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Summary. An investigation was carried out to examine the effect of soil application of Paecilomyces lilacinus,
Gliocladium virvens, Pseudomonas fluorescens PRS-9, Bacillus polymyxa and pesticides (aldicarb + thiram)
against a disease complex caused by Meloidogyne incognita and Fusarium oxysporum {. sp. lycopersici on
growth and yield of tomato in field plots. The nematode and fungus, acting alone caused characteristic root
galling and shoot wilting, respectively and significantly reduced plant growth and yield. In concomitant inocula-
tion, severity of fusarial wilt was significantly increased and plant growth and yield reductions were also consid-
erably greater compared to the sum of individual effects of the pathogens. On such plants, pathogenesis and re-
production of the nematode was, however, suppressed. Application of P. lilacinus and G. virens significantly
enhanced the plant growth and yield of nematode and fungus inoculated plants, respectively. Greatest en-
hancement of plant growth and yield of nematode-fungus infected plants occurred with P. fluorescens, foliowed
by the pesticides and G. virens or P. lilacinus. Hatching of larvae, gall formation, egg mass production, fecun-
dity and soil population of M. incognita and wilting index and rhizospheric population of F. oxysporum f. sp.
lycopersici were decreased due to application of the control agents except B. polymyxa, which caused increase
in the dry matter production and yield of uninfected tomato plants and soil population and fecundity of the
nematode and rhizosphere population of the fungus.

In dealing with a Meloidogyne-Fusarium dis-
ease complex, the bioagent should be selected
with reference to specific targets. Paecilomyces
lilacinus is a strong parasite of eggs of root-
knot nematodes (Jatala, 1986). Gliocladium vi-
rens is a mycoparasite of Fusarium species
(Cipriano et al., 1989). Certain isolates of Pseu-
domonas fluorescens may suppress both the

pesticides against the wilt disease complex
caused by M. incognita (Kofoid et White)
Chitw. and F. oxysporum f. sp. lycopersici
(Schlecht) on tomato in field plots.

Materials and methods

nematode and fungus (Leeman et al., 1995).

The growth promoting rhizobacteria, such as
Bacillus polymyxa, may also suppress nematode
and fungal diseases in an indirect way by mak-
ing healthier and stronger host, which may re-
sist pathogens (Khan and Khan, 1998).

An investigation was carried out to evaluate
efficacy of certain biocontrol organisms and

Seventy two plots, each of 2x3 m, were pre-
pared in a sandy loam soil and farm yard ma-
nure was added (10 kg/plot). Treatments were
applied as indicated in Table 1. The cultures of
F. oxysporum f. sp. lycopersici, P. lilacinus
(Thom.) Samson and G. virens Corda., obtained
from the Indian Agricultural Research Institute,
New Delhi were reared on Richard’s liquid me-
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TaBLe 1 - Effects of biocontrol agents and pesticides on the plant growth biomass and yield of tomatoes in soil inocula-
ted with Meloidogyne incognita and/or Fusarium oxysporum /. sp. lycopersici.

