uﬁ) @j.c. > 3 GL_.}AAO%-\SJE

* Fnvironmental Stresses in Crop Sciences
< . 1ran }:Sli ‘g ol ‘wbéu\.lq
A Ay £04-£Y¢

http://dx.doi.org/10.22077/escs.2017.615

4 Cwglio g J9il el S Jelxe g Piriformospora indica g s (&35 gudli 1
(Phaseoluse vulgaris L.) yw Wgd obS™ 30 58 3lo yw s

Tl Al s T olugin pul by Al Joig b 03l cle angare
Ay olBils (bls Mol g el )5 09,5 (555 (sezeils )
Sl sl mlie 5. 55,5LiS pole olRails (i il (55)5laS (555l j 9 S5 0oy w095 Hletils ¥
ol b e 5 55,5iS pole olRils (i il (55)5LES (5 polidiunn s 5 SiSS euSigly wlsly; 6555 Y
ol (b @lie 9 (5,9liS pole olKadls ((Sh ol 095 jlesils ¥

QB/A/TA 1 by e, AYIRIY e 1l o g )b

ouS

algi o0 &5 (2ylerd 9 AT (nl (ow )z Condl S o S doni g S S (LS 50 (SOilopw G I (LAU 0 Sdes Slals
SWI o U931y g29i5 g Piriformospora indica cusguil z,B 51 owyy jabiwds .0 5lw o obles 1y wins idls 1) o @iyl
Sl 2k warly 2 39516 50y SIS iy 3T (PHASEOIUS VUIGATTS L) o Lugh oS 53 (550 3bo o i & Jans
S329LiS pole oS 53 a8ly (liw pubs (559l (5 gLd s 5 g S (oSl g Ty (it (AT 53 51,50 a3 Bolai
b (Fo5ko gm0 i 335 b 3 s L) hans dws 30 (T35l i Jolds o3l (55535 s 12! (g5l (srab @ibio
aw 35 J33l 592905 (LBl Jslxe o (P INdICA 7,6 gy 9 oaili (y99) b 99 30 (o238 gl (015 b a0 iy sloo
O g e b g &y Jail el (odb ele (bl galo po 50 7B il 09 (i 50 e Ar g B ko) mlaw
039 G w595 (b Do 4 031949 (F33lopw (T A5 10 LIS gl w0 S Jlasl CllS I At s (S0l p
plad 50 093,85 0l Jlow 41 Comnd ()0 A 9 1A I8 390> i ¥ &) Aigiig IS 90 @ dg IS (yf5me 5 2190 slopluil Sl
(233 #0 Sal330) ;5T o pidens s ld i 30 455 9b0 1 Glal3B1 1 &g i 339 P INdiCA 7,6 gl < i gl
Vb o a1y Sy Judg S slgiono g udgiiayl5 @ Judg lS i 53 o5 oo Fe clile b Jg3l 5ol (LBL Jghomo cils |
P.indica g, & gomme ) .o cudg iUl ol (LS s 308 il 3 J931 5 929l5Ty £y Jplono (rizrad 310 38l oo s0 ¥
W1 (5 50 Fl e Lol ol oy Sgae 9 Loy (i I3 Jaoad 3 Jo3l 5 92slS

g pSI i ¢ by S (odgii 0,15 gl 2,6 sds sloo

4o Ao

solpw 0 Phaseolus x> «ls> ol o (2011
(S S Flio 0 iz (nl plalS 5 039 0051 e
@S Yo o 5l digdge ClS Joine g 6y S e
oS col ol @55 ez hads (i ol goasanslis
Cwle ] o 5age (Phaseolus vulgaris L.) . Loy
Ol i slhle s el elgil fpn )0 e Lag
Bagheri et al., 2001; Nasri and) oog Sy

4 M Sl (5 DY pae e 09,5 (aegs Sl
P 3l ol 2l 5y (ol 5w s sy et
OFgp a2g b8 lade aS1> wies e S ) Glea
M b S5 50 SV game ol (Gl 10 O 50 gé o
OeSgp S alp (olie aied)l oS 5 Sy Wl
Ve g O ply Y-V Slhas gails [0 59250
Nasri and Khalatbari, ) cwl gloag lals 5l i

h.pirdashti@sanru.ac.ir :sg xS Cony (S0 po dliaed 15550l 005,55



AR VA IR NVES séb)' ‘ojl.c » k5]4.:.7;‘; sl s

t5-

Gl 8,8 il a0 Y B Y+ T o, Cgllas sloo g o0g
olplo «(Koochaki and Banayan Aval, 2007)
ool T o, gl o5 il ax 0 V- 5l 1S slales
29 oLS 50 Loy 1 Slow] el Wilgh 0 5 009
S o8 el Jsil 5 500l 5l sae ¥ JolsslS
o3l Glals wd, (SauSeelais 5 2578 5l 9
Lin et al.,) cwl (LS sdrwg 5 ob, 598 Jlows

