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ABSTRACT

Complex diseases caused by Meloidogyne incognita and Fusarium fungus in cucumber is the most destruc-
tive disease under polyhouses. The experiment was conducted in the polyhouse of the Department of
Horticulture, CCS HAU, Hisar, Haryana, India during summer season (2015-16) to evaluate the potential
of bacterial and fungal biocontrol agents against Meloidogyne incognita and Fusarium oxysporum f. sp. cu-
cumerinum in cucumber. Bioagents - Trichoderma viride (Tv), Pseudomonas fluorescence (Pf),
Purpureocillium lilacinum (Pl) were taken 10 and 20 g kg~ ! seed and bioagents liquid formulation, 10-
and 15-ml kg~! seed, were mixed with the potted soil. Chemical as well as untreated check were also
maintained. All the treatments significantly improved the plant growth parameter, viz., shoot length
(SL), root length (RL), fresh shoot weight (FSW), fresh root weight (FRW), dry shoot weight (DSW) and
dry root weight (DRW) as compared to untreated check. However, significant reduction in nematode pop-
ulation and maximum improvement in plant growth parameter was recorded with carbofuran followed
by higher dose of bioagents liquid formulation. Among the bioagents, bioagents liquid formulation was
most effective in suppressing root knot nematode galling (43 / root system) and final population in soil
(131 J,s / 200 cc soil) and fungus wilt incidence (25 %) at 30th day of after germination and significantly
improved the plant growth parameters - shoot length (147.3 cm), fresh shoot weight (55.6 g), dry shoot
weight (22.51 g) and dry root weight (4.50 g) from other bioagents. Bioagents liquid formulation was
effective in suppression of root-knot nematode and fungus complex disease than the powder formula-
tions of bioagents. More studies should be needed in future to evaluate the efficacy of bioagents as seed
treatments and soil applications under field conditions.
© 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Background

insulated greenhouses than conventional ones which encourage

Protected agriculture is considered an important means of
increasing the productivity and quality of most vegetable crops
(Hanafi, and Papasolomontos,1999). Recently, there has been an
increase in interest in protected agriculture (PA) in India. Vegetable
crops are grown worldwide as a source of nutrients and fiber in the
human diet (Punja, and Utkhede, 2003). Restricted air exchange
results in the atmospheric humidity being much higher inside
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several plant diseases and cause physiological disorders
(EI-Mougy et al., 2012). Meloidogyne incognita and Fusarium dis-
ease complex most destructive or notorious pest in horticulture
crops and causes severe losses throughout the world (Akhtar
et al., 2005; Hadian et al., 2011). Internationally, root knot nema-
todes have been causes severe yield losses in abundant crops due
to their ability to invade several of crop species (Williamson and
Hussey, 1996; Kayani et al. 2017). Likewise, it encourages typically
root galling, yellowing of leaves, defoliation, stunting, and wilting
of infested plants (Sasser et al., 1983). Management of root-knot
nematodes and soil borne fungus is a major worldwide challenge
for polyhouse growers all over the world. Numerous agricultural
practices have been tested against root-knot nematodes
(Collange et al., 2011). But they are not much effective against both
pathogens. An actual approach toward control of root-knot nema-
tode (RKN) and fungus is given by the use of nematicides
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(Giacometti et al., 2010; Nicolopoulou-Stamati et al., 2016). One
possible potential and supportive substitute to nematicides is use
of bio-control agents (Dutta and Thakur, 2017). Among the biolog-
ical control agents that have been evaluated are egg-parasitic
fungi, antagonist’s fungi, antagonist’s bacteria, and predatory
nematodes has played an important role to suppress growth of
plant pathogens and enhance growth of agricultural crops
(Rao et al, 1998; Kiewnick and Sikora, 2004; Abdelmoneim,
2006: Al-Shammari et al., 2013).

Thus, the purpose of the present study is to assess the potential
antagonistic effect of bio-agents - powder formulations of Tricho-
derma viride (Tv), Pseudomonas fluorescence (Pf), Purpureocillium
lilacinum (P1) and combined liquid formulation (T. viride + P. fluo-
rescence + P. lilacinum) against Meloidogyne incognita and Fusarium
oxysporum f. sp. cucumerinum their effect on growth development
of cucumber under polyhouse conditions.

