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Abstract : Macrophomina phaseolina and Rhizoctonia solani were isolated from the root of
peanut plants collected from field with typical gytems of root rot in Beheira governorate,
Egypt. The two isolated fungi were able to attaekrpt plants (cv. Giza 4) causing damping-
off and root rot diseases in the pathogenicity. t&stirty rhizobacteria isolates (Rb) were
isolated from the rhizosphere of healthy peanutitplalhe inhibition effect of these isolates to
the growth ofM. phaseolina and R. solani was in the range of 11.1- 88.9%. The effective
isolates of Rh, Rbgand Rbs, which showed a strong antagonistic effect (reddbeB8.9) in
dual culture against the growth Bf. phaseolina andR. solani, were selected and have been
identified according the morphological, culturabdsiochemical characters Bacillus pumilus
(Rbyy), Bacillus subtilis (Rbyg) andBacillus subtilis (Rb,g). Control of peanut damping-off and
root rot by soil application with these rhizobaziesolates in addition to two isolates Bf
pumilus (Bp) andB. subtilis (Bs) obtained from Plant Pathology Dept., NatioRasearch
Centre, was attempted in pots and in field trisdgpots experiment, soil application with b
Rbyg, Rhbyg, Bp and Bs, decreased the incidence of dampingudf @ot rot, increased the
number of survived peanut plantshih phaseolina and/orR. solani -infested soil in comparison
with the control. These treatments also increaded average length of roots and shoots;
average number of branches/plant; average numbdeaweés/plant; average plant fresh and dry
weight of the survived peanut plants compared wathtrol. In field experiments, results reveal
that soil application with Rl3 Rbig, Rbs, Bp and Bs, significantly reduced the incidence of
damping- off and root rot of peanut. At harvesese treatments improved peanut growth
(average dry weight of peanut plant) and yield congmts,viz. average number of pods per
plant, average weight of pod per plant and avenag@ht of 100 seedsThe levels of
protection provided by the tested rhizobacteridaies (Rb) represent practical potential for
field control of damping-off and root raind yield enhancement in peanut.

Key word: Peanut, damping-off and root rot, rhizobactesialdgtes, growth promotion, yield
enhancement.

I ntroduction

Peanut Arachis hypogaea L.) is one of the most important leguminous ana@ps in Egypt as well as
in many parts of the world. It comes after cottéce and onion in our export crdp®amping-off and root rot
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diseases caused Macrophomina phaseolina andRhizoctonia solani, are among the most destructive diseases,
which attack peanut plants causing quantitative gualitative losses of yiefd. Biological control of plant
diseases has attracted much attention in the pastiécades as an alternative strategy for the claéicontrol,
due to serious environmental and human health @nabresulting from the application of chemical jpées.
Beneficial free-living soil bacteria isolated frothe rhizosphere, which have been shown to imprdsatp
health or increase yield, are usually referreds@lant growth-promoting rhizobactetiar by one group of
workers in China as yield increasing bacteria (YfBand include a number of different bacteria such as
Bacillus spp™. The mechanisms of beneficial rhizobacteria areaitses enhancement to the plant growth,
yields of many crops by possible explanations and their antagonism against phytopathogenic
microorganism¥. found thatBacillus strains of GB-017 and GB-0356 inhibited the growsthBotrytis
cineria, Fusarium sp., Pythium sp. andR. solani. *? reported that, from seventeen bacterial isolateained
from known sources and peanut plafsgudomonas fluorescens (Pfs), followed byBacillus subtilis (Bs;) and
Bacillus sp. (Sp) caused inhibition effect again® solani, Sclerotinia rolfsii, Fusarium solani and M.
phaseolina, the causal pathogens of peanut rootirotjtro and in greenhouse experimehtreported thaB.
subtilis IX 007 inhibited the growth of1. phaseolina by 75%. Kumalet al. (2012) reported that straBacillus

sp. BPR7 strongly inhibited the growth ®. phaseolina, Fusarium oxysporum, F. solani, Sclerotinia
sclerotiorum, R. solani andColletotricum sp.in vitro and greenhouse conditid showed thaBacillus sp. BIN
inhibited the mycelial growth d¥1. phaseolina in dual culture test by 63.3 and increased thevtirof peanut

in both pasteurized and non-pasteurized stiéported thatBacillus sp( JDB 14) isolated from soybean
rhizophere, showing antagonistic activity agaiRssolani, F. oxysporum, S rolfsii, Colletotrichum truncatum,

M. phseolina andAlternaria alternate. *reported thaB. subtilis showed maximum inhibition by 52.2% against
the growth ofM. phaseolina. The aim of the present work is to study the affic of rhizobacteria isolates
isolated from rhizospheric soil for controlling pe# damping-off and root rot under greenhouse aeld f
conditions.

