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ABSTRACT

Glasshouse experiments were conducted to evallateefficacy of application frequency of a bioforatat
Paecilomyces lilacinugn combination with five concentration of.antana camar@rude aqueous leaf extract
against Meloidogyne incognitarace | on tomato. The experiment was a 3x5 faakddid out in a completely
randomized design (CRD) with four replications. Eaeedling was inoculated with 5000 eggsvbfincognita
Application of the bionematicide anld camardeaf extract alone significantly (P< 0.05) inhiéd root galling and
egg production compared with their respective colntHowever, the severity of root galling and egagss
production was more significantly (P< 0.05) supmed with the application d?. lilacinusthanL. camaraleaf
extract. Double inoculation witR. lilacinusin combination with 0.80 g riLof theL. camaraleaf extract changed
the susceptibility of the tomato cultivar with gadtlex (G1=4.00) to G1=1.50. Application &f. lilacinustwice (at
transplanting and two weeks after transplantingcambination with 0.80g miof L. camaraleaf extract was the
most effective treatment in gall and egg mass itibip growth enhancement and dry matter accumaiatiThis
environment-friendly approach could be incorporateth integrated root-knot disease management imato.
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INTRODUCTION violet radiation (Rao and Rao 2007). The
cultivation of tomato is limited by both biotic and
The cultivated tomatoSplanum lycopersicum)L. abiotic stress factors. Poor yield of tomato in
belongs to the family of Solanaceae, whichNigeria has been attributed in part to root-knot
includes crops such as eggplant, pepper, tobacdiseases caused byleloidogyne spp (Udo et
and potato. About 125 million tonnes of freshal.2008; Ogwulumba et al. 2011).
tomatoes were produced in the world in 2008 hemical control of hematode pests remains the
(FAO 2010). China, the Ilargest producermost effective control measure but with some
accounted for 25% of the global output followedserious constraints. Chemical nematicides are very
by the United States and Turkey. The fruit is richtoxic to the mammals and beneficial soil micro
in vitamins A, C, thiamine, riboflavin, niacin as fauna/flora, pollute groundwater and have residual
well as some minerals such as potassium areffect on farm produce. The use of plant extracts
sodium (Smith 1994). Tomato antioxidant isand antagonistic microorganisms as a component
known to prevent prostate cancer and improvesf integrated nematode management is fast
the skin’s ability to guard against harmful ultra-gaining wide  acceptance. The  fungus,
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Paecilomycedilacinus (Thom) Samson has beenextraction with 0.50% sodium hypochlorite
reported as a good bicontrol agent of root-knosolution according to the method of Hussey and
nematodes and other plant parasitic nematod&arker (1973). The inoculum density was adjusted
(Cabanillas and Barker 1989; Oclarit andto 500 eggs mt of the egg suspension.

Cumagun 2009; Hashem and Abo-Elyours 2011,

Udo et al. 2013). Similarly, the tropical weed,Preparation of the L. camara leaf extract and
Lantana camara L. Sensu latolLantana, Paecilomyceslilacinusinoculum

Verbanaceae) has been identified to posse$gesh green leaves of. camarawere harvested
nematicidal constituents that suppress the growtand thoroughly washed, chopped into pieces and
and reproduction of various species ofthen ground into a paste. The ground leaf was
Meloidogyne(Shaukat and Siddiqui 2001 ; Qamarweighed as 200, 400, 600 and 800 g into separate
et al. 2005; Begum et al. 2008; Ahmad et alplastic buckets. One litre (1000 ml) of distilled
2010). The weed is a highly invasive shrub inwater was added to each container, and allowed to
some tropical countries like South Africa of whichstand for 24 h. It was then filtered through a
biological control measures are currently beinglouble-fold muslin cloth. Thus, the filtrate had
evaluated (Urban et al. 2011). This study wasoncentration of 0.20, 0.40, 0.60, and 0.80 g™*mL
carried out to evaluate the individual andrespectively. Fifty grams of the spore powder of
combined effects ofL. camara aqueous leaf the bionematicide (PL Gold") was mixed with
extract and a bioformulateR. lilacinus on the 50 ml of the spore activator (mixture ratio of 1:1,

pathogenicity oM. incognitarace | on tomato. V/V) and allowed to stand for an hour before
further dilution with 30 litres of distilled water.
MATERIALSAND METHODS Application of treatments
_ _ _ Surface soil (0-15 cm) was collected from a fallow
Experimental site and sour ce of material land in the Crop Science Teaching and Research

