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Abstract: The aim of this study to characterize and compare the phytochemical and protein
pattern of pathogenic and non-pathogenic Fusarium oxysporum isolates.
Fusarium oxysporum is considered one of the most distributed species in soil-borne fungi
communities, particularly in plant rhizospheres, where pathogenic and nonpathogenic strains
may be found. Higher phenolic and flavonoid content was found in the extract of the
nonpathogenic F. oxysporum (F.o.-T5) isolate, as the total phenol and total flavonoid were 56.0
and 27.0 mg /g respectively. Whereas, the total phenol and flavonoid content in culture filtrates
of the pathogenic F. oxysporum (F.o.-T2) were lower by 12.5% and 29.63% respectively than
the nonpathogenic isolate.
Results of SD-PAGE protein showed that the pathogenic F. oxysporum (F.o.-T2) detected  only
six bands at Rf values ranged from 5 to 35 KDa, while the nonpathogenic F. oxysporum.
(F.o.-T5) showed bands at Rf ranged from 5 to 245 KDa. The differences in protein patterns
were sufficient to allow comparison of the fungal isolates.
Twenty two compounds were identified by GC/MS analysis of culture filtrate of the
nonpathogenic F. oxysporum isolate and these compounds were varied in their chemical and
molecular weight than that compounds detected in culture filtrate of the  pathogenic isolate.
Keywords: Fusarium oxysporum, protein pattern, SDS-dissicated, GC/MS, nonpathogenic,
phytochemical analysis.

Introduction:

Fusarium species are important pathogen of vascular wilt, a disease that affects a large variety of
economically important crops, especially in the temperate regions of the world1,2. Infection with Fusarium
commonly results in reduction of the quality and yield of the crop. Additionally, many of these fungi are
capable of producing phytotoxic secondary metabolites that cause wilting, necrosis, growth inhibition and
inhibition of seed germination in some plants3,4. The endophytic nonpathogenic isolates of F. oxysporum have
the same characteristic as pathogenic, except that they are not disease causing and hence are important because
these organisms can sustain up to the crop duration2. Some strains of the nonpathogenic F. oxysporum
isolats have shown the ability to suppress the growth of several fungal plant pathogens such as Phytophtothora
erythroseptica and Pythium ultimum 5,6 and to affect the germination of Sclerotium sclerotiorum sclerotia7.  A
little is known about the antagonism related with antifungal metabolite production by non-pathogenic F.
oxysporum8 but several investigators reported that the endophytic fungi residing some plants are able to produce
bioactive compounds such as saponins, phenol, flavonoid, tannins, alkaloids, anthroquinons and
terpenoida9,10,11. Rasekhi12 reported that GC/MS results revealed different metabolities in culture filtrates of F.
proliferation and some of them are toxic compounds against fungi and bacteria and posses many biological
activities.
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Biological control of wilt diseases caused by Fusarium oxysporum on several crops, has been attain
with strains of nonpathogenic Fusarium oxysporum13,14. Nawar, Lubna15 reported that the nonpathogenic isolate
of F. oxysporum isolate was highly antagonistic to the pathogenic isolate in-vitro and in-vitro tests.

It was therefore, necessary to implement an easy time saving and practical technique, to distinguish
between pathogenic and nonpathogenic Fusarium oxysporum16,17. The implications of gel electrophoresis in
fungal characterization and taxonomy have been reviewed by18,19 for phytopathogenic fungi. Techniques that aid
identification (gel electrophoresis) have made possible the examination of inherent genetic variation among a
number of pathogenic and nonpathogenic Fusarium spp.  in  the  rhizosphere  soil17. Mycelial differences in
protein pattern among Fusarium spp. and their isolates have been reported by various workers20,21,22,23.

This investigation was done to characterize and compare the protein pattern (SDS_PAGE) from
mycelia and the variation between phytochemical composition of the two culture filtrates of pathogenic and
nonpathogenic Fusarium oxysporum isolates.

