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1- Asteraceae
2- Arbuscular Mycorrhizal
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1- Leaf Area Meter
2- Porometer

oy



AT (V) 2 )lond d€) s sy adgi 9 S8 Capprto g pul

,:,;)_:év_iwoli;.ﬂ;;\uu;ﬂ\pwW}jgdzwgco,\.:%swwﬁmqsolﬂ:ﬁ_is
5 cilime GLac Bl U dS e Sl slasy il lnl & (g5 ol 4 s (5,850
S olws Sl eslitul Ly Lok god el Ol oo s 13,5 0,8 LT L 20 528006 ol

OVAAY (N 5 Al s S
Aot oLl S 55 5,550 s alaiduls £ b B s el pl tlaesls o 5 4o
AU Sl aelie iman (25 S 50 SAS 9.1 (b 13l 5 L baesls o 5 45
l_zl_A)\.s}m.})J._.ifL?L}l ds 3 0 JL;;;—\CE.‘).s Sl laslsde ()j.aﬂ)'l oslaial b Loyl

Cou g W
20 L il 5L a8 sl 0l Laesls il a5 Sl sdel Cosas gl s tu g glapas L
5> Jd s S Olin oS e (S sl ol gLl dile phugy Slio Y Sl )5S
Jw\ck_wjad\uj))@.\ujuﬁ&j});Q;} Slas lp s Aoy 0 JL:.;;-\CIM

(\ d).,\}) Sy )\J&M Loy \

Color Ol ks 5 (g, ddy slagas L Y Sl 5,08 2,6 b il Sty 28 ) sl

Ml o3, salS slaiss,

Sl e e
e
ola 355 355 o sl gl : i b
S5 is _ _ _ sl
6‘4.?)"5) S JJ Q/J._‘ Q/J._‘ el:S
XN 070 ARSI A2V SRR CY -8 V7 SRR} /7 SR o YAV Y S A% PR (72 V- Y Sl
VeY/QY A YAY/0+ Yo/ YAVt Yo A0O VY salasT elas!
et e
Vo/rv N7 Ve/NE V£/AQ YA/AY Yo/ VY -
(hs )

N Ssgme ™ 5 a3 0 Jlexs! a3 s

k3



Sl U g j91 s lows! 59 442

2 S LB S 4 338 e et Ll il Sl aulie 4 5 L 2elS gl
o=l Gl Dl 568 5 Ad Jol> G intraradices G S S zoB L edipmils olals
L s Sen o o () IS00) ol s 5 5 2B Lol il 0Ll 53 axls
A5 e ol nl s edd g Gl (ol ole s Ol Sl Gy b Sl plas 4ty
cr sl glaazalS (Yoo ¥ OLen 5 1 8) s S olS e L)l wile ) 350 5 S50 03,531 5
o S Y Sl 200 O GlaemalS & ad 5 S0s NSl goB L el =il
(V0o ) s Sl 50t pL 31 i b ol 5 55 O bl Jal
—obe s ol BLS Dl OF s Sesls (il |y (S5 58 olS s lis)l 52,580 2,6 b il

(Teo) dslem 5 SUSI) 541 a2y, GLbl 250 slacia g ol

a
ab
¥ - b
)
%0 -
0
I
Y
&‘ 0 - p
? Vs %
G.i G.f C

135950 z)B b il

P oS Ul 5,58 2B L il Sh ) IS

dslin 53 a8 oS )3 S a5 sliws SRl Eol 5, S G,@p@w:ﬁﬁck.ﬂ,mw
B L il e S mh s ol 5 S ol R 5 Al 0Ll L
Iy $ols sme s\ G fasciculatum | o0 o Sals QLS L &S us Lol G. intraradices
@_EJ:LSJ-J_U_{.,A@BA;}?@AL{«S.\.:.\cj):@utj,ufﬂck.ﬂﬁl,\,:a;vsﬁ\,u;;L;:;
e e S B b il Sl s OlalS 55 8 sl (ol sl (1 5 Y (gla JSKa) s g ol
(Citrus tangerine) -p 255 laamalS 5 (V44T Gasdly W) S jsar S s o2 iy OlalS

