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ABSTRACT

Activities of thirty bacterial strains obtained from plants rhizosphere in different areas against Phytophthora
drechsleri were assessed through in vitro and greenhouse experiments. Dual culture and extracellular metabolites
tests were used in in vitro assays. The bacterial strains inhibited growth of P. drechsleri, the highest inhibition zones
was belonged to T17-4 strain with 61.904% in dual culture and VUPF760 strain with 57.87% in cell free metabolites
tests. The highest and lowest reduction rates of disease severity were belonged to VUPF760 and VUPF506 with
68.75 and 16.66%, respectively. In the second section of the study, the ability of bacterial strains to induce
peroxidase, polyphenol oxidase, phenylalanine ammonia lyase and phenolic compounds in pistachio seedling was
investigated 3, 6, 12 and 24 days after inoculation. Bacterial strains increased enzyme activities that reached the
maximum levels 6 days after inoculation with pathogen. The highest level of phenolic compounds was observed at 6
days after pathogen inoculation in treatments of bacterial strains and Ph. drechsleri compared with control. Induction
of resistance in plants even 24 days after post-treatment with bacterial strains was effective for induction of more
durable resistance compared to other activators of plant defense system. The ability of bacterial strains to increase
enzymes activities and levels of phenolic compounds may be some of the mechanisms responsible for their biocontrol
activities. VUPF760 strain showed the highest increase enzymes activities and levels of phenolic compounds.

Keywords: antioxidant activity, biological control, gummosis, induce resistance.

* Corresponding author E-mail: r.saberi@vru.ac.ir Tel: +98 913 1932624



VWAD liasl 5l ) 8,Les FY 890 ooyl (K5l S il ¥

WPGPR L bl Jlos o ;5 Ngb oo Coslie
boreSllyid ks o (pSede il
sleuS 5 «(Van Peer et al., 1991) (Phytoalexin)
Zdore & ) jlacsl, «Piga et al.,, 1997) L3
«(Anderson, 1992; Albert & Anderson, 1987
Vool VT Jud Slulis LMRNA #glas
oanlice wlS yod 9> i Guizmen 9 (PAL)
ROS odgi i g ok Llyd o sl onls
L85l cudled 4 (Reactive oxygen species)
)l 0g2>9 Jobs ROS 80i s s 5l (slo(puiS)
Cose s e b & Jol ol B cos U
Spbee OLLS 3 (gilanSh caluST s
.(Abdul Jaleel et al., 2009; Bhattacharjee, 2005)
(O9ebiS) GalST w5 sl g5l lals

o, g5l oyl w5yl o1 sl ol 51 ralS ol
oS (£ Slaml (e 1 2oy oy Joli
3 PAL 051 ol o5laensT 28 Ly VB ale
Honty et al., ) cudl b |8 aloz3l 6,550 slocuS
aloz 3l ojlanst, (2005, Hsu & Kao, 2003
&g d9dee Jub e slagi iy oS ol
(ST jlaoal slaole b oS s JLos
ool o | al bagy T ol oS oo o Lol
{(Parida & Das, 2005) auS o cbla> HyOp  cous
Pl )3 soge G2 Bl )0 bajlaSTy med
o s gl ples wnl e gl 6les
Chittoor et al., ) o,ls 3 o sloJale 3505 4y Canglito
Jé b (1999; Odjakova & Hadjuvanova, 2001
S35 o Ko ) e 31 95 (03l Lo b oS
pll 1) bojanS @ o 8 (oo yialuST aS o,ls og5
Iy 5eST 31 25Ty ool 5 sl ol w0 e
Mayer, ) oS oo oolaiwl (Ipiusgw) on lsica
5 Ot (PAL) 5WLsgel  opVT s (2006
Lol a5 ool 0l Jetd e w3l et
25 g el Sl ol SSg3 () el
S glin) jlugicgw gls a4 aly sl b
o Js (Tsuge et al, 2004) sgi o0 oLS gl
gl o &S s ol (JeSse 039 b plbeeS S
lislorn slabsle alozl bz glo i & olS

