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Abstract An experiment was conducted to observe the interaction of Fusarium udum and Macrophomina
phaseolina with a rhizospheric microbe Pseudomonas [AKC-O11] to see their impact on pigeonpea under biotic and
abiotic conditions. Both biotic [Fusarium udum and Macrophomina phaseolina] and abiotic stress (NaCl) were
applied and performances of these microbes were evaluated. The strain was used individually and in combination
with the stresses and applied as seed bacterization of pigeonpea (Var. MA-3) seeds to see the impact on total phenol
content in plant root exudates. The bacterized seeds were grown under invitro conditions and after three days of
germination the seedlings were exposed to biotic stress due to challenge of the pathogens [Fusarium udum and
Macrophomina phaseolina] and abiotic stress due to irrigation with salt solution of 100 mM. Root exudates were
collected at 48 h, 96 h and 144 h after the application of stresses. The collected root exudates were processed for
total phenolic content and High Pressure/Performance Liquid Chromatography (HPLC) analysis. It was observed
that total phenol content was low in seeds bacterized with Pseudomonas strain but the concentration increased when
the plants were challenged with the pathogen particularly Macrophomina phaseolina and NaCl. Similarly, a similar
trend was also observed in gallic acid accumulation. The above results indicates that Pseudomonas strain (AKC-O11)
have potential to be used as biocontrol agent that can help pigeonpea plants to combat attack of Macrophomina
phaseolina and Fusarium udum as well as salinity.
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1. Introduction
Pigeonpea (Cajanus cajan L Millsp.) is grown as a
pulse crop in many parts of the Indian subcontinent [1], a
cross-pollinated, annual legume crop belongs to Family:
Fabaceae and also known as dal. It is an important annual
legume crop of rainfed agriculture in the semiarid tropics
originated from eastern part of peninsular India. The
cultivation started since 3,500 years ago in all tropical and
semitropical regions of the world. Pigeonpea is cultivated
in more than 25 tropical and subtropical countries, in the
form of sole crop or intermixed with cereals, such as
sorghum (Sorghum bicolor), pearl millet (Pennisetium
glaucum), or maize (Zea mays) and with other legumes,
such as peanuts (Arachis hypogaea). Pigeonpea can grow
with temperature variation from 26 to 30°C in the rainy
season (June to October) and 17 to 22°C in the post rainy
season (November to March) [2]. Pigeonpea is highly
sensitive to temperature at germination, flowering and pod

development. In world, pulses or grain legumes (solely
harvested for dry grains) are grown in 69.29 million
hectares with production of 64.0 million Metric ton and
productivity of 924 Kilogram hectare-1 during 2009. India
is the largest grower (30% share in area), producer (23%
share in production) and consumer. Nepal contributes
about 0.4% of world pulse area and production [3].
Diverse climate and environmental conditions of Nepal
offer opportunities for growing many species of food
legumes. Grain legumes research received relatively little
attention in Nepal as the primary need is on assuring food
supply for the increasing population. In Nepal, pulses
(includes soybean) occupies 10.08 % of total cultivated
land, ranking fourth in area after rice, wheat and maize.
During 2015-16 the total production of pulses was
363,693 Metric ton in an area of 327,321 hectares in
Nepal [4]. The productivity of Pigeonpea has been low
and stagnant for last four decades due to various diseases.
More than 50 diseases have been reported to affect
Pigeonpea however only few of them are responsible for
economic loss [5,6]. The wilt disease of pigeonpea was
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first reported from India by [7] and gave detailed account
of the pathogen in 1918. Fusarium attacks at early stage of
plant growth but causes severe problem at flowering and
podding stages [6,8]. On potato dextrose agar (PDA)
medium, mycelium is hyaline, slender, whitish to pale
pink or grayish purple in color and branched with little
aerial growth or slimy growth. It produces both types of
micro as well as macro conidia and are unicellular or
septate. Macro conidia are hyaline 3-5 septa and at later
stage chlaymydospores are produced, which are usually
intercalary, in pairs, globose and sub globose type [9]. In
the susceptible plant at rhizospheric hypha and germ tubes
of spores penetrate seedlings through root tips, wounds or
point of formation of lateral roots. The mycelium damages
the xylem cell and ultimately wilting of plants occurs. The
growth of Fusarium pathogen is maximum at 28°C.
Mycotoxins are secondary metabolites produced by
Fusarium species which affect plant and animal health’s
[10,11]. The metabolites secreted by the pathogen are
enzymes [12], toxins [13] and polysaccharides [14].
Mycotoxins produced by Fusarium species affect about
25% of the world food crops [15]. Toxins help pathogen
in rapid and extensive invasion of the plants. The
Fusarium wilt of pigeonpea is directly proportional to
fusaric acid toxicity [13,16]. The occurrence of Fusarium
wilt diseases is influenced by soil temperature [17], soil
pH (like pH 6 is most suitable) [18] and high dose of
nitrogenous fertilizer [19,20]. The disease is soil and seed
borne and difficult to control with the help of fungicide.
Inter and mixed cropping of sorghum reduces wilt in
pigeonpea [21]. Seed treatment with Bacillus subtilis
significantly reduced the incidence of pigeonpea wilt [22].
Macrophomina phaseolina (TASSI) G. GOIDANICH,
is a soil borne fungus which causes seedling blight, root
rot and charcoal rot of more than 500 crop species [23].
The disease symptoms are characterized by the presence
of numerous black microsclerotia varying from 100 μm to
1 mm in stems, leaves, roots and 50-300 μm in culture
[24]. Pycnidia may also sometimes be seen. These are
black and globose varying from 100-250 μm in length
with a truncate ostiole [25,26].
Pseudomonas are rod shaped, gram negative bacteria
bearing flagella, aerobic in nature and contains high G + C
(59.68 %) [27]. Fluorescent pseudomonads are called
so as they produce a soluble fluorescent pigment called
Pyoveridin formally Fluorescin, it is believed to be
a siderophore. This large and heterogeneous group
of fluorescent pseudomonads is comprised of species
P. putida, P. flurescens, P. syringe and P. aeruginosa
[28]. Pseudomonas spp. are used as biocontrol agents
in agricultural crops as they have very high adoptive
potential [29]. Pseudomonas protects plant from pathogens
by colonizing roots of various crops like cereals, pulses,
oilseeds, vegetables and promotes their growth [30].
Pseudomonas fluorescens is an effective biocontrol agent
for different fungal pathogens [31].
Phenolic compounds are important secondary metabolites,
synthesized and polymerized in plants cell for defense
against infection and play important role in mechanism of
plant resistance [32]. Sclerotium rolfsii infection was
controlled by increasing the phenolic compounds in the
host tissue [33]. At the site of pathogen invasion papillae
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deposition takes place [34]. The papillae constitutes of
lignin, callose, cellulose, chitin, gums, silicon, suberin,
proteins and phenols [35,36,37]. The phenol changes the
composition of microflora in any environment [38]. The
phenols have antimicrobial activities and have the
capacity to denature proteins [39]. Production of phenolics
with antimicrobial activities gives rise to resistance
in plants [40]. The main roles of phenolics in plant
protection are through contributing to structural integrity,
photosynthesis and nutrient uptake in vascular plants [41].
Phenols like gallic and tannic acids have antimicrobial
activities against various microorganisms and obtained
from cascalote (Caesalpinia cacalaco) plant. The seed
treated with plant growth promoting rhizobacteria (PGPR)
elicits phenolic compounds in crops [42,43]. Polyphenol
oxidases (PPO) are copper containing enzymes which are
ubiquitous in nature and are capable of oxidizing ortho
diphenolic compounds like caffeic acid and catechol to
their respective quinones. These PPO generated quinones
are highly reactive and they cross link with proteins. The
cross-linking leads to the production of brown pigments in
damaged plant tissues [44]. The PPO activity is found
both in dicotyledonous as well as monocotyledonous
plants [45].
The PGPR colonizes on plant roots, promote plant
growth and reduce disease or insect damage [46] with
beneficial effects. They help in plant growth by
production and release of secondary metabolites like plant
growth regulators /phytohormones /biologically active
substances that will reduce deleterious effects of
phytopathogenic organisms in the rhizosphere facilitating
the availability and uptake of certain nutrients from the
root environment [47]. The positive effects of PGPR on
growth and yield of cultivated plants have been repeatedly
reported [48-53].
The major constraints associated with PGPR are
Natural variation, artificial multiplication and viability e.g.,
Rhizobia; PGPR bacteria will not live forever in a soil and
over time growers will need to re-inoculate seeds to bring
back populations. Bacteria produces some volatile organic
compounds which are bacterial determinants involved in
induced systemic resistance (ISR) in plants. The saline
soil is limiting factor in arid region which have adverse
effects on agricultural practice. This salinity can be
eliminated by the application of biofertilizers, which
stimulate the plant defense mechanism and allow crop
cultivation in that area. Plant inoculated with PGPR
increases the adaptability to salt and drought stress [54].
Some PGPR trigger ISR [55] and this ISR suppresses
disease resistance in both green house and field conditions
[56,57].
When PGPRs are inoculated under salt stress conditions
then ACC-deaminase activity mitigates the inhibitory effects
of salt stress on root growth by lowering the ethylene
concentration in the plant, which results in prolific
growth. The enhanced yield was recorded in wheat due
to seed treatment of PGPR in salt stressed condition
and similar result was found in sunflower plants when
they treated with Pseudomonas flourescens biotype F
and Pseudomonas flourescens CECT 378T in saline sand
condition (100 mM (milimolar) NaCl) and increase in
fresh weight (10%) also recorded [58].
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2.3. Sand Culture