ols o olus 5 (0l .(2006; Chaturvedi et al., 2009
oo Sl 5 (Saagll 5 (Sl se Sl s 5o
Lol (Seasill 5 (Sasslsd e SIS oo sl
oSl Gl WSS Jsb g wile Jsb hels Juls
gy Ay Gl 5 55 slacudls IS TSIyl
OS2 Jols 55 Lol aliardisn Sl
sz 5 aplaeSIEl ol ol Gl o Jled
S .(Berova et al, 2002) ailb e Sy Juds kS
slagiagy o Glals (g, ) » JyliedSh
byl 5o Jle sy el 4B 518 ) 0050 S55sS
Jsilimslsly s ool S 5 (SopansS oLS (55, o
23,5 dald 4 S plge plail it 059 A8l g
G o Js3limslsl (S5 5 Lo slagis o Lo
Jafari et al., 2006;) i slea plasl iz 59 o sme
.(Razavizadeh and Amoobeygi, 2013
ale>3l P.oindica codgnl z,6 s e
gably olml b a5 el 5B Glapenills S
Deshmukh et al., ) ls 3| vy o b s 502
dgd oo LS opl o as; il sl cegee (2006
Seng 2,k 3l P.indica z,6 .(Verma et al., 1998)
S obel) (St Ol i ol puizmad g olS (glaydas
o8 oS 5T sl el olad ay anly (slés
2 g Sy SBUAS 4 olS Caaglie g b, Gl «
Deshmukh et al., 2006; Waller ) ¢l oo s
Lsas P.indica b e gousl )T oS ils (et al., 2005
MDAR: & by loos ol ol oo
S8 L asl s (Atlg19570) DHARS 4 (At3g00940)
R AV AP ST PR NSRRI JEEK
maalS lsn slaplil 5 55 59 cul ol Gl L @ 8
L .(Vadassery et al., 2009) sgs ol o i3 Co5 slo

30 ol et @ Geb g olewl L) kit slagle; o
.(Motaghian, 2009) 5 5 sladl -l a5 5k
gyl 5l e b el g3 b (lyee )0 (2l lals
ol &5 s 5540, YU b (ol Ol g4z 0 9 (6500
b (SOl b slacdled o s slml b e s
Berova et al., 2002; ) sas o zalS |, lagyl o Slae
(Soltanidelroba et al., 2011; Ghorbani et al., 2011
Bl Jsone slacedls 3 a5 ame sl i 5l S
HlS 15wl | Fojlepu (15 oS o sl DS
g N,k zlasl cols ol sodgusme 4 Ay o) sl
" Ppee G5 G plsredy o3gaze cnl 5l ol )
S5k s (Roosta and Sajjadinia, 2010) sei
@ Sodem 9 (Sdn i Olllhe )0 e 9090 S
G0 ol aS 09b o wiS (alph 4 5 35,00 Lot
SISl sazy Ve b e G o)Az s 59
Ehteshami, ) oo 0 &)lus (o8, 9 4555 4 atuw)
5o eabansbis Lol oYM (Baninasab, 20092005
O9SIl Jl o dgiuae ¢ Judg IS Jlade rals ¢ s oyl
Colan g gyiwgid slap Bl el mals Gwgs o
oeelS IS sbas (Berova et al., 2002) ¢l glaisg,
G5 & Gl slagal o imaly 5l (S ol a8 e
G5 Bl empp S ey mer )3 Sl (Sl
BUBT PR SR VIPERC JL g+ WP EZS VARPIL IR RS PO
Gls Gailex sal>ye y0 mip el g pslie 05, 40
odnlive 03, 93 ;0 )0 dxdiy ) g azadle S ()9 9 Jsb
50 a8l Sis 59 Liels (Ghorbani et al., 2011) o
Col 0nis 35T alsain oL s Fosleys L il
155 03, 99 (53, 45 dole;l s .(Baninasab, 2009)
J89,5 Jlade rals cely Loy a5 a5 ol lis ol sl
polie o8, Lol el Lo jos 4y ol 8, ;5 Widgiig)lS 9 b @
85 4 Camd 083,58 slaciis 15 )l e 55 sl
sl gazs (Keshavarz et al., 2011) o5 ulux
GRS 3 pasS olS 3 wSeg)lS g dglS palS sl
Mohsenzadeh) o 155 ol 5 il a0 Jlez slo yuw

3 Epicuticular wax

! Chilling stress
2 Paclobutrazol



\ta oo Lol ol S 30 (Sojle e (S @y Cuaglie Giali8l 5 Jo3lierslSh (Lol Jsloe o 758 6y el 1), Ken g (39,

b bl g bl pae) ()8 el gl g0 ((o]5 0l
A5 ¥ i) J5ilisslSly ahw 4w 5 (P indica ¢ 8
S Ggh cnl s osliinals se SI 09 (i po 05 s
ot 5 oD angd Slihod gae )50 5 el T Bas
W0 oo ani b aw L L VY i b o )5 S
@B 5 538 oy Glalejl SE0 (ldl jsliiea,
g 0o oyl S PLindica sl eKea i
15 0oliuls 30 S jshite oyl 4y o ooliiul ciS
4 0 WYY Glo prel w K Soe a4 bl
BATEC PC 22 Jow) Ssil by e d 5 51,5 il
5 S sl Sy (Fp ot (K g5 o5

el oael NV Jgaz j0 oolaiwls je0 S olos

O San b ol Geghy eadzhe S)lse 4y azy
olBl e JoslinslSl ol o P.indica g,6 Uly
5 Lty (b (Folo e G5 4 e Lugl olS Joss

gy 9 dlgo
Slivizs gaslsds 0 \YAY [y o Gislae;l ol
Ol o (65,918 (5 gldlennn ) 9 S5 (GouSiungl
Sl (b @l 5 (55)sl25 pole olSils )5 &l
S5 aw o (Jolas els b sal » eSO json
oS s ol (ialesl slajles ot 2]
420 @y sled 50 9y Gt g d wall) (Sosle