00



VFAY (F) 0o (£) sl ks g5 g SI& o yio g o

2 S T Jla e R0l (TeV)) LIS 5 (Dol ol o Sl (YUl 5 5)
oo b ol o (R a0 ) 25550 508 QLS 4 Cnd 2505550 Oy OLS
as yoe Jis LS 5 G. intraradices g8 L s S L3S Dol (Yert) s sl
S Do S a5 3l I g e S (6T e 5 S e e G181
Sloms 5 (V7)) O 5 S5 b 53 (Y00)) OLlSen 5 0L ol b5 305 550 slag LB L
5> (01880) DL 5 lude 51 Gl bl ol el L aS ol o (5158 3
S oS e Gl (I 15 S 0 65 Al s Sl sy o slatas
22 520550 B 2,8 a5 58 LS (Yo oV) 0 815 a5 oa  peame Ay S 5 o A5
2% 52055 B3 LS G fohe 5 43S 58 03 S e (Rl sl o) 5d A Lyl
5 e sl 5 Ol Cdr sl Jsa 15580 Sl eslizal 3 8 ol (5550 VL 5o
ol G s Se E ml ame 5 g0 olS S sle I s S A S e 5
s 5 Soeal) 350 plsn ) e s RIS 5 S SI6s L 5 (St 58 Il
Gk S e s Ol Al e 58 Glag B L e oS ol ol Sl (YA

d
fo ab
Y0 4 b
v -
__S‘ Y0
X
\v] Y, -
T -
\‘3-" \' ]
04 4
/ /
G.i G.f C

PSR E 8Ll

P oS & s 558 2,6 b il U Y IS

b



Sl U g j91 s lows! 59 442

a

=

ab
3} b
_"‘i V.
9
3.
Y
1,
% 0
X
G.i G.f C

22850 g6 L il

P S a5, 5 U b il ST S

SlazU L 5alS 0LalS mdls slajlas b o le aglis 4 45 57 L 105y K25 5 5 05
35 055 53 Ul e 2055 B Ll oS 008 e asiia (058 e JSE) 5558
205 2B LSS LSwle 53 G 5 035 ot b dald 4 palS OlalS S
Ll 5 G. fasciculatum g L ek il OLlS & cold &S WS o> G. intraradices
oS o L il 050 OLalS 3 55 €5 5 035 cp 5eS 0ls 0L ) (golosme o slis
A3 S \el= G. intraradices g8 Lok 5o 5 € S O3y M 0 S NWRCAYS
el G S 05 halsl s lis 1 sl sme sl Gl fasciculatum &S L«
50) Shs by (V) OLSes 5 5m) o s 03 Y 5Ss)l 55580 008 oy
S NRAY (ol Ol se) (K5 a8 (Y00 ) 0L es s sl ol e Y re (ST
(Yoo o) OhlSan 5 58l Ll ol (55158 (Yo oV 0L 5 (6 i) 1B 5 (Yoo ) las
N5Soss osSee glagslB L addme il o s 5 s ol S gla(g s o5 Jols OLES
Sl Oy bl aspe bl i o e slse s s Ly o CJJ S K e )\bi“yj
G olis 5 T ol Gl B slacios o328 WSk g 5 s 8 S e el L

e S (550555 QLS S pad 2 (Yo 0) OLISGn 5 p S oo Lga olS 612 1,

oy



IYAY () 0ladd () als il 2 5 S S ppto 4y i

e 335 550 Slag B Lo sed W5 6 50 5 S dals OLLS & s (g5l s
>4 el.:fjéf,pl}& u.l?-j &‘}A r‘v\;‘ BE) S osle @.>J @l L;.’“);;’jls ce; .l,:J)S u:,ilj.ﬂ
(VAT (K 5 Kw) A (Cicer arietinum L.)

Y0 )
Y.,

3 b

)

‘:: \0

)\

a

4.

\j‘ c

) 0. '

G G.f C

o)l il

PSS G 5055 2 oS B bl Sb -t S

a
a

Y0 1
Y. -

V0

\e A b

0 A

T T (/
G.i Gf C

B Bl il

(S8 4 2 8) S2A 055

P S By K25 035 S U L il ST -0 Y

oA



Sl U g j91 s lows! 59 442

OLalS L anlin 53 s Jds IS e Ol (bl o 520550 B L il 15 S ol
Ll LA 1y (guls e Sl o ol sl S 26 S8 95 a5 ds S oL penils
sl ael o il SlaamalS 55 Jd5 IS (sl s 45 L3 S 1S (YD) L 5 55 (0 IS5
Lol 3 g S sbar 3 B Oy slaamalS 51 5t Ao s VY (ol Ll b o 2B L
3 Some GO M 5 S 5 5s L85 IS a5 50 olS Olg SR Eel e 5 ladis
5035 L s 53 Jubs IS Olen al30 538 e b 50 L5 S Dlie s Szl cl 8
(YooV) o ST (YAl 5 Camasl) Al olS o 5 S 3l Jasd Cds 5 50 Kl g5
G. intaradices ;s zob S e )l S 5L als Olals Tl 53 aS el s
33 Jbs IS (glymme 5 ad oll O (6458 4 uslis EsU Gl coronatum 5 G. mosseae