Inoculation Shoot Fresh weight Dry weight

Weight of
Treatment Nematode Fungus length 8 g fruits/plant
e Shoot Root Shoot Root &
Control 0 0.0 52.8 48.1 219 14.2 5.10 1177
Control 2000 0.0 47.1* 40.8* 20.8 12.7* 4.62* 980*
Control 0 2.0 48.7* 38.5* 20.0* 12.2% 4.61* 1021
Control 2000 2.0 41.9* 37.3* 18.1% 10.3* 4.0* 745*
P. lilacinus 0 0.0 53.5 47.6 22.0 14.6 5.07 1163
2000 0.0 50.7* 43.7* 21.6 13.5% 5.34* 1085*
0 2.0 48.5 39.1 19.9 12.3 4.67 1056
2000 2.0 46.0* 39.5 19.0 11.9* 4.45* 912%
G. vivens 0 0.0 52.3 47.7 22.1 14.0 5.11 1141
2000 0.0 47.8 41.0 20.7 13.0 4.97 1008
0 2.0 51.9* 41.1* 21.2% 13.1* 4.9* 1095*
2000 2.0 43.4 40.8* 19.0 11.0 4.21 807*
P. fluorescens 0 0.0 53.3 48.4 22.3 14.4 5.26 1202
2000 0.0 49.8* 42.9* 21.8 13.5% 4.96* 1056*
0 2.0 51.0 40.7* 21.2% 13.0* 4.87* 1095*
2000 2.0 49.2% 42.1* 21.07 11.9* 4.69* 1008
B. polymyxa 0 0.0 53.5 48.9 22.1 15.5* 5.47* 1372%
2000 0.0 47.9 413 21.0 13.0 4.78 1018
0 2.0 49.2 39.0 20.3 12.5 4.70 1011
2000 2.0 42.6 37.7 18.2 10.9 4.13 788
Aldicarb+ 0 0.0 52.4 47.5 21.5 14.0 5.02 1138
Thiram 2000 0.0 51.9* 43.7* 22.2% 13.8* 5.00 1034*
0 2.0 S51.7% 42.9* 21.5* 15.1% 4.86* 1082*
2000 2.0 49.0* 44.7* 21.2% 12.5% 4.65* 967*
L.S.D.
(P=0.05) 2.35 1.95 1.18 0.76 0.24 48.5

* Significantly different from the respective controls at P=0.05.

dium. The mycelial mat collected from the
flasks was blended in a known volume of dis-
tilled water. P. fluorescens (Threvesan) Migula
(strain PRS-9) and B. polymyxa Cohn were pro-

mass cultured in King’s liquid medium and nu-
trient broth, respectively. For field application,
the suspension containing 2 g mycelium +
spores or 1 ml pure broth was spread to soil

cured from G. B. Pant University of Agriculture
and Technology, Pant Nagar, India and Institute
of Microbial Technology, Chandigarh, India and

(10 cm diameter, 10 cm depth) where seedlings
were to be planted. Inoculation was done at 30
spots in a microplot. Inoculum of F. oxysporum
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f. sp. lycopersici and/or M. incognita (2000
juveniles/spot) was added a day before seed-
ling planting, whereas the other organisms were
applied at the time of planting. The mixture of
carbofuran and thiram at the rate of 2.5 kg
a.i/ha and 5 kg a.i./ha, respectively, was ap-
plied to the soil before the planting of the seed-
lings but after the inoculation of the pathogens.
Two-week old seedlings of tomato, Lycoper-
sicon esculentum Mill. cv. Pusa Ruby, raised in
sterilized soil were planted in exactly the loca-
tions where the various treatments had been
given. Three rows were maintained in each mi-
croplot with 10 plants/row. Each of the 24 treat-
ments was replicated three times; treatments
were randomly distributed. Plots were irrigated
with channel irrigation fortnightly. Three and
half months after planting, five alternate plants
were uprooted from each row and shoot length
and dry weights of shoots and roots, number of
flowers and fruits/plant, mean fruit weight,
weight of fruits/plant, number of galls and egg
masses/root system, number of eggs/egg mass
and rhizospheric population of F. oxysporum f.
sp. lycopersici (dilution plate method) and M.
incognita (Cobb’s decanting and sieving meth-
od) were determined. The entire root system
was examined to count galls and egg masses.
The effect of G. virens on the radial growth
of F. oxysporum f. sp. lycopersici in vitro was
studied on potato dextrose agar in Petri plates.
The plates were inoculated with G. virens
and/or F. oxysporum f. sp. lycopersici 1 cm
apart from each other in the centre. Ten plates
were maintained for each of the three treat-
ments viz. F. oxysporum f. sp. lycopersici, G. vi-
rens and F. oxysporum f. sp. lycopersici+ G. vi-
rems. After inoculation the plates were incubat-
ed at 2512 °C for 5 days in a B.O.D. incubator
and radial growth of the fungi was measured.
Measurements on 15 plants (5 plants/row)
collected from a single plot were averaged and
considered as one replicate. The data (three
replicates) were analysed by one factor analysis
of variance (ANOVA) and least significance dif-

ference (LSD) was calculated at a probability
level of 0.05 (Dospekhov, 1984). To identify a
significant treatment, nematode and/or fungus
inoculated plants were compared with the unin-
oculated control, whereas nematode or fungus
inoculated plants and treated with antagonistic
fungi or rhizobacteria were compared with
nematode or fungus inoculated plants not treat-
ed with the microorganisms. Similarly nema-
tode + fungus inoculated and treated plants
were compared with nematode +fungus inocu-
lated and untreated plants.