Materials and methods
Peanut cultivar

Peanut Arachis hypogaea L.) seeds (Giza 4 cv.) cultivated in this studyreveobtained from
Department of Legume Crop Research, Field Crop &ekdnstitute, Agricultural Research Center, Mmyis
of Agriculture, Egypt.

Isolation, purification and identification of peanut root rot pathogens

Roots of the diseased peanut plants were collected peanut field growing in El-Tahrir district,
Beheira governorate, Egypt during 2014 growing seaRoot samples were firstly washed with tap wéder
remove adhering soil particles. Small parts ofdtdd roots were surface disinfected using sodiupobiglorite
solution (3%) for 3 minutes, and then washed wigtilted sterilized water for several times. Dignfed root
pieces were dried using folds of sterilized filfgaper and transferred into Petri-plates contairpotato
dextrose agar medium (PDA) supplemented with straptin sulfate (0.035 g1) and incubated at 25+2°C for
5 days. The emerge fungi were purified using hygipaechnique and identified according’t

Pathogenicity test

The two isolated fungi were tested for determirerthathogenic ability toward peanut plants (cvzaGi
4). The experiment was conducted at the greenhofiseest Rearing Department, Central Agricultural
Pesticides Laboratory, Agricultural Research Cer@iga, Egypt.

Preparation of the pathogensinocula

The inocula of botiM. phaseolina andR. solani was separately prepared using corn: sand: watel (2
v/v) medium™. The ingredients were mixed, bottled and autocldee@0 min at 129C. The sterilized medium
was inoculated with the test pathogen individuallsing fungal disc (1cm-diameter) obtained from the
periphery of 7 days-old-culture. The inoculated raegere incubated at 28 + 2°C for 15 days and tien
resulting inocula was used for artificially soiféstation.
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Pathogenicity procedures

Plastic pots, 30 cm diameter were sterilized by @rsimg it in formalin formulation for 30 minutesdan
then air dried for 3 days. Sterilized sandy loatihwere infested individually with each ®. phaseolina and
R. solani inocula at the rate of 3% soil weight (w: w) amiked thoroughly to ensure equal distribution of
fungal inoculum, then filled in the plastic pots K§ for each pot). Sterilized sandy loam soil itdeswith
sterilized non-inoculated corn medium involved Ine tcontrol pots. The pots were watered and leftofoe
week to distribute the inoculated pathogen. Sixs petére used as replicates for each treatment dsawéhe
control. Seeds of peanut (cv. Giza 4) were surfdedlized in 1% sodium hypochlorite solution fom8n.,
followed by three successive rinses in sterilizesfilted water. The excess water was removed bylging.
Five seeds were sown per pot. The percentagesofipd post- emergence damping-off were calculatied
15 and 45 days from sowing, respectively while petages of plants having root- rot symptoms andisen
healthy plants were estimated after uprooting (&@sdrom sowing). The vegetative growth parameiters
average root length (cm), average shoot lengtivageenumber of branches /plant, average numbezaskeb
/plant, average plant fresh weight (g) and averdget dry weight (g), of the survived healthy peaplants
were also estimated.

I solation of rhizobacteria isolates

The common of rhizobacteria isolates were isolétech rhizospheric soil of healthy peanut plants in
order to be used as natural biocontrol agents.rfiizesphere soil samples of peanut plant had beblected
during the 2014 growing season from peanut fieldsving in El-Tahrir district, Beheira governorategypt.
The samples rhizospheric soil were placed in pbljehe bags, closed tightly, and stored in a refagpr at
4°C until needed. Isolation of rhizobacteria wasfgrened using a soil dilution plating technigugacterial
isolates were primary selected according to cultharacters as the method described’ty.

