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Table 1. Code and source of Pseudomonas spp. strains used in this research

Strain Source Code
Pseudomonas fluorescens Tobacco Rhizosphere (Switzerland) CHAO
Pseudomonas fluorescens Tobacco Rhizosphere (Switzerland) CHAB89
Pseudomonas fluorescens Berries tree Rhizosphere (Northern Iran) VUPf93
Pseudomonas fluorescens Potato Rhizosphere (Ardebil, Iran) VUPf506
Pseudomonas fluorescens Wheat Rhizosphere (Washington, USA) 2-79
Pseudomonas fluorescens Peach tree Rhizosphere (north of Iran) VUPf52
Pseudomonas sp. Wheat Rhizosphere (Baft, Iran) VUPf44
Pseudomonas fluorescens Peach tree Rhizosphere (Northern Iran) VUP5
Pseudomonas Wheat Rhizosphere (Northern Iran) VUPf205
Pseudomonas spp. Plantain Rhizosphere (Tehran, Iran) T17-4
Pseudomonas spp. Alfalfa Rhizosphere (Shahdad, Iran) VUPf759
Pseudomonas spp. Orange tree Rhizosphere (Bandar Abbas, Iran) VUPf407
Pseudomonas spp. Pine tree Rhizosphere (Tehran, Iran) VUPf760
Pseudomonas spp. Orange tree Rhizosphere (Bandar Abbas, Iran) VUPf409
Pseudomonas spp. Cherry Tree Rhizosphere (Jiroft, Iran) VUPf60
Pseudomonas spp. Plantain Rhizosphere (Isfahan, Iran) VUP{680
Pseudomonas spp. Peach tree Rhizosphere (Northern Iran) VUPf58
Pseudomonas spp. Wheat Rhizosphere (Baft, Iran) VUPf50
Pseudomonas spp. Wheat Rhizosphere (Baft, Iran) VUPf49
Pseudomonas spp. Wheat Rhizosphere (Tehran, Iran) F140
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Table 2. Inhibitory effect of Pseudomonas
fluorescens strains against Fusarium oxysporum

and Fusarium solani, in vitro

Inhibiting zone (mm) Bacterial strains

F. oxysporum F. solani

9.332 "7.307"@ VUPf760
70 6.002 T17-4

2.67°¢ 0P VUPf5
0d 0P VUPf52
0d 0P VUPf506
0d 0P CHAO
0¢ 0P CHAB89
0d 0° Control

* Numbers at table are means of replications
** Numbers with similar letters do not have meaning difference
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Table 3. Effect of Pseudomonas fluorescens strains on growth parameters in cucumber plants.

