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Abstract 
Fiber of Urena lobata L. (Caesar weed or Malva) has been produced from plants cultivated in floodplain areas of 
Brazilian Amazonas state since 1970s. Plants must be harvested before flooding and because of such a short 
cultivation season plants never reach fructification. Thus, local farmers depend on acquiring seeds collected in 
areas of spontaneous occurrence in drylands to sow their crop fields each year. This scenario might change, as 
this species is gaining socioeconomic important and there is interest in the development of cropping systems for 
seed production on a commercial scale. The objective of this study was to investigate the occurrence of 
endophytic fungi in U. lobata, evaluating the influence of the plant organ (leaf and seed) and farming site (two 
experimental fields of seed production: Manaus and Anori municipalities), once endophytic interaction can be 
beneficial or become harmful to the plants. The frequency and degree of colonization, Shannon-Weaver and 
Simpson diversity and Pielou uniformity indexes and the dominance component curve were calculated. The 
occurring genus were: Phomopsis, Colletotrichum, Fusarium, Pestalotiopsis, Curvularia and Cochliobolus. The 
greatest diversity and richness of fungi was found in Manaus site with high colonization present in the leaves. 
The genus Curvularia and Fusarium presented preference for seeds while Colletotrichum was more frequent in 
leaves. The similarity was greater between plant organs than between the farming sites, which indicates that the 
coevolution of these fungi and its host has resulted in a balanced mutual or antagonistic interaction (Crane & 
Acuna, 1945; Souza, 2012).  
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1. Introduction 
Caesar weed is widely distributed in the tropical and subtropical regions (Crane & Acuna, 1945; Homma, 1998). 
It is considered worldwide a spontaneous plant that causes damages by competition with commercial crops. 
Nevertheless, the plant has been cultivated forits light, soft, silky and very flexible fiber, which is mainly used 
for the making of burlap bags for the export of agricultural products such as coffee, other textile products and 
handcrafts (Crane & Acuna, 1945; Souza, 2012). 

In Amazonas state, Malva is cultivated by traditional family farmers exclusively for fiber production in lowland 
environments, next to Amazon river channel. Due to the limitations of these cropping sites caused by seasonal 
flooding, plants are harvested before completing their life cycles and produce seeds (Souza, 2012; Bentes, 
Pereira, Mendes, Castro, & Cunha, 2017). 

Thus, Amazonian farmers depend on the seeds gathered by seed collectors of the neighbor State of Pará. These 
spontaneous seeds are purchased and distributed to fiber floodplain farmers by the Amazonas State Secretariat of 
Rural Production (SEPROR/AM) or by the textile industries. Often, offered quantities do not supply the demand, 
causing a reduction in fiber production due to the lack of this critical input (Souza, 2012; Bentes et al., 2017). 

This critical situation of the Malva production chain has gained the attention of the research agencies and there 
are currently projects in progress to provide technical and agronomic information for the implantation of seed 
production fields in the State of Amazonas. As observed to have occurred with other native species, when an 
exploited wild species become economically important, the induction of species’ management and domestication 
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processes result in the expansion of supply, products of better quality and lower prices, benefiting consumers and 
producers (Homma, 2012).  

However, the domestication process may cause alterations in the community of microorganisms associated with 
the crop, favoring plants susceptibility to pests and diseases directly, inducing a possible pathogenicity of these 
microorganisms once endophytes, or decreasing the capacity of defense of the plant for which endophytic fungi 
play an important role (Paterniani, 2001). 

This is due to endophytic fungi can produce bioactive compounds capable of acting as a biocontrollers. They 
may have anticancer, antimicrobial and insecticide activity, be plant growth promoters and promote resistance to 
diseases, and therefore, they are active agents in phytoremediation (Sudha, Govindaraj, Kathirvelu, Al-Dhabi, & 
Duraipandiyan, 2016).  

Research related to the identification of the biodiversity of microorganisms associated with plant species 
improves knowledge about patterns of occurrence and distribution of biodiversity, important information for the 
planning of biodiversity conservation strategies. In addition, they represent a great opportunity to obtain fungi 
with differentiated potentials for scientific research and use in biotechnology and industry (Vieira, F. Silva, W. 
Silva, Cavalcanti, & Lima, 2012). This is an area that needs to advance because there are few studies of isolated 
compounds from endophytic fungi of Amazonian plants (Carvalho, Paixão, Dolabela, P. Marinho, & A. Marinho, 
2016). In such perspective, the objective of this work was to investigate the influence of the plant organ and the 
cropping site on patterns of occurrence and diversityof endophytic fungi in cultivatedUrena lobata. 

