YOV TTodadin (Wi el aal 5 Dl ol 1 ol 1 ¥A0 liuli-Yo jladicAs y s el JBLE (5550558 o1 i g5 ale dlas

obS Jglome sladid 5 s 5w (PGPR)AG, S e (slas 5SL G s sla s, 5
S s ll s s (AchilleamillefoliumL.) of ysbe g 04,05
"ol sy el gl (S5L L e Y e e e
Ol 3005 5 oDl 5151 o &Sls s, e (o)) e Pl LSk sl el 09 -
ol J s sladid 5 pds 5o 2 (PGPR)AG,) S s glas 5L O juas sla iy 1 oy 0 5okt 4
35T ol&ils 5 VYA sy s ioledl ((Sis 2w Ll e s (AchilleamillefoliumL.) of,sbeg 5,0
T B s oM bl Sy 4 alesl Sy bl (55 s () e plal Sl axly Sl
o 35 ol Jole Olge 4 g5kl slayss Joli a3l Jalss el J3 Ll w15 aw b dolas JulS oS 4
S e slo (6L 3 8 il gl hy 9 A NS s S5 1 s e e WY 580 000 s ()l la
b ks 3 5 bl ST 53 68U 5 )8 (6L Jbo ad; 32, (s S s pie Jols (PGPR) uz,
G5 o3l 1S sls OLES ool ezt gulBiiad w3 5 5 s o Jule Ol 4 ol O 5s 5 8SL 8
O Bl 5 enl 53 ks S ls xe pdg p Jolite Sl S JaS g s me D a3l 3,50 LS5 S e gla (g STy SKES
SAL L odd Lo BLS o gMay s 8 0pske gy (29,05 olS 55 Jglons sladid 5 (pdg p Ol 2ol 1 o (S5
Iohome Uil 5 cpdy (s5tme slls a0 45 S 4 b (3L ool LT 5o oS LS 4 Cod A, S e o
33 S5 SalS g ) ghie Ol S e gl (550 )8 45 5ls DL aalllas ol il Lis g (5 S
Skl ke o 7aS 5 (5 059 08 2 p S e YINAYY) s Sl 1 jiaS &S (55 900 4 . Sudils 0 S5 b

Jrol i) S o S O a5 (S A5 0y el 55 (5055 p 8 0 8 e ATY) s

..\iajf
JJ-\?M 6\.&..\.'5}&.:‘}j: g.\.i‘») &S,"eo 6\.& LSJ.SL’ g&ﬂcbb:bﬁ :6..\.:15 6\.&03‘}
PRV

Bl Gy IS S I Wl i iz SlalS Achiillea L. e oU L Asteraceae o, 4 gl 03l

¢S o g U S oS aS ol gaila L Sl b aw B (S 5 Ook cosline S 1 0kigd o g 5 et U

Kies S5 es WL s S e Osk Sk b 4SS e b e
(Rechinger, ya1v)

ol Of 3 90eS 45 (550 4 A3l (o O ol Dl s 1 (B0 (s 2B Dl a3 Sl (S S5

s 0bS 503 5 Ay 5l Al jo 233 5 o Ll 0AS S 58 5 b Jgh gad 2l Eol g odd wlel Lid ials

(ahmad.mirjalili@hotmail.com) st o |55

Yov



YOV TTodadin (Wi el aal 5 Dl ol 1 ol 1 ¥A0 liuli-Yo jladicAs y s el JBLE (5550558 o1 i g5 ale dlas

an 9 e e A5 4 e [l g Sl e disd e SolS Ll LS Lk 4 sk AN
5 elsp el ) 055 il S 3 Cagh, SRS Olsley ol 3500 55 Wised gl sls (608 ol
I8 sl i Sdd s Pl pemmen (V¥ O Ken 5 ool sale b p3) s Shals 1 olE s aile sluss
e s 4 Gl nl 45 LS e i Sl en b S p 05y deoys 5 S e oS |y Wl B asls alsT
OLE Ll Wlu 5 adyy dgb (K23 5 s SRl Olsbeg a5 2 6503 el 53 ol ol us, 0as
Ol s 4 olE il adsl e s ol Ol EalS 50 i eale Oy A b e Il L5 Lol
slrigoyenet al.,- \YAA O1,Kea 5 s8Il o S2alS Bud ) s als 5 Jalu s 3 (S P Ar 5

