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Fig. 1. Pseudomonas colony grown in King B solid medium at 365 nm UV light. UTP113 isolate produced more

intense green fluorescence.
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Table 1. The location of used bacteria collection.

Bacterial isolates

Sources of bacterial isolates

UTP1 Rhizosphere of wheat cv. Chamran/ Dezful
uTP8 Rhizosphere of wheat cv. Chamran/ Dezful
UTP12 Rhizosphere of wheat cv. Zagros/ Dezful
UTP19 Rhizosphere of wheat cv. Zagros/ Dezful
UTP24 Rhizosphere of wheat cv. Zagros/ Dezful
UTP104 Rhizosphere of wheat cv. Zagros/ Parsabad
UTP105 Rhizosphere of wheat cv. Zagros/ Parsabad
UTP113 Rhizosphere of wheat cv. Zagros/ Parsabad
UTP125 Rhizosphere of wheat cv. Kohdasht/ Parsabad
UTP132 Rhizosphere of wheat cv. Kohdasht/ Parsabad
m Dual culture test BVOCs production test
0 b al
= b b z
=] 60 7 e i y /
2 40 R Y
= / -
S0 R B R
20
0 N "
SAT LN N, BN o 6 O D A
& &L L \S‘Q\ 0,@\ O&Q\

Treatments

<o se;T L B. sorokiniana a8 (& s LSy juu,\sjb. 2 b SL balis LUl ‘_,.iu dus s —Y Jﬁ»

& by e slel 5 ol slar JolS = b I s i3T85l e Sy 28 1 JT OS5 g s bk S

— e Dl (S ie oy 1y (0 e e (5l L;ua,:i),ljiyuwist:ﬁ Oled 2 j.\;)\;jg Ol 50

P <001 SSls 0pa3T) L1 [ KuSS byl

Fig. 2. Mean comparison of bacterial isolates ability to inhibit the mycelial growth of B. sorokiniana with dual
culture and the production of VOCs tests six days after culture. The experiment is in a completely randomized
design (CRD) and the values related to the inhibition rate in each treatment are the average of three replicates (=
standard error). Bars with the same letters are not significantly different (Duncan test, P <0.01).
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Fig. 3. Comparison of bacterial isolates in terms of IAA in 535 nm. The experiment is in a completely
randomized design (CRD) and the values related to the produced IAA amount in each treatment are the average
of three replicates (+ standard error). Bars with the same letters are not significantly different (Duncan test, P <

0.01).
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Figure 4. Comparison of the ratio of halo diameter to colony diameter of bacterial isolates in siderophore
production test after incubation period (96 h). The experiment is in a completely randomized design (CRD) and
the values related to the ratio of halo diameter to colony diameter in each treatment are the average of three
replicates (+ standard error). Bars with the same letters are not significantly different (Duncan test, P <0.01).
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Fig. 5. Comparison of the ratio of halo diameter to colony diameter of bacterial isolates in phosphate
solubilization test after incubation period (one week). The experiment is in a completely randomized design
(CRD) and the values related to the ratio of halo diameter to colony diameter in each treatment are the average of
three replicates (+ standard error). Bars with the same letters are not significantly different (Duncan test, P <
0.01).
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Fig. 6. Comparison of the ratio of halo diameter to colony diameter of bacterial isolates in protease production
test after incubation period (48 h). The experiment is in a completely randomized design (CRD) and the values
related to the ratio of halo diameter to colony diameter in each treatment are the average of three replicates (+
standard error). Bars with the same letters are not significantly different (Duncan test, P <0.01)
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Table 2. The metabolic characteristics of bacterial isolates.

Bacterial IAA Siderophore Phosphate ACC deaminase HCN Protease
isolates  production  production solubilization production production production
UTP1 - + + — +++ +
UTP8 — + _ + _ +
UTP12 — + + + — +
UTP19 — - — + _ +
UTP24 - + + - - —
UTP104 + + + — ++++ —
UTP105 + + + + — +
UTP113 + + + + + +
UTP125 + + + + — +
UTP132 — + + + ++ —
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Fig. 7. The effect of bacterial isolates control of wheat common root and crown rot disease in the greenhouse, 21
days after planting. The infected control treatment (negative control) does not contain any bacterial isolates and
only contains pathogens. The healthy control treatment (positive control) does not contain pathogens and
bacterial isolates, and all plants are healthy. The experiment is in a completely randomized design (CRD) and the
values related to each treatment are the average of three replicates (+ standard error). Bars with the same letters
are not significantly different (Duncan test, P <0.01).
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Table 3. The effect of bacterial isolates on some growth factors of the wheat plant infected with pathogen in
greenhouse, 21 days after sowing.