Materials and Methods:

1. Fungal isolates: An isolate of pathogenic Fusarium oxysporum f.sp. lycopersici (F.O.-T2) and isolate of
nonpathogenic F. oxysporum (F.o.-T5) used in this investigation were previously isolated and identified by the
author15. The pathogenic isolate was isolated from the roots of wilted tomato plant, while the non-pathogenic
isolate was isolated from the rhizosphere of symptomless and healthy tomato root collected near Jeddah, Saudi
Arabia. Fusarium oxysporum isolates were stored on slants of potato dextrose agar (PDA) medium at 4˚C until
used in the current research. Greenhouse test was done to evaluate the pathogenic or nonpathogenic ability of
the two tested isolates (F.o.T2 and F.o.T5 respectively) for infection using tomato seedlings as the host plant
(unpublished data).

2. Growing fungal isolate: Preparation of culture filtrate and extraction of mycelial proteins for gel
electrophoresis were carried out according to17. Mycelium was produced in 250ml Erlenmeyer flasks containing
100ml of potato dextrose broth (PDB) {200g of peeled fresh potatoes and 20g of dextrose/l of distilled water}.
and the pH was adjusted to 6.5. Small mycelial plugs on PDA of individual isolate was aseptically transferred
into flasks containing sterilized PDB and incubated in shaker at 27±2˚C and at 50rpm/min. Mycelium mats
from two flasks for each isolate were combined and filtered through five layer of sterile cheese cloth, washed
three times with phosphate buffer (pH,7.0) and then frozen at -20˚C until use.

3. Determination of total Phenol content. Total phenolic contents in the culture filtrates of pathogenic and
nonpathogenic Fusarium oxysporum were estimated using the Folin-Ciocalteu colorimetric method described
by Taga et al. (1984) with some modification. Briefly, the appropriate dilutions of the samples (0.2 ml) were
oxidized with 0.5N Folin-Ciocalteu reagents for 4 min at room temperature. Then the reaction was neutralized
with saturated sodium carbonate (75 g/l). The absorbance of the resulting blue color was measured at 750 nm
with the spectrophotometer against blank. The total phenol content was calculated on the basis of the standard
curve of  gallic acid. Phenol contents were expressed as mg of gallic acid equivalents (GAEs) per g of extract.

4.  Determination of total flavonoid content: Total flavonoid content in the culture filtrates was determined
by a colorimetric method reported by25.  Extract samples (0.25ml) was mixed with deionized water (1.25 ml). A
sodium nitrite solution at 5% (0.75 ml) was added and samples were incubated for 6 min at room temperature.
AlCl3 at 10% (0.15ml) was aggregated and the mixture was incubated (5 min). Finally, 0.5 ml of sodium
hydroxide (1 M) was added. Made the volume of the mixture to 2.5 ml with distilled water and incubated at
25°C for 30 min. Absorbance was measured at 510 nm against blank . The content of flavonoid was calculated
on the basis of the standard curve of quercetin and the results were expressed as mg of quercetin equivalent per
g of extract.

5. SDS PAGE for total soluble proteins:

The Total soluble protein profiles of the pathogenic and nonpathogenic F. oxysporum isolates subjected
to the above mentioned condition were analyzed by SDS- PAGE according to17.  Protein sample were dissolved
in 100µl buffer (0.125M Tris pH 6.8, 20% glycerol, 2% SDS and 14.4mM β- Mercaptoethanol) for 10 minutes
in a boiling water bath at 100°C. The samples were cooled to ambient temperature and 50μl of protein samples
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were loaded on Tris-glycine gels (5% stacking and 15% resolving). Electrophoresis was performed on biotech
vertical gel electrophoresis unit. Current of 50/100 volts for stacking and separating was applied. The gels were
stained with 0.25% coomassie blue (0.25gms G250, 10ml acetic acid, 45ml methanol and 45 ml DD water) and
visualized in the same solution excluding G250. The gels were photographed and scored for protein bands using
Bio-rad Image Lab analysis Gel documentation system.

6. Gas chromatography-mass spectrometry (GC/MS) analysis: Culture filtrates of the pathogenic and
nonpathogenic F. oxysporum isolates subjected to the above mentioned conditions were analyzed using
a Thermo Scientific, Trace GC Ultra/ ISQ Single Quadrupole MS, TG-5MS fused silica capillary column (30m,
0.251mm, 0.1 mm film thickness).

