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ABSTRACT

Application of fungicides interferes with plant-mycorrhiza symbiosis and inhibits root system development,
absorption and growth. So this experiment was conducted in 2009 at the research field of Islamic Azad University,
Karaj branch, Iran, to evaluate the effect of different fungicides on mycorrhizal symbiosis and quality of sunflower.
The study was conducted in factorial in the form of a randomized complete block design with four replications and
two factors. The first factor was fungicide (without, Fo; chemical, F;. nano, F,; biologic, F3) and the second factor
was mycorrhiza species (without, My; Glomus mosseae, My; G. etunicatum, M,; G. intraradices, M3). Results
indicated that fungicide had only a significant effect on grain protein content, and mycorrhiza had a significant
effect on grain oil content and root colonization. F,M; was the best treatment with the highest effect which increased
grainyield, protein yield and oil yield by 60.77, 60.93 and 69.90%, respectively, compared with the control (FoMj).

Keywords: Glomus spp., oil, nanosilver fungicide, protein.

INTRODUCTION

Sunflower is an important oil crop because of higtcontent. Plant's oil content can be improveatigh different
methods; one of them is the application of bioliggrs such as mycorrhiza. Mycorrhizal inoculatican
significantly increase grain's oil content.

Vesicular Arbuscular Mycorrhizae (VAM) are the majroup of mycorrhiza fungi which improve plant grtbw
through different mechanisms such as phosphatditinhiion and enhancement of water / nutrientsogitton.
This ability of mycorrhiza is mainly attributed its hyphae. Hyphae are external root shaped orgdrish
penetrate into soil pores and cracks, and makeehigil volume available to plant to be used assthece of water
and nutrients [1-3]. Different experiments haveorégd the improvement of plant growth, yield andriemts uptake
as the function of mycorrhizal inoculation [4-7].

One of the factors that reduced the efficiencylahpmycorrhiza symbiosis is the application ofdigides. Studies
have revealed the inhibition of mycorrhiza growtidaactivity as the result of fungicides applicatiGiungicides
affect mycorrhiza hyphae and spores; disturbingaitte/ity of mycorrhiza and the subsequent bendditplant [8].

In an experiment, the effect of chemical fungicidess evaluated on different species of mycorrh®a Results
indicated that vitavax had the highest negativeaichjpf maize growth and yield, and grain proteid phosphorus
content; however, benomyl had the lowest negatiygact on root colonization. In another experimémg, effect of
benomyl, captan and PCNB fungicides was studiedhose mycorrhiza specie$(mosseae, G. rosea and G.
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etunicatum) in pea cultivation [10]. Results showed tkatetunicatum had the highest, ar@. rosea had the lowest
resistance against fungicides. Moreover, captansates for the fungi, compared with the two otherdicides.

Non chemical fungicides may cause lower damagekadeneficial microorganisms. Nanosilver, a noanaital

fungicide, has antibacterial features. It redubesatctivity of bacteria cell membrane protein amubits respiration
by releasing silver ions [11]. Although the meclsams of action of nanaosilver is not still understobdwever, it is
clear that nanosilver release silver ions (Agjowly; these ions damage the cell structure @rmorganisms [12].
Rostami and Shahsavar [12] reported that nanosfiwegicide eliminated microbial pollutions in trghanting

medium without any risks to human or environmersltie However, soaking the transplants in high eot@tion

nanosilver solution damaged the plants. Finallg, abjective of this experiment was to compare ffeceof three

types of fungicide on sunflower and mycorrhizaldalation.

MATERIAL AND METHODS

This experiment was conducted in 2009 at the rebef@ld of Islamic Azad University, Karaj brandhan (50° 49'
E, 35° 43'N, 1170 m above the sea level). Thetgpé at the test site was sandy loam. The studyasaducted in
factorial in the form of a randomized complete kldesign with four replications and two factors:

Fungicide. Without fungicide application ¢, and chemical (§, nano (k) and biological (g fungicides. The
chemical fungicide was benomyl as 0.001 wetabledmwThe biological fungicide was biosubtyl (0.00@)ich
containedBacillus subtilis (3% / L). The nano fungicide was nanosilver camitej 4 g nano particles of silver / L, as
2000 L4 with concentration of 60 ppm, which was appliedserds.

