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ABSTRACT 
In Morocco, saffron is grown in the areas of Taliouine (provine of Taroudante) and Taznakht 
(province of Ouarzazate). Studies on fungi related to this crop are still very rare. Mycological 
studies on mycoflora associated with Saffron (Crocus sativus) from the main producing area, located 
in the Taliouine region was carried out between September (corms for cultivation) and December 
(soil and roots of saffron plants), 2018. The samples (corms and roots with symptoms) were cut up 
in fragments and disinfected with alcohol. Then, these fragments were cultured on Potato Sucrose 
Agar and incubated in the growth chamber for 7 days at 28°C. The pure cultures obtained were 
identified morphologically and microscopically. The fungal complex identified in the soils, corms 
and roots of saffron plants was almost identical, including Fusarium solani, F. oxysporum, F. 
culmorum, F. roseum, Fusarium sp., Aspergillus fumigatus, A. niger, Trichoderma sp., Rhizopus 
oryzae and Penicillium sp. Species of the genus Fusarium, considered as true pathogens of different 
crops, are the most represented, with isolation percentages ranging from 6 to 20%. Trichoderma sp., 
a biocontrol agent against various pathogens, has also been isolated from the soils, corms and roots 
of saffron plants, with a percentage of isolation ranging from 8 to 13%. This is the first time that the 
species of the genus Fusarium (F. solani, F. culmorum and F. roseum) and Trichoderma have been 
isolated in Morocco from Crocus sativus. 
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INTRODUCTION  
 
Saffron known as Crocus sativus, is a medicinally 
important plant belonging to the family Iridaceae 
of the order Asparagales. It is widely cultivated in 
several countries, such as Iran, Italy, Spain, 
Morocco, France, Greece, China, India and 
Mexico [1]. The valuable parts of saffron are 
stigmas and corms. Stigmas represent one of the 
most expensive spices in the world [2]. 
Apart from its aromatic and flavoring properties 
and its use as a colorant for foodstuffs [3], this 
spice possesses medicinal uses and 

pharmacological properties [4,5]. As for corms, it 
insures vegetative propagation of saffron plant [6] 
whose low multiplication rates and fungal 
infestation are the major hindrances for 
availability of sufficient quality planting material 
[7]. However, as subterranean organs, these corms 
are constantly prone to diseases caused by fungi 
[8,9,10], bacteria [11], plant-parasitic nematodes 
[12]  and viruses [13]. Indeed, many phyto-
pathogens mainly fungi have been reported in 
India, Italy and Spain on saffron plants. Among 
them, Fusarium species as F. oxysporum 
[14,15,16], F. solani and F. moniliforme [17], 
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Sclerotium rolfsii [18], Rhizoctonia solani [19], 
Macrophomina phaseolina [20,21], and 
Penicillium aurantiogriseum Dierckx (Penicillium 
cyclopium Westl.), and Penicillium hirsutum 
Dierckx (Penicillium corymbiferum Westl.) 
[22,23]. Indeed, most of pathogenic species were 
isolated from corms which affect post-
development of this organ and in turn disturb 
saffron viability, propagation and yield [9]. Also, 
Rubio-Moraga et al. [24] have reported in Italy 
several species associated with saffron corms 
belonging to genera of Fusarium, Rhizoctonia, 
Penicillium, Aspergillus, Sclerotium, Phoma, 
Stromatinia, Cochliobolus and Rhizopus. These 
species, cases of Fusarium, Sclerotium and 
Rhizoctonia, are pathogenic on corms and saffron 
plants.  
 
In Morocco, saffron cultivation is an important 
economic activity in the mountainous regions of 
Taliouine (Taroudant province) and Taznakht 

(Ouarzazate province) where it covers an area of 
105 ha [25]. However, up to date, little is            
known about the phytosanitary status of this 
perennial crop culture and few studies on 
composition of fungal community associated with 
saffron plants were realized.  Hence, the main 
purpose of this work is the isolation and 
identification of fungal flora related to                   
saffron plants growing in two Morocco’s 
saffron producing regions. 
 
MATERIALS AND METHODS 
 
Surveys and Sampling 
 
The samples of soil, corms and roots of saffron 
plants growing in saffron culture of the Taliouine 
region, Ouarzazate province (Fig. 1), aged  of  4 
years (plots of saffron culture exploited during  4 
years),  were collected between September and 
December during 2018. 