.()44y-

RIS nl Jgl Adb g S5 daylpd s bl SEB g3 gls 4 03 OF 53 Jo BB sl del SO g

8 sl s p SRl L sl e 25 Tl s 5o OB s (Sl el K Olge 4 sy gead 5 SR
Sl Ll wlii5 53 Gy mimer ol delaal Lyl 5 4 OLLS Caglio i3l 5 85l sl Sl S Ol e
sn b Sl el Gladenl ple & Cond g il el ClalE 25 Bl 5 3 ayls G ke D0
oLS 5 dlei o Jos das on Sl 1) Dy g (g sanl Jomilty oS Jlowa B2l by 5 039 2 sle b Ope Olge
glachls Coul 311, Jobe sbalis 5 boms s (ods (Bian et al, VaA) &S o )b i 4 Josw 5o 1,

L dl e L Lady g 5L

S5 P ok SLlid 5 laenS s p O gl ydos 1185 o S 1 55 elel ik (galanly 4y J e slati3

P oS s add mezw 45 s S slgdy (Campos et al., 1444) (Crowe et al., 144+) ws
Ll cpl 48 Wis S 3,155 6T .dilu e Sl S 5o 1) a8 JUl b 5 oSis a5 ol (S lio Vil 5 b
LS o 55 o Fn g 3 S 3 S pens S 53 358 o o A5 53 e 5l Cules 4 e

.(Golodschmidt and Huber, y44aY)

GL;JD‘J&&SQQ"&A"JJBJYQW‘Q&&Q’%Jégﬁdw‘sou‘&JbM

cilises QLS Hs Kis i Lyl o 1) S Jgoes ol Ol il 5l godate Slislell . dias o il
o PRI A gl (S Ol &5 SIS sz b (Ki 5l pd s (IS b 4 Kl esls 0L
b i 0 llpd 55 dtes s 9 J sl Jglowe slaad mess 45 L35 5,058 (Shaw et al., Yoov) b

Al az3ls ol 31 A

YoA



YOV TTodadin (Wi el aal 5 Dl ol 1 ol 1 ¥A0 liuli-Yo jladicAs y s el JBLE (5550558 o1 i g5 ale dlas

Wiy g kas g G519 S b S en g dtes BLISI 5o S g el ady) b &S g Ausny sl 5 S
)\.3 O’.‘.“." aj‘j &‘.\Jﬁ_’f & PGPR =Ml L_g ol.; .\..:5) SJN 6}émﬁjﬁJ 6\.& 6}"5['.’ LAJ.Q.G ‘) JJ)‘.: cL;

(Sharma, Y+ Vs @1, (VaAv)Kloepper andSchroth L

Sl s O30S 35T SISl (3aSL b ddy S e sla (L 3 5,8 45 ol 0 i,158 Cpmieen
da.wj"ﬁ:@@'}}bﬁ‘ﬁj“b@uﬂs‘)J:&.'.Sgfu;‘dﬁ.ﬁ)b"aﬁuﬁjﬁ:gyﬁdu@‘gg’.})u

(Singh and Kapoor, 1434) wl o ials 25 4 olS feadl Ko S Ol g0

Loy S e gl S O pan b ol on K5 4 Cuglie sbul Ol gy g Gulios cpl 3l S JS sk

el 039 S 5 ) s O jale g olE 5 Sas alS 3 cwibes sk 4 (PGPR)
b Sy 9l
e Jole Sluasein 5 bl zhb

