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ARTICLE INFO ABSTRACT

Keywords: Plant-parasitic nematodes, in particular Meloidogyne species, cause significant yield reduction in commercial
Ananas comosus pineapple, Ananas comosus, worldwide. The efficacy of three Trichoderma isolates (Trichoderma asperellum
Trichoderma

M,RTy, T. atroviride FsS,q, Trichoderma sp. MK,4) and two isolates of Purpureocillium lilacinum (KLF, and MR,)
were evaluated against Meloidogyne javanica, using rooted pineapple crowns in a pot experiment under green-
house conditions. All the three Trichoderma isolates successfully colonized pineapple root endophytically. The
application of two isolates of Trichoderma (T. asperellum M,RT, and Trichoderma sp. MK,) and the two isolates of
P. lilacinum significantly reduced nematode egg and egg mass production reducing root galling damage by be-
tween 60.8 and 81.8% and increased the plant root mass growth compared to the untreated control. T. asperellum
M,RT, most effectively reduced galls, egg mass and eggs, by 81.8, 78.5 and 88.4% respectively. P. lilacinum MR,
most effectively reduced galls, egg mass and eggs, by 71.6, 73.9 and 82.6% respectively. In contrast Trichoderma
atroviride FsS»; application had no significant effect on nematode multiplication or root damage compared with
the control. Inoculation with T. asperellum M,RT, increased root fresh weight by 91.5%, Trichoderma sp. MK, by
63.8%, T. atroviride FsS»; by 50.0%, P. lilacinum KLF, by 43.8% and MR, by 32.3%. Results indicate that local
isolates Trichoderma spp. and P. lilacinum directly and indirectly affected nematode reproduction and host re-
sponse, demonstrating their control potential against M. javanica on pineapple. Such alternative options for
managing Meloidogyne spp. would provide more environmentally sensitive options for combining with other
management methods towards more sustainable pineapple production systems.

Purpureocillium lilacinum
Host response
Plant parasitic nematodes

nearly 50% of the total output (UNCTAD, 2016). Other important
producers are India, China, Nigeria, Kenya, Mexico and Indonesia
(FAOSTAT, 2015; Kormelinck and Janssen, 2012). In Kenya, pineapple

1. Introduction

Plant parasitic nematodes are a major global limitation to pine-

apple, Ananas comosus (L.) Merr., production (Gianessi et al., 2002;
Sipes et al., 2005). The most important of these are root-knot nema-
todes, Meloidogyne javanica (Treub) Chitwood and M. incognita (Kofoid
& White) Chitwood (Rohrbach and Apt, 1986), causing significant re-
duction in yields worldwide, alongside the other important species,
Rotylenchulus reniformis Linford & Oliveira and Pratylenchus brachyurus
(Godfrey) Filipjev & Schuurmans Stekhoven (Daramola and Afolami,
2014; Sipes et al., 2005; Stirling, 1993). Pineapple is the third most
important fruit crop globally, after banana and citrus, contributing to
over 23% (24.8 million tons) of global tropical fruit production
(FAOSTAT, 2015; Kormelinck and Janssen, 2012; UNCTAD, 2016).
Pineapple production is concentrated in the tropical regions of the
world, with Brazil, Costa Rica, Philippines and Thailand commanding
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is mostly cultivated on large scale commercial plantations using cv.
Smooth Cayenne. However, smallholder farmers are increasingly
turning to pineapple production for both home consumption and
commercial purposes (HCDA, 2008; Kormelinck and Janssen, 2012;
Koech et al., 2014). Kenya is among the main exporters of the 16% of
pineapples that Africa produces in the world (FAO, 2012). Under
commercial production systems synthetic chemical pesticides (e.g. 1, 3-
Dichloropropene-Telone II) are widely used and relied upon to manage
root-knot nematode (Daramola and Afolami, 2014; Stirling and
Pattison, 2008). However, environmental and human health concerns
regarding the use of such nematicides have led to increased interest in
identifying alternative strategies that are environmentally sensitive
(Singh et al.,, 2012). Biological control agents (BCAs) have shown
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promise from both an economic and ecological perspective to reducing
pest damage (Singh et al., 2012).