The experiment was conducted in the glasshousearm. The composite soil sample was analyzed for
of the Faculty of Agriculture, University of jts physicochemical properties and pre-plant
Calabar, Cross River State, Nigeria between Majematode density using the methods of Tel and
and September, 2011. Seeds of the test plarkao (1982) and Coyne et al. (2007), respectively.
tomato cv. Roma VF were obtained from thesixty plastic pots with diameter 15 cm and depth
National Horticultural Research Institute 25 cm perforated at the bottom were filled each
(NIHORT), Ibadan, Nigeria. A bioformulation with 3.0 kg of unsterilized top soil. Four-week-old
containing P. lilacinus as the active ingredient tomato seedling (cv. Roma VF) raised in steam-
with trade name PL Goltf was obtained from the sterilized soil was transplanted to each pot. Each
Biological Control Products, South Africa (Pty) seedling was inoculated with 5,000 eggs Nof
Ltd. It is a wettable powder spore concentrate ohcognita by pouring 10 mL of the prepared
P. lilacinus a fungal nematicide with an active ijnoculum into three holes made around each stand.
ingredient of 4x10 spores grarh used with a The seedlings were also inoculated with 30 ml of
Gold starter (Fungal spore activatok). camara the spore mixture of the bionematicide (i.e., @05
was sourced from a fallow land beside the Visuapore powder plaitt= 2 x10 spores plart).

Art Department, Cross River University 0f Treatments that required double application of the
Technology, Calabar. bionematicide were inoculated in the same manner
two weeks after transplanting. At the same time,
, L. camaraleaf extract was applied at the rate of
preparation 10 mL per pot for each concentration. Equal

A pure stock culture ofM. incognita race | \qyme of water was applied to the pots that
maintained orCelosia argentiavas multiplied on  ganved as control. The plants were watered

a susceptible tomato cv. Roma VF in theynyonriately and allowed to grow for six weeks

glasshouse in a steam-sterilized sandy loam so{};ith a mean day temperature of 28 ¥ The
Heavily galled roots of the tomato plants werrst trial was conducted between May and July

uprooted eight weeks after transplanting an@n11 and was repeated between July and
washed clean with running tap water. The ga”e%eptember of the same vear.
g

roots were cut into 1-2 cm segments for eg

Building up of nematode population/ inoculum
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Experimental design and data collection Data analysis

The experiment was laid out as a 3x5 factorial in & two-way analysis of variance (ANOVA) was
completely randomized design (CRD) with fourused to test the significance of the treatments.
replications. The frequency of bionematicideSignificant treatment means were separated using
application (no application, applied once atFisher’s least significant difference (F-LSD) at 5%
transplanting and applied twice, i.e., atlevel of probability. All the statistical analyses
transplanting and two weeks later) was combinedere performed with GENSTAT "8 edition,

in a factorial fashion with the five concentratioih  statistical software. The results of the two trials
L. camara leaf extract (0.00, 0.20, 0.40, 0.60were pooled since there was no statistical
and.80 g mL) to give 15 treatment combinations. significant difference between the trials.

At six weeks after transplanting, the following

data were collected; number of galls and eg
masses per root system, fresh and dry weight %ESULTSAND DISCUSSION

root and shoot per plant. Shoot length and numbggesyits of the physicochemical properties of the
of leaves per plant were recorded at four and siyj| ysed for the experiment indicated that it was
weeks after transplanting. For egg mass COUNgandy loam in texture, strongly acidic p#5.20,
fresh root was stained in 20% (v/v) solution ofioy in exchangeable cations, organic matter but
McCormick schilling red food colour stain \yith high available phosphorus (46.0 mgkg
(McCormick and Co. Inc., Hunt Valley, MD) The pre-plant nematode density was 156 larvae
according to the procedure outlined !oy Thies et abgg cni® of soil. Root galling and egg production
(2002). Root gall index was determined on a O-fere significantly (P< 0.05) inhibited with the

?fg;%) rating according to Taylor and Sassejppication ofL. camaraleaf extract (Table 1).