Olge 4 bl s S 12l SSY 5o 5 olas JalS slas sl 7 b B s O kel &0 4 el
G A IS s Sals phaw 3l s e Jee VW 580 00 alal 5l 5t el e 4w 55 Lol fale
Jb aty; O e (G G pae pie (Al mhaw 50 L) S oo sla 6 Sb D ae sl gy 5 ol Jolo Ol gs
@bl T 533, + b ats; 32 G bl O 13 Ad; S e sl S 3,8 (7 A5, S e sla S
5 09 les Olge 4 A LIS G 51 s R e 00 51 ey 0ll L B 5 s o Jule Ol g 4
Sl 00 g ST gl b a8 g dalgs e Sle FOoUL cils b0 Jolds byl o S p ud ad 8l o
Pl okl S5 gl bl Iale 51 Slos sk 51 g dd 4 K s 4l Olse 4 bk slgml 5 Il e
A (g S W
G5 ol gl ol ol (Bates et al., VaYY) i, 51 S il slsime o sy o3l sl

o5 4 MY Seladlogilgn apl 2l Lo ¥ 50 iz 0yl )0 g 0 (jei azalS 0,5 /Y e ol cyulg

Y ol oS fgms yile aiBo 1O Do w0 VAo 00 b Seub yile oKws jo ol ljgen g ol sossle

b Byre id LoV jlade s algd plod 4y g 00ged Jaio Jlo jo sl alg) v 1) 0als Blo slo o )lac 5 2] L
Cco g'l)owu«_i{@qﬁ@ud?])oij.m&u‘Jpﬁf&ﬁ;ﬂlwlﬁ&ﬁY5&3‘)..\,?.@

sloslatnl b g cuts aslal poles d (Lo ¥ Llade plaS 1o 4y o alg) 50,5 0w 5l ey cadall ools 13 V.-
oy Galo 5 30,8 S, a4 aS |y Sg, 5B plonil i ol el IS s alg) a gl YU VO Gawe 4y (ST )9 oSows

o olael g e85 (13 magigde mSiunl olliws o o laslinl slo wigad b ylojen g il 1 009 (Peded jo Jole

Yod



YOV TTodadin (Wi el aal 5 Dl ol 1 ol 1 ¥A0 liuli-Yo jladicAs y s el JBLE (5550558 o1 i g5 ale dlas

e 3l ooliul b Sy 056 Sl o5 5 psF e e g1 oday cale 0y T o3 esil OY ¢ e Jsb

D5 o Ol B 033 eSS 2 S e Do a4 azly ol s ol

o9 x Oylabul sla Jglxo and 0g2ui

Sl Jolome il (oo B0 0y @l g )5 10 ke (g S laliul sl Jole 4 sl
29 oo o Glate OF il (Lo Ve o St Silwcdlogilgns apsl 5l 8 YY) sojo ¥ Slclogil s
3 il (glo clale ol ags sl PPMY e+ Joloro 51T o oo @y (dgpn PPM Y- Jolomo o5 ot
Fe Yo Ve B /0 oo polae i A g Lo Voo Gla o5ey L j0 AT oS 5 s 09l o0 colaiul
o oloy pr> 4 000 ¥ Selewlosilgns sl Jolone b g a8L2I PPM N -+ Jolowo 51 2 (oo i+ -
Wil oo g PPM B g Fe Fe Ve Ve DY /0 e slo cliale gl Jol> slo Jolore Laig

J‘y\:u sbas ‘5}5 o 3!

Jool Ran J gl s 5 0 (5 pS0skas Jaie T 2 oo ¥ 53 05 /Y Oljs 4y 0kd i (sla 4 50

Jb sl e 170 s Ol Raa 5 il s Koe 00 @ & ged A3 (5,803 (gl s S Gl bl LS SaS o
ol o 13l 8 STy G s g8 g el 035331 51y Al BNy A3 L1 LA S ) g Aol I o Y/0 5 10
bglsue el 03953 51 day Sl (55900 1S 0 (3L D)l M F A4S 5sd e sl 2l K WS L
0SS Yo U v 51 5SS e a3l aslitl b 3 ,lukl omia 3 55 S GUI slas s akds Vb ST,
LA Zan Jsb o sn gty il ois 5l ealitnl b & gad idor ol o 4y Loyl om0 5 e 5 b 50
(DUDOIS €t us yons 6503 5 035 05 2 05 o Sl 2 gloms sl JS 5lle 5 0l (g 805100 oo 5l

al., vaon).
Cou g mli

Jalowe slaks 5 ol

o3 e dgloms B g s s M) S e sl B3 ) sty 5 okl s el Sl 3
U S0 5 ol O3 25 S SIS S ol LS 6,0 sla 235 51 5on el .V J5or) 53
e VY &éﬂnﬂ)ﬁd}l’w dl.axﬁ;c,:J;,;MH&}YLgeJAL&QR&aAS.QQ@ﬁ‘}ﬂ gﬁ))é}’:y

(Ydgdr) s B s Sois 5 s e
Olysbeg dglon SkS 5 cpd g S somnp Mby S e sl S G nae sledss 5 okl s ST Sbls 4 Y dsi

Y.