2. Materials and Methods
2.1. Layout of Experiment
In this experiment uniform pigeonpea seeds (Variety
MA-3) were used and sown in test tubes of (20cm x 3.5cm)
followed by filling them with sand. The experiment was
laid using completely randomized design with 12 different
treatments. The combination of different treatments is
given in the Table 1.
Table 1. Combination of different treatments in the experiment
S.No.

Treatment (T)

Combinations

1

T1

P1+S

2

T2

P2+S

3

T3

P1+ P3+S

4

T4

P2+ P3+S

5

T5

P1+ P3

6

T6

P2+ P3

7

T7

P3+S

8

T8

P3

9

T9

P1

10

T10

P2

11

T11

S

12

T12

C

Note: P1 = Fusarium udum, P2 = Macrophomina phaseolina,
P3 = Pseudomonas (AKC-O11), S= Salt and C = Control.

2.2. Media Preparation
The King’s B (Table 2) and PDA medium (Table 3)
was prepared by mixing all the ingredients of medium and
sterilized at 15 PSI pressure at 121°C for 30 minutes.
Table 2. Composition of King’s B Medium [59]
S.N.

Components

Amount in gram for 1 Liter of medium

1

K2HPO4

20.0 g

2

Peptone

2.0 g

3

MgSO4.7H2O

1.5 g

4

Glycerol

15 ml

5

Agar

15 g

6

Distilled water

1000 ml
pH 7.2

The principle behind the sand culture is the same as
that of liquid culture, except that sand is used only for
plant support. The sand was washed carefully to remove
impurities from sand and washed with distilled water
until the pH of wash water is the same as that of
distilled water [61]. The washed sand was sun dried and
filled up to 4 cm in test tube of (20cm x 3.5cm). The
test was then plugged with non-absorbent cotton plug
and then sterilized in autoclave at 15 PSI pressure and
121°C temperature for half an hour.

2.4. Materials Used
Two fungal isolates Fusarium udum, Macrophomina
phaseolina and one bacterial strain fluorescent Pseudomonas
(AKC-O11) were obtained from culture pool of “Hoffmann
Laboratory”. Pigeonpea seed (Var. MA-3) was used in the
experiments. The fluorescent Pseudomonas (AKC-O11) were
revived on King’s B medium by streaking with the help of
an inoculation loop in previously poured petri plate
containing King’s B medium. The plates were incubated at
28 ± 2°C in biochemical oxygen demand (BOD) incubator.
The culture was preserved in slants of King’s B medium
for further use. The control of Fusarium udum was recultured on PDA medium by transferring the mycelia with
the help of an inoculation needle in previously poured petri
plate containing about 25 ml PDA medium. These plates
were incubated at 25±2°C temperature for few days till the
mycelia grew actively. The culture was preserved by
placing mycelia blocks in PDA slants, taken from the growing
edges of developing culture with the help of a cork borer.
The control of Macrophomina phaseolina was recultured on PDA medium by transferring the mycelia with
the help of an inoculation needle in previously poured
petri plate containing about 25 ml PDA medium. These
plates were incubated at 25±2°C temperature for few days
till the mycelia grew actively. The culture was preserved
by placing mycelia blocks in PDA slants, taken from the
growing edges of developing culture with the help of a
cork borer. Macrophomina phaseolina was mass cultured
on Richard’s liquid medium (Table 4) [62] for 15 days in
BOD incubator at 25°C. After incubation the mat of
fungal mycelium was washed in distilled water and
collected on sterilized blotting paper to remove the excess
moisture from the fungal mat. The suspension of pathogen
was prepared by mixing 5g fungal mycelium in 50 ml of
distilled water and blended it in mortar and pestle.
The 10 ml of this suspension containing 1g fungus was
used as inoculums [62].
Table 4. Composition of Richard’s liquid medium

Table 3. Composition of PDA Medium [60]
S.N.

