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1- High-Performance Liquid Chromatography (HPLC)
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the 5% probability level.
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the 5% probability level.



IV lawal ¢ Yo, louds oF ol (65,9LS (owlls pg9 4y 35

YFY

1407

a
) ab c
B 1201 ;g: ?} =
b e
ICYI /,’/ haks 22,
< 100 '+ g
E P '+ i .
e 80 $3: e
g 3 :
£ 601" 3
c -0
= '
o 4
S 407 44
© 33
20 - -
Control (FO) Benomyl(F1) Nanosilver (F2) Bacilluc (F3)
B (MO) Control 96.5 68.75 77 86.5
(M1) G.mosseae 123.25 75 74 95.25
0 (M2) G.etunicatum 125.5 67.75 825 101.5
@ (M3) G.intraradices 1185 86.25 93.25 121

b 53 S g (399398 G130 32 085 &5 9 1525950 &5 Joliie 1Y Ui

Fig. 10- Interaction effect of mycorrhiza fungi and fungicide on cytokinin concentration of soybean
5 (g o e s o> 5 Jlats) s 53 0S5 el bl 2 S gy (S Sl Sie

Means with the same letters in each component haven’t significant difference based on Duncan’s test at

the 5% probability level.

08 Hles do o |y Lo ygnyon (lie jobwgil (iSz B
2 0> il (FaMo) 1259800 )8 el (9 solwoil (456
) il Lials jiSz)B ol b plys G. mosseae g8 45 Jbs
5,8 sles o Laygoyen e b i FoMy jlew & Cand
(FoMo) ol &y s 15255500 )8 eils 092 sskegl 1S E )8
pyS o) £+ ppm clale )3 joluwgil 3,8 Yieasl .l ytals
4555 9338 L (g il oS sg 13l ()55 LS
e U o5 3 ool G.intraradices 4 G. etunicatum
olS (gl olds aw laie &y 15,6500 2,58 £8lg )3 ol ol
5,5, L .(Rostami & Shahsavar, 2009) cwl 03,5 | os
15256500 gL (sladseS 5| S y a5 B. subtilis isz,L8
&8 il gh Sajdsn ISEHB 3l sl & Cund bayge 90
G. intraradices 45" ¢)sb 4y bl )58l (F3My) 15,6500
453655 duo)d YAM o YY/EA Xe 5o ay ioli 8l oy i i
AIAY 9 AFNNY NEIVY e am ol 3-8l oy 2SG. MOSSEaE
G S gl § (ol ST S 0i90)98 3 i ]y Loy
@5 Ylais! (Fallah et al., 2006) o Kan 5 oMo s &y by .03
Comols g ()8 M5 lingn] Cld i 4y Cowd G, MOSseae
aS (gyob dn iy ¢yt Cuwlus B, subtilis oo 5l
2R3 4595 93 Ay Cumd (ylesd S 5 ol 3 bigeyg (e
L asgs a1 o o dli ) ol g ST oMb Sl
b el il 6yl midl pie s 4 Consd 8L o)
(5S4 G. intraradices ;jLojen gl j3 (S giow jlide oS
ol 81 (FoMs) )18 4595 cnl g (581 0yl pas b dlio 1

5l Uy S st o3t 4y 35y slacigeogs il

5 1509Sen L8 Lawgs ] 55 > & Vet 3 )55n sl 5
1y 3l 152,950 slag 6 125 cddlie (ljre o 4 o Jlis]
505 1) olS ) S g laodi I3jk (g5l 45 A o Mg
S Lo i (B g 218 dlge ol 8 e > 4 olS
S s (8 iy Jain 3,5 o ol B b o o e
OS gl ya—0 50 09Mc 4 (Allen et al., 1980) xS o aJg
e ORIl 9 2980 yhnd Bruae g il (aljBl el
38 Ll J5e alinysSen Ggrlisgl duo)d o jhud
ey I3 ixe x5L5 G, etunicatum ases  regis iz,
9S50 @8 el gy Jragia 22)8 jlass & S Bayga 90
5 G. intraradices 4555 95 45" cawl (Jbs >l sl (F1My)
VEIEY o 40 1y cpanST e Juogin (iSz B L ol o G, moOSSEQE
Ozad VF/AY o YO/OY lime an |y oy yos g oo £/5Y
FiMp jles 4 Cuus dopd> A/+2 4 YA/FD Jlado 4 1) 08 i
Oliee 4 G.intraradices «o5 lawgs yiol3al opl as” ol i3l
Al 2l 4 ylewsil b 5 sty IS Do g 5y
Yool .cuily Jlis 4 (FoMy) salis 4y cows 1y b ya0y90 50
b nlS 5 JoSooll S UK > IMSI L Juogts (388
Ol g 02551 b 56 Byl 1520550 8 (SIpie
Csl g Al g il 12)98en Lawgi (90098 Mg5 2 U590
ol 75 ol 50 s S (o o8 el o5 Lo ials
J(Kjoller & Rosendahl, 2000; Kough et al., 1987) wlawsls
L ol,on G. intraradices 4 G. etunicatum 45 g3 5,5,



