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EVALUATION OF RHIZOBACTERIA EFFECTS ON THE ACTIVITY
OF ROOT-KNOT NEMATODE, Meloidogyne incognita UNDER
GREENHOUSE AND LABORATORY CONDITIONS
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Table 1. Characteristics of the rhizobacteria isolates used in this study.

b St gl aldr ojlad sl Joe ol

Bacterial isolate Code No. Sampling site. Plant
Pseudomonas fluorescens PF-7 Shiraz, Fars Tomato
Serratia sp. S-8 Shiraz, Fars Tomato
Pseudomonas fluorescens PF-19 Marvdast, Fars Tomato
Pseudomonas fluorescens PF-20 Marvdast, Fars Tomato
Bacillus subtilis BS-23 Marvdast, Fars Tomato
Bacillus brevis BB-26 Marvdast, Fars Tomato
Pseudomonas fluorescens PF-32 Varamin Cucumber
Pseudomonas putida PP-51 Varamin Egg plant
Pseudomonas fluorescens PF-53 Varamin Egg plant
Pseudomonas fluorescens CHAO *

"Bacterial collection of Department of Plant Protection, Shiraz University
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Table 2. Biochemical tests for identification of the bacterial genera (Schaad et al. 2001).
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Table 3. Biochemical tests for identification of Pseudomonas species.
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Table 4. Biochemical tests for identification of Bacillus species.
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control | PF7 S8 | PF19 | PF20 | BS23 | BB26 | CHAQ| PF32 | PP51 | PF53
—e—2days| 50.25 | 32.75 | 27.25 | 31.50 | 30.75 | 29.50 | 25.25 | 26.00 | 31.25 | 31.00 | 33.75
—e—4 days| 88.75 | 49.00 | 50.25 H 44.00 | 47.25 | 43.75 | 45.25 | 38.75 | 46.00 | 40.50 | 48.00

Meloidogyne incognita g Saiy; 35k ] &A 22 SL kel ,_.fL: Al gl
Fig. 1. Effect of rhizobacteria isolates on egg hatching of root-knot nematode, Meloidogyne incognita.
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Percent of J2s mortality

control| PF7 | S8 | PF19 | PF20 | BS23 | BB26 |CHAO| PF32 | PP51 | PF53
——24 Hours| 3.75 | 13.00 | 12.75 | 10.50 | 11.00 | 10.75 | 9.00 | 10.75 | 11.00 | 20.50 | 12.75
—+—48 Hours| 7.00 | 19.75 | 24.75 | 19.25 | 16.75 | 17.50 | 19.50 | 26.50 | 19.75 | 25.00 | 23.00
—e— 72 Hours| 10.75 | 33.25 | 39.00 | 35.75 | 36.50 | 38.75 | 33.00 | 44.00 | 33.75 | 39.50 | 36.50

Meloidogyne incognita & Sats, 35l 33 o 5, o 5 S 0 2L U slaalas ST .Y Lls g

Fig. 2. Effect of rhizobacteria isolates on the mortality of the second stage juveniles (J2s) of root-knot nematode,
Meloidogyne incognita.
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Fig. 3. Effect of filtered cultures of rhizobacteria isolates on the egg hatching and mortality of the second stage
juveniles of root-knot nematode, Meloidogyne incognita, after four days and 72 hours, respectively.

A



e ey sl G S S e 0L 5 el 350

31> QLas b ol Sl iae ALS Sliw ol
il e O e S s sl eles 51 eslizal
O Lt dn S el a4 s i 5055 Lls s
SL= s aals s BB26 5 PF19 PF20 claalis
sdalice (g)ls e S g Ll L5 5l 0s 2 8
O3 Sb 3 bl aen laslinal s 03 S
el o G oyl s S O3y Shlidl el
55 PF53 3 BB26 PF19 PF7 slaalus J5.03 5
s dali b gl gme Ol ac )50 O e 8 S

YV Jeds) il

(b33 0503) 5l sapasla » b
A e o 0L s 5led lajastls G bl 8w
Golel B 5l Sl slad o aslis 5l s SLs
o 33 OLis O pasl =5 (P<0.01) ol s xs
LS s a0 Ot 5 05 e S o bl
sl o3 T OLalS w55 JLS sliess Jls e
53 PPST il aledsss S dals 4 s o Sads
S O3 g S 3 CHAD il 5 05 20 S
Lasles dan pmompn Ldls | 4l (’;J’ JE sl
i S 055 4 2l alS sl 0 5 S s
Oy S 5 (._>‘J4M,:S:Lw RS s S dals
b 5l eS Wl CHAO 5 PP5S1 slaalis « by s
O3 e S 3 Lo Ll 13 s G 3 L]
PF32 5 PF19 BS23 (CHAO PP51 slaaslo> Laas
Aoy plis dals g e 1 ol e alS
o 4850 O e S 55 Laaglir aen 5,058
Sl oo gl Jredd 8 5550 Hls pme lalS
M PFS3 3 BB26 PF7 glaalis O 0w 8

