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Figure 1- Morphological characteristics of different wheat cultivar treated with mycorrhizal and compare to non-mycorrhizal Plants
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Figure 2- Observation of different wheat cultivars root treated with mycorrhizae and comparison with non-mycorrhizal control.
Aegilops; B. Tajan; C, Ms90-15; D. Shabrang; E. Ofogh; F. Narin; G. Sistan; H. Hana.
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Figure 3 -Observation of hyphal fungi in different root of wheat A: Basal part of root near to stem. B: hyphal swellings of mycorrhza

(Vesicles) in the root cortex of Aegilops. C: Mycorrhizal vesicles in contact with cell membrane accompanying sporophore. D: Mycorrhizal
spores in external root layers of Shabrang root. E: Fungal development in modern wheat cultivar.
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Figure 4- Percentage of root colonization in different wheat cultivars with Glomus intraradices.

Same letters in each column represent no significant difference at 5% level by Duncan's test
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Tablel- Analysis of variance of related data to enzyme assay Proxidase, Superoxide dismutase and Polyphenol oxidase in different wheat
cultivars to mycorrhizal response
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column represent no significant difference at 5% level by Duncan's test
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The letter a indicates a significant difference between the meanings in the case of equality of variances and the letter b in unequal state at the
0.05 level.



lHen g éluo

ao

S clld U kBl & Gl edle
Sype iz HlalS ;o 2lid b ;5 5sd Gk 5l LS
ooty o) )8 305 g olS jo Sl 48T 18 (o
ey iz o Iy aey lo azal S Ul Selewdlo o
O S Iluanl 15U aSls o casl ooy ul33l 1aud 4
(Shamshiri et al., 2014) cwl 038 522U Jluws 4l 7,8
ot ST 5 sl il 5 ST 5 L 5]
S OLLS (285 b mucilSe (izmen 5 (S Clad o
S5l o e 4S5, lss L5 L LS5 g e
Sl asdllae ol o (Constabel et al., 2000; Mayer, 2006)
2 B g Sz Oeh paS Bl pB)) o a4y, )6
st o3 T I3y il s galS | il
ilizee o)) 5o 055 Codlad 45T 0y 5 et 5 28,5 18
o s ol Ol 59 3l @5l ) S (5205 SlLugs
w3l Salled Gliee 08 s 5 GV e oS sk & L
odslie MS-90-15 3, 500 pl,l el o Limls Cglas

wwdolouwmjc)bu5muugbuimm
s>y o) 3 ol DeS g ol pBy o Sl e
(P US) as 8 e g oamlive g3
ms-90-15 4 oy 6« ylinccs pB,1 10 33T liee (o yeS
5 ibige wisks o3y o o5 usles] 3, 5 casli
03, ;0 S| oS Lol las | (6 Had 053sl5 s o
w3l ol ooelS R 4 s b 8 el Gl g
PR OO ES RS RV JPNYH] JC [P Ve
5 ilanST BT Glaps sl cdlad Gialidl o laasy, g6
R s 3550 AliSe oS L aglge jo iz (lalS
T8 0,5 (598 i Cox 5,845 olS (o el a3 T
Loyl il elsil 5l gz bB Ol Gtall el aty,
.(Abdel Latef and Chaoxing, <l oeass,5  lowsT sl
(Triticum  paiS oLS o cusb, s cos 2011)
oyl el asy ;) 7,8 5, 1S aestivum L cv. Sakha 93)
Khalafallah ) ¢l oo JB 4 5lownsSTy slows 5T oliee
Syl cdllas §uiss ol zli b a5 (and Abo-Ghalia, 2008

(Y S a0,

0.06 -

> 005
Z

}E 0.04 -

T2 003
5

-]§ 0.02 A
(=]

T 001

0-

7 ;
4’%;; %aa s, %-.90 SW% S’Za,g,,e 4"91?;.;. 4'99%‘%
7,
g

Wheat cultivars

L0 g 50 o simo gl puc gouidoolid (igiuw 1 30 Hluy By > 3550 sland i puiS Pl )0 sl o1 35T Coled -5 IS

el g0 (SIS (g0
Figure 6- Proxidase enzyme activity in different wheat cultivars treated with mycorrhizal fungi. Same letters in each column
represent no significant difference at 5% level by Duncan's test

et 33 A o T Culiad
(-AAbs min.g-min)

Polyphenol oxidasevactivit

S I 7. A A o) A,
,’é"«? éeére WQ{; '@’6',; E‘be ity fo@‘; %5
Ny G

pack a0 )
Wheat cultivars

o Sl pas (5oL (i B 53 ey By S ilisie eyl 53 jlanST 8y w T cllid lime 2 23950 )6 1Y Ui