I'n vitro screening of rhizobacteriaisolatesfor their antagonistic activity

In vitro inhibition of M. phaseolina andR. solani growth by the thirty bacterial isolates obtaineahf
peanut rhizosphere were tested using the dualreulachniqueé? Petri plate containing PDA medium were
inoculated (by streaking) on one side with one fabmbtained from a 48-hours-old culture of thettes
bacterium. The opposite side was inoculated wilisa ofthe test pathogen and the plates were incubat28l at
+ 2°C. Plates inoculated with a disctbé test pathogen only served as control. Fourcagpl plates were made
for each test bacterium as well as the controlo@pladius of the test pathogen was recorded wiegdntrol
plates reached full growth. The percent growthhitiuin (PGl %) was calculated using the followirggrhiula
suggested by [23]: PGI% = C — T / C x 100. Where®&s51 percentage = Mycelial growth reduction (%jhe
pathogen, C = Radial growth of the pathogen inrobmiates (cm) and T = Radial growth of the patoin
dual culture plate (cm). The percent growth inflnit(PGI%) was categorized on a growth inhibitiategory
(GIC) scale from 0 to 4 according bas follows: (0) no growth inhibition; (1) growthtiibition of 1-25%; (2)
growth inhibition of 26-50%; (3) growth inhibitioof 51-75% and (4) growth inhibition 76-100%.

Identification of the effective rhizobacteria

The effective rhizobacterial isolateiz. Rby4, Rbigand Rbg, against the growth &fl. phaseolina andR.
solani in vitro test, were identified to the level of species adicy to the morphological, cultural and
biochemical characters according the method desititily*> asBacillus pumilus (Rbys), Bacillus subtilis (Rbyg)
andBacillus subtilis (Rhyg), respectively.

Effect of rhizobacteria isolates on peanut damping-off and root rot, in experiments conducted in pots and
in thefield:

Rhizobacterial inoculum preparation

The effective rhizobacterial isolategz. Bacillus pumilus (Rby,), B. subtilis (Rbyg) and B. subtilis
(Rbyg) in addition to the isolates obtained from Plaath®l. Dept. National Research Centre (NR@3, B.
pumilus (Bp) andB. subtilis (Bs), that were isolated from cucumber rhizospliegervious study were used in
experiments conducted in pots and in the fiBltillus pumilus (Bp) andB. subtilis (Bs) isolates were found to
be effective in controlling cucumber root rot dises caused byrusarium solani, Pythium ultimum,
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Rhizoctonia solani and Sclerotium rolfsii. Each rhizobacterial isolate was separately growoonical flasks
(250 ml) containing 100 ml of nutrient glucose (2Btdth [NGB] medium, [Beef extract, 3 g ; Peptobg;

Glucose, 20 g in 1000 ml distilled water and pH#& @2], and then separately incubated on a shakebator
(125 rpm) at 28 + 2°C for 48 .The bacterial susjmnef each tested rhizobacteria was adjusted 8 d@lony
forming unit (CFU) /mF®,

Pot experiment

A pot experiment was conducted in 2015 to evaltiaeperformance of rhizobacteria isolatég, B.
pumilus (Rbys), B. pumilus (Bp), B. subtilis (Rbyg), B. subtilis (Rbyg) andB. subtilis (Bs) as a bio-control agent
against peanut damping-off and root rot. The expent was conducted using a randomized block desitimn
six replicates for each treatment. Plastic potsdi®0diameter) filled with 5 kg sandy loam soil istied with
each ofM. phaseolina and R. solani as mentioned before in pathogenicity test. Aftae aveek of soil
infestation, each pot was inoculated with 300 mbadteria suspensidh Pots infested with the pathogen only
served as control |, while others treated withieatrglucose broth medium only served as contral'tien, the
inoculated pots were watered and then left to oeekwFive of peanut seeds (cv. Giza 4) were sowgaahn
pot. Percentages of pre and post- emergence dafoffiag well as root rot incidence were recordedrat5,
45 and 60 days of sowing, respectively. The subvialthy plants and vegetative growth parametesseew
estimated as mentioned before.