Components

Amount in gram for 1 Litre of medium

1

Potato

200 g

2

Dextrose

20 g

3

Agar

20 g

4

Distilled Water

1000 ml
pH 6.8 ± 0.2

Amount in g for 1 L of
medium
10 g

S.N.

Components

1

Peptone

2

Potassium dihydrogen phosphate

5g

3

Magnesium sulphate

2.5 g

4

Ferric Chloride

0.02 g

5

Sucrose

50 g

6

Distilled water

1000 ml
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2.5. Seed Sterilization and Seed Sowing
The pigeonpea seeds (Var. MA-3) were surface sterilized
with 0.1 % sodium hypochlorite for two minutes and
then washed three times with distilled water [62]. These
sterilized seeds were then transferred into sterilized
moist chamber and incubated in growth chamber at 28°C
for 4 days to get uniform germination (sprouting). The
germinated seeds were transferred in test tube containing
sand followed by drenching with sterilized distilled water.
The culture tubes were incubated in growth chamber at
28°C [63] for better germination of pigeonpea seeds.

2.6. Antagonistic Test
Antagonistic activity of the bacterial strain (AKC-O11)
was tested against the soil borne pathogens Fusarium
udum and Macrophomina phaseolina by using the dual
culture technique [64]. PDA (about 25 ml) was poured
in sterilized petri plates and media was allowed for
solidification. Both the bacterial and fungal cultures were
inoculated in petri plate keeping the distance 5cm from
each other. The whole procedure was performed in aseptic
environment of laminar air flow.

2.7. Application of Stress
In this experiment biotic stress was applied through two
different plant pathogenic fungi Fusarium udum and
Macrophomina phaseolina and abiotic was stress applied
by using salt (NaCl). Four days old pigeonpea plants were
selected for the inoculation of Macrophomina phaseolina
inoculums suspension [1 %] which was prepared by
blending 5g fungal mycelium in 50 ml of sterilized
distilled water with the help of mortar and pestle [62]. The
culture suspension of Macrophomina phaseolina was
poured at the rate of 1ml around the roots of plant in each
culture tube with the help of micropipette, thereafter the
roots were covered with sand [62]. Similarly, four days
old pigeonpea plants were selected for the inoculation of
Fusarium udum, the inoculums suspension of 2 x 106
spores per ml was prepared in sterilized distilled water
[65]. One ml of inoculums suspension of Fusarium udum
was drenched around the roots of plant in the culture tube
with the help of micropipette and then the roots were
covered with sand under aseptic environment of laminar
air flow.
For the application of abiotic stress 50, 100, 150, 200,
250, 300, 350, 400, 450 and 500 mM of NaCl solution
was applied by irrigating the plant roots in the test
tube in aseptic environment. 100 mM salt concentration
was selected as final solution because plants were not
grown beyond 100 mM NaCl salt solution applied at the
time of seed sowing. Sterilized distilled water was
applied to the plants with the help of micropipette
whenever necessary in the experimental period. Sampling
was done three times at the interval of 48 h.

2.8. Seed Bacterization by Pseudomonas
(AKC-O11)
The healthy and uniform seeds were selected and
surface sterilized and washed with distilled water. King’s
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B Broth medium was prepared, sterilized and inoculated
with bacterial strain (AKC-O11). The inoculated flasks
were incubated in an orbital shaker at 28±2°C for two
days. After two days these cells were harvested by
centrifuging at 1000 rpm for 5 minutes. These cells were
used to prepare the bacterial strain suspension having OD
(Optical Density) 0.347 (107 cfu/ml) and carboxyl methyl
cellulose (CMC) was added at the rate of 1% as sticker
to adhere the bacterial cells on the surface of seeds.
Surface-sterilized pigeonpea seeds were then bacterized by
soaking the seeds into the bacterial suspension for 4 hours
followed by air drying at room temperature in aseptic
conditions. Seeds coated with only suspension of CMC
without bacteria served as control [66].

2.9. Sampling of Root Exudates
After inoculation with mycelial suspension of
Macrophomina phaseolina the sampling of Rootexudates was done at 48 h interval (3 times) by adding 1012 ml of ethyl acetate into the growing plant test tube and
it was mixed properly with the sand. Test tubes were kept
as such for 30 minutes so that it dissolves the root
exudates completely. The exudate-ethlyacetate solution
was filtered with sterilized filter paper, the filtrate was
collected in conical flasks and the flasks were kept as such
for complete evaporation of ethyl acetate. Methanol was
added in the flasks for proper dissolution of the
root-exudates, thereafter root exudates were collected in
culture vials for high pressure/performance liquid
chromatography (HPLC). These samples were filtered
with the help of syringe (5 ml) through 0.22 µm
membrane filter. 20 µl filtered samples was loaded in
HPLC. The chromatograms developed by HPLC were
used for further analysis.

2.10. Estimation of Total Phenolic Content
(TPC)
TPC was assayed according to [67]. Plant root exudates
were mixed properly in 50% methanol. 50 µl of sample
was taken in a test tube and 950 µl of distilled water was
added to it. 500 µl of folin reagent (1:1; folin reagent:
distilled water) was added along with 1 ml of 20% of
sodium carbonate and mixed thoroughly and allowed the
color of the mixture to be changed to blue. To the reaction
mixture, 10 ml of distilled water was added. The reaction
mixture was incubated for 20 minutes at room temperature.
After the end of incubation period optical density of
samples was measured at 725 nm wavelength and the
concentration was determined against a standard curve
prepared by gallic acid.

2.11. High Performance Liquid
Chromatographic (HPLC) Analysis
High performance liquid chromatography of fractionated
material was performed in HPLC system equipped with
two shimadzu LC-10 AT VP reciprocating pumps, a
variable UV-VIS detector, an integrator and Winchrom
software for data recording and processing (Winchom,
Spinco Biotech, Pvt. Ltd., Chennai, India) [68]. Running
conditions included a mobile phase of acetonitril and
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water (60: 40, v/v), and flow rate 1.0 ml/min, an injection
volume of 20 µl and detection at 290 nm and 254 nm.
Fractionated material (1 mg/ml) and phenolic acids
dissolve in HPLC-grade methanol were injected into the
sample loop and the means of peak areas of individual
compounds were taken for quantification. Tannic, caffeic,
vanillic, chlorogenic, ferulic, cinnamic and salicylic acids
were used as internal and external standards. Phenolic
compounds present in the sample were identified by
comparing retention time (Rt) of standards of ferulic acid
(3.622 min), tannic acid (3.096 min), gallic acid (3.592
min), p-cinnamic acid (2.599 min), shikimic acid (3.625
min), syringic acid (3.623 min) and t-chlorogenic acid
(2.968 min). Amount of individual compounds were
calculated by comparing peak areas of reference
compounds with those in the samples run under the
similar conditions.