Mycorrhiza species.Without inoculation (M), Glomus mosseae (M), G. etunicatum (M,) and G. intraradices
(Ms). All mycorrhiza species contained 300-350 acfivegus organs/fa 2 g of the inoculant for each seed was
located in each seeding hole at the time of plgntin

According to the results of soil analysis, 350 kfhaN (as urea, split in two parts), 75 kg P/ha (asdet super
phosphate) and 300 kg K/ha (as potassium sulfateg &pplied in soil. Then, Sunflower was plantecc80x 20
cm on May 18. Irrigation was repeated weekly and weeds wereveah manually.

To measure the root colonization percentage, sagplas conducted at the flowering stage, whichctiienization
percentage is the highest. To do this, after itiiggand when the field was at FC, three plantsewandomly
harvested along with their root by digging a 30 profile around the root. Then, roots were washédg lof the
roots were randomly selected and colored. Colorizeds were cut to 1 cm slices and 50 slices wanglamly
located on a 1 cm netted petri dish, and root dpédion percentage was measured based on the rigribfitersect
Method [13].

At the end of the growing season, harvest was adeduo obtain the final yield. To measure graiot@in and oil
percentage, 30 g of grains from each plot was nagleelected and grinded, and was subjected to Nidkhod by
Inframatic 8620 instrument. Root dry weight was sugad by the previously described method. Finalita were
analyzed using SAS and means were compared acgdadthe Duncan's multiple rang test a0R5.

RUSULTS AND DISCUSSION
Analysis of covariance indicated that fungicide adignificant effect only on grain protein contedycorrhizal
inoculation significantly affected grain oil conteand root colonization percentage. The interactibfungicide x
mycorrhiza had a significant effect on grain yigddotein yield, grain oil content and oil yield. &n P content was
not affected by any factor of the experiment (Talble

Table 1. Analysis of covariance of the measured tits

Mean Squares (MS)

SOV df Lo Grain protein  Protein Grain oil S Grain P Root Root dry
Grain yield . Oil yield L A
content yield content content  colonization weight
Block 3 *x *x ki ns ki ns ns ns
Fungicide (F) 3 ns * ns ns ns ns ns ns
Mycorrhiza (M) 3 ns ns ns * ns ns * ns
FM 9 *x ns *x *x ** ns ns ns
Error 44 120714.05 0.93 5580.39 4.55 27963.94 0.01 44.99 0.001
Covariance factor (X) 1 ** ns *x * *x ns ns Ns
CV (%) - 19.10 4.75 20.18 4.56 19.54 14.08 18.51 221

ns, nonsignificant; **, significant at P<0.01; *, significant at P<0.05.
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Grain yield. Results showed that grain yield was the higheshdnosilver xG. mosseae and the lowest in
nanosilver xG. etunicatum (Figure 1).
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Fig 1. Effects of interaction of fungicide x mycorhiza on grain yield.

Different mycorrhiza species increased grain yimhpared with the control {Mo); G. etunicatum was the most
effective species which increased grain yield by83%. This may be caused by better symbiosis af $piecies
with the plant which results in the improvementwafter and nutrient uptake, photosynthesis and geswth [9,

14]. Moreover, higher efficiency of this species ¢e attributed to higher colonization percentdds.[

Different species of mycorrhiza reduced grain yiefden applied along with benomyl fungicide [16]g thighest
reduction was observed iB. mosseae (10.98%). This fungicide increased grain yield B441% when applied
individually [8]. Benomyl had the highest inhibijoeffect onG. etunicatum. The fungicide inhibits mycorrhiza
growth and development because of the activity ethyl 1, 2-benzimidazole carbamate which is a pcoai
benomyl hydrolysis [1, 17]. Moreover, applicatiohbenomyl damages external hyphae of mycorrhizapmadents
root colonization; reducing water and nutrient Wptgphotosynthesis and plant growth [15, 18].

Mycorrhiza species react differently to nanosilfeemgicide, in the way tha®. etunicatum decreased grain yield
compared with fMg which is probably because of the sensitivity @$ gpecies to nanosilver. Silver's nano particles
damage the proteins in cell membrane of externghag of mycorrhiza; preventing the growth and dmgwelent of
the hyphae. In addition, nanosilver inhibits thadus cell respirationG. mosseae along with nanosilver increased
grain yield by 60.83% compared with\F,. This species was not sensitive to nanosilver.

