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ABSTRACT: Effect of bio-control agent (Paecilomyces lilacinus), neem cake and botanicals (Tagetes erecta and Solanum torvum) against
root-knot nematode, Meloidogyne incognita in cv. Robusta was tested by applying individually and in combinations under pot condition.
Results revealed that all the treatments were effective in increasing the plant growth with significant reduction in nematode
populations. Among the treatments, the combined application of P. lilacinus + neem cake and P. lilacinus +T. erecta (flower extracts)
resulted in maximum increase of plant height (5.3 cm each), number of leaves (26.6 & 25.0), pseudostem girth (11.7cm & 11.0 cm), root
length (36 & 26), number of healthy roots (42 & 43), root weight (45 each), root gall index (1) and nematode population from soils (30
& 50/250cc) and roots (110 & 115/5g) compared to the maximum root gall index (5) with the nematode population from soil (1020/250
cc) and roots (1760/5g) in nematode alone- inoculated control plants. The estimation of proteins, phenol, peroxidase and polyphenal
oxidase Wetected from roots and leaves showed an increase in total orth-dihydroxy phenols and enhanced activities of polyphenol
oxidase r%nd peroxidase on inoculation of M. incognita.
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SBanana (Musa spp.) is one of the important MATERIALS AND METHODS
co@i ercial fruit cropsgrownwidely inbothtropical and
suls-trapical conditions under different production The pot culture experiment was conducted at the

syg@nfgs The root-knot nematode, Meloidogyne Research Farm, National Research Centre for Banana
incognita considered to be the most economically at Tiruchirapalli during 2006-07. Forty banana suckers
important nematode pestsof bananaiswidely distributed from cultivar Robusta of uniform size with an average
in South India (Sundarargju, 1996). Crop lossescaused ~ weight of 1.5 to 2 kg selected from the field were pared
due to M. incognita in ‘Poovan’ was reported to be  and dipped in hot water at a temperature range of 50-
30.9% (Jonathan & Rajendran, 2000). Management of 55°Cfor 10minutes. Thesuckerswereplantedindividualy
nematode problemsby indiscriminateuseof nematicides ~ inforty earthen pots containing 5 kg of soil mixture (Red
has proved disastrous to the environment and human.  soil; Sand; FYM) in the ratio of 2:1:1 arranged in a
Incorporation of organic amendment like neem cake, randomized manner and watered regularly under shade
botanicalsand bio-control agentshaveshowntobemost ~ netcondition. Therewereseventeentreatmentsreplicated
effective ways to manage nematodes without affecting  three treatment details are furnished below:

the produce (Jonathan et al. 1995; Sundarargju &
Cannayane, 2003; Sundararaju & Kumar, 2003). Since,
the nematodes are very well managed by using organic 7.1 P lilacinus alone -10 g/plant
amendments/bio-control agentsin different horticultural

Treatment details

and plantation crops, an attempt was, therefore, made to T-2 Tagetes erecta p. (leaf extracts) 10 glplant
evaluatetheefficacy of bio-control agent (Paecilomyces ~ T-3 Tagetes erecta sp. (flower extracts) -10 g/plant
lilacinus), organic amendment (Neem cake) and T-4 Neem cake -100 g/plant
botanicals (Tagetes erecta and Solanum torvum) T-5 Solanum torvum 10 giplant

individually and in combination for the management of

root-knot nematode problem on banana cv. Robusta. T-6 P. lilacinus + Tagetes erecta -each 10g/plant
(leaf extracts)

201



P. Sundarargju and P. Kiruthika

T-7 P. lilacinus + Tagetes erecta -each 10g/plant

(flower extracts)

T-8 P. lilacinus + Neem cake -each 10g +
100 g/plant

T-9 P. lilacinus + Solanum torvum -each 10g/plant

T-10 Tagetes erecta (leaf extracts) + -each 10g/plant

Tagetes erecta (flower extracts)

T-11 Tagetes erecta (leaf extracts) + -each 10g +

Neem cake 100g/plant

T-12 Tagetes erecta (leaf extracts) + -each 10g/plant

Solanum torvum

T-13 Tagetes erecta (flower extracts) + -each 10g +

Neem cake 100g/plant

T-14 Tagetes erecta (flower extracts) + -each 10g/plant

Solanum torvum

T-15 Néem cake + Solanum torvum -each 100g +

”% 25 g/plant
T- 16§\Iematode alone
T- q reated Control (Check)