S ool 9 b s SH9 F ) Jou

Table 1. Some of physical and chemical characteristics of soil

S S Cylan i o - o g_»s;-w o H-‘M_ o) S el
Electrical - (Potassium)  (Phosphorus) (Nitrogen) (Sand)  (Silt) (Clay) Soil
Conductivity (pH) B _ p .
(ds.m) (Mg.Kgh)  p)FslS 50 p 5 o (1) w2y attern
1.52 7.65 270 14.5 0.21 22 35.8 42.2 o )
Loam Clay

S Gpeile 99 Gas jo 53 dae VY ol daydy
LS (SB pyS5LS 5o o) (St slaglals
3o aan laz> g atan g0 (sal> e g0 0 ladie a0 S
8l rals GlalE e g0 wie il 4y g oad ST CublS
Jobee) 0,9l b (23045 LG cals; adgl 1o )0 (rizan
i ploxl (S 50 0 S9ls 10
O g gy g Al e 90 (b Jg5lsslsly (L Jslme
ColS 5l e s i (285 O g ClilS Gl e ain
mOIE (Js3liselSh b (cBLS n aegs 5l ey ati g0 g
gSBUA;Lo).wWJLo.c\ 6‘)‘.‘ ‘§°}L"J~J~56‘)‘° sl
& sl b (Caio g <505 SPG30000 Jow) o,
603 Job b S Ar e jg a5 ol S il az o
ol 5 il a0 YA (glos g alins (5,55 L]l jo baylals

(SOilepw GBS Goy Gb g dw I e 0l (5510855

onij slog,B sacgeme 5l P.indica z,5 sasgu

plo 5 ©ipliS psle ol uliig B olKiylss]
Kaefer, ) ' a5 aal> cuiS lame ;0 g 4 5 e o
ol 5 il gaz 0 YO sleo jo atin [lo o 4 (1977
il 5550 lajintn SB35 5| g o 5 S
g ol e 0 SO e Ol eolaiul b adgl gl
Oooled T egiiwgen pY 5l oolaiwl b o gl Slass s

KWW oJJLw) J"'JLSL”“ )Q )9"‘“‘" ax\~A MIG.LC L 9
(Ghabooli et al., 2011)

TPI:N LRI TR W S PR WIRLVIN L PVIV- PR T S

Blee and ) seit b of b b wir 5 shesd
Xy SBBI )0 55, dw Dde & e 3 (Anderson, 1996
)&y s o30S loaslem ol )5 SOl ax 50 YA sles o
M Do a5 oad jeabse ()0 jsenl Hgriliwg 5
il 5l e 00,5 SOl adBs j0 j0 A e bcels

3 Hemocytometer

1 Kaefar

2 Suspension



AR VA IR NVES séb)' ‘ojl.c » k5]4.:.7;‘; sl s

7Y

9 SPSS l58ls 5 5l ool b ool ;yog Jloy yge5]
ma Woold s 285 ol ' Bgi prannl- B Ts0dsS g,
SAS )bl il s saliwgts 5 uibyly i o,
L Sl samslio ¢ 435 (SAS Institute, 2009)
zhw ;0 (LSD) jls sixe B J8las yge3T 51 eolazul
NPle 5 5l loges muny (6l o plonil o ps ity Jlozo|
2% eolel Excel

oy g b
J992) iulesl 5l eawliawsas glaosls (wily,lg 4525 gl
Slas pled p (Fojloyw s ool Jlas sls olas (Y
033 2 @B H Gizes e o pme 0al (5505l
—oolw Blg(P<+/+0) 8l g P <+/+)) gy o5 p St
Mogire P <e[+V) Sy Sis i JoilisslSl
039 e Slio pled )3 )8 5 (Fojlem AiSen 09
O D g dopn S ophe o Wbl Ss
Clae (eles Gl 55 Joiliselsl 9 (Sojle s
Gl g uSen p adle iS5 o dslllaesge
S 039 2 JoilieslSh 5 g6 blite Jlclls seg
Sy e Oy o xe (PSe[0)) &g 5 Sy
Gaed 5o 55 Joil il 5 @B g (Sojlerm galan
(Y Jgo2) o )3l pre ddles i (59 3o bl
A ey dw 3l S Guae ool bodeaisl elsl
S Oleyw iad Sl ey (2B S ek Gy, b
S SS9 () JS8) aes el g ls gse jebay |
o bylys e Poindica b sass il lals saig o
Ol (U5 9o) wald 4 o talS Wiy (So3lopw
Tl QLS &g 9 S SS9 (e 4S5 sbay ol
JS8) 0g: (Fo3le s j5) G G5 4 bogype g ) B L o
OA&G».OJ.:“ als QLQLS 9 oA C.».d; als ULQ:LS MLM (o 9 -
Godmdlis A5 e g iS5 kl,s o Ploindica b
el C)ls L| ol Cws o2

el 003lgn 5l g eadiz B o, SEUL 1 e lals
o plomil s g0 (slags 1o paiges

by (2l sleelil K2z 055 6 pSojlul cux
FA G 4 oS g Al gilulaz 51 g g 00l paS
DA eals 18 ol 8 il az 0 Ve gles b oyl jo cels
633155 Sl oslitul b gy g Bl o5 5y SCaS (359 (5 S 03I
& el (AND HR-100, Japan) «/« +\ oles>