Al oo xSl (9031 b 70 gl 4o 4ls
Figure 7- The effect of mycorrhizal fungi on Polyphenol oxidase enzyme activity in different wheat cultivars treated with
mycorrhizal fungi. Same letters in each column represent no significant difference at 5% level by Duncan's test



0y

e Bl s Clad 59y, Glomus interaradices sy, g 6 y3U

O eyses ;0 Vb UlE b pasS L ke (693 )l
Slosliiul b Sz (> ()8 55l (o p ol (o0 po
sy GYb g5 5l oLas Pyrosequencing analysis g,
ol aS@Bue et al, 2009) coul o35 (2B lo aisF
(51 ey b 6 lo g% ez 53 5| s Sl

Al g0 S o gy Bl

4 el ples e Su3eln 58 Gy ouiaslas s ¢

Gl 0 il G 4 arg b oS asbe A, g5
b o)55 5 5o ada; )8 0,15 4 Glgi s (geglie lacdled
Sily 052 lgaal Bigjla Jolge i 0ns; (sla i
Saiss 4 (e U iog oo 5l pasS s slaan )l
2 ot ol YLl g9 5l (S as) 7,8 il

sle 03, 50 > a6 b adl oo puS Calisee slo oS3
Sly g b 09K Ao pd e (uSslos  Sdeg
Sgkd 08 00l 05,55e (o Sl it (5325050
aS Cawl ools las Triticum monoccocum (A Genome)
Sy Gliee iy God oS YL do 0 o) e
&, gl g (Mycorrhizal dependence) (sj ;65

S Al

GakiS 4 oliws sliwly jo s sloogS 5l eolaul
s GeiZS (nl )d wdliee 410,93 5 oty Cueal 51 Ik
gy @b @ e Gite Gl W GRS b
S8 sy 9yse SIS Lyl i o Glomus intraradices
G5 45 ol 555 45 ol LS oy 35 Sae dalllans 2,5
(Wghad 5 (Shog Cu9h)) Wdg (65505 (0959095 (SLacs
Ogr yiin WdshliSa sl 4 S ato; 758 Shndy ol
ol 4 sadshas plalS e sl (AU Wlsiee (nl &S
Oy omin Jy 9wl 093 213 lals @)y lag )8
St 5 G 08 Gt oS ol L goy il colled o O 030,55 & AT ] Lsiie (60, ey oaims oLt
Ol b bl aots 0l 3105 3929 (copdins bLS)| (oou 5] 3yl Caillae oad plol alie lalllas b 5 (Y-Y JS5) wil
O 035500 oSl 4 az g b allge Bolo ()55 43S
‘Aju.!asl;u»)m@j)i»aJA‘snf‘f)él)oLjM)dalysa
Sl 1y Jeame o,Sles 09 ables [0l pudie jue yob 4
Ay, (29,500 Hold 5l oolainl b 0gd oo drogi (plply cams
Sl 5658 5 oz i 95ee (2T paS Sty al)|
loosS ags 1o 5,18 bl 0pse oy pl)l T 5
‘DIS )|)S o.bu.‘l....n‘b)ﬁ.a sSJ)ijj.u

aS Oy (pd Oy ke o8, (pl o (Growth response)
sl ShalS Dad a4y s ysSee o o olS SiS g9 (e
aS ol lid 3 Guios ol ol (Hetrick ef al., 1993) o4
o Jlas olS wlogws g iz 39 Aegilops tauchi 48, o

aSeul asls rals ady, 7,8 o aals b cos asy, 7 ) BL

D5 4 (Kl 2alS el (500 slo (Y a5 5 puS o
é’l-*-" LSM )| solazw! Sy o ool axs-lll Ao, C)Li 6L‘°

a8 Il Jo ol b sl 00ys 5 j0ud o590 S plde
P, Jawgny Al o aS ady; z B asliil alise slo

Jd b Iy 5l oslainl ago 3 Jale ols 0e2g  si>g
Gax gl 458 8Ly Sge o8 (Next generation) s g

References

Abdel Latef, A. and Chaoxing, H. 2011. Effect of arbuscular mycorrhizal fungi on growth, mineral nutrition,
antioxidant enzymes activity and fruit yield of tomato grown under salinity stress. Scientia Horticulturae,
127(3): 228-233.

