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Abstract

Bioactive guided fractionation was carried out to determine the antifungal activity of the stinkwort weed, Inula
graveolens, on various phytopathogenic fungi species. Dried shoots were extracted and partitioned in various
solvent systems. The aqueous methanol extract (AgMeOH) inhibited the growth of several soil-borne fungi;
Alternaria sp., Fusarium spp. and Rhizoctonia sp. in in-vitro plate assay. Fractionation of AgMeOH extract by column
chromatography in dichloromethane/AgMeOH yielded twenty-two fractions of which fractions #2, 3 and 4 showed
antifungal activity. Further fractionation of the combined fractions #2, 3 and 4 by column chromatography in solvent
system benzene/ethyl acetate on fine silica columns, yielded ten sub fractions of which sub fraction #2 has the most
antifungal activity on all fungi in the experiment. The fungitoxicity of sub fraction #2 in terms of percentage inhibition
of mycelia growth of all tested-fusaria strains after ten days of incubation was higher compared to that obtained
by the fungicide hymexazol (Tachigaren ® 70 WP). The AgMeOH extract significantly reduced browning length at
the crown area, a fusarium-known symptom in in-vivo experiments. Furthermore, the growth of Fusarium-treated
cucumber plants was enhanced by drenching with AqMeOH extract. The activity of the extract was comparable to
the activity of the fungicide hymexazol in improving plant health, and surpassed the fungicide activity in preventing
the discoloration of the crown vascular tissue of cucumber at comparable concentrations.

Keywords: Stinkwort; Inula graveolens; Fusarium; Cucumber;
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Introduction

Modern agricultural pest management practices rely significantly
on the use of synthetic pesticides. The ability to control pests efficiently
has been one of the decisive components of conventional agriculture
for increasing production. In spite of the large number of commercial
pesticides, efforts to discover new active compounds, that are
environmentally safer, has kept scientists searching for natural products
from all sorts of living organisms, especially members of the plant
kingdom.

Natural products have historically been a valuable source of many
biologically active ingredients, used either as crude preparations, pure
compounds, or as structural leads for the discovery and development
of natural product-based pesticides [1]. Large number of biologically
active compounds are derived from plants, microbes, and animal
natural products with wide range of structural diversity that arose
from co-evolution between competing organisms [2]. A wide variety of
organic compounds released from plants and microbes demonstrated
toxic activity against other organisms that could be utilized and further
investigated as potential bio-pesticides. Well-known biologically active
natural products are the allelochemicals which are mostly secondary
metabolites emanated, washed off from the foliage or secreted in the
root zone of the growing plants [3-6]. Allelochemicals can naturally help
or hinder the growth of the receiving living species.

Allelopathic interference is one of the important mechanisms for
the successful establishment of invasive species [7], which might be
evaluated for potential biological activity. Many growth inhibitors of
natural origin have been identified in recent years [8-10] and it became
clear that their action is an important feature in characterizing the
interrelationships among organisms [11]. These compounds influence
patterns in vegetation communities, plant succession, and seed
preservation, germination of fungal spores, nitrogen cycle, mutualistic
associations, crop productivity and plant defense [12].

In our search for natural compounds that may have the potential use

as biopesticides, we tested the antifungal activities of extracts obtained
from the stinkwort (Inula graveolens (L). Desf. Synonyms: Dittrichia
graveolens (L.) Greuter; Erigeron graveolens L.). This herbaceous plant
is an invasive spreading strong-smelling summer annual. It invades
waste areas, roadsides and fields in Jordan. One stinkwort plant can
produce up to 30,000 seeds, creating areas blanketed with the weed,
eliminating open spaces and pasturelands. It is believed that the invasive
nature of the plant could be related to its ability to produce secondary
metabolites that inhibit the growth of other organisms [13]. Many plant
growth inhibitors were isolated and identified from the stinkwort [14].
Allelochemicals are known to suppress or eliminate competing species
near the invasive plant [15-17]. The antifungal activity of the obtained
fractions was compared with the suppressive activity of the fungicide
hymexazol (3-hydroxy-5-methylisoxazol), sold as Tachigaren ® 70WP.
Hymexazol is a systemic fungicide that has activity against many fungi
such as; Aphanomyces cochlioides, Pythium and some Rhizoctonia
species [18,19].