YOV TTodadin (Wi el aal 5 Dl ol 1 ol 1 ¥A0 liuli-Yo jladicAs y s el JBLE (5550558 o1 i g5 ale dlas

lakd oon el chd
J glows
£e/0A /v0 S o
408 /VA** \Y/EVE* @) s\l s
VA /LY a glas
AVoY** /QpEE b0) s 54
/10 VAT ab
7a} /N0 b sl
VA 4/10 C.V (%)

** *

..x;.&l.:de.uﬁ\,o JL«>|C_9E~J;£J>_,.3J|;@MJ§JUCJ%';Q 9

Olysbeg dgloes LS 5 cpdg s sonp Mby S e sl S S nae sleds 5 okl s ST Kle amslis —Yd g

J ks slas AL ol
05 2 ) 05 2S5 )
(5 859 (859 b les
c.SJ‘-.-.*i 29°
\V/6NC /¥ C SRS e 00
Va/Arb ¥/\\b 7S Fade A
Ya/rva ¢/4a 25 e \Y
PGPR ;s\
Ys/eva ¥/ra O pae o
\1/04C Y/vYa Jb ady,
YA ¥/Tva sl of
va/ob Y/A0h ol O + (sl ety s

D905l Ao ys 0 ch..»ﬁ Sols sme SN ‘5|J|.>‘..AL3«.U| s o3y SLE il D L aS oo yles
.2zl SD



YOV TTodadin (Wi el aal 5 Dl ol 1 ol 1 ¥A0 liuli-Yo jladicAs y s el JBLE (5550558 o1 i g5 ale dlas

ol gl 51 YL (ol ame sk 4 e e Jea W ()bl e 53 Jgloes S 5 )5 Ol (e
S e s S 3 S 5 A, S e slagg S )8 sla b, ks gl o j30 g RS e e 005 80
oS (Y guor) s £ Jgloms (ladid 5 pdgp Oljme S8 o (5013 (sine 5sb 4 e puts b a3 )
3708 o plo b a8 ad sdalie bl OF 53 (6881 55845 S Jbo ady) 38 mhe 53 gy Ol
4 Al edalie 5 2SL b ads) 5 )8 mlaw 53 5 Jsloms SladS Olgee p 2eS 35 515 (sme DS gLls (5 S,
(Ydgaz) codls )l omn SN (5Ll O 3 6 5 3 2,5+ 5 Sk Jbo adyy 5,18 b b

Ol o feS 4 313 DL (g 2 Olee gy S oo sl 6 5 52,18 )3 il Lgs Jlime 31 ke anlin
sl b s ol ST 53 6L s )5+ L b alyy 5,8 b 52 (5 059 (Jf B rjf A RANDREER
370 pde b 53 35 (5 059 p 8 2 p S e EMWI o0 Olims (o 5 el o e 00 i ST Dok
S 55 52 (bl gl 51 S s b sdalie (WA ) p5es e e VW (goll i 5 (5 S
W sk s 675G 2 )+ A8 Jle a5 )8 riomen a8 g p S S 4 e bl S e
OV JS2) 530 5 jde s p Oles Gl 0 e fio oo 80 ()bl i b denslie )3 e e s

4 55 O 58 dgloen LakS Olje p Ady S oea sla (525 3200 3 (ulel Has Jilie §1 Kle amslis
bl i 5 bl ST 53 5L 52,8 e 53 (5 055 p5 2 08 oo ATIF) glons (sladiS O o0 o2 S
Jbo a2y 52,8 e 53 (5 055 05 2 05 o YAV (e 1 SUL 5 A4S edalie pd 2o o O
A 2 AL b adyy 528 i b o8 ol ey e o o VY i S (S S 5 (6 S
(Y JS8) bl (5ls (e I (s o (Joo 1Y) (K3 s 25 Byl pd s (5l O o
I doloms Syt g S meods 556 A pll 55y S G peon b 3 (Sanchez et al., V44A)
Bajji) criomen 5,05 bl 4 Coanl 25 4 olS 5,850 dul 3 55 J ks el jhn g1 S 2al53) L3 S sdalia

