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ABSTRACT 

Curvularia species are among most common fungal pathogens of rice, causing leaf spot 
diseases. Infection with Curvularia species causes quantitative along with qualitative damage on 
small grains and rice plants. The aim of this study was to assess the potential of volatile metabolites 
from antagonistic Fusarium moniliforme var. subglutinans. In vitro studies have demonstrated that the 
volatile metabolites produced by the Fusarium moniliforme displayed inhibitory effects on Curvularia 
spicifera growth. The volatile metabolites assay revealed the inhibition (45%) by the volatile 
compounds occurred. We recognize the chemical composition of total volatile compounds produced 
by fungus Fusarium moniliforme using gas chromatography mass spectrometry analysis GC-MS 
predictable nearly 28 compounds. One of these constituents was Spiro-furanone oxete that is as 
antagonist because it has nonplanar and rigid structures. Quantum chemical calculation via density 
functional theory (DFT) can be studied the optimized structure and determine the active site of the 
polyketide tannins and Spiro furanone-oxete.  
 
Keywords: Antagonism, biological control, Fusarium moniliforme, Curvularia spicifera, VOC, 

GC/MS, DFT, Furanone, Spiro-Oxete.  

 
Introduction 

Rice (Oryza sativa) is the second most important cereal crop of the world. It is staple food for 
more than half of the world’s population. It's known to be a wholesome, nutritious and versatile food 
because of its content of complex carbohydrates is converted by the body’s digestive processes into 
glycogen, which is stored in muscle tissues and released as energy when activity demands. Being the 
food staple of most Egyptians, rice is locally consumed at a rate of 35-40 kg/capita/annum (Ahmed, 
1998 and Jatoi et al., 2015). Many factors can cause disease to rice crop that may be biotic factor 
(pathogenic disease) or abiotic factor (environmental disorders). However, major biotic diseases are 
rice blast, brown spot, bacterial leaf blight and leaf streak, sheath blight, sheath rot, Fusarium wilt, 
stem rot, Tungro virus and false smut. These diseases either attack at any growth stage of rice plant or 
infect rice grains after harvest, which adversely affect its yield in both quality and quantity per unit 
area (Hajano et al., 2011; Arain, 2013 and Bawa et al., 2018).     

Brown spot is one of the most commonly occurring and dangerous diseases in the world. In 
Egypt, the disease comes in the second rank after blast disease; because it causes both quantity and 
quality losses in rice crop that may range from 5-45% loss in the crop yield (Jatoi et al., 2015). Brown 
spot of rice was caused by Curvularia species and the pathogen attacks coleoptile, leaf blade, leaf 
sheath and glume, being most prominent on leaf blades and glumes. On leaves, typical spots are 
brown in color with grey or whitish center, cylindrical or oval in shape resembling sesame seeds 
usually with yellow halo. On glumes; black or dark brown spots are produced resulting in discolored 
and shriveled grains. Under favorable conditions, the fungus may penetrate the glumes and leave 
blackish spots on the endosperm (Singh, 2005 and Hassanein et al., 2016).   

Fusarium moniliforme is well represented among the communities of soil-borne fungi, in every 
type of soil all over the world. This species is also considered a normal constituent of the fungal 
communities in the rhizosphere of plants (Hassanein et al., 2016).  
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Biological control is now increasingly considered as an alternative treatment to sustain 
agriculture. Biological control measures rely on the use of such organisms that are antagonistic to the 
target pathogens. Mechanisms by which antagonistic organisms act include mycoparasitism that may 
result from physical interhyphal interference or by the production of volatile and nonvolatile 
metabolites (Benitez et al., 2004 and Lahlali and Hijri, 2010).     Fungi produce a wide range of 
secondary metabolites, some of which are volatile. The worldwide 1.5 million fungal species were 
identified and among them around 10% have been discovered and described. Out of 10%, only1% 
fungal species has been examined for secondary metabolites based on characterization (Weber et al., 
2007). The fungus produced certain volatile compounds and these volatile compounds are commonly 
used as antibiotic as well as immunosuppressant activities (Srinivasa and Prameela, 2014 and 
Srinivasa et al., 2017).  