23l il el il OlalS

a
a
[
b

Yo -

Y. -

VO A

\' =

0 A

/ /
. £ T T |/'
G.i G.f C

Fo$sea 7 )8 b Al

(555 A) JBs S Oiea

IS LS J3gAS Olm 52555 250 b il S IS

Calds G5 o 32555 250 b il 68 sls 0L Lo 3 (S0l avglie 1614555 ala
oD Gla S o s a8 et s OLALS L alin 5o 5alS Ol slaS 1 5 gl
AU s SlaguB (Y S8) WS edalie (sl e Sl ko ool ST 5K
L oo ALS lacil O Ol il cww LS 5 (38 SWsls 5 S slacil ol Ol

oq



IYAY () 0ladd () als il 2 5 S S ppto 4y i

oS by O s slacdes aSs (S5 xS s O il (5 S slasiss,
SalS L Lagyls cpl (YooY O 5 51550 52,) das e S2alS 15 6,0 of cls b
oS b5 Of Ol 4y S5, 58 aU 5o B slaia s 5 baady ) & Sl Jasl celia
SLazuB opl oo Lk o laissy Subha (hl5l el OF 5t Gl b e3sed e |y
AL s glawsa, 5 w8 13 agby 5 (o sme 53 568 ol WS G U 5 8
Al gy 1 Oljoe oS L T BLE| 5255500 B cdins o (hl531 1 oS (glais, ulita 5 axils
23 S i Gl i) Caslie RalS (G ad Cand SRl (S (S gsdes Colts Ll
Loy oS Ll ol (Yoo A O 5 (2lo) Lisu o 35 (ALS Glal o8 ol
Pt o (Sl Sala s 5 ST Sl Ol (R Clea LS e 55K slag B
5l d s olS il e Sl S w5 O il SRl s dos gy

(e e 5 sl les) A5k balsls ol

3 Yo T
7
3 Yoo o
-y
?
TR
N
£
3 V]
£
£
£ o
/ /
T T |//

Gii Gf C

P gL il
P olS (5, calda 5, K0 U b il Ab-v s
J'.’.)j—{':" C)L; L: c:ﬁl JJ;U aS als OLES Lasals gj"“l'i)b 4.>J.>J )‘ e..LdT [GSVVALE C_:_LIJ &‘-1:9 }g&t&

AoV dlassl e 3 e IS 5 by i 5550 dax 3l S Slio VSl
(Y d).\;-) S )\J&l;u

Ve



Sl U g j91 s lows! 59 442

Mgl (3, S (sdike Sud s polis Ol Y 5K T 525 5K B b il il 4 Y dos

Slag o Sle <
RS Ol s GL’»
Ca K P N
./Vvem;@ \/\q ./.Vem;@ \/.V-:es--:ec- Y JL&._J
ey N3 arg RRY, 1 bl el
AVER AR AAVAR /0 - (Ao 33) & pois o oo

Aoy ) Jles| C?E»—/J} Dls sxa

O L il a5 0,8 e pasis (F Jsdx) bl 80k alio Jor w0 5L 2 jnd
33 Ay culodss S aals b oanslis 55 ol il OLalS 55 b Glgme yiol5hl Col 5, 50
OLLSan 5 Ol dlenlas OLas 1y (ol pms sl olS i i (gl 5, Ks g8 IRY
G. versiform 5 G. intraradices ;S SlagoB bl 0ol S Szl 5o (Yo o))
(YooY Lol ol 5 Blosn 255 e 505500 8 OLALS L aslie 3 jad Codr 5580 Csl,
e s Gl Ca e SLT e e 4 55 B b il &S S 1S
b e L e (Saam olS (glady s gt JRS 3 5255800 206 Uy 5 otd i
solalS iy o Sl s Jal Jged dvsas Saud Cdo il gl S s s s
O3l 5 SCS (Ve r A iy 5 o) 3,5 0 g UL abowsay ind il glona
CLalS s, o 215581 (55 55Son glag B 5,18 LSBT 1 Sage 51 (S 4 3 5a5 0Ly (VAAY)
o e Gl s s Sas (Ll pl il ol (ol b slasS s o st a,
St Sl g5t e 4 oS s Jisa 5 S o 236 plee 356 G b 5l bea
slacia Oyl Clleisl jpam Lsa Ol olS bu g aud Ol o Jil5l AL s
obe JLEl gl |y remy las oS olS alyy Sy sladsho 13 55 155K s
b 0Lz o (VAR O ply 5 ) Lladon a3 Ol oS @ i o pasta ol
5 S5 088 (O ) ol 55550 28 OLLS 51 5 R 45,0 Y= ol 5 580e olS 0500 4
el oS ) (8l b el (555 Lo LB Lol 284S s ges Ol (Te 07 OLSGs
o dydoe IS 4 0 S Jope 0 Sl S 2508 03l g g e SI s S 5
Q)Hg)eug;_:i:d&_.i\é:l_im_lfc)um_é JBCET 53 Co 4 550 il S

