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Abstract

Fusarium oxysporum f. sp. ciceris was grown on liquid minimal medium for the production of
culture filtrates. Highest phytotoxic activity was extracted by petroleum spirit while n-hexane could
not recover any toxicity from culture filtrates. The fungal bioassay revealed that different solvent
extracts yielded 5 different inhibitory zones and for the recovery of maximum toxicity from culture
filtrates, extraction with petroleum spirit followed by ethyl acetate should be done. Chloroplast
assay revealed 6 different active bands in different solvent extracts. No solvent extracted the major
compound extracted by petroleum spirit at Rf value 0.60. Two phytotoxic compounds 1 & 2 were
purified from culture filtrates of FOC, which caused wilting and leaf burning of chickpea cuttings.
The culture filtrate of FOC inhibited the synthesis of chlorophyll ‘a’ and ‘b’ of both chickpea
varieties which might be responsible for the yellowing/chlorosis of leaves. The inhibition was more
prominent in Aug-424 susceptible as compared to CM 98 resistant cultivars. The culture filtrates of
FOC reduced the root length of germinating seeds of chickpea and might also be major factor for
effecting the germination of seeds in wilt-infested soils.

Introduction

Fusarium wilt caused by Fusarium oxysporum Schlect. Fr. f.sp. ciceris (Padwick)
Matuo & Sato (FOC) is the most important disease of chickpea, causing 10-50% yield
losses in dry areas of Pakistan during the last several years, while in irrigated belts of
Punjab, farmers have shifted to other crops due to this disease (Ikramul & Farhat, 1992).
The best way to overcome the yield losses due to disease is the use of resistant cultivars.
Seven races of F. oxysporum f. sp. ciceris have been identified based on their interactions
with a set of chickpea varieties (Haware & Nene 1982; Jimenez- Diaz et al., 1989;
Trapero-Casas & Jimenez-Diaz, 1985). Kelly et al., (1994) have found two distinct
groups (yellowing causing and wilt causing) in FOC by using genetic fingerprinting and
random amplified polymorphic DNA techniques.

Pathogenic fungi may often damage their host plants by producing phytotoxins,
which cause various symptoms including necrosis, chlorosis, wilting, water soaking and
eventually death of plants (Scheffer, 1983). In several host-plant interactions phytotoxins
have been reported as pathogenecity or virulence factor (Khan et al., 1998, Jin &
Hartman 1996, Yoder, 1980). The phytotoxins, which have been categorized as virulence
or pathogenecity factor could be used in identifying resistant cells in tissue culture or in
screening and breeding for disease resistance (Song et al., 1994; Bajwa et al., 2000;
Vidhyasekaran et al., 1990).

The present studies deals with the purification of phytotoxins of F. oxysporum f. sp.
ciceris so as to utilize them in chickpea screening program and also in identifying
resistant cells in tissue culture.
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Materials and Methods
Fungal isolates

A virulent, wilt causing isolate (2012) of Fusarium oxysporum f. sp. ciceris (Khan et
al., 2002) was used in this study.

Production of culture filtrates

Liquid Minimal medium (MM) as described by Hanif & Ikram (1998) was prepared.
The medium was distributed in 100 ml aliquots in one liter roux bottles and after autoclaving

at 121°C for 15 min and cooling, inoculated with two 2mm disc of 7 days old culture of

FOC isolate. Roux bottles were incubated at 25°C in dark without shaking and culture
filtrates were harvested 14 days by filtering through muslin cloth and phytotoxicity was
measured by cut seedling method as described by Huang & Hartman (1998).