Aghaei, M.J., Mozafari, J., Taleei, A.R., Naghavi, M.R. and Omidi, M. 2008. Distribution and diversity of
Aegilops tauschii in Tran. Genetic Resources and Crop Evolution, 55(3): 341 .

Azcon, R. and Ocampo, J.A. 1981. Factors affecting the vesicular-arbuscular infection and mycorrhizal
dependency of thirteen wheat cultivars. New Phytologist, 87(4): 677-685 .

Constabel, C.P., Yip, L., Patton, J.J. and Christopher, M.E. 2000. Polyphenol oxidase from hybrid poplar.
Cloning and expression in response to wounding and herbivory. Plant Physiology, 124(1): 285-296 .

Dazy, M., Jung, V., Ferard, J. and Masfaraud, J. 2008. Ecological recovery of vegetation on a coke-factory
soil: Role of plant antioxidant enzymes and possible implication in site restoration. Chemosphere, 74, 57-63 .

Esna-Ashari, M. and Bahrami, B. 2018. Symbiosis effect of three mycorrhizal fungi (glumos spp.) on growth
and the absorption of some nutrient elements in rooted cuttings of three olive cultivars. The Plant Production,
41(1): 1-14.

Ghazimohseni, V., Sabbagh, S.K., Esmaceilzadeh Bahabadi, S. and Ghorbani, M. 2014. Application of silicon
in induction of systemic resistance against fusarium wheat head blight disease. Biological Control of Pest and
Plant Dosease, 2(3): 128-137 .



Oles g Eluo oY

Gholami, A. and Mahmoudi, M. 2015. Investigation the effect of mycorrhiza fungus (vam) and amounts of
phosphorus fertilizer on qualitative and quantitative characteristics of Zea mays single cross Karoon. Crop
Physiology Journal, 6(22): 115-130.

Giannopolitis, C.N. and Ries, S.K. 1997. Superoxide dismutase: I. Occurrence in higher plants. Plant Physiology,
59,309-314.

Gong, H., Zhu, X., Chen, K., Wang, S. and Zhang, C. 2005. Silicon alleviates oxidative damage of wheat plants
in pots under drought. Plant Science, 169(2): 313-321

Habibi, S., Farzaneh, M. and Mesgarbashi, M. 2013. The effect of mycorrhizal fungi on growth and wheat
absorption of nutrient elements in saline condition. franian Journal of Soil and Water Research, 44(3): 311-
320.

Hetrick, B., Wilson, G. and Cox, T. 1993. Mycorrhizal dependence of modern wheat cultivars and ancestors: A
synthesis. Canadian Journal of Botany, 71(3): 512-518 .

Kermanizadeh, B., Gholamalizadeh Ahangar, A., Sabbagh, S.K. and Sirousmehr, A. 2016. Effect of

arbuscular mycorrhiza fungi and organic fertilizers on yield and nutrients uptake of two wheat cultivars.
Journal of Science and Technology of Greenhouse Culture, 7(26): 59-69 .

Khalafallah, A.A. and Abo-Ghalia, H.H. 2008. Effect of arbuscular mycorrhizal fungi on the metabolic products
and activity of antioxidant system in wheat plants subjected to short-term water stress, followed by recovery
at different growth stages. Journal of Applied Science Research, 4(5): 559-569 .

Lackie, S., Bowley, S. and Peterson, R. 1988. Comparison of colonization among half-sib families of Medicago
sativa 1. By Glomus versiforme. New Phytologist, 108(4): 477-482 .

Bue, M., B., Reich, M., Murat, C., Morin, E., Nilsson, R.H., Uroz, S. and Martin, F. 2009. 454 Pyrosequencing
analyses of forest soils reveal an unexpectedly high fungal diversity. New Phytologist, 184, 449-456 .

Marcussen, T., Sandve, S.R., Heier, L., Spannagl, M., Pfeifer, M., Jakobsen, K.S., Wulff, B.B., Steuernagel,
B., Mayer, K.F. and Olsen, O. A. 2014. Ancient hybridizations among the ancestral genomes of bread wheat.
Science, 345(6194): 125-192..

Mayer, A.M. 2006. Polyphenol oxidases in plants and fungi: Going places? 4 review. Phytochemistry, 67(21):
2318-2331.

Pan, J.J., Baumgarten, A.M. and May, G. 2008. Effects of host plant environment and Ustilago maydis infection
on the fungal endophyte community of maize (Zea mays). New Phytologist, 178(1): 147-156.