2. Material and methodology

This experiment was performed during summer season in the
year 2015-16 in the polyhouse of the Department of Horticulture,
CCS HAU, Hisar, Haryana (India) at latitude 29°10' N, longitude
75°46' E, altitude 215.2 m a.s.L

2.1. Nematode and fungus culture

During survey in the protected structures (Patil, 2017), natu-
rally infested cucumber roots showing galls were collected and
brought to the laboratory. Nematode and fungus were isolated,
identified (Patil et al., 2018) and pure culture of both the organisms
were maintained under laboratory. Sand maize meal media was
used for mass production of fungus and pure culture of nematode
was established on eggplant seedlings in the screen house of
department of Nematology. Nematode juveniles (J,) were collected
by sodium hypochlorite method (Ehwaeti et al., 1998).

2.2. Source of bioagents

Powder formulation of Trichoderma viride, Pseudomonas fluores-
cence, Purpureocillium lilacinum and combined liquid formulation
of (T. viride + P. fluorescence + P. lilacinum) were procured from IIHR,
Bangalore were used in this study.

Carboxy methyl cellulose (CMC) was used as an adhesive for
treating cucumber seeds with fungal spore suspension and bacte-
rial cell suspension (1x108 cfu ml~"). For preparing 1% (v/w) adhe-
sive solution, 100 mg of adhesive was added to 10 ml of fungal and
bacterial suspension. Now required number of seeds was taken in a
Petri plate and the fungal as well as bacterial suspension with the
adhesive was added drop by drop on the seeds stirring continu-
ously and stopped when all the seeds got smeared with the sus-
pension. After treating, the seeds were dried in shade for 6 h and
used for sowing.

2.3. Nematode’s extraction

Nematode from soil was extracted by Cobb’s method (Cobb,
1918) followed by modified Baermann funnel method (Schindler,
1961).

2.4. Experimental setup

This experiment was conducted in polyhouse (24 + 2 °C) to
evaluate the effect of seed treatment of bio-agents in cucumber
for the control of M. incognita and soil borne fungus in 15 cm dia.
earthen pots (1 kg capacity). Autoclaved soil (sand, sandy loam
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and peat moss, 2:1:1 respectively) were filled in the earthen
pots. Previously in-vitro tested bioagents (T. viride, P. fluorescence,
P. lilacinum) (un-published data) from two promising doses:
10 and 20 g kg~! seed and bio-agents liquid formulation
(T. viride + P. fluorescence + P. lilacinum) 10 and 15-ml kg~! seed
were selected for the present study. Bio-agents seed treatment
was performed against only nematode, only fungus and nema-
tode + fungus simultaneously inoculated. Treatments were
arranged in completely randomized design with four replications.
Four seeds of cucumber (cv. Sania) treated with bio-agents sown
to each pot. One plant per pot was maintained. Sterilized soil
was inoculated with 1000 J, kg™! soil of root-knot nematode by
pencil hole method and fungus 50 g kg~! soil was mixed in upper
layer of soil in pots.

2.5. Maintenance of plants

General care and maintenance of plants were done as recom-
mended by CCS Haryana Agricultural University, Hisar. Hoagland
solution was applied at 30 days after sowing. Hoeing, watering
other practices were done as per recommendation.

2.6. Observations

After crop maturity at 60 days after sowing, plants were har-
vested and 200 cc soil was collected for estimation of nematode
population. Observations viz. plant characters (shoot and root
length, fresh and dry plant and root weight), galls per plant, egg
masses on plant root, eggs in egg mass, J, per 200 cc soil, damping
off (pre-emergence,15 and 30 days after sowing) were taken.

2.7. Statistical analysis

Statistical analysis was done by using SPSS software (SPSS for
Windows). Means were compared by analysis of variance (ANOVA)
and Duncan’s test of multiple comparisons (P < 0.05). The data
compared with means of treatment as significant and non-
significant.

3. Results
3.1. Effect of bio-control agents on plant growth performance

Root-knot nematode, M. incognita alone, soil borne wilt fungus,
F. oxysporum alone and M. incognita + F. oxysporum concomitantly
inoculated had suppressive effects on growth of cucumber cv.
Sania (Table 1-3), pathogens infestation either inoculated singly
or concomitantly caused significant (P > 0.05) reduction in shoot
length, root length, fresh shoot, root weight, dry shoot and root
weight compared to treated plants. Highest plant growth parame-
ter was observed with bio-agents liquid formulations, when nema-
tode and fungus inoculated individually or concomitantly. All the
bio-agents treated plants showed greater length, fresh and dry
weight of shoot and roots of cucumber plants compared to control.
Among the tested bio-agents, bio-agents liquid formulations
15 ml kg~! seed showed significantly (P > 0.05) greater shoot
length, root length, fresh and dry shoot and root weight followed
by P. lilacinum 20 g kg~ ! seed compared to other treatments and
control irrespective of whether nematode and fungus inoculated
individually and concomitantly (Tables 1-3). Extensive root rotting
had been observed in the cucumber plants inoculated with both
the pathogen simultaneously as compared to where nematode
and fungi inoculated individually. Data augmented that positive
impact of all applied bio-agents was noted on the cucumber plant
growth.
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Table 1
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Effect of bio-agents seed treatment on shoot and root length of cucumber plant infested with root-knot nematode and soil borne fungus.