Field experiment

As in the pots experiment, the same peanut cultivarfive rhizobacteria isolates were studied etdfi
experiment. The experiment were conducted duriridh 2fowing season in a clay loam soil, naturalfedted
with M. phaseolina andR. solani under a spraying irrigation system by overheaihkjars at Nubariya region,
Beheira governorate, Egypt. The experiments werelucted using a randomized block design. The field
experiment was consisted of 21 plots each (3 ¥ Bmarea, each plot composed of 3 rows with 1@spker row.
Each row was 3 m in length, 20 cm in height ancc@0in width. Rhizobacteria isolates were appliedsais
treatment before sowing at the rate of 100 ml aftdéréal suspension per hole. Holes treated withriemnit
glucose broth medium only and others treated wistilléd water only were used as control | and II,
respectively. After application, surface disinfecfeanut seeds (cv. Giza 4) were sown at thewigsk of May
of growing season in all treatments at the ratevof seedg hole. Three plots were used as replicates for each
treatment as well as the controls. Irrigationpramended fertilizer levels and agronomical prastwere used
as usual in the reclaimed sandy soils without chalsi The percentages of pre- and post- emergearopidg-
off were calculated after 15 and 45 days from sgwirspectively while percentages of plants haviag- rot
symptoms and survived healthy plants were estimapetb harvest. Harvest times were determined @ d
after sowing. The plants were dug by hand inveaed dried in the field for a week then pods weneésted
by hand. At harvest, fifteen air-dried plants frahe inner rows from each replication were seledted
determine the average dry weight of plant growtbvabthe ground aerial (gram/plaht average number of
pods/plarit, average weight of pods/pldrand average weight (grams) of 100-Kernel.

Statistical analysis

All experiments were designed Complete Randomizesigh and data analyzed by using least squares
analysis of variance (ANOVA), Least Significant feifence (L. S. D.) test was used at the 1% level of
significance®®.

Results
Isolation, purification and identification of peanut root rot pathogens

The pathogenic effect of botfl. phaseolina andR. solani toward peanut plants, under artificial soil
infestation are given in Table (1). Results obvithet the percentages of pre- and post-emergemuopidg off
were 30.0 and 28.6% in caseMf phaseolina, while the percentages were 40.0 and 43.9% in @abResolani,
compared to 3.3 and 5.0%, in case of control, dBmdy. The percentage of root rot disease inadewas
52.8% withM. phaseolina, while the percentage was 41.7% wRhsolani, compared to 3.3% in the control
plants. Results showed that the percentages oivalipeanut plants were 18.6 and 14.4% wthphaseolina
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andR. solani, compared to 91.7% in the control, respectivelghf€, 1).M. phaseolina andR. solani reduced
the testedregetative growth parameters VAR, length of root and shoot, number of branches aadds per
plants as well as fresh and dry weight of infecfddnts. Significant differences were recorded among
treatments, except betwelkh phaseolina and the control for leaves number and betwdephaseolina andR.
solani for dry plant weightR. solani significantly reduced the tested VGP, thdnphaseolina as well as the
control (Table, 2).

Table 1. Pathogenicity test of Macrophomina phaseolina and Rhizoctonia solani on peanut plants.

Damping-off (%) Root rot
Fungal pathogen Pre-emergence | Post-emergence | incidence Survival plants
(%) (%) (%) (%)
Macrophomina phaseolina 30.0a* 28.6a 52.8a 18.6b
Rhizoctonia solani 40.0a 43.9a 41.7a 14.4b
Control 3.3b 5.0b 3.3b 91.7a

*Means in each column followed by the samitedre not significantly different according to.$est (P =
0.05)

Table 2. Effect of Macrophomina phaseolina and Rhizoctonia solani on growth parameters of peanut
plants grown under artificial soil infestation.

Aver age vegetative growth parameters
Fungal pathogen Root Shoot Branches L eaves Plant weight (g)
length length No./plant | No./plant
(cm) (cm) Fresh Dry
Macrophomina phaseolina 13.0b* 17.0b 2.8b 18.7a 4.0b 1.2b
Rhizoctonia solani 11.0c 15.0c 2.5c 15.0b 3.5¢ 1.3b
Control 17.0a 23.2a 3.5a 19.5a 5.9a 1.8a

*Means in each column followed by the same ledier not significantly different according to LSt€P =
0.05)

I'n vitro screening of rhizobacteriaisolatesfor antagonism against M. phaseolina and R. solani

