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Lubna S Nawar

Department of Biology, Faculyt of Science, Abd Eb-Aziz Lniversity, Geddah, Saudi Arabia

Abstract: Rhizoclonia solani Kulin causes damping-ofl and root-rot diseases ol a wide range hosts including
green heans. J¥. sofani was the most apgressive and most frequently encountered pathogen wsolated from roats
of root-rotted green beans follwed by Fusarium solani. This rescarchi ov aluated the suppressive elfeets of rice
straw compost fortified with T. Aarzigaum on damping-off of green beans and plant growth. The microbial

composition of the compost-amended soil was also determnined. The w-vitro studies indicated that members
of T. harziamum or T. viride were e most antagorustic fungus against R solani. Fungt isolated from soil
amended with compost 4 weeks before sowing were more antagomistic to R. seiani than those 1solaled from soil
applied before this time. The inhibitory activities of the compost-inhabiting micrebes might partly be
responsible for the cfficacy of compost in reducing root-rot disease of green bean. In pot experiment, the
population density of bacteria in soil infested with K. solani and amended wilh cownpost foriified with T
harzianum were higher than in infested soil alone or with compost. On the olher hand, forified compost with
7. harzianum applicd o the infested soil greatly reduced the total fungal count reaching their smallest
population atter 4 weeks from treatment. Application of rice straw compost fortified with 7. harzianm to soll
intested with K. solani reduced the disease severity to the maximum values and also promoted plant height,
fresh and dry weighns. Generally, composts might be used deliver or fortify bio-control agents as, they may
invigorate their proliferation, increase their effcacy against soil borne pathogens and improve soil fertility.
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INTRODUCTION

Rhizoctonia solani Kuhn is a soil bome fungal
pathogen that attacks crops worldwide [1] causing huge
losses to growers espeetally to green bean [2, 3] The
fungus causes damping-off of young plants seeded
directly and attacks the stem below and above the soil
surfuce. The plants dic soon alter infection. On te older
plants, the pathogen causcs, reddish-brown ceankers
extended longitudinally along the woody stem near the
soil surfuce. The plant al this later stage may show lite
indication of disease, except the yiclds may be reduced
considerably [3)

Conirol of the pathogen is currently limited 1o the
we of long rotation [4], sl solarization |5] and
prophylactic fungicide [6]. In the research for alternatives
to sail chemical treatments, biological conirol may be
useful tool [7-9). Sclected microbal control agents are
active bioprotectores and have heen widly used in
biocontrol of R, solani in diflferent agricultural crops such

as soybean {10], cotton [11], oilseed rape F12} and
chickpea [13].

Fungi from Trichoderma genus are among the
biological control agents of K. sofani [14-16]

Compost mwade of agricuttural and industiial wastes
have been widly used as soil amendments [17, 18]
Composts induced suppression of soil borne pathogen
through biological mechanisms {19, 201 Another
important characteristic 1s their role m increasing soil
nutrient availability and in plant growih stimulation
[19:21]. Rice straw composts Lhat are produced through
rice straw
organic matter, also have a greaf polential as plant

the action of some microorgarsms on

growiry media [20-23].

The objective of the present study werc t
investigate the efficiency of compost alone ur fortified
with an antagonistic agent 7. harzianiem and their time of
application in the suppression of root rol disease caused
by R. solani. The effect of different treafments on sotl
microllora was also studied,
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MATERIALS ANT) METHODS

Isolation of fungal pathegens: Green bean plants showing
symptoms of rool-rot infeclions were obtained from
region beside north of Jeddah, Saudi Arabia and brought
to the laboratory. The roots and stems of the infected
plants were rinsed in tap water and the necrotic portions
were oxcised and cut into 2 mm pieces, surface sterilized
with 2.5% sodium hypochlorite (Na OC1) for one minute
and rinsed in 4 successive changes of sterile distilled
water. These picces were then plated on Potato Dextrose
Agar (PDA) medium and incubated for 7 days at 28°C
under 12-h photoperiod.