1



AT (V) 2 )lond d€) s sy adgi 9 S8 Capprto g pul

S spbe Sl 5o sSen Slaan s T SBT3 s A e o3 S e i
(ol ol 35,8 ol B iy sl s Ll J sl o4 S 3 edd S 5 loms b Sl
3ok 025505 mar 5 pd 03 s Ghme slpe ol L1 s 5 5Ke slaz B
L ot olad 3 il ey OF Gl (sl 1 e b 08 i L sl s oY pas
L alacion Jav i S ied 5l (550,550 OWLS (5003 0 g0 ¢ (ST i 51,8 513 Land ae
o gin oS Lo i id Codr Ao p3 At 35 4 55 e 035 (peedS b 0 fuged oS b
0303 33dme o pind 5 A (Rl (0448 s 5 2 le) 5,8 o s )5S slag L
sodgad axlys KL L1y obe Ol s (B Slae sl 5 als) ane s o sSe 20B Cled
ot A lal sy S G pas ol S oS les o fes 1SS Ol 26wt

(Y"i LQ‘)&M}L;\JQ\) J)‘:'Lfd el.:;bjgl&& JASQ&LJA‘ J‘ASJJ;L;A 0L§ja..w)§

Ml o35 S (sdie s ol Ol p Y S gl 525550 250 il SSle amlis Y g

Ca(l) K(L) P(L) N() s
Yin'a v/os® YD Voxo® Jals
y/a8? \rath o¥e? Y/0A? GIM B )
V/AY? Y DA Y/ort GFM 2o et

A3l e Ao ey Jlez=| Ck.a 03 I3 pme Gl 8L S xie By > gl S Sle Ot a o

2% ey Ol 555 goB L el a5 sls LA (F Jsd) bsles 5:S0ke anlie Jsr ('-ML-*
et s gl 5 K gl G853 Js el ooly il dals b acslis 5o ol dmedls olals
laasalS 3ol olis (Yo V) Ly 5 55 s b Hleal QL 1y (g)ls pne sl LS
SlaamalS 5l 5t S s endS 5 il sl Y Sl 525550 2B Lo ansial
53 S 5 el sl s s e sl ol s e el ol Iy s 2ol Lk
S St osSee gob L e wiil (Poncirus trifoliate) S ;5 4w b slaiy, 5 S
(Y22 V) (e S15 YV Ol 5 59) 30 B Ok OaLS Glas 2 5 Laatyy 3 Lol s
LS s ey Sl Rl sl )58 A5 il s 580 g0l 2,08 &S 58 518
Ceslr 5 0Ll b 5 5 Lol (6558 WL sl 55 ) 5S0e 26 =S S s s S

)



Sl U g j91 s lows! 59 442

Lo Lol e ili 53 OLaLS 5o sl (55 Jayl o Cond 45 L3 503 sctalie (144V)
T8 OsemllS 23l 5l (ol pme ) poay D05 sladils s el Sole Sl (S rosSws
0 My e g S 5 el CBLE 158 (sl 1y (el oS QY Sl )5S
USan 5 3ol (Yoo OLLSCan 5 58) 558 o0 (S5 a0 Jas 153 ) e 4
o3l 55, Shas oy (il 3l Esb Gl intaradices g5, Sor i op S AL 55 (Y0)0)
sl (TooV) o ST 3l SRl 50 1 alsn ol s s il 5 s sl sle s S
5 G. mosseae (G. intaradices ;S .s B SS aw 3l S 5L gals plalS =il &S
Ll s (Yerd) s 50 2 5 Obelslasls s el 5 i Ol 33l Esb G coronatum
G. intaradices s G. mosseae slag B S5 s Bl &) gon il mle 5l ealizal oS
s oblS S, s el ol ) oS L5La€)l.§ 3l eslazwl a8 sls QLS c,\:., s, L8

