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ABSTRACT

Fusarium wilt has emerged as a serious problem in all chilli growing areas of India. Due to
difficulties in disease management and lack of stable genetic resistance in chilli cultivars, integration
of arbuscular mycorrhiza and Trichoderma were used to manage the disease. Different mycorrhizal
fungi were raised and maintained on chickpea in earthen pots. A further experiment was conducted
and Plant height, Root length, Dry weight of root and shoot, Mycorrhizal colonization (Phillips and
Hayman method), Sporocarp number (Gerdemann and Nicolson method), SPAD chlorophyll
content (SPAD meter) and NPK content were investigated. The present investigation deals with the
beneficial effect of Glomus intraradices and Trichoderma harzianum on chilli wilt under greenhouse.
In soil (Chickpea) sporocarp population of Glomus intraradices (5283) in 100 g soil and mycorrhizal
colonization of Glomus intraradices (87 per cent) was observed. Chilli plant showed a significant
increase in the Plant height, Root length, Dry weight of root and shoot, SPAD chlorophyll content
and NPK content as compared to control. The results revealed that mixed Fusarium oxysporum +
Glomus intraradices + Trichoderma harzianum inoculation contribute best growth and development
of chilli plant under greenhouse experiment at 90 days after transplanting.
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1. INTRODUCTION

Chilli (Capsicum annuum L.) is an important
commercial and export-oriented crop in India [1].
The major diseases affecting chilli production are
Anthracnose, Phytopthora, Leaf blight, Fusarium
wilt, bacterial wilt, damping-off and root rot.
Among these, Fusarium wilt caused by the
Fusarium oxysporum has emerged as a serious
problem in recent years [2]. It causes wilt disease
on numerous crop plants [3]. In 1809, the term
Fusarium was introduced by Link. Leonian in
[4,5] first reported Fusarium wilt disease of chilli
and named the pathogen as Fusarium annuum.
In India, the most common species found
associated with the chilli wilt of Fusarium are
Fusarium oxysporum and Fusarium solani, while,
in some parts of India Fusarium moniliforme and
Fusarium pallidoroseum are found [6]. Fusarium
is a soil-borne fungus. Once a field is infested,
the pathogen may survive in the soil for many
years. Mycorrhizal inoculation suppresses the
incidence of wilt and root rot disease by 54 per
cent and 64 per cent respectively [7,8]. The
fungus can be transmitted by farm equipment,
drainage water, wind or animals, including
humans. Fusarium is necrotrophic and typically
soil-borne. Warmer and drier climates (>25°C)
favour the disease [9]. Wilt is a highly damaging
disease of chilli crop causing a significant
reduction in yield because it blocks the xylem
vessel and there is no uptake of nutrients and
minerals by the plant which result in the death of
plants.

2. MATERIALS AND METHODS

The present study entitled “Multiplication of
arbuscular mycorrhiza on chickpea and their co-
inoculative impact with Trichoderma sp. on chilli
wilt” was conducted in laboratories, screen house
and research area of Department of Plant
Pathology, CCS Haryana Agricultural University,
Hisar during 2017-18. Hisar is located in the
semi-tropical region of Western Zone of India
with a latitude of 29°10°N, longitude 75°46’E and
an elevation of 215.2 m above mean sea level.
The materials and procedures used throughout
the investigation are described in detail below.

2.1 Maintenance of Mycorrhizal Inoculum

The experiment was conducted in screen house
of Department of Plant Pathology, CCSHAU
Hisar. The mycorrhizal fungi will be raised and
maintained on chickpea in earthen pots. These
pots were filled with 5 kg sterilized river sand. In
upper 5 cm soil layer put one hundred g of
mycorrhizal inoculum which contain about 450-
500 chlamydospore and root bit and then ten
seeds of wheat or pearlmiellet were sown and
watered regularly. Hoagland’s nutrient solution
was applied @ 10 ml/pot after every 30 days of
transplanting. After 90 days shoot portion of plant
were cut at soil level and left the soil in pots to air
dry. The soil was crumbled and cut the rootlets
into 1 cm segments. This soil was used as a
mycorrhizal inoculum.