The growing fungal colonies were transferred to new
PDA plates and pathogens were identified using cultural
and morphological (eatures with reference of Gilman [24]
und Barnett and Hunter [25], while the confinmatory
identification was made by the Plant Pathology
Department, Natienal Research Centre, Cairo Tigypt

Pathogenicity test: Pathogenicity tests were camied out
by sowing surface sterilized green bean seeds (cv. Hollita
with 98% pennination) in pasteurized soil infested wilh
each isolate of fungal pathogen isolated from green
beans. Pots were kept in a greenhouse at 22°C under 12-h
periods of fluorescent light. The pathogen was reisnlated
from symptomathic seedlings by superfictal disinfection
with 2% Na OCl and plating on PDA medium. Inocula for
pathogenicity test and for bioassay was obtained by
growing each fungal isolate on PDA medivm  and
multiplied on sterilized ecat grains as described previously
200

Pasteurization of the soil was carned out by
autoclaving it al 121°C for one hour. Twenty seeds of
green bean wers sown in cach pot and the pre amd
post-emerpence damping-off were recorded 15 and 60
days alter planting respectively. Plant heights as well as
their fresh and dry weights were estimated at the maturity
F;ragc.

Tsolation of fungi and bacteriu from svil amended with
rice straw compost: A one year old rice straw compost
was used in this study. Chemical propertics of the
compaost microbiology
Departmen, NRC of Egypt and are sununarized 1 Table 1.

Plastic pots (25-cm-diam) filled with 5 kg of loamy
soil was amended with 50 g rice straw compost and
mixed thoroughly and watered every other day. The pots
were allowed to decompose for four weeks. Soil samples

were  umalyzed by soil

were  taken weekly during  the decomposition for

Tuble 1: Chemnical aralysis of rice straw compost

Constiluends

Vilue

Org-.ﬁ 1 matter 61.20 (C;o)_
Orgaric carbron 3550 (%)
Tetal nitrogen 1.95 (%)
C/MN rutio 1820
Phosphorus 1.35 (%)
Potassium 0.88(2%)
pH 167

Ash content 18.20 (%)

microbiological analysis, Composted soil samples (10 g)
placed in Lrlenmeyer flask containing 90 ml of deionized
water were placed in a shaker al 70 rpm for | b Seriul
10-fold dilutions were prepared and dilutions of 1 mi were
incubated on plates with 10 ml of Martins medium [26]
amended with 100 ppm streptomycin sulphate and
pencillin antibiotics far counting fungi and soil extract
agar medium [27} for bacterial count. The bacteria
developed were counted 3 days alter meubation at 287C
and the fungi were counted after 7 days incubation at
25°C. The colony counts were converted to colony
forming unite (cfu per gram dry weight of sail).

Antagonism beiween {ungi and bacteria from compost-
amended soil and R selani.: Interaction between each
isolated microorganism and R. solani were observed mn
cultures according to method of Rivera ef al [20). Peiri
dishes were divided inlo two halves by marking with a
permanent marker on under sides. Discs (0.5 cm-diam.) of
fungal cultures (R. solani and test fungi) from seven days
old cultures on PDA were placed simultancously at
opposite sites of the plate. Bactenal cultures were
inoculated in the form of stripes of 2 em made near the
edge of the plates,whereas (he other side of the plate was
inaculated with 1. solani discs. All plates were incubated
at 28°C and examined for the presence of an inhibition
zone. Also, the percentage of reduction in the hyphal
growth was calculated according to Topps and Wain [28]
formula as follow:

Percentage of reduction = [(A-B)Y A]x 100

A - Diameter of the conirol hyphal growth.
B = Diamecter of the treated hypthal growth.

Grecnhouse experiments: Pot experiment was carried out
10 evaluale the role of compaost fortified with 1. harziameon
Refai obtained from Plant Pathology Dept, NRC of
Frypl gainst R seloni the causal arganism of reot-rol
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disease, Pols containing soil (5 kg) somewhat wet (about
60% water holding capacity) were inoculated with o
ptapagules of R, solani at a rate of 50 g/ pot, 2 days
before ouitivation Lo ensure the distdbution of the
inocula. Pots were mixed with 126 compost non-fortified or
fortified with T. harzianum,

The microbial chonges induced by adding compost
or compost fortified with T. harzianum to the soit infested
with £. solam were investigated before sowing. Soil
samples were taken weekly during 4 weeks before sowing
seeds for microbiological analysis on growth media, as
described above. Twenty surface sterilized sceds (cv.
Dollita) were planted after sail inocnlation and thinned
later to five seedlings/ pot. A set of four pots was used
for every treatment. Treatments included:-

»  Un-inoeulated soil {controf).