A Jsdz) e Sl dal s e o (55l e

al

(Jsl 03030) 3 5les sl pasls 5 50
Ahas ol Ol s 5led slajatla G el b o
Gl L 5l olin slas s sl 5l S
den 3l eslil sls 0L s (P< 0.01) 55 s sns
O3 fs g 5 O L does S 55 6581 slaalr
olals ai, D_f 52 IS slae s pae JialS Csls
0 LS xig s S el 4 s 0l S5abs
CHAOD slaasliz vy o 5 4 wdd Jiab olls
$obel i SO 55 oS PF32 5 PF19 (BS23 (PPS1
(8 dsd) L3 S sdalise Ljls Sl 3

52 6L slaaghir aan 5l 0L i oo es
sl Sls e 2alS el Ot b 5 O i S
Al o 0l Siale QLS aly; 0 S 3 o5
G A el Giale QLS 55 talS op i s S
3 bl mhaw S s S PPS1 CHAO lagla L
(8 Jsd) W S sdalive Lls

Sl e O e S s bl eled Sl ealizal
s SB o Lma s 5 Jrodd 55 5586l s
PF19 CHAO PP51 l_aalum 3l eslin ol Lgs
5SS Jls —me 2alS . S8 4 PF32 BS23
oalS op i s S dals sles 4 o el
CHAO PP51 claaslir & by e Jrodd s 5586 5o
Al @uicb S 3 4S8 ol PF19

(5 =)

(a0 S&) p s Oga5l Y

(p33 05031) oS (s, laasls » 30U

Aas sl e oS i) Sliv S ull 4
bl oslai- 50 5 6,50 slasles 5o S

Ladslds il osdle a0 .dib o ls sms (P<0.01) (g Ll



OF—FA AYAY o/ V o)lad / 00 o / aLE sla g los

Oge31 53 Meloidogyne incognita 4 es g G, J, (5 S S oS sy sbpatls s 6L sl 10 o

(09 jws g 9 09w b glie S1) J !

Table 5. Effect of several rhizobacteria on growth parameters of tomato cv. Early Urbana, infected with
Meloidogyne incognita in the first test (sterile and non-sterile mixed soils)

SSL 4l
Bacterial isolates

(p5) iy 5035

Sterile soil

Fresh root weight (g)

Non-sterile soil

(r;) e)\M;'-LZ \_ga:;;' d)_}
Dried shoot weight (g)

Sterile soil Non-sterile soil

control 6.94° 7.90" 4.82° 5.70°
PF7 8.75%° 10.13°% 5.79%° 6.28%®
S8 11.13% 13.13° 5.92%® 6.72%®
PF19 8.50%° 11.11% 5.95% 6.94%
PF20 8.16™ 8.14° 5.56%¢ 5.90°
BS23 9.56™° 8.75%f 6.55° 6.46™
BB26 7.19° 7.24f 5.21% 6.41%
CHAO 11.07% 12.64% 6.14% 7.41°
PF32 8.54%¢ 9.10%f 5.81%¢ 6.71%°
PP51 11.37° 10.42¢ 5.98% 6.49%
PF53 8.55%¢ 8.479f 5.57%® 6.40%

e SSS iy 5SSl sl
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- Data are averages of five replicates.

- Values with similar letters in each column are not significantly different when subjected to Duncan (P < 0.01).
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Table 6. The effect of rhizobacteria isolates on indices of Meloidogyne incognita on tomato, cultivar Early
Urbana, in the first test (sterilized and non-sterilized mixed soil).

e L:..l)rjf).sdl?:l.b_?
Bacterlal Galls/g of roots
isolates

4.;.;)‘:};)3('554..”.; Sl

Egg masses/g of roots

Jiad 5555

Reproductive factor

Sterilized soil Non-sterilized

Sterilized soil Non-sterilized soil Sterilized soil Non-sterilized soil

soil

control 150.2° 137.8° 111.6° 100.2° 76.8" 64.2°
PF7 96.2° 98.4° 85.6™¢ 79.6° 53.1% 53.6%
S8 90.4° 94 gbcde 81.4> 73.6™ 57.1° 48.8™
PF19 82.4%f 86.2%f 76.8> 63.2% 39.1¢ 41174
PF20 101.2" 104.4% 88.0" 80.8° 61.5° 53.7%
BS23 80.4%" 84.0% 70.2¢¢ 70.6> 44.5% 46.8™
BB26 105.2° 110.8° 95.8% 82.0° 59.6 54.0°
CHAO 70.4° 75.6" 452° 46.8° 37.6° 36.6%
PF32 85.0°f 90.4°4f 81.6" 68.0° 52.6™ 47.0%
PP51 77.2° 79.8° 63.8% 59,24 36.0° 32.7¢
PF53 104.0° 109.0° 89.6" 78.8° 62.3° 53.7%

el LSS Sl sl
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- Data are means of five replications.