Mycorrhizal Inoculum production

{ Inoculum
use for

. experiment

Fig. 1. Mass multiplication of mycorrhizal inoculum on chickpea
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The experiment was conducted in Rabi season
(27/11/2018) for the management of Fusarium
wilt of chilli with bio-control agents in greenhouse
of Department of Plant Pathology, CCSHAU
Hisar. Seeds of Chilli cv. Pusa Jwala were sown
in the nursery. Arbuscular mycorrhiza (100-150
spores and 1-1.5g roots) was multiplied in the
pots and mixed in the upper 5 cm soil layer of
pots. Captan (2.5g/lit of water) treatment was
given by dipping the roots of seedlings in the
solutions. Thirty days old seedling was
transplanted in a 1 kg earthen pot. For each
treatment, four numbers of sets were maintained
and the statistical design was completely
randomized design (CRD).

2.2 Evaluation of Mycorrhizal
Colonization in Roots of chilli

Mycorrhizal colonization was calculated by
staining of roots by Phillips and Hayman [10].

Mycorrhizal colonization (%)
Sum of all numerical ratings x 100

Total number of samples assessed X Maximum scale

2.3 Estimation of Sporocarp in Soil

Estimation of sporocarp in soil with the
help of Wet Sieving and Decantation
Technique was given by Gerdemann and
Nicolson [11].

2.4 Wilt Intensity

Disease intensity
Sum of all numerical ratings x 100

~ Total number of plants assessed X Maximum scale
2.5 Nutrient Estimation

2.5.1 Estimation of Nitrogen,
and potassium

phosphorous

For the estimation of nitrogen content, The
Lindner method [12] was adopted. For the
estimation of phosphorous content,
Vanadomolybdophosphoric yellow color method
[13] was adopted. Potassium was determined in
the acid digest of plant samples by using a flame
photometer (Elico CL 361, India) by direct
reading.

2.5.2 Chlorophyll content

The chlorophyll content of the plant was
calculated by using the SPAD chlorophyll meter.

3. RESULTS

The present study with the object of selecting an
efficient AM fungus for inoculating chilli plants
resulted in promotion of plant growth responses
and management of chilli wilt disease. The effect
of plant growth parameters (plant height, root
length, dry shoot weight and dry root weight),
Mycorrhizal colonization, sporocarp number,
chlorophyll content and NPK content of chilli due
to mycorrhiza alone and in combination with
Trichoderma harzianum was found to be
significantly (p<0.05) higher as compared to
control. Among the treatments, G. intraradices +
T. harzianum were significantly at par with each
other. Data related to plant height has been
shown in table 1 and plate 1. The statistical
analysis revealed that plant height varied
significantly  depending on the different
treatments and different dates of observations. It
is evident from the table that triples inoculation
Fusarium oxysporum + Glomus intraradices +
Trichoderma harzianum significantly increases
the plant height. Among all the treatments,
maximum plant height was recorded in F.
oxysporum + G. intraradices + T. harzianum
(16.87 cm) followed by F. oxysporum + G.
intraradices (14.56 cm), G. intraradices
(14.07cm), F. oxysporum + T. harzianum (13.63
cm), T. harzianum (13.43 cm) and seedling dip
with captan (11.07cm), control (11.03 cm) and
minimum plant height was observed in F.
oxysporum (10.03 cm) at 30 days after
transplanting.

Data related to wilt intensity as above in table 2.
The maximum wilt intensity was found in F.
oxysporum followed by F. oxysporum+ T.
harzianum, F. oxysporum + G. intraradices and
minimum in triple inoculation. The highest wilt
intensity was F. oxysporum (100.00 per cent)
followed by F. oxysporum+ T. harzianum (66.60
per cent), F. oxysporum + G. intraradices (60.00
per cent) and minimum in triple inoculation
(43.00 per cent). The maximum per cent disease
control (57 per cent) was recorded when triple
inoculation i.e. F. oxysporum + G. intraradices +
T. harzianum was done.