«  Inoculated soil with R. solari (conlrol).

«  Applied soil with compost alon (control).

« Inoculated soil with 7. harziarmum (control).

+ Inoculated soil with £, solgn; + compost.

«  TInoculated soil with R. szlani + T. harzianu.

+  Tnoculated soil with B. solamt -+ compost + T.
hartianum

- Inoculated soil with T, harzianum + compost.

Pre-and post emergence damping-off was recorded as
mentioned before in the pathiogenicity test. At the end of
the experimental period plant height, fresh and dry
weights of the survival plants were determined. The
obtained data were statistically snalyzed sccordling to
Snedecore and Cochran [29].

RESULTS AND DISCUSSIONS

Root rot psthogens of green bean: Isofation from reot-
rotted seedlings and plants revealed the association of
one or more of the following 8 fungal species, i.e.
Alternaria temiis, Aspergillus flavus. A. niger, A. tamarit,
Cephalosporium  maydes, Fusarium  moniliforme,  F.
solam and R. solani. R. solam in particular was more
frequent than amy of the ofher fungi. These fungi were
previousty reported 1o be associated with root-rot of
fegume plants in other couatries [22, 30, 31]

The green bean plants produced ia pasteurized soil
in the absence of pathogens showed no symptoms of
root-rot  damping-off. Isolates of Fusariiem snd
Rhizoctonia solam were found more or less able to atlack
green beans at any stages of plant growth {Table 2).
Green bean was highly vulnerable to attack by the all

Fig. 1: Green bean plants showing root-rot symptoms
incited by R. solenr and control 45 days after
sowing in infested soil

three isolates of &. solani. The isolate no.6 of R. scluni
caused 904 post emergence demping-off. The other two
isolates of R. solaru also caused 50.0 and 42.5% post
emergenuce danping-off

Reisolation from diseased roots yielded only the
sante fungus used for the arificial infestation of the soil.

Greenbenn plants which survived in infected soil
never attained the normal growth either in height or fresh
and dry weights {Table 2 and Fig. 1). The plant height
which survived in soil infested with the fungal isolutes
tested averaged only between 13.00 and 45.0 am than that
grown in un-infested control soil (48 ¢m).

The role of R. solani was prominent in both the
survival, i.e., the survived plants sitained the least growth
it height, fresh and dry weights when compared with any
other fungal treatment. R. selar has fong been known to
be the main organism causing root-rof of green bean
plants cousing huge fosses to growers [1-3]. R. solant was
not omly the most aggressive pathogen but salso, as
mentioned before it wus the most frequently encountered
fungus upon isolation of fungi from roots of reot-rotted
green bean. For this reasons, R. solan was used in all
further studies.

Antagonism between compost microorgsnisms and R.
sofani: Numbers and types of fungi and bacteria isolated
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Table 2: Pathogendcity of isolates representing fungal species associuled with roat-rot of green beart and their effict on merphogenesis on plant growth

Dyarripiryz-oft {3} Morphiogenesis of survived planls
Isolate = —ememe—semmmmresseseeee —--

Tested fungi M Pre Post Shiect length {mm) Fresh weight (g} Dory weight (mg)
Alternaria tenuis 1 9.00 1000 45,00 1316 941.0
Cephalosporium maydes 2 21.%) 20.00 42,00 14.00 0923
Furarium moniliforne K] 6.00 L7580 41.25 1338 9828
F solant 4 61.00 2750 24.00 6.4 639.8
F. solani 5 69.00 25.00 25 50 7.52 7357
Riizoetonia solant 6 74.00 50.00 14.25 443 3560
R gedaand 7 §1.50 0.4 13,040 148 2390.0
R solan 7 F0.00 4250 16.50 2.63 432.8
Urn-infested (control) - 000 0.00 AB.00 15.26 19018
18T at 5% 13,58 2040 3.50 1.58 w37

Four replicated pots each sown with 20 grean bean seeds were used

Talle 3 tn vitro antagenism between dilTerent isolates of soil fingi isolated from soil fodified with compost and the rool-rol pattogen A solani