GC-MS Separation of compounds was achieved using a GC-MS system from Agillent company model
7890. An Hp-5MS fused silica capillary column (Hewlett- Packed, 30 m, 0.25 mm i.d., 0.25 μm film Thickness,
cross-linked to 5% phenyl methyl siloxane stationary phase ) was used. The entire system was controlled by MS
Chem Station software (Hewlett- Packed, version A.01. 01). Electron impact mass spectra were recorded at 70
eV.  Ultra-high  purity  helium (99.999% )  was  used  as  the  carrier  gas  at  flow rate  of  1mL/min.  The  injection
volume was 1μL and all the injections were performed in a split less mode. Injector temperatures was 250 ºC.
Temperature program was used: 60 ºC (2 min)–30 ºC /min–170 ºC (5 min)–7 ºc /min–250 ºc (10 min)26. The
quantification of all the identified components was investigated using a percent relative peak area. A tentative
identification of the compounds was performed based on the comparison of their relative retention time and
mass  spectra  with  those  of  the  NIST,  WILLY  library  data  of  the  GC/MS  system.  All  used  chemicals  and
solvents were HPLC-grade and obtained from Merck Company.

Results and Discussions:

Determination of total phenolic and flavonoid contents of culture filtrates:

Fusarium oxysporum is considered one of the most distributed species in soil-borne fungi communities,
particularly in plant rhizospheres27,  where pathogenic and nonpathogenic strains may be found. Variation in the
total phenolic and flavonoid contents among the pathogenic and nonpathogenic F. oxysporum isolates were
observed in the present study (Table, 1). The results showed that the higher phenolic and flavonoid contents
were found in the extract of the nonpathogenic F. oxysporum (F.o.-T5) isolate, as  the  total  phenol  and  total
flavonoid were 56.0 and 27.0 mg /g respectively. Whereas, the total phenol and flavonoid content in culture
filtrates of the pathogenic F. oxysporum (F.o.-T2) were lower by 12.5 and 29.63% respectively than the
nonpathogenic isolate.

Table (1):Total phenol and flavonoid contents of culture filtrates of the pathogenic and non-pathogenic
F. oxysporum

Extract Total phenols
(mg eq GA/g extract)

Total flavonoids
(mg eq qu/g extract)

Non -pathogenic F. oxysporum
(F.o.-T5)

56.00±7.81 27.00±3.7

Pathogenic F. oxysporum
(F.o.-T2)

49.00±2.92 19.00±3.21

The more phenol and flavonoid content in the nonpathogenic isolate may have contributed to their
antifungal activity. Hight phenolic and flavonoid contents found in the extract of Fusarium imply the
contribution of these compounds to antifungal activities which was consistent with early studies11,28,29. Some
strains of F. oxysporum have shown the ability to suppress the growth of several fungal plant pathogens such
as Phytophtothora erythroseptica and Pythium ultimum5,6 and to affect the germination of S. sclerotiorum
 sclerotia7

.

SD-PAGE protein.  Analysis of proteins of the mycelium of the pathogenic F.oxysporum f.sp. lycopersici
(F.O.-T2) and isolate of the nonpathogenic F. oxysporum (F.o.-T5) by one dimensional gel electrophoresis (SD-
PAGE) revealed heterogenicity in protein by location and intensity (Fig. 1).
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Fig. (1): SD-PAGE proteins of the pathogenic F.oxysporum f.sp. lycopersici (F.O.-T2) and the
nonpathogenic F. oxysporum (F.o.-T5) by one dimensional gel electrophoresis.

The SDS-PAGE technique used for analyzing the proteins from the isolates of F. oxysporum is
relatively simple and inexpensive for differentiation and identification of isolates and has been used previously
for studying variation in a number of fungal populations30,31

. The results also showed that the pathogenic
F.oxysporum f.sp. lycopersici (F.O.-T2) and the nonpathogenic F. oxysporum (F.o.-T5) isolates had their own
unique protein profiles. The molecular weight of all protein bands ranged from 5.0 to 245 KDa. The differences
in protein patterns were sufficient to allow comparison of the fungal isolates. Data revealed the occurrence of
three common band groups in these two Fusarium isolates.  The first  group spans the Rf values range 5.0-35
KDa. The second band group is within the Rf  values range 48-63 KDa, while the third group is within Rf
values range ≥ 63 to ≤245 KDa. Results also showed that the pathogenic F. oxysporum (F.o.-T2) detected  only
six  bands  at  Rf valued ranged from 5 t0 35 KDa, while the nonpathogenic F. oxysporum (F.o.-T5) showed
bands  at  Rf ranged  from 5  to  245  KDa.  The  present  data  indicate  that  it  is  possible  to  differentiate  between
different Fusarium isolates as indicated by differences in banding pattern. These results disagree with those
obtained by15,32,33. as no differences were found among mycelium protein profiles (SDS-PAGE) of different
species and formae specialis of F. oxysporum.

