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Effect of combined application of Pseudomonas fluorescens CHAO and
chemical fertilizers on the activity of root-knot nematode, Meloidogyne
incognita, and infected tomato plant in greenhouse

M. Saedi', A. Karegar'”, and S.M. Taghavi'

(Received: 13.7.2016; Accepted: 24.4.2017)

Abstract

Effects of chemical fertilizers on Meloidogyne incognita activity and Pseudomonas fluorescens CHAO were
studied in vitro. The results showed that the chemical fertilizers increased 67.0-94.8% mortality of the
second stage juveniles and decreased 43.8-80.8% egg hatching of the nematode, but did not inhibit the
bacterium growth on NA and LB culture + fertilizer. Effect of combined application of P. fluorescens CHAO
and chemical fertilizers, on the activity of M. incognita and growth indices of infected tomato plant cv. Early
Urbana was studied in greenhouse in three turns. Results showed that application of triple superphosphate,
sulphur, zinc sulphate and copper sulphate in combination with P. fluorescnse CHAO significantly increased
the growth parameters of tomato plants. In the first trial, combination of the bacterium with 50 mg/kg of
nitrogen (urea) caused 54.9% and 67.3% reductions in galls and egg masses/gram of root, respectively, and
with 10 mg/kg of phosphorus caused 18% reduction in reproduction factor (RF) of the nematode. In the
second trial, the bacterium and 5 mg/kg of cupper caused 83.2% and 80.6% reductions in galls and egg
masses/gram of root, respectively, and with 100 mg/kg of nitrogen caused 81.7% reduction in RF. In the
third trial, the bacterium and 5 mg/kg of cupper caused 74.7% and 81.2% reductions in galls and egg
masses/gram of root, respectively, and with 100 mg/kg of nitrogen caused 67.6% reduction in RF.
Combination of P. fluorescens CHAO and copper sulphate was the best treatment in increasing tomato
growth parameters and decreasing the nematode indices.
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Table 1. Effect of chemical fertilizers on egg hatching
and mortality of the second stage juveniles of root-
knot nematode, Meloidogyne incognita, in vitro.

Treatments Unhatched . D.ead
eggs (%)  juveniles (%)

Control (distiled water) 1750 e 025f

Cu (5)° 98.25a 95.00 a
Zn (5) 91.25 ab 94.25 ab
Zn (10) 93.00 ab 90.00 be
Fe (2.5) 89.00 b 82.75d
Fe (5) 93.00 ab 89.25 be
N (50) 90.50 ab 94.25 ab
N (100) 77.50 ¢ 94.00 ab
P (10) 92.00 ab 89.50 be
P (20) 92.75 ab 85.25cd
S (50) 96.25 ab 89.50 be
S (100) 61.25d 67.25¢
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*: Different levels (mg/300 ml distied water) of nutrient
elements Cu, Fe, Zn, N, P and S respectively, from
sourses of copper sulfate, Sequestrene (iron chelate),
zinc sulfate, urea, triple super phosphate and sulfur
powder.
Data are means of four replicates. Values followed by
the same letters in each column are not significantly

different, according to Duncan's multiple-range test (P=
0.05).
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Table 2. The combined effect of Pseudomonas fluorescens CHAO and chemical fertilizers on the growth
parameters of tomato cv. Early Urbana, infected with Meloidogyne incognita in greenhouse and sterilized soil (1%
and 2" trials).

Shoot fresh weight (g) Shoot dry weight (g) Root fresh weight (g)
Treatments 1* trial 2" trial 1% trial 2™ trial 1% trial 2™ trial
Control 58.6a 14.1b 39a 4.1b 8.2 abc 6.6 be
Bacterium (Bac)  37.1 ab 95¢ 1.9 c-f 3.5bc 52cf 53cf
Nematode (Nem) 10.8b 8.6 cd 1.4 def 3.2bd 5.6 c-f 7.2 a-c
Bac-Nem 15.1b 36f 2.0 c-f 09¢g 7.1 b-e 39f
Bac-Nem-Zn (5)° 21.6b 7.3 c-f 3.3ab 2.1d-f 10.8 a 4.6 d-f
Bac-Nem-Zn (10) 6.7b 6.1 c-f 0.9 ef 19e-g 4.2 def 4.1 ef
Bac-Nem-Fe (2.5) 13.9b 5.5d-f 2.2cd 2.2 c-f 5.7 c-f 4.4 d-f
Bac-Nem-Fe (5) 11.1b 7.8 c-e 1.3def 29c-e 52cf 7.1 a-c
Bac-Nem-S (50) 9.6 b 16.9 ab 1.3def 42D 39ef 89a
Bac-Nem-S (100) 6.4b 8.4 cd 0.8f 1.7 e-g 33f 6.1cd
Bac-Nem-N (50) 179D 4.4 ef 2.7bc 1.4 fg 9.5 ab 39f
Bac-Nem-N (100) 13.5b 5.8 c-f 1.7 c-f 1.4 fg 6.8 b-f 4f
Bac-Nem-P (10) 8.7b 7.6 c-e 1.2def 23c-f 3.8 ef 6c-e
Bac-Nem-P (20) 1390 14.1b 2.1cde 2.8c-e 7.6 a-d 8.3 ab
Bac-Nem-Cu (5) 19.2b 19 a 24bcd 6a 8.4 abc 6.8 be
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*: Levels of nutrient elements (mg/kg soil) of Cu, Fe, Zn, N, P and S respectively, from sourses of copper sulfate,
sequestrene (iron chelate), zinc sulfate, urea, triple super phosphate and sulfur powder.