Time of sarmple before sowing

First week Sevond week Third week Fourth week
Isolated fungi i & 1 2 1 2 1 2
A,é;‘?r;.n;la ferins 0.0 2222 ) - - - - - .
Asperyiftus clovatus-1 - - - . = - 20 1333
Aspergillus clavatus-2 - 5 Z £ 6.0 17.78 - -
A humicola 0o 22 - - - - - -
Aniger-1 00 16.67 - - 280 318 - p
Ariger-2 - - - - 8.0 20,00 : - -
A rniger-3 - - - - o0 1111 - -
A ochraceus 10.0 1556 . - - - - -
A rubber-1 - - - - - - 0.4 2222
A rulbber-2 - - - - - - 0.0 20.00
A rubber-J - - - - - - 0.0 1111
A tamarii-1 4.0 13.33 0.0 11 - - - -
A, tarnarii-2 l1a.4 1111 26.0 28.80 - - - -
A, terrens-{ - - 18.0 20,00 - - - -
A terreis-2 - - 2610 2889 - - . -
Cephalorporium 5p. 11.0 iy - - - - - -
Fusarium dimerum 0.0 1111 - - LAY 20,00 - -
F. oxusporum 0.0 1111 5 . 8.0 1.0 - -
Fselari-1 6.0 1778 20 1l )]0 2B.0 ] 8RY
F rolani-2 - - 80 #80 - - E -
F solan-3 - - B X 11.11 - - - -
Gliocladium sp.-i - - 28,00 3L 0.0 3111 - -
trlio fexdivm spe-2 - - . . 21.0 30,00 - =
Mucor mucedo 24.0 26.67 0.0 5444 1.0 200
Peateompees ap, BEL 26.67 - - g - _ 2 F
Ferdillivm sp. 14 111l . - - s - E
Rhizopus nigricans 9.0 10.00 - - - - - -
Sempindium sp. o 10.00 - - - - - -
Frichork rma harsignwr-1 .4 56,67 4.0 4222 B80.67 il 244 80.0
Tricheek: v epzicrum-2 - - - - R5.56 6.0 bl #1.44
T, virid - - 300 4111 - - B B
Urn-known-i 2040 7222 104 2T - - 4 -
Un-known-2 - - 10.0 i S - - - -
Ln-known -3 - - - - - - 5.0 78
Un-known-1 - - - - - - 6.0 667

1 = Inhibition zoae (mim), 2 = Redu--ction (%), 'I‘DA plates were uged in triplicates {or dual cultures assays, - = n_ot irolated or detecled
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Tuble 4; Jn vitre antagonisin belween diferent isolates of soil bucteriu solated frow soil forlified with compast and the rool-rot puthiogen R solani

PMarneter of

Tune of sam_plc No.;)? ’ Mo, \;Jf

hefore lested positive R solei Zone of

sOWilg bacteria isolales colory {1nm) Luhibition (%) witiibition ()

Fietwesk n S Rantllusspp) (54 w1000
(2)-10 5556 10.00
(3)-25 7222 20.00
(4)-25 .22 35.00
(5)-55 1889 15.60

Secand wesk 21 S {Bacittus spp.) {1)-50 44.00 "o
(2)-50 4.4 8.00
(3)-60 33.33 .00
(4)-27 70.00 38.00
(5)-30 66.67 39.00

Third week 10 3 (Becillus spp) T-35 111 5.00
(2)-48 46.67 8.00

Fourth week 0 s (Bacilius spp) (1)48 46,67 000
-8 299 £.00
(3)-81 661 0.00
(4)-58 35.56 0.00

*PDA plales were used o toplicales [or dual culiures assays

from the compost added to the soil were recorded weekly
during 4 weeks. The amtagonistic action of such
representative  isolates on R. selani was recorded
using the dual plate culture techrique.

Fungi: The tested isolates were dilfered 1w their
antagonistic action against R sofani (Table 3). The data
revealed  that of Trichoderma spp. wcre
accounied and isolated from samples incubated for four
weeks after the amendment incorporation. Members of T.
harziarum or T. viride were found to be the most potent

solales

as anfagonistic organisms to R. selani, based on the
reduction in growth area of pathogen, some were strorger
than others. Tungi from soil applied with compost 4 weeks
before sowing were more antagonistic than those from
soil applied before this time.