Treatments Shoot length (cm) Root length (cm)
Nematode alone Fungi alone Nematode + fungi Pooled Nematode alone Fungi alone Nematode + fungi Pooled
Mean Mean
T. viride 10 g kg~ ! seed 130.1° 131.8" 129.1° 1301 35.0° 394« 31.2° 352
T. viride 20 g kg~ ! seed 139.8% 142.4°f 137.1 9 1398 428 463 8 37.6 9 422
P. fluorescence 10 g kg~ seed 132.3% 129.5° 130.2° 1323 36.6° 36.5 P¢ 32.1b¢ 35.1
P. fluorescence 20 g kg~ seed 142.5¢ 139.2 d¢ 139.1 9 1425  44.59% 438 f 402°¢ 42.8
P. lilacinum 10 g kg~ ! seed 134.9%¢ 127.8° 132.2%¢ 1349 393 °¢ 35.1° 33.4 ¢ 35.9
P. lilacinum 20 g kg~' seed 146.1° 136.5 140.2 be 1461 479°¢ 42.9 def 40.0 ¢ 436
LFB 10 ml kg~ ' seed 136.8¢4 1345 1349« 1368 413 41,59 356 395
LFB 15 ml kg ' seed 152.6 ¢ 146.5 144.8f 1526  52.3f 48.4¢ 446 484
Carbosulfan 3% v/w 159.6 153.1¢8 149.8 & 1596 57.18 540" 5268 54.6
Non-treated control (inoculated) 86.5% 86.4 829°? 86.5 23.3°? 229°? 20.8 2 22.3
Non-treated control (non-inoculated) 165.8' 16241 161.2 0 111.9 596¢8 563" 55.8 & 57.2
Pooled Mean 138.8 135.5 134.7 436 425 385
LFB = liquid formulation of bio-agents, Data are mean of four replications.
Table 2
Effect of bio-agents seed treatment on fresh shoot weight and root weight of cucumber plant infested with root-knot nematode and soil borne fungus.
Treatments Shoot weight (g) Root weight (g)
Nematode alone Fungi alone Nematode + fungi Pooled Nematode alone Fungi alone Nematode + fungi Pooled
Mean Mean
T. viride 10 g kg~ seed 42.0° 34,1 b€ 30.3 > 35.5 13.8° 13.7 b¢ 11.8° 13.1
T. viride 20 g kg~ ' seed 49,6 9¢ 50.3 40.4 < 46.8 18.0 df 19.4° 16.9 % 18.1
P. fluorescence 10 g kg~ seed 43.8 b¢ 32.7 b€ 31.7 b¢ 36.1 14.7 ¢ 13.0 b¢ 12.7 ¢ 135
P. fluorescence 20 g kg~' seed 524 ¢ 443 ¢ 42.7°¢ 46.5 18.8 °f2 17.9 ¢ 173 ¢ 18.0
P. lilacinum 10 g kg~' seed 45.4 bcd 30.9° 31.3« 35.9 15.8 bed 12.2° 13.7 bed 13.9
P. lilacinum 20 g kg~' seed 55.9 f8 40.7 % 415¢ 46.0 19.9 feh 18.6 18.2°¢ 18.9
LFB 10 ml kg~ seed 47.8 cde 36.6 < 35.8 < 40.1 16.9 e 15.0 «d 15.8 <de 15.9
LFB 15 ml kg~ seed 59.7 &" 52.3" 474 53.1 21.2¢8" 16.4 de 17.2 de 18.3
Carbosulfan 3% v/w 616" 545 51.1¢ 55.7 225N 226¢8 21.7°F 22.3
Non-treated control (inoculated) 239°? 23.7° 208 ? 22.8 6.8° 6.5° 4.8°? 6.0
Non-treated control (non-inoculated) 71.7 64.8 ¢ 67.7" 68.1 2491 23.0% 23.5° 23.8
Pooled Mean 50.3 423 40.1 17.6 16.2 15.8
LFB = liquid formulation of bio-agents, Data are mean of four replications.
Table 3
Effect of bio-agents seed treatment on dry shoot weight and root weight of cucumber plant infested with root-knot nematode and soil borne fungus.
Treatments Dry shoot weight (g) Dry root weight (g)
Nematode Fungi Nematode + fungi PooledMean Nematode Fungi Nematode + fungi PooledMean
alone alone alone alone
T. viride 10 g kg~ seed 13.7° 15,7 bed 13.5° 14.3 3.3b 3.5 3b¢ 3.0 33
T. viride 20 g kg~ seed 17.8 def 19.1 % 16.8 de 17.9 4.1 bed 5.9 ¢de 3.90bc 4.6
P. fluorescence 10 g kg~ seed 14.7 °¢ 14.7 °¢ 14.2 b¢ 14.5 3.6" 3,2 3b¢ 3.1 33
P. fluorescence 20 g kg~ seed 18.7 ¢ 18.2 °f& 17.5 9 18.1 47 5.1 bede 4,5 bc 4.8
P. lilacinum 10 g kg~! seed 15.7 bed 13.7° 15 bed 14.8 3.7 b 292 3.5b¢ 34
P. lilacinum 20 g kg~ seed 19.7 8" 17.3 def 17.7 d¢ 18.2 5.2 9 4,2 3bcd 5cd 4.8
LFB 10 ml kg~! seed 16.8 de 16.2 e 15.8 bed 16.3 3.8 ¢ 3.8 ab¢ 3.7 > 3.8
LFB 15 ml kg~ ! seed 21 ¢ 20 & 19.0 fg 20.0 6.1¢ 6.8 d¢ 6.3 9 6.4
Carbosulfan 3% v/w 227 M 219N 20.8 ¢f 21.8 7.9 7.3 ¢ 7.1°¢ 7.4
Non-treated control (inoculated) 6.3 ¢ 7° 531 6.2 2.0° 1.8°? 1.6° 1.8
Non-treated control (non- 241 2281 23.0¢% 233 98¢ 9.5 9.3f 95
inoculated)
Pooled Mean 17.4 17.0 16.2 4.64 4.16 4.77