Microorganisms produce a wide range of soluble secondary metabolites, many of which are 
volatile. All microbial species produce unique reproducible profile of volatile organic compounds 
(VOCs) under specific conditions (Bruce et al., 2000). Volatile organic compounds belong to several 
chemical classes (aldehydes, alcohols, esters, lactones, terpenes and sulfur compounds) and are 
characterized by low molecular weight and the ability to interact with olfactory receptors. Because of 
their volatility these compounds can travel large distances in the structurally heterogeneous 
environment of the soil system, which is composed of solids, liquids and gases, a major advantage for 
a component of an interactive system. Since microbial activity is greatly influenced by environmental 
factors, production of these volatiles will be affected by the dynamics of the whole ecosystem. 
Positive, negative or neutral VOC-mediated interactions have been shown to occur among a very 
wide range of soil bacteria and fungi. Of particular interest for biological control applications are the 
inhibitory effects of microbial volatiles against other microorganisms (Minerdi et al., 2009).    

The objectives of this study were to: (1): study the in vitro capacity of rhizosphere Fusarium 
moniliforme to control the growth of Curvularia spicifera, the causal agent of brown spot disease of 
rice plant. We tested the ability of antagonistic fungal isolate to excrete volatile substances (2) isolate 
and identify the most dominant antifungal volatile compound produced by the fungal antagonist 
through using solid phase microextraction (SPME) syringe and Gas Chromatography–Mass 
Spectrometry.   

 
Materials and Methods  
 
1. Rice rhizosphere fungi and brown leaf spot pathogens   

In a previous study, rhizosphere soil was obtained from fields cultivated with rice plants from 
El-Dakahlia and El-Qaliubiya governorates in Egypt. Isolation and identification of rice rhizosphere 
fungi and rice leaf and seed pathogens was carried out. Fusarium moniliforme var. subglutinans was 
among the antagonists obtained and Curvularia spicifera was among the rice leaf and seed pathogens, 
these two fungal isolates were used in the present study.  

 
2. Antagonistic interaction between Fusarium moniliforme and Curvularia spicifera   
2.1. Fungal strains and culture conditions   

The choice of a suitable culture medium is essential for the proper development of the pathogen 
and the antagonist. PDA medium provides good growing conditions for pathogen and modified 
Czapek-Dox media provides good growing conditions for antagonist.  

  
2.2. Screening for antifungal volatile compounds produced by Fusarium  moniliforme var. 
subglutinans  

Antifungal volatile activity was identified using a modification of the methods described by 
Fernando and Linderman (1994). Fusarium moniliforme was streaked onto one half of a divided plate 
containing on modified Czapek-Dox agar and pathogen suspension 105 spore/ml was placed on the 
other half of the divided plate, containing PDA and the plates were immediately wrapped in Parafilm 
to seal in the volatiles then, incubated at 28±2ºC. The plates resealed and measurements of radial 
mycelial growth measured 5-7 days post-inoculation of the pathogen, on both fungal isolate and 
control plate. Antagonistic effect as decrease of the mycelial growth of Curvularia spicifera, was 
determined using the following formula: Antagonistic effect = C-T/C *100   
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Where: C is the diameter of mycelial growth of Curvularia spicifera in control and T is the diameter 
of its mycelial growth in the presence of the antagonist. 
  
3. GC/MS studies   
3.1. Preparation of sample  

Spore suspension concentration 105 conidia per milliliter of Fusarium moniliforme was 
cultivated in 20-ml vials and were incubated for 7 days at  28±2ºC with 2.0 ml of the modified 
Czapek-Dox broth media consisting of 6.0mg NaNO3, 2.0mg K2PO4, 1.0mg MgSO4 7H2O, 1.0mg 
KCl, 0.020mg Fe(II)SO4 7H2O, 60.0mg glucose and approximately 2 ml distilled water. The vials 
were closed well before incubation.   