The aim of this research was to determine the inhibitory activity of
various extracts of the stinkwort on the growth of several economically
phytopathogenic fungi. Experiments were carried out in the laboratory
and greenhouse.

Materials and Methods

Preparation of plant extracts and fractions

Flowering stinkwort shoots were collected from the vicinity of
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Jordan University, Amman, Jordan. The flowering shoots were air dried
in shade inside the greenhouse for over three weeks. The dried material
was ground to give fine powder suitable for extraction. Aqueous extracts
were prepared by soaking 5 g of dried shoots of stinkwort in one liter of
distilled water for two weeks, and then filtered to obtain a clear aqueous
extract.

Also, five kilograms of the dried shoots were extracted three times
each with 20 L of 96% ethanol for one week with agitation once or twice
daily. Ethanol was evaporated to dryness under reduced pressure to give
the crude ethanolic extract (S1). The ethanolic extract was partitioned
between chloroform and water (3:2). The chloroform extract (S2) was
further partitioned between aqueous methanol (AqMeOH) (S5) and
hexane (S6), both were evaporated to dryness. The water fraction was
further partitioned between water (S4) and 1-butanol (S3) as shown in
Scheme 1. All extracts were evaporated and dried under fume hood to get
solidified materials and evaluated for their antifungal activity. Solvents were
used from commercial sources and were distilled before use.

Dried shoots of
stiniowort | 52

Ethanclic Bxtract
5]
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Scheme 1: Fractionation of the ethanolic extract of Inula graveolens.

Inactive

The active AqQMeOH extract (137.8 g) was furhter fractionated using
column chromatography in increased polarities of benzene:ethylacetate
solvent system as an eluent. The 22 fractions thus obtained were
evaluated for their antifungi activity. The active fractions #2, 3 and 4
were combined and chromatographed on a fine silica column in solvent
system benzene/ethyl acetate to give seven subfractions, of which
fraction #2 (0.4 g) was the most active against tested fungi.

In-vitro experiments

Testing antimicrobial activity of various extracts: A preliminary
experiment was set to test the antimicrobial activity in 9 cm diameter
petri dishes containing 25 ml medium of potato dextrose agar (PDA).
Tap water and room air were used as source of inoculum. A weight of
0.1 g of each of the dried extract material was dissolved in 1 ml absolute
ethanol then added to 99 ml tap water to get a solution of 1000 ppm
concentration. Open petri dishes were exposed to room air for one
minute prior to treatments. One ml of each extract solution was spread
over the surface of agar media in each petri dish. A blank treatment
composed of 1 ml tap water was also spread over the surface of agar
media for comparison. Petri dishes were then covered and incubated at
25°C for two weeks. Microbial growth was then recorded as either fungi
or bacteria. Each treatment was replicated five times (Figure 1).

Preparation of fungi cultures: Pure fungi cultures which
were previously isolated from different crop plants and identified
morphologically and molecularly {personal communications} were
used in this research (Table 1). Fungi isolated from beans and grapes
were identified only to the genus rank.

Figure 1: Microbial growth in various extracts; ethanolic extract (S1), chloroform
(S2), 1-butanol (S3), water (S4), aqueous AqMeOH (S5), and hexane (S6), and
the blank.

Number Fungus species Infested plants

1 Alternaria sp. Tomato

2 Fusarium sp. Beans

3 Fusarium oxysporum Cucumber

4 Fusarium proliferatum Cowpea

5 Fusarium sp. Grapes

6 Fusarium proliferatum Date palm

7 Fusarium oxysporum f.sp. Lycopersici Tomato

8 Rhizoctonia sp. Tomato

Table 1: Fungal cultures used in this research.