YAV g (gnygpied Ol 50 1519500 )6 ilidko sloaigS il

Ol gl b lagygeyon aw ials 33 1) bagygeyon Mg (oUlgs
adl g (6508 liue 4 Sojlom IS EB plgie 4 S
94 Cond A8 (pl Bpas b S gl (190)90 gaw (alS
Slye (53 S adg L (5350 el gy s 3505 (9090
395 oLS )3 (yg—sygn 4dgi Ble 4l s 01yl
oSz ol By ine Uy 30 yamlj5lS” (Xiao et al., 2008)
Sy Lt pials Jesis 9 jokwsil S iSEB 5 Wald 4 Cuns
)95 @ gl (9 L SEHB Jl g9 2 Bpas ©jg0
olals Lol wiiils (oL (ials aald 4 Cuns (g0)90 4 o
Laggsysn o (ol cuw sl 12)950e )88 b o o
2 Laosysn (lie Lais )3 bg)B (nl wre (35 )l 45 L9
4595 e Jsogh Byme g0 )3 Sy Bl oo S
G. mosseae 455 «joluwsils L8 e &yao 45 5 G. etunicatum
2 O5—0yeb dow pi (bl o a5 W0 Ll Culus i b
slapigaygn > S (pl iz sa Cusl 03,5 (5)less SLS 5
Wald b oS (gy5b 4 g8 )l gae bl Bl |y 5 (S
bl Gl e Aoy ool @ 2,8 )15 (g )lel 09,8 S5 )3 055
213259550 ns ot g olS dlog 4 b ygay9m St oS il
G el Ol b cos onsy ol Ky ja b K0
im Ol 3 3aios ol s Al Oy 45 Canl o @l
95 Orpomlie Lgw sl (Joiedd (lp & 2500 dog (g o0
S9-S5 SgB b &S (Shgo )3 g b Sofslem (IS EHB
2,5 7ol lojen Cijan 4 G. intraradices 455 ogas 4
oS 55 538y (slacignssn o Sl 5 J egu 51 (8
@ jeid X b Cuib bl Jlis 4 b iSzB Ko b dwlis )
5 @B Syrsn baly) p IS B 38> W 4 plgs s ey

Sga5 0yl ol

OiblS 359 o By uno pic 5 i S LB ol 5y)lS el
Vo A sla JS) casly o 50 (FoMg) dals 4 cows 1y b a0 yen
NARIP

S 5 Aol
)8 Ciliste claaigs 3 )5 L oS 13,3 sl sudss oyl 5o
SLaS 3 oS 9 e (OS] g5 9 M5 djaysSee
> g YL o (gygb 4l ple dald 4 s bgus olS
o=l el cuws 45 G, intraradices 45 il b 90,9 4w
55 oS slagaygn clale Wl o (aljeSen (hanjon
(IBA) sl Sy 6,5 Jgimial 45 Lol jland puis oS
oS (e sbaasiy; ol Gl )b Sl ] (2B mlieisls
ABd( e s My adgl Jolpe 53 sl (ignilisols sl e
el b g o wlioslS il 8l e o (Fitze et al., 2005)
b s ST il 8la, 1) G, intraradices g,l8
o=l e adoy oeulioslS” (Ludwig-Miiller & Giither, 2007)
Ao 1R 4385 93 9 1h)0Se B il (g LS & S les
i Vol (2)8 (iganl gl S b ol &) o ytd Oliee
il Lee slavdiin) Cuow 40 SB 1 Ll sl 5 yolic
G olS jiwgid (e Lol Lil38l L K (ow il bl oo
@ olgice ) 3 ol & b GBI 38 i SliangrS (el
)I Cwsld Jo9.>).o DL.;S 2 A)“"§9:"—“J C.la_‘u uwl)_él 9 Ju.J9) JJ.)
iy S Lol ili8l e 152)5800 slag ) S b
gy ol g iolidl ool cdde aS b e il
Sl GaLS s oS8 )8 Adlhis [ysee o
>95 Bacillus subtilis (¢ :SL a5 obsl 51 .003,5 90,9 4w ya

