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Figure 1- Mean comparison of means of IAA production of P. putida isolates based on Tukey’s test (p<0.05)

o] ] » >
NP QP

250,835 ol pl seamaily calisee (gla i 4 Gleio 4lis ool odd i35 55 laise (505 lwy TAA Wl > cglas
TAA 2 g s 5l g ausls 1y (y9ey90 cpl g5 ol i VY- oS YWY 2 IAA g olg pSeilil b 5 (0) ohlSen 5 SB e



YV ..o, Sdec p Pseudomonas putida s 3=SU slaastas 56 o)y

SIYA g [0 L5 a4 P14 g P30 wlis & bgyye o aJo5 ol
hls wyy 3y50 slaalis den (¥ JSS) 351 5o8g a0 o yd
Sladigw bwg )539)hew Mg (aUlg5 39 5589 00w Mg
5 0lg - (FA 1)) ol 0 ()5S I ligegoge jf (iie
Lo 8L o sl o o ol o Sy alox | 5589 00
5 elS ady Sy slag S 0g)S 3 ) Coogad cnl )b
293934 OAIS AT i jol8 (sl oligogages (00 5 VF) Lilesl>
$lapd)ly oo by ol Gl wle iy SB 2 29290
(Pe) S o 29 1y oS> (Shgd @) A5y 9 0d 1a)S o
e LalS O_ml iy il el a5 o) iz

Y IXW LQ(»‘ ))&59 L;oSuLQ.\o JW
w0 22
90 M b-d
— & df g
. —d—fd;gd;g@ejffhg_lgl
g 0 M
£ 60
“-?;g’ 50
jq Z
ﬁg 40
g‘- 30
7 2
10

TP F TP OPFFE

=

3] SRE I RGP RN
SR R G L e T S A

56 (V) OhlSan 5 502 S 0,15 32 (gl me glis o] oy
P ladgw 5l aoyd VY a5 wiols oLis HPLC 3JUT 1 ool b
luSy 5l S J8las « wyp 3)50 P fluorescens g putida
45 10,8 ol L) S e a5 L TAA dlar 5l ST Jgt]
> Slae G Y 5l (S S 9ms50 15

Db o g Sl ol dls

2989y o lei (o)
S or 50 ol 89 0 Mg (g (alesl cpl )
(Y Jgas) (p=<0.05) 55 jl5 size g yuiio duoyd QA b doyd < /YA
4 bgye yodg)daw Mg (e (it cdlizee gladlis o )
O ieS g o> WV g ANFF L sy 4 P16 g P2 (slaaylis

] &

n
o on

il

Hp

P p
&2z
RS N R
D PPt S
gl ol

Isolates

(p<0.05) (S5 (Nibo amlio (39051 (wlw! 2 P. putida Glides galan )3 4585 0w 355 (pRlhe dumnilile -V JSCd
Figure 2- Mean comparison of siderophore production of P. putida isolates based on Tukey’s test (p<0.05)

ki 93 ol o 5> a5 00,8 155 call s oS s ),
Slawd Mzl o5 oy i sl Pseudomonas s
bowg Glawd JMosl SUles 039 el mlo lasxe 3 Joloxals
o (Y8) oh)lSen g olds b wgs P. fluorescens gladlis
«Wlawd Modl olgs gl sladlis o 5l cosl sad o)l58
s 4 P30 9 P22 (clagslin & bgye Il e o2t
Olawd M3l g o yieS g g 5 p)S o Ve/FO g N/ L
oo 35 (¥ JS8) 352 5 5 oS o +IBA L PS iz & by
395 31 1y licd Moul Ulgs P28 P23 P20P3 (claajlis
350 sladle o 5 Olawd JMoul i lawgio 0l lis
() ohbSon 9 (ols )b (63 39 3 3 )5 koo YIVE 55 (o)
395 VO b Bacillus spp. s ySb bws |y Gliwd S culMs

3y50 Sl Sl 4 Kidpusy ol 4 9 200 18 w2 )90

Pyl bz )3 (Jaze Olaud (SN Jo (g (o) 2
Al e (655 JLasl g ddg (LS 53 jhud AE o pere
P. striata 4555 Slawd  Sa S J> bl s cped 4 (V)
Ao o ili 8l |y A bisporus g)ls ped s 55 g SiS 50
(sldoSy 7,8 oyiwd Jobb Glawsd maw yials uores ((VA)
iy, U P, putida s ySUy gili (55) sy o yinlS o] 5,Skas
25 Slid Cla gbine y5b (M) (5)8a255 5 (Y0) IS olS
o3 oo Al ]y lgee ol )3 1y ey Jobo ) aomes
(s e Goalix bug Slawd Mol Glie 5> ©olis
alins YA cwyp y0 ol XY 1LY Jgio) 290 )l ixe g puio
Ladslis Lo A aS aiib 1) ool clawd Mol ,Ulgs
b Glaalis 55 (V) oh)lKen 5 (gole jwad asb o Sl
P 550 slaasls | S L op W/l claws Mol s