Testing the antifungal activity of AqQMeOH extract: Antifungal
activity assay against the phytopathogenic fungi listed in Table 1 was
carried out. A stock solution of AQMeOH extract was prepared by
dissolving 2.5 g of the extract in 10 ml absolute ethanol then added to
990 ml distilled water. A 100 pl of either the blank solution or from the
AqMeOH extract were spread on the surface of the media in petri dishes
containing 25 ml PDA. The final concentration of the extract in the petri
dish was calculated to be 100 ppm/1 ml agar. A 4-mm disc from each
fungus was placed in the middle of each PDA plate, and then incubated
at 25°C. The diameter of the fungal growth was measured at 15 days after
treatment. Each treatment with each fungus was replicated 4 times. A
blank treatment was also included. Percent of fungal growth inhibition
was calculated according to the following equation:

Percent of fungal growth reduction=((fungal growth diameter of the
blank-fungal growth diameter of treatment) fungal growth diameter of
blank) x 100%) [3].

Testing the activity of AqQMeOH extract on growth of Fusarium
oxysporum isolated from cucumber (FOXYC) plants: Since the
growth of E oxysporum isolated from cucumber plants (FOXYC) was
most inhibited by the AqQMeOH extract in the previous experiment,
this experiment was carried out to test the antifungal activity of the
AqMeOH extract at 40 ppm, 100 ppm, 200 ppm and 400 ppm against
a blank solution in 9-cm diameter PDA plates. The experiment was
carried out with four replications. Fungal growth diameter readings
were performed three times 5 days, 10 days and 15 days after treatment.
The experiment was repeated at three different times. The results of
three experiments were pooled and statistically analyzed with the SAS

J Plant Pathol Microbiol, an open access journal
ISSN: 2157-7471

Volume 8 - Issue 8 +» 1000417



Citation: Abu Irmaileh BE, Salem NM, Al Aboudi AMF, Abu Zarqa MH, Abdeen AO (2017) Antifungal Activity of the Stinkwort (Inula graveolens)
Extracts. J Plant Pathol Microbiol 8: 417. doi: 10.4172/2157-7471.1000417

Page 3 of 6

program (Version 7, Statistical Analysis System, 1998) for complete
randomized design (CRD) arrangement.

Bio guided activity of active fractions obtained from AqMeOH

The AqMeOH extract (S5) was fractionated using column
chromatography in solvent system, 3.1 dichloromethane/AqMeOH
to 22 fractions. Each fraction was tested for its antifungal activity
against FOXYC. Fractions #F2, F3 and F4 showed antifungal activity.
Subsequently, the experiment was carried out on the active fractions in
9-cm diameter PDA plates in four replications. Fungal growth diameter
readings were taken at 4 days, 7 days and 10 days after treatment. The
antifungal activity of each treatment was compared with the fungicidal
activity of hymexazol at 25 ppm and 50 ppm. Blank treatments were
also included.

Fractions #2, 3, and 4 which showed antifungal activity against
FOXYC in the previous experiment were combined and eluted in
solvent system benzene/ethyl acetate on fine silica columns (230-400
Mesh, Merck). Seven sub-fractions were obtained. Each sub-fraction
was evaluated for its antifungal activity against several fungi. Sub
fractions 1 and 2 (sfl and sf2) showed antifungal activity. Sub-fraction
2 was obtained in enough quantity for carrying out further testing.
The antifungal activity of sf2 was compared with the activity of the
fungicide hymexazol, both at 50 ppm. The experiment was carried out
in 9-cm diameter PDA plates in four replications. Blank treatments
were also included. Fungal growth diameter was measured at different
days after treatment for almost three weeks. The percent of fungal
growth reduction was then calculated as previously described and then
plotted against days after treatment.

