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Abstract 

Iran is the largest producer of saffron (Crocus sativus) in the world. More than 80% of higher plant species have 

a mutual relationship with mycorrhizal fungi, which enhances the plant growth and its productivity. With identification 

of native arbuscular mycorrhizal fungi and their application, it could be possible to expand saffron cultivated area and 

increase the performance of arable lands. In the present study, native AMF species associated with saffron roots in 

Khorasan Razavi and Southern Khorasan provinces (north east of Iran), and nine species of arbuscular mycorrhizal 

fungi, viz., Claroideoglomus claroideum, C. etunicatum, Corymbiglomus tortuosum, Funneliformis caledonius,  

F. geosporum, F. mosseae, Paraglomus albidum, Rhizophagus aggregatus and R. manihotis were identified which are 

all newly recorded for saffron mycoflora of Iran. Rhizophagus manihotis and F. mosseae were the most frequent species 

in all soil samples. Although, the maximum plants and fungal growth and root colonization usually take place in spring, 

but in case of saffron, results showed that, this happened in autumn which indicates, the fungus has adapted itself to 

host plant life cycle. On the other hand, correlation coefficient between spore population and root colonization was very 

low for Torbat specimens, which could be related to other factors e.g. environmental and geographical conditions. 
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 خلاصه

از نهاندانگان % 80هاي آربوسكولار ميكوريز با  قارچ. در جهان است (.Crocus sativus L)ترين توليد كننده زعفران  ايران بزرگ

  آينده  شناسايي و در. شوند ها مي دهي آن از جمله بيشتر گياهان زراعي رابطه همزيستي دارند و باعث افزايش رشد و محصول

در اين . ني نمايدتواند به افزايش توليد و نيز گسترش سطح زير كشت اين محصول استراتژيك كمك شايا ها مي به كارگيري اين قارچ

 خراسان رضوي و خراسان جنوبي هاي مطالعه، نه گونه قارچ آربوسكولار ميكوريز همزيست با زعفران، جدا شده از مزارع استان

، Claroideoglomus claroideum ،C. etunicatum: شامل

Corymbiglomus tortuosum،Funneliformis caledonius ، 

F. geosporum ،F. mosseae ،Paraglomus albidum، 

Rhizophagus aggregatus و R. manihotis كه  ندشناسايي شد

هاي  گونه. همگي براي ميكوفلور زعفران در ايران جديد هستند

F. mosseae  وR. manihotis  بيشترين فراواني را داشتند و در
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نتايج نشان داد . برداري شده وجود داشتند هاي نمونه همه خاك

ها در فصل پاييز بيشتر از فصول بهار و تابستان  كه تعداد هاگ

ها  ها و نيز تلقيح ريشه اگرچه بيشترين رشد گياهان و قارچ. است

افتد، اما در مورد زعفران بيشترين  اغلب در فصل بهار اتفاق مي

دهد  ميزان كلونيزاسيون در فصل پاييز رخ داد كه نشان مي

زعفران چرخه زندگي هاي آربوسكولار ميكوريز همزيست با  قارچ

پايين  .اند خود را با دوره رشدي گياه ميزبان خود تطبيق داده

ها و همزيستي در  هاگبودن ميزان همبستگي بين تعداد 

هاي تربت نشان از دخالت عوامل ديگري  ها در نمونه ريشه

  .همچون شرايط محيطي و جغرافيايي دارد

  

، يون ريشه، كلونيزاسهاگ جمعيتايران،  :هاي كليدي واژه

  گلومرومايكوتا

 

 

Introduction 

Crocus sativus L. (Family: Iridaceae), is 

commercially cultivated for the production of the spice 

saffron (Fernández 2004). According to FAO statistics 

(2004), Iran is the record holder of saffron export in 

recent years by about 80% of total world production. 

Arbuscular mycorrhizal fungi are worldwide distributed 

soil fungi, forming symbiosis with most plant families. 

Their importance in natural and semi-natural ecosystems 

is commonly accepted and materialized by improved 

plant productivity and diversity as well as increased plant 

resistance against biotic and abiotic stresses (Smith & 

Read 2008). They are increasingly considered in 

agriculture, horticulture and forestry programs, as well as 

for environmental reclamation to increase crop yield and 

health and also to limit the application of agrochemicals 

(Jeffries et al. 2002, Johansson et al. 2004). In Iran, there 

are very few studies about saffron mycorrhiza (Kianmehr 

1981, Zare & Nakhaei 2000) and it is needed to explore 

different aspects of mycorrhizal association of this 

economically important plant. In the present study, 

therefore, we had a survey about native AMF species 

associated with saffron in Khorasan Razavi and Southern 

Khorasan provinces (north east of Iran). 