- Values followed by the same letters in each column are not significantly different (P = 0.01).
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Table 7. Effect of several rhizobacteria isolates on growth of infected tomato, cultivar Early Urbana, with Meloidogyne

OF—FA AYAY o/ V o)lad / 00 o / aLE sla g los

incognita in the second test (sterilized and non-sterilized farm soil).

(89 5 o 5 09 48,50 S5

Sk aler

(¢ 5) adas 5055

(c-;)o)béu&b =~ 039

Bacterial isolate Fresh root weight (g.) Dried shoot weight (g.)
Sterilized soil Non-sterilized soil Sterilized soil Non-sterilized soil

control 771 11.49¢ 3.64 5.28°
PF7 11.94% 13.98% 4.54° 5.83%
S8 13.20° 14.83* 5.96" 6.87"
PF19 10.87% 12.40% 5.33% 5.76>
PF20 11.81%° 12.94%4 4.60° 6.37%
BS23 12.55% 14.26™ 6.49° 7.10°
BB26 10.76° 11.64° 4.53° 5.35°
CHAO 12.08%* 14.10° 6.06™ 6.83°
PF32 11.67% 14.18% 49.12° 6.27%
PP51 13.00° 14.91° 6.18% 7.08°
PF53 11.55%¢ 13.50% 4.63° 5.98"

LI (gl e Ml SKusS L Y da.»ﬁ‘)ﬁl;()}ajwﬂd);ﬂﬂ): alie Gy = (glls slasl

- Data are means of five replications.

- Values followed by the same letters in each column are not significantly different (P = 0.01).
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Table 8. The effect of several rhizobacteria isolates on indices of Meloidogyne incognita on tomato, cultivar Early
Urbana in the second test(sterilized and non-sterilized farm soil).

€l i iy p S 53 JB sl iy 08 3 o35 4nS sldas Jrodd 5 5550
S5 ? Sl Galls/g of roots Egg masses/g of roots Reproductive factor
Bacterial isolate ~gier1i76d ™ Non-sterilized Sterile soil Non-sterilized Sterilized  Non-sterilized
soil soil eriie so soil soil soil
control 100.4, 77.8° 88.6% 70.4% 54.1* 48.5*
PF7 69.84 52.8% 67.0% 58.4% 37.9% 40.8%
S8 67.0% 50.6°¢ 59.0°de 54.08bc 34.7% 34.7%d
PF19 65.4%4 42 8% 57.0%% 52.4% 36.3% 35.8d
PF20 70.6* 53.2% 70.6° 58.6™ 41.4% 39.6%
BS23 59.0% 38.6% 53.2% 50.0* 36.7% 35,7
BB26 79.0° 59.0° 70.4° 61.8%° 44.2° 41.2%
CHAO0 56.2¢ 35.8¢ 48.2°f 47.6% 34.1% 30.9%
PF32 66.2 4720 64.0>¢ 52.6°, 35.9% 37.5%d
PP51 53.8¢ 36.6% 37.6 40.0° 32.1¢ 29.0¢
PF53 72.6% 57.0° 70.2° 62.4%® 42.6° 40.1%

LS i el s
sl (gl e G K uG L CJQ.N); oSl Oga3l o o Ost a5 aliie Gy > gl s sluel
- Data are means of five replications.
- Values followed by the same letters in each column are not significantly different (P = 0.01).
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Table 9.Colonization of tomato roots (cultivar Early Urbana)by different isolates of rhizobacteria, 60 days after

inoculation.
Without nematode With nematode
“5’:5[{,‘9%@“‘4? CFU/gr CFU/gr
Bacterial isolate

PP51 2.38x10* 2.11x10%a
CHAO0 2.19 x10*® 1.99x10% a

S8 2.05%10% 1.77x10* b
BS23 1.89x10* < 1.59x10% b
PF19 1.73x10* % 1.32x10% ¢
PF32 1.67x10* 1.25%10* cd

PF7 1.58x10* 2 1.59x10* b
PF20 1.46x10 & 1.2x10% cd
BB26 1.38x10% & 1.02x10*d
PF53 1.12x10*" 0.09x10*4

eSSy 5SSl sl
A1 (g )ls e Ol | s L0 cla.ﬂ).> oSl 05030 o Ot 8 3 alie G > (glls slael
- Data are means of five replications. o )
- Values followed by the same letters in each column are not significantly different (P = 0.05).
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