Furthermore, the antifungal activity of sf #2 on different species
was studied in 9-cm diameter PDA plates in four replications. The
antifungal activity of each treatment was compared with the fungicidal
activity of hymexazol at 50 ppm. Blank treatments were also included.
Fungal growth diameter was measured at 4 days, 7 days and 14 days
after treatment. The percent of fungal growth inhibition was calculated
as previously described.

In vivo potential ability of AqQMeOH extract to control FOXYC
in greenhouse

The roots of one-month old cucumber seedlings (Cucumis sativus L.
cv. Beit alpha) were immersed for five minutes in cucumber Fusarium
culture media containing spores at 8 x 10° Then, seedlings were
planted in pots containing peat moss (planting media). The treatments
included the following treatments in 10 replications each (one seedling
is one replicate):

1. Cucumber seedlings soaked in water, planted then drenched with
40 ml water.

2. Cucumber seedlings soaked in fungal medium, then drenched
with 40 ml water.

3. Cucumber seedlings soaked in fungal medium, then drenched
with 40 ml hymexazol liquid formulation at a label recommended
drenching rates of the fungicide Tachigaren calculated to equal 1400
ppm active ingredient.

4. Cucumber seedlings soaked in water, then drenched with 40 ml
extract 1000 ppm.

5. Cucumber seedlings soaked in fungal medium, then drenched
with 40 ml extract 1000 ppm.

6. Cucumber seedlings soaked in fungal medium, then drenched
with 40 ml extract 500 ppm.

7. Cucumber seedlings soaked in fungal medium, then drenched
with 40 ml extract 250 ppm.

The treatments were arranged in CRD in the greenhouse. The
following parameters were measured three months after planting;
plant shoots height, shoot dry weight, and root dry weights per plant.
Browning length in the conductive tissues was measured after making a
longitudinal cut in the crown area.

Statistical analysis

All experiments were statistically analyzed. Analysis of variance
was conducted with the SAS program (Version 7, Statistical Analysis
System, 1998) for CRD arrangement, and the means were separated
by LSD0.05 according to GLM procedure (Statistical Analysis System
(SAS), 1998). If the treatment mean is significantly different from
the blank mean, the values of percent reduction in fungal growth
were noted by a superscript ©. T test was also performed to detect
significance of percent of mycelial growth reduction by the subfraction
2 and hymexazol.

Results
Antimicrobial activity of various extracts

The antifungal activity of the various extracts of the stinkwort plant
was traced. Petri dishes containing PDA medium treated with tap water
(source of inoculum) showed several types of fungal and bacterial
colonies; mainly Aspergillus niger and Fusarium species, besides many
un-identified bacterial colonies (Figure 1). The antifungal activity
was most evident in the crude ethanolic extract (S1), followed by
chloroform extract (S2) obtained from S1, then in the AqQMeOH extract
(S5) obtained from S2. Butanol and water extracts had no inhibitory
activity.

Antifungal activity of AQMeOH extract

This result of the antifungal effect of the AQMeOH at 100 ppm
indicated that the growth of the following fungi was significantly
reduced; Alternaria sp., Fusarium sp. isolated from beans, Fusarium
oxysporum isolated from cucumber (FOXYC), Fusarium proliferatum
and E oxysporum f. sp. Lycopersici. The percent reduction of fungal
growth was marked by the super script(*) as ANOVA showed significant
mean differences between the treatments and their corresponding
blank mean (Table 2). The growth of other fungi was reduced but not
significantly. It is also noted that the antifungal effect of the extract was
different on different fusaria species. Fusarium isolated from cowpea,
tomato and grapes were least affected compared to FOXYC. Percent of
fungal growth reduction was calculated (Table 2). FOXYC was most
sensitive, as its growth was reduced the most (Table 2). Since FOXYC
was most affected, it was selected for further experimentation.