&be

Aggarwal, A., Sharma, D., Parkash, V., Sharma, S., and Gupta, A. 2005. Effect of bavistin and dithane M-45 on the

1-
mycorrhizae and rhizosphere microbes of sunflower. Helia 28(42): 75-88.

2- Allen, M.F., Moore Jr., T.S., and Christensen, M. 1980. Phytohormone changes in Bouteloua gracilis infected by
vesicular-arbuscular mycorrhizae. I. Cytokinin increases in the host plant. Canadian Journal of Botany 58: 371—
374.

3-  Allen, M.F., Moore Jr., T.S., and Christensen, M. 1982. Phytohormone changes in Bouteloua gracilis infected by
vesicular-arbuscular mycorrhizae. II. Altered levels of gibberellin-like substances and Abscisic Acid in the host
plant. Canadian Journal of Botany 60: 468—471.

4- Barea, J M., and Azcon-Aguilar, C. 1982. Production of plant growth regulating substances by the vesicular-
arbuscular mycorrhizal fungus Glomus mosseae. Applied Environmental Microbiology 43: 810-813.

5- Barker, S.J., and Tagu, D. 2000. The roles of Auxins and Cytokinins in mycorrhizal symbiosis. Journal of Plant
Growth Regulation 19: 144—154.

6-

Boucher, A., Delpe, Y., and Charest, C. 1999. Effect of arbuscular mycorrhizal colonization of four species of
Glomus on physiological responses of maize. Journal of Plant Nutrition 22(485): 783-797.

1- Indol-3-butric acid



IV lawal ¢ Yo, louds oF ol (65,9LS (owlls pg9 4y 35 YFY¥

Daft, M.J.,, and Okusanya, B.O. 1973. Effect of endogene mycorrhiza on plant growth. New Phytologist 72: 1333-
1339.

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

Fallah, A., Besharati, H., and Khosravi, H. 2006. Soil microbiology. Aeej Publication, Iran. 179 pp. (In Persian)
Fitze, D., Wiepning, A., Kaldorf, M., and Ludwig-Miiller, J. 2005. Auxins in the development of an arbuscular
mycorrhizal symbiosis in miaze. Journal of Plant Physiology 162: 1210-1219.

Gholami, A., Koochaki, A., Mazaheri, D., and Ghalavand, A. 1999. Evaluating the effect of different species of
vesicular arbuscular mycorrhiza (VAM) on growth characteristic of Zea mays. Iranian Journal of Crop Sciences
1(3): 47-54. (In Persian with English Summary)

Gianinazzi-Pearson, V. 1996. Plant cell responses to arbuscular mycorrhizal fungi: getting to the roots of the
symbiosis. Plant and Cell 8: 1871-1883.

Giovannetti, M., and Mosse, B. 1980. An evaluation of techniques to measure Vesicular-arbuscular infection in
roots. New Phytologist 84: 489-500.

Goicoechea, N., Dolezal, K., Antolin, M.C., Strnad, M., and Sanchez-Diaz, M. 1995. Influence of mycorrhiza and
Rhizobium on Cytokinin content in drought — stressed alfalfa. Journal of experimental Botany 46(291): 1543-1549.
Hajibolandi, R., Barzegar, R., and Asgharzadeh, N.A. 2005. Studying the effect of mycorrhiza on root morphology
and rhizosphere's pH in rice with rizobox system. The Proceeding of 9" Iranian Soil Science Congress, Tehran, 28-
31 August. (In Persian with English Summary)

Hause, B., Mrosk, C., Isayenkov, S., and Strack, D. 2007. Jasmonates in arbuscular mycorrhizal interactions.
Phytochemistry 68: 101-110.

Hayman, D.S. 1980. Mycorrhiza and crop production. Nature (London) 287: 487-488.