WAV laali (¥ o los VY s (5359l @slus g pole) SLek pole & i YVA

S Lopome s ) e Voo 3 pyS Lo VA il 1y e oS
Dged byl

ab
a-c

-f
— <8 ¢E8cg

dhdh _; 9

Cliws M

Phosphate solubilization (mg 113

NI I I U R LR P SR

) yhmd yd o 259,500 YY/O B VIO (5lodljl g5 oalizusl
359 V¥ (b 5o 0a s sl Jg e b jlude (PY) Hlogs 5yl
Sl dl.md)‘:flg b ol @a.b UWM‘S)J 655 @Lo b

fk )
& hm b-n h-n hn
h-0 jo .
1

P k-
H H H Hp I
H 1.4 g g
FPHFF P PP I LI PP o

ali> ol

Isolates

(p<0.05) (S97 (3Silo duslBo 39031 (wlw! 1 P. putida Gliseo sdylua 13 Jolowoli Colbund JYou! (o Ulgi  pSlue dunn o —F IS
Figure 3- Mean comparison of phosphate solubilization of P. putida isolates based on Tukey’s test (p<0.05)

) aaglis AV/A iz dlass ol 45 5 oamliie jlsels ACC o 3]
(¥ JSs) ol o JuSis

Sy slas 5Sb 5l ook dlaw 4 jluels ACC a5l 3939
Cowl oas yiyl58 oz, 5 b oo | s piomeds g olS A,
A el sle e B pas g wio U P, putida 5 ySL (05 4 Y)
S5 95y el (SaiS )l Sl liels ACC 51 aliasg
ol eel 5opb il g 03,5 w58 08y 5 bdjge
() 255 0 A. Disporus g8 Ad,

’L’woi: ACC rg.s).s' Culled Ol 3o ey

dL.bd._:lJb )‘._J.MQL) ACC p’ﬁ‘ )J] u.Jle ‘)uJLO)‘ L)" ).)
md oo s gl 48 pslailen 9 45 (6503l qw)p 390
uﬁgl_a)'] 90 slaaslis bwgi aad W)g Slsels ACC el
oo ) e glis o] e sl (3 p )8 uo g Ol i grgiS
dg— )I.)u’_i.:w do)d C.a_) GL:_») 2D ey P )90 dLbA)‘Jb O )
cdled alis YV )3 clis VY gg0mme 3l Lialosl ol ;5 (Y Jgas)

12

= a

.CU P

=
% 7:3 3 ab
g E T
5, =

3 be

,} %’ 6 b-db-d
[
< 2 be b-ey
O = bf
Fg ¢ s
T ef of of of cf cf ¢

£ 2 Edf gpaf "

r:JJ H H <o f £ f £ £ f f

< lrn

Q’\ TV Q'(\ q\% Qﬁ/\ Qﬁ:\ Qb' q't: q‘:b Qﬁ:v Q\Q Qﬁ /Q\ Q'\.\ Q\b {‘:‘" {50 Q\Q Q” ‘f\ Q\b‘ Qﬁ {{D Q"‘J\ Qﬁy "'} QO Qﬁ/ Q'ﬁj Q{L Q\ \/ Q Q\,.)
wlis ol
Isolates

(p<0.05) (SS9 il dmnllo 39031 (wlw! 3 P. putidaidicro saslaa 13 jlaold ACC oy 351 Cllad yl5ue (pSile £ JSS
Figure 4- Mean comparison of ACC deaminase activity of P. putida isolates based on Tukey’s test (p<0.05)



YVA  ..o,Slec p Pseudomonas putida s =SU slaaslas 56 o)y

P. putida Slidwo sbalaa ;3 25y S o Jolo o (il yly 41525 -F Jga
Table 2- ANOVA for four growth promoting factor in different isolates of P. putida
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Figure 5- mean comparison of fresh weight and number of mushroom in A. bisporus in response to P. putida isolates
inoculation based on Tukey’s test (p<0.05)
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Table 3- ANOVA for fresh weight and number of mushroom in A4. bisporus in response to P. putida isolates inoculation
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Ol i 2o df Mean square
Source of variation 8 ¥ ol zoB Dl
Mushroom Fresh weight Number of mushroom
b 32 11.578° 3444.05°
Isolates
ks 33 0.131 491
Eror
Total 65
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* The means are significantly different at the 0.5% level