GC/MS analysis of Fusarium oxysporum culture filtrate.

Fig 2. GC-MS chromatogram of nonpathogenic     Fig 3. GC-MS chromatogram of pathogenic
Fusarium oxysporum (F.O.-T5) after 21 days Fusarium oxysporum (F.O.-T2) after 21 days

  Incubation  in a PDB medium at 28ºC.                   incubation in a PDB medium at 28ºC .
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Table(2): Components of culture filtrate of the pathogenic Fusarium oxysporumf.sp. lycopersici
performed by GC/MS analysis

No. Probability Compound name Molecular
weight

Retention
time
(Min)

Peak
area
%

Molecular
formula

1 6.91 2'Acetamido3'chloro5'(2(2,4ditertpenty
lphenoxy)butyrylamino)6'hydroxybenzanilid

621 5.02 1.04 C35H44ClN3O5

2 10.76 3,3'''Dibromo2,2',2",2"'tetramethoxy5,5',5",5"'te
tramethylquarter phenyl

642 6.34 1.07 C32H36Br2O4

3 87.14 Dodecachloro3,4benzo phenanthrene 636 7.62 1.00 C18Cl12
4 36.73 Cadmium chloride porphine derivative 607 8.69 1.17 C29H40CdClN5
5 87.25 5,11,17,23Tetratbut yl25,26,27,28tetra

hydroxycalix4arene
648 9.45 1.51 C44H56O4

6 50.09 (4Bromophenyl) bis(2,4dibromophenyl) amine 635 11.23 1.04 C18H10Br5N
7 96.32 Dodecachloro3,4ben zophenanthrene 636 11.33 1.19 C18Cl12
8 38.20 Penitrem A 633 11.50 1.02 C37H44ClNO6
9 60.73 2,7,12,17tetrabrom(allàs) cyclotetrathiophen 640 12.73 0.98 C16H4Br4S4

10 97.56 Tetrakis(1,1dimethylethyl)penta
Cyclo (octacosa1(dodecaene)

646 14.22 1.35 C44H54O4

11 55.48 Dodecachloro3,4ben zophenanthrene 636 14.43 5.95 C18Cl12
12 67.37 3,4,5,6Tetrakis (pchlorophenoxy)1,2dicyano

benzene
632 15.96 1.04 C32H16Cl4N2O4

13 37.04 Argon (CAS) 40 16.15 0.95 Ar
14 44.19 1,2Propadiene (CAS) 40 17.25 2.46 C3H4
15 63.90 Ethylene oxide 44 17.53 1.46 C2H4O
16 62.07 1(4Anisyl)2,5di(4(1,3dioxolan2yl)phenyl)

3,4diphenyl1,3cyclopentadiene
620 17.69 1.84 C42H36O5

17 51.95 2,2'Dibromo5,5'di(4methoxyphenyl)
4,4'ditertbutylbiphenyl

634 17.95 1.10 C34H=Br2 O2

18 23.01 Ditungsten, tris(cyclooctatetraene) 680 18.21 1.02 C24H24W2
19 77.35 MesoTetraphenyl2,3 cisdihydroxy2,3chlorin 648 18.26 0.95 C44H32N4O2
20 56.27 {1',2'bis(Methoxycarbonyl)1,1,6,7,11,12hex

amethylbenzo[16,17d]phthalocyanine }zinc
624 19.37 1.78 C34H32N4O4Zn

21 23.27 Methyl 5hydroxy5methyl5,6,7,8
Tetrahydronaphthalene1carboxylate

220 31.12 16.46 C13H16O3

22 32.84 6Acetylbenzo[b]naphtho[2,1d]thiophene 276 42.16 1.03 C18H12OS
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Table(3): Components of culture filtrate of the nonpathogenic F. oxysporum isolate performed by GC/MS
analysis.

No. Probability Compound name Molecular
weight

Retention
time (R.T.)