Data related to root length as above in table 3.
The statistical analysis revealed that root length
varied significantly depending on the different
treatments and different dates of observations.
Application of the F. oxysporum + G. intraradices
+ T. harzianum significantly increased the root
length of chilli. Data were statistically analysed
and found that the root length varied significantly
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at 30, 45, 60 and 90 days after transplanting. harzianum (10.3 cm), T. harzianum (10.2 cm)
Among all the treatments maximum root length and seedling dip with captan (7.8 cm,), control
(11.9 cm) was recorded in F. oxysporum + G. (7.7 cm) and minimum root length were recorded
intraradices + T. harzianum followed by F. in F. oxysporum (7.3 cm) inoculated plants at 30
oxysporum + G. intraradices (10.8 cm), G. days after transplanting.

intraradices (10.4 cm), F. oxysporum + T.

(A) (B)

Fig. 2. Fusarium oxysporum f.sp. capsici, culture on PDA, microconidia (A) and macroconidia
back view (B)

Fig. 3. Estimation of chlorophyll content by using SPAD chlorophyll meter

F C Captan  F+T F+M T M  F+M+T

Fig. 4. Effect of different treatments on chilli plant (Where, F= F. oxysporum, T=T. harzianum,
M = G. intraradices and C= Control)
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Data related to mycorrhizal colonization was
present in table 4. The statistical analysis
revealed that mycorrhizal colonization varied
significantly depending on the different
treatments and different dates of observations.
The maximum mycorrhizal colonization was
found in G. intraradices and minimum in G.
intraradices + F. oxysporum+ T. harzianum
(41.0, 45.3, 49.3 and 52.0 per cent at 30, 45, 60
and 90 days after transplanting respectively).
The maximum sporocarp number (Table 5) was
found in G. intraradices followed by G.
intraradices + F. oxysporum and minimum in G.
intraradices + F. oxysporum+ T. harzianum.
Sporocarp number in soil was calculated for the
estimation of mycorrhizal population. The highest
sporocarp number was observed in G.
intraradices (81.67, 98.00, 119.00 and 141.33 at
30, 45, 60 and 90 days after transplanting
respectively) followed by G. intraradices + F.
oxysporum (52.67, 76.67, 85.67 and 105.67 at
30, 45, 60 and 90 days after transplanting,
respectively) and minimum in G. intraradices + F.
oxysporum+ T. harzianum (46.00, 65.67, 72.00
and 85.33 at 30, 45, 60 and 90 days after
transplanting, respectively).

It is evident from (Platel) the effect of different
treatments on NPK content of chilli shoot at 90
DAT. Among all the treatments maximum NPK
content was recorded in F. oxysporum + G.
intraradices + T. harzianum ( 1.21 per cent N,
0.61 per cent P and 1.85 per cent K) followed by
G. intraradices ( 1.19 per cent N, 0.52 per cent P
and 1.61 per cent K), T. harzianum (1.18 per
cent N, 0.44 per cent P and 1.45 per cent K), F.
oxysporum + G. intraradices (1.16 per cent N,
0.56 per cent P and 1.80 per cent K), F.
oxysporum + T. harzianum ( 1.14 per cent N,
0.45 per cent P and 1.56 per cent K), captan

(.12 per cent N,039 per cent P
and 1.43 per cent K) and minimum in control
(1.11 per cent N, 0.36 per cent P and 1.41 per
cent K) at 90 days after transplanting (Figs. 1,2
and 3).

Data was statistically analysed and found that
the chlorophyll content varied significantly at 30,
45, 60 and 90 days after transplanting (Table 6).
When F. oxysporum + G. intraradices + T.
harzianum were inoculated, the maximum
chlorophyll content was 27.0, 29.96, 31.40 and
36.36 at 30, 45, 60 and 90 DAT respectively
followed by F. oxysporum + G. intraradices
(27.00, 29.96, 31.40 and 36.36 at respective
observation periods) and minimum in Fusarium
oxysporum (16.46, 0.00, 0.00 and 0.00)
inoculated plants.

4. DISCUSSION

In the present study, G. intraradices and T.
harzianum were applied against the soil-borne
pathogen of chilli (F. oxysporum). Beneficial
effects of both the biocontrol agents were seen
under the pot experiment (Sarwade et al. [14].
For this purpose, both the biocontrol agents were
used with different combinations against chilli
wilt. In the last few years, due to chilli wilt, 15 to
20 per cent yield losses in dry areas was
reported by Siddiqui and Akhtar [15]. Further,
Sarita and Chugh [2] reported that maximum wilt
intensity was recorded from the Fatehabad
district (7.9 per cent), followed by Mahendragarh
(7.3 per cent) and minimum from Hisar (5.2 per
cent) during the cropping session 2017-18. When
mycorrhiza was previously inoculated with fungal
symbionts, it shows the increased resistance to
fungal root rots and wilts [16].