Standardization of solvent for maximum extraction of phytotoxicity

PH of the culture filtrates was adjusted to 3.0 with 2 M HCI. Culture filtrates (100
ml) were extracted three times into half the volume of n-hexane, toluene, chloroform,
diethyl ether, petroleum spirit (60-80°C) and ethyl acetate solvents separately. The
organic phases were dried over anhydrous sodium sulphate (Na,SO,), filtered through
Whatman filter paper no.1 and then evaporated to dryness at 30°C using a vacuum
evaporator (Biichi Rotavapor, model R110). The residues were dissolved in 2 ml ethanol
and their toxicity was measured as follows.

a. Cut seedling method: The organic extracts (50 pl, 100 pl, 150 ul and 200 pl)
dissolved in 5.0 ml distilled water and their phytotoxicity was tested in three replicates by
cut seedling method (Huang & Hartman, 1998) against two weeks old cuttings of Aug424.

b. Fungal bioassay: The activity of the FOC metabolites was also measured by the
bioautography of the developed TLC plates (0.5 mm thick self coated silica gel 60 GF,s4
plates developed in solvent system n-hexane: ethyl acetate, 8:2) against test fungus
Cladosporium cucumerinum as described by Sibtain et al., (2002).

c. Chloroplast assay: It was done by the method described by Arpad Ambrus et al.,
(1981) with slight modifications. Fresh leaves (15 gm) of chickpea (var. Aug-424) were
ground in a pestle and mortar by adding 3.0 ml of glycerin. After complete grinding, 10
ml of distilled water was added and mixed well. The material was then filtered through
muslin cloth. The filtrate (10 ml) obtained was mixed with 14 ml of 0.04%DCPIP (2, 6-
dichlorophenol Indophenol) solution in borax buffer. The mixture was sprayed on the
developed TLC plates and reaction was observed after 3-4 minutes.

Purification of phytotoxin

The culture filtrates from 2.0 litre minimal medium was produced and its toxicity
was first extracted in petroleum spirit and then in ethyl acetate as described earlier. The
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two phases were mixed, dried over anhydrous sodium sulphate and then concentrated on
rotavapour and finally dissolved in 2.0 ml ethanol. The concentrated organic phase was
subjected to column chromatography and eluted with 200 ml of the solvents viz., n-
hexane, benzene, toluene, chloroform, diethyl ether, ethyl acetate, acetonitrile, acetone
and methanol. The phytotoxicity of the following fractions was determined by cut
seedling method as described earlier. Phytotoxins were identified and purified by thin
layer chromatography of the phytotoxic fractions directed by cut seedling assay of
different bands which appeared on the TLC plates after developing them in chloroform:
methanol (9:1), benzene: acetone: acetic acid (35:5:1) and n-hexane: ethyl acetate (8:2)
solvent systems.

Effects of phytotoxins on chlorophyll synthesis

Chickpea plants of varieties Aug-424 (susceptible) and CM 98 (resistant) were
grown in dark for 12 days. The cuttings from etiolated chickpea plants were removed and
immersed in fresh culture filtrates of FOC for 48 hrs at 28°C in dark while diluted
minimal medium was used in control treatments. Chickpea cuttings were removed from
culture filtrates/medium, their stems were washed with distilled water and dipped in
distilled water and then incubated at 25°C under fluorescent lights (3310 lux), for 72 hrs.
Chlorophyll ‘a’ & ‘b’ in leaves of treated and control chickpea cuttings were determined
by the official method of AOAC analysis (Anon., 1990) in three replicates.

Effects of culture filtrates on root length of germinating chickpea seeds

Three layers of blotting papers were placed in sterilized Petri plates and soaked with
3.0 ml of FOC culture filtrates at 1.0 N (normal culture filtrates) and 0.5 N (50% diluted
culture filtrates), while sterilized, diluted minimal medium was used in control
treatments. Germinating seeds of chickpea (8 seeds/Petri plate) of varieties Aug-424
(susceptible) & CM 98 (resistant) were placed in the plates and incubated at 25°C in dark.
Three replicates were used for each treatment. After 4 days the increase in length of roots
were measured and calculated the percentage decrease in roots length by FOC culture
filtrates.