23 G mosseae « by o ol 53l 5> ﬁfl: R e 3
L alie )3 5alS alS sbacil 3 03525 Olie Rl 3l o 5255800 700 b il 1039 28
Sl ol (55158 ol 588 OS5y ol ks (il sl (F Jd) ds S el s olals
Cble sl s s (6 peadl Dl i 55 55580 Slag B B S e salpd a2l
Slag B ol asdlas 53 (Yo oA iy 5 o) ol 0 03l i S (1531 4 oS 53
L Olojen ol S 5 ol o (5 50 a5 OYE 4 0308 2l DY Sl e S
5 0551l R 55 03,55 a5 alie S oSl Kan DLS el 3 s
35St pole Olpe (S s BB 035,55 5 pied S s & Al (Y0 O Kas
(s Nsa oo /0 5 035 20 Vg Jun & mla) dims oo S (655 S QlS 1, 5,
ol eLilesls il sl ud wile 1y 035,50 ol ol 5Ke OlalS &S ol sl QLA gla tass
Gl o odss 3 il 5l St b oS ol b s o> ol S 0alS 5o cds il58
b 2h3 o b 5 (555 OLS 3 05585 dr VL sk 5.0084) (el 5 lule)
03 ole Cda pals o S s ald 5 05,50 YL lea.d S8 AL e a5 LB
oalie (194Y) ol 5 Ol o 5 5oIS (550558 8 DALS L aglin s (5325500 OLALS
e (8555 Szl Lot medls 3 OLS 3 nsb, 55 Ll 5 Cond & Lnsed

CJLL u:,{\je\ 6)\3&# CJ)MA{ CJ)S LSLQA..:\bJJ ‘5))jv.3.4',:;n "J"'<"° cr.:—wt.i tg)jjji.u}..pl.\.@

T



AT (V) 2 )lond d€) s sy adgi 9 S8 Capprto g pul

I (65 Qo
Sl e JLAl hsa sdas jsbay Ol 5 ol jole Odo s (151 IS ) sba
SLol il s & LSS 5wl SLBE S sy Gass el b ks e 5, S
Bl o S5 OLLS 3 Slis jole Ol (il cl oS glads, s oS &) oy
ol e 23,8 oS a5 5 S esle W5 sy 5 ools (15 55 ) LS s 5 Ol
Sl B A3l oS @ dis oy I Jitee Ll 5 e olS RN PSRN o Slag b o A
slye 5 DT Dl Gl e cien sl Gk Sl Aty Sl e e Rl e 155
S5 Olin (1035355 Sl (5 5055 iU Slowy ol esdle dipd e OLLS ahsay ol
Ll LS slalssn A5 A3l e S he 2 s5ee b ediimdls QLS 4 o (55555 OLaLS
SIplee T b 555 » LOT Gl 51 b Ll 5 n 35 S ot Szl pl abesa oS sul
0 iy QLALS 53 s (Bl 5 S e (s Rl 5 ABL il Shes olS
50353 oemn 1y @08 G ean sl S S olse W (g5 OIS IR ol o 258 e
S B L il oo 31 S oty as il 5150 1 ol 5 Shas 5 S ele il el
t&.?v_.;M}@‘OM‘&‘J\;OK‘)JJWJ{:éﬁéﬂ&i‘\sﬁgp@l‘)‘)ﬁﬁ)j&ﬁ
o Sheslial 5 el LA (G5 S 5ol cpl e e coanl Sl glyls AL e 5o Sl 1S
5, Ses 5 iy malS 3l 5 esls malS LS ol 5o 1y o SLal 5l L8l Spd Llg o 55K
35S o L alS OLalS mdls oS el 0T Sl i3l ol s hled (5,8 sl oS

By SIS oS pl LI sle Ol 5 Ad, il s Glomus intraradices

&l

1.Abbott, L.K., and Robson, A.D. 1985. Formation of external hyphae in soil by four
species of vesicular-arbuscular mycorrhizal fungi. New Phytol. 99: 245-255.

2.Aliasgharzad, N., Neyshabouri, M.R., and Salimi, G. 2006. Effects of arbuscular
mycorrhizal fungi and Bradyrhizobium japonicum on drought stress of soybean.
Biologia, Bratislava. 19: 324-328.

3.Aliasgharzad, N., Saleh Rastin, N., Towfighi, H., and Alizadeh, A. 2001.
Inoculation effect of four arbuscular mycorrhizal fungi on the mineral nutrition
and yield of onion under salinity levels. In: Ramalho-Filho, A. and H. Eswaran
(Eds.), Land degradation, New Trends Toward Global Sustainability
Proceedings of a conference held at National Soil Research Center, Rio-de-
Janeiro, Brazil. 17-21 September 2001.