  
3.2. Isolation of volatile compounds from Fusarium moniliforme  

Isolation of volatile compounds was performed (Yang et al., 2009) with some modifications. 
The solid phase microextraction (SPME) fibre coated with carboxan-polydimethyl siloxane-
divinylbenzene (50/60μm, CAR/PDMS/DVB) used for the analysis, because of its high sensitivity 
towards aroma compounds and excellently reproducible. After 20 min of equilibration between the 
solution and the headspace, the fibre was exposed to the headspace of sealed vial for 60 min. prior to 
sampling. Further, the fibre was preconditioned for 1hr at 260°C in the GC injection port as per 
instructions of the manufacturer's.  

 
3.3. Gas chromatography   

Gas chromatography GC-MS analysis was carried out by Shimadzu QP 2010 Plus gas 
chromatograph system with SPME sleeve adapted to injector on Rtx-5MS column, 30 m x 0.25 mm 
i.d, and 0.25 μm film thicknesses. The helium gas with purity 99.999 was used as a carrier; the 
temperature of injector 300 °C and detector 280°C. The column temperature for program as follows: 
The 50 °C for 2 min was initial oven temperature and time, subsequently it was increased 5°C /min up 
to 280 °C, held for 5 min, For desorption, the SPME device was introduced in the injector port for 
chromatographic analysis and remained in the inlet for 15 min. The Mass detector was used for 
separation of volatile compounds and this mass detector conditions were: EI-mode at 70 eV, injector, 
300°C; ion source, 230 °C; trap, 200 °C; transfer line, 280 °C and full scan range, 50–450 amu. The 
helium gas flow rate of 1 ml/min-1-2.5 were used for the identification of components of the volatile 
compounds. The identified volatile compounds were compared with the mass spectra and the data 
system libraries (Wiley, 2009 and NIST, 2007).  

 
3.4. DFT-based characterization  

Computational method Density Functional Theory (DFT) calculations were performed using 
Spartan 10 for Windows (Wavefunction Inc, Irvine, CA, USA). Each studied amide had its neutral, 
protonated [M + H]+ and acyl cation forms examined at the B3LYP/6-311G* level and the lowest 
energy conformers were designated for the calculations. The global minimum on the potential energy 
surface was used for the purpose of each geometry. Proton affinity (PA) was defined as the negative 
variation of the enthalpy (ΔrHo) for the reaction M + H+ → MH+ : PA = - ΔrH298, ΔrH298 = Eel(MH+) – 
Eel(M). For H+. Non zero energy term is the difference in translational energy with vital calculations 
was equal to 3/2 RT = 3.7 kJ mol-1 (Elgendy et al., 2019 and Rizk et al., 2019).   
 
Results and Discussion 

The rhizosphere microbial communities influence growth, resistance to disease or even death of 
the plant host depending on the degree of parasitism and pathogenicity so that, these microorganisms 
were used as biocontrol agents against plant pathogenic fungi (Abou-Zeid et al., 2008). Antibiosis, 
mycoparasitism and food competition are the main mechanisms of these microorganisms in biological 
control (Ranasingh et al., 2006; Ghildyal and Pandey, 2008 and Umamaheswari et al., 2009). 
Photomicrographs of Curvularia spicifera isolated from naturally infected rice plants and Fusarium 
moniliforme var. subglutinans isolated from rhizosphere of rice plants were indicated in Figs. (1) and 
(2).  
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 1. Antagonistic interaction between Fusarium moniliforme and Curvularia spicifera  
  
1.1. Screening for antifungal volatile compounds produced by Fusarium moniliforme  

Fusarium moniliforme was tested for its ability to produce toxic volatile metabolites against 
Curvularia spicifera. Results indicated that Fusarium moniliforme isolate have the ability to produce 
volatile compounds having significant effect in reducing the mycelial growth, linear growth and 
sporulation of Curvularia spicifera after 5 days by 45% compared with control as shown in Fig. (3).  
 

  

Fig. 1: Photomicrographs of Curvularia spicifiera isolated from naturally infected rice plants.  
 

 
(a) (b) 

Fig. 2: Fusarium moniliforme var subglutinans isolated from rhizosphere of rice plants: (a) Cultural 
characteristics and (b) microscopical characteristics. 

 

(a) (b) 

 Fig. 3: Effect of volatile organic compound on Curvularia spicifera growth: (a) Fusarium 
moniliforme against Curvularia spicifera and (b) Curvularia alone (control).  