Table 1. Effect of arbuscular mycorrhiza with Trichoderma sp. on the plant height of chilli plant

Plant height(cm) (Days after transplanting)

Treatments 30 Days 45 Days 60 Days 90 Days Mean

F. oxysporum + G. intraradices 14.56(3.95)* 18.53(4.42) 23.37(4.94) 31.67(5.72) 22.03(4.79)
F. oxysporum + T. harzianum 13.63(3.83) 18.40(4.40) 22.33(4.83) 30.40(5.60) 21.19(4.71)
F. oxysporum + G. intraradices + 16.87(4.23) 23.40(4.94) 26.13(5.21) 36.17(6.10) 25.64(5.12)
T. harzianum

G. intraradices 14.07(3.88) 19.47(4.52) 25.03(5.10) 33.53(5.88) 23.15(4.91)
F. oxysporum 10.03(3.47)  0.00(1.00) 0.00(1.00) 0.00(1.00) 2.57(1.60)
T. harzianum 13.43(3.80) 19.17(4.49) 24.43(5.04) 33.00(5.83) 22.51(4.74)
Captan 11.07(3.47) 12.07(3.62) 15.77(4.09) 20.17(4.60) 14.77(3.95)
Control 10.93(3.45) 12.00(3.61) 15.63(4.08) 19.77(4.56) 14.58(3.92)
Mean 13.20(3.76)  15.38(3.88)  19.09(4.29) 25.59(4.91)

CD at 5% level Days= 0.024

Treatments =0.034

Days x Treatments = 0.068

* Figures in parenthesis are square-root transformed value
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Table 2. Effect of different treatments on wilt intensity of chilli

Treatments Wilt intensity Per cent disease
at 90 DAT control

F. oxysporum + G. intraradices 60.00 40.0

F. oxysporum +T. harzianum 66.60 334

F. oxysporum +G. intraradices + T. harzianum 43.00 57.0

F. oxysporum 100.00 -

Table 3. Effect of arbuscular mycorrhiza with Trichoderma sp. on the root length of the chilli

plant

Root length(cm) (Days after transplanting)

Treatments

30 Days 45 Days 60 Days 90 Days Mean

F. oxysporum + G. intraradices
F. oxysporum + T. harzianum

10.8(3.4)* 11.2(35) 12.0(3.6) 13.3(3.8) 11.7(3.6)
10.3(3.4)  10.4(3.4) 11.3(3.5) 12.3(3.6) 11.17(3.4)

F. oxysporum + G. intraradices + T. 11.9(3.8) 14.8(4.0) 16.3(4.2) 16.6(4.2) 14.9(4.0)

harzianum

G. intraradices
F. oxysporum
T. harzianum
Captan
Control

Mean

CD at 5% level

10.4(3.4) 12.5(3.7) 13.1(3.8) 14.0(3.9) 12.5(3.5)
7.3(2.9) 0.0(1.0) 0.0(1.0) 0.0(1.0) 1.8(1.3)
10.2(3.3) 12.1(3.6) 12.5(3.7) 13.7(3.8) 12.1(3.5)
7.8(3.0) 8.8(3.1) 9.4(3.2) 10.2(3.3) 9.0(3.2)
7.7(2.9) 8.4(3.1) 9.3(3.2) 10.1(3.3) 8.9(3.1)
9.5(3.2) 9.9(3.2) 10.6(3.3) 11.4(3.4)

Days = 0.042

Treatments = 0.06

Days x Treatments = 0.12

Table 4. Effect of arbuscular mycorrhiza with Trichoderma sp. on the mycorrhizal colonization

(%) of the chilli plant

Mycorrhizal colonization (%)(Days after transplanting)

Treatments

30 Days 45 Days 60 Days 90 Days Mean

F. oxysporum + G. intraradices 43.3(6.6) 47.0(6.9) 53.3(7.3) 64.7(8.1) 52.0(7.2)
F. oxysporum + G. intraradices + T. harzianum  41.0(6.5) 45.3(6.8) 49.3(7.0) 52.0(7.2) 46.9(6.9)