masses of root-knot nematode, M. incognita
werecellected from pure culture maintained on coleus
pl as:@ T hese egg masses were transferred into a beaker
cor‘;tél ning tap water. The top of the beaker was closed
W@ﬂa@lece of polythene sheet with small holes for
aeraﬁo@ Thiswasincubated at room temperature for 3-
4 days SThewater at the top was removed and then fresh
water Was added and aerated every day. After three
days, freshly hatched juveniles (J2) of M. incognita
were collected and used as a source of inoculum.
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Fresh leavesand flowersof T. erecta were collected
in and around banana garden at NRCB Farm, Podavur.
The leaves were first washed with tap water and dried
under shade for 10 days. The dried leaves were then
powdered and 10g each were used in al the treatments.
Pure culture of the nematode egg parasitic fungus P.
lilacinus was locally isolated from banana field. This
was cultured on Potato Dextrose Agar (PDA). This
isolate of P. lilacinus was used for the present
investigation against M. incognita.

Thirty days after planting, the experimental plants
were inoculated with root-knot nematode, M. incognita
@ 5000 J29/plant. Onemonth after nematodeinocul ation,

the required quantity of botanicals, neem cake and bio-
control agent alone and in different combinations were
incorporated in the experimental plants. All the treated
plants were watered and fertilized as needed. The
experiment wasterminated threemonthsafter inocul ation.
The plants were removed carefully (with intact root
system) and the roots washed thoroughly to remove the
adhering soil particles. Growth charactersincluding plant
height, pseudostem girth, number of leaves, root length,
number of roots, number of healthy roots, humber of
infected roots, and root weight were recorded. The root
galing was assessed by examining the roots on the
outside by visual observation of the whole root system
based on the percentage of galled roots. The percentage
was converted to ascale of 0-5 viz. 0=no galls; 1=trace
infection with a few small galls; 2=25% roots galled;
3=25-50%; 4=50-75% rootsgalled; 5=75%rootsgalled.
After this, roots were cut into small pieces, mixed
thoroughly and samples of 5g each were stained in
bailing acid fuschin-lacto phenol. These were blended
and nematode populations (eggs, different stages of
larvae and adult) were assessed. Soil samples (250cc)
were aso collected from each pot for estimating the
nematode population. Nematode population from soil
was estimated by using Cobb’s sieving and decanting
methodfollowed by modified Baermann’ sfunnel method.

Biochemical analysis of al the sasmpleswas carried
out in roots since nematodes are associated with root
system of banana. Root samples collected from both
healthy and nematode inoculated plants were washed
thoroughly in order to remove adhering debris and soil
partihles. Later the samples were stored at 4°C for
biochemical analysis. Estimation of the phenols, protein
chlorophyll and assay of peroxidase and
polyphenoloxidase were performed as per the method
described by earlier workers(Malick & Singh, 1980; and
Lowry'setal. 1951). Thedatawerestatistically analyzed
(Gomez & Gomez, 1994) and treatment means were
compared by Duncan’s multiple range test (DMRT).

RESULTS AND DISCUSSION

ThedatasummarizedinTable1& 2clearlyindicated
that all the treatments either aone or in combination
were effective in increasing the plant growth with
significant reduction in nematode populations. Among
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Tablel. Effect of promising botanicals, neem cake and biocontrol agent, Paecilomyces lilacinus against Meloidogyne

incognita on plant growth parameters of banana

Treatments Plant No. of leaves  Pseudostem Total Root Root
height (cm) of roots girth (cm) number  length (cm)  weight (g)
T1 P. lilacinus alone 433 21.00 10.20 24 2 40
T2 Tagetes erecta (leaf extracts) 5.00 2230 10.00 2 20 41
T3 T. erecta (flower extracts) 5.00 23.66 11.20 4 23 43
T4 Neem cake 500 19.16 950 37 2 0
T5 Solanum torvum 4.66 19.66 9.83 35 20 30
T6 T1+T2 5.00 24.66 11.00 30 2 40
T7T1+T3 533 2500 11.16 48 2 45
T8 T1+T4 533 26.66 11.66 46 36 45
T9T1+T5 433 1950 9.66 18 29 35
T10 T2+T3 400 18.00 7.16 ! 27 45
T11T2+T4 5.00 17.00 8.66 36 30 40
TI2 T24T5 466 20,66 9.00 38 24 45
T13 T3£T4 433 1866 9.00 2 2 5
TI4 TB4T5 400 1966 866 % * 40
T1ST4€T5 4,00 2000 8.00 23 28 %
Tl&:riée@atode aone 333 1166 6.16 31 15 20
T1Z Unfreated Control (Check) 400 18.75 10.25 40 21 45
segé & 078 329 151 0.73 058 246
CDZR=0105) 159 6.71 308 151 118 501
CDER=G:01) 213 9.03 414 2,03 159 6.74
oV : 20.99 2257 20.60 258 278 7.82