                                            
2. Chemistry  
  
2.1. GC-MS spectrums of Fusarium moniliforme   

The fungus Fusarium head space volatile compounds were isolated by solid phase 
microextraction technique (SPME) by using SPME syringe. The syringe was investigated by GC/MS 
chromatography. Previous studies carried out with species of the compounds extracted from Fusarium 
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moniliforme family have demonstrated that these specimens are important sources of polyphenolic 
compounds (tannins) and furanones (Groenewald and Palermo, 2015). MS experiments were 
performed using GC–MS system equipped with an ESI source and an Ion Trap analyzer was made to 
investigate the presence of different compounds with the same molecular weight and then to perform 
a qualitative analysis on the volatile constituents occurring. The GC/MS obtained has satisfactory 
chromatographic resolution, of the volatile and nonvolatile compounds with 28 separate peaks at 
different retention time peaks at 2.03, 2.27, 2.73, 3.84, 4.18, up until 34. 98 in GC chromatogram as 
outlined in Fig. 4 and see more Table 1 that were identified by way of precursors of polyketides based 
on their [M-H]+ precursor of the products ions at m/z 40, 43, 44, 45, 73, 83, 135, 180, 242, 341 and 
487 consistent with the data reported in the literature for furanone epoxide (Liu et al., 2016 and  
Othman et al., 2019).  
 

 
Fig. 4: Outline GC chromatogram contain 28 peak. 

 
Table 1: Outline each ID peak has molecular ion and intensity for the corresponding entities   

Peak# R. Time Base m/z Base Int. 
1 2.031 40.00 321 
2 2.271 44.05 61 
3 2.737 40.00 302 
4 3.843 180.00 43 
5 4.182 44.00 8J7684 1 
6 4.326 44.00 1859 
7 4.358 44.05 4677 
8 4.532 45.05 192006 
9 5.246 83.00 52 
10 10.032 40.00 320 
11 11.362 40.00 157 
12 13.891 44.05 45 
13 13.979 242.00 47 
14 16.076 40.00 148 
15 16.150 40.00 98 
16 17.736 44.05 116 
17 19.006 341.00 44 
18 20.558 40.00 260 
19 22.050 487.00 40 
20 22.209 40.00 192 
21 26.228 135.00 42 
22 27.381 73.00 47 
23 30.847 40.00 246 
24 31.131 43.05 213 
25 31.705 40.00 52 
26 32.666 44.00 95 
27 33.522 40.00 207 
28 34.989 40.00 93 
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Furanones are classified as polyketide monomers and have the capacity to polymerize, forming 
oligomeric compounds as in Fig 4 with high molecular weight (Attia et al., 2019). The polymeric 
character is evidenced by the chromatogram; however, the characterization of condensed tannins was 
limited with GC-MS experiments. The main fragmentation pathways result from the loss of furan 
precursor and methyl group showed the base peak at m/z =83 (M+, 100%) that is considered a 
daughter of the furanone epoxide m/e 180 (see more in Fig.5).   

These are simulated well by DFT method with a satisfying agreement of the simulation with the 
experiment. The following scheme outline the molecular entity of the furanone epoxide at m/z 180. 
DFT study can be confirmed the fragment design via Spiro-oxetane followed by flouting of the 
acetone neutral moiety that enhanced the fragmentation by splitting the acetyl precursors to afford the 
furanone m/z molecular weight (Rizk et al., 2018). The polymeric character is evidenced by the 
chromatogram; however, the characterization of condensed tannins was limited with GC-MS 
experiments. The main fragmentation pathways result from the loss of furan precursor and methyl 
group showed the base peak at m/z =83 (M+, 100%). These are simulated well by DFT method with a 
satisfying agreement of the simulation with the experiment. DFT study can be confirmed the fragment 
design via Spirooxetane followed by flouting of the acetone neutral moiety that enhanced the 
fragmentation by splitting the acetyl precursors to afford the furanone m/z 83 as a base peak. 
Fragmentation is continuing to give oxete by removing carbon monoxide followed by methyl radical 
to afford the vinyl alcohol m/e 45.  

 

 

Fig. 5: GC-MS spectrum fragmentations of Fusarium moniliforme. 
 