¢



Sl U g j91 s lows! 59 442

4.Alkaraki, G.N., and Hamnad, R. 2001. Mycorrhizal influence on fruit yield and
mineral content of tomato grown under salt stress. J. Plant Nutr. 24: 1311-1323.

5.AL-Karaki, G., McMichael, B., and Zak, J. 2004. Field response of wheat to
arbuscular mycorrhizal fungi and drought stress. Mycorrhiza. 14: 4. 263-269.

6.Amerian, M.R., Stevart, W.S., and Griffiths, H. 2001. Effect of two species of
arbusculalr mycorrhizal fungi on growth, assimilation and leaf water relation in
maize (Zea mays). Asp. Appl. Biol. 63: 1-6.

7.Amirabadi, M., Rejali Rasooli Sadaghiyani, M.F., Ardakani, M.R., and Borji, M.
2010. Determination of Azotobacter and Mycorrhizal Symbiosis efficiency
under different levels of phosphorus on yield and yield components of forage
maize (KSC 704). J. Soil. Water Res. Iran. 41: 1. 49-56. (In Persian)

8.Aslani, Z., Hassani, A., Rasooli Sadaghiyani, M., Sefidkon, F., and Barin, M.
2011. Effect of two fungi species of arbuscular mycorrhizal (Glomus mosseae
and G. intraradices) on growth, chlorophyll contents and P concentration in
basil (Ocimum basilicum L.) under drought stress conditions. Iran. J. Med.
Aroma. Plants. 27: 3. 471-486. (In Persian)

9.Azcon, R., Ambrosano, E., and Charest, C. 2003. Nutrient acquisition in
mycorrhizal lettuce plants under different phosphorus and nitrogen
concentration. Plant Science. 165: 1137-1145.

10.Barin, M., Aliasgharzad, N., and Samadi, A. 2006. Influence of mycorrhization
on mineral nutrition and yield of tomato under sodium chloride and salts
mixtures. Soil. Water Sci. 20: 1. 94-105. (In Persian)

11.Baslam, M., Garmendia, 1., and Goicoechea, N. 2011. Arbuscular Mycorrhizal
fungi (AMF) improved growth and nutritional quality of greenhouse-grown
lettuce. J. Agric. Food. Chem. 59: 5504-5515.

12.Bolan, N.S. 1991. A critical review on the role of Mycorrhizal fungi in the
uptake on phosphorus by plants. Plant Soil. 134: 187-207.

13.Bremner, J.M., and Mulvaney, C.S. 1982. Nitrogen-Total, P 595-624.
In: Page, A.L. et al. (eds.), Methods of Soil Analysis. Agronomy Monograph 9,
Part 2, 2™ Ed. American Society of Agronomy, Madison, WI.

14.Carling, D.E., and Brown, M.F. 1982. Anatomy and physiology of vesicular-
arbuscular and non mycorrhizal roots. Phytopathol. 72: 1108-1114.

15.Charron, G., Furlan, V., Bernier-Carou, M., and Doyon, G. 2001. Response of
onion plants to arbuscular mycorrhizae, Effects of nitrogen fertilization on
biomass and bulb firmness. Mycorrhiza. 11: 145-150.

16.Cimen, 1., Turgay, B., and Piring, V. 2010. Effect of solarization and vesicular
arbuscular mychorrizal on weed density and yield of lettuce (Lactuca sativa L.)
in autumn season. Afr. J. Biotech. 9: 24. 3520-3526.

17.Copetta, A., Lingua, G., and Bert, G. 2006. Effect of three AM fungi on growth,
distribution of glandular facilitation of plat phosphate acquisition by arbuscular
mycorrhiza from enriched soil patches roots and hyphae exploiting the same
soil volume. New Phytol. 133: 3. 453-460.

0



AT (V) 2 )lond d€) s sy adgi 9 S8 Capprto g pul

18.Demir, S. 2004. Influence of arbuscular mycorrhiza on some physiological
growth parameters of pepper. Turk. J. Biol. 28: 85-90.

19.Fakharian, N., Hassanpour Asil, M., and Samizadeh Lahiji, H. 2008. Effects of
temperature, thickness of polypropylene shrink wrapping and modified
atmosphere packaging on storage longevity of lettuce (Lactuca sativa L.). .
Food. Sci. Technol. 22: 132-145.

20.Farshian, S., and Malekzadeh, P. 2007. Effect of Arbuscular Mycorrhizal (G.
etunicatum) Fungus on Antioxidant Enzymes Activity under Zinc Toxicity in
Lettuce Plants. Pak. J. Biol. Sci. 10: 11. 1856-1869.