Table 1 - Effects of different concentrations bantana camardeaf extracts anéPaecilomyces lilacinusn Gall
Index (GI)* and no. of egg masses/root system wiaim plant infected with M. incognita.

P. lilacinus Gall index (GI)*
Plantrext concentrations (g Ml
0.00 0.20 0.40 0.60 0.80 Mean
Control 4.25 4.00 4.00 4.00 3.75 4.00
Applied once 2.50 2.00 2.00 2.00 2.00 2.10
Applied twice 2.00 2.00 2.00 2.00 1.50 1.90
Mean 2.92 2.67 2.67 2.67 2.42
No.Bdg masses root syst'éfm
Control 69.00 27.75 22.00 19.75 17.50 31.20
Applied once 4.75 4.50 2.00 1.75 1.25 2.85
Applied twice 2.25 2.25 1.50 1.50 1.25 1.75
Mean 25.33 11.50 8.50 7.67 6.67
Gl Egg mass
LSD (0.05) for comparing. Camara(L) means = 0.23 1.31
LSD (0.05) for comparin®. lilacinus(P) means = 0.18 1.01
LSD (0.05) for comparing (L x P) interaction meanhkls 2.27

*0 = Immune, 1 = Highly resistant, 2 = Resistant; Bloderately susceptible, 4 = Susceptible, 5 =hligusceptible.

However, there were no significant (P > 0.05)significant (P< 0.05) interaction between the two
differences in root gall index among thefactors. The combination of double application of
concentrations of leaf extract 0.20 to 0.60 g'mL  the bionematicide with 0.08 g riL L. camara
Increase in the concentration of the extract beyonéaf extract reduced gall index and number of
0.60 g mL* did not cause any significant decreaseeggmasses per root system to 1.50 and 1.25,
in egg production b. incognita Application of respectively.

the bionematicide reduced the gall index (Gl) fronThese findings validated the report of earlier
4.00 (Susceptible) to 2.00 (Resistant). Eggnvestigators. About ten nematicidal constituents
production was significantly reduced with doublehave been isolated and characterized from the
application of the bionematicide. There was aerial parts ofL. camara (Shaukat et al2003,
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Qamar et al2005; Begum et al. 2008; Ahmad etattack with the application of leaf extracts lof

al. 2010). The basic component is pentacyclicamara.Nematostatic properties &f camaraleaf
triterpenoid which has Camarolic acid, Pomolicextract were attributed to poor coordination and
acid, Lantanolic acid,Lantrigloylic acid, Lantoic orientation of infective juveniles towards the glan
acid, Ursolic acid, Camarin, Lantacin androots. The present results clearly illustrated
Camarinin. In bothn vitro andIn vivo trials, leaf nematicidal activity of agqueous leaf extractLof
extract of L. camarahave been implicated in the camara againstM. incognitaas indicated by the
mortality and immobility of larvae dleloidegyne reduced galling and egg production at higher
spp, inhibition of egg hatch, growth andconcentrationP. lilacinusis a facultative parasitic
reproduction. In most of those trials, the activdungus of root-knot nematode eggs. The efficacy
components were reported to exhibit theof the fungus was higher with double application
nematicidal property at higher concentration andghan single application confirming the report of
nematostatic property at lower concentrationCabanillas and Barker (1989) and Udo et al.
Ahmad et al. (2010) observed 96% mortalityvbf (2013). Results of fresh and dry root weight, shoot
incognitajuveniles (J) exposed to 0.33 g milleaf  length, number of leaves and shoot dry
extract ofL. camaraafter 24 h but 75% mortality matter/plant are presented in Tables 2, 3, 4 and 5,
at 0.165 g mL after 48 h. They also reported respectively.

protection of the roots of eggplant from nematode

Table 2 - Effect of different concentrations &f camaraleaf extract andPaecilomyces lilacinusn fresh and dry
root weight (g) per tomato plant infected with incognita