G. intraradices
Mean
CD at 5% level

51.7(7.2) 58.0(7.6) 65.7(8.1) 82.7(9.1) 64.5(8.0)
17.0(3.1) 18.8(3.3) 21.0(3.5) 24.9(3.7)

Days= 1.05

Treatments =1.49

Days x Treatments = 2.98

Table 5. Effect of different treatments on sporocarp in the soil

Sporocarp number (Days after transplanting)

Treatments

30 Days 45 Days 60 Days 90 Days Mean

F. oxysporum + G.
intraradices

F. oxysporum + G.
intraradices + T. harzianum
G. intraradices

Mean

CD at 5% level

52.67(7.33)* 76.67(8.81) 85.67(9.31) 105.67(10.32) 80.17(8.94)
46.00(6.85)  65.67(8.16) 72.00(8.54) 85.33(9.29) 67.25(8.21)

81.67(9.09) 98.00(9.95) 119.00(10.95) 141.33(11.93) 110.00(10.48)
22.54(3.53 30.04(3.99) 34.58(4.22) 41.54(4.57)

Days= 0.064

Treatments =0.09

Days x Treatments = 0.181

The results obtained in the present study are in  among the different treatments (Table 2). The
agreement with the results of other researchers maximum per cent disease control (57%) was
[17, 18, 14, 19]. In the present study, it was recorded when F. oxysporum + G. intraradices +
found to be effective in inhibition of F. oxysporum  T. harzianum were inoculated. Evidenced in root
with up to 57 % although the success rate varied development, allowing an improvement in soil
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Table 6. Effect of different treatments on chlorophyll contant (SPAD) of chilli

Days/ Treatments 30 Days 45 Days 60 Days 90 Days Mean
F. oxysporum + G. intraradices 27.00(5.3)* 27.06(5.3) 28.16(5.4) 30.20(5.6) 27.2(5.3)
F. oxysporum + T. harzianum 23.43(4.9) 26.86(5.3) 27.90(5.4) 28.40(5.4) 26.45(5.2)
F. oxysporum + G. intraradices + T. 29.43(5.5) 34.80(6.0) 37.53(6.2) 42.73(6.6) 36.1(6.0)
harzianum
G. intraradices 23.66(5.0) 29.96(5.6) 31.40(5.7) 36.36(6.1) 31.18(5.7)
F. oxysporum 16.46(4.2) 0.0(1.0) 0.0(1.0) 0.0(1.0) 4.1(1.8)
T. harzianum 22.64(4.9) 27.30(5.3) 28.66(5.4) 33.50(5.9) 28.28(5.4)
Captan 18.00(4.2) 18.16(4.3) 20.00(4.6) 21.20(4.7) 19.34(4.5)
Control 16.76(4.2) 17.80(4.3) 19.50(4.5) 20.66(4.7) 18.68(4.4)
Mean 22.19(4.8) 22.72(4.6) 24.14(4.8) 26.63(5.0)
CD at 5% level Days = 0.04
Treatments= 0.06
Days x Treatments= 0.12
* Figures in parenthesis are square root transformed values
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Plate 1. Effect of different treatments on the NPK (A, B and C resectively) of chilli shoot

nutrient uptake

Williams et al. [21],

by plants,
demonstrated by Duan et al.

just
[20] and Watts-
they reported that the

as was

content alone was not sufficient for restricting the
disease development.

expression of phosphate (Pi) or nitrogen (N)
transporter genes in roots of plants could be
regulated by arbuscular mycorrhizal (AM) fungi,
as responsible for growth in plants [22].
However, Bodker et al. [23] reported that P-

Another study found stimulatory effects of AMF
(G. fasciculatum), in the defence of tomato
seedlings against Fusarium oxysporum f. sp.
lycopersici [24]. In certain studies, the disease
inhibiton by AMF was connected to their
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ameliorative effects for plant nutrients especially
for P-content [25,26]. Hassan Dar et al. [27]
determined that the disease severity diminished
in parallel to the reduction in the numbers of
Fusarium propagules that are around the root
rhizosphere colonized with AMF. Therefore, in
the present study, we have presumed that the
disease inhibiton of AMF might not be
completely related to the increase in P-content
although there is a significant increase in P-
contents and dry weights of roots. It has been
thought that besides the plant nutrient uptake the
competition for space and nutrients, changes in
the root system, mycorrhizosphere effect and the
activation of plant defence mechanisms are
responsible for disease inhibition by AMF [28-
30].