..\3‘0)4.5 &)‘ﬁﬁ.\fd&'ﬁuru)‘ b)y):ﬂdl.o.ﬂlgjrjuﬁ (GJ‘J: |) .>|‘9A Cﬁ"ﬂ.ﬁ@:ﬁ(etal,"“\



YOV TTodadin (Wi el aal 5 Dl ol 1 ol 1 ¥A0 liuli-Yo jladicAs y s el JBLE (5550558 o1 i g5 ale dlas

6
a
5 0.,... a ab
‘ KCd ....." bc
~ ef de
3 NG - -

-y
—— - o
2 f efg g g e

(G OsseS 2o ) odsn

g
-0 s e Jed
1 coeoe o o AT
- 7 2D
e e < . i+l
Ci e Je s : Cj\j
[
om0 i e 50 2.3567 2.4567 = 2.2967 = 2.0833
- Qe i e 1 90 3.7 3.0167 3.05 2.6767

ees®ee ii jiaLe 130  4.8467 4.4833 4.47 3.7967

Olpsbos S 2 53 o Ul g hdy S e Slacs 5L 3 )8 (sl bns 5 ol sk ol S IS

‘ 40
3
4 3 I
C °® ®e
i 30 e, bed L@ ab
= ., PR
= 2 A
iy @ of P
= 15 N % —— sl e ke 0
“y 10 ghi  fgh hi == s led
3 5 ' ceddee oo LY
)
2 0 .
pas Ad) - -
i pne Je gl | e
skl

a0 jie e 50 13.207 | 14.003 8.663 10.157
- Qmm i jia 190 | 17.997 24.22 15.143 21.95
eee®ee v yie 1130 27.75 33.987 25.82 29.78

Sy o3 dglons ol Ol 5 Ad) S e (sl S 5 ) S, 5 ol gl blize 51 -Y IS

le}L@ﬁ



YOV TTodadin (Wi el aal 5 Dl ol 1 ol 1 ¥A0 liuli-Yo jladicAs y s el JBLE (5550558 o1 i g5 ale dlas

cb.o

n‘;)l.;‘ o.:‘};.l& .“..J ‘6.5)_’.@-“ .‘c ‘)ﬁ: L;lf N3 ( ‘@L’b) N3 h.'J ‘6).>U .c‘ g&;ﬁ N3 c "Lf’-g‘“l?‘ N ‘ “5.5\;.1)‘9.&\.5 g;éij‘;'
;3 (Achilleamillefolium L.) of sl g dé ) 580 58 slgasle NERRY soll St AYM s
VLYY ((¥) Y0 01 n! e 5 (0)ls SLLS Slidos e sele asldaad - S ailais

(Achillea) olysbe s i & 55 g (25 S Jomils L3I NYM g FTGLE 5 0 58w
JOXN (V) WY (5555158 b 5 p ko) UL p ke 4 i dgde alsn 5 O Ll 55 odd ouiS

Bajji, M. Lutts, S. and Kinet J. ¥+ +\. Water deficit effects on solute contribution to osmotic

adjustment as a function of leaf ageing in three durum wheat (Triticum durum Desf.)
Cultivars performing differently in arid conditions. Plant Science. V1« 114-1A),

Bates, L.S. Waldern R.P. and Teave 1.D. \avy. Rapid determination of free proline for

water stress studies. Plant and Soil.va: y.o0-Y.v.

Bian, Y.M. Chen S.Y. Liu S.K. Xie M.Y. vaaA. Effects of HF on praline of some plants.

Plant Physiology Communications. 1: \4-Y\.

Campos, P.S. Ramalho J.C. Lauriano J.A. Silva M.J. and Matos M.C. 1aa4. Effect of

drought on photosynthetic performance and water relation of four vigna genotypes.
Photosnthetics, ¥ va-Av.