2.12. Statistical Analysis
Experiments were performed using completely
randomized design. The one-way variance analysis was
performed to test the significance of the significance of
the observed differences using SPSS version 16. The
differences between the parameters were evaluated by
means of the Duncan’s test and P values ≤0.01 were
considered as statistically significant.

3. Results
The TPC in pigeonpea plant root exudates differed in
various combinations of treatments (biotic and abiotic
stress both) observed at the different time intervals (48, 96
and 144 h). TPC was increased in the treatments
comprising of the pathogens compared to salt stress at 48
h. However, highest concentration of TPC was observed
in the treatment where the pathogen Fusarium udum was
applied along with the salt and Pseudomonas (AKC-O11).
Between the two pathogens TPC content in root exudates
of plants challenged with the pathogen Macrophomina
phaseolina was high as compared to Fusarium udum. TPC
in individual application of (AKC-O11), Fusarium udum
and NaCl was even lower than the control plants but its
content was high when the treatments were combined
(Figure 1).
TPC also increased in the treatments comprising of the
pathogens compared to salt stress at 96 h. However,
highest concentration of TPC was observed in the
treatment where the pathogen Macrophomina phaseolina
was applied individually. Between the two pathogens TPC
content in root exudates of plants challenged with the
pathogen Macrophomina phaseolina was high as
compared to Fusarium udum. In individual treatment of
Pseudomonas
(AKC-O11),
Fusarium
udum,
Macrophomina phaseolina and NaCl TPC was higher in
pathogen challenged plants but lower in Pseudomonas
(AKC-O11) and NaCl treated plants compared to control
plants. It was also observed that higher concentration of
TPC accumulated in the treatments where the pathogens
were applied along with salt then with the strain
Pseudomonas (AKC-O11) (Figure 2).

TPC was increased in the treatments comprising
of the pathogens compared to salt stress at 144 h.
However, highest concentration of TPC was observed
in the treatment where the pathogen Macrophomina
phaseolina was applied along with Pseudomonas
(AKC-O11) and lowest in control plants. Between the two
pathogens TPC content in root exudates of plants
challenged with the pathogen Macrophomina phaseolina
was high as compared to Fusarium udum. TPC in
individual application of (AKC-O11), Fusarium udum,
Macrophomina phaseolina and NaCl was even higher
than the control plants. TPC content was higher where
the pathogen Macrophomina phaseolina was applied
compared to Fusarium udum when the treatments were
combined. TPC content was high when the treatments
were combined with salt in compared to individual
applications (Figure 3).
In general, TPC was increased and found maximum at
96 h. Thereafter it was declined at 144 h. When the plants
were subjected to only salt stress TPC was increased up to
96 h and found maximum and then declined in 144 h but
when the plants were subjected to only (AKC-O11), TPC
was increased up to 144 h in an increasing order. When
plants were subjected to both the pathogenic fungi
(Fusarium udum and Macrophomina phaseolina) the
trend of TPC was increased up to 96 h then drastically
decreased in 144 h.
When the pigeonpea seeds were bacterized with the
Pseudomonas strain and the plants were challenged with
the pathogens, TPC was increased and found maximum in
96 h and then it declined in 144 h. However, when these
bacterized plants were subjected to salt stress, TPC was
increased up to 144 h. When the seeds bacterized plants
were exposed to Fusarium udum and salt stress
simultaneously, TPC was maximum in 48 h and decreased
in 96 h. However, TPC in most of the treatments were
high compared to the control plants particularly at 96 and
144 h.
HPLC analysis of pigeonpea root exudates under
various combinations of treatments (biotic and abiotic
stress) at the different time intervals 48 and 96 h varied.
Analysis of root exudates for both (AKC-O11) inoculated
and un-inoculated plants under pathogen challenge at
48 h showed that gallic acid content in the treatments
comprising Macrophomina phaseolina were high compared
to the Fusarium udum treated plants. Gallic acid was not
detected in several treatments comprising Fusarium udum,
Gallic acid content in the salt stressed plants were also low
compared to Macrophomina phaseolina treated plants.
However, gallic acid content increased in the same
treatments when the seeds were bacterized with the
Pseudomonas strain (AKC-O11) (Figure 4).
Similarly, analysis of root exudates for both (AKC-O11)
inoculated and un-inoculated plants under pathogen
challenge at 96 h showed that gallic acid content in the
treatments comprising Macrophomina phaseolina were
high compared to the Pseudomonas strain (AKC-O11)
treated plants. Gallic acid was detected in all treatments
but it was lower when applied in combination with
Pseudomonas strain (AKC-O11). Gallic acid content in
salt stressed plants along with Fusarium udum were high
compared to Macrophomina phaseolina treated plants.
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However, gallic acid content decreased in the same
treatments when the seeds were bacterized with the
Pseudomonas strain (AKC-O11) (Figure 5). The lowering
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down of gallic acid concentration may be attributed to its
conversion to other forms like gallotannins in such
treatments.

Figure 1. Total phenolic content (TPC) in pigeonpea root exudates at 48 h due to different treatments (Pseudomonas strain (AKC-O11)
bacterized seed and unbacterized seed) under the challenge of the pathogens Macrophomina phaseolina, Fusarium udum and salinity

Figure 2. Total phenolic content (TPC) in pigeonpea root exudates at 96 h due to different treatments (Pseudomonas strain (AKC-O11)
bacterized seed and unbacterized seed) under the challenge of the pathogens Macrophomina phaseolina, Fusarium udum and salinity

Figure 3. Total phenolic content (TPC) in pigeonpea root exudates at 144 h due to different treatments (Pseudomonas strain (AKC-O11)
bacterized seed and unbacterized seed) under the challenge of the pathogens Macrophomina phaseolina, Fusarium udum and salinity
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Figure 4. Concentration of Gallic Acid in pigeonpea root exudates at 48 h due to different treatments (Pseudomonas strain (AKC-O11)
bacterized seed and unbacterized seed) under the challenge of the pathogen Macrophomina phaseolina, Fusarium udum and salinity