Well-known antagonists of Meloidogyne spp. are soil fungi from the
genera Trichoderma (Hypocreaceae) (Samuels et al., 2012) and Paeci-
lomyces (now Purpureocillium) (Kiewnick and Sikora, 2006; Kumar et al.,
2009). Biocontrol activity of Trichoderma species against plant patho-
gens occurs through various mechanisms: induced resistance in the host
plant, antibiosis, competition, direct parasitism and enzymatic hydro-
lysis (Elad and Freeman, 2002; Harman et al., 2004; Howell, 2003).
Moreover, these fungi may additionally promote plant growth in the
absence of pest challenge (Sharon et al., 2001; Yedidia et al., 1999).
Trichoderma spp. have been used to successfully suppress Meloidogyne
spp. reproduction in tomato roots and other crops (Sharon et al., 2007).
They have also been shown to colonize plant roots, both along the root
surface as well as endophytically (Harman, 2000, Howell et al., 2000),
which has been linked to the successful suppression of root-knot disease
severity (Harman et al., 2004; Sharon et al., 2001; Siddiqui and
Shaukat, 2003; Yedidia et al., 1999). To enhance maximum root colo-
nization, it has been recommended that Trichoderma spp. be applied
before transplanting (Dababat and Sikora, 2006; Van Damme et al.,
2005). For pineapple, crowns, suckers or slips are used as “seedling”
material (Rohrbach and Apt, 1986) but to our knowledge, no studies
have reported on the colonization of Trichoderma spp. on developing
pineapple roots.

The saprophytic fungus P. lilacinum (previously called Paecilomyces
lilacinus (Thom) Samson) (Lopez-Lima et al., 2014) has been widely
assessed for the biological control of plant-parasitic nematodes (Atkins
et al., 2005). It has shown significant success against Meloidogyne spp.,
parasitizing eggs but also females (Khan et al., 2006a; Mukhtar et al.,
2013; Oclarit and Cumagun, 2009; Siddiqui et al., 2000). Diverse me-
chanisms have been reported for the biological activity of P. lilacinum,
with direct parasitism of the egg stage (Kiewnick and Sikora, 2006) and
females (Holland et al., 1999) after the formation of appressoria, being
the main mechanisms of action; the production of proteases and chit-
inases is also associated with the infection process (Khan et al., 2004;
Kiewnick and Sikora, 2006). The enzymes dissolve the vitelline layer of
eggshell, facilitating the fungal hyphae to penetrate eggs and destroy
the embryonic developmental stages at an early stage (Khan et al.,
2006b; Mukhtar et al., 2013). Its high potential for the biological
control of nematodes, and its successful use against M. javanica and M.
incognita on tomato, vegetables, banana and other crops has led to its
development into commercial products (Goswami and Mittal, 2004;
Goswami et al., 2006; Haseeb and Kumar, 2006; Jonathan and
Rajendran, 2000; Kumar et al., 2009; Van Damme et al., 2005). To our
knowledge, neither of these fungi is used for the control of root-knot
nematodes in pineapple.

The objectives of this study were to (i) determine the effect of three
selected Trichoderma isolates: T. asperellum M,RT,, T. atroviride FsSa,
Trichoderma sp. MKy, and two isolates of P. lilacinum, KLF, and MRy,
against Meloidogyne javanica in pineapple, and (ii) determine the ability
of the four Trichoderma isolates to colonize pineapple roots.

2. Materials and methods
2.1. Source of nematodes and preparation of nematode inoculum

Meloidogyne spp, were isolated from naturally infected pineapple
plants collected from Delmonte, Thika County (01°03’S latitude and
37°05’E longitude) and Kakuzi, Murangd County (0°, 58’S latitude and
37° 16E longitude) commercial pineapple farms, Kenya. Single egg
masses were removed from infected pineapple roots under a dissecting
microscope and individually inoculated onto pineapple seedlings (cv.
Smooth Cayenne) planted in pots containing autoclaved soil in the
greenhouse at icipe Duduville Campus, Nairobi, Kenya. Meloidogyne
javanica was identified from the perineal pattern of mature females
(Seinhorst, 1966; Taylon et al., 1956) and confirmed using species
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specific primers for tropical root knot nematodes (Correa et al., 2014;
Tigano et al., 2010; Zijlstra et al., 2000). The specific SCAR primers
Fjav/Rjav (M. javanica) (Zijlstra et al., 2000) gave consistent results and
the products were readily amplified from DNA of individual females.