% area Molecular
formula

1 98.86 5,10 bis (3aminophenyl)15,20diphenyl
por phyrin

644 6.32 1.16 C44H32N6

2 53.83 (2Methoxyethoxy)methyl2,12Dibromo7
phenyl5,6,8,9tetrahydrobenz[a,j]anthrace
ne14c

646 6.37 0.15 C33H28Br2O4

3 31.00 N,N'Bis[3methoxy4hydroxy5bromobenz
ylidene(cyano)acetyl]1,4butanediamine

646 6.37 0.15. C26H24Br2N4O
6

4 20.84 PALLADIUM 568 6.75 0.19 C28H38N4O2Pd
5 35.29 YGRKKRRQRRRGP VKRRLDL/5 2598 7.79 0.14 NA
6 38.89 2,7,12,17tetrabrom(allàs)cyclotetrathiop

hen
640 8.05 0.17 C16H4Br4S4

7 92.66 (4Bromophenyl)bis(2,4dibromophenyl)a
mine

635 8.16 0.14 C18H10Br5N

8 26.10 (4Bromophenyl)bis(2,4dibromophenyl)a
mine

635 8.78 0.13 C18H10Br5N

9 87.49 Dodecachloro3,4benzophenanthrene 635 9.19 0.14 C18Cl12
10 56.04 56.04

(Z)13Bromo8,8''(Ethene1,2diyl)bis(2ter
tbutyl4,5,9,10tetrahydropyrene)

630 10.67 4.17 C42H47Br

11 45.68 {1',2'bis(Methoxycarbonyl)1,1,6,7,11,12
hexamethylbenzo[16,17d]phthalocyanin
e }zinc

630 11.64 0.12 C34H32N4O4Zn

12 90.12 Dodecachloro3,4benzophenanthrene 645 11.77 0.14 C18Cl12
13 72.88 8Oxo5,6dihydro6(methoxycarbonyl)5,1

0,15,20tetraphenyl 8H 7oxaprophyrin
628 12.38 0.14 C45H32N4O4

14 9.42 Hexamethyl2,7anthraquinono[26,27b]
phthalocyanine}zinc

607 12.92 0.12 C38H30N4O2Zn

15 8.16 2,2Bis[4[(4,6dichloro1,3,5triazin2yl)
oxy]
phenyl]1,1,1,3,3,3hexafluoropropane

630 13.61 0.21 C21H8Cl4F6N6
O2

16 44.62 1,8Cineole, Eucalyptol, 1,8Cineole 154 14.44 6.99 C10H18O
17 13.11 Mo(CO)2[(C4H9CP)P2]Mo(CO)4[(C4H

9CP) 2]
726 15.57 0.30 C21H27Mo2O6P

5
18 13.23 1,2Dihydropyridine,1(1oxobutyl) 151 17.22 1.73 C9H13NO
19 36.58 2,2'Dibromo5,5'di(4methoxyphenyl)4,4'

ditertbutylbiphenyl
634 17.67 0.19 C34H36Br2O2

20 16.48 psi.,.psi.Carotene,3,3',4,4'tetradehydro1,
1',2,2'tetrahydro1,1'dimethoxy2,2'dioxo

624 18.00 0.18 C42H56O4

21 38.28 (4Bromophenyl)bis(24dibromophenyl)a
mine

635 18.46 0.17 C18H10Br5N

22 30.00 Camphor (CAS) 152 18.78 36.59 C10H16O
23 11.57 Pinocarvone 150 19.41 2.16 C10H14O
24 27.06 endoBorneol 154 19.66 18.38 C10H18O
25 19.63 Cyclohexanone,2methyl5(1methylethen

yl)
152 19.87 2.91 C10H16O

26 17.73 3Cyclohexene1methanol, 154 20.57 2.19 C10H18O
27 6.30 Dodecane,2,2,4,9,11,11hexamethyl(CAS) 254 23.02 0.18 C18H38
28 28.55 (4Bromophenyl)bis(2,4dibromophenyl)

amine
635 23.59 0.21 C18H10Br5N

29 58.75 Butyl hydroxy Toluene 220 31.15 3.21 C15H24O
30 40.26 7,9Ditertbutyl1oxaspiro(4,5)deca6,9dien