YA\ .o,Slec p Pseudomonas putida s =SU slaastas 56 o)y

A. bisporus (51aoSs g, 13 5,5os 4 bgspe Wlho g P. putida 555U 1> dwiy S oo Jolge o (1) (Smnod Cu pud —£ Jou
Table 4- Correlation coefficient (r) between growth promoting factors in P. putida and fresh weight and number of
mushroom in A. bisporus
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* The mean difference is significant at the 0.5 level
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Introduction: Because of their high protein and mineral contents and low fat, calories and cholesterol, edible
mushrooms such as Agaricusbisporus are an important part of the people diet in many countries, but in Iran, the
yield of this mushroom is less than the average of yield in the world. Phase change from the vegetative to the
reproductive stage and fruit body initiation of this mushroom depends on special physical, chemical and
microbial properties of casing layer. Phase change is initiated by decreasing oftemperature and CO,
concentration and presence of some bacteria (such as Pseudomonas putida) in the casing layer. It is believed that
P. putida may cause this process and increase the yield of A. bisporus by siderophore and hormone-like
compounds secretion, decreasing the level of ethylene via ACC deaminase activity and dissolution of insoluble
phosphate. The objective of this work was to identify P. putida isolates as growthpromoting bacteria isolated
from A.bisporus casing soil and to evaluate their effect on mushroom yield.

Materials and Methods: In this study, 81 individual bacterial isolates were collected by screening the casing
layer of 6 edible mushroom farms. Luria Bertani (LB) medium supplemented with sodium lauroyl sarcosine
(SLS) and trimethoprim were used for isolation of Pseudomonas bacteria by plating serial dilutions of each soil
sample. Finally, using species-specific primers, 33 isolates that identified as P. putida were selected and were
used toinoculate
A. bisporuscasing layer. Inoculations were performed in a completely-randomized design with two replicates.
The harvesting began when buttons were fully-grown (but not yet open), and the number of mushrooms and
fresh (wet) weight of them were recorded after harvesting of each flush. In the next experiment IAA and
siderophore production ability, ACC deaminase production capacity and ability of dissolving of insoluble
phosphate in isolates and the correlation between these factors and number and fresh weight of mushroom were
evaluated. Analysis of the data was carried out using JMP 8. Means were compared using Tukey’s test at p<0.05.

Results and Discussion: The results of this study showed that the best stage for collecting P. putida is
pinning, because the maximum number of identifiedP. putidawas recorded at this stage.Field experiment showed
that different isolates have a significant effect on fresh weight and the number of mushrooms per kg compost
compared to control (p<0.05), so that the highest fresh weight observed in treatment of P27 and P13 isolates with
361.63 and 342.8 gr/kg compost respectively and the highest number of mushroom observed in treatment of P18
and P24 isolates with 21 and 20.83 mushroom per kg of compost,respectively. Interestingly, in this study, some
isolates showed negative or no effect on mushroom yield which could be due to the interaction between bacteria
and A. bisporus strain and/or complex conditions of casing layer. Other results showed that there is a positive
and significant correlation between IAA production ability in P. putidaand fresh weight (r=0.58) and the number
of mushrooms (r=0.50) in A. bisporus.Whereas there was no significant correlation between other factors and
fresh weight and the number of mushrooms. IAA through promotion of cell elongation and differentiation
increased mushroom growth and protein.This hormone is one of the needs of A.bisporus mushroom and it is very
effective in growth and caused an increase in mushroom yield compared to other growth promoting factors.

Conclusions: In the present study, with the aim of investigation of the effect of P. putida on the yield of
A. bisporus and determining the most effective factor in this process, collectedisolatesinoculated to A.
bisporuscasing layer and growth promoting factors in these isolates were evaluated. Results showed that the best
stage for collecting P. putida is pinning. These bacteria havesignificant effects on fresh weight and the number
of mushrooms.There is not significant correlation between other factors and fresh weight and the number of
mushrooms. Based on the results, it could be said that the use of growth promoting bacteria in edible mushroom
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culturing could be resulted anincrease in mushroom yield and could be beneficial in production of healthy food.
Finally, it could be said that P. putida isolates P27 and P13 may have the potential to act as a potential bio-
fertilizer.
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