Figure 5. Concentration of Gallic Acid in pigeonpea root exudates at 96 h due to different treatments (Pseudomonas strain (AKC-O11)
bacterized seed and unbacterized seed) under the challenge of the pathogen Macrophomina phaseolina, Fusarium udum and salinity

4. Result and Discussion
In the present experiment interactions of pathogens
namely Fusarium udum and Macrophomina phaseolina
with a rhizospheric microbe Pseudomonas (AKC-O11)
were studied to see their impact on pigeonpea under
abiotically stressed (NaCl) conditions. Both biotic
(Fusarium udum and Macrophomina phaseolina) and
abiotic stress were applied and performances of these
microbes were evaluated in vitro conditions. The abiotic
stress was applied by the application of 100 mM NaCl
solution and biotic stress was applied by preparing
cell/spore suspension of these microbes. Root exudates
consist of important small molecular weight compounds
secreted in the rhizosphere by plant through physical,
chemical and biological interaction. The root exudates
have the ability to extend defense response in plants
against biotic stressed due to the presence of antimicrobial,
phytotoxic, nematicidal and insecticidal compounds [69].
Root exudates at times also serve as rich source of energy
and nutrients for some bacteria [70]. Secretion of root
exudates depends on the presence of microorganism in the
rhizosphere [71,72]. The root exudates are classified into

two groups one of them is low molecular weight compounds
which are amino acids, organic acids, sugars, phenolics
and the second is high molecular weight of compounds
which are polysaccharides and proteins [73]. PGPR
have ability to modify the chemicals present in
rhizosphere [74]. Plant root exudates contain enzymes,
free oxygen, ions, mucilage and carbon containing primary
and secondary metabolites [75,76].
Phenolics are plant low molecular compounds which
are synthesized during the activation of phenylpropanoid
pathways and it helps in PGPR mediated ISR pathway [66]
and having antifungal activity also [37]. The concentration
of phenolics is indirectly proportional to plant mortality
during the pathogen attack [67]. In the present study we
investigated that the changes in the phenolic content and
profile in the root exudates of pigeonpea under the
challenges of biotic and abiotic stresses mediated by a
rhizospheric bacterial species. The results showed that the
concentration of phenolic compounds increases in root
exudates in the plants treated with (AKC-O11) under both
biotically and abiotically challenged plants. This shows
the importance of the microbe in modulating at root
exudation pattern under challenged conditions. Moreover,
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the highest TPC at 96 h further showed that the TPC
concentration in the exudates increased over time and
sustained for a longer. Pulses are highly sensitive to
salinity [77] and under saline condition pigeonpea
germination was greatly affected [78]. High concentration
of salt in the root zone reduces soil water potential
and availability of water and thereby reduces seed
germinations [79]. In the present experiment, we observed
a similar effect as germination was affected at 100 mM
NaCl and above [80]. Some Pseudomonads have the
ability to degrade toxins produced by pathogens [81].
Fusarium infection was lowered by Pseudomonas
(AKC-O11) due to antagonistic activity. Wilt of pigeonpea
can be controlled by seed treatment with antagonist
because they produce extracellular antagonistic substances
effective against the pathogen [82]. Similarly, biological
control of Fusarium udum and Heterodera cajani was
achieved by some bacterial strains in pigeonpea fields [83].
Between the two pathogens, TPC content was high in
the Macrophomina phaseolina challenged plant root
exudates as compared to the Fusarium udum treated plants
which further shows that the plants have a better chance to
suppress Macrophomina phaseolina infection due to high
concentration of antimicrobial phenolic compounds. It is
reported that seed bacterized with PGPR results higher
concentration of phenolics accumulation in plants [84,85,86]
but our results showed that the minimum concentration of
phenolics were secreted when seeds were bacterized with
PGPR. It is probably due to the fact that the effect of PGPR
in more prominent when the plants are challenged by any
stresses. Gallic acid is a phenolic compound which was
important role as antioxidant and antimicrobial compounds
[87]. Our experiment showed that plants under treatment
with biotic (Macrophomina phaseolina and Fusarium
udum) and abiotic stressess (NaCl 100 mM) and their
combination, concentration of gallic acid was low at the
initial period but it was enhanced with time. It demonstrates a
constant activation of the phenylpropinoid pathway over
the time. The higher concentrations of secondary metabolites
in the plant host suppress the growth and development of
plant pathogenic microorganisms and help the plant to
release their stress [66].
For the current experiment, it can be concluded that
Pseudomonas strain (AKC-O11) have potential to be used
as biocontrol agent that can help pigeonpea plants to combat
attack of Macrophomina phaseolina and Fusarium udum
as well as salinity caused by higher concentration of NaCl.
Moreover, the results also indicates a common pattern of
defense response as observed in pigeonpea plants against
both the biotic and abitic stresses when they are bacterized
by the Pseudomonas strain (AKC-O11). Relatively low
TPC in the salt treated plants at the initial period further
claims that plant respond to the biotic stress via the
phenylpropanoid pathway where as it response to the
abiotic stress is not through the same pathway at least in
the initial period.

we are tried to know that how Pseudomonas strain (AKCO11) help to protects plants from biotic (Fusarium udum
and Macrophomina phaseolina) as well as abiotic (NaCl)
stresses. The strain was used individually and in
combination with the stresses and applied as seed
bacterization of pigeonpea (Var. MA-3) seeds to see the
impact on total phenol content in plant root exudates.
The bacterized seeds were grown under in-vitro
conditions and after three days of germination the
seedlings were exposed to biotic stress due to challenge of
the pathogens (Fusarium udum and Macrophomina
phaseolina) and abiotic stress due to irrigation with salt
solution of 100 mM. Root exudates were collected at 48 h,
96 h and 144 h after the application of stresses (biotic and
abiotic). The collected root exudates were processed for
total phenolic content and HPLC analysis. It was observed
that total phenol content was low in seeds bacterized with
Pseudomonas strain but the concentration increased when
the plants were challenged with the pathogen particularly
Macrophomina phaseolina. Similar trend was also
observed in gallic acid accumulation. The above results
indicates that Pseudomonas strain (AKC-O11) have
potential to be used as biocontrol agent that can help
pigeonpea plants to combat attack of Macrophomina
phaseolina and Fusarium udum as well as salinity.