The pineapple plants (cv. Smooth Cayenne) were uprooted three
months after inoculation, and the galled roots gently washed free of soil
using clean tap water and then sterilized using 1.5% sodium hypochlorite
(NaOCl). The roots were blended for 30 s in 0.6% NaOClI solution (Hussey
and Barker, 1973), rinsed with distilled water and eggs collected in a
25 um sieve. The eggs were incubated at 28 °C to obtain fresh, 1-5 day old
infective second stage juveniles (J2) to be used for inoculation.

2.2. Source of the fungal antagonists

Four isolates of Trichoderma spp. were sourced locally, all of which
originated from within Kenya: three from the icipe Arthropod
Germplasm Centre, (Trichoderma asperellum M,RTy4; T. atroviride FsSo;
and T. harzianum F,L,) and one from Kenya Biologics Limited (KBL)
Trichoderma sp. (MK,4). Two Kenya isolates of P. lilacinum (KLF, and
MR,) were also supplied by KBL.

2.3. Mass production of the fungal antagonists

Inoculum for all isolates was multiplied using rice; grains were
washed with water, surface dried using a paper towel and 2 kg placed in
Milner bags (autoclavable bags), before autoclaving at 121 °C (15 psi)
for 50 min. The sterilized rice grains were inoculated with pure cultures
of each of the antagonistic fungi. The bags were massaged from the
outside to evenly distribute the inoculum over all the rice grains before
incubating at 25 * 1 °C for 21 days. The bags were shaken on alternate
days to encourage uniform colonization by the fungus. The bags were
then opened to allow the rice and the conidia to dry for seven days,
before using to make spore suspensions. A 0.1 g aliquot of conidia for
each fungal isolate was placed separately in universal bottles with 10 ml
sterile distilled water containing 0.05% Triton X-100 and vortexed for
5min to produce homogenous conidial suspensions. The spore con-
centration was estimated using a haemocytometer (Hausser Scientific,
Horsham, Pennsylvania, USA) and adjusted to 3 x 10° and 1 x 10®
spores per ml for P. lilacinum and Trichoderma spp., respectively,
through dilution. Aliquot 0.75g and 1.5 g of MoRT,4 and KLF, respec-
tively and 1 g each of F5S»;, MK, and MR, were used in 30 ml of 0.05%
Triton X-100. To assess the viability of the fungus, 100 pL aliquots of
conidial suspension for each isolate was inoculated to the surface of two
plates (9 cm diameter) of potato dextrose agar (PDA). A sterile micro-
scope cover slip (2 X 2 cm) was placed on top of the agar in each plate
before incubation. The inoculated plates were then incubated for 24 h
at 25 °C. The percentage conidial germination was assessed by counting
the number of germinated conidia per 100 in one randomly selected
field. Conidia were considered as germinated when germ tubes ex-
ceeded half of the diameter of the conidium. The percent germination of
each isolate was over 95% (Parsa et al., 2013).

2.4. Assessment of pineapple root colonization by Trichoderma isolates

The four isolates of Trichoderma were tested for colonization of
pineapple roots under greenhouse conditions, average ambient tem-
peratures ranged from 23 °C (day) to 13 °C (night) for the experimental
period. Pineapple (cv. Smooth Cayenne) crowns were established in
10L pots (24-cm-diameter and 22-cm-height) containing autoclaved soil
for three weeks to allow roots to develop. The rooted crowns were then
removed from the soil with roots intact, the soil gently rinsed with tap
water and the roots immersed in a 250ml suspension containing
1 x 108 spores per ml Trichoderma for 8 h for each isolate; controls
were immersed in distilled water for 8 h. Each treatment was replicated
four times and arranged in a complete randomized design. The rooted
crowns were then planted into pots containing a 10L of 2:1:1 mixture of
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autoclaved soil, sand and manure. Two weeks after inoculation the
plants were removed from the soil mixture with roots intact and rinsed
with tap water to remove the soil. Leaf and root sections were asepti-
cally removed and cut into 1 cm length pieces under a laminar flow
hood. These were surface sterilized using 1.5% NaOCl, rinsed first in
70% alcohol and then in distilled water. For each plant, five pieces each
of leaves and roots were separately placed 4 cm apart onto PDA plates
and incubated at 26 = 1 °C for 10 days. Mycelial growth was assessed
between days 2 to 10. Fungal colonization was recorded for fungal
growth according to Koch’s postulate for each piece.