nl

the individual treatments, significant increase in plant
height (5.0 cm) number of leaves (23.7), pseudostem
girth (11.2 cm), root length (23cm), number of healthy
roots (38) and root weight (43) wasrecorded from plants
treated with flower extractsof T. erectafollowed by leaf
extractsof T. erecta and neem cake alone over untreated
control that medium root gall index (2) and significant
reduction in nematode population from soils (70/250cc)
androots(190/5g) wererecorded fromthesametreatment
compared to the maximum root gall index (5) with the
nematode population from soil (1020/250cc) and roots
(1760/5g) in nematode alone inoculated control plants.
However, results obtained from al the other individual
treatments were on par with each other. Among the
combined treatments, the combined application of P.
lilacinus + neem cake and P. lilacinus + T. erecta
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(flower extracts) resulted maximum increase in plant
height (5.3 cm each), number of leaves (26.6 & 25.0),
pseudo stem girth (11.7 cm & 11.0 cm), root length (36
& 26), number of healthy roots (42 & 43) and root weight
(45 each) over nematode aloneinoculated control plants.
Minimum root gall index (1) and nematode population
from soils (30 & 50/250cc) and roots (110 & 115/5Q)
wererecorded compared to the maximum root gall index
(5) withthenematode popul ation from soil (1020/250 cc)
androots(1760/5g) innematodea one-inoculated control
plants. The other combined treatments were on par with
each other. These findings were in agreement with
Mojumdar and Mishra(1999) who reported that aqueous
extracts of leaf, stem and roots of T. erecta and neem
leavesfromautumnfall havenematicida property against
M. incognita.



P. Sundarargju and P. Kiruthika

Table 2. Effect of promising botanicals, neem cake and biocontrol agent, Paecilomyces lilacinus on host infestation and
nematode multiplication in soil and root system of banana

Treatments Number of Number of Root-knot Total number of nematodes
healthy roots infected roots nematodes
Soil (250cc) Root (12m)
T1 P. lilacinus aone 17 212 4 PO 320
T2 Tagetes erecta (leaf extracts) A 195 3 60 315
T3 T. erecta (flower extracts) 3B 135 2 70 190
T4 Neem cake 33 28.8 4 260 690
T5 Solanum torvum 29 295 4 200 625
T6 T1+T2 26 155 1 40 125
T7T1+T3 43 125 1 50 115
T8 TI+T4 2 105 1 30 110
T9 TI+T5 15 185 3 65 285
T10T2+T3 30 20.0 3 45 240
T11 T2£T4 K< 165 3 55 200
TI2T2475 % 175 4 70 250
T13 384 8 125 3 60 280
TI4§T§;3+‘§|'5 % 185 2 50 140
Tl§§4-§T 5 17 16.1 4 0] 375
Tla_g)lge@atode alone 16 715 5 1020 1760
TIZe@niteated Control (Check) 37 195 1 0 0
SE§ : 0.95 0.72 112 5.68 8.36
C Ié:(gOS) 193 147 228 1158 17.03
CD (I§=(§01) 259 197 3.06 1557 22.89
CV% § 395 412 39.93 5.18 279
8

Theresultsof the study clearly indicated that though
the individual treatment has proved to be the effective
treatment against M. incognita but over all performance
was noticed better in plants treated with P. lilacinus +
neem cake followed by P. lilacinus + T. erecta (flower
extracts) and P. lilacinus + T. erecta. (leaf extracts).
The present results are in confirmitive with earlier
worker (Nagesh et al., 2003) who reported that the
combined use of P. lilacinus formulation with neem
cake enhanced fungal propagules in rhizosphere (700-
1070), fungal infectivity (32-52%) andyield (23-28%) in
chrysanthemum depending on the dose of formulation
and reduced M. incognita population. Similar results
were obtained by Munoz et al. (1982) identified the
nematicidal root exudates of T. erecta, asterthienyl and
other alkaloids. Anti nematode effect of neem cake may
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be attributed to the phenolic compounds rel eased during
its degradation apart from its stimulatory effect on root
growth and predaceousfungi and a soto small amount of
azadirachtin present init.

