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2 SIS sy 5§ 15 S5 sse Jredd 5 55 5 S8 08 U )3 03 e slagyY e ety 08 8 )
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5,8 s 35 55 B s subtilis RO9 4 P. chlororaphis ROL ¢Ssus » slas mSU Sl eslinul 457 sls Olas Jiags
o oS 3 Shee (slaasla 5 Bl Sjlst 55 6L SIS 3505 e 5 43,8 515 a5 350 Bld J 287 3 Ll e

.J}w

@Jf ai ) Hles ¢ s j sla el Pseudomonas chlororaphis, Bacillus subtilis ¢S sus 5 1solS™ (sbao 3l




e §9S (B )5 sy Wled sl j Hlee ()]0 g (cowslE e

"

Bacillus b = b g SL &5 Ole opl s
O s @YU Jesly Pasteuria 5 Pseudomonas
(Meyer, 2003; Manikanda Llesls OLis 3 g 1 s
Cp s s SL et al, 2010; Joseph et al., 2007)
S was e S 1, S @Awlf)\j;f
913 3 g B 4 O S| (S 53 (g0 5
Sk @hyls Js (Meyer, 2003) W,ls )5 5 (5 S
Slioben Joloe pln 03 dagob & ol S5 pms
Cer oW Jedly Do ol e AUE
5 BaliT Lls s S S bl &y e
.(Sikora et al, 2007) Wlsls ol 3 I alalS
Syt dilg o ol Wiy edias LhIpl glag ST
WDserpn M5 WD o Gkl pn i b e
ey goder Mg gMe ole 4 (owmes LIH
My Lss gl 55 1 2l O 5 1w, o,
S s S glin I L 5 oS 5 0ty 5L Sl sl
(Mhatre et al, 2019; W2 bl Ja85 Cose
.Compant et al., 2005; Majzoob et al., 2012)
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sl JE s ) gl 4a)3 #7/+A G chlororaphis
S e AU (Lee etal,, 2011) 545 » M. hapla
3550 b sw ,3 M. javanica Ll , Bacillus spp. s =S°u
Ghalls & 058 eiie 5 Ad edls 5 )y
o sy o, Vo r B0 L 58 e Col Calie
o Al Lol 3 3 5 os a&ileiT Lyl 5 o £33
(Chinheya et s $ 5l o5 035 5 JE sl a5
Pseudomonas (s SL 3,55 Slaiss al, 2017)
@l 56 SL ol S sl Ol fluorescence
AU Olpe 5 48> Wl JE 3l 5 o3 g 8 el s
(Ashoub & Amara, —.l zio Bacillus sp. 31 o7
She )3 PO L OF Lials 4 556 B. firmus s 571 .2010)
S S a8 ) Wl oS JS
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M. M. javanica (Jols juir ool ege 65 e 0L gige
S L;uttf 311, M. hapla 4 M. arenariacncognita
(Kofoid & White 8 5 2,05 oS 5 olujb
L3505 b me S 65 Ol gea 1, M. incognita .1919)
L6T Jdsa (Tanhamaafi & Mahdavian, 1997)
@YU palie 01555087 (glasd e 3,18 (.K;M”'
L S 4 AE Gl s S L T
SISn G e ¢SS L e I pslibe eslizal
D3 om S5 Oaa Sl oas pslie sl
OT 5 odle sd 0 S s ‘5%“_;1?,\3;,&
G5 Ty B s i OT laeha (ST
(Bent et s,ls o 3 1y Sy 5 Ll Cos o OT
Jolss ) oslizal Ol 5 (s lgs Lo al., 2008)
3550« AE Gl Jolse U8 sl g ST
(Sattar & Umar, Coul 4 § 51 3 -pdises I (6 kw4 55
Comazr ol g 4 sl (NS Hsbay 2011)
(b 53 6o s0wn b LT Oledis 03 S 5,05 L bawsles
Aol o) s pe K3 Slb 035 55 G b
Hojjat Jalali & Ghasempour, 2006: Yahyavi Azad
oy 3,8 5 e ke I3 pes 4 (et al, 2023)