References
[1]
[2]
[3]
[4]

[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]

5. Summary and Conclusion
[14]

Plant growth-promoting rhizobacteria (PGPR) not only
helps in plant growth and development but also protects
from various biotic (pathogens) and abiotic stresses. Here

129

[15]

Bokhari M.H., Ashraf M., 1990. Pulse Crops of Pakistan.
Biological Society Lahore, Pakistan.
Reddy S. J., Virmani S. M., 1981. “Pigeonpea and its climatic
environment,” in Proceedings of the International Workshop on
Pigeonpeas, Vol. 1. Patancheru, India: ICRISAT, 259-270.
FAO., FAOSTAT Online Database. Version 2010. URL
http://faostat.fao.org/ [March 24 2017].
MoAD. 2016. Statistical information on Nepalese agriculture.
Government of Nepal. Ministry of Agriculture and Cooperatives.
Agribusiness Promotion and Statistics Division, Singha Durbar,
Kathmandu, Nepal.
Kannaiyan J., Nene Y.L., Reddy M.V., Ryan G., Raju T. N., 1984.
Prevalence of pigeonpea disease and associated crop losses in Asia
Africa and America. Trop Pest Manag. 30: 62-71.
Nene Y.L., Shelia V.K., Sharma S.B., 1989. A world list of
chickpea and pigeonpea diseases.Legume Pathology Progress
Report – 7, ICRISAT Publication.
Butler E.J., 1906. The wilt disease of pigeonpea and pepper. Agric
J India 1: 25-26.
Kannaiyan J., Nene Y.L., 1981. Influence of wilt at different
growth stages on yield loss in pigeonpea. Trop Pest Manage 27:
141.
Butler E.J., 1918. Fungi and Diseases in Plants. Thacker Spink and
Co., Calcutta, India.
Marasas W.F.O., Nelson P.E., Tousson T.A., 1984. "Toxigenic
Fusarium Species: Identity and Mycotoxicology". University Park,
Pennsylvania: Pennsylvania State University Press.
Salleh B., Strange R.N., 1988. Toxigenicity of some fusaria
associated with plant and human diseases in Malaysian Peninsula.
Journal of General Microbiology 134: 841-847.
Nema A.G., 1992. Studies on pectinolytic and cellulolytic
enzymes produced by Fusarium udum causing wilt of Pigeonpea.
Indian j. Forest., 15:353-355.
Pandey R.N., Pawar S.E., Bhatia C.R., 1995. Effect of culture
filtrate of Fusairum udum and fusaric acid on wilt susceptible and
resistant pigeonpea cultivars. Indian Phytopathol. 48: 444-448.
Thomas C. A., 1949. A wilt-inducing polysaccharide from
Fusarium solani f. eumartii. Phytopathology 39: 572-579.
Charmley L.L., Trenholm H.L., Prelusky D.A., Rosenberg A.,
1995. Economic losses and decontamination. Natural Toxins 3:
199-203.

130

World Journal of Agricultural Research

[16] Venter S.L., Steyn P.J., 1998. Correlation between fusaric acid

[39] Sousa A., 2006. Phenolics and antimicrobial activity of traditional

production and virulence of isolates of Fusarium oxysporum that
causes potato dry rot in South Africa. Potato Res. 41: 289-294.
Ben-Yephet Y., Shtienberg D., 1997. Effects of the host, the
pathogen, the environment and their interactions, on Fusarium wilt
in carnation. Phytoparasitica 25: 207-216.
Srobar S., 1978. The influence of temperature and pH on the
growth of mycelium of the causative agents of Fusarioses in wheat
in Slovakia, Czechoslovakia. UVTI (Ustav Vedecko Technickych
informaci) Ochrana Rostlin 14: 269-274.
Woltz S.S., Ebgelhard A.W., 1973. Fusarium wilt of
chrysanthemum: effect of nitrogen source and lime on disease
development. Phytopathol. 63: 155-157.
Woltz S.S., Jones J.P., 1973. Tomato Fusarium wilt control by
adjustments in soil fertility. Proceedings of the Florida State
Hortic. Soc. 86: 157-159.
Naik M.K., Reddy M.V., Raju T.N., McDonald D., 1997. Wilt
incidence in sole and sorghum intercropped pigeonpea at different
inoculum densities of Fusarium udum. Indian Phytopath. 50:
337-341.
Podile A.R., Laxmi V.D.V., 1998. Seed Bacterization with
Bacillus subtilis AF 1 Increases Phenylalanine Ammonialyase and
Reduces the Incidence of Fusarial Wilt in Pigeonpea. Journal of
Phytopathology 146: 255-259.
Smith G.S., Carvil O.N., 1977. Field screening of Commercial
and Experimental Soybean Cultivars for their Reaction to
Macrophomina phaseolina. Plant Disease 81: 363-368.
Holliday P., 1980. Fungus Diseases of Tropical Crops. Dover
Publications, Minneola.
Dhingra, O.D., Sinclair J.B., 1973. Location of Macrophomina
phaseolina on soybean plants related to cultural characteristics and
virulence. Phytopathol. 63: 934-936.
Mihail J.D., 1992. Macrophomina. In: Methods for research on
soilborne phytopathogenic fungi. (Eds. L.L. Singleton, J.D. Mihail,
C.M. Rush) St.Paul: APS Press 134-136.
Holt J.G., Krieg N.E., Sneath P.H.A., Staley J.T., Williams S.T.,
1994. Standard methods for the eamination of water and edn.
Bergeyl’s Manual of determinative bacteriology 4: 93-115.
Kumar R.S., Ayyadurai N., Pandiaraja P., Reddy A.V.,
Venkateswarlu Y., Prakash O., Sakt N., 2005. Characterization of
antifungal metabolic produced by a new strain Pseudomonas
aeruginosa PUPa3 that exhibits broad-spectrum antifungal activity
and biofertilizing traits. J. Appl. Microbiol. 98: 145-154.
Lugtenberg B.J.J., Bloemberg G,V., 2004. Life in Rhizosphere. In
JL Ramos (ed) Pseudomonas: Genomics life style and molecular
architecture. New York, USA. Kleuwer /Acadamic, Plenum
Publishers. 1: 403-430.
Johri B.N., Rao C.V.S., Goel R., 1997. Fluorescens pseudomonads
in plant diseases management. In:Dadarwal KR, editor.
Biotechnical approaches in soil microorganism for sustainable
crop production. Jodhpur: Scientific Publishers 33: 193-221.
Gao, G., Yin, D., Chen, S., Xia, F., Yang, J., Li, Q., Wang, W.,
2012. Effect of Biocontrol Agent Pseudomonas fluorescens 2P24
on Soil Fungal Community in Cucumber Rhizosphere Using
T-RFLP and DGGE. PLoS ONE, 7(2), e31806.
Friend J., 1979. Phenolic substances and plant diseases.
Phytochemistry 12: 557-558.
Punja Z.K., 1985. The biology, ecology and control of Sclerotium
rolfisii. Annu. Rev. Phytopathol. 23: 97-127.
Bestwick C.S., Bennett M.H., and Mansfield J.W., 1995. Hrp
Mutant of Pseudomonas syringae pv. Phaseolicola induces cell
wall alterations but not membrane damage leading to the
hypersensitive reaction in lettuce. Plant Physiol 108: 503-516.
Benhamou N., 1995. Imunocytochemistry of plant defense
mechanisms induced upon microbial attack. Microsc. Res. Techniq.
31: 63-78.
Matern U., Girimmig B., Kneusel R.E., 1995. Plant cell wall
reinforcement in the disease resistance response: molecular
composition and regulation. Can. J. Bot. 73: 511-517.
Nicholson L.R., Hamerschmidt R., 1992. Phenolic Compound and
their role in disease resistane. Annu. Rev. Phytopathol. 30: 369-389.
Puuponen-Pimia R., Nohynek L., Meier C., Kahkonen M.,
Heinonen M., Hopia A., Oksman- Caldentey K.M., 2001.
Antimicrobial properties of phenolic compounds from berries. J.
Appl. Microbiol. 90: 494-507.