2.5. Evaluation of efficacy of the fungal antagonists on Meloidogyne
javanica

2.5.1. Application of the fungal antagonists in vivo

The assessment of biocontrol activity of the antagonistic fungi against
M. javanica was undertaken in the greenhouse at icipe. Pineapple crowns
were rooted in pots containing autoclaved soil for three weeks as above,
before uprooting and rinsing in tap water. Roots of each plant were then
totally immersed in 1 x 10® spore per ml (250ml) suspension for
Trichoderma isolates, or distilled water (for controls and treatments that
required P. lilacinum), for 8 h. The rooted crowns were then planted into
pots containing 10L of 2:1:1 mixture of autoclaved soil, sand and manure
in a greenhouse. After two weeks, three 2cm deep holes were made
around the stem of each plant, and inoculated with 3000 M. javanica
(infective stage juveniles) J2, using a pipette; the holes were covered with
the soil mixture. One day later a small fallow was made around each plant
that required the P. lilacinum treatment and a 30 ml suspension containing
the 3.0 x 10° spores/ml applied. The experiment included seven treat-
ments: a negative control with no nematode-fungus inoculation, a positive
control inoculated with nematodes only and a treatment each inoculated
with fungal antagonists (three Trichoderma and two P. lilacinum) and
nematodes. Trichoderma harzianum F,L, was not used, due to poor colo-
nization results. Treatments were arranged in a completely randomized
experimental design replicated six times. The plants were irrigated with
tap water as required; the experiment was terminated at 90 days after
nematode inoculation. The experiment was repeated once in time fol-
lowing the same procedure with a total of 84 pots in the full experiment.

2.5.2. Disease measurement and data analysis

At harvest, plants were gently uprooted, the roots cut from the plant
and the soil gently rinsed under running tap water. The roots were then
surface sterilized using 1.5% NaOCl, rinsed first in 70% alcohol and
then in distilled water, dabbed dry with a paper towel and root fresh
weights recorded.

Galling index was determined on a 1-5 scale: 1 — no galling; 2 —
slight; 3 — mild; 4 -moderate and 5 - severe (Coyne et al., 2014). The
number of galls on each root system was counted and the nematode
density estimated by counting the number of egg masses and eggs under
a stereo microscope at X400 magnification from a representative
sample of 5 g chopped up roots from each plant (Holbrook et al., 1983;
Shurtleff and Averre, 2000). To facilitate counting of egg masses the
roots were first stained with phloxine B, which stains the gelatinous
matrix pink-red increasing egg mass visibility (Coyne et al., 2014). Eggs
were extracted from galled pineapple roots by cutting into small pieces
and blending in 0.6% sodium hypochlorite (NaOCl) for 30s (Stetina
et al., 1997). The contents were then poured onto nested 75 and 25 um
pore sieves. Eggs collected on the 25 um pore sieve were counted under
stereo microscope. The percentage reduction in the number of galls was
computed as:

Percentage Reduction
_ Number of galls (+ve control)~Number of galls (Treated) %1

00
Number of galls (+ve control)

The data were subjected to one way analysis of variance (ANOVA)
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Fig. 1. Mean number of pineapple root sections colonized by four Trichoderma isolates, T.
harzianum (F,Ly4), T. atroviride (FsS»1), T. asperellum (M,RT,) and Trichoderma sp. (MKy),
and an untreated control on three weeks old plants. Columns with same letter(s) are not
significantly different (P < .05).

using R software version 3.2.3 (R Core Team, 2015) and the means of
treatments found significantly different at P < .05 separated using
Tukey-HSD.

3. Results
3.1. Assessment of pineapple root colonization by Trichoderma isolates

The mean number of root (Fig. 1) and leaf (Fig. 2) sections colonized
by T. asperellum M,RT,4, T. atroviride FsS»;, and Trichoderma sp. MK,
was similar but significantly greater (P < .05) than for T. harzianum
F,L4, which had mean scores of 0.5 and 1.25 for roots and leaves, re-
spectively. Hence isolate F,L,4 (T. harzianum) was not further tested as a
biocontrol agent.