Fungus species Percent of growth inhibition @

Alternaria sp. 34
Fusarium sp. from bean 15°
FOXYC 50°
Fusarium sp. from cowpea 8
Fusarium sp. from grapes 1
Fusarium proliferatum 19°
Fusarium oxysporum f.sp. Lycopersici 20

a Numbers carrying (%) are significantly different from their respective blank values
according to mean separation using LSD 0.05

Table 2: Percent of inhibition of fungal growth by 100 ppm AqMeOH.
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Effect of AqQMeOH extract on growth of FOXYC

The results of various concentrations of AQMeOH extract indicated
that the mycelia growth was reduced as AQMeOH extract concentration
was increased almost linearly (Table 3).

Readings Average diameter (mm) of Mycelia growth of FOXYC
(days after in AqMeOH extract concentration in ppm?
treatment) 0 (Blank) 40 100 200 400
5 24.25% 212 17.25° | 14.25% 10.5¢
10 53.5¢ 42 27 299 21.5"
15 90’ 90! 83.3! 85' 69.3¢

aAnalysis of growth averages of three experiments. Means carrying same letters
within the same raw are not significantly different using LSD 0.05. Analysis was
performed per reading.

Table 3: Mycelia growth of FOXYC under various concentrations of AqMeOH,
during two weeks of incubation at 25°C.

Therewasnosignificantreduction of fungal growth at concentrations
less than 100 ppm of the extract during the first 5 days. However, fungal
growth was significantly reduced by 40 ppm and higher concentrations
after 10 days of incubation. Significant reductions in mycelia growth of
FOXYC was evident at concentrations ranging from 100 ppm to 400
ppm at ten days after treatment, as mycelia growth was about 50% of the
growth in the blank treatment. Significant reduction of mycelia growth
was obtained by the extract at 400 ppm after 15 days of incubation.

Bio guided activity of the active fractions obtained from
AgMeOH in solvent system, 3.1 dichloromethane/AqMeOH
on the growth of FOXYC

Partitioning AqMeOH extract in solvent system, 3.1
dichloromethane/AqMeOH vyielded 22 fractions of which 2, 3" and
4™ fractions (F2, F3 and F4) showed significant antifungal activity.

The results indicated that the mycelia growth was significantly
reduced by both hymexazol and by F2, F3, and F4 for seven days after
treatment at 25 ppm and 50 ppm concentrations (Table 4). However,
hymexazol activity continued to reduce the mycelia growth for the
longer period, specifically with the higher concentration.

Fungal growth diameter (mm) (Days after treatment) *

Number| Treatment
4 7 10
1 Blank 412 79.252 852
o Hymexazol 50 23.75¢ 47.25' 73
ppm
3 Hymexazol25 28.5¢ 54.25¢ 66°
ppm
4 F2 at 50 ppm 32.5¢ 66.25¢ 852
5 F2 at 25 ppm 34.75 69.75° 85
6 F4 at 50 ppm 29.25¢ 62.5¢ 852
7 F4 at 25 ppm 34.75% 70.75° 852
8 F3 at 25 ppm 34be 69.75° 852
9 F3 at 50 ppm 30¢ 62.75¢ 852

*Means carrying same letters within the same column are not significantly different
at P<0.05.

Table 4: Growth diameter (mm) of FOXYC mycelia at 4 days, 7 days and 10 days
after treatment.

Bio guided activity of subfraction #2 on different species

Partitioning of the combined fractions #2, 3, and 4 in benzene /
ethyl acetate system yielded seven sub fractions of which sf #2 showed
antifungal activity against FOXYC. The antifungal activity of this sub
fraction was comparable, if not higher than the fungicidal activity of
hymexazol (Figure 2) (Table 5). The percentage of mycelial growth

Percent of mycelia growth reduction of FOXYC

L —
*
2 60
S *
2 50
£ *
=
g 40 *
—subfraction 2 £
> 30 3
~—hymexazol £ *
<
i *
- * *
S 1w ns
£ ns. ns
5 0 ns
= 4 7 u 15 18 20

days after treatment

Figure 2: Percent of mycelia growth reduction of FOXYC by sub fraction 2
compared with hymexazol. Percent reduction mean carrying* is significantly
different from its corresponding blank treatment mean, ns denotes that there
was no significant difference between the treatment and the blank mean.