e2,8dione
276 42.18 0.15 C17H24O3
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Present study detected a variation in the chemical composition of culture filtrate of the pathogenic and
nonpathogenic F. oxysporum isolates. Culture filtrate of the nonpathogenic F. oxysporum isolate contained
some compounds varied in their chemical composition and their molecular weights. These compounds were
differed than that compounds detected in culture filtrate of  pathogenic isolate (Figs.,2 and 3 and Tables, 2and
3).The identified compounds from culture filtrate of the nonpathogenic F. oxysporum isolate are illustrated in
Fig.(2)  and Table (3),  whereas,  thirty compounds were detected by GC/MS. Data also showed that  there is  a
predominance of alkans in this extract and the main constituents were dodecaene (97.56), Dodecachloro3,4ben
zophenanthrene (96.32), 28 tetra hydroxycalix4arene (87.25),  Dodecachloro3,4benzo phenanthrene (87.14) and
mesoTetraphenyl2,3 cisdihydroxy2,3chlorin (77.35).

While, the culture filtrate of the pathogenic F. oxysporum isolate detected twenty two compounds and
the main constituents were 5,10 bis (3aminophenyl)15,20 diphenyl porphyrin (98.86),  (4Bromophenyl)bis
(2,4dibromophenyl)amine (92.66), Dodecachloro3, 4benzophenanthrene (90.12), and (methoxycarbonyl)
tetraphenyl  8H7oxaprophyrin (77.88).

This study demonstrated that the pathogenic and nonpathogenic of fungal isolates identified as the same
species and isolated from the same rhizosphere soil of the same plant, may vary considerably in the composition
of secondary metabolites produced.  A little is known about the antagonism related with antifungal metabolite
production by nonpathogenic F. oxysporum8 but several investigators reported that the endophytic fungi
residing plants are able to produce bioactive compounds such as saponins, phenol, flavonoid, tannins, alkaloids,
anthroquinons and terpenoida9,10,11,12.

References:

1. Ortoneda, M.1.; Guarro J.; Madrid M.P.; Caracuel Z.; Roncero M.I.; Mayayo E. and Di Pietro
A.(2004). Fusarium oxysporum as a multihost model for the genetic dissection of fungal virulence in
plants and mammals. Infect Immun., 72(3):1760-1766.

2. Joshi,  M.; Rashmi S.; Sharma A. K. and Prakash A. (2013). Isolation and characterization of Fusarium
oxysporum, a wilt causing fungus, for its pathogenic and non-pathogenic nature in tomato (Solanum
lycopersicum). J. of Appl. and Nat. Sci., 5 (1): 108-117.

3. Bouizgarne, B. (2006). Early physiological responses of Arabidopsis thaliana cells to fusaric acid: toxic
and signalling effects. New Phytol., 169: 209–218.

4. Matsumoto, K.; Barbosa M.L.; Souza L.A.C.and Teixeira J.B. (2010). In- vitro selection for resistance
to Fusarium wilt in banana. In: FAO/IAEA (Ed.), Mass screening techniques for selecting crops
resistant to disease. Int. Atomic En. Agency, Vienna:101–109.

5. Park, D. (1963). Evidence for a common fungal growth regulator. Trans Br. Mycol. Soc.  46:
a. 541–548.
6. Benhamou, N.; Garand C. and Goulet A. (2002). Ability of nonpathogenic Fusarium oxysporum strain

Fo47 to induce resistance against Pythium ultimum infection in cucumber. Appl. Environ. Microbiol.,
68(8): 4044-4060.

7. Zazzerini, A. and  Tosi L. (1985). Antagonistic activity of fungi isolated from sclerotia of Sclerotinia
sclerotiorum. Plant Pathol., 34: 415–421.

8. Fravel,  D.R.;  Olivain  C.  and  C.  Alabouvette  (  2003). Fusarium oxysporum and  its  biocontrol.  New
Phytologist, 157: 493-502.

9. Tan, R.X. and Zou W.X. (2001). Endophytes:a rich source of functional metabolites. Nat Prod Rep
18:448-459

10. Zhang, H.W.; Song Y.C. and Tan R.X. (2006). Biology and chemistry of endophytes. Nat. Prod. Rep.,
23:753-771.

11. Li,  Y.  L.;  Xin  X.M.;  Chang  Z.Y.;  Shi  R.J.;  Miao  Z.M.  and  Ding  J.  (2015).  The  endophytic  fungi  of
Salvia militiorrhiza  Bge.f. alba are a potential source of natural antioxidants. Botanical Studies, 56:1-
7.