Wl 0 Bl AL Ol Hlas Jlinal 55 50 OT
DA O IS RN
o astan 4y S g essal Jas olS 25 ot sl
szt (Weller, 1988) & si o © guoms s ,lgs
A um;\f)\hgf 2l 5155058 55 o ST
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Sy G S Sl 3 hay ol 4 ekt 2S5

b 5 515 oslinal

Al 30 Wlod éﬁ»Tiﬁi)—f

Slalsd 4 5wl 2T @ o 55T e slaaly
A 5 e s o3l (g e Sl 55 b S
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02 200 VS s 25 55 OAs 5w 3l e baads
@ VoAl 5 el 5T &K esle s S 13
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Bacillus subtilis RO9 4 Bacillus subtilis RO8
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(Al gl S 6K s & ciS Lbie e 4

Bacillus sp. S\ (Padgham & Sikora, 2007) ol
Sip oS a5y I8 U Sl 6,8 S Sl
$SL 5 (Kokalis & Dickson, 2003) o4
Ll o35 5 JE JSes 2alS o 4e Bthurigensis
(Chen et al, 5,5 .+ a5 55, M. hapla a5 4,
2000)
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5 S daen G55 gt JESs w65 Slislo
s ol olse 3l eslizal bl e s sl Sl
4 Ll o G Jaoes i gs o o ) Ol s
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b 8 s 5 SSY s e sl

ST 5 5 slasy e ¢ Bl 0303 plonil Cgr
S awlis Sy £ 15 eslinul 5y SIS
S HLS e (gled DLS S LGS el
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Bled 4 03 T b ety Ol 53 b (6557 FL Il Gl Lol 2
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Shollenberger, 2003)
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Corar Ls Jime S oKl (55,5L8 eyl
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A el
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ST Lyl 3 s el VY

Table 1. Analysis of variance of the mortality percentage of M. incognita juveniles exposed to bacterial strains

for 24, 48 and 72 h in vitro tests in petri dishes.

Mean of Square (MS)

Sources of Df Mortality Mortality Mortality
Variance percentage of percentage of percentage of
juveniles (J2) in24  juveniles (J2) in48  juveniles (J2) in 72
hours hours hours

Treatment 4 459 * 57.6* 129*

Error 10 10 13.7 126

Total 14 - - -

F Value - 4.59 4.19 10.3
Ccv 30 27.3 195

* Significant at 5% probability level
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Fig. 1. The effects of probiotic bacteria on the mortality percent of nematode juveniles in laboratory conditions.
Treatments with the similar letters have no significant difference (p<0.05).
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Table 2. Comparison of means of pathogenicity indices of M. incognita on kiwi under greenhouse conditions.

Treatments The Egg mass  The number of eggs Juveniles (J2) Reproduction
number and juveniles (J2) (in  population (in factor
of galls 1gr root) 100 gr soil)

Control 194.62 99.62 167002 1166° 5952
RO1 122.6" 65 2333.3¢ 600 0.97¢
RO9 143.3° 735% 7233.3° 600 b 2.61°¢
RO8 136.6° 68.5% 7833.3° 720 2.85°

RO1+R0O9 103%c 66.6 % 8000° 993 2.99°

RO1-2 times 89.6°¢ 54.3° 2166.6° 440° 0.86°¢

RO9-2 times 103.3%¢ 67.3% 2000°¢ 483° 0.82¢

RO8-2 times 105b¢ 58.3° 2366.6° 473° 0.94¢

RO1+R09,2

times 115" 69 % 3233.3°¢ 506 1.24¢

Ll i Cov 658 a8 4k Sl ohieslen Gl et li G5y 8L Glaasw ST uibyls 4 Jode —Fd s
LIS

Table 3. Analysis of variance of the effect of bacterial strains on pathogenicity indices of root—knot nematodes
on kiwi under greenhouse conditions.

Mean of Square (MS)

Sources of df The number Egg mass The number Juveniles Reproduction
Variance of galls (g/root) of eggs and J2) factor
juveniles (J2)  population
(g/root) (100 g/soil)

Treatment 8 3001.56* 292.31* 71342314.8*  180059.259* 8.447*
Error 18 250.8 108.62 186296.3 22451.85 0.00263
Total 26 - - - - -

F Value - 11.9 2.6 382.95 8 3207
CVv — 12.7 15.3 7.538 22.7 4.95521

Loy c..l Jla| ch.w).s ﬂ;@;u*
* Significant at 5% probability level
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Table 4. The effect of bacterial strains on the percentage of reduction of pathogenicity indices of M. incognita on
kiwifruit in field.