 

Materials and Methods 

During October 2009 to September 2010, 

specimens were collected from Khorasan Razavi and 

Southern Khorasan provinces (north east of Iran), where 

main saffron fields are located. Five fields of every site 

including: Khalil-Abad and Torbat (in the range of 35-38 

N and 57-60 E) and Ferdows (in the range of 36-43 N 

and 51-58 E) were selected. Each specimen contained 

whole roots and surrounding soil of saffron corm. At 

least five samples of each field were collected randomly 

and mixed together; and a bulk sample of one Kg was 

prepared for the next examinations. AMF spores were 

isolated by wet-sieving and decanting technique 

(Gerdmann & Nicolson 1963, Brundrett et al. 1996) 

followed by centrifugation (Tommerup & Kidbay 1979) 

and was counted according to Daft & Hograth (1983). To 

obtain fresh and healthy spore, pot culture for every 

specimen was established. The trap plant was corn (Zea 

mays L.) and soil samples were used as inoculums. Root 

segments were cleared and stained according to Philips & 

Hayman (1970) and RLC (Root Colonized Length) 

percent was calculated according to grid line-intersection 

method (Giovanetti & Mosse 1980). 

 

Result and Discussion 

Nine species of arbuscular mycorrhizal fungi were 

identified as below: 

Claroideoglomus claroideum (N.C. Schenck & G.S. Sm.) 

C. Walker & A. Schüßler 

C. etunicatum (W.N. Becker & Gerd.) C. Walker &  

A. Schüßler 

 

Corymbiglomus tortuosum (N.C. Schenck & G.S. Sm.) 

Błaszk. & Chwat 

Funneliformis caledonium (T.H. Nicolson & Gerd.)  

C. Walker & A. Schüßler 

F. geosporum (T.H. Nicolson & Gerd.) C. Walker &  

A. Schüßler 

F. mosseae (T.H. Nicolson & Gerd.) C. Walker &  

A. Schüßler 
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Paraglomus albidum (C. Walker & L.H. Rhodes) Oehl, 

G.A. Silva & Sieverd., in Oehl, Silva, Goto & Sieverding 

Rhizophagus aggregatus (N.C. Schenck & G.S. Sm.)  

C. Walker 

R. manihotis (R.H. Howeler, Sieverd. & N.C. Schenck) 

C. Walker & A. Schüßler (Fig. 1). 

 

 

Fig. 1. A. Paraglomus albidum, B & C. Funneliformis caledonium, D. Claroideoglomus claroideum,  

E. C. etunicatum, F & G. Funneliformis geosporum, H & I. Rhizophagus manihotis, J. Corymbiglomus tortuosum,  

K. Funneliformis mosseae, L. Rhizophagus aggregatus. 

 

 

All of these species are recorded for the first time 

from saffron rhizosphere from Iran of which, 

Rhizophagus manihotis and Funneliformis mosseae were 

the most frequent species in all areas (Fig. 2). 
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Fig. 2. Frequency of occurrence of AMF species in saffron rhizosphere. 
 

Periodically sampled for enumerating number of 

spores in different sites indicated that, there is a variation 

in spore population in different intervals of the year. The 

result presented in Table 1, indicates that, the number of 

spores (1g of dry soil) and RLC% in Khalil-Abad, Torbat 

and Ferdows were 8–22, 25–34%; 6–19, 21–30% and 

13–37, 35–41%, respectively. Correlation coefficient 

between spore populations and root colonization in the 

Khalil-Abad (r
2 

= 0.38, p < 0.05), Ferdows (r
2 

= 0.74, p < 

0.05) and Torbat (r
2 

= 0.09, p < 0.05) was calculated. The 

significant relationship between spore populations and 

root colonization in the sites Khalil-Abad and Ferdows 

was not found for Torbat site. Kianmehr (1981) also did 

not find any significant relationship between spore 

number of and root colonization in saffron. It seems, 

spore abundance is not a key factor for root colonization 

because, inoculums of arbuscular mycorrhizal fungi  

 

consist of different types of infective propagules, viz., 

spores, vesicles, hyphal fragments and hyphae from 

mycorrhizal root pieces (Brundrett 1991). Meanwhile, 

environmental conditions impact on the physiology of 

the plant host, soil chemical properties and physiological 

state of the fungal propagules. These complex 

interactions all influence infectivity and resultant 

mycorrhizal development. Therefore, in some cases, 

AMF spores require much more time for germination and 

some species of AMF are not able to germinate (McGee 

1989) and in the natural ecosystem, most of the spores do 

not remain alive. Moreover, seasonal, environmental  

and geographical conditions act a crucial role in  

root colonization and AMF spore abundance, the 

circumstances which cannot be indexed in results. We 

also observed that, the number of spores in autumn was 

higher than spring and summer (Fig. 3). 

 

 

Fig. 3. Seasonal changes in spore population (S = Spring, Su = Summer and A = Autumn). 
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Spring is the growing season for most of the 

plants and maximum rate of root colonization occurs in 

this season, where in case of saffron, the maximum rate 

of root colonization observed in autumn. This indicates 

that, saffron AMF adapted its life cycle with the host 

plant. Effect of seasonal changes in the spore population 

in the rhizosphere of mycorrhizal plant has been reported 

by many researchers (Giovannetti 1985, Sylvia 1986). 

They showed that, spore abundance reaches to high level 

usually in mid- or late time of growth period. This could 

be related to reducing rate of carbohydrate content of 

plants in autumn, and making a stimulus to produce more 

spores for survival of AMF generation (Gupta et al. 

2000). Klironomos et al. (1993) also reported that, the 

AMF spore frequency in the rhizosphere of maple tree 

(Acer saccharum) was higher in autumn than other 

seasons. It is, therefore, concluded that, according to the 

host plant, formation and function of AMF could be 

different both in the same habitat and the same season. 
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