Results and Discussion
Fungus

Based on the symptoms produced by the isolates i.e. yellowing and wilt two main
groups have been recognized (Khan et al., 2002; Kelly et al., 1994). Occurrence of wilt
causing FOC isolates have been reported in Pakistan, while yellowing causing isolates
are not reported in Thal area of Pakistan where 90% chickpea crop is sown (Khan et al.,
2002). Yellowing causing race 0 isolates are mainly prevalent in Spain and
Mediterranean region only and these race 0 isolates have recently adapted to infest the
local Kabuli varieties of chickpeas (Jimenez Diaz et al., 1990). In contrast, nearly all desi
chickpea cultivars (Native of Indian sub continent) are resistant to race O isolates
(Jimenez-Diaz et al., 1989; Jimenez-Diaz et al., 1992). That’s why the wilt causing
isolate was used in this study.
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Production of culture filtrates

Minimal medium was used for the production of phytotoxins because it has been
reported to produce maximum phytotoxic activity (Khan et al., 2001). The culture filtrate
was toxic and caused wilting to chickpea cuttings of Aug-424.

Standardization of solvent for maximum extraction of phytotoxicity

a. Cut seedling method: Highest phytotoxic activity was extracted by petroleum spirit
while n-hexane could not recover any toxicity from culture filtrates (Fig. 1). Ethyl acetate
diethyl ether and chloroform also extracted sufficient toxicity while toluene recovered
very less toxicity. The results showed that the best solvent for toxin extraction from
culture filtrates of FOC is p. spirit and also confirm that major toxic activity is due to less
polar compounds. The toxic compounds recovered by intermediate polar solvent i.e. ethyl
acetate might be different as extracted by the less polar solvents.

b. Fungal Bioassay: The fungal bioassay revealed that different solvent extracts
produced five different inhibitory zones (Fig. 2). The chloroform extract produced two
inhibition zones at Rf values 0.082 & 0.31, diethyl ether produced four antifungal zones
at Rf values 0.0, 0.082 & 0.21, while ethyl acetate phase produced four inhibitory zones
at Rf values 0.0, 0.082, 0.21 & 0.32 and p. spirit exhibited three inhibitory spots at Rf
values 0.21, 0.32 & 0.52. These antifungal compounds might have or might not have the
phytotoxic properties. Petroleum spirit extracted the active compound at Rf values 0.52
while it did not extract the compounds at Rf values 0.0 and 0.082. It became clear that for
extraction of maximum toxicity, the culture filtrates must be first extracted with p. spirit
to recover less polar active compounds and then with ethyl acetate to recover the
remaining intermediately polar toxic compounds. Although ethyl acetate extracted wide
range of active compounds with varying polarities (Alam et al., 1997: Kim et al., 2000)
but it could not extract the less polar toxic compound at Rf value 0.52.

c. Chloroplast Assay: Chloroplast assay revealed weak reaction with phytotoxic
metabolites of FOC. The reaction produced light pink color on green background (Fig. 3)
in spite of blue color as reported in case of herbicide and pesticides (Arpad Ambrus et al.,
1981). It might be due to the weak phytotoxic activity of FOC metabolites as compared to
herbicides/ pesticides. Six different active bands were observed in different solvent
extracts mentioned in Table 1. The petroleum spirit phase showed tailing due to higher
amount of less polar compounds (Fig. 3), however it showed two active spots, one at Rf
‘0.60’ and other at 0.080. No solvent could recover the major compound extracted by
petroleum spirit at Rf value 0.60.