Bacterial Total Shoot Root Total fresh Shoot fresh Root fresh Total dry Shoot dry Root dry
isolates length length length weight weight (g)£SE weight weight (g)+SE weight weight
(cm)+SE (cm)+SE (cm)+SE (9)£SE (9)£SE (9)£SE (9)£SE
Control +  22.5+0.2bc  18.4+0.45bc  4.1+0.26de  0.12+0.017bc 0.1+0.01ab 0.02+0.01bc  0.068+0.002cd 0.06+0.0ab 0.008+0.002ef
—Control 17.6£0.36e  15.3+0.5de 2.340.2g9 0.07+0.01e 0.06+0.01cd 0.01+0.0c 0.035+0.003e  0.03+0.003d 0.005+0.003f
UTP1+P 20.5+1.0d 16.0+0.3d 4.5+0.2d 0.1+0.01cd 0.08+0.0a—d 0.02+0.01bc 0.06+0.01d 0.05+0.01bc 0.01+0.0ef
UTP8+P 15.9+1.15f  13.9+0.72fg  2.0+0.51g 0.06+0.02e 0.05+0.02d 0.01+0.0c 0.033+0.005e  0.028+0.003d  0.005+0.003f
UTP12+P  21.0£0.7cd  18.2+0.72c  2.8+0.17fg 0.11+0.0bc 0.1+0.01ab 0.01+0.0c 0.068+0.002cd ~ 0.06+0.0ab 0.008+0.002ef
UTP19+P 25.5+0.5a 19.5+0.5ab 6.0£0.3c 0.13+0.0abc  0.09+0.017abc  0.04+0.02ab  0.058+0.002d  0.04+0.009cd  0.018+0.008cd
UTP24+P 23.5+0.5b 20.0+0.6a 2.5+0.59 0.11+0.0bc 0.1+0.017ab 0.01+0.0c 0.066+0.0cd 0.06+0.003ab  0.006+0.003ef
UTP104+P  25.9+0.65a  18.4+0.45bc  7.5+0.5ab  0.15+0.017a 0.11+0.01a 0.04+0.01ab  0.092+0.002a 0.07+0.0a 0.022+0.002bc
UTP105+P  23.1+0.36b  14.8+0.43ef  8.3%0.3a 0.14+0.01ab ~ 0.09+0.01abc 0.05+0.01a 0.081+0.002b 0.05+0.0bc 0.031+0.002a
UTP113+P  17.0£0.45ef  10.2+0.26h  6.8#0.3bc ~ 0.11+0.0l1bc  0.07+0.0lbcd  0.04+0.01ab  0.058+0.003d 0.03+0.0d 0.028+0.003ab
UTP125+P  16.8+0.75ef  13.2+0.34g  3.6x0.45ef  0.08+0.01de 0.06+0.02cd 0.02+0.0bc 0.043+0.009e  0.03+0.008d  0.013+0.002de
UTP132+P  20.8+0.62d  13.3+0.52g  7.5%0.46ab  0.12+0.0l1bc  0.09+0.02abc  0.03+0.0labc  0.067+0.003cd  0.05+0.003bc  0.017+0.001cd

(P =001 (SSls 0 5n3T) I uSK b (s sme o3l oS 2ie (o9 o (5115 (SLa0) g Az

P: Pathogen; The experiment is in a completely randomized design (CRD) and the values related to each
treatment are the average of three replicates (+ standard error). Bars with the same letters are not significantly
different (Duncan test, P <0.01).
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Table 4. The effect of bacterial isolates on some growth factors of the wheat plant non—infected with pathogen in