Percent of
mycelial growth

reduction of
FOXYC* 4 7 9 1" 14 16 18 20

65.9 524 | 429 174 | 109 97 67 24
(-75.7) (-22.0) (-38.1) (-14.3) (-10.8) (-7.0) (-2.4) (-1.0)

551 602 | 515  36.8 | 292 232 106 6.5
(-8.5) | (-8.8) (-9.4) (-3.6) (-2.6) (-2.5) (-1.7) (-1.7)

*(T value at p<0.05)

Days after treatment

Hymexazol

Sub fraction 2

Table 5: Percent of mycelial growth reduction of FOXYC.

reduction by sf #2 was higher. T test indicated significant reduction
percentage of the mycelial growth by both treatments for most of the
testing period (Table 5).

Antifungal activity of subfraction #2 on different fungi species

The antifungal activity of the sf #2 was significant on certain fungi
species and it was comparable, or more active than the fungicidal
activity of hymexazol during two weeks of incubation. Most Fusarium
spp. and Rhizoctonia were affected by this sub fraction. However,
Alternaria sp. was less affected as no significant reduction was observed
in its growth after 14 days of treatment (Table 6).

Percent of fungal growth

Fungus Days after inhibition (mm)*
treatment "
Subfraction #2 Hymexazol
4 59.0© 61.56
Fusarium proliferatum 7 52.46) 17.46)
14 25.0¢ 6.7
54.56) 63.56)
Fusarium sp. from bean 7 51.8® 19.10
14 23.9¢ 0
. 4 57.56) 60.3¢
Fusarium sp. from 51.89 20.69
grapes
14 23.89 7.9
. 4 44.94 42,1
Fusarium sp. from 7 36.060) 5.0
cowpea
14 7.6 0
4 21.468 54.7¢
Alternaria sp. 7 34.1 24.3
14 33.0 -16.4
4 49.54) 20.7¢
Rhizoctonia sp. 7 376 23.50)
14 36.5¢) 14.4

*Values carrying the mark © indicate that the percent inhibition of fungal growth
is significantly different from their perspective blanks.

Table 6: Antifungal activity of sub fraction #2 as compared with the activity of
hymexazol, both at 50 ppm on different fungi species.

J Plant Pathol Microbiol, an open access journal
ISSN: 2157-7471

Volume 8 - Issue 8 +» 1000417



Citation: Abu Irmaileh BE, Salem NM, Al Aboudi AMF, Abu Zarqa MH, Abdeen AO (2017) Antifungal Activity of the Stinkwort (Inula graveolens)
Extracts. J Plant Pathol Microbiol 8: 417. doi: 10.4172/2157-7471.1000417

Page 5 of 6

In vivo potential potential ability of AQMeOH extract to
control FOXYC in a greenhouse

Symptoms of Fusarium-infected plants appear as browning of the
conductive tissues at the crown area. Stem browning at the crown area
near soil surface was evident in fungal inoculated plants (Figure 3).

« 4

' 4 v

Figure 3: Browning of the vascular tissue of the crown area in FOXYC- infected
cucumber plants.

Browning within the conductive tissues was significantly the longest
among all treatments in fungal infected plants (Table 7). Drenching
the infected plants with the fungicide hymexazol significantly reduced
the browning length. However, drenching fungal infected cucumber
plants with the AQMeOH extract at concentrations ranging from 1000
ppm to 250 ppm significantly reduced the browning at the crown
area much more than the fungicide; and browning appeared lightly if
present in most plants. However, drenching diseased plants with lower
concentration of AqQMeOH extract, light browning appeared in small
areas at the crown area. Root dry weight showed variable improvement
in treated plants with AqQMeOH extract. Cucumber shoot height, shoot
and root dry weights and fruit weight values were the highest in plants
drenched with AqQMeOH extract.