Most of the bioactive compounds detected by fungal assay were different as detected
by chloroplast assay. However the compounds at Rf values 0.0, 0.082 and 0.52 as
detected by the fungal assay might be the similar compounds at Rf values 0.0, 0.80 and
0.60 as detected by chloroplast assay. Moreover two non-polar toxic compounds at Rf
values 0.96 and 0.85 were only detected in chloroplast assay were not having the
antifungal properties.
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Fig. 1. Toxicity of various solvents extracts for the standardization of solvent for maximum
recovery of phytotoxins from culture filtrates of Fusarium oxysporum f. sp. ciceris (where 0 = no
reaction, 1= yellowing/burning of leaves, 2= drooping of leaves and 3= wilting or complete killing
of cuttings.
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Fig. 2. Antifungal zones exhibited by the solvent extracts from culture filtrates of FOC
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Fig. 3. Chloroplast assay showing phytotoxic bands by different solvent extracts from culture
filtrates of FOC.

Table 1. Rf values of active bands recovered by various
solvents by chloroplast assay.

Band no.  Ethyl acetate Diethyl ether Chloroform P. spirit
1. 0.96 0.96 0.96
2. 0.85
3. 0.62
4. 0.46 0.46 0.46
5. 0.072 0.072
6. 0.0 0.0

Table 2. Toxicity of various fractions obtained from column chromatography of
p. spirit/ ethyl acetate extracts against chickpea cuttings.

S. No. Solvent Toxicity
1. n-Hexane —
2. Benzene —
3. Toluene —
4. Petroleum spirit (60-80°C) et
5. Chloroform '
6. Diethyl ether +
7. Ethyl acetate +
8. Acetonitrile —
9. Acetone —
10. Methanol —

+++ = Highly toxic, + = Less toxic reaction, — = Non toxic
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Fig. 4. Phytotoxins ‘1’ & ‘2’ produced leaves burning and wilt symptoms to chickpea cuttings

Purification of phytotoxins: The petroleum spirit fraction obtained from column
chromatography again showed highest toxicity as compared to other fractions. The
fractions of chloroform, diethyl ether and ethyl acetate were also found fairly toxic (Table
2). Other fractions were non-toxic and produced no symptoms on chickpea cuttings even
after 5 days incubation. So petroleum spirit fraction was further subjected to thin layer
chromatography, which led to the purification of two phytotoxic compounds. Both the
compounds produced wilting and leaf burning to chickpea cuttings (Fig. 4). The Rf
values of the compounds 1 and 2 were 0.42/0.69 respectively in solvent system n-hexane:
ethyl acetate (8:2). The compound 1 produces blue fluorescent under far ultra violet light,
while compound ‘2’ was not fluorescent under far and near UV light, it was visualized by
placing the developed TLC plate in iodine vapors.

The UV spectrum of compound ‘1’ revealed Amaxg,,. values at 254, 274 & a
shoulder at 280 nm while compound ‘2° showed Amaxg,,. values at 206, 246 & 261 nm.

Effects of phytotoxins on chlorophyll synthesis: The culture filtrate of FOC inhibited
the synthesis of chlorophyll ‘a’ and ‘b’ of both chickpea varieties (Table. 3). The
inhibition was more prominent in Aug-424 (susceptible) as compared to CM 98
(resistant). Inhibition (34%) of total chlorophyll was produced in Aug-424 while 22%
inhibition was produced in CM 98. Phytotoxins have been reported to produce various
symptoms including wilting, yellowing, chlorosis etc., (Wheeler, 1975). The
pohytotoxins having properties of chlorophyll degradation or inhibition of chlorophyll
synthesis can produce these symptoms. The effect of a natural phytotoxin tentoxin to
chloroplast has been well established (Andre, 1997).
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Table 3. Effect of phytotoxins of FOC on the synthesis of chlorophyll of chickpea.

S. Type of Aug-424  Aug-424 % age CM 98 CM 98 % age
No. Chlorophyll Treated Control Inhibition  Treated Control  Inhibition
1. Chlorophyll “a” 3.968 5.89 33 4.689 6.07 22

2. Chlorophyll “b” 0.96 1.63 41 1.43 2.01 29

3. Total Chlorophyll 4.93 7.52 34.45 6.3 8.08 22
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Fig. 5. Percentage reduction of root length of germinating seeds of two chickpea varieties by the
phytotoxins of FOC as compare to control.