(¥ aal) b () all) a sle Lds S (g Sosll
akegar (F alal) wdsss)l5 o (7 alal) ath Jds)l5
Analytik Jena- SPEKOL  Jow) yiegidg Sl olKiws
(Porra et al., 2002) 4,5 &,50 (1300

Ca(ng/ml) = 16.72 Aggs2 — 9.16 Agszs ]
Co (ug/ml) = 34.09 Agsra— 15.28 Ages. [v]
Cearb) (ng/ml) = C,+ Cy [¥]
Cosey (gfml) = (1000A470 - 1.63cq- 104.964)/221

[¥]

@ Jds IS o3 5 4 Cxrey 5 Carb) Co Ca boala, ol 4o
Ol Aar0 Aes24 Aces2 5 d3955,5 5 IS Jedg s b
BV 5 FOVIE SSONY lagsesb o Jsbwe iz s
Ll yragils

2 S shge Slo sl cds 6 pSojlaljslaeay
8 5 e T s Ve ssl il slaaly)
L aged yo (SOl Colon wele Y ClldS 5l w
(Cybercan, CON 410) s EC oKiws 3l oslawul
s JS ol xS0l jkaeds (ECH) w6 pS el
s 55 talej] sloaly) o Jsle Sy 1 53 a1
4a3o Y Soedsgaz 090 o LANB_301) 5l oy
03,5 o baaiges S 51 Syl Toazme g wad ools )l 3
olae 31 oolisl b by 2SIl s 0oy o (EC2)
(Teutonica et al., 1993) o 4wl O

s S s ays = 2 % 100 [8]
EC,

! Kolmogorov-Smirnov



a1

oo bog) ol 50 (Sojle e i & Seaglie Sl 2 Jo3l5pslSh (L2l ke 9 255 )% el 515w g 058

gl ol (2ilg slaplwil i (39 2 J9ilF92elSh (bl Jsbono 9 5L ol (( F3jlopw (i 51 (MS) Wl po (naileo ¥ Jgor

B

Table 2. Mean squares (MS) for the effect of cold stress, fungi inoculation and Paclobutrazol spraying on dry weights

of aboveground organs in green bean
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CV (%) (1) & s’ s i 15.00 17.68 14.18

s DS o0 G gt Jleisl mha (o ls g i 44**5*

*and**significant at 5 and 1% probability levels, respectively. ns, non-significant
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Fig. 1. Interaction of cold stress and fungi inoculation on leaf (A) and Plant (B) dry weight of green bean plant.
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Table 3. Interaction effect of cold stress and Paclobutrazol spraying on dry weight of aboveground

organs in green bean
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Means in each column followed by similar letter(s) have not significantly different at 5% probability level

according to LSD test.
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35 ALS (sla i (ralS (glp eadaislis | (yge gmgid
Jdo & Jo5l590sSL uen (Still and Pill, 2004)
5 el 00 sasl alS Al aisr soaS ity
Sabegts 25 plp o GlS Gl cblis (K e
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Ui 2050w 45 yomie aS o1 o JSGol, b ol |8
Somasundaram et al.,) 5.5 o &y90 o e o Jled
2009
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A e Sk A g ¥ lacdile ) Sp Sas s
039 5% 5 2 W o TV sgue iy 4 wald 4y Cond
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(Y Jgoz) 093 2o 0 VY dgu

sad,el bliyl 0 ol 6l 7,6 ke SIjl 1 (S
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Table 4. Interaction effect of fungi inoculation and Paclobutrazol spraying on dry weight of aboveground

organs in green bean.

Jo5lyigralsly Dry weight SS9
B s PBZ Leaf Sy Plant aig
g_;?) g;—-**’_ )-“-“ mg L .
Fungi symbiosis (g.plant™)
(=) &8 g9 0 1.03¢ 1.89¢
Non fungi (-) 40 1.03¢ 1.98¢
80 0.88¢ 1.77°¢
gl 0 2.06* 2.812
Fungi (+) 40 1.42¢ 2.34°
80 1.80° 2.88%