3.2. Effect of the fungal antagonists on root fresh weight

The two experimental sets were statistically similar (P < .05) on the
effect of the fungal antagonists and so results were combined for ana-
lysis. Root fresh weight of the positive control was significantly lower
than in all other treatments (F 77, = 14.37; P < .001) (Table 1). Root
fresh weights of plants treated with T. asperellum M,RT, was similar to
that of Trichoderma sp. MK, but greater (P < .05) than that of the ne-
gative control, T. atroviride FsS,; and the two P. lilacinum isolates (KLF,
and MR,).

3.3. Effect of the fungal antagonists on damage and multiplication of
Meloidogyne javanica on pineapple plants

Galling index on plants treated with T. atroviride FsS,; and the po-
sitive control was moderate and significantly greater (P < .001) than
on plants treated with Trichoderma spp. MK, and the P. lilacinum
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Control T. harziunum T. atroviride T. asperellum Trichoderma
F21L4 F5S21 M2RT4 sp. MK4
Treatments

Fig. 2. Mean number of pineapple leaf sections colonized by four local Trichoderma iso-
lates, T. harzianum (F,L,), T. atroviride (FsS21), T. asperellum (MoRT,4) and Trichoderma sp.
(MKj), and an untreated control on three weeks old plants. Means followed by same letter
(s) are not significantly different (P < .05).
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Table 1

Effect of the fungal antagonists, Trichoderma sp. (MKy), T. asperellum (M,RT,) and T.
atroviride (FsS21) and Purpureocillium lilacinum (KLF, and MR,) on fresh root weight of
pineapple in pots. Mean values (n = 12) pooled from two experiments repeated in time.

Treatments (T0-T6) Fresh root weight % Increase

(grams)*
TO (negative control)™ 20.1° 54.6
T1 (positive control J2s)""" 13.0¢ -
T2 (Trichoderma sp. MK, + J2s) 21.22b 63.8
T3 (T. asperellum MRT, + J2s) 24.9 91.5
T4 (T. atroviride FsSo; + J25) 19.5° 50.0
T5 (Purpureocillium lilacinum 18.7° 43.8
KLF5 + J2s)
T6 (P. lilacinum MR, + J2s) 17.2° 32.3

*) Values in the column followed by different letters indicate significant differences
among treatments according to Tukey’s test (P < .05) per root system. **) Tap water; ***)
J2s = 3000 infective stage juveniles of Meloidogyne javanica; % Increase (percentage in-
crease of fresh root weight compared to positive control). Each experiment was termi-
nated at 90 days after nematode inoculation.

isolates KLF, and MR, (Table 2). Galling index on T. asperellum M,RT,4
treated plants was slight and less (P < .001) than for the other Tri-
choderma isolates. There was no galling on negative control plants
(Table 2).

All the treatments except T. atroviride FsS»; reduced significantly the
number of galls compared to the positive control (F 77 = 71.3;
P < .001). The number of galls on plants treated with T. atroviride
FsS»; (110.0 = 8.7) was greater (P = .012) than for the positive con-
trol. There were also more galls (P < .001) on plants treated with F5S»;
and the positive control than for the other fungal treatments. The
number of galls for the T. asperellum M,RT, treatment was significantly
less (P = .002) than for the other fungal treatments. P. lilacinum treated
plants had a similar number of galls, significantly lower than the po-
sitive control (P < .001). There were no galls in the negative control
(Table 2).

The number of egg masses on plants treated with T. atroviride F5So;
(184.7 + 14.7) was similar to the positive control (174.7 *= 9.4) but
higher than all the other fungal treatments (F 77, = 70.3; P < .001).
The number of egg masses on plants treated with T. asperellum M,RT,4
was similar to the P. lilacinum MR, but significantly less (P < .001)
compared with other fungal antagonist treatments. Trichoderma sp. MK,
and P. lilacinum KLF, treated plants had a similar number of egg masses,
which was less (P < .001) than on the positive control. There were no
egg masses in the negative control (Table 2). The number of eggs on
plants treated with T. atroviride FsS,; (20,920 = 2016) was higher
(P = .03) than for the positive control (15,991 + 1670); these were
also significantly higher than for all the other fungal treatments (F
6,77 = 72.8; P < .001). The number of eggs for T. asperellum M,RT,
plants (1855 = 169) was less (P < 0.05) than on all other fungal

Table 2
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treatments. Trichoderma sp. MKy, P. lilacinum KLF, and MR, had fewer
(P < .001) eggs than the positive control. There were no eggs in the
negative control (Table 2).