12. Rasekhi , Fateme; Tajick M. A.; Rahimian, Heshmatollah, Sharifimehr S. (2014). Some of phytotoxic
and antimicrobial compounds extracted from culture filtrates of Fusarium proliferatum FP85.  J.  of
Biodiversity and Environ. Sci., 4(5): 245-251.

13. Ogawa, k. and Komada H. (1984). Biological control of Fusarium wilt of sweet potato by
nonpathogenic Fusarium oxysporum . Ann. Phytopathol. Soc. Jap., 50: 1-9.

http://www.ncbi.nlm.nih.gov/pubmed/?term=Ortoneda%20M%5BAuthor%5D&cauthor=true&cauthor_uid=14977985
http://www.ncbi.nlm.nih.gov/pubmed/?term=Guarro%20J%5BAuthor%5D&cauthor=true&cauthor_uid=14977985
http://www.ncbi.nlm.nih.gov/pubmed/?term=Madrid%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=14977985
http://www.ncbi.nlm.nih.gov/pubmed/?term=Caracuel%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=14977985
http://www.ncbi.nlm.nih.gov/pubmed/?term=Roncero%20MI%5BAuthor%5D&cauthor=true&cauthor_uid=14977985
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mayayo%20E%5BAuthor%5D&cauthor=true&cauthor_uid=14977985
http://www.ncbi.nlm.nih.gov/pubmed/?term=Di%20Pietro%20A%5BAuthor%5D&cauthor=true&cauthor_uid=14977985
http://www.ncbi.nlm.nih.gov/pubmed/?term=Di%20Pietro%20A%5BAuthor%5D&cauthor=true&cauthor_uid=14977985
http://www.ncbi.nlm.nih.gov/pubmed/14977985


Lubna S. Nawar /International Journal of ChemTech Research, 2016,9(6),pp 165-172. 172

14. Alabouvette, C.; Couteaudier Y. Y. and Louvet J. (1985). Soils suppressive to Fusarium wilt:
mechanisms and management of suppressiveness, p. 101-106. In C.  A.  Parker,  A.  D.  Rovira,  K.  J.
Moore, P. T. W. Wong, and J. F. Kollmorgen (ed.), Ecology and management of soilborne plant
pathogens. American Phytopathological Society, St. Paul, Minn.

15. Nawar, S. Lubna (2015). Studies on the efficacy of non-pathogenic Fusarium oxysporum isolate  to
control Fusarium wilt of tomato in Saudi Arabia. Int. J. of Science and Research, 4(1): 1949-1454.

16. Glynn, A.N. and Reid J. (1969).  Electrophoretic patterns of soluble fungal proteins and their possible
use as taxonomic criteria in the genus Fusarium. Can. J. Bot., 47: 1823-1831.

17. Mandeel,  A.;  Gamal El-Din A. Y.  and  Mohammed Shaima (1994). Analysis of SDS-dissociated
proteins of pathogenic and nonpathogenic Fusarium species. Plant Myco. and Crop Prot.,
Mycopathologia, 127 (3 ): 159-166.

18. Hall, R. (1973). Electrophoretic protein profiles as criteria in the taxonomy of fungi and algae. Bull Tor,
Bot. Cl., 1:253-59.

19. Snider, R.D. (1973). Electrophoresis and the taxonomy of phytopathogenic fungi. Bull. Tor Bot. CI;
100(5): 272-276.

20. 20.      Sharma,  M.;  Gupta  S.K.  and  Sharma  T.R.  (2005).  Characterization  of  variability Rhizoctonia
solani by using morphological and molecular markers. Phytopathology,153: 449- 456.

21. Balali, G.R. and Iranpoor M. (2006). Identification and genetic variation of Fusarium species in
Isfahan, Iran, using pectic zymogram technique. Iran J. of Sci. and Techno. 30: 91-102.

22. Kumar, B.H.; Shanker U.A.C.; Nayaka C.S.; Kini R.K.; Shetty H.S.and Prakash H.S.(2010).
Biochemical characterization of Fusarium oxysporum f. sp. cubense isolates from India. African j. of
Biotechnol., 9: 523-530.

23. Sumana, K  and Devaki, N. S. (2014). Morphological and biochemical variations of Fusarium
oxysporum infecting fcv tobacco in Karnataka. Int. J. of Agric. Sci. and Res. 4(1):51-58.