2. Material and Methods 
2.1 Place of Study 

The study was conducted in two seed production experimental fields in the State of Amazonas, in Brazilian 
Amazon region. The first one is located at the Experimental Farm of the Federal University of Amazonas 
(UFAM), at Km 38 of the BR-174 highway with coordinates 2º38′57.6″ S and 60º3′11″ W, with an agricultural 
history of cassava cropping during three consecutive years in the period prior to the implantation of Malva in 
May of 2015. The other field was implanted in November of 2015, in an area of secondary forest in cattle ranch 
whose owner was interested in Malva seed production for commerce, located in the municipality of Anori, 
Anori-Mato Grosso road, Km 15, left margin, with coordinates 03º36′57.8″ S and 61º40′30.58″ W. The climate is 
the same in both locations, tropical humid, according to a classification of Koppen, with an average annual 
temperature of 25 ºC and a dry season between June and August, high rainfall (2,050 to 2,650 mm per year) and 
relative air humidity ranging from 85 to 90% (Martins, Ferreira, Curi, Vitorino, & Silva, 2006).  

The two fields were implanted using seeds from the municipality of Capitão-Poço (Pará state). Seeding was 
performed after seed dormancy break. Roughing and prune operations were carried out when the plants reached 
30 cm and 100 cm, respectively. Two plants were kept per pit with row-spacing of 1.5 m and spacing of 0.5 m 
between plants.  

Leaves of the middle third and seed of the apex of 20 plants of each cultivation site were collected in the seed 
harvesting period, at the end of October of 2016. The material was sent to the Laboratory of Bioactive Principles 
of Microbial Origin of the Faculty of Agrarian Sciences of Federal University of Amazonas (FCA-UFAM) for 
the isolation of endophytic fungi. 

2.2 Isolation of Endophytic Fungi 

The material was subjected to surface disinfestation by immersion in ethanol (70%) for one minute, 2.5% 
sodium hypochlorite for two minutes, 70% ethanol for 30 seconds and two washes in sterilized distilled water for 
one minute each (Pereira, Azevedo, & Petrini, 1993). To confirm the effectiveness of the disinfection process, 
100 μL of the water used in the last wash in Potato-Dextrose-Agar (BDA, pH 6.8) culture medium was stained. 

From each plant of each site, six seeds and six fragments with 0.3 cm2 of leaf limbus were deposited under 
aseptic conditions in Petri dishes (totaling 12 fragments per plate) with BDA culture medium supplemented with 
antibiotic chloramphenicol (100 μg/mL-1) to inhibit bacterial growth.  

As plates were incubated at 18 °C and observed daily for up to 14 days. As emergent colonies were purified and 
preserved in BDA for later identification (Vieira et al., 2011). The fungi of the genus Phomopsis were transferred 
to agar-oat culture medium (AA, pH 6.8) and submitted to 24-hour photoperiod to induce sporulation (Nozaki, 
Camargo, & Barreto, 2004).  
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2.3 Identification of Endophytic Fungi 

The fungi that presented the sporulation in culture conditions were identified in level of genus through the 
literature (Ellis, 1971; Bernett & Hunter, 1972; Sutton, 1980) based on the macroscopic characteristics of the 
colonies—color, appearance, consistency, presence of pigment, etc., and microscopic characteristics— 
morphology of somatic and reproductive structures, through the observation of slides with fragments of fungus 
structures under optical microscope. According to the analyzed characteristics, the isolates were grouped into 
morphotypes within each genus (Banhos et al., 2008; Magalhães, Missagia, F. Costa, & M. Costa, 2008). For the 
greater richness of details of the fungi morphological structures, micro cultures were carried out. 

2.4 Statistical Analysis 

The frequency of colonization (FC%) was calculated with the formula below (Petrini, Sieber, Toti, & Viret, 
1992): 

FC%	= 
Total number of fragments with one or more isolates

Total of isolates of the sample
 ×	100                    (1) 

The degree of colonization was calculated by the formula: 

GC%	= 
Number of  isolates

Plant
 ×	100                            (2) 

To compare the communities of endophytic fungi in U. lobata, we evaluated the similarity between plant organs 
(leaf and seed) and cropping sites (Manaus and Anori) according to the morphotypes identified using Jaccard-JI 
index (Magurran, 1998). The cluster analysis of morphotype data was performed by the Ward’s method. 

To represent diversity, the Simpson, Shannon and Pielou indexes were calculated for both genus and 
morphotypes. The curve of the dominance component of the morphotype diversity of endophytic fungi isolated 
(Odum, 1983) was ploted. 

The colonization degree data were subjected to analysis of variance by the F test. All data were analyzed and 
graphically represented by Paleontological STatistics (PAST) Version 3.14 (Hammer, Harper, & Ryan, 2001).  

3. Results 
The frequency of colonization by endophytic fungi in Malvawas 85.7%, with 24.2% in Manaus leaves; 21.9% in 
Manaus seeds; 23.8% in Anori leaves and 15.8% in Anori seeds. No microorganisms were observed in the 
surface disinfection control, indicating that the isolation method was efficient.  

Six hundred and nineteen endophytic fungi were isolated from 240 leaf fragments and 240 mallow seeds. Of 
these, 24.88% were not identified because they did not present reproductive structures. Those that presented 
reproduction structure were identified and grouped into morphotypes according to macro and microscopic 
characteristics. 

