

range test.
 

(Y) 	 1x10 6 coliidia of T-35 per g. soil. 

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

respectively.
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TABLE 3. Effect of T. Iarziantun on Fusaruin spp. populationi in 

melon rhizosphere an] non-rhIzosphere soil(r). 

(blony forming uits/g soil x 102 

Trichodemna spp. (s) Fusari, spp. (t)" 

Tr~icihdernn Philzosp!lere Non-rhizosphere lMizosphere Nan-rhizosikere 
treabinits soil 	 soil
soil 	 soil
 

(w)
None 4.2 c 1.5 d 19UU a 920 a 

x)
Seed 	coating 40U b 9 c 35 b 750 a 

(y)
Lbnidial 
suspension 51000 a 20000 b 41 b 30 b
 

(z)
 
Preparation 55000 a 55000 a 43 b 35 b
 
........................-----------------------------------------------------------

(r) 	 'tie soil was inoculated with 2x108anucrocotildia/g soil, planted wlith melon 

seeds ad placed in the greediouse for 30 days. 

(s) 	 Couizted on 'iSM. (12) 

(t) 	 Counted on Fusaritun selective mediun (15) amended wi-h 2 nYj/L of beniyl. 

(u) 	 T1ie plants were gently uprooted and the soil adhering to he roots was 

collectedb
 

(v) 	(Ciibined soil samples from distances greater than 1 an fran the roots. 

(w) 	 Values of each colui followed by the same letter are not 

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

range test.
 

xl 7.5x10 4 coitdia of T-35 per seed.
 

(y) 	 5x|0 6 conidia of T-35 por g soil. 

(z) 	 Weat bran-peat (1:1; v/v) preparation of T-35 consisting of 5W10 6 

cfu/g (d. wt.) was introduced into soil at a rate of 5 g/kg soil. 

26
 