The antagonistic effect of the thirty rhizobactasalates (Rb) against the growth Rfsolani andM.
phaseolina in vitro test are listed in Table (3). Results cleared thast of the tested Rb isolates inhibited the
growth of the two pathogens by the ranges of 14.88.9%. According to growth inhibition categoryaks
about 26.7 and 23.3% of tested bacterial isolaéesro inhibition effect againsd. phaseolina andR. solani,
respectively. Antagonistic results showed thatated of Rp Rb;, Rly, Rby, Rby, Rby, Rbys, Rbys, Ry and
Rb,, (about 33.3% of tested isolates) inhibited thenginoof M. phaseolina by 1-25%, while in case &. solani
the same inhibition effect was obtained by isolateRb;, Rk, Rlys and Rb, (about 13.3% of tested isolates).
The isolates that inhibited fungal growth by 26-5@%re R, Ry, Rby;, Rbps and Rl (about 16.7% of tested
isolates) in case @R solani by 26 -50%, while isolate Rlonly (about 3.3% of tested isolates) in cas®lof
phaseolina. Isolates of Rly, Rb;, Rby and Rb, (about 13.3% of tested isolates) inhibited theaginoby 51-
75% in case oM. phaseolina, while isolates of Rf Rhby, Rb,, Rb7, Rlp; and Rl in case ofR. solani.
Results also cleared that isolates of/RRbys, Rbye, Rby7, Rbyg, Rlpg and R, (about 23.4% of tested isolates)
in case ofM. phasedlina and isolates of R Rby,, Rbis, Rbis, Rbyo, Rlps and Rbg (about 26.7% of tested
isolates) in case oR. solani inhibited the growth by 75% (Table, 3)
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Table 3. Antagonistic activity of rhizobacteria isolates against Macrophomina phaseolina and Rhizoctonia

solani in vitro.

Average linear growth (cm) and growth reduction (%)
Rhizobacterial Macrophomina phaseolina Rhizoctonia solani
isolate Growth | Reduction | GICS' | Growth Reduction GICS
(cm) (%) (cm) (%)
Rb1 9.0a* 0.0 0.0 9.0a 0.0 0.0
Rb2 9.0a 0.0 0.0 9.0a 0.0 0.0
Rb3 7.5d 16.7 1.0 7.5¢ 16.7 1.0
Rb4 9.0a 0.0 0.0 9.0a 0.0 0.0
Rb5 8.0b 111 1.0 6.5e 27.8 2.0
Rb6 6.0i 33.3 2.0 2.5l 72.2 3.0
Rb7 9.0a 0.0 0.0 9.0a 0.0 0.0
Rb8 7.8bc 13.3 1.0 7.8bc 12.2 1.0
Rb9 7.1le 21.1 1.0 6.6e 26.7 2.0
Rb10 7.6¢d 15.6 1.0 4.0h 55.6 3.0
Rb11 9.0a 0.0 0.0 9.0a 0.0 0.0
Rb12 6.8fg 24.4 1.0 3.5i 61.1 3.0
Rb13 7.6¢d 15.6 1.0 2.0n 77.8 4.0
Rb14 1.0n 88.9 4.0 1.0t 88.9 4.0
Rb15 7.5d 16.7 1.0 7.0d 22.2 1.0
Rb16 2.9 67.8 3.0 1.5s 83.3 4.0
Rb17 6.3h 30.0 3.0 3.5i 61.1 3.0
Rb18 1.0n 88.9 4.0 1.0t 88.9 4.0
Rb19 3.5k 61.0 3.0 1.0t 88.9 4.0
Rb20 6.79 25.6 1.0 1.0t 88.9 4.0
Rb21 9.0a 0.0 0.0 9.0a 0.0 0.0
Rb22 8.0b 11.1 1.0 8.0b 11.1 1.0
Rb23 9.0a 0.0 0.0 4.8f 46.7 2.0
Rb24 3.5k 61.1 3.0 1.0t 88.9 4.0
Rb25 9.0a 0.0 0.0 9.0a 0.0 0.0
Rb26 1.2mn 86.7 4.0 4.59 50.0 2.0
Rb27 1.0n 88.9 4.0 3.5i 61.1 3.0
Rb28 1.0n 88.9 4.0 1.0t 88.9 4.0
Rb29 1.4m 84.4 4.0 4.59 50.0 2.0
Rb30 1.2mn 86.7 4.0 2.9k 67.5 3.0
Control 9.0a - - 9.0a - -

'GICS = Growth inhibition category scale

*Means in each column followed by the same letterrent significantly different according to LSD tes

(P = 0.05)

Efficiency of rhizobacteriaisolatesin pot and in field experiments

Pot experiment

Effects on peanut damping-off and root rot

The efficiency of the effective Rb isolatégig. B. pumilus (Rbys), B. pumilus (Bp), B. subtilis (Rbyg), B.
subtilis (Rbyg) and B. subtilis (Bs)for protecting peanut plantsom M. phaseolina andR. solani infection in
pots are showing in Table (4). Results showed tiimatisolates of Rl Bp, Rhs, Rlygand Bs significantly
reduced the incidence of damping off and root istase caused by two pathogetompared to the control.
The percentages of per-emergences damping off wehe range of 10.0 to 16.7% (caused by two pathsy
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compared to 26.7 and 36.7% in peanut plants thificedly infested with bothM. phaseolina andR. solani
only, respectively. Isolate of Beghly reduced th@re-emergence of damping off % causedvbyphaseolina,
followed by Rhg, Rby,, Rbyg and Bp, respectively. Isolate of Rlmighly reduced the disease incidence caused
by R. solani, followed by Rbs, Bs, Bp and Rf, respectively (Table, 4).