Browning .
Treatment length at crown Shoot height Sh?m dry R(?Ot dry
(mm)* (cm) weight (g) weight (g)
Blank (untreated plants) 0.2° 43.1° 2.5%® 0.75°
FOXYC treated plants 22.32 46.5° 2.0% 0.78
FOXYC+hymexazol 1.0 41.7° 2 qab 0.75¢
drench
AgMeOH 1000 ppm 0.4¢ 59.42 1.9 1.1ab
drench
FOXYC+AqMeOH b b b
1000 ppm drench 0.4¢ 51.32 2.12 0.8
FOXYC+AqMeOH 500 3.6 47.20 2.6° 1.20
ppm drench
FOXYC+AqMeOH 250 270 47.20 2.4 0.8
ppm drench
*Means carrying same letters within the same column are not significantly different
at P<0.05.

Table 7: Shoot height, shoot and root dry weights, fruit weight per plant and
browning length of potted cucumber plants in different treatments with the fungus
FOXYC.

Discussion

Some biologically active natural compounds are produced as a mean
of defense mechanism against stress or attack from other organisms.
Several hundred different phytochemicals released from plants via
various chemicals that are emanated, washed off from the foliage or

secreted in the root zone [10], are known to affect the growth of the
receiving species [20] which could be utilized as potential biocides [21].

In our search for natural compounds that may have the potential
use as biopesticides, we found that extracts obtained from the stinkwort
have potential antifungal activities, specifically against soil borne fungi;
specifically, phytopathogenic fusarium species. Various species and
corresponding strains of Fusarium are among the most widespread
fungi in the world. However, they are highly variable because of their
genetic makeup and changes in environment in which they grow
causing morphological changes [22]. These pathogens affect a wide
variety of hosts at any age. Phytopathogenic species of Fusarium are
responsible for vascular wilt ex., f. sp. cucurbitae, which causes crown
browning and rotting of fruit and root [23]. The fungus can be seed
borne both internally and externally, and survive more than 1 to
2 years in seed [24]. Although plants may be affected at any stage of
development, the most common expression in mature plants is
marginal leaf yellowing progressing to a general yellowing of the older
leaves. Vascular discoloration (browning lesions) is evident and is
very diagnostic. Pre-emergence rot and damping-off can occur during
propagation. Infection of older plants is more common usually leading
to wilt of the entire plant. Planting fungicide-treated seed is effective
in reducing the incidence of disease initiated from infected seed [25].

The directed research for the control of fusarium wilt is continuing,
as no one control method proved to be sufficient. Crop rotation is not
totally effective because chlamydospores survive so long in the soil,
and the pathogen can survive in or on the roots of symptomless carrier
plants [26]. Soil fumigation with a broad-spectrum biocide provides
good initial control, but recolonization of the soil occurs very quickly.
Liming the soil to pH 6.0-7.0, as well as reducing nitrogen levels in the
soil, significantly reduces wilt. The most effective and practical means
of controlling fusarium wilt is through the use of resistant varieties
[27,28]. Fungicides as Aliette, Benlate, Carbendazim, Tachigarin, and
Topsin-M were effective in controlling this phytopathogenic fungus.

Conclusion

In conclusion, the results of this research indicated that AqQMeOH
extract of Inula graveolens was effective in controlling Fusarium wilt
in cucumber. The AQMeOH extract significantly reduced the fungal
growth in petri dishes (Table 2). Comparably, AQMeOH extract was
at least as effective as hymexazol for improving the plant health, and
was more effective in reducing browning of the vascular system (Table
7). The bio guided activity testing of the active fractions obtained
from AqMeOH extract in solvent system, 3.1 dichloromethane/
AqMeOH resulted in obtaining antifungal fractions which were
further fractionated in benzene/ethyl acetate and yielded the antifungal
subfraction #2 against FOXYC besides a range of fungi (Table 6). This
encouraging result necessitates that further experimentation to isolate
and identify the active compound is needed.
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