greenhouse, 21 days after sowing

Bacterial Total Shoot Root Total fresh Shoot fresh Root fresh Total dry Shoot dry Root dry
isolates length length length weight weight weight weight (g)£SE weight weight
(cm)£SE (cm)£SE (cm)£SE (9)+SE (9)+SE (9)£SE (9)£SE (9)£SE
Control 22.5+0.2h 18.4+0.45f  4.1+0.26c  0.12+0.017cd 0.1+0.01c 0.02+0.01bc 0.07+0.02ef 0.06+0.015c¢ 0.01+0.017b
UTP1 24.5+0.59 20.0+1.0e  4.5+1.32bc 0.16+0.01b 0.13+0.01b 0.03+0.01ab 0.140.01cd 0.09+0.01b 0.01+0.0b
uTP8 18.8£0.34i 1544059  3.4+0.81c  0.11+0.017d  0.1+0.017c 0.01+0.0c 0.057+0.006f 0.05+0.003c  0.007+0.004b
UTP12 25.0£0.3g  22.0+0.51d  3.0+0.79c  0.15+0.0l1bc  0.13#0.01b  0.02+0.01bc  0.089+0.003cde 0.08+0.0b 0.009+0.003b
UTP19  31.5+0.43d  25.5+0.2c 6.0¢0.3b  0.13+0.0lbcd  0.1+0.01c 0.03+0.0ab 0.06+0.01f 0.047+0.006c  0.013+0.005b
UTP24  27.7+0.36f 25.0+0.52c  2.7+0.3c 0.15+0.02bc ~ 0.14+0.02b 0.01+0.0c 0.091+0.003cde  0.083+0.01 b  0.008+0.01b
UTP104 29.8+0.5¢ 20.3#0.26e  9.5+0.72a  0.12+0.017cd  0.08+0.01c 0.04+0.0a 0.06+0.02f 0.04+0.01c 0.02+0. 01ab
UTP105 38.1+1.08b 31.8+0.5a  6.3+1.57b 0.2+0.017a  0.18+0.017a  0.02+0.0bc 0.13+0.0ab 0.12+0.0a 0.01+0.0b
UTP113  36.7+0.72c  30.5+0.6b  6.2+0.52b 0.15+0.0bc 0.13+0.01b  0.02+0.015bc 0.11+0.01bc 0.1+0.01ab 0.01+0.0b
UTP125 32.440.43d 22.7+0.6d  9.7+0.26a  0.13+0.0bcd  0.09+0.01c 0.04+0.01a 0.08+0.02def 0.05+0.01c 0.03+0.01a
UTP132  39.4+0.45a  30.0+0.5b 9.4+0.1a 0.21+0.01a 0.17£0.01a 0.04+0.0a 0.14+0.01a 0.12+0.0a 0.02+0.01ab

CL O s s (o Ikl lek}:l:))\ﬁm&:iﬂzﬁ Ol a4 by e sliel § Sl dslas o8 Cjb B s st
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The experiment is in a completely randomized design (CRD) and the values related to each treatment are the
average of three replicates (z standard error). Bars with the same letters are not significantly different (Duncan
test, P <0.01).
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Abstract

Fluorescent pseudomonads control plant pathogens by producing siderophore and inhibitory metabolites, and
increase plant growth by producing plant hormones, some enzymes and mineral elements solubilization. In this
study, 10 isolates of fluorescent pseudomonads from wheat rhizosphere cv. Zagros and Chamran (Dezful) and
cv. Kohdasht and Zagros (Parsabad) in early April 2016 and early June 2017 were isolated by cultivation and
purification on King B medium and also based on the production of green and yellow fluorescence pigment
under UV light at 365 nm. These isolates were evaluated in terms of some metabolic characteristics such as
inorganic phosphate solubilization, production of IAA, siderophore, ACC deaminase, hydrogen cyanide and
protease, as well as control of wheat common root and crown rot disease caused by B. sorokiniana and increase
in length and biomass of wheat shoots and roots in a randomized complete design (RCD) with three replications
for each treatment.The UTP105 isolate showed the highest inhibition rate of pathogen growth with 62.5% and
70% in dualculture and production of volatile metabolites tests, respectively. In the greenhouse, the severity of
disease was estimated at 85.3%, and UTP104 and UTP105 isolates showed the highest rate of disease reduction
with 64.5% and 62.3%, respectively. Also, UTP105 and UTP104 were the most effective in increasing the wheat
root and shoot growth parameters, respectively. These isolates are efficient for use in agriculture due to having
favorable metabolic characteristics, disease control and plant growth enhancement.
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