24. Taga,  M.S.;  Miller  E.E.  and Pratt  D.E.  (1984).  Chia seeds as  a  source of  natural  lipid antioxidants.  J.
Am. Oil Chem. Soc., 61:928-993

25. Barros, L.; Calhelha R.C.; Vaz J.A.; Ferreira I.C.; Baptista P. and Estevinho L.M. (2007).
Antimicrobial activity and bioactive compounds of Portuguese wild edible mushrooms methanolic
extracts. Eur Food Res Technol 225:151-156.

26. Langseth, W.; Bernhoft A.; Rundberget T.; Kosiak B. and Garies M. (1998). Mycotoxin production and
cytotoxicity of Fusarium strains isolated from Norwegian cereals. Mycopathologia, 144(2): 103-113.

27. Gordon, T.R. and Martyn R.D. (1997). The evolutionary biology of Fusarium oxysporum. Ann. Rev.
Phytopathol., 35: 111–128.

28. Murthy, N.K.; Pushpalatha K.C. and Joshi C.G. (2011). Antioxidant activity and phytochemical
analysis of endophytic fungi isolated from Lobelia nicotianifolia. J Chem Pharm., Res., 3: 218-225.

29. Sadananda, T.S.; Nirupama R.; Chaithra K.; Govindappa M.; Chandrappa C.P. and Vinay R.B. (2011).
Antimicrobial and antioxidant activities of endophytes from Tabebuia argentea and identification of
anticancer agent (lapachol). J. Med. Plants Res., 5: 3643-3652

30. Burgess,  T.;  Malajczuk  N.  and  Dell  B.  (1995).  Variation  in  Pisolithus  based  on  basidiome  and
basidiospore morphology, culture characteristics and analysis of polypeptide using SDS-PAGE. Mycol.
Res., 99:1913

31. Ibrahim, N. A. ; Mohmed A. Abdel-Sattar;  Kamel A. Abd-Elsalam; Mohmed S. K. and Verreet A.V.
(2003). Comparison of multi-locus enzyme and protein gel electrophoresis in the discrimination of five
Fusarium species isolated from Egyptian cottons. African J.of Biotech., 2 (7): 206–210.

32. Belisario, A.; Duongo L.; Bajmas V.; Pezza L. and Corazza, L. (1998). Fusarium wilts of winter melon.
Sixth Sipav Annual Meeting “Plant Pathology and Sustainable Agriculture”. Campobasso. 17-18.

33. Meyer, JA and Renard J.L. (1969). Protein and esterase patterns of two formae speciales of Fusarium
oxysporum. Phytopathology, 59: 1409-1411.

*****

http://link.springer.com/journal/11046
http://link.springer.com/journal/11046/127/3/page/1
http://www.as-botanicalstudies.com/sfx_links?ui=s40529-015-0086-6&bibl=B24


Lubna S. Nawar /International Journal of ChemTech Research, 2016,9(6),pp 165-172. 173

Extra page not to be printed

International Journal of ChemTech Research
[www.sphinxsai.com]

Publish your paper in Elsevier Ranked, SCOPUS Indexed
Journal.

[1] RANKING:

has been ranked NO. 1. Journal from India (subject: Chemical Engineering) from India at
International platform, by SCOPUS- scimagojr.

It has topped in total number of CITES AND CITABLE DOCUMENTS.

Find more by clicking on Elsevier- SCOPUS SITE....AS BELOW.....

http://www.scimagojr.com/journalrank.php?area=1500&category=1501&country=IN&year=201
1&order=cd&min=0&min_type=cd

Please log on to - www.sphinxsai.com

[2] Indexing and Abstracting.

International Journal of ChemTech Research   is selected by -

CABI, CAS(USA), SCOPUS, MAPA (India), ISA(India),DOAJ(USA),Index Copernicus,
Embase database, EVISA, DATA BASE(Europe), Birmingham Public Library, Birmingham,

Alabama, RGATE Databases/organizations for Indexing and Abstracting.

It is also in process for inclusion in various other databases/libraries.

[3] Editorial across the world. [4] Authors across the world:

For paper search, use of References, Cites, use of contents etc in-

International Journal of ChemTech Research,

Please log on to - www.sphinxsai.com

*****

http://www.sphinxsai.com/
http://www.elsevier.com/
http://www.sphinxsai.com/
http://www.sphinxsai.com/