   

 
 
Fig. 1. Safran’s production zone in Morocco 
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Fig. 2. Symptoms of corm rots in naturally diseased saffron corms collected from farms. Rotten 
bulb of Crocus sativus showing reduced volume and diameter with discoloured sections (A, B, C, D, 
E, F, G, H); (I) Healthy corm 
  
Diseased corm (Fig. 2) and plant samples were 
collected and brought to laboratory for 
mycological analysis. Symptomatic and 
symptomless corms were cut up in fragments of 1 
cm lentgh, disinfected with alcohol for five 
minutes, put on sterile distilled water and then 
dried with sterile filter paper. Then, they were put 

on PSA agar plates (Potato Sucrose Agar: 200 g 
potato, 20 g sucrose, 15 g Agar agar, and 1000 ml 
distilled water), supplemented with 50 mg/1 of 
chloramphenicol, and incubated in the growth 
chamber for 7 days on darkness at 28°C. Some 
developed colonies were then observed for the 
species determination. Others were transferred to 
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P.S.A medium and incubated under the same 
conditions for 7 days. 
 

Root samples were separated from individual 
plants. Each root sample was washed thoroughly 
under running tap water to remove soil particles, 
dried and cut into 1 cm length segments. The root 
segments were disinfected for 10 minutes with 
bleach diluted to 10%, rinsed three times with 
sterile distilled water and dried on sterile blotting 
paper. They were placed in 10 mm diameter Petri 
dishes containing 15 ml of PSA medium (Potato 
Sucrose Agar) supplemented with 50 mg. The 
cultures were incubated in the growth chamber for 
one week under a photoperiod of 16 h at 26°C.  
 

The determination of the fungal community 
associated with soil was carried out according to 
soil plate’s technique [26]. Each culture soil was 
dried at 30°C and grounded in a sterilized mortar. 
A quantity of 5 to 15 mg was placed on the PSA 
medium, humidified by one or two drops of sterile 
distilled water and spread out on the medium. 
Thereafter, the PSA culture medium containing 30 
mg Penicillin and 50 mg of chloramphenicol is 
poured onto this dispersed soil [27]. The Petri 
dishes gently shacked before solidification of the 
medium were incubated in the growth chamber at 
28°C and in the dark. Successive transplants are 
used to purify isolated fungal species.  
 
The  observation  of  different  cultures  and  
fragments  under  the  optical  microscope has 
allowed us to identify the fungal  species  by  
using  the  identification  keys  of  Gilman [28], 
Tarr [29], Ellis [30], Chidambaram et al. [31], 
Domsch et al. [32] and Champion [33]. 
 
The percentage of isolation of different fungal 
species is calculated according to the method of 
Champion [33] which defines the frequency of 
isolation of different fungi from 100 lesions or 
100 root rot present on the plants studied 
according to the equation: 
 

PI= NsPx/ NT × 100 
 
NsPx: Number of segments containing the fungal 

specie x. 
 
NT: Total number of segments used in the 

isolation. 

Analysis of the variance and of the mean 
comparisons using the LSD test (p = 5%) were 
performed using the software STATISTICA 
program. The  percentages  were  transformed  
into  Arcsin  XP (where  P  is  the  proportion of  
percentage). 
 
RESULTS  
 
The examination of corm samples showed various 
infection levels. They were severely affected and 
exhibit rot development, lesions and extensive 
necrosis (Fig. 1). On the basis of cultural, 
microscopic and morphological characteristics, ten 
fungal species were isolated and identified (Figs. 
3, 4, 5). It was also noticed that all corm, root and 
soil samples harboured approximately identical 
fungal community (Table 1). The main fungal taxa 
identified include Fusarium with five species 
Fusarium solani, F. oxysporum, F. culmorum, F. 
roseum and Fusarium sp.,  Aspergillus with two 
species Aspergillus fumigatus and A. niger, in 
addition to Trichoderma sp., Rhizopus oryzae  and 
Penicillium sp. (Table 1). The symptoms are not 
specific; two to four fungal species can be isolated 
from the same corms or from the roots of the same 
plant. 
 
Fusarium solani and F. oxysporum occurred in 
soil, corms and roots of saffron plants with 
isolation frequencies in the order of 13 - 6%, 11 -
16% and 20 - 16% respectively. F. culmorum and 
Fusarium sp. were isolated from soil at respective 
percentages of 6% and 10%, whereas, F. roseum 
was detected in soil and roots of saffron plants 
with isolation percentages of 6 and 25% 
respectively. 
 

The results of the same column followed by 
different letters differ significantly at 5%. 
 

Moreover, the results given in Table 1 indicated 
that the occurrence of Aspergillus fumigatus and 
A. niger differed significantly. A. fumigatus was 
recovered at frequency of 13% in soil, 14% in 
corms and 10% in roots compared with 
frequencies ranged from 2% to 3% for A. niger in 
rhizosphere soil, corms and roots of saffron plants. 
Similarly, the isolation percentages of Penicillium 
sp. varied from 10% to 14%, those of Rhizopus 
oryzae from 8 to 11%. Trichoderma sp. has been 
isolated at the level of soil, corms and roots of 
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saffron plants reaching percentages varying 
between 8% and 13%.  Furthermore, it was found 
significant isolation percentages ranged from 16% 

and 27% characterizing an undetermined species 
assemblage presents in different soil, corms and 
roots of saffron plants samples.  