Results and discussion

Inoculation of plants with F. oxysporum f. sp.
lycopersici or M. incognita caused significant
suppression of length and dry weight of shoots
and roots and yield of tomato plants (Table D).
Concomitant inoculations with the nematode
and fungus resulted in greater reductions. Apli-
cation of B. polymyxa significantly promoted
plant growth and yield of uninoculated plants
compared to the control (Table D). Growth and
biomass production of nematode infected plants
were significantly promoted due to the applica-
tion of pesticides or P. lilacinus. Pesticide treat-
ment also produced the greatest enhancement
(significant) in the growth and biomass of pa-
thogenic fungus inoculated plants in comparison
to fungus inoculated untreated plants, next
were G. virens and P. fluorescens. Pesticide
treatments significantly improved the plant
growth variables (14-22%) of nematode + fungus
inoculated plants compared to the nema-
tode + fungus inoculated untreated plants (Table
D. Aplication of P. fluorescens also induced sim-
ilar effects but growth enhancements were
smaller ie., 10-17%. G. virens significantly en-
hanced the fresh weight of shoot of nema-
tode +fungus infected plants.

Treatments with P. fluorescens (28%) and
pesticides (24%) significantly increased the yield
of nematode +fungus inoculated plants com-
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pared to inoculated-untreated plants (Table I).
Significant increase in mean fruit weight of
nematode + fungus inoculated plants was asso-
ciated with the application of P. fluorescens.
The yield of concomitantly inoculated plants
was, however, increased by all the microorgan-
isms except B. polymyxa. Application of P. lilac-
inus and G. virens led to significant increase in
fruit weight/plant of M. incognita and F. oxy-
sporum f. sp. lycopersici inoculated plants, re-
spectively, whereas P. fluorescens increased the
yield of both group of plants. Application of
fungicides also resulted in an increase in the

yield of nematode and/or fungus infected
plants, but greater enhancement occurred due
to P. fluorescens.

M. incognita at 2000 juveniles/plant caused
extensive galling on the root system (Table II).
Gall formation and egg mass production were,
however, significantly decreased in the pres-
ence of F. oxysporum f. sp. lycopersici. Pesticide
treatment suppressed gall formation by 71%,
followed with 29 and 24% by P. lilacinus and P.
Jfluorescens, respectively, in comparison to un-
treated plants. Reproduction of the nematode
(number of egg masses/root system) was signif-

Taste 11 - Effects of biocontrol agents and pesticides on the intensity of root-knot and fusarial wilt and reproduction of
the nematode and soil population of the wilt fungus on tomato plants inoculated with M. incognita and/or

F. oxysporum f. sp. lycopersici.

Inoculation

Number/root system

Fecundity Wilting index Soil population of
Treatment Nematode Fungus Galls mi,;;;ges (Eigngig/se)gg (0-5 scale) he Ogegfgfjgg;%@; (S)If)'s oil)
Control 2000 0.0 137 132 261 - -
Control 0 2.0 - - - 2.1 17.5x104
Control 2000 2.0 89* 85* 181* 2.4% 18.3x104
P. lilacinus 2000 0.0 97* 62* 154* - -
0 2.0 - - - 2.1 17.2x104
2000 2.0 64* 40 116 2.2% 17.7x104
G. virens 2000 0.0 132 125 247 - 4.1x103*
0 2.0 - - - 1.3% 4.2x103*
2000 2.0 86 80 173 1.8* -
P. fluorescens 2000 0.0 104* 81* 122* - -
0 2.0 - - - 1.6* 7.9%103*
2000 2.0 52% 3% 72* 1.7% 12.0x 103
B. polymyxa 2000 0.0 141 138 293" - -
0 2.0 - - - 2.0 17.6x104
2000 2.0 82 70% 195 2.3 20.5x10%
Aldicarb+ 2000 0.0 39* 25% 57* - —
Thiram 0 2.0 - - - 1.0* 12.3x10%*
2000 2.0 24 17* 42% 1.1* 14.7x 102
L.S.D.
P=0.05) 8.5 7.2 13.6 0.15 0.41x 10?2