21.Garg, N., and Manchanda, G. 2006. Role of Arbuscular Mycorrhizae in the
Alleviation of Ionic, Osmotic and Oxidative Stresses Induced by Salinity in
Cajanus cajan (L.) Mill sp. (pigeonpea). J. Agron. Crop. Sci. 195: 110-123.

22.Gaur, A., Adholeya, A., and Mukergi, K.G. 2000. On farm production of VAM
inoculums and vegetable crops in marginal soil amended with organic matter.
Tropical Agriculture. 77: 1. 21-26.

23.Gupta, M.L., Prasad, A., Ram, M., and kumar, S. 2002. Effect of the vesicular-
arbuscular mycorrhizal (VAM) fungus Glomus fasiculatum on the essential oil
yield related characters and nutrient acquisition in the crops of different
cultivars of menthol mint (Mentha arvensis) under field conditions. Bioresour.
Technol. 81: 77-79.

24.Hamel, C.A., and Smith, D.L. 1991. Interspecific N-transfer and plant development
in mycorrhiza field- grown moisture. Soil Biol. Biochem. 23: 661-665.

25.Khalied, A.S., and Elkhider, R.A. 1993. Vesicular-arbuscular mycorrhizas and
soil salinity. Mycorrhiza. 4: 45-57.

26.Knudsen, D., Peterson, G.A., and Pratt, P.F. 1982. Lithium, sodium, potassium,
P 225-246. In: Page, A.L. (ed.), Methods of soil analysis, part 2, Madison,
WISC. ASA-SSSA.

27 Mahaveer, P.S., and Alok, A. 2000. Enhanced growth and productivity
following inoculation with indigenous AM fungi in four varieties of onion
(Allium cepa L.) in an alfisol. Biol. Agri. Hort. 18: 1-14.

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

29.Martn, J., Sampedro, 1., Garcia-Romera, 1., Garcia-Garrido, J.M., and Ocampo,
J.A. 2002. Arbuscular mycorrhizal colonization and growth of soybean (Glycine
max) and lettuce (Lactuca sativa) and phytotoxic effects of olive mill residues.
Soil Biol. Biochem. 34: 1769-1775.

30.Medina, O.A., Kretschmer, A.E., and Sylvia, D.M. 1990. Growth response of
field-grown Siratro (Macroptilium atropurpureum Urb.) and Aeschynomene
Americana L. to inoculation with selected vesicular-arbuscular mycorrhizal
fungi. Biol. Fert. Soils. 9: 1. 54-60.

"



Sl U g j91 s lows! 59 442

31.0lsen, S.R., and Sommers, L.E. 1982. Phosphorus, P 403-427. In: Page, A.L.,
R.H. Miller and D.R. Keeney (Eds.), Methods of Soil Analysis. Part II:
Chemical and Microbiological Properties. Madison, Wisconsin: American
Society of Agronomy.

32.Perner, H., Schwarz, D., Kngelika, A., and George, E. 2011. Influence of sulfur
supply, ammonium nitrate ratio, and arbuscular mycorrhizal colonization on
growth and composition of Chinese chive. Sci. Hort. 130: 485-490.

33.Peyvast, Gh. 2009. Vegetable crop production (4™ edition). Guilan University
Publication, 380p. (In Persian)

34.Rillig, M.C. 2004. Arbuscular Mycorrhizae and Terrestrial Ecosystem
Processes, University of Montana, U.S.A.

35.Ruiz-Lozano, J.M. 2003. Arbuscular mycorrhizal symbiosis and alleviation of
osmotic strees, new perspectives for molecular studies. Mycorrhiza. 13: 309-317.

36.Salehi, F., Moradi Ghahderijani, M., Mirabol Fathy, M., and Ali Asghar Zadeh,
N. 2008. Influence of mycorrhizal fungi (VA) inoculation and different levels of
phosphorus on vegetative features of pistachio seedling and uptake of P, K, Ca,
Mg and Zn. Pajouh. Sazand. 78: 48-56. (In Persian)

37.Sensoy, S., Demir, S., Turkmen, O., Erdinc, C., and Burak Savur, O. 2007.
Responses of some different pepper (Capsicum annum L.) genotypes
to inoculation with two different arbuscular mycorrhizal fungi. Sci. Hort.
113:92-95.

38.Sharda Waman, M.K., and Bernard Felinov, R. 2009. Studies on effects of
arbuscular mycorrhizal (Am) fungi on mineral nutrition of Carica papaya L.
Notu. Bot. Hort. Agrobot. Cluj. 37: 183-186.

39.Sharma, A.K. 2002. Biofertilizers for sustainable agriculture. Agrobios, India.
4078p.