Effects of culture filtrates on root length of germinating chickpea seeds

The culture filtrates of FOC at both conc. (1.0 N & 0.5 N) reduced the root length of
germinating seeds of both varieties when compared to their control. Inhibition (74%) was
observed in Aug-424 at 1.0 N concentration as compared to CM 98 where 42% inhibition
was observed at same concentration (Fig. 5). The result showed that phytotoxins of FOC
do affect the growth of roots and might also be effecting the germination of seeds, as in
wilt-infested soil where germination rate is poor as compared to the normal soil.
Deoxynivalenol, T-2 toxin, fumonisin B;, and nivalinol phytotoxins produced by
Fusarium sp., suppressed the seed germination (Zonno & Vurro, 1999) and the
phytotoxins produced by the plant pathogenic fungus Bipolaris cynodontis cynA,
(cochlioquinone) inhibited the root growth of gramineous plants, such as Italian ryegrass
and rice plants, at varying potencies (Lim et al., 1998).

References

Alam, S.S., Khan, [.A. and M.I. Chaudry. 1997. Production and purification of phytotoxins from
culture filtrates of Ascochyta lentis involved in the blight disease of lentil. Pak. J.
Phytopathol., 9: 21-25.

Andre, F. 1997. Structure and activity of a natural phytotoxin, tentoxin. New insights in enzymatic
mechanism of chloroplast H+ ATP-synthase. Comptes Rendus des Seances de la Societe de
Biologie et de ses Filiales, 191: 401-432.

Anonymous. 1990. Official Methods of Analysis, AOAC.



PHYTOTOXIN FROM CULTURE FILTRATES OF FUSARIUM OXYSPORUM 879

Arpad Ambrus, Eva Hargitai, Gabriella Karoli, Andras Fulop and Ganoslandos. 1981. General
method for determination of pesticides residues in samples of plant origin, soil and water II.
Thin layer chromatographic determination. J. AOAC., 64: 743-748.

Bajwa, K.M., [.LA. Khan, S.S. Alam, I. Ahmad and M.A. Gill. 2000. Screening against phytotoxins
for resistance to Fusarium wilt in Chickpea. Pak. J. Phytopathol., 12: 62-65.

Hanif, M., and Tkramul Haq. 1998. Nitrate non-utilizing mutants (nit mutants) of Fusarium
oxysporum f.sp. ciceris. Pak. J. Phytopathol., 10: 57-77.

Haware, M.P. and Y.L. Nene. 1982. Races of Fusarium oxysporum f. sp. ciceri. Plant Disease, 66:
809-810.

Huang, Y.H. and G.L. Hartman. 1998. Reaction of selected soybean genotypes to isolates of
Fusarium solani f.sp. glycines and their culture filtrates. Phytopathology, 82: 999-1002.

Ikramul Haq and Farhat F. Jamil. 1992. Screening of chickpea lines in the wilt sick plot and effect
of environmental temperature on wilt incidence. Proceedings of COMSTECH-NIAB
International Workshop on Agroclimatology, pests and diseases and their control. November
21-26, 1992, Faisalabad, Pakistan.

Jimenez-Diaz, R.M., A. Trapero-Casas and J. Cabreva de La Colina. 1989. Races of Fusarium
oxysporum f. sp. ciceri infecting chickpea in Southern Spain. Pages 515-520. In: Vascular wilt
diseases of plants. NATO ASI Ser. H, vol.28. (Eds.): E.C. Tjamos and C.H. Beckman,
Springer-Verlag, Berlin.

Jimenez-Diaz, R.M. and A. Trapero-Casas. 1990. Improvement of chickpea resistant to wilt and
root rot diseases. Options Mediterr. Ser. Semin., 9: 65-72.