Data are means of six replicates. Values followed by the same letters in each column are not significantly different (P=
0.05).
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Table 3. The combined effect of Pseudomonas fluorescens CHAO and chemical fertilizers on the nematode indices
of Meloidogyne incognita in infected tomato plants cv. Early Urbana, in greenhouse and sterilized soil (1* trial).

Egg Total

Treatments Galls/g masses/g  Gall index Egg/g root Eggs/root fuveniles Final . Reproducti
root system . .. population on factor
root in pot soil
Nematode (Nem) 79.3 ab 443 ab 5.0 7662 ab  42600ab 25.0abc 29984 ab 5.0 ab
Bacterium (Bac) -Nem  52.3cd 33.5abc 5.0 4956 b 36118 ab 81.3 ab 37684 ab 6.3 ab
Bac-Nem-Zn (5)° 46.3 cd 19.3 be 5.0 6654ab  68292ab 0.0c 69279 ab 11.5ab
Bac-Nem-Zn (10) 63.6abc 40.4abc 4.8 12968 a 54964 ab 42.0abc  55520ab 9.3 ab
Bac-Nem-Fe (2.5) 66.2abc  29.6abc 4.8 7589 ab  44812ab 18.0 bc 46824 ab 7.8 ab
Bac-Nem-Fe (5) 65.8abc 47.2a 5.0 10471 ab 47590 ab 40.0 abc 48286 ab 8.0 ab
Bac-Nem-S (50) 84.5a 392abc 5.0 9673 ab  43095ab 24.0abc 55938 ab 9.3 ab
Bac-Nem-S (100) 58.2 be 26.4abc 4.8 7621 ab  28236ab 24.0abc 28661 ab 4.8 ab
Bac-Nem-N (50) 35.8d 14.5¢ 4.8 3966 b 40673 ab 90.0 a 41410ab 6.9 ab
Bac-Nem-N (100) 47.8cd 24.5abc 4.8 5429 b 31578ab 95.0a 32282ab 5.4 ab
Bac-Nem-P (10) 50.8cd 30.8abc 5.0 4675 b 20409b  80.0 ab 24453b 4.1b
Bac-Nem-P (20) 66.5abc  29.7abc 5.0 9685ab  75327a 50.0abc 76343 a 12.7 a
Bac-Nem-Cu (5) 47.7 cd 19.3 be 4.7 5565 b 46951 ab 0.0c 42819ab 7.1ab
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*: Levels of nutrient elements (mg/kg soil) of Cu, Fe, Zn, N, P and S respectively, from sourses of copper sulfate,
sequestrene (iron chelate), zinc sulfate, urea, triple super phosphate and sulfur powder.

Data are means of six replicates. Values followed by the same letters in each column are not significantly different (P =
0.05).
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Table 4. The combined effect of Pseudomonas fluorescens CHAQ and chemical fertilizers on the nematode indices
of Meloidogyne incognita in infected tomato plants (Early Urbana) under greenhouse conditions and sterilized
soil (2™ trial).

Galls/g Egg Gall Egg/g Eggs/root  Total iuveniles Final Reproduction
Treatments masses/g . . . .

root toot index root system in pot soil population  factor
?ﬁg‘;‘;"de 177.3ab 112.0 b 50  8833ab 63603ab 900 a 65703 ab  11.0 ab
Bacterium 1329 1030, 50 4688cd 16967¢  Oc 17442¢ 29¢
(Bac) -Nem cde
gif'Nem'Z“ 97.0d-g 47.0cd 43  4389¢cd 23660bc  Oc 24229bc 4.0 be
ﬁzg'Nem'Zn 2083a 169.0a 50  6231c 28474c-e 300 bc 27861bc 4.6 be
gag;Nem'Fe 118.7 c-f 78.0 be 50  9470a 42602bc  Oc 43144 abc 7.2 be
Bac-Nem-Fe (5) 127.7 ¢-f 1053 b 50  6442bc 41773bc  Oc 42660 abc 7.1 be
g%c)'Nem'S 112.0 c-f 62.8 ¢ 50 9044a 80454a  Oc 81437a  136a
ﬁa(;’(;fem‘s 87.6fg 652¢ 50  10261a62209ab 240D 63000 ab  10.5 ab
Bac-Nem-N 1408 103 1p 50 8787ab31792¢b  Oc 32304c  S4be
(50) bed
Ezcéyem'N 688¢g 55.0cd 50  2310d 11721c Oc 12010c  2.0¢
](31%")'Nem'P 146bc  1055b 50  6233c 36355bc  Oc 37208bc 6.2 be
](322‘0")'Nem'P 92.0 efg 43.7 cd 50  9488a 82405a 200 bc 83398 a 13.9a
g*;c'Nem'Cu 29.7h  21.7d 40  3876¢d 30395bc  Oc 30659bc  5.1bc

(3o M s al o S e S s Sl 5 1S 5PN Zn Fe Cu (Sbs p SLS/p S Joo) e jobie & s i

2SS S s e Slend e ol

A (gl e SO e 53 ST O305] o 2 Ot o 53 alie Gg > gl slael ol SIS i Sl sl

*: Levels of nutrient elements (mg/kg soil) of Cu, Fe, Zn, N, P and S respectively, from sourses of copper sulfate,
sequestrene (iron chelate), zinc sulfate, urea, triple super phosphate and sulfur powder.