  

 
 
Fig. 3.  Colony features on PSA of three species of Fusaruim recovered from soils, corms, roots of 
Crocus sativus. Fusarium roseum: plate top, reverse A and D; F. oxysporum: plate top, reverse B and 
E;  F. solani: plate top, reverse C and F  
 

 
 
Fig. 4. Fusarium  oxysporum and Aspergillus niger colony features on PSA: (A and C), microscopic 
examination of macroconidia of Fusarium oxysporum  (B) and sporangium of Aspergillus niger  (D)  
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Fig. 5. Penicillium sp.  and Trichoderma sp. colony features on PSA (A and C). Microscopic 
examination of brush arrangement of Penicillium sp. conidia (B), conidia and phialides of 
Trichoderma sp.(B and D) 
 
Table 1. Isolation percentages of fungal species recovered from soils, corms and roots of saffron 
plants growing in the Taliouine site 
 

Soils Corms Roots 
Fungal species PI % Fungal Espèce PI % Fungal species PI % 

Fusarium  solani 13ab Fusarium  solani 11b Fusarium  solani 20a 
Fusarium oxysporum 6c Fusarium oxysporum 16b Fusarium oxysporum 16ab 
Fusarium  culmorum 6c Fusarium  culmorum - Fusarium  culmorum - 

Fusarium roseum 6c Fusarium roseum - Fusarium roseum 25a 
Fusarium  sp. 10b Fusarium  sp. - Fusarium  sp. - 

Trichoderma  sp. 13ab Trichoderma  sp. 11b Trichoderma  sp. 8c 
Aspergillus fumigatus 13ab Aspergillus fumigatus 14b Aspergillus fumigatus 10b 

Aspergillus niger 2d Aspergillus niger 3c Aspergillus niger 2d 
Penicillium  sp. 14a Penicillium  sp. 10b Penicillium  sp. 12b 
Rhizopus oryzae 10b Rhizopus oryzae 11b Rhizopus oryzae. 8c 

undetermined 16a undetermined 27a undetermined 16ab 
 
PI (%), isolation percentage 

 
DISCUSSION 
 
The present study showed detection of ten fungal 
species which colonizes soil, corms and roots of 
saffron plants. Fusarium genus was the most 
represented with 5 species. To our knowdledge, 
this is the first study indicating presence of F. 
oxysporum and F. solani in soils and sampled 

saffron plant parts. Previous results support this 
findings and F. oxysporum which incited corm 
rots was reported by many research studies 
[8,34,35,24,10]. According to Brayford et al. [36], 
F. oxysporum survives in infected corms and in 
the soil as mycelium, chlamydospores, macro-
conidia and microconidia.  Similarly, Wani [37] 
detected F. solani and F. oxysporum among fungal 
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complex responsible of frequent occurrence of 
saffron corm rot. In contrary to previous studies 
signaling isolation of F. moniliforme and F. 
equiseti from infected saffron corms [38,37],  
Fusarium species like F. culmorum and F. roseum  
have not been reported as pathogens or 
endophytes from saffron plants so far. In 
Morocco, these species isolated from Moroccan 
soils were responsible of wheat and barley crown 
rots [39,40,41,42]. In India, Rhizoctonia, 
Phytophthora, Phialophora mustea and 
Cadophora malorum have been reported as 
prevalent endophytes identified on saffron corms 
and stems [43,44]. Additionally, Rhizoctonia 
violacea and Fusarium oxysporum have been 
proved to be the causal organisms associated to 
root rot disease or death of saffron plants in 
Morocco [45].  
 
Similarly, Chamkhi et al. [46] reported that the 
roots of saffron plants collected in Morocco 
(Taliouine site) are colonized by Rhizopus oryzae, 
Aspergillus fumigatiaffinis and Aspergillus    
niger.  
 
Moreover, isolation of Trichoderma sp. from soils, 
corms and roots of Moroccan saffron cultivation 
areas is a positive result. Indeed, this competitive 
antagonist, recognized as an endophyte fungus of 
roots but also of aerial plant tissues, including 
trunks, stems and fruits of different plant species 
[47,48], can be used as an antagonist of corm-
borne pathogens. 
 
CONCLUSION 
 
Fungi isolated from   soil of saffron plantations, 
corms or roots of saffron form a diversified fungal 
complex. Therefore, it seems difficult to know 
precisely the etiology of these species. Hence, 
pathogenicity testing on saffron corms will be 
necessary to determine the pathogenic or 
saprophytic ones. Also, it is important to know 
which one is able to affect corms and                  
greatly influence the development of saffron 
plants. 
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