Parvizi, K., Parvizi, Y. and Navaei, A. 2017. Effect of arbuscular mycorrhizal (am) fungus (Rhizophagus
irregularis) inoculation in different levels of water deficit on Minituber production in potato. The Plant
Production, 40(3): 15-26 .

Pellegrino, E., Opik, M., Bonari, E. and Ercoli, L. 2015. Responses of wheat to arbuscular mycorrhizal fungi:
A meta-analysis of field studies from 1975 to 2013. Soil Biology and Biochemistry, 84, 210-217 .

Rao, P.K., Tilak, K. and Arunachalam, V. 1990. Genetic variation for VA mycorrhiza-dependent phosphate
mobilisation in groundnut (4rachis hypogaea 1.). Plant and Soil, 122(1): 7-13

Ratnayake, M., Leonard, R. and Menge, J. 1978. Root exudation in relation to supply of phosphorus and its
possible relevance to mycorrhizal formation. New Phytologist, 81(3): 543-552 .

Raymond, J., Rakariyatham, N. and Azanza, J. L. 1993. Purification and some properties of polyphenol oxidase
from sunflower seeds. Phytochemistry, 34, 927-931 .

Sawers, R.J., Svane, S.F., Quan, C., Grenlund, M., Wozniak, B., Gebreselassie, M.N., Gonzalez-Muiioz, E.,
Chavez Montes, R.A., Baxter, I. and Goudet, J. 2017. Phosphorus acquisition efficiency in arbuscular
mycorrhizal maize is correlated with the abundance of root-external hyphae and the accumulation of transcripts
encoding phtl phosphate transporters. New Phytologist, 214(2): 632-643 .

Shamshiri, M.H., Hasan, M.R., Karimi, H.R. and EsmaceilZadeh, M. 2014. Effect of arbuscular mycorrhizae
and salicylic acid on nutrient elements content of pistachio seedling under drought stress. Journal of Plant
Production, 38(1), 75-89 .

Tver, J. and Niels, E. 1983. Vesicular-arbuscular mycorrhiza in field grown crops. New Phytologist, 93(3), 401-
413.

Van der Heijden, M.G., Klironomos, J.N., Ursic, M., Moutoglis, P., Streitwolf-Engel, R., Boller, T.,
Wiemken, A. and Sanders, I.LR. 1998. Mycorrhizal fungal diversity determines plant biodiversity, ecosystem
variability and productivity. Nature, 396(6706: 69-72 .

Vierheilig, H., Bago, B., Albrecht, C., Poulin, M.-J. and Piché, Y. 1998. Flavonoids and arbuscular-mycorrhizal
fungi. Flavonoids in the Living System, 439, 9-33.



Journal of Crop Science Research in Arid Regions/ Volume 2, Issue 1, Spring and Summer 2020

Effect of Glomus intraradices fungus on enzymatic activities and growth
condition of seven wheat genotypes

Seyed Kazem Sabbagh*!, Mohammad Reza Sarafraz-Ardakani', Marziyeh Taheri!, Hamid
Reza Bolok-Yazdi?

"Department of Biology, Faculty of Sciences, Yazd University, Yazd, Iran
Department of Plant Protection, Faculty of Agriculture, University of Zabol, Zabol, Iran

*Corresponding Author: Sksabbagh@yazd.ac.ir
Received: 08 October 2018 Accepted: 02 December 2018 DOI:10.22034/csrar.2020.119122

Abstract

Use of biological products such as mycorrhizal fungi species, in order to provide part of the plant's
essential elements, especially phosphorus, is one of the essential and useful solutions for improving
plant growth conditions. In this research, the mycorrhizal reaction of seven different wheat varieties
to Glomus interaradices species was assayed in randomized complete block design with four
replications in the greenhouse. Growth conditions and also the effect of fungi on the growth condition
and level of some antioxidant enzymes were evaluated. Macroscopic examination on roots of
mycorrhizal plants and comparison with non-mycorrhizal plants showed a high percentage of root
mycorrhization in wild wheat Ageilops tauchii. The lowest increase of root mycorrhization was
determined in bread wheat cultivars. The highest levels of superoxide dismutase, peroxidase and
polyphenol oxidase enzymes were observed in Tajan, Narin and Hana cultivars all of which are
modern wheat cultivars. According to these data, it can be concluded that root mycorrhization,
although it is dependent on the genetic and ploidy nature of wheat, cannot directly increase the
enzymatic responses of the plant. So, increase in antioxidant enzymes did not directly correlate with
the percentage of root mycorrhization in different varieties of wheat.

Key words: Antioxidant enzymes, Symbiosis, Wild and modern wheat cultivar