dod0o

Lyl s 4y polae LS 51 S Pistacia vera L.
Jyame et Olysas ol bge 5 (armo selusl
olpl S5 snss @bl | )l 5o sola
(5505 Kol (g )lagt el drmagi 5 4o
Oty ol SMlans 5 (S plpredy Cul Gloj o
Lulys b gl o aSlaisia 2580 zrke diny
M b golaid cel Sl lp ceibie
5| Phytophthora z )8 (ilisee 4555 pauz 09 oo
Solew opl Jele Glgeas (o ey calize bl
Banihashemi, 1995; Moradi, 1998; ) wleas i )l58
3 gbew J S slateas (Mirabolfathy et al., 2001
oy JAS el (2 83k oz 2,
G p3Y ogde odlitul polie slaal 5 (Sujglen)
a4 b iS5z 5 83,08 5 pgloe 5,5 a5 el (5 00L
el 5 e IS agmecanys (Sogll S
obnl g Bue i G(eedlE ) 0950 alise
(Roberts, 2002) sy coi a5 4 nl> polie slaaygu
Kigej o 45 sz s 4y 5185 5 Sy i 0
0)l0 3929 diy &y ) g s (Sopwgy S low S5
b ol 9 jlon (S50 0D ey S e azsi b
LBk slaghy, 5l eslaal cowal oollcl

D9 g0 KT (6 Lol Co i 53 Cemnjlarms
s @lood Slge (Fp g ol S G20 e o
Sadele by Dyjlon slodele 55 (slasly:
Lol 4y 4y gl sloailss ;3e o5 ol lows
Ol a5 wg)yg0 Y olS (elos codb il ae
Gorlach etal., ) ogs oo prd Conglin sl 4y cdl>
L Ceoglie ool 5lel (1996; Sticher et al., 1997
Sl b anblpllas plossT Caglie olgie
ooge 5 bl il Looles (SAR)
Malamy et al.,, ) <wl (SA) ol SoleJls
Loy Gl o S cwglis 5l 6,50 g4 (1990
Ceoglin a5 09l oo Sl 13 jle yuf 8055 slo Jule
Audenaert et ) 545 oo 00l (ISR) )l a8l sllas
al., 2002; Raupach et al., 1996; Van Loon et al.,
b iShes, ISR S slafele 51 So (1998
Sl el alise slo s ) 45 wiies (PGPR)



a0 .. Pseudomonas fluorescens (s xSU sloas g (> (5 3Luenls 2500 g s ($Og05te

Gy plp B aS R eSS e
yebaiedy Lol elel (1994) Fiddaman & Rossall
» Bl gbodgle (Sp ady ey
Sy 2 b Wm0l Sl et Glaase
aolew odg lg (1995) Maurhofer et al.
Alstrom & Burns g, 31 eslatwl L 5,00
ool adg Gl exSelal 5 (1989)
)y b by, 4 (Siderophore)
Meyer & Abdallah g, ply (5 egids mSowl)
Olo b 6 5Sh dgw i sled b ool (1978)
Ores g SIS slatalesl S VU (ilaeals
o osliiel Casglie JSg5le o)

Cod ddwy sl 50 (2 Wl Coglio Sl | pioeiw
llS byl p

Jbs cils

Ly Blahimnd Ao 5l s o8 Ay slayd
o9y plp )l cllS ol and led) o j5iS
e S s (1998) Moradi bawg sl

LSS O )ge

Golo Jole 7,8 Sl
flodly wale it sl (Gale sl
59 ole S Do 4y g 5 8 &lls (g9, P. drechsleri
Holmes & ) ol ools iy95 (womades 42 10 YV (sleo
Solem e z)B Siale olateas .(Benson, 1994
(pdsSsul) ale o alilsy by oo S
0) diy slo Jlos dzy, Glbl &L o P. drechsleri
9S85 B (WS S Sl e Sl 4 pS
Ogd dalls olS (gl ol ssiligy S e bojbg

Al oolaiwl g v iy 5l Giale

AL b gw Fiubk
S ASL ladygu (Gammilomgw) &ilgy0 (50938l sl
b 55, celo YY Cae 4 lag 251 5lel o
b lolyyd o 5 Gkt ools S NA casS
ol o oSl 5l plaS,e dasl 5" ke
5 408 (OD +10 =5 2SL &34 V') il i

! (Zheng et al, 2005) sl clss LS
Ais ola il alozi] oS b (L 5 5lansTy
P oS S g penS 4 S8 plest 0 S
ot O 25 ey Ale> Job o alS slaasl
(Flottetal., 1989) u,ls
Sz Gl YL 0L 5 ol 4 a5 L
L5k slagts, 4 axgi po3) g atuy &ty 9 255k
sleSh b G ol o Cajlae
Jga 4O Ay 0 Zeoglie sl oloul yo el

| oo

&0’59) 9 0‘3.0
Sylows Jole z,8
SopelS Sl isu GeeSIS 5l Bl
S Al HgiS Ay Olidod Ao

(65551 J i G 3 sl Jale
olRails S3lsm J S genSIS (6551 Bla i ]
SAV-AM Gl (b oaS lud) (7)) pac s
g2 00 (gl ()l pl jul s GliSe LS i,
4 a>g L P. fluorescens ¢ oSL dgm o o

ol Olgzmads vy oadelnl (i slagiegy
8,57k ko) (glen iz S5 Ul a5 oKl
5 il 1y (o8 g Ay (2,5 Aly, Wles g D
30 Gl @l 3l e dygas ol ool iy o)
Bad 5, -AC oo o o, 0fe gl