5. CONCLUSION

This paper highlights the importance of
arbuscular mycorrhiza and T. harzianum.
Combination of G. intraradices and T. harzianum
help in management of chilli wilt. The arbuscular
mycorrhizal with T. harzianum may represent a
convenient alternative to chemicals and may
offer economically and ecologically important
advantages in sustainable or organic cropping
systems.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Reddy MK, Srivastava A, Kumar S, Kumar
R, Chawda N, Ebert AW, Vishwakarma M.
Chilli (Capsicum annuum L.) breeding in
India: an overview. SABRAO Journal of
Breeding and Genetics. 2014;46(2):160-

173.

2. Sarita, Chugh RK. The Mycorrhizal
Population Dynamics and Wilt Intensity in
Chilli  Growing Areas of Haryana.
International Journal of Current
Microbiology and Applied Sciences.

2020;9(5):3026-3033.

3. Prabhukarthikeyan R, Saravanakumar D,
Raguchander T. Combination of
endophytic Bacillus and Beauveria for the
management of Fusarium wilt and fruit
borer in tomato. Pest Management
Science. 2014;70(11): 1742-1750.

10.

11.

12.

13.

14.

864

Leonian LH. Fusarium wilt of chilli pepper.
New Mexico Agricultural Experiment
Station, Las Cruces, Technical Bulletin.

1919;121.
Link HF. Observationes in ordines
plantarum naturals, Dissetatio l.

Gesellschaft Naturforschender Freunde zu
Berlin Magazin, Berlin. 1809;3:3-42.

Naik MK. Wilt of chilli with special
reference to cultural, morphological,
molecular characterization and pathogenic
variability of Fusarium isolates of India. In:
Proceedings of Midterm Review Meeting of
the Project (23rd July 2006), Indian
Institute of Vegetable Research, Varanasi.
Bosland PW, Votava EJ. Pepper
Vegetables and Spice Capsicum. CABI
Publishing CAB International Wallingford
UK; 2000.

Kumar R, Jalali BL, Chand H. Interaction
between VA-mycorrhizal fungi and soil-
borne plant pathogens of chickpea.
Legume Research-An International
Journal. 2004;27(1):19-26.

Saha S, Chant D, McGrath J. A systematic
review of mortality in schizophrenia: is the
differential mortality gap worsening over

time. Archive of General Psychiatry.
2007;64:1123-1131.
Shazia S, ASIF M, Shafique S.

Management of Fusarium oxysporum f.
Sp. capsici by leaf extract of eucalyptus

citriodora. Pakistan Journal of Botany.
2015;47(3):1177-1182.
Phillips  JM, Hayman DS. Improved

procedure for clearing roots and staining
parasitic and vesicular-arbuscular
mycorrhizal fungi for rapid assessment of
infection. Transactions British Mycological
Society. 1970;55:158-161.

Gerdemann JW, Nicolso TH. Spores of
mycorrhizal Eadogone. species extracted
from soil by wet sieving and decanting.
Transaction of British Mycology Society.
1963;46:235-244.

Linder RC. Rapid analytical method for
some of the more common inorganic
constituents of plant tissue. Journal of
Plant Physiology. 1944;19:76-96.

Koenig RA, Johnson CR. Colourimetric
determination of P in biological materials.
Industrial and Engineering Chemistry
Analytical Edition. 1942;14:155-56.
Sarwade PP, Chandanshive SS, Kanade
MBMGA, Bhale UN. Growth effect of
Capsicum annum var. Jawala plants
inoculated with Glomus fasciculentum and



15.

16.

17.

18.

19.

20.

21.

22,

Sarita et al.; IJECC, 12(11): 857-865, 2022; Article no.lJECC.90029

Trichoderma species. International
Multidisciplinary Research Journal. 2017;1
(12):13-16.

Siddiqui ZA, Akhtar MS. Biocontrol of a
chickpea root-rot disease complex with
phosphate solubilizing micro-organisms.
Journal of Plant Pathology. 2007;89(1):67-
77.