LFB = liquid formulation of bio-agents, Data are mean of four replications.

3.2. Effect of bio-agents on nematode reproduction

Root-knot nematode formed big and compound root galls in
non-treated inoculated control with nematode alone and nema-
tode and fungus inoculated simultaneously. All applied bio-
agents found to suppress significantly (P > 0.05), the multiplication
of M. incognita and F. oxysporum compared to control (Table 4,
Figs. 1 & 2). Maximum reduction in number of galls plant root™!,
number of egg masses plant root™' and soil population 200 cc
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soil ! was recorded with bio-agents liquid formulation 15 ml kg !
seed irrespective of whether nematode inoculated individually or
nematode and fungi both inoculated simultaneously. Among the
bio-agents maximum suppression of nematode population was
observed with bio-agents liquid formulations followed by P. lilac-
inum as compared to check. It is also clear from the results that
the egg masses plant root™! was very few with carbosulfan treated
plants but eggs egg mass~' were not affected or non-significant
(P > 0.05) as compared to non-treated inoculated control. Various
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Table 4
Effect of bio-agents seed treatment on nematode reproduction in cucumber crop infested with root-knot nematode and soil borne fungus.

Treatments Numbers of galls/plant Numbers of egg masses/plant Final nematode population / 200 cc soil
Nematode Nematode + fungi Pooled Nematode Nematode + fungi Pooled Nematode Nematode + fungi Pooled
alone Mean  alone Mean  alone Mean

T. viride 10 g kg~ ! seed 22431 218.04 2212 269.07 255,51 2623  267.37 255.04 261.2

T. viride 20 g kg~ seed 202.5 194.3¢ 1984  194.0° 187.3" 190.7  227.3f 218.8f 223.1

P. fluorescence 10 g kg~' seed 219.8 " 212.3f 216.1 22681 21281 2198 25551 24201 248.8

P. fluorescence 20 g kg ' seed  193.0 © 185.8 ¢ 1894 186.5 ¢ 179.5 ¢ 183.0 2223°¢ 211.5°¢ 216.9

P. lilacinum 10 g kg~ ! seed 2168 " 207.5" 2122 217.3M 206.5" 2119 2445" 2325" 2385

P. lilacinum 20 g kg~! seed 18234 177549 179.9 172849 162.5 9 167.7 215.0¢ 195.8 4 205.4

LFB 10 ml kg~ ' seed 2105 ¢ 202.8 & 206.7 207.0% 195.0 & 201.0 237.8% 22458 231.2