(Kimetal., 1997)

2P 6L bagw Jpscan) by o)y
oBliulojl byl s
PV glagn JpScan; Ul oy sl
Shoy » L blite caS aesl 5l olilesl Lyl o
doyo ad oolaiwl (1989) Hagedorn et al.
Locels 7 51 G podenss al; 51 Saslosk
10 Ao 45 dlaly 5l oolazl

A-B

wa)‘b)l) M)é= T PARE

Dl 5o e Wy B wels o s 0l A



VWAD liasl 5l ) 8,Les FY 890 ooyl (K5l S il 1

0392 FdgSee T g (C1HE02) (olond Joo 2
s.f_?)o‘_;; 9 K% :BLa‘ )Y}A ’/’\“ (HzOz) AMS‘)J
S slealold o (6,8 mwaab ows i eslatul
dwbre (glp ol Cud ddBs dw Doe 4 g addo
odlionilys  od> das Ry oSy M}ﬂ o PY:
D9l on ppes ¥ 038 1y g 05 i Sas s

.(Mac-Adam et al., 1992)

il 9 st JS ly oe T Sylac dd
(PPO) jlownst Jé b codlzd 50

Al ke VIV Jolts STy bsliee il e ¥
slas g See Voo g Vaa oo Voo JoSSg
bsle 5 j5bay SzsS Stalel Ay S5 0 (o]
JsSS o GlaaSI 8 b iyl jpa> 0wl
b 5elgrmum 4 (STy bsle )0 S5z ge
gl TYO [0 oSS g, iz jo yials 0gd
G wguandis 42,0 YO (gloo j0 adBs o0 5l o
51 oolatul b (a0 dlime (ST 5lel e @
Jser 5 GIYMMTCM™) (Il p (cbgols sy
aly SO ad dwlbre ewpl cJls A=ebe
ol I3 Slsen ol ST sl o]
S9ben o 085 )00,9 4 akBs o S yo &S
9>y > p oos | cdlad (Fujita et al., 1995)
2 35zse (pShe) US eign Oliee 0 ]
Bradford kg, 5l sawlcawsas 5,lac jidg,Sal « -
b dlons (1976)

SWligel mi¥T o o 3T cadlad oyl3ae 23!

(PAL)
s 10 gl Feal 3L i eV jskate ol sl
u.\.oébj‘]oﬂm LS‘“)J—‘ 8)[.»45}-‘#]‘;-»4 /\ 3,«.‘4.94
L Sty ol (g )laeSs YV°C b o el S
WYee £S5 0l )"'JLSL“Q <10 Q"; aslal
e TF M g Jsb 5 biges e 5 b i

V olerea ‘5.4.3.}31 b wxly SOl (6 uSosladl

Vogsl QIS e lp gl Ve Gl @
JESS PN SICH IR VIR AP K {ERUA N K ¢
C..JJA 3o g ol bl Sl o B Aoy
i 6)9.: ueb 5 leu‘.\lf W oMLwy &)0&
WAl (6 )l slidg, cele oopli 5 (SO0 el

Oy yutine wgamdas 4,0 YO-Ye o0 a8 leo

S Cwglio (o) sl )10 paiged slagle;
b SlanSTy Glam Bl cullsd (6 pd pis oliae
orizer g SLllisel VT L lasT
o i, b U5 B Ol sl e
onbe 5o ez 5 e 9 el i

a2l

g ojlas ;o Jo B plign 5 olme U5
Oyl biw! (i g gy i

3y90 bjlac ;3 39290 (uiign (e (2bj)l Hslaieds
Choy Sl e wlinl e n e ds g Sales]
.2 oolaw! (Bradford, 1976)

oS il 31 iy ]y
LS S il 5l 0,5 00 f lame oI5 5T o
Be i ks Egad L ke Y-0
PVPP  ol>  pH=Yd L YVee Lo
EDTA 4 as,0 V' (Polyvinylpolypyrolidone)
5 ,¥gs e V (Ethylenediaminetetraacetic acid)
Jolo byl s o) S5 sbay x osle S
Sk ¥ sla(osds,See) deli, 4 S
bug 4 aids Ye-Yr o 4 g Jale
S5 il ¥7C (glos ;0 Feveg 50 Soiy il Koo
GBS pd S i omin Sln 29y &lgye 0
a0 =V 0 Glalesl plil 5l i B gl (e 53]