55 50085 b (ol sime igles o yd iy Jleil s ;0 LSD (yg03T Gulusl 5 g 12 50 alie g, sl (sla i Sils
Means in each column followed by similar letter(s) have not significantly different at 5% probability level

according to LSD test.
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4 Camd 3030 VA 910 D90 o 5 & 59, b 9 59, 4
4o 5o Jafari et al (2006) (Y Jgo>) 09 S sali
s spelie a4y (Kj8azsS oLS 65, siubs)]
Sgles (Sojlepw G oo o (@TD) S 3,8
O Jlesl boaS glaisSa cuils sezg S,lo e
by S 8, Gl j95 i g gy e (SO5Le s
A il jals sald 4 Cawd 2,0 19 5 1) dgus
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039yt (SOjlayw g dald Hled b ojg, b (Sole
Slpess el b o 15 (Y Jgoz) o9 Lo gime
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SPAD sae) Sy Jdg)lS lyme Giagiy cnl 5o
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Ol B (S5l yoo yiaid gaslol b g auzils vals lals 4
S Jed9 IS lgize (V Jgaz) <ol aalsl mals (59,
ool S Gimsd CBib Gl S e ol S0
Olse  wlS (Yordanova and Popova, 2007)
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Kranner et al.,) ail ogllas cio G wlg co ¢y
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Table 5. Interaction effect of cold stress, fungi inoculation and Paclobutrazol spraying on dry weight of

aboveground organs in green bean

4 y Dry weight SUS (4)9
SOl G (2B G jen Jg);Bsezglf ) Leaf &y Plant  ajg
Cold stress Fungi symbiosis "
(mg.L™) g.plant?
sl O g,b o 0 1.47¢ 2.47¢°
(Control) Non fungi (-) 40 0.89hi 1.84¢
80 0.93#1 1.96%
® bl 0 2.68° 3.25®
Fungi (+) 40 1.42¢f 2.39¢f
80 2.22° 3.42°
39y A (OF SN 0 1.11Fh 2.03¢
(3 days) Non fungi (-) 40 1.17¢h 2 19dh
80 0.718 1.59%
O gkl 0 1.46%¢ 2.32%¢
Fungi (+) 40 1.27%¢ 2.17¢h
80 1.56% 2.60%
39y (NSNS 0 0.54 1.18
(6 days) Non fungi (-) 40 1.06 1.91F
80 1.02¢ 1.77"
® bl 0 2.05° 2.86%
Fungi (+) 40 1.57¢ 2.49¢
80 1.64¢ 2.62¢¢

555 5085 b (6o sire igles s yd iy Jleil s ;0 LSD yge3T Gulisl 1 gt j2 50 alie gy sl slaynSile
Means in each column followed by similar letter(s) have not significantly different at 5% probability level according

to LSD test.
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Table 6. Mean squares (MS) for the effect of cold stress, fungi inoculation and Paclobutrazol spraying on green bean

physiological traits.

w0 Saddel agayis b S S
JUETINTR S.O.V. 351 (SPAD sas) Chlorophyll Chlorophyll &) wo o Sarsl
a Total Carotenoid Electrolyte
df SPAD value chlorophyll leakage
Gl A5y 50 516" 085" 980" 001"  75.56"
Cold Stress
: et 2710 0.20" 0.01"s 0.07 370" 190.48"
Fungi
Josligshsl 12.07" 140° 007" 127 0177 633.22"
PBZ
@b XSl 0.93" 0.40" 0.09" 0.46™ 0.01™  23.36™
Cold Stress x Fungi
Joilyaslsly X Fo5ko yw 4 1.43m 0.39ns 0.10™ 0.67" 0.004"s 171.53*
Cold Stress x PBZ
st ot =L SR TS 020 005 085 003  117.97"
Fungi x PBZ
Joslygralsy X C)u X S0l 4 9 770 0.88"1s 0.120s 217" 0.05"0s 43.200ms
Cold Stress x Fungi x PBZ
il sl 36 2.98 0.37 0.05 0.55 0.03 4.30
Error
(20,9) Syl o 5.27 12.22 11.12 10.54 10.09 5.0
CV (%)

Segre NS o )3 S5 g i Jleio] a0 )losz_m**;
* and ** significant at 5 and 1% probability levels, respectively. ns, non-significant.

o gl oS (059l 5 Ol (Fojlop G F1LY Jgu

Table 7. Effect of cold stress on green bean physiological traits
Sy Judg ls a Jedgls b Jadg ks @tb) Js Judg ks adgiig,ls
55le e i (SPAD sus) Chlor:phyll Chlort()JphyII Total ((::Jlr%r)ophyll Carotenoids
Cold stress SPAD value (ng.ml™)
— 34.14° 5.518 2,300 7.818 .58
Control
39y 4 32.11b 5.120 1.96b 6.97b 2.42°
3 days
39y o 32.06 4.45 1.88 6.34¢ 1710
6 days

25,05 50085 b (gl gime Sigles auo po iy Jleil mhans ;0 LSD (yg03] Lulul o (g 12 50 aslis g sl sl Sl
Means in each column followed by similar letter(s) have not significantly different at 5% probability level according

to LSD test.
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Fig. 2. Effect of Paclobutrazol spraying on chlorophyll a (A) and carotenoid (B) of green bean

leaves
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Fig. 3. Effect of Paclobutrazol spraying on chlorophyll content (SPAD) of green bean leaves
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Fig. 4. Interaction effect of cold stress and Paclobutrazol spraying (A) and fungi inoculation and Paclobutrazol

spraying (B) on electrolyte leakage of green bean leaves.
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Table 8. Interaction effect of cold stress, fungi inoculation and Paclobutrazol spraying on green bean

physiological traits

S35l i TR TEINS Jail i eelsly @+b) Js Judg ks
Cold stress Fungi symbiosis (nfffl) Total Ch(ISgr.(r)r?ID)y" (a+b)

wali ) @8 oy 0 7.112d
(Control) Non fungi (-) 40 7 g9
80 8.08¢

Sk LA 0 7.78%°

Fungi (+) 40 8110
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39) 4w (=) &8 9w 0 7 24ab-d
(3 days) Non fungi (-) 40 6,790
80 7.48:0-4
(CF311" 0 7 (4ab-e