Kjoller, R., and Rosendahl, S. 2000. Effect of fungicides on arbuscular mycorrhizal fungi: different responses in
alkaline phosphatase activity of external and internal hyphe. Biological Fertility of Soils 31: 361-365.

Kough, J.L., Gianinazzi- Pearson, V., and Gianianazzi, S. 1987. Depress metabolic activity of vesicular—arbuscular
mycorrhizal fungi after fungicide applications. New Phytologist 106: 707-715.

Ludwig-Miiller, J., Kaldorf, M., Sutter, E.G., and Epstein, E. 1997. Indole-3-butyric acid (IBA) is enhanced in
young maize (Zea mays L.) roots colonized with the arbuscular mycorrhizal fungus Glomus intraradices. Plant
Science 125: 153-162.

Ludwig-Miiller, J., and Giither, M. 2007. Auxins as signals in arbuscular mycorrhiza formation. Plant Signaling
and Behavior 2(3): 194-196.

Meixner, C., Ludwig-Miiller J., Miersch, O., Gresshoff, P., Stachelin, C., and Vierheilig, H. 2005. Lack of
mycorrhizal auto regulation and phytohormonal changes in the supernodulating soybean mutant nts1007. Planta
222:709-715.

Ocampo, J.A., Martin, J., and Hayman, D.S. 1980. Influence of plant interactions on vesicular-arbuscular
mycorrhizal infection. I. Host and non-host plants grown together. New Phytologist 84: 27-35.

Philips, J., and Hayman, D.S. 1970. Improved procedure for cleaning roots and staining parasitic and vesicular-
arbuscular mycorrhizal fungi for rapid assessment of infection. Transactions of the British Mycological Society 55:
158-161.

Ramakrishna, T.V., Hegde, V., and Sreenivasa, M.N. 2001. Induction of rooting and root growth in black pepper
cutting (Piper nigrum L.) with the inoculation of arbuscular mycorrhiza. Scientia Horticulture 92: 339-346.
Rostami, A.A., and Shahsavar, A. 2009. Nano-silver particles eliminate the in vitro contamination of olive mission
explants. Journal of Plant Science 8: 505-509.

Samarbakhsh, S., Rejali, F., Ardakani, M.R., Paknejad, F., and Mir-Ansari, M. 2009. The combined effects of
fungicides and arbuscular mycorrhiza on corn (Zea mays L.) growth and yield under field conditions. Journal of
Biological Science 9(4): 372-376.

Shaul-Keinan, O., Gadkar, V., Ginzberg, 1., Grilnzweig, J.M., Chet, L., Elad, Y., Wininger, S., Belausov, E., Eshed,
Y., Atzmon, N., Ben-Tal, Y., and Kapulnik, Y. 2002. Hormone concentrations in tobacco roots change during
arbuscular mycorrhizal colonization with Glomus intraradices. New Phytologist 154: 501-508.

Shengjie, H., and Mingyu Ding, J.Z. 2008. Simultaneous determination of gibberellic acid, Indol-3-acetic acid and
abscisic acid in wheat extract by solid- phase extraction and liquid chromatography. Talonta 76: 798-802.
Subramanian, K.S. 1995. Influence of arbuscular mycorrhizae on the metabolism of maize under drought stress.
Mycorrhiza 5: 273-278.

Tufenkei, S., F., Sonmez, R.I., and Gaziolgu, S. 2005. Effects of arbuscular mycorrhiza fungus inoculation and
phosphorous and nitrogen fertilization on some plant growth parameters and nutrient content of chickpea. Journal
of Biological Science 5(6): 738-743.

Vadassery, J., Ritter, C., Venus, Y., Camehl, ., Varma, A., Shahollari, B., Novak, O., Strnad, M., Ludwig-Muller,
J., and Oelmuller, R. 2008. The role of Auxins and Cytokinins in the mutualistic interaction between Arabidopsis
and Piriformospora indica. The American Phytopathological Society 21(10): 1371-1383.

33- Xiao, X., Chen, H., Chen, H., Wong, J., Ren, C., Wu, L. 2008. Impact of Bacillus subtilis JA, a biocontrol strain of

fungal plant pathogens, on arbuscular mycorrhiza formation in Zea mays. World Journal or Microbial
Biotechnology 24: 1133-1137.