These results give further supported to the idea that
compost are potent enough 1o afford propitious media for
the propagation of bio-agent and  production of
antagonistic principles agminst certamn soil borne rool
pathogens. Moreover, rice straw might have served as
food base for some Trichoderma spp. i the soil.

Isolates of Gliocladium spp. and dspergitlus niger
were found to follow Trichoderma spp. inducing a very
pronouriced inhibition zone of 28 mun. This phenowenon
was probably correlated with differences in levels of

fiydrolytic enzymes produced by cach species or

isolate,when they attacked myecelum of R. solani [32].
Trichoderma sp. was assumed to attack the pathogen’s
mycelium by dissolving cell walls in cerlain locations
followed by hyphae penetration, then producing other
extracelhular enzymes, lipase, proteasce and 3-1.3 ghicanase
Lo continue the lysis process.

Bacterin: All bacterial isolates from soil amended with
compost in samples of the four weeks were classified as
Bacilius spp (Table 4). Among the tested bacleria,
isolates (no. 3 and 1) of the first weck and (no. 4) of the
second week were found to be the most polent bacteria
apainsl R, solans as shownin Fig. 2.

Isolation provided an interesting member of compost
microorganisms and fn-vitre tests added evidence for
specific forms of pathopen suppression [20].

The micrebial changes belore sowing induced by
adding compost. or compost fortified by T, harzianum to
the infested soil with R. solani were investgated.

Elfect of compost fortified with 1. harzianum on
mierobial densily

Effect on tolal bacterial count: Total number of bacteria in
infested or non-infested soil was increased generally as
the time of application before sowing mereased (1able 5).
The average number of bacteria in non-infested sail
(control) was much lower than all the other tresttnents,



Table 5 Totd bacteral count fom sotl

{~fin = 107 /g dry weight)
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mfested wath R solamt and amended with compost forufied wath T harztanum four weelcs before sowing

Weeks before sowing

Soil wratment 1 2 3 4 Mran
Un-nfe sted so1l (conteol) 12 69 160 46 TERT 155 24 9550
Infested with R solant 40376 342 83 449 51 24525 320 29
Coempost Bi T TH.10 1379 09 359848 3124 47
T harciarum 28504 690 02 21218 2507 B0 24
Rsola 1 compost 971 46 77140 859 10 136718 92 735
Rsolan +T Aarztonum } 14506 £06.43 1268 20 714285 2590.79
R solam+ compostt T hurziorum 120845 2884.29 4827 58 3266.03 3045.59
T harsdanum+compost 1168 61 450160 2535 65 261437 2705 06

“Courts ofbactena were on soil exdrace agar medmm noubaed 3t 28°C for 7 days

Fig. 2: I1 vitro inhibition of A. soiant by compost bacterit isolates

1tis worthy lo mention that the population density of
bacteria in infested soil with R. solam and opplied with
compost fortified with T. harzianum were ligher than in
infested s¢il slone or in combination with compest. The
numbers of bacteria were increased by adding compost to
soit alane or soil infested with R.zolani during all periods
before sowing. This, however indicated that the use of
compost furnished a proper substrate for growing
bacteria. Besides, bacteria were established and may have
secreted different metabolites such as  antibiotics,
siderophore and growth regulators in the growth medium
containing compost.

Effect on total fungal count: Total fungal count in soil
infested with R. solani was higher than in un-infested
control lreatment during all periods before sowing
(Table 6). Application of compost to soil up-infested or
infested with & sofans increased the fungal population
reaching 3674.24 and 2851.56 cfu x 107 dry weight
respectively nfter 4 wecks before sowing On the othet

hand, fortified compost with T. harzianum applied to
infested soit greatly reduced the total fungal count
reaching their smallest population after 4 weeks from
treatment reaching 112.82 x 10° dry weight. It is possible
that T, harziarmue may have been inhibitory toward
other fungal spp. The brenkdowsn of organic wastes in a
fermulated culture medium may have direcl harmful
effects on soilborne pathogens [23].