The individual application of nanosilver increaggdin yield by 3%; however, application Bf subtilis along with
mycorrhiza species decreased grain yield compaitdFaM,; the highest reduction was observedanmosseae
(34.94%). The sensitivity of the species to thegfaide can be attributed to the presence of argédiliand antibiotic
lipopeptid compounds in the exudates of the baateriThe activity of mycorrhiza external hyphae étated to
succinate dehydrogenase enzyme which improves plastbsynthesis and P uptake; howeW®ersubtilis inhibits
the activity of this enzyme by producing antifungabstances [19-20]. Results of this experimeritaidd that the
individual application oB. subtilis without mycorrhizal inoculation increased grairlgiby 30.75% compared with
FoMo.

Grain protein content. Results indicated that although benomyl and navesilvere significantly the same as
control (R); however,B. subtilis reduced grain protein content by 3.61% (Fig 2)isTimay be attributed to
antibiotics exudation by the bacterium which dansagiant root and reduces nitrogen absorption amdejor
synthesis [21].
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protein (%)

Fig 2. Effects of fungicides on grain protein contat.

Protein yield. Application of nanosilver %5. mosseae resulted in the highest, and B. subtili&xmosseae resulted
in the lowest protein yield (Figure 3).

Inoculation ofG. etunicatum and G. intraradices increased protein yield; howevés, mosseae decreased protein
yield compared with §M,. G. etunicatum was the best treatment which increased proteld g about 40%.

When benomyl was applied, all mycorrhiza specieduced protein yield compared with)NFy; the highest
reduction was related t8. mosseae (9.93%).G. mosseae andG. intraradices increased; howevef. etunicatum
decreased protein yield compared wityMb, when applied along with nanosilves. mosseae increased protein
yield by 65.25% compared with¥,. Nanosilver application without mycorrhizal inoatibn reduced protein yield
by 2.68% compared with the controlkf,). Different genotypes of mycorrhiza reduced pmotgeld when applied
along with B. subtilis; the highest reduction was observedGnmosseae (29.07% compared withsMg). The
variations in protein yield are attributed to thegigtions in grain yield.

Grain oil content. The highest grain oil content was achieveddi fand the lowest inM; (Figure 4).
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Fig 4. Effects of interaction of fungicide x mycorhiza on grain oil content.

Inoculating the plant with the three mycorrhizad@ps increased grain oil conte@. intraradices was the most
effective treatment and increased this trait by4%6 Mycorrhiza increases plant nutrients uptakegeesilly
micronutrients such as sulfur, and consequentlyeeses plant oil content [22].

Different mycorrhiza species reduced oil contemhpared with EM, when applied along with benomyl fungicide;
the highest reduction was related3omosseae (14.35%). There are evidences representing trsitwlar arbuscular
mycorrhiza stimulates lipids synthesis; howevemdmsyl fungicide inhibits the formation and develagm of
mycorrhiza arbuscules and reduces the efficiendhi@fnoculation and formation of lipids [23-26].

Grain oil content increased whe&B mosseae or G. intraradices were applied along with nanosilver fungicide;
however, oil content reduced in the co-applicatbbrG. etunicatum compared with fMo. This reduction may be
attributed to the effect of nanosilver on proteafscell membrane and cellular respiration of mybhoa [11].
Applying nanosilver without mycorrhizal inoculatiancreased oil content by 5.20% compared with tbetrol
(FoMo).
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Fig 5. Effects of interaction of fungicide x mycorhiza on oil yield.
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All mycorrhiza species increased oil content whppliad along withB. subtilis; the most effective species was
intraradices which increased this trait by 6.61% compared withcontrol. Results indicated thatsubtilis reduced
protein content. There is a negative correlatidwben protein and oil content.

Qil yield. Results indicated that the highest oil yield wabieed in EM; and the lowest was achieved iV
(Figure 5).

Mycorrhiza species increased oil yield comparechviiM,; G. etunicatum was the most effective one which
increased oil yield by 39.35%.

When benomyl was applied, inoculation of the thmaeorrhiza species reduced oil yietd; mosseae reduced it the
most (by 26.76%). Oil yield increased whén mosseae or G. intraradices were applied along with nanosilver;
however, oil yield decreased whéh etunicatum was applied along with the fungicide. All mycom&ispecies
showed sensitivity t®. subtilis fungicide and reduced oil yield compared wivik.

Root colonization. Results showed that the three mycorrhiza speciesased root colonization percentage
compared with M however, there was no significant difference lestivthe species (Figure 6). The highest root
colonization was observed iG. etunicatum which was about 21% higher thang.MHigher root colonization
percentage contributes to higher grain and biomesduction because of higher nutrients supply.
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Fig 6. Effects of interaction of mycorrhiza on rootcolonization.
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