Six genus were identified, being Phomopsis, Colletotrichum and Fusarium the most frequent, and Pestalotiopsis, 
Curvularia and Cochliobolus less frequent. The composition of endophytic fungi differed between plant organs 
and between cultivation sites, with the highest leaf richness in Manaus (Table 1). 

 

Table 1. Endophytic fungi associated with leaves and seeds of Urena lobata cultivated in Manaus and Anori, 
municipalities of the State of Amazonas 

Genus 
Leaf from Manaus  Seed from Manaus Leaf from Anori  Seed from Anori 

Isolates Morphotypes  Isolates Morphotypes Isolates Morphotypes  Isolates Morphotypes

Phomopsis 125 55  44 26 24 16  6 6 

Colletotrichum 65 20  2 2 80 28  3 3 

Fusarium 2 2  31 18 2 2  46 18 

Pestalotopsis 4 4  17 11 0 0  0 0 

Curvularia  5 1  4 1 

Cochliobolus  1 1  

Total (S = richness) 81  - 58 - 47  - 28 

 

It was possible to observe preference of genus of endophytic fungi by the type of plant organ and cropping site. 
Curvularia occured exclusivelyin seeds, whereas Pestalotiopsis occurred only in Manaus, and Cochliobolus only 
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The genus Cochliobolus presented only one isolate in Anori. Cochliobolus australiensis e C. lunatus was found 
in low frequency of colonization as endophytes in leaves and not found in seeds of Bauhinia forficata, a 
medicinal plant native to South America (Bezerra et al., 2015). This low frequency indicates momentary 
colonization, that is, this fungus may not be a natural endophyte, but an epiphyte or even a plant pathogen that 
attempts to colonize plant tissue transiently (Banhos et al., 2014). 

Pestalotiopsis appeared only in Manaus. This can be explained by the influence of several factors, such as: age 
of the collected plant species, once the field of Manaus was sown six months before the Anori field; differences 
in the nutritional supply of the host tissue, as no soil correction or fertilization or irrigation was performed in any 
of the fields; and variability of microclimatic conditions such as relative air humidity and light exposure intensity 
(Petrini, 1991; Vieira et al., 2011).  

Phomopsis appeared in both plant organs and in both cultivation sites more frequently than the other genus found. 
This genus, as endophyte, was also the most frequent and predominantly found in stems, followed by E. 
erytropappus leaves and seeds, being considered as generalist (Magalhães et al., 2008). 

Symptoms of disease caused by Phomopsis sp. in experimental field of malva seed production in Manaus, and 
that after a period the symptoms disappeared without application of any control method (Bentes et al., 2017). 
This suggests that this endophytic fungus, in this culture, can become pathogenic and return to being endophytic 
due to environmental conditions in the host, and consequently in the fungus (Schulz & Boyle 2005). 

Among the endophytic fungi associated with malva identified in this study, there are those that according to the 
literature, produce bioactive compounds with biocontrol capacity. Pestalotiopsis produces phenolic compounds, 
isopestacin, diterpenoid taxol, with antifungal, antimicrobial and anticancer actions, respectively (Strobel et al., 
1997, 2002; Li et al., 2008). This genus also produces compounds with antioxidant and phytotoxic activities, 
presenting an inhibitory potential of the germination and development of weeds in the Amazon (Strobel et al., 
2002; Santos et al., 2008). 

Phomopsis produces the bioactive compounds isopestacin and lactones (Strobel et al., 2002). Colletotrichum, 
Phomopsis and Fusarium were the most frequent genus isolated as endophytic from Annona spp. and efficiently 
promoted seedling plant growth of Annona squamosa (Silva et al., 2006). 

The same genus isolated as endophytes were cited as phytopathogens, indicating the need to study the effects of 
agronomic factors such as soil fertility, spacing and irrigation on crop development and productivity. A plant in 
stress condition, due to adverse environmental conditions, may become susceptible to pests and diseases andan 
unfavorable environment for the plant/host and favorable to the microorganism/pathogen provides the 
appearance of the disease in the field. 

5. Conclusion 
Urena lobata hosts a diverse community of endophytic fungi. 

The greatest richness was found in Malva leaves cultivated in Manaus. 

The diversity of endophytes was higher in the plants cultivated in the municipality of Manaus. 

The colonization of the endophytes was higher in the leaves than in the seeds, regardless of the place of 
cultivation and higher in Manaus than in Anori, regardless of the type of plant organ. 

Among the six genus identified, Curvularia and Fusarium demonstrated preference for colonization in seeds, 
while Colletotrichum for leaves; Pestalotiopsis were limited to the occurrence in Manaus and Cochliobolus in 
Anori. 

The similarity was greater between plant organs than at the cultivation sites, which indicates the coevolution of 
these fungi to the host, the result of a balanced mutual or antagonistic interaction. 
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