Crowe, J.H. Carpenter J.F. Crowe L.M. and Anchrology T.J. yaa.. Are freezing and

dehydration similar stress vectors? A comparison of modes of interaction of stability
solutes within biomolecules. Cryobiology. yv: vya-yw.

Dubois, M. Gilles K.A. Hamilton J.K. Rebers P.A. and Smith F. yae1. Colorimetric

method for determination of sugars and related substances. Anal Chem. YA:xo+-¥o1

Golodschmidt, EE. Huber, SC. ‘ya4ay. Regulation of photosynthesis by endproduct

accumulation in leaves of plants storing starch, Sucrose, and hexose sugars. Plant
Physiology. 44: V££v-\£¢A.



YOV TTodadin (Wi el aal 5 Dl ol 1 ol 1 ¥A0 liuli-Yo jladicAs y s el JBLE (5550558 o1 i g5 ale dlas

Irigoyen, J., J. Emerich, D. W. Sanchez-Diaz, M.\4a4v.Alfalfa leaf senesecence induced by

drought stress: photosynthesis, hydrogen peroxide metabolism, lipid peroxidation and
athylene evolution. PhysiologiaPlantarum. As: Wv-vy,

Rechinger, K.H. (Va1v). Flora Iranica. No. \YeA.AkademischeDruke-U, Verlagsanstalt

Wien Austria, Yvp.

Sanchez, F.J. Manzanares M. De Andres E.F. Tenorio J.L. and Ayerbe L. VaaA. Turgor
maintenance, osmotic adjustment and soluble sugar and proline accumulation in ¢4 pea

cultivar in response to water stress. Field Crops Res. 04: Yyo-yvy,

Sharma, A.K. v+ .1.Biofertilizers for sustainable agriculture.Agrobios, India. ¢+v pp.

Shaw B., Thomas TH. Cooke DT. y++¥. Responses of sugar beet (Beta vulgaris L.) to drought

and nutrient deficiency stress. Plant Growth Regulation. ¥v: vv-Ay.

Singh, S.and Kapoor, K.K.\a44.Inocultaion with phosphate —solubilizing microorganisms and

a vesicular arbuscular mycorrhizal fungus improves dry matter yield and nutrient
uptake by wheat grown in a sandy soil.Biology and Fertility of soils. YA: \va-1¢s.

\lo



YOV TTodadin (Wi el aal 5 Dl ol 1 ol 1 ¥A0 liuli-Yo jladicAs y s el JBLE (5550558 o1 i g5 ale dlas

Effects of PGPR application methods on Proline and soluble sugars content of Yarrow
(Achilea millefolium L.) under drought stress conditions

Ahmad Mirjalili**, Alireza Pazoki', AbolfazlRashidi Asl'

\-Department of Agronomy, Yadegar-e-lmam Khomeini (RAH) Shahre-Rey Branch, Tehran, Iran

Abstract

In order to study the Effects of PGPR application methods on Proline and soluble sugars
content of Yarrow (Achillea millefolium L.) under drought stress conditions an
experiment was performed at Islamic Azad University, Yadegar-e-lmam Khomeini
(RAH) Shahre-Rey Branch. This experiment was carried out in a split plot arrangement
with randomized complete block design in three replications. Experimental factors were

included irrigation regimes as the main plot in three levels including ¢+, 4+ and \¥+ mm

evaporation from A class pan, and PGPR application methods in four levels including,
Non application, root inoculation, application in irrigation water, and root
inoculation+irrigation in irrigation water methods as the subplot. The results indicated
that, simple effects of irrigation and PGPRS were significant on experimented traits but
the interaction effects were meaningful only on Proline content at o7. level of Probability.

In this case, drought stress increased Proline and soluble sugars in yarrow. The treated
plants with PGPRS had less Proline and soluble sugars compare to control. The results
revealed that root inoculation + application in irrigation water were more effective than
without application methods for decreasing harmless effects of drought. So the lowest
Proline (¥,-Av¥ mg/g FW) belonged to non-stress and root inoculation+irrigation PGPR

application methods treatment and the lowest soluble sugars (A, mg/g FW) belonged
to non-stress and PGPR application in irrigation water methods treatment.

Key words: Yarrow,Drought stress, Plant Growth Promoting Rhizobacteria (PGPR),
Proline, soluble sugars
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