Jalali BL, Jalali I. Mycorrhiza in plant
disease control. In Handbook of Applied
Mycology. Vol. 1, Soil and Plants (Eds.
Arora, D. K., Rai, B., Mukerji, K. G. and
Knudsen, G .R.), Marcel Dekker, Inc. New
York. 1991;131-154.

Bagyaraj DJ, Sreeramulu KR.
Preinoculation  with VA  mycorrhiza
improves the growth and yield of chilli
transplanted in the field and saves

phosphatic fertilizer. Plant and Soil.
1982;69:375-381.
Sreeramulu KR, Bagyaraj DJ. Field

response of chilli to VA mycorrhiza on
black clayey soil. Plant and Soil.
1986;93:299-302.

Pereira JAP, Vieira IJC, Freitas MSM,
Prins CL, Martins MA, Rodrigues R.
Effects of arbuscular mycorrhizal fungi on
Capsicum spp. The Journal of Agricultural
Science. 2016;154(5): 828.

Duan J, Tian H, Drijber R, Gao Y.
Systemic and local regulation of phosphate
and nitrogen transporter genes by
arbuscular mycorrhizal fungi in roots of
winter wheat (Triticum aestivum L.). Plant
Physiology and Biochemistry. 2015;96:
199-208.

Watts-Williams SJ, Jakobsen |, Cavagnaro
TR, Grgnlund M. Local and distal effects of
arbuscular mycorrhizal colonization on
direct pathway Pi uptake and root growth
in Medicago truncatula. Journal of
Experimental Botany.
2015;66(13):204061-4073.

Barea JM, Andrade G, Bianciotto V.
Impact on arbuscular mycorrhiza formation

of Pseudomonas strains used as
inoculants for biocontrol of soil-borne
fungal plant pathogens. Applied

23.

24.

25.

26.

27.

28.

29.

30.

Environmental 1998;64:
2304-2307.

Bodker L, Kjoller R, Rosendahl S. Effect of
phosphate and the arbuscular mycorrhizal
fungus Glomus intraradices on disease
severity of root rot of peas (Pisum sativum)
caused by Aphanomyces euteiches.
Mycorrhiza. 1998;8:169-174.

Raman N, Gnanaguru M, Srinivasan V.
Biological control of Fusarium wilt of
tomato by VA mycorrhizal fungus Glomus
fasciculatum. Bulletin-OILB-SROP. 2001,
24:33-36.

Caron M, Fortin JA, Richard C. Effect of
phosphorus concentration and Glomus
intraradices on Fusarium crown and root
rot of tomatoes. Phytopathology.
1986;76:942-946.

Ozgonen H, Bicici M, Erkilic A. The effect
of salicylic acid and endomycorrhizal
fungus Glomus etunicatum on plant
development of tomatoes and Fusarium
wilt caused by Fusarium oxysporum f. sp.
lycopersici. Turkish Journal of Agriculture
and Forestry. 1999;25:25-29.

Hassan Dar G, Zargar MY, Beigh GM.
Biocontrol of Fusarium root rot in the
common bean (Phaseolus vulgaris L.) by
using symbiotic Glomus mosseae and
Rhizobium  leguminosarum.  Microbial
Ecology. 1997;34:74-80.

Linderman RG. Role of VAM fungi in
biocontrol. In: Bethlenfalvay GJ,
Linderman RG (eds), Mycorrhizae and
Plant Health, St Paul, Minnesota, USA,
APS Press. 1994;1-26.

Azco” n-Aguilar C, Barea JM. Arbuscular
mycorrhizas and biological control of soil-
borne plant pathogens — an overview of
the mechanisms involved. Mycorrhiza.
1996;6:457-464.

Demir S, Akkopru A. Using of arbuscular
mycorrhizal fungi (AMF) for biocontrol of

Microbiology.

soil-borne fungal plant pathogens. In:
Chincholkar SB, Mukerji KG (eds),
Biological Control of Plant Diseases:

Current Concepts, NY, USA, Haworth
Press; 2005 (in press).

© 2022 Sarita et al.; This is an Open Access atrticle distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/90029

865


http://creativecommons.org/licenses/by/2.0