Data are means of six replicates. Values followed by the same letters in columns of each index are not significantly
different (P= 0.05).
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Table 5. The combined effect of Pseudomonas fluorescens CHAO and chemical fertilizers on the growth
parameters of tomato (Early Urbana), infected with Meloidogyne incognita under greenhouse conditions and
sterilized soil (3" trial).

Treatments Shoot fresh weight (g)  Shoot dry weight (g) Root fresh weight (g)
Control 150.3 c-f 25 abc 47.3 bed
Bacterium (Bac) 143.5 c-f 24.3 bed 40.36 c-f
Nematode (Nem) 7533 ¢ 145e¢ 46.18 b-e
Bac-Nem 121.3 efg 21.5 cde 42.62 c-f
Bac-Nem-Cu (5) 179.8 be 15.8 ed 28.18 f
Bac-Nem-Fe (2.5) 118.7 fg 14.14 ¢ 40.42 c-f
Bac-Nem-N (50)  126.6 def 16.1ed 31.8 def
Bac-Nem-P (20) 152.8 c-f 22.6 b-e 56.62 abc
Bac-Nem-S (50) 159.3 ¢-f 25.9 abe 42.54 c-f
Bac-Nem-Zn (5) 131.4 c-f 21.2 cde 40.98 c-f
Cu (5) 216.3 ab 29.2 abc 43.66 c-f
Fe (2.5) 172.3 b-e 31.5ab 59.88 ab
N (50) 154.4 c-f 26.7 abc 30.24 ef
P (20) 2558 a 33.7a 64.02 a

S (50) 172.3 b-e 28.6 abc 29.71 ef
Zn (5) 175.2 bed 24.4 bed 51.36 abc

3«5 D (Al i S (e S s s 5 1S 5P N Zn Fe Cu (Sl p SLS/p S Joo) e jolie - s i

el S5 iy Sl shael s S IS 5 i i
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*: Levels of nutrient elements (mg/kg soil) of Cu, Fe, Zn, N, P and S respectively, from sourses of copper sulfate,
sequestrene (iron chelate), zinc sulfate, urea, triple super phosphate and sulfur powder.

Data are means of five replicates. Values followed by the same letters in columns of each index are not significantly
different (P= 0.05).
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Table 6. The combined effect of Pseudomonas fluorescens CHAO and chemical fertilizers on the nematode indices
of Meloidogyne incognita in infected tomato plants (Early Urbana) under greenhouse conditions and sterilized
soil (3" trial).

Galls/g of Egg masses/g Gall  Egg/g of Eggs/root  Juveniles/pot Final Reproduction
Treatments . . .

root of root index root system soil population  factor
Nematode 86.8a 722a 50  15042a 696982a  2880a 703893a 293 a
(Nem)
Bacterium =50 1, 460 50  11636ab 544609 a-c 960 b 548280 a-c 22.8 a-c
(Bac)-Nem
g‘;&Nem‘Cu 20c 136a 50  8124b 226032d  0b 396774 cd  16.5cd
?;;C'Nem'zn 502b  35.8a 50  11585ab480573ab 960 b 483684 a-c 202 a-c
gag;Nem'Fe 324c¢  212a 50  9306b 395757b-d Ob 226962d  9.5d
](3;‘0")'Nem's 294c¢  19.0a 50  11828a 502442a-c Ob 503710 a-c  21.0 a-c
g%c)'Nem'N 296c  208a 50  8449b 295337cd  0b 296279 cd 123 cd
Zg'Nem‘P 502b  23.6a 50  9949b 597232ab Ob 599283 ab  25.0ab
m)}\ XD CJLLU.«« ‘J“Tu"j:“‘“_}g"‘ U CJLLU..« C:L.AJ‘ u—::j agS }P N Zn Fe Cu sS= r;_}.LS/r;L;?O L;'J;JJL& C}la..ﬂ sk

BSS Bs Je s Slind e

I gl s BDL 0 cle..u); oSl D03l e Ot 3 wlie Gy > ghyls slael .ol 1SS o Sl slus!
*: Levels of nutrient elements (mg/kg soil) of Cu, Fe, Zn, N, P and S respectively, from sourses of copper sulfate,
sequestrene (iron chelate), zinc sulfate, urea, triple super phosphate and sulfur powder.

Data are means of five replicates. Values followed by the same letters in columns of each index are not significantly
different (P= 0.05).
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