stoned table olives ‘alcaparra’. Bio. org. Med. Chem. 14: 85338538.
Luzzatto T., Golan A., Yishay M., Bilkis I., Ben-Ari J. Yedidia
I.,2007. Priming of microbial Phenolics during induced resistance
response towards Pectobacterium arotovorum in the ornamental
monocot Calla Lily. J. Agric. Food Chem. 85: 273-282.
Marin-Martinnez R., Veloz-Garcia R., Veloz-Rodriguez R.,
Guzman-Maldonado H., loarca-Pina G., Cardador-Matinez A.,
Guevara-Olvera L., Miranda-Lopez R., Torres-Pacheco I., Perez
C., Herrera-Hernandez G., Villase nor-Ortega F., GonzalezChavira M., Guevara-Gonzalez R.G., 2009. Antimutagenic and
antioxidant activities of quebracho phenolics 577 (Schinopsis
balansae) recovered from tanney wast waters. Bio. Resour.
Technol. 100: 434-439.
Lavania M., Chauhan P.S., Chauhan S.V.S., Singh H.B., Nautiyal
C.S., 2006. Induction of Plant defense Enzymes and Phenolics by
Treatment with Plant Growth-Promoting Rhizobacteria Serratia
marcescens NBRI 1213. Curr. Microbiol. 52: 363-368.
Singh U.P., Sarma B.K., Singh D.P., Bahadur A., 2002. Effect of
plant growth promoting rhizobacteria-mediated induction of
phenolics in pea (Pisum sativum) after infection with Erysiphe pisi.
Curr. Microbiol. 44: 396-400.
Constable C.P., Barbehenn R., 2008. Defensive roles of
polyphenol oxidase in plants. In a Schaller edited Induced Plant
resistance to herbivory. Springer Science + Media BV. 253-269.
Deborah S.D., Palaniswami A., Vidhyasekaran P., Velazhahan R.,
2001. Time-course study of the induction of defense enzymes,
Phenolics and lignin in rice in response to infection by pathogen
and non-pathogen. J. Plant Dis. Port. 108: 204-216.
Kloepper J.W., Schroth M.N., 1978. Plant growth promoting
rhizobacteria on radishes, In: Proceedings of the 4th international
conference on plant pathogenic bacteria, Angers, France 1979.
879-882.
Zahir Z.A., Arshad M., Frankenberger W.T.Jr., 2003. Plant
growth promoting rhizobacteria: Applications and perspectives in
agriculture. Adv. Agron. 81: 97-168.
Asghar H.N., Zahir Z.A., Arshad M., Khalig A., 2002. Plant
growth regulating substances in the rhizosphere: microbial
production and functions. Adv Agron 62: 146-151.
Chen C, Belanger RR, Benhamou N and Paulit TC. 2000. Defense
enzymes induced in cucumber roots by treatment with plant
growth promoting rhizobacteria (PGPR). Physiol. Mol. Plant
Pathol. 56: 13-23.
Figueiredo M.V.B., Burity H.A., Martinez C.R., Chanway C.P.,
2008. Alleviation of water stress effects in common bean
(Phaseolus vulgaris L.) by co-inoculation Paenibacillus x
Rhizobium tropici. Applied Soil Ecol 40: 182-188.
Gupta A., Gopal M., Tilak K.V., 2000. Mechanism of plant
growth promotion by rhizobacteria. Indian J Exp Biol 38: 856-862.
Kloepper J.W., Schoth M.N., Miller T.D., 1980. Effects of
rhizosphere colonization by plant growth- promoting rhizobacteria
on potato plant development and yield. Phytopathol. 70: 1078-1082.
Silva V.N., Silva L.E.S.F., Figueiredo M.V.B., 2006. Atuac¸a˜o de
rizo´bios com rizobacte´rias promotoras de crescimento em
plantas na cultura do caupi (Vigna unguiculata L. Walp). Acta Sci
Agron 28: 407-412.
Timmusk S., Wanger E.G.H., 1999. The plant growth promoting
rhizobacterium Paenibacillus polymyxa induces change in
Arabidopsis thaliana gene expression: A possible connection
between biotic and abiotic stress responses. Mol. Plant-Microbe
Interact. 12: 951-959.
Van Loon L.C., Bakker P.A.H.M., and Pieters C.M.J., 1998.
Systemic resistance induced by rhizosphere bacteria. Annu. Rev.
Phytopathol. 36: 453-483.
Kloepper J.W., Ryu C-M, Zhang S., 2004. Induced systemic
resistance and promotion of plant growth by Bacillus spp.
Phytopathology 94:1259-1266.
Van Loon L.C., Glick B.R., 2004. Increased plant fitness by
rhizobacteria. In: Ecological studies. Molecular ecotoxicology of
plants. Ecological studies. Sandermann, H. (ed), Springer-Verlag,
Berlag Heidelberg. 170: 177-205.
Shilev S., Sancho E. D., Gonzalez M. B., 2012. Rhizospheric
bacteria alleviate salt-produced stress in sunflower. Journal of
Environmental Management 95:S37-S41.