Shoot height  Root length  Shoot wet weight  Shoot dry weight Root wet weight Root dry weight
Treatment >0y " em) @ @ @ ©
Ctrl '46.95 "(ae) 18.82 (bd) 8.18 (i) 0.98 (bc) 0.88 (hj) 0.13 (eh)
VUPf5 50.91 (ab) 20.06 (ac) 11.04 (=) 0.98 (bc) 2.85 (a0) 0.24 (a)
VUPf52 4787 (ad)  20.23 (ab) 125 (a) 1.04 (ab) 3.24 (a) 0.28 (a)
S VUPI506 4318 (b)) 1556 (di) 7.95 (&) 0.89 (bd) 1.3 (fi) 0.19 (bo)
2  VUPf760 54.88 (a) 20.37 (ab) 9.84 (be) 0.83 (ce) 2.98 (ah) 0.16 (be)
S CHAO 44.23 (bi) 18.43 (ce) 11.39 (ab) 117 (@ 2.48 (bd) 0.20 (b)
CHA89 4627 (bf)  17.27 (cf) 8.16 (&) 0.77 (dh) 0.94 (hj) 0.15 (cf)
T17-4 50.66 (ac) 22,54 (a) 8.86 (dg) 0.85 (ce) 1.76 (eg) 0.18 (bd)
VUPi5+ "F.o 4819 (ad) 16.3 (dh) 7.51 (fk) 0.73 (di) 0.93 (hj) 0.13 (eh)
VUPf52+F.o  37.58 (gl) 14.2 (fj) 7.39 (fk) 0.67 (ek) 0.9 (hj) 0.11 (fj)
% VUP506+F.0  42.32 (qj) 15.62 (di) 7.79 (k) 0.68 (k) 1.04 (hj) 0.12 (eh)
S VUPf760+F.0 4592 (bg)  16.02 (di) 9.12 (cf) 0.79 (dg) 1.41 (fh) 0.14 (dh)
g CHAO+F.0 39.89 (dk) 14.3 (fj) 6.78 (gk) 0.59 (hl) 0.73 (hj) 0.1 (gk)
E CHA89+F.0  33.03 (km) 13.88 (fl) 6.7 (gk) 0.51 (jl) 1.02 (hj) 0.09 (hk)
T17-4+Fo 4885 (ac)  18.22 (be) 7.63 (k) 0.7 (dj) 0.93 (hj) 0.11 (fi)
F.o 29.57 (Im) 9.9 (m) 5.82 (jk) 0.5 (jI) 0.62 (ij) 0.06 (jk)
VUPi5+ F.s  50.57 (ac) 18.44 (be) 10.8 (ad) 0.98 (bc) 2.58 (a0) 0.19 (bc)
VUPf52+F.s  38.72 (ek) 16.7 (cg) 8.24 (eh) 0.78 (dh) 2.27 (ce) 0.18 (bd)
— VUPf506+F.s 37.67 (gl) 14.25 (fj) 5.92 (ik) 0.52 (jl) 0.68 (hj) 0.07 (ik)
8 VUPI760+F.s 4017 (dk)  17.10(cf) 8.16 () 0.81 (cf) 1.89 (df) 0.16 (be)
8 CHAO+F.s 39.32 (ek) 15.46 (dj) 6.8 (gk) 0.59 (hl) 0.77 (hj) 0.1 (gk)
L CHA89+Fs  36.15 (im) 13.91 (fl) 7.38 (fk) 0.62 (fl) 0.8 (hj) 0.1 (gk)
T17-4+F.s  47.06 (a€) 17.15 (cf) 7.86 (k) 0.74 (di) 1.3 (fi) 0.14 (dh)
F.s 28.32 (m)  10.75 (Im) 5.62 (k) 0.49 (k) 0.61 (ij) 0.06 (k)

* Numbers of table are means of four replication.

** Numbers with similar letters don't have meaning difference each other at 5% level(or 0=0.05).
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Table 6. Peroxidase activity in cucumber plants

after inoculation with Fusarium oxysporum

3 day 9day 12" day

Treament  nitgmg) (Unitsimg) (Units/mg)

VUPf5 ‘0112 in 0.124 hn 0.122 hn
VUPE5+"F.O 02884 0415a 0387 a
VUPf 506 0.127 gn 0.141 dn 0.14 en
VUPf 506+F.0 0.263 am 0.327 ad 0.248 an
VUPf 52 0.106 in 0.122 hn 0.125 hn
VUPf52+F.0 0263 am 039 a 0.311 ag
VUPf 760 0.121 hn 0.159 dn 0.149 dn

VUPf 760+F.O0 0319 af 0.358 ab 0.344 ac

CHAO 0.135 fn 0.165 cn 0.15 dn
CHAO+F.O 0.305 ah 0384 a 02% a
CHAB89 0.095 kn 0.103 jn 0.101 jn
CHAB89+F.O 0.269 4d 0.322ae 0.253 an
Ctrl 0.082 In  0077mn 0.087 In
F.O 0.182 bn 0.281ak 0.065 n
T17-4 0.106 in  0.128gn 0.117 in

T17-4+F.O 0.268 d 0419a 0.387 a

* Numbers of table are means of four replication.