40.Shirani-Rad, A.H., Alizadeh, A., and Hashemi-Dezfuli, A. 2000. The study of
vesicular-arbuscular mycorrhizal fungi, phosphorus and drought stress effects
on nutrient uptake efficiency in wheat. Seed Plant. 16: 327-349. (In Persian)

41.Singh, H.P., and Singh, T.A. 1993. Effect of VA mycorrhizae in chickpea,
Mycorrhizae. 3: 37-39.

42.Smith, S.E., and Read, D.J. 2008. Mycorrhizal Symbiosis, third ed. Academic
Press, London, UK.

43.Subramanian, K.S., and Charest, C. 1997. Nutritional, growth and reproductive
responses of maize (Zea mays L.) to arbuscular mycorrhizal inoculation during
and after drought stress at tasselling. Mycorrhiza. 7: 25-32.

44.Sumana, D.A., and Bagyaraj, D.J. 2002. Interaction between VAM fungus and
nitrogen fixing bacteria and their influence on growth and nutrition of neem
(Azadirachta indica. A. Juss). Ind. J. Microbiol. 42: 295-298.

45.Tahat, M.M., and Sijam, K. 2012. Mycorrhizal fungi and abiotic environmental
conditions relationship. Res. J. Environ. Sci. 6: 125-133.

1y



AT (V) 2 )lond d€) s sy adgi 9 S8 Capprto g pul

46.Tahat, M.M., Sijam, K., and Othman, R. 2010. The role of tomato and corn root
exudates on Glomus mosseae spores germination and Ralstonia solanacearum
growth in vitro. Int. J. Plant Pathol. 1: 1-12.

47.Turk, M.A., Assaf, T.A., Hameed, K.M., and Tawaha, A.M. 2006. Significance
of mycorrhizae. World J. Agri. Sci. 2: 16-20.

48.Walter, H.R., and Lanyon, L.E. 1982. Magnesium, Calcium, Strontium and
Barium. P267-262, In: Methods of soil analysis, Chemical and microbiological
properties, USA.

49.Wu, Q.S., Xia, R.X., Zou, Y.N., and Wang, G.Y. 2007. Osmotic solute
responses of mycorrhizal citrus (Poncitrus trifoliate) seedlings to drought stress.
Acta. Physiol. Planta. 29: 543-549.

50.Wu, Q.S., and Xia, R.X. 2006. Arbuscular mycorrhizal fungi influence growth,
osmotic adjustment and photosynthesis of citrus under well-watered and water
stress conditions. J. Plant Physiol. 163: 417-425.

51.Zuccarini, P. 2007. Mycorrhizal infection ameliorates chlorophyll content and
nutrient uptake of lettuce exposed to saline irrigation. Plant Soil. Environ.
53: 283-289.

A



J. of Soil Management and Sustainable
Production, Vol. 4(2), 2014
http://ejsms.gau.ac.ir

Gorgan University of Agricultural
Sciences and Natural Resources

Investigating the effect of mycorrhizal inoculation on
growth and uptake of nutrients in lactuca sativa cv Syaho

*B. Esmaielpour' and N. Amani’
' Associate Prof., Dept. of Horticultural, Mohaghegh Ardabili University, Ardabil,
M.Sc. Graduate, Dept. of Horticultural, Mohaghegh Ardabili University, Ardabil
Received: 12/14/2012; Accepted: 04/17/2013

Abstract

In order to investigate the effect of mycorrhizal inoculation on growth criteria
and uptake of nutrient in lettuce (lactuca sativa L. cv Syaho), a completely
randomized experiment with five replications was conducted in Research
Greenhouse of Horticultural Department of Mohaghegh Ardabili University at
2010. Experimental treatments include inoculation of plants by two species of
Arbuscular mycorrhiza Glomus intraradices and G. fasciculatum and control.
Results from analysis of variance revealed that the effect of mycorrhizal
inoculation on plant height, leaf number and surface, chlorophyll content of leaves,
fresh and dry weight of plant and stomatal conductance were significant (P<0.05).
Mycorrhizal inoculation enhanced vegetative growth parameters significantly in
comparison to control and the highest value for these traits obtained by inoculation
of plants with G. intraradices. The effect of inoculation of plants by two species of
mycorrhizal fungi on the content of elements such as nitrogen, phosphorous,
potassium and calcium were significant (P<0.01). Inoculation of plants by
mycorrhizal fungi enhanced nutrient uptake significantly in comparison to control.
In general inoculation by mycorrhizal fungi in addition to enhancing growth
parameters can enhance the postharvest quality of lettuce plants via increasing the
uptake of potassium and calcium.
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