Table 4. Efficacy of Bacillus pumilus and Bacillus subtilis on damping-off and root rot diseases in pot
experiment.

Disease parameters

Damping-off (%) Root rot Survival

Rhizobacteria isolate Pre-emergence Post-emer gence incidence plants
(%) (%) (%) (%)

M. phaseolina only (Control I) 26.7abc* 27.8ab 50.0a 22.29
M. phaseolina + B. pumilus Rby4 16.7cd 8.9bc 8.9b 82.2cd
M. phaseolina + B. pumilus Rb 16.7cd 3.3c 3.3b 93.4a
M. phaseolina + B.subtilis Rbyg 13.3cd 11.7bc 10.8b 77.5f
M. phaseolina + B. subtilis Rl 16.7cd 8.9bc 6.7b 84.4cd
M. phaseolina + B. subtilis Rb 10.0cd 11.7bc 6.7b 81.6de
R. solani only (Control 1) 36.7a 43.0a 38.9a 18.1h
R. solani + B. pumilus Ry, 10.0cd 14.2bc 8.9b 76.9f
R. solani + B. pumilus Rb 13.3cd 8.9bc 6.7b 84.4cd
R. solani + B.subtilis Rbyg 16.7cd 8.3bc 6.7b 85.0c
R. solani + B. subtilis Rl 13.3cd 7.5¢C 3.3b 89.2b
R. solani + B. subtilis Rb 13.3cd 12.5bc 8.9b 78.6¢ef
Without treatment(control 11) 3.3d 3.3c 3.3b 93.4a

*Means in each column followed by the same letterreot significantly different according to LSD t€P =
0.05)

The isolates of Rfa, Bp, Rhg, Rbgand Bs also significantly reduced the post-emergedamping off.
The incidence was in the range of 3.3 to 11.7%fophaseclina, while it was in the range of 7.5 to 14.2 % for
R. solani, compared to disease incidence of 27.8 and 43r@%lants infested with each pathogen only,
respectively.Bacillus pumilus (Bp) isolate followed by Rl Rlps, Rbyg and Bs, highly reduced the disease
incidence in case dfl. phaseolina. On other hand, Rpisolate highly reduce&hizoctonia post-emergence
damping off %, followed byrb,g, Bp, Bs and R}, respectively (Table, 4).

The tested isolates significantly reduced the et of root rot disease, where the incidence was i
the ranges of 3.3 to 10.8% in caseMfphaseclina and 3.3 to 8.9% in case Bf solani, compared to the
percentages of 50.5 and 38.9% in cases of pathogign respectively. BotlBacillus pumilus (Bp) and Rbs
highly reduced the incidence of disease causelfl bphaseolina andR. solani, respectively. Results showed
that the percentages of survival plants were inrttmges of 77.5 to 84.4 % witl. phaseolina and 78.6 to
89.2% withR. solani, compared to 22.2 and 18.1 % with pathogen oebpectively (Table, 4).

Effects on peanut vegetative growth

The RR, Bp, Rhg, Rbpygand Bs isolates treatments increasedvigetative growth parameters (VGP)
of peanut plants, compared to the control (TableRBsults revealed that average length of ro@ramge length
of shoot, average number of branches/plant, avaragwer of leaves /plant, average fresh weighntpdad
average dry weight /plant, resulted from Rb isaldteatment were in the ranges of 16.5 - 29.32M8§ - 36.0
cm; 3.5 -4.8; 20.3 - 41.3; 8.3-21.2g and 2.99-@in case oM. phaseolina, compared to 12.9 cm, 15.2 cm,
2.9, 15, 3.5g and 1.4g in pathogen only, respdgtivie case ofR. solani infestation, the above VGP resulted
from Rb isolates treatments were in the ranged o8B - 23.5cm ; 24.5 - 33.8cm; 4.8 - 5.0 branch 3236.3
leaf; 11.7 - 15.5g and 3.1 - 4.1 g, compared t@ t4n, 17.3cm, 2.9 branch, 18.9 leaf, 4.0g and 1vwth
pathogen only, respectively (Table,5).
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Table 5. Efficacy of Bacillus pumilus and Bacillus subtilis on peanut vegetative growth parametersin pot

experiment.
Vegetative growth parameters (VGP)