Fungi (+) 40 7 g4ab

80 5.34¢

39) ) &6 oo 0 6.514¢
(6 days) Non fungi (-) 40 6,825
80 5.801

OF ST 0 5.81%¢

Fungi (+) 40 6.55¢¢

80 6.57¢¢
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Means in each column followed by similar letter(s) have not significantly different at 5% probability level

according to LSD test

L ol o P.indica z,6 51 155 co sy o0, 4 iulos]
(;\))Lo).m U’“"" a wsl&a 6Lo.” 6‘)9 ..\.w) 60..\....5@...‘4..4
b omls ol 5 JelS Glpy a5 iz e oged ool
! 5 olS o, Jolpe plo 0 (LSS sla il

=

.ao;

&l Sl
GosSiagh (Jbo slocsler 5 loashus 5l alewsino
ez g Gl b (65,0laS (g jgliblan; 9 S
T QS"Q)"E 6)1..» Gx....‘a GL..A 9 6))51....5 ra}l.c oli.ma‘é

=

208

P.indica z,6 mal cuie S goarasylis iole;l mls
2 Sl G5 4 Ja 5 J 5irslSy o5 sk s
g odid iy (lalS anlie 4S5 psbar el jw Lo
GRS 09 g i sl o Poindica b saizdls LS
9§ S Sz 39 50 sladasMe BB iol38l goaums L
O ok pled )3 509 g B L odd S jon lalS &gy
S o35 Poindica g, mal oJlinslsh 5 Ly
Bl oldl as s VFY g YA U cwsp a |, aigy 9 S
P pSske Frochle o ohisa 5 JoilinslSh 0 p)l8
Culs oys g Gl 1) Sy sleer Sy Gl o 5
o @l 4 arg bocnlple el a5 1) ooy 2SI



AR VAW PNV ES séb)' ‘ajl.c 5 k_§|a.‘.'>u; sl s

Abo-Ghalia, H.H., Khalafallah, A.A., 2008.
Responses of wheat plants associated with
arbuscular mycorrhizalfungi to short-term
water stress followed by recovery at three
growth stages. Journal of Applied Sciences
Research. 4, 570-580.

Al-Karaki, G.N., 2000. Growth of mycorrhizal
tomatoand mineral acquisition under salt
stress. Mycorrhiza. 10, 51-54.

Amina, A.A., Hanan, H.L., 2011. Differential
effects of paclobutrazol on water stress
alleviation through electrolyte leakage,
phytohormones, reduced glutathione and lipid
peroxidation in some wheat genotypes
(Triticum aestivum L.) grown in vitro.
Romanian Biotechnological Letters. 6, 6710-
6721.

Amirabadi, M., Rajali, F., Ardakani, MR., Borji
M., 2009. Effect of Azotobacter and
mycorrhizal fungi inoculants at different
levels of phosphorus on uptake of some
mineral elements by forage maize. iranian
journal of soil research (formerly soil and
water sciences). 23(1), 107-115. [In Persian
with English Summary].

Amooaghaee, R., Shariat, E., 2014. Effect of
cultivar, cold and paclobutrazol on growth,
chlorophyll content and cell membrane injury
in Phaseolus vulgaris plantlet. Iranian Journal
of Plant Biology. 22, 77-90. [In Persian with
English Summary].

Bagheri, A., Mahmoudi, A.A., Ghezeli, F., 2001.
Common Beans, Research for Crop
Improvement. Translate. Mashhad University
Jihad Press. First edition. 556 p. [In Persian]

Baninasab, B., 2009. Amelioration of chilling
stress by paclobutrazol in watermelon
seedlings. Scientia Horticulturae. 121, 144—
148.

Berova, M., Zlatev, Z., Stoeva, N., 2002. Effect
of paclobutrazol on wheat seedlings under low
temperature stress. Plant Physiology. 28, 75—
84.

Blee, K.A., Anderson, A.J]., 1996. Defense-
related transcript accumulation in Phaseolus
vulgaris L. colonized by the arbuscular
mycorrhizal fungus Glomus intraradices
Schenck & Smith. Plant Physiology. 110,
675-688.

Calvet, C., Pinochet, J., Hernandez-Dorrego, A.,
Estan, V., Camprubi, A., 2001. Field

Yy

&l
microplot performance of the peach-almond
hybrid GF-677 after inoculation with
arbuscular mycorrhizal fungi in a replant soil

infested with root knot nematodes.
Mycorrhiza. 10, 295-300.

Chaturvedi, A.K., Vashistha, R.K., Prasad, P.,
Nautiyal, M.C., 2009. Influence of foliar
spray with paclobutrazol and ethepon on
growth and photosynthetic behavior of
Saussurea costus (Falc.) Lipsch. - an
endangered medicinal and aromatic herb.
Journal of Nature and Science. 7, 53-62.