Treatments  Reduction of gall Reduction of Reduction of juveniles Reduction of
(%) juveniles (J2s)(100 (J2s) and eggs (g/root) reproduction
g/s0il) (%) (%) factor (%)
Control 4.7° 11.9¢ 454 1.072
RO1-2 47.3%® 32.3° 31.1¢ 0.7
times
RO9-2 35.4%® 29.7° 41.2°
times 0.64°
Rugby 54.82 59.2°2 56.92 0.41°

2 B a Bl Lk basls doys 2l 6oy 6L e Sb SSlsls 4 Jade — 0 Jsds

A

Table 5. Analysis of variance of the effect of bacterial strains on the percentage of reduction of pathogenicity

indices of root—knot nematodes on kiwi in field.

Mean of Square (MS)

Reduction of gall

Reduction of juveniles

Reduction of Reproductio

Sources of df (J2s) (100 g/soil) juveniles (J2s) and n factor
Variance eggs (g/root) (%)

Treatment 3 1460.3* 1155.6* 1453.5.* 0.21*
Error 8 0.01* 0.005* 0.01% 0.0025*
Total 11 - - _ _

F Value - 146037 21011 145359 84.9
cvV _ 0.28 0.7 0.29 71

* Significant at 5% probability level
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Abstract

Root knot nematodes (Meloidogyne spp.) are one of the most damaging nematodes among plant parasitic
nematodes and cause significant damage to agricultural products. Probiotic bacteria, by having a direct effect on
the pathogen, inducing plant resistance and stimulating plant growth, have shown high efficiency in controlling
plant diseases. In this study, three species probiotic bacteria Pseudomonas chlororaphis RO1, Bacillus subtilis
RO9, and Bacillus subtilis RO8 were used to control root—knot nematodes under laboratory, greenhouse, and
kiwifruit orchard conditions. The nematode infection indices including gall number, egg mass number per gram
of root, population of juveniles and eggs per gram of root, number of second-stage juveniles per 100 grams of
soil, and the reproduction factor were evaluated. In the laboratory conditions, this investigation was carried out
in a completely randomized design with 11 treatments and three replicates for each stage, while the field
experiment was conducted in complete randomized blocks with four treatments and three replicates in a Kiwifruit
orchard located in the Pashaki region of Siahkal and the population of nematodes in the soil and roots was
investigated before applying the treatments and also at the end of the research. The results showed that all
treatments were successful in controlling nematode infection indices and significantly differed from the control
treatment. So, they caused the reduction of nematode infection indices in all the investigated indicators. In the
laboratory conditions, bacteria Bacillus subtilis RO9 showed the highest impact, with an increase in larval
mortality rate (48.8%) compared to the control. Additionally, in the greenhouse conditions, the reapplication of,
B. subtilis RO9 and P. chlororaphis RO1 bacteria led to a significant decrease in the number of galls, egg mass,
and population of second-stage juveniles in the soil, as well as the population of eggs and juveniles in the roots.
The field experiment results indicated that after Rugby nematicide, the B. subtilis RO9 bacteria (41.2%) was
more effective than the P. chlororaphis RO1 bacteria (31.1%) in reducing ‘eggs and juveniles’ population in the
roots. P. chlororaphis RO1 bacteria had the best effect in reducing the population of second—stage juveniles in
the soil and the number of galls in the root (32.3%, 47.3%), after Rugby nematicide. Both bacterial strains
showed very favorable performance in reducing the reproduction factor with (0.64 and 0.7), with little difference
compared to the chemical nematicide Rugby (0.41). In different stages of the experiment (laboratory and
greenhouse), the combined treatment (simultaneous application of both bacteria RO1 and RO9) was not
significantly effective in nematode disease indices compared to the individual application of these bacteria.
Therefore, the results indicated that the use of probiotic bacteria P. chlororaphis RO1 and B. subtilis RO9 at two
times can control the nematode and it is worthwhile to investigate the effect of bacteria on nematode damage and
plant performance indicators.
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