P. lilacinus Root fresh weight (g plant™)
Plant extract concentrations (gl
0 0.2 0.4 0.6 0.8 Mean
Control 2.85 3.11 3.66 4.01 4.01 3.53
Applied Once 3.44 4.40 5.84 6.81 6.91 5.48
Applied twice 3.97 4.88 6.79 7.80 8.41 6.37
Mean 3.42 4.13 5.43 6.21 6.44
Root dry weight (g plarf)
Control 0.51 0.61 0.68 0.78 0.72 0.65
Applied once 0.60 0.74 1.04 1.26 1.34 1.00
Applied twice 0.69 0.86 1.27 1.45 1.32 1.17
Mean 0.60 0.74 0.99 1.14 1.21
Root fresh weight Rdoy weight
LSD (0.05) for comparing. camara(L) means = 0.21 0.19
LSD (0.05) for comparin. lilacinus(p) means = 0.18 0.15
LSD (0.05) for comparing (L x P) interaction meaf.39 0.33

Table 3 - Effects of different concentrations bntana camardeaf extracts anéaecilomyces lilacinusn plant
height (cm) per plant of tomato infected with Mcagnita at 4 and 6 WAT.

P. lilacinus Plant height (cm plant™ (4AWAT)
Plant extract concentrations (gl
0.00 0.20 0.40 0.60 0.80 Mean
Control 30.00 35.75 39.75 40.50 4.001 37.40
Applied once 36.00 38.75 44.00 49.75 51.25 43.85
Applied twice 39.25 42.25 26.50 51.00 53.00 46.40
Mean 35.08 38.75 43.42 47.08 48.42
Plant height (cm plarit)(6WAT)
Control 37.75 42.75 46.75 47.00 48.25 44.50
Applied once 42.25 44.75 52.00 56.75 57.50 50.65
Applied twice 47.75 50.00 56.50 59.25 59.50 54.60
Mean 42.58 45.83 51.75 54.33 55.08
4AWAT 6WAT
LSD (0.05) for comparing. camara(L) means: 1.00 1.32
LSD (0.05) for comparin®. lilacinus(p) means: 0.78 1.02
LSD (0.05) for comparing (L x P) interaction meang:.75 2.29
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Table 4 - Effects of different concentrations bf camaraleaf extracts anBaecilomyces lilacinuen the
number of leaves per plant of tomato infected Withncognitaat AWAT and 6WAT.

P. lilacinus Number of leaves plant™ (AWAT)
Plant extract concentrations (g/ml)
0.00 0.20 0.40 0.60 0.80 Mean
Control 9.50 9.75 11.50 11.50 11.50 10.75
Applied once 10.25 13.00 14.50 14.00 15.50 13.45
Applied twice 12.25 13.75 15.25 16.25 17.75 15.05
Mean 10.67 12.17 13.75 13.92 14.92
Number of leaves plant(6WAT)
Control 12.50 12.50 13.25 13.50 12.50 12.85
Applied once 13.25 15.25 16.25 15.25 17.50 15.50
Applied twice 15.00 15.75 16.50 18.00 19.50 16.95
Mean 13.58 14.50 15.33 15.58 16.50
AWAT 6WAT
LSD (0.05) for comparing. camara(L) means = 0.59 .6
LSD (0.05) for comparin®. lilacinus(p) means = 0.46 470
LSD (0.05) for comparing (L x P) interaction meand.03 1.05

Table 5 - Effect of different concentrations biintana camardeaf extract anéaecilomyces lilacinusn fresh and
dry shoot weight( g plaf} of tomato infected witi. incognita

P. lilacinus Shoot fresh weight g plant™
Plant extract concentrations (gl
0.00 0.20 0.40 0.60 0.80 Mean
Control 19.49 21.88 24.65 28.09 28.33 24.59
Applied once 21.32 24.05 26.82 31.30 38.43 28.38
Applied twice 22.13 27.79 28.85 35.50 43.40 31.53
Mean 20.98 24.57 26.77 31.63 36.89
Shoot dry weight g plaft
Control 3.97 4.89 5.02 6.50 6.31 5.34
Applied once 5.05 6.00 6.31 8.10 9.82 7.05
Applied twice 5.92 6.74 7.56 9.16 10.95 8.07
Mean 4.98 5.88 6.30 7.92 9.03
Fresh shoot weight Dry shoot weight
LSD (0.05) for comparing. camara(L) means = 0.63 0.33
LSD (0.05) for comparin®. lilacinus(P) means =0.48 0.25
LSD (0.05) for comparing (L x P) interaction meand..08 0.57