[17]
[18]

[19]
[20]
[21]

[22]

[23]
[24]
[25]
[26]
[27]
[28]

[29]

[30]

[31]

[32]
[33]
[34]

[35]
[36]
[37]
[38]

[40]

[41]

[42]

[43]

[44]
[45]

[46]

[47]
[48]
[49]

[50]

[51]
[52]
[53]

[54]

[55]
[56]
[57]

[58]

World Journal of Agricultural Research

131

[59] King E.O., Ward M.K., Raney D.E., 1954. Two simple media for

[74] Pillai B.V.S., Swarup S., 2002. Ilucidation of the flavinoid

demonstration of pyocyanin and fluorescein. J Lab Clin Med 44:
301-307.
Beever, R E, and E G Bollard. 1970. “The Nature of the
Stimulation of Fungal Growth by Potato Extract.” J. Gen.
Microbiof. Vol. 60. www.microbiologyresearch.org.
Dhingra D., Sinclair J.B., 1995. Basic Plant Pathology Methods.
Second Edition: 251-253.
Akthar and Siddiqui Z.A., 2010. Effect of AM Fungi on the Plant
growth and Root-Rot Disease of Chickpea. American-Eurasian j.
Agric. Environ. Sci. 8: 544-549.
Faujdar S., Oswalt D. L., 1992. Major Diseases of Groundnut. In
(Vol. Skill Development Series no. 6, ICRISAT). URL
http://www.icrisat.org/what-we-do/learningopportunities/lsupdfs/sds.06.pdf [09/1/2012].
Morton D.T., Strouble N.H., 1955. Antagonistic and stimulatory
effects of microorganism upon Sclerotium rolfsii. Phytopathology
45: 419-420.
Marley P. S., Hillocks R. J., 2002. Induction of phytoalexins in
pigeonpea (Cajanus cajan) inresponse to inoculation with
Fusarium udum and other treatments. Pest Management Science.
58: 1068-1072.
Sahni S., Sarma B.K., Singh D.P., Singh H.B., Singh K.P., 2007.
Vermicompost enhances performance of plant growth-promoting
rhizobacteria in Cicer arietinum rhizosphere against Sclerotium
rolfsii. Crop Protection. 27: 369-376.
Sarma B.K., Singh U.P., Singh K.P., 2002. Variability in Indian
isolates of Sclerotium rolfsii Mycologia 94: 1051-1058.
Singh A., Sarma B.K., Upadhyay R.S., Singh H.B., 2013.
Compatible rhizosphere microbes mediated alleviation of
biotic stress in chickpea through enhanced antioxidant and
phenylpropanoid activities. Microbiol. Res. 168: 33-40.
Bais H.P., Tiffany L., Weir L.G., Perry, Gilroy S., Jorge M.V.,
2006. The Role of Root Exudates in Rhizosphere Interactions with
Plants and Other Organisms. Annu. Rev. Plant Biol. 57: 233-66.
Gray E.J., Smith D.L., 2005. Intracellular and extracellular PGPR:
commonalities and distinctions in the plant-bacterium signaling
processes. Soil Biol. Biochem. 37: 395-410.
Bonkowski, Michael. 2004. “Protozoa and Plant Growth: The
Microbial Loop in Soil Revisited.” New Phytologist 162 (3).
Wiley/Blackwell (10.1111): 617–31.
Bais H.P., Fall R., Jorge M.V., 2004. Biocontrol of Bacillus
subtilis against infection of Arabidopsis roots by Pseudomonas
syringae is facilitated by bioﬁlm formation and surfactin
production. Plant Physiol. 134: 307-319.
Marschner H., 1995. Mineral Nutrition of Higher Plants, Second
Edition. London: Academic.

catabolism in Pseudomonas putida PML2 by comparative
metabolic profiling. Applied Microbiol. 68: 143-151.
Bertin C., Yang X.H., Weston L.A., 2003. The role of root
exudates and allelochemicals in the rhizosphere. Plant Soil 256:
67-83.
Uren N.C., 2000. Types, amounts and possible functions of
compounds released into the rhizosphere by soil grown plants. In:
Pinton R, Varanini Z, Nannipieri P (eds) The rhizosphere:
biochemistry and organic substances at the soil interface. Dekker,
New York. 19-40.
Ashraf M., Waheed A., 1990. Screening of local/exotic accessions
of lentil (Lens culinaris Medic.) for salt tolerance at two growth
stages. Plant and Soil 128: 167-176.
Subbarao G.V., Johansen G., Jana K.M., Rao K., 1990. Effects of
the sodium/calcium ratio in modifying salinity response of
pigeonpea (Cajanus cajan L.). J. Plant Physiol. 136: 439-443.
Zhu J.K., 2001. Plants salt tolerance. Trends Plant Sci. 6: 66-72.
Srivastava N., Vadez V., Krishnamurthy L., Saxena K.B., Nigam
S.N., Rupakula A., 2007. Standardization of a screening technique
for salinity tolerance' in groundnut (Arachis hypogaea L.) and
pigeonpea (Cajanus cajan L.). Indian J. Crop Sci. 2: 209-214.
Borowitz J.J., Stankie-Dicz M., Lewicka T., Zukowska Z., 1992.
Inhibition of fungal cellulase, pectinase and xylanase activity
of plant growth promoting fluorescent pseudomonads. Bull
OILB/SROP 15: 103-106.
Bapat S., Shah A.K., 2000. Biological control of fusarial wilts of
pigeonpea by Bacillus brevis. Can. J. Microbiol. 46: 125-32.
Siddiqui Z.A., Mahmood I., 1995. Biological control of Fusarium
udum and Heterodera cajani can by Bacillus subtilis,
Brandyrhizobium joponicum and Glomus fasciculantum on
pigeonpea. Fundam. Appl. Nematol. 18: 559-5.
Matta A., 1969. Accumulation of phenols in tomato plants
infected by deferent activities and the consequence of stress
induced resistance to Fusarium wilt of tomato. Phytopathology 59:
512-513.
Van Peer R., Niemann, G.J., Schippers, B., 1991. Induced
resistance and phytoalexin accumulation in biological control of
Fusarium wilt of carnation by Pseudomonas sp. Strain WCS417r.
Phytopathology 81, 728-734.
Wei G., Kloepper J.W., Tuzun S., 1991. Induction of systemic
resistance of cucumber to Colletotrichum orbiculare by select
strains of plant growth promoting rhizobacteria. Phytopathology
81: 1508-1512.
Chanwitheesuk A., Teerawutgulrag A., Rakariyatham N., 2005.
Screening of antioxidant activity and antioxidant compounds of
some edible plants of Thailand. Food Chem 92: 491-497.

[60]
[61]
[62]
[63]

[64]
[65]

[66]

[67]
[68]

[69]
[70]
[71]
[72]

[73]

[75]
[76]

[77]
[78]
[79]
[80]

[81]

[82]
[83]

[84]

[85]

[86]

[87]