(Reuveni, 1995) o (5,lueS pwgudis

(GPX) SlowwSTy rgJJJT UIN[ET-IEN OV S5 o3ll
Yool bilas g Sie Yoo polate opl Gl
LYoo o) by olawd 8L Joloo o) Lo
L ¥se oIV JsSLE mle yidgSe O+ 9 pH=F



ay .. Pseudomonas fluorescens (s xSU sloas g (> (5 3Luenls 2500 g s ($Og05te

039 5 Lo Jole )8 (55, (S,I5k Als oy
(2S4S Sgr it o lea VP B8 Sl la i g
5 CHAD sladygu @y bogypo alls l5e (i g
Lgw 59 9 FVAF L T17-4 dygu .coul T17-4
&g 5l G o, OVNYEY L VUPFS 4 VUPF760
ai, 5l Sl e L st xen T17-4
(O JKs) aasls P drechsleri
I sleaS 5 st snslewsa @l
b cws 5 4 T17-4 o VUPFT60 &g 90 o>, o
GrSsl> jo 1y b iy we s YYIF 5 OV/AY
(Y o) wisls olas P.drechsleri glaws , o, 5
clld o olenden slacodls a5 Sl
315 ol 5B Sleal Glas Sl S
las 551 il wilgs o e lagygejl ol Az 5o
30 Folaie olly 6,55L sladygu aums olis |
i oS asls (HON) (59,000 ailew g

Shom Graghee V) VUPIS &g jo (g3l
VP 4 cele FA (b jo a5 oo cel YT clids

Colled e 09 VUPFS dgw a0 by le

g5 5l ool adg 5l Gl @b s, el
3 5,8 gwnb olBiws 5l eolatwl b 0,5eL
Celo Joz CbdS 5l G gl Fev zgeJsb
o; .3..J93 1) )‘.‘O‘”] u;).d!b VUPTf5 2\;5..» W o&.sbé-
OV Jsoz) 0,5

Ul b agw o et ( aBill mls Hlo
slp Gl ble g8 (g9, Sajloib o YL
Do ol gl sla ol

sl gw oledsn gla Shy F ) g

Sunoy9l oligogdgan
Table 1. Some biochemical characteristic of
Fluorescent pseudomonads

Bacterial Siderophores Protease Hydrogen
strains (Micromole) (Millimeter) cyanide
CHAO 227.0 6.0 +
VUPF5 427.0 7.0 +++

VUP506 0.0 6.0 +

VUPF760 196.0 1.6 +
T17-4 157.0 23 +

i8S hleie 0,5 4 [ Klis eSS
+: Indicator of the ability of hydrogen cyanide production.
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Figure 1. Inhibitory effects of bacterial strains on mycelial growth of Phytophthora drechsleri in dual culture assays
under invitro conditions.
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Figure 2. Inhibitory effects of volatile compunds of bacterial strains on mycelial growth of Phytophthora drechsleri
under invitro conditions
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Figure 3. Disease occurrence percent in pistachio seedling (cv. Sarakhas) inoculated with Phytophthora drechsleri
and Pseudomonas fluorescens strains, simultaneously under greenhouse conditions.
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Figure 4. The levels of peroxidase enzyme in pistachio seedling (cv. Sarakhas) inoculated with Phytophthora
drechsleri and Pseudomonas fluorescens strains simultaneously under greenhouse conditions
A: VUPF760, T17-4, VUPF760+ph, T17-4+ph, ph alone, control
B: VUPF5, VUPF506, CHAQ, VUPF5+ph, VUPF506+ph, CHAO+ph, ph alone, control
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Figure 5. The levels of Polyphenoloxidases enzyme in pistachio seedling (cv. Sarakhas) inoculated with
Phytophthora drechsleri and Pseudomonas fluorescens strains simultaneously under greenhouse conditions
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Figure 6. The levels of phenylalanine ammonia-lyase enzyme in pistachio seedling (cv. Sarakhas) inoculated with
Phytophthora drechsleri and Pseudomonas fluorescens strains simultaneously under greenhouse conditions.
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Figure 7. The levels of total phenol in pistachio seedling (cv. Sarakhas) inoculated with Phytophthora drechsleri and
Pseudomonas fluorescens strains simultaneously under greenhouse conditions
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