Fifect of compost Tortified with T. Acrgiamum on disease
incidence and plant growth

Root.roi disease incldence: There was no mnatural
infection of root-rot pathogen and other soil borne plant
pathogens in the un-infested control soil or un-infested
soil amended with compost or T. harzianwm alone or
combine, All compost and T. harzianum trealments
applied to soil infested with R. solam at different time
before sowing significantty rednced the percentage of
pre-and post-emergence incidence of damping-oftf than
the infested control ireatment {Table 7). The damping-off
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Wecks before snwing- .

d with compost Fortified will: 7: harziaraum four weeks before sowing {cfux 107 1p

Sail reatment 1 2 3 4 Mean
Un-infested soil (contrel) Taess T heraa T T I sl24  1M89
Trlested with R.solani 41925 95899 o58.18 1021.8% B44.57
Conpost TBO.95 1657.03 1203.31 I6TL2 182888
T. harganum 136.83 403.3% 113,92 5014 176.07
R sedetrtd + coampost 39402 91588 1400.34 28513 139045
R rolepni +T herzicnnm 17641 1771409 6H25.00 138216 120119
R sedewni - cosmpost | T harzicamim 11282 120898 M3.67 112.82 594,59
¥, harciamim compost 1943.40 1173.63 2533.65 128758 17549.56
E;ntn af fungi were on rnod.1:-l'|cd Martin's agar rmedium lncub;m& atb 2R°C for? days ’ -
Tahle 7 Effect of difTerent cwmpest and Tharzianum at different Gmes befoce sowin on rool-rot disease incidetice of green bean
. “Time of lreatment before zowing (week) b

5oil freatment Darnping-oll’ 1 2 3 4 Mean
Un-infested sail (control) Pre 0.00 .00 0.00 0.00 0.00

Drost 0.00 4o Q.00 0.00 0,00
Tulested with K.sofan Pre 7333 7733 #4.00 B34.00 19.67

PPost 8214 10640 DO 91.67 91.67 91.37
Cotnpost bre 00 200 0.00 0.00 PR

Post 0.00 0.09 0.00 0,00 0.00
T barzigman Fre 0.00 0.00 Qa0 Q.00 3.00

Dost 0.00 Q.00 0.00 .00 0.00
R.solani F compost e 21.33 16.67 20.00 8.00 16.50

Post 4333 50,00 2333 20,00 3407
Hosulang 4T Tz e 2147 20.00 17,43 L 18.0G

Tost 50.00 50,00 43.33 40,06 15.83
f_salani+ compast+ T harziamumn lre 233 10.00 B8.00 9.33 917

Post 33133 30.00 26.67 20.00 27.50
T. harzakn+compost Pre 0.00 0.00 0.00 0,00 0.00

Post 0.00 0.00 0.00 Q.00 0.00
Mean of e Pre 1583 1550 1617 14.17

Tost 2610 28.75 2313 21 46
L&D at 396 for reatruents Pre 3125

Post 505
L5[0 at 5% o Lime Pre NS

1Pt 357
LSD at $6% for inleraction Ire 64%

Post 1009

incidence was severe in the R. solami-infested control
treatment reaching 4,00 (pre-) and 91.67% (post-) after 4
weeks of application.

Fffect of compest: Amendment of 1% rice straw
compost to the R. selani inlested soil significantly
suppressed  damping-off depending on the tme of
application before sowing (Table 7) The incidence and
seventy were reduced reaching 8 00% for pre-crmergrnce

-1

and 200% for post emergence damping-off with
the compost treatment added 4 weeks before sowing.
Whereas, compost wsed before a short pericd before

sowing  (one  week) also reducedd  the chscase
incidence recorded 2133 and 43.33% rospectively.
The  suppressiveness of soil amended with

composted rice straw and infested wilh R salani
varies with age of the compost and the presence of
microbial agents [23, 33, 34].
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Table 8: EMMect of conmmponst and I hormarum on growth of green bean plants 4 weeks before sowing

Time of treatment before sowing (week)