Jimenez-Diaz, R.M., A. Trapero-Casas and J.I. Cubero. 1992. Importance of chickpea soil-borne
diseases in the Mediterranean Basin. Pages 155-169. In: Disease resistance breeding in
chickpea: Proceedings of the Consultative Meeting on Breeding for Disease Resistance in
Kabuli Chickpea. (Eds.): K.B. Singh and M.C. Saxena, International Center for Agriculture
Research in the Dry Areas, Aleppo, Syria.

Jin, H. and C.L. Hartman. 1996. Characterization of a phytotoxin causing sudden death syndrome
(SDS) of soybean. Phytopathology, 86: 277-282.

Kelly, A., A.R. Alcala-Jimenez, B.W. Bainbridge, J.B. Heale, E. Perez-Artes and R.M. Jimenez-
Diaz. 1994. Use of genetic fingerprinting and random amplified polymorphic DNA to
characterize pathotypes of Fusarium oxysporum f. sp. ciceris infecting chickpea.
Phytopathology, 84: 1293-1298.

Khan, L.A., A. Jabbar and S.S. Alam. 2002. Genetic variation among Fusarium oxysporum f. sp.
ciceris isolates in Pakistan as determined by biological pathotyping and vegetative
compatibility. Pak. J. Bot., 34: 433-440.

Khan, I.A., J.A. Khan and S.S. Alam. 1998. Phytotoxins: The cause of virulence in Ascochyta
rabiei. Pak. J. Biol. Sci., 1: 75-77.

Khan, I.A., S.S. Alam and A. Jabbar. 2001. Standardization of medium for the production of
maximum phytotoxic activity by Fusarium oxysporum f.sp.ciceris. Pak. J. Biol. Sci., 4: 1374 -
76.

Kim K., .G. Kang, S.S. Moon and K.Y. Kang. 2000. Isolation and identification of antifungal N-
Butylbenzenesulphonamid produced by Pseudomonas spp. ABZ. J. Antibiotic. 53(2): 131-136.

Lim, C.H., H. Miyagawa, M. Akamatsu, Y. Nakagawa and T. Ueno. 1998. Structures and
biological activities of phytotoxins produced by the plant pathogenic fungus Bipolaris
cynodontis cynA. Journal of Pesticide Science, 23: 281-288.

Scheffer, R.P. 1983. Toxins as chemical determinant of plant diseases. p. 1-40. In: Toxins in plant
pathogenesis. (Eds.): J.M. Daly and B.J. Darval, Academic Press, Sydney, 181.

Sibtain, M., Iftikhar A. Khan, M.B. Ilyas and S.S. Alam. 2002. Study of antifungal compounds in
the roots and stems of different chickpea lines for resistance to Fusarium wilt. Asian Journal
of Plant Sciences, 2: 193-194.

Song, H.S., SM. Lim and J.M. Widholm. 1994. Selection and regeneration of soybean resistant to
phytotoxic culture filtrate of Septoria glycinea. Phytopathology, 84: 948-951.



880 IFTIKHAR A. KHAN ET AL.,

Trapero-Casas, A. and R.M. Jimenez-Diaz. 1985. Fungal wilt and root rot diseases of chickpea in
southern Spain. Phytopathology, 75: 1146-1151.

Vidhyasekaran, P., D.H. Ling, E.S. Borromeo, F.J. Zapata and T.W. Mew. 1990. Selection of
brown spot-resistant rice plants from Helminthosporium oryzae toxin-resistant calluses.
Annals of Applied Biology, 117: 515-523.

Wheeler, H. 1975. Plant pathogenesis. Springer-Verlag, Berlin.

Yoder, O.C., 1980. Toxins in pathogenesis. Annu. Rev. Phytopathol., 18: 103-129.

Zonno, M.C. and M. Vurro. 1999. Effect of fungal toxins on germination of Striga hermonthica
seeds. Weed Research, 39: 15-20.

(Received for publication 25 November 2003)