The estimation of proteins, phenol, peroxidase and
polyphenol oxidase detected from roots and leaves of
above experiments are given in Table-3. Significant
variationin protein concentrationwasnoticed among the
treatments. The highest concentration of protein was
recorded in 1.40 mg/g and 7.32 mg/g with respect to root
and leaf samples in the treatment combination of P.
lilacinus + neem cake. However, the lowest
concentration of protein was recorded in 0.4 mg/g and
3.36 in nematode infected plants. Similar to Protein, the
highest concentration of phenol (2.11 mg/g) was also
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Table3. Concentration of protein, phenol, polyphenol oxidase, per oxidaseand chlorophyll content in r ootsand leavesof banana

Treatments Phenol mg/g of Protem mg/g of Polyphenol Per oxidase Chlorophyll
sample sample oxidase units/ units/ mg of mg/g of
mg of protein protein sample
Roots L eaves Roots Leaves Roots Leaves Roots Leaves
Tl P.lilacinus alone 051 115 104 516 0.20 9.93 11.87 1.76 053
T2 Tagetes erecta 0.21 0.69 040 3.36 004 271 6.07 0.80 0.87
(leaf extracts)
T3 T. erecta (flower 059 120 100 512 0.18 954 824 192 043
extracts)
T4 Neem cake 041 0.79 0.80 504 0.03 334 537 120 0.62
T5 Solanum torvum 034 0.68 0.76 5.00 0.80 147 6.07 160 0.85
T6 T1+T2 0.76 158 132 6.32 0.06 11.86 13.60 232 0.79
T7T1+T3 0.88 181 1.36 7.02 1.00 12.40 18.30 264 053
T8 TI+T4 091 211 140 7.32 121 14.77 2820 2.80 031
T9 TI+E5 0.60 1.00 0.88 516 0.09 523 6.14 144 042
T10 T2%T3 059 110 0.96 496 0.07 449 7.32 200 0.50
T11 §2§T 4 042 011 0.60 420 0.10 152 450 0.80 040
TI %r:%%r 5 0.39 0.78 0.72 452 011 250 9.07 0.98 046
Tl%'ES-gT 4 048 0.92 108 504 0.17 7.88 8.37 152 048
Tl%’ésﬁl' 5 0.61 149 112 5.56 0.26 11.02 11.87 208 051
T1§'§4§T 5 0.72 150 116 5.66 0.27 1167 1250 224 042
TI @@e@ﬁatode aone 032 0.92 0.65 364 0.06 246 6.14 1.00 0.59
Tlégnﬁeated Control 0.58 109 0.96 424 0.15 6.91 843 160 0.98
SEB £ E 11.09 0.14 004 0.08 0.06 0.14 0.009 13277 0.19
CD (5:(}:05) 22.56 0.29 0029 016 013 0.38 0019 27046 0.39
CD (P:Ci;01) 303 0.39 0.04 0.22 0.17 0.28 0026 36361 0.53
V% 6.74 1514 7.33 7.90 80.85 23.32 3.98 537.27 42.59

accumul atedintheleavesfromthetreatment combination
of P.lilacinus + neem cake whereas the lowest
concentration of phenol wasaccumulatedin0.21mg/gin
nematode infected plants. The present results are in
agreement with Devargjan (1995) who reported that
highest phenol activity was recorded in P. lilacinus
inoculated plantsin banana. Application of P. lilacinus
increased chlorophyll content. Several researchers have
emphasized the role of phenols as an expression of
defence mechanism by thehost plants(Bgjaj etal., 1983;
Bleve-zacheo et al., 1990). In roots, the highest
concentration of peroxidase 28.20 unitsmin/mg was
recorded in the treatment of P. lilacinus + neem cake.
However, the minimum concentration of peroxidase
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4.50 units/min/mg of proteinwasrecordedinthetreatment
of T. erecta (leaf extracts) + neem cake.

In leaves, the highest concentration of peroxidase
2.80 units/min/mgof proteinwasrecordedinthetreatment
of P. lilacinus + neem cake. The lowest concentration
of peroxidase 0.80 units'min/mg of was recorded in
treatment of T. erecta (leaf extracts) and neem cake
than other treatments. Similar results were obtained for
poly phenaol oxidase and chlorophyll content from root
and leaf samples. These results are in conformity with
the earlier research workers who reported that increase
in total and ortho-dihydroxy phenols and enhanced
activities of polyphenol oxidase and peroxidase was
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recordedwiththeinoculationof M. incognitaondifferent
agricultural crops (Ganguly & Dasgupta, 1984; Bajaj et
al., 1985; Gapasin et al., 1988; Sundararaju &
Pandisubha, 2006).

Thus, the present investigation clearly concluded
that integration of P. lilacinuswith neem cake or anyone
of the botanicals namely viz., Tagetes spp., (leaf or
flower extracts), S. torvum can be effectively used inthe
management of root-knot nematode in banana since the
use of single bioagent or botanical cannot be very
effectiveinthemanagement of nematodeinduced disease
complex.
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