Soif treatment, Emcrgence 1 2 3 4 Mlean
Usr-infested soil control) Blant height (e A8.85 4091 42,10 870 A58
Fresh weight () 1434 1383 14.00 15,62 14.48
Dry weight (1) 531 414 3.58 49% 4.50
Infested with R.solan: Plant height (cm) (R 1232 1347 12.33 12.73
Fresh weight (g) 203 1.91 1.76 1.23 174
Dry weight () 035 053 0.60 0.55 [N
Compost Plant height (¢cm) 4241 43,00 A5.47 s0.at 4546
Fresh weight (g) 13.20 13.51 14.52 1682 14.63
Dry weight (g) 384 3.04 473 169 4.05
T harzianum Plant height (etm) 4561 o 4230 3323 4577
Frosly weight () 14.3¢ 1223 13.88 16,36 14.19
Dry waeight (2) 318 352 4.63 4.10 3491
R.snlani + compost Plant height (cm} 33.57 34.41 3976 34.68 35.60
Fresh weight () 825 846 8.7 [0.08 /.45
Drv weight (1) L40 150 182 2.53 1.8t
R.solani +T. harzianum Plant height (cm) 2302 3020 31.73 34.66 3042
Fresh weight (2) 192 B.29 11.43 11.53 9.79
Dry weight (g) 1. 1.36 2.8 3.33 223
R.solani+ compostt T, harziaim Pl height {or) 23 2543 28.06 25.00 2561
Frist wenlit (R) 874 245 913 20,59 1224
Ly weight {2} 352 170 278 318 130
T. harziamim | compost Plant height {tm) 5117 43.34 44.63 49.67 4720
' Tiresh weight (g) 15.56 14.00 14,77 19.26 15.90
Dry weight () 494 AR 5.58 5.5 523
Mean of time Mart height (em) 3619 3345 3594 IKAES
Fresh weight () 10.76 10.21 11.04 13.94
Dry weight () 308 2.94 333 3149
L. al 5% Tor reatmenty Plant height 2.4%
Fresh weight 145
Iny weight 0.41
1513 at 595 fur time Plant height 1.76
Frest weight 1.0
Dry weight 0.29
L.5.T7 at 5% [or interaction Plant height 497
Fresh weight 2.00
Dry weight 0.82

Effcct of compost fortificd with T. hargianun: There was
gipmificant interaction between T. harzianum and the
compost applied at different period before sowing. The
disease sevesily wie significanly reduced Dy the nee
staw compost fortified with . harzianum than It solani
infusted alone (Table 7). The disease suppressive effect of
the Tertified compost was also better than compost or 7.
harzianum treatment, alone, Stmilar resulls were noted by

De Ceuster and Hoitink [19], they reported that a
composted pine bark mix fortified with 1. hamatwn has
been very effective for control of Fusarium wilt of
eyclumen vl Rlizoclonin disease.

The low incidence of root-rol disease of green bear
in soil applied with compost and fertified with 7.
the prowth substrate 1s

harzianum suggests  that

conducive [or rapide proliferation of biocontrol agent.
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Effect on plant growth: Regarding the momphogenesis of
the survived plants as represented by shoot length, fresh
and dry weighis, data in Table 8 reveal that plants of all
control treatments applicd Lo soil at different period before
sowing, grew better than plants of the uninlested
{centrol) and infested with £, solani alonc.

Effect of compost: Addition of compest to soil at different
period  before  sowing
height, fresh and dry weights (Table 8). Amendment of
soil with compost to infested soil with K. solani also
significantly increased the growth parameters than
plants of the infested or non-infested soil. Rivera ef al

significantly increased plant

[20] reparted that vermicomipost wcorporation at 20%
rale reduced the incidence of Rhizoctonmia reot-rot and
crown rat and also pronote tomato seedlings prowth
(measured as fresh weight].

Effect of compost lortified with T Aarzianum: Fortified
compast with biocontrol agent, T. harzianum positively
alfected plant growth in vomparison fo infested and non-
infested soil with R. solani. Its evident that the above
treatments resulted in a significant increase in plant
height, fiesh and dry weights/ plant than plant of the
control or plants of the infested soil with R. solani only or
in combination with compost or 7T, harzianum.

Morcover, soil apphed 4 weeks befare sowing with
compost and fortified with 7. harzignom was more
effective generally than any other treatinent, increasing
plant growtly

General conclusion: Generally, composts might be used
to deliver or fortify bio-control agents as they may act as
substrate for (hem and invigerate their proliferation
Composts may also increase (e efficacy of bio-contrel
agents apainst soilbome pathogens and at the same time
provide nutrients to plants and mprove soil health m
general.
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