LFB 15 ml kg~ ! seed 172.5¢ 166.5¢ 169.5 159.5¢ 151.3¢ 155.4 192.5¢ 184.5¢ 188.5

Carbosulfan 3% v/w 166.3° 161.3° 163.8  142.8° 138.8° 1408  178.5° 165.5° 172.0

Non-treated control 32351 3138k 318.7 4425% 4363 & 4394 6368 630.5 ¥ 633.7

(inoculated)

Non-treated control (non- 00°? 0.0° 00 0.0° 00° 2623 00° 0.0° 0.0

inoculated)

Pooled Mean 192.0 185.4 201.7 193.2 2434 232.8

LFB = liquid formulation of bio-agents, Data are mean of four replications.

o
o
=
Q
<
o
2
]
=
o
S)
o
o
o
o
w
o

Note: T1: T. viride 10 g kg seed, T2: T. viride 20 g kg™ seed, T3: P. fluorescence 10 g kg seed, T4: P.
Sfluorescence 20 g kg™ seed, TS: P. lilacinum 10 g kg™ seed, T6: P. lilacinum 20 g kg seed, T7: LFB 10
ml kg! seed, T8: LFB 15 ml kg! seed, T9: Carbosulfan 3% v/w, T10: Non-treated control (inoculated)
T11: Non-treated control (non-inoculated)

Fig. 1. Effect of bio-agents seed treatment on nematode reproduction factor in infested with root-knot nematode alone.

REPRODUCTION FACTOR

Fig. 2. Effect of bio-agents seed treatment on nematode reproduction factor in infested with root-knot nematode and fungus inoculated simultaneously.
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applied bio-agents caused significant reduction in eggs egg mass ™!
compared to control (non-treated inoculated) and caobosulfan.
Lowest reproduction factor of M. incognita was calculated with
bio-agents liquid formulations 15 ml kg~! seed. Fungal disease
suppression has also been observed with the application of bio-
agents and carbosulfan as compared to control.

3.3. Per cent disease incidence

It is clear from the data (Table 5) that the all-applied bio-agents
and carbosulfan suppress the percent fungal disease irrespective of
whether fungi inoculated individually or nematode and fungus
both inoculated concomitantly as compared to non-treated inocu-
lated control. Fungus diseases incidence was observed after sowing
at 15 and 30 days. Fungal disease incidence after 15 and 30 days of
sowing, lowest disease incidence was recorded with bio-agents liq-
uid formulations 15 ml kg-1 seed or T. viride 20 g kg~ ' seed as com-
pared to non-treated inoculated control.

4. Discussion

Bioagents liquid formulation treated seeds was showed signifi-
cantly higher plant growth followed by P. lilacinum irrespective of
whether nematode or fungus were inoculated individually or con-
comitantly. Results are agreements with the studies of Amer
Zareen et al. (2001) found that significantly higher plant growth
was recorded in Trichoderma harzianum, T. flavus and P. lilacinum
applied as seed/soil drench compared to control and lowest in P.
fluorescence treated plants. All treatments significantly reduced
the nematode populations compared with non-treated inoculated
control. Irrespective of nematode inoculated individually or nema-
tode and fungus concomitantly, lowest galls plant root™! and eggs
egg mass~! was recorded with bioagents liquid formulation com-
pared to non-treated inoculated control followed by P. lilacinum.
Dhawan et al. (2004) also observed that seed treatment of okra
with P. lilacinum (10, 15 and 20 g kg~ ! seed) improved the okra
growth and reduced the M. incognita populations. Commercial pro-
duct of P. lilacinum and Bacillus firmus applied as soil drenching and
seed treatment on soybean and tobacco, improved the plant
growth and significantly reduced the root-knot nematode
(Meloidogyne spp.) populations under field conditions (Lamovsek
et al. 2013).