Root Shoot Branches | Leaves Plant weight
Treatment length length No. / No./plant (g

(cm) (cm) plant Fresh Dry
M. phaseolina only (control 1) 14.2h 17.7h 2.8d 18.9e 4.0gh 1.5h
M. phaseolina + B. pumilus Rby4 16.5¢9 27.8e 3.5cd 20.3de 8.3f 6.9a
M. phaseolina+ B. pumilus Rb 25.8b 31.8c 4.3abc 27.8cd 10.5e 2.9f
M. phaseolina + B.subtilis Rbyg 28.3a 33.8b 5.3a 36.8ab 20.3a 4.7¢
M. phaseolina + B. subtilis R 29.3a 28.5e 4.8ab 34.5abc | 13.6bcd| 4.5c
M.phaseolina + B. subtilis Rb 26.0b 36.0a 4.0bcd 41.3a 21.2a 5.7b
R. solani only (Control 1) 12.9i 15.2i 2.8d 15.0e 3.5h 1.4h
R. solani + B. pumilus Rby4 20.5e 25.3f 5.0ab 36.0abc | 11.7de | 3.1lef
R. solani + B. pumilus Rb 21.5e 33.8b 4.8abc 34.0abc | 13.1cd | 3.2e
R. solani + B.subtilis Rbyg 17.8f 29.0e 4.8ab 34.8abc | 13.7bc | 4.1d
R. solani + B. subtilis Rbyg 23.5cd 24 .5f 5.0ab 36.3ab 13.1cd 3.3e
R. solani + B. subtilis Rb 23.3d 30.8d 5.0ab 32.0bc 15.5b 3.9d
Without treatment (Control I1) 17.0fg 23.39 3.5cd 19.5de 5.99 1.89

*Means in each column followed by the same letterraot significantly different according to LSD téR =

0.05).

Field experiment

Effects on peanut damping-off and root rot

Results of field experiment revealed that rhizobaatRb isolates treatments significantly redudesd t
percentage of damping off and root rot and incredlse survival peanut plants, compared to the obfifiable,
6). The percentages of root rot in rhizobacteriaiftitates treated plots were in the range of 512.7%,
compared to the percentage of 26.2% in the corfResults also revealed that the survival plantiénplots
treated with rhizobacteria Rb isolates were in rdiege of 78.6 - 80.0%, compared to 51.5% in thdrobn
(Table, 6).

Table 6. Efficacy of Bacillus pumilus and Bacillus subtilis on damping-off and root rot in field
experiment.

Disease parameters

Damping-off (%) Root rot Survival

Rhizobacteriaisolate Pre-emergence Post-emer gence incidence plants
% % % %

Bacillus pumilus Rby4 19.1b* 9.7b 6.3b 84.0a
Bacillus pumilus Rb 15.0b 6.9b 12.7b 80.4ab
Bacillus subtilis Rbys 14.2b 11.6bc 9.8b 78.6ab
Bacillus subtilis Rbys 16.7b 14.1ab 5.9b 80.0ab
Bacillus subtilis Rb 15.0b 10.5b 9.9b 79.6ab
Medium only (control ) 40.8a 20.0a 12.9ab 67.1b
Without treatment (control 11) 41.7a 21.3a 26.2a 51.5¢

*Means in each column followed by the same letterreot significantly different according to LSD t€B =

0.05).

Effects on growth and yield parameters

The tested rhizobacteria Rb isolates increasedyittld component at harvest in field experiments
compared to the un-treated control (Table, 7). @he weight of plant growth above the ground aerial
(gram/plant) was in the range of 75.6 to 101.8g compared t@dsth the un-treated control. The number of
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pods/plant was in the range of 30 to 34 leaves compared tte@fes in the un-treated control. The average
weight of pods/plart was in the range of 74.0 to 83.7g compared to §3i0 the un-treated control. The
weight of 100-Kernel (grams) was in the range o49% 104.0g compared to 80.1g in un-treated cbntro
(Table, 7).

Table 7. Efficacy of Bacillus pumilus and Bacillus subtilis on peanut vegetative growth parametersin field
experiments.