Generally, there was a significant _(P<0.05)X2010). Shaukat et al. (2003) also demonstrated the
increase in the growth, leaf production and drcompatibility of concentrated root leachets Lof
matter accumulation in tomato plants with increaseamara with the bacterium HRseudomonas
in the concentration of aqueous leaf extract. of aurignosd in the management of some plant
camara as well as application frequency of theparasitic nematodes.

bionematicide. The two factors interactedThe improvement in the growth and dry matter
positively. The tallest plants, highest leaf numbeproduction in the plants treated with higher
and dry matter production were obtained when theoncentration of leaf extract df. camara and
bionematicide was applied two times indouble inoculation of the bionematicide was a
combination with 0.80 g mit of the L. camara reflection of the suppressive effects of these
leaf extract. control agents oM. incognita Galled roots were
These findings illustrated that the leaf extracLof inefficient in water and nutrients absorption and
camaraat the highest concentration of 0.80 g'mL translocation. There was also a general disruption
was not phytotoxic to tomato plants and had nof many physiological functions in which
adverse effect on the parasitic fungBslilicinus, assimilate production and translocations were
thus nullifying the findings of Ahmad et al. impaired. Thus, tomato plants whose roots were
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lightly parasitized by the root-knot nematodeBegum S, Zehra SQ, Siddiqui BS, Fayyaz S, Ramzan
species were able to grow and accumulate M. Pentacyclic Triterpenoids from the aerial pats
reasonable dry matter. The metabolic activities of Lantana camaraand their nematicidal activity.
an economic plant are reflected in its dry weight, Chemistry and Biodiversit008; 5: 1856-1866.
Cabanillas, ER, Barker KR. Impact &faecilomyces

growth and yield. The reduction in biomass of the™ . . e .
. lilacinus inoculum level and application time on

heavily _galle_d”plants indicated a decrease in control of Meloidogyne incognitaon tomato. J
metabolic activities. Nematol 1989; 21(1): 115-120.
Coyne DL, Nicol JM, Claudis-Cole B. Practical plant
nematology: a field and laboratory guide: Cotonou,
CONCLUSION Benin: SP-IPM secretariat, International Institate
Tropical Agriculture (IITA); 2007.

The study revealed that higher concentration of theced and Agricultural Organization (FAQ). FAO
aqueous leaf extract &f camarawas needed for FZJ{)Ol%UCtIOH year book for 2008. Rome, Italy: FAO;
S|gn|f|ca_mt |nh|b_|t|0n O.f root galling and €gg Hashem M, Abo-Elyousr KA. Management of the root-
production byM mcognltqrace 1on a susceptible knot nematodeMeloidogyne incognita on tomato
tomato cultivar. Application of the bioformulated ity combination of different biocontrol organisms.
P. lilacinus once or two times was effective in  crop Prot. 2011; 30: 285-292.

reducing the galling and egg production by thequssey RS, Barker KR. A comparison of methods of
nematode species. The two control agents werecollecting inocula oMeloidogynespp including new
compatible as the greatest gall and egg masstechniquePlantDis Reptr 1973; 57: 1025-1028.
suppression, growth enhancement and dry matt&clarit EL, Cumagun CJR. Evaluation of the efficacy
yield were obtained at 0.80 g MLof the leaf of Paec_ilomyce#;ilacinu_s as biol_ogical control agent
extract in combination with double application of ©f Meloidogyneincognita attacking tomatoJ Plant
the bionematicide. This eco-friendly approach ierrotRes 2009; 49(4) 337-340.

. gwulumba SI, Ugwuoke, Kl, Ogbuji, RO. Reaction of
the management of root-knot disease of tomato ) 510 cv. Roma VE olanum lycopersicur to

could be adopted after proper identification of the \e|oidogyne javanicareub. infestation in an Ultisol
nematICIda| constituents Of the Ieaf eXtI’aCtLOf treated W|th aqueous |eaf extracts of b|tter |eaf
camara and field trials of the efficacy of both (vernonia amygdaline L) and Mango Magnifera
biocontrol agents. indica L) J Plant Prot Res2011;51(1): 14-17.
Qamar F, Begum S, Raza SM, Wahab A, Siddiqui BS.
Nematicidal natural products from the aerial pafts
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