* Significantly different from the respective controls at P=0.05.
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icantly decreased by pesticides (81%), followed
by P. lilacinus (53%) and P. fluorescens (39%)
(Table ID). Significant suppression of fecundity
(number of eggs/egg mass) was recorded with
pesticides (78%), P. fluorescens (53%) and P. li-
lacinus (41%) (Table ID). The pesticides used
were systemic (Johnson, 1985; Nene and Tha-
plival, 1990) and remained active enough in the
plant system even at a late stage and affected
the nematode reproduction leading to a de-
crease in fecundity. Lower fecundity may also
have resulted from some late residual effect of
the pesticide that accumulated in the nematode
body. Application of B. polymyxa, however, sig-
nificantly increased the fecundity. Numbers of
nematode eggs and juveniles in the soil were
considerably greater in the rhizosphere of nem-
atode-inoculated untreated plants (Table 1D). In
the presence of F. oxysporum f. sp. lycopersici
the population, however, declined by 26%. The
pesticide treatment decreased the soil popula-
tion of nematode infected plants by 60%, fol-
lowed by 38% and 34% due to P. fluorescens
and P. lilacinus, respectively. Application of B.
polymyxa appeared to be favourable for nema-
tode population leading to a significant increase
in the soil population compared to nematode
inoculated untreated plants (Table 1I). Maximum
decline in the population of nematode + fungus
infected plants was recorded with the pesticide
treatment (52%) followed by P. lilacinus (24%)
and P. fluorescens (23%) compared to the plants
inoculated with both nematode and fungus but
not treated. Application of B. polymyxa or G. vi-
rens resulted to a significant increase in the soil
population of M. incognita, of nematode + fun-
gus inoculated plants.

The pathogenic fungus (2 g mycelium/plant)
induced moderate wilting of tomato foliage. M.
incognita, however, exacerbated the wilting by
14.3% (Table ID. The control agents checked the
wilting to a varied degree. A decrease of 52% in
wilting occurred on nematode-fungus inoculated
plants due to the application of pesticides, com-
pared to the control. Tomato plants developed

38.1 and 23.8% less wilting when treated with G.
virens and P. fluorescens, respectively. P. lilaci-
nus did not influence the fusarial wilt in the ab-
sence of nematodes. On the nematode-fungus
inoculated plants, P. lilacinus application, how-
ever, suppressed the wilting significantly. Mod-
est wilt symptoms on nematode +fungus infect-
ed plants were observed with pesticide (54% de-
crease), P. fluoresens (29%), and G. virens (25%),
compared to the control (Table ID.

The soil population of F. oxysporum f. sp. I~
copersici in terms of the number of colony form-
ing units (CFU)/g of soil was considerably great-
er (significant) in the rhizosphere of the fungus-
inoculated plants (Table ID. The nematode in-
fection led to a significant increase in CFUs of
the fungus. Application of bioagents induced
various effects on the CFU count. Treatments
with G. virens, P. fluorescens and pesticides
caused a significant decline in CFUs in rhizo-
sphere of fungus-infected plants. The growth of
F. oxysporum f. sp. lycopersici was relatively
slower than G. virens and the average colony
size was 2.6 cm in diameter (data not given).
Dual inoculated plates showed restricted colony
growth of the wilt fungus, whereas growth of
the mycoparasitic fungus was unaffected. Myce-
lium of G. virens restricted the growth of Fusari-
um colony on PDA in Petri plates.

Treatments with P. fluorescens decreased the
soil population of F. oxysporum f. sp. lycopersici
(419%) and M. incognita (38%) to a practically
exploitable level. Suppression in the fungal and
nematode pathogenesis led to 31% increase the
yield of concomitantly inculated plants.
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