Aver age of growth parameters

Treatment Dry weight 1 | Pod weight Weight of

o¥ plar?t Pod No. plant plant'? 100gseeds
Bacillus pumilus Rby4 79.6ab* 31bc 77.3c 93.5¢c
Bacillus pumilus Rb 101.8a 34da 83.7a 104.0a
Bacillus subtilis Rbyg 85.3ab 30c 80.8b 98.3b
Bacillus subtilis Rl 75.6ab 31bc 74.0d 92.4c
Bacillus subtilis Rb 88.8ab 33ab 82.5a 100.5b
Medium only (control 1) 66.8b 27d 62.9e 80.6d
Without treatment (control 11) 66.2b 27d 63.0e 80.1d

*Means in each column followed by the same letterreot significantly different according to LSDstéP =
0.05).

Discussion

Macrophomina phaseolina andR. solani found to be prevalent associated fungi with rabtaf peanut
in Beheira governorate where peanut is intensiweilfivated in Egypt. Pathogenicity test proved that
obtained fungi were pathogenic and virulent forrpgglants. These findings are in harmony with repfyom
Egypt and other parts of the wofld®® 3% 32 13185Controlling such diseases mainly depends on fichegc
treatments. However, fungicidal applications catsgards to human health and increase environmental
pollution. In the present study, we isolated thenemn bacteria found in the rhizosphere of healtbginut
plants for controlling the two tested pathogensrtyhthizobacteria Rb isolategere obtained and subsequently
screened for their antagonistic activity agaikistphaseolina and R. solani. Results ofin vitro tests revealed
that the most tested rhizobacteria Rb isolatesangabonistic effect against the growth\bf phaseolina andR.
solani, especially the isolates of RbRbg and Rig that identified a®8. pumilus Rby,, B. subtilis Rbyg andB.
subtilis Rbyg. Bio control capacity through antagonistic baeterivolves either competitiof? or bacterial
metabolite production, such as siderophores, hyarogyanide, antibiotics or extracellular enzymes fo
antagonism towards plant pathogéhs® It has been reported thBacillus spp. contains various biocontrol
characteristics including secondary metabolites,dblonizing potential, and the production of cotitpes™.
Therefore, the effective rhizobacterial isolaties B. pumilus (Rbys), B. subtilis (Rbyg) andB. subtilis (Rhyg) in
addition to the two rhizobacterial isolatesz. B. pumilus (Bp) andB. subtilis (Bs) that were isolated from
cucumber rhizosphere were applied in pots andeiid #xperiments. Results in pots and in field expents
showed that the rhizobacteria Rb isolates apptinatihighly reduced the damping-off and root roedse
incidence when compared with un-treated controk Treatments also highly increased the survivahtpdes
well as the tested growth parameters and yield oompts. These results are agreement with thoseteepo
by*’. Bacillus spp. form spores, are resistant to unfavorable iiond and can thus be adapted to the field.
According t6® diverse populations of aerobic endospore-formingtéria appear in agricultural fields; this
may directly and indirectly contribute to crop puatlvity. Multiple Bacillus spp. can promote crop health in
varied ways. In addition, through the work®f* we know that som®acillus spp. are good root colonizers
and can effectively protect infection regardlesssail borne or airborne pathogeris.demonstrated that the
number ofBacillus strain activities suppress pathogens or otherwieengte plant growth. Improvements in
plant health and productivity are mediated througlee different ecological mechanisms: (i) pathogen
antagonism, (ii) host nutrition and growth promatiand (iii) plant host defense stimulation. Rhizcteria are
ideal for use as biocontrol agents. Rhizobactatiabit the rhizosphere that provides the front teéense for
roots against attack by pathogens. Pathogens fitadyanism from rhizobacteria before and during prinroot
infection. Rhizobacteria are reported to providet@ction against several plant pathogens. Generally
rhizobacteria traits associated with plant pathedaincontrol include: antibiotic synthesgroduction of low
molecular weight metabolites such as hydrogen dganvith antifungal activity, production of enzymes
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including chitinase, b-1-3-glucanase, protease, ligade. These enzymes can lyses some fungal “Gellfis
study led to the selection of potential biocontrigénts against peanut damping-off and root roadiseaused
by R. solani andM. phaseolina, and demonstrated that local rhizobacteria Rb isslaft Bacillus spp. have a
prospective use as biological control agents tteptgpeanut plants.
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