Das, A., Sheramati, 1., Varma, A., 2012.
Contaminated soils: physical, chemical and
biological components. In: Varma A, Kothe E
(eds.), Bio-geo Interactions in Metal-
Contaminated Soils. Springer, Heidelberg, pp
1-16.

Demir, S., 2004. Influence of arbuscular
mycorrhiza on some physiological growth
parameters of pepper. Turkish Journal of
Biology. 28, 85-90.

Deshmukh, S., Huckelhoven, R., Schafer, P.,
Imani, J., Sharma, M., Weiss, M., Waller, F.,
Kogel, K.H., 2006. The root endophytic
fungus Piriformospora indica requires host
cell death for proliferation during mutualistic
symbiosis with barley. Proceedings of the
National Academy of Sciences. U.S.A. 103,
18450-18457.

Ehteshami, M.H., 2005. Effect of chilling on crop
physiological characteristics and adaptation
mechanisms.  Scientific  and  Applied
Symposium on Chilling and Frost Damage
Control. Yazd Agriculture Jihad
Organization. p. 21-24. [In Persian]

Feng, Z., Guo, A., Feng, Z., 2003. Amelioration
of chilling stress by triadimefon in cucumber
seedlings. Journal of Plant Growth
Regulation. 39, 277-283.

Fletcher, R.A., Gilley, A., Sankhla, N., Davis,
T.D., 2000. Triazoles as plant growth
regulators and stress protectants. Horticultural
Reviews. 24, 55-122.

Ghabooli, M., Shahryari, F., Sepehri, M.,
Marashi, H., Hoseyni Salkade, GH. 2011.
Effect of endophytic fungus Piriformospora
indica on some characteristics of barley
(Hordeum wvulgare L.) in drought stress.
Journal of Agroecology. 3, 328-336.



Yy oo Lol ol S 30 (Sojle e (S @y Cuaglie Giali8l 5 Jo3lierslSh (Lol Jsloe o 758 6y el 1), Ken g (39,

Ghorbani, A., Zarinkamar, F., Fallah, A., 2011.
Effect of cold stress on the anatomy and
morphology of the tolerant and sensitive
cultivars of rice during germination. Tissue
and Cell. 2(3), 235-244. [In Persian with
English Summary].

Jafari, S.R., Manuchehri Kalantari, Kh.,
Turkzadeh, M., 2006. The evaluation of
paclobutrazol effects on increase cold
hardiness in tomato seedlings (Lycopersicum
esculentumL.). Journal of Biology. 19(3),
290-298. [In Persian with English Summary].

Kaefer, E., 1977. Meiotic mitotic recombination
in Aspergillus and its chromosomal
aberration. Advances in Genetics. 19, 33-131.

Kafi, M., Borzooyi, A., Salehi, M., Kamamndi,
A., Maasumi, A., Nabati, J., 2009.
Environmental Stress Physiology in Plants.
Mashhad University Jihad Press. 502 p. [In
Persian].

Kafi, M., Mahdavi Damghani, A., 2001.
Resistance  mechanisms of plants to
environmental stresses. Translate. Mashhad
University Jihad Press. 467 p. [In Persian].

Karagiannidis, N., Thomidisa, T., Lazarib, D.,
Panou-Filotheoua, E., Karagiannidoua, C.,
2011. Effect of three Greek arbuscular
mycorrhizal fungi in improving the growth,
nutrient concentration, and production of
essential oils of oregano and mint plants.
Scientia Horticulturae. 129, 329-334.

Keshavarz, H., Modares Sanavi, A.M., Zarin
Kamar, F., Dolat Abadian, A., Panahi, M.,
andAsilan, K., 2011. Effect offoliar
application of salicylic acid on some
biochemical characteristics of two cultivars of
rapeseed (Brassica napus L.) under conditions
of cold stress. Crop Science. 42(4), 423-734.
[In Persian].

Kishorekumar, A., Abdul Jaleel, C., Manivannan,
P., Sankar, B., Sridharan, R., Somasundaram,
R., Panneerselvam, R., 2006. Differential
effects of hexaconazole and paclobutrazol on
the foliage characteristics of Chinese potato
(Solenostemon rotundifolius). Acta Biologica
Szegediensis. 50, 127-129.

Kranner, 1., Beckett, R.P., Wornik, S., Zorn, M.
Pfeithofer, H.W., 2002. Revival of a
resurrection plant correlates with its
antioxidants status. The Plant Journal. 31, 13—
24.

Koochaki, E., Banayan Aval, M., 2007. Pulse
Crops. Mashhad Jehad Daneshgahi Press. 236
P.

Kumar, M., Yadav, V., Tuteja, N., Johri, A.K.,
2009. Antioxidant enzyme activities in maize
plants colonized with Piriformospora indica.
Microbiology. 155, 780-790.

Lin, K.H., Tsou, C.C., Hwang, S.Y., Chen,
L.F.O., Lo, H.F., 2006. Paclobutrazol pre-
treatment enhanced flooding tolerance of
sweet potato. Journal of Plant Physiology.
163, 750-760.

Marschner, H., Bell, B., 1994. Nutrient uptake in
mycorrhizal symbiosis. Plant and Soil. 159,
89-102.