** Numbers with similar letters don't have meaning difference
each other at 5% level(or a=0.05).

*** . oxysporum

ke slaamalS s JS S i F Uy
Fusarium oxysporum -, ;
Table 4. Total phenol content in cucumber plants

after inoculation with Fusarium oxysporum

3 day 9" day 12" day

freament  (mgg  (mgg  (mglg)
VUPF5 "1.239"kp 1.356jp 1.361jp
VUPF5+'F.O 1.741¢ 2.875ad  2531be
VUPf 506 1432ip  1406ip  1379jp
VUPf506+F.0  1.878Kkj 2986ac  2.182eh
VUPf 52 1121lp  1.191p  1.047mp
VUPf52+F.0  1.739¢l 3.206 a 3.053 ab
VUPf 760 1.203lp  1.131Ip 1.1511p
VUPf760+F.0 215leh  3.138a 2927 ad
CHAO 1439ip  1502on  1.48lio
CHAO+F.O 2.006 ¢ 2.845ad  2.397cf
CHAB89 11161p  1.1991p  1.1291p
CHA89+F.O0  1.638hm 3.06ab 2.197 eh
Ctrl 0.843 op 0.882 np 0.803 p
F.O 1659hm 2364dg 0.777p
T17-4 1.299kp  1.52in 1.416ip

T17-4+F.0 20356 3.218a 2.833 ad

* Numbers of table are means of four replication.
** Numbers with similar letters don't have meaning difference
each other at 5% level(or a=0.05).

*** Eoxysporum
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Table 5. Total phenol content in cucumber plants

after inoculation with Fusarium solani

3 day 9" day 12" day

Treatment (mgo) (Mg  (mgig)
VUPF5 "1.239 "nt 1.356 Is 1.361 Is
VUPI5+ " F.S 1.986 dI 2.759 a 2.618 ab
VUPf506 1.432 ks 1.406 ks 1.379 ks
VUPf506+F.S 1.978 dI 2597 ac 2.1 bi
VUPf52 1.121 ot 1.196 nt 1.047 pt
VUPf52+F.S 2.055 bj 251 ae 1.88 fm
VUPf760 1.203 nt 1.13 ot 1.151 nt
VUPf7T60+F.S 1614 hp 2558 ad  2.371 ag
CHAO 1439 jr 1502 ig  1.481 iq
CHAO+F.S 1.7 ho 2.444 o 1.917 em
CHAS89 1.116 ot 1.199 nt 1.129 ot
CHAB89+F.S 1.406 ks 2.217 ah 1.617 hp
Ctrl 0.843 rt 0.882 qt 0.803 st
F. S 1.485 iq 2.006 ck 0.627 t
T17-4 1.299 ms 152 ip 1.416 ks
T17-4+F.S 1.986 di 2.759 a 2.618 ab

* Numbers of table are means of four replication.

** Numbers with similar letters don't have meaning difference
each other at 5% level(or a=0.05).
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Fusarium oxysporum GJG L Ga.h
Table 8. Polyphenoloxidase activity in cucumber

plants after inoculation with Fusarium oxysporum.

3 day 9" day 12" day

Treament — \nitgmg)  (Unitgmg)  (Unitsmg)
VUPF5 0.008 “gm 0.007 hm  0.006 Im
VUPf5+"F.O 0012 ch 0016 ad  0.015 ae
VUPf 506 0.007 im  0.007 km  0.007 hm
VUPf506+F.0 0.012 by 0017 ac  0.013 af
VUPf 52 0.007 hm  0.007 jm  0.007 im
VUPF52+F.0 0012 ¢ 0016 ad  0.013 bf
VUPf 760 0.006 Im  0.007 hm 0.007 gm
VUPf 760+F.0 0011 ¢ 0016 ad  0.015 ae
CHAO 0.007 im  0.007 jm  0.007 hm
CHAO+F.O 0012 ¢i 0017 ac  0.014 &
CHA89 0.007 gm 0.006 Im  0.007 hm
CHA89+F.0 0012 dk 0015 a&  0.012 ch
Ctrl 0.007 hm  0.007 hm  0.006 Im
F.O 0.009 fl 0014 af  0.004 m
T17-4 0.006 km 0.007 hm  0.007 hm