Among all the tested bio-agents, bio-agents liquid formuations
(T. viride + P. fluorescence + P. lilacinum) significantly improved the
plant growth and reduced disease severity might be due to the

Table 5
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combined effects of all bio-agents. Several researchers proved that
combined application of bio-agents has been effective in manage-
ment of M. incognita and F. oxysporum either inoculated individu-
ally or simultaneously in various vegetable crops under in vivo or
field (protected/open) conditions (Singh and Balodi, 2021; Abo-
Elyousr et al., 2014; Singh et al, 2013; Singh, 2013, 2019; Singh
and Singh, 2012; Dubey et al., 2007). In present study, combined
application of egg parasitic fungus, P. lilacinum, antagonistic fun-
gus, T. viride and bacterial antagonists P. fluorescens was shown
increased efficiency in cucumber plants under protected condi-
tions may be the reason that the bio-agents colonisation was more
due to favourable conditions (micro climate) maintained in pro-
tected structures. Some researchers also found that bio-agents effi-
cacy has been improved for management of complex diseases
(Meloidogyne spp. and F. oxysporum) under protected conditions
(Singh and Balodi, 2021; Abo-Elyousr et al., 2014).

Similarly, Rao et al. (1997) found that lowest root-knot index,
root-knot nematode (M. incognita) population and enhanced fruit
yield of okra when seeds are treated with P. lilacinum. The nema-
tode population might be reduced due to the parasitic activity of
P. lilacinum on eggs and all stages of nematodes. P. lilacinum spores
also attached to the cuticle of second stage juveniles of root-knot
nematode (vermiform stages) when they are randomly move in
the soil pore spaces. The P. lilacinum spores penetrate the cuticle
and engulf the root knot nematode juveniles and hyphae of the
fungus could entered in the nematode body through natural open-
ings, such as anus and vulva. P. lilacinum feed and suck the body
contents and ultimately killed the nematode. Moreover, P. lilac-
inum acted as a parasite on the nematode. Greatest reduction in
soil nematode populations was found in the presence of both
pathogens nematode and fungus followed by nematode alone. All
the used bioagents in this study significantly reduced the fungal
incidence in cucumber as compared to non-treated inoculated
check. Lesser (10 %) fungal disease incidence was observed with
the bioagents liquid formulations as compared to nontreated inoc-
ulated check followed by T. viride (15 %) where both the pathogens
inoculated simultaneously. These findings were also agreements
with the studies of Druzhinina et al. (2011), Hallmann et al.
(2009), Robab et al. (2012) and Vos et al. (2012).

In our study, all bio-agents increased the plant growth and
reduced disease severity might be the reason that the bio-agents
were rapidly multiplied and colonized in soil rhizosphere. So, crop
at the initial/early stage was protected from prior nematode infec-
tion or disposer for soil borne fungus. The efficiency of bio-agents
(fungal and bacterial antagonists) has been varied, and mainly
depends upon their establishment in soil rhizosphere and

Effect of bio-agents seed treatment on percent fungal incidence in cucumber crop infested with root-knot nematode and soil borne fungus.

Treatments Pre emergence damping off

Fungi alone

Nematode + Fungi

15 days after sowing

30 days after sowing

Pooled Mean 15 days after sowing 30 days after sowing Pooled Mean

T. viride 10 g kg~ seed 152 25P
T. viride 20 g kg~ ' seed 102 20
P. fluorescence 10 g kg~ seed 15° 20
P. fluorescence 20 g kg~ ! seed 10° 152
P. lilacinum 10 g kg~' seed 152 202
P. lilacinum 20 g kg~' seed 52 10 %
LFB 10 ml kg~! seed 102 202>
LFB 15 ml kg~ seed 52 53b
Carbosulfan 3% v/w 52 5ab
Non-treated control (inoculated) 55P 65¢
Non-treated control (non-inoculated) 0°? 0°
Pooled Mean 13.2 18.6

20 20° 30° 25
15 152 15 15
18 20? 30° 25
13 1572 20 17.5
18 20° 253 225
8 102 15 % 12.5
15 1572 20 17.5
5 532 10 % 7.5
5 54 10 7.5
60 60° 60° 60
0 0? 0? 0
16.8 21.4

LFB = liquid formulation of bio-agents, Data are mean of four replications.
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parasitization on target pest (Singh and Mathur, 2010), so seed
treatment with bio-agents initially protects the crop from soil
borne pathogens.

5. Conclusions

According to the results of this study, bio-agents can be suitable
candidates for use in biological control of M. incognita and fungus
as seed treatment, which, in turns, will be an effective action to
reduce the consumption of pesticides and helping to develop safer
sustainable agriculture. The results of this study seem to indicate
that the liquid formulations of bioagents could be a potential can-
didate in organic farming/protected cultivation, where a few/less
options are available to manage nematode and fungus disease
complexes.
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