Moreover, the other molecular entities m/z 242 and 478 are appeared in the GC-MS in the 

chromatogram at retention time 13.97 and 22.05 respectively. Figure 6 indicate the 2ry metabolite 
derived from tannins (polyketides) has m/z 487 that after accumulative fragmentation afforded Spiro-
furanone at m/z 242. 2D-NMR can be explained the former chemical structures as represented in 
(Othman et al., 2019). However, the survival rate of the precursor ion is too high in the simulations, 
meaning it does not decompose accordingly under given simulation conditions. The linear correlation 
between EHOMO energy level and molecular ion peak entity (M+) verified that the higher the HOMO 
energy (fewer negative values) of the furanone structure, the greater the trend of accepting electrons. 
The order of increasing EHOMO, decreasing ELUMO values and the energy gap (ΔE) are directly 
proportional with increasing the stability, i.e. long-life time and increase the abundance of the 
molecular entity (Rizk et al., 2018).  

 
 2.2. DFT study  

The tendency of an electron cloud to be distorted from its normal shape is referred to as its 
polarizability, the greater must be subjected first to geometry optimization, and then these parameters 
are calculated. The DFT calculation confirmed the mass fragmentation of the furanone epoxide (Rizk 
et al., 2018 and 2019) occurred via Spiro-oxetane and Spiro- furanone as outlined the Fig. 7 and 8 
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respectively. DFT is not only assistance in the stability of the formed extracted bioactive compounds 
but also it is serving in the determination both of the course of fragmentation and base peak molecular 
entity.  
 

 
Fig. 6: Outline the Mass fragmentation of the polyketide m/z 487and base peak of  Spirofuranone 

moiety at m/z 242.  
 

 
Fig. 7: Outline the optimized structure of the furanone epoxide and Spiro-oxetane. 

 

 

 
Fig. 8: Outline the optimized structures of the polyketide and Spiro furanone. 
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Outlook and future perspectives on research 
  

Although soil fungi and bacteria are known to produce VOCs (Left and Fierer, 2008), their 
VOC antagonic to plant-pathogenic microorganisms are rarely studied which needs to be expanded 
due to a variety of soil types and conditions in world agriculture. Thus, the tested fungal species able 
to produce VOCs against other microorganism, especially those which cause plant diseases, have to 
be expanded through sample collections in diversified environments and soil types. Resident 
microorganisms in the vicinity of the infection sites should be more carefully studied as to VOC 
production and their antagonism to the causal disease organism. The studies on the production of 
VOCs by microorganisms antagonic to plant-pathogenic fungi needs to be emphasized. For example, 
the fungal VOCs may limit the growth or the resulting disease progress by its infection of the plant.  

There is a need for a better evaluation of the effects of fungal VOCs from soil on the soil 
fungistasis or suppressiveness to plant diseases caused by fungi. The resulted knowledge about 
species efficient for the increasing suppressiveness will help producers to capitalize on this important 
and greatly underutilized pest management tactic. The role of nonpathogenic organisms in the plant-
disease complex could be better understood by the studies of VOCs produced by each of them in their 
antagonistic interaction.  

Studies on efficient analog molecules from naturally occurring microorganism VOCs against 
plant-pathogenic microorganisms should be emphasized, which might become a commercial molecule 
for farmer use in the control of plant pathogenic microorganisms. But care should be taken regarding 
potential damage to the ozone layer of the atmosphere by the VOC molecules produced by 
microorganisms which should be examined to avoid their possible extensive uses of the damaged 
molecules in agriculture as a control tactic for plant-pathogenic organisms as well as to understand the 
importance of the microorganism activity on the ozone layer depletion.    Researchers should explore 
the potential of identified microbial isolates and their VOCs for the control of plant-parasitic fungi in 
greenhouse and field trials by using fungi. The evidence of antagonistic microorganisms of the main 
biocontrol agent fungi against pathogenic fungi strengthen the views of associating tactics for future 
research to eliminate or change their antagonistic population in the field before the introduction of the 
biocontrol agent. VOC research involving plant pathogens is in its infancy and advances are need to 
the benefit of agriculture science and crop production.  
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