T17-4+F.O 0.013 bf 0.018 a 0.017 ab

Al ols slaamalS s jlns, Sk -V Jsdr
Fusarium solani -6 | =2l
Table 7. Peroxidase activity in cucumber plants

after inoculation with Fusarium solani

3 day 9day 12" day

Treament — \jitgmg)  (Unitsmg) (Unitsimg)
VUPf5 ‘01121 0124 j1 0122 |l
VUPi5+"F.S 0297 eg 0519a 0478 ab
VUPf506 0.127 jl 0.141 il 0.14 il
VUPf506+F.S 0311 dg 0.397 be 0.259 fh
VUPf52 0.106 | 0122 jl  0.125 jlI
VUPf52+F.S 0237 g 0484 ab 0.352 cf
VUPF760 0121 jl 0159 hl  0.149 hi
VUPI760+F.S 0289 eg 0468 ab 0438 ac
CHAO 0135il 0165 h 015 hl
CHAO+F.S 0286 eg 046 ac 031 dg
CHAB89 0.095 | 0.103 | 0.101 |
CHAB9+F.S 0248 fi 0415 ad 0.327dg
Ctrl 0.082 | 0.077 | 0.087 |
F.S 0231 gk 0374 be  0.064 |
T17-4 0.106 | 0.128 jI  0.117 ki
T17-4+F.S 026 fh 0456 ac  0.42 ad

* Numbers of table are means of four replication.

** Numbers with similar letters don't have meaning difference
each other at 5% level(or a=0.05).

*** . oxysporum
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Table 9- Polyphenoloxidase activity in cucumber

plants after inoculation with Fusarium solani.

3 day 9" day 12" day

Treament — nitgmg)  (Unitsmg)  (Unitsmg)
VUPf5 "0.0087jl 0007 j|  0.006 |
VUPI5+FS 0017 eh 0026 a 0024 a
VUP506 0007 j| 0007 kI 0.007 i
VUPS06+F.S 0014 gi 002 ¢f  0.013 hi
VUP52 0007 jl| 0007 I  0.007 i
VUP52+F.S 0015 fi 0024 ac  0.017 eh
VUPF760 0006 | 0007 j 0007 i
VUPI760+F.S 0012 ij 0025 a 0024 a
CHAO 0007 j| 0007 kI 0.007 i
CHAO+F.S 0015 g 002 be 0017 eh
CHA89 0007 j| 00061 0007 i
CHAB9+FE.S 0013 hi 0021 be  0.015 fi
ctrl 0007 j| 0007 jI  0.006 K
F.S 0011 ik 0019 dg  0.005 |
T17-4 0.006 ki 0007 j|  0.007 i
T17-4+F.S 0015 g 0023 ad 0022 a

*Numbers of table are means of four replication.

** Numbers with similar letters don't have meaning difference
each other at 5% level (or 0=0.05).

*** . solani

* Numbers of table are means of four replication.

**Numbers with similar letters don't have meaning difference
each other at 5% level(or a=0.05).
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(Mayer & Staples, 2002)
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Abstract

Cucumber is one of the most important crop in Iran. Pests and pathogens are the most important factors
limiting its cultivation and lead to reduced yields. Biological control is condiderd as the best control method for
soil-borne disease including Fusarium stem and root rot. In this study, antagonistic effects of Pseudomonas
fluorescens strains on the important root rot pathogens of cucumber with dual culture method was examined in
vitro. Strain VUPf760 showed the highest inhibition zone against Fusarium oxysporium and Fusarium solani
with 9 and 7 mm, respectively. Inhibitory effects of these isolates on the disease was evaluated in the
greenhouse. The results showed that seeds treatment with T17-4 and VUPY5 isolates reduced the severity of
disease caused by F. oxysporum and F. solani by 58 and 60%, respectively. In addition, all three isolates alone
increased peroxidase activity, total phenols and polyphenol oxidase in cucumber seedlings. However, the activity
of these enzymes were higher in treatments with combination of antagonist and pathogen.

Keywords: Fusarium spp., biocontrol, enzyme, growth factors