Mohsenzadeh, S., Karimi Andani, ],
Mohabbatkar, H., 2010. Study of gene
sequence and physiological responses to cold
stress responses in susceptible and resistant
wheat cultivars. Crop Science. 41(3), 613-
621. [In Persian]

Motaghian, A., Pirdashti, H., Bahmanyar, M. A.
2009. Response of bush bean (Phaseolus
vulgaris L.) seedling emergence and growth
to different vermicompost amounts. Journal of
Agroecology. 1, 103-114. [In Persian with
English Summary].

Nasri, M., Khalatbari, M., 2011. Effect of
nitrogen fertilizer, potassium and zinc on
quantitative and qualitative characteristics of
greenbeans (Phaseolous vulgaris) genotypes
Sunray. Field Crop Physiology. 3(1), 82-93.
[In Persian with English Summary].

Oelmuller, R., Sherameti, 1., Tripathi S., Varma,
A., 2009. Piriformospora indica, a cultivable
root endophyte with multiple
biotechnological applications. Symbiosis. 49,
1-12.

Percival, C.G., Noviss, K., 2008. Triazole
induced drought tolerance in horse chestnut
(Aesculus hippocastanum). Tree Physiology.
28, 1685-1692.

Pinhero, R., Fletcher, R. 1994. Paclobutrazol and
ancymidol protect corn seedlings from
highand low temperature stresses. Journal of
Plant Growth Regulation. 15, 47-53.

Porra, R.J., 2002. The chequered history of the
development and use of simultaneous
equations for the accurate determination of
chlorophylls a and b. Photosynthesis
Research. 73,149-156.



AR VAW PNV ES séb)' ‘ajl.c 5 k_§|a.‘.'>u; sl s

Razavizadeh, R., Amoobeygi, M., 2013. The
effect of paclobutrazol in improvement of
drought tolerance of Brassica napus L.
seedling under in vitro culture. Journal of
Plant Process and Function .2(3), 21-34. [In
Persian with English Summary].

Roosta, H.R., Sajjadinia, A., 2010. Studying the
effect of cold stress on green basil, violet
basil, tomato and lettuce using chlorophyll
fluorescence technique. Environ.
Environmental Stresses in Crop Sciences.
3(1), 1-8. [In Persian with English Summary].

Sankhla, N., Davis, T.D., Upodhyaya, A.,
Sankhla, D., Walser, R.H., Smith, B.N., 1985.
Growth and metabolism of soybean affected
by Paclobutrazol. Plant and Cell Physiology.
26, 913-921.

Smith, S.E., Read, D.J., 2008. Mycorrhizal
Symbiosis. 3rd ed., Academic Press, London.

Soltanidelroba, N., Karamian, R., Ranjbar, M.,
2011. Interaction of salicylic acid and cold
stress on activity of antioxidant enzymes in
plant licorice (Glycyrrhiza glabra L.). Journal
of Herbal Drugs. 2(1), 7-13. [In Persian with
English Summary].

Somasundaram, R., Cheruth, A.J., Sindhu, S.A.,
Azooz, M.M., Panneerselvam, R., 2009. Role
of Paclobutrazol and ABA in drought stress
amelioration in Sesamum indicum L.
International Journal of Molecular Sciences.
4, 56-62.

Still, J.R., Pill, W.G., 2004. Growth and stress
tolerance of tomato seedlings (Lycopersicon
esculentum Mill.) in response to seed
treatment with Paclobutrazol. Journal of

VE

Horticultural Science and Biotechnology. 79,
197-203.

Teutonica, R.A., Palta, J.P., Osborn, T.C., 1993.
In vitro freezing tolerance in relation to winter

survival of rapeseed cultivars. Crop Science.
33, 103-107.

Vadassery, J., Tripathi, S., Prasad, R., Varma, A.,
Oeclmiiller, R., 2009. Mono dehydro ascorbate
reductase 2 and dehydro ascorbate reductase 5
are crucial for a mutualistic interaction
between  Piriformospora  indica  and
Arabidopsis. Plant Physiology. 166, 1263-
1274.

Varma, A., Bakshi, M., Lou, B., Hartmann, A.,
Oelmueller, R., 2012. Piriformospora indica:
A novel plant growth-promoting mycorrhizal
fungus. Agricultural Research. 1(2), 117-131.

Verma, S., Varma, A., Rexer, K.H., Kost, G.,
Sarbhoy, A., Bisen, P., Butehorn, B., Franken,
P., 1998. Piriformospora indica, gen. et sp.
nov.,, a new root-colonizing fungus.
Mycologia. 95, 896-903.

Waller, F., Achatz, B., Baltruschat, H., Fodor, J.,
Becker, K., Fischer, M., Heier, T,
Huckelhoven, R., Neumann, C., Wettstein, D.,
Franken, P., Kogel, K., 2005. The endophytic
fungus Piriformospora indica reprograms
barley to salt- stress tolerance, disease
resistance, and higher yield. In: Proceedings
of the National Academy of Sciences. U.S.A.
103, 18450-18457.

Yordanova, R.Y., Popova, L.P., 2007. Effect of
exogenous treatment with salicylic acid on
photosynthetic activity and antioxidant

capacity of chilled wheat plants. General and
Applied Plant Physiology. 33, 155-170.