On average, the number of galls was reduced by 81.8% and 60.8%
by application of T. asperellum M,RT, and Trichoderma sp. MK, re-
spectively. The number of galls was reduced by 71.6% and 68.7% by
the application of P. lilacinum MR, and KLF,, respectively. In contrast,
application of T. atroviride FsS,; led to 30.0% more galls (Table 2).

4. Discussion

Three of the four isolates of the local Trichoderma species tested,
successfully colonized the pineapple roots endophytically. Various
studies have demonstrated the ability of Trichoderma spp. to colonize
plant roots endophytically (Sharon et al., 2001; Yedidia et al., 1999),
which can however differ markedly according to strain (Ahmad and
Baker, 1987). The current study confirms that Trichoderma spp. will
endophytically colonize pineapple roots.

Trichoderma asperellum M,RT,4 and Trichoderma sp. MK, effectively
suppressed Meloidogyne javanica while T. atroviride FsS,; did not.
Howell (2003) found that strains of T. koningii, which were outstanding
root colonizers, showed little or no biocontrol activity. Suitability as a
biocontrol agent thus needs to consider the broader range of char-
acteristics than the ability to colonize roots. Endophytic Trichoderma
spp. have previously been shown to suppress the damage caused by
nematodes, in part by preventing nematode penetration (Lamovsek
et al., 2013). Similarly, the nematicidal activity of T. asperellum (T-203)
(Sharon et al., 2001) and T. atroviride have been confirmed (Sharon
et al., 2007), demonstrating that strain, target pest species and host
need to be compatible (Al-hazmi and TarigJaveed, 2016), as the T.
atroviride strain in the current study was not effective against nema-
todes.

The two isolates of P. lilacinum (MR, and KLF,) in our study reduced
root galling, egg mass and egg production, and increased host growth,
reflecting results by Ganaie and Khan (2010) on tomatoes, when ap-
plied 10 days prior to introduction of M. javanica inoculum. This fungus
is a good rhizosphere competitor (Mukhtar et al., 2013) and its sup-
pressive effect has been variously reported to reduce M. incognita and
M. javanica soil and root populations in tomato (Lara et al., 1996;
Siddiqui et al., 2000). Kiewnick and Sikora (2006) demonstrated in-
creased biocontrol efficacy of P. lilacinus 251 on Meloidogyne incognita in
tomato when applied before planting, combined with a seedling drench
and second application. According to Rodriguez-Kabana et al. (1984),
isolates of P. lilacinus differ widely in their biocontrol capacity and
ability to establish in soil, emphasising the need to establish compat-
ibility with the local specific circumstances.

This study obtained inoculum from long-term commercially culti-
vated pineapple fields in Kenya and supported by controlled pot ex-
periments in the greenhouse using cv. Smooth Cayenne, provide strong

Effect of the fungal antagonists, Trichoderma sp. (MKy), T. asperellum (M5RT4) and T. atroviride (FsS,1) and Purpureocillium lilacinum (KLF, and MR,) on development of Meloidogyne
Jjavanica on pineapple roots. Mean values (n = 12) pooled from two experiments repeated in time.

Treatments (TO-T6) Galling index Galls® number % Galls reduction Egg mass® % Egg mass Number of eggs®> % Eggs reduction
rating’ number reduction
TO (negative control)” 1.00¢ 0 - 0 - 0 -
T1 (positive control J2s)™"" 3.67° 84.6° - 174.7% - 15991° -
T2 (Trichoderma sp MK4 + J2s) 2.58" 33.2¢ 60.8 70.3° 59.8 5531¢ 65.4
T3 (T. asperellum M,RT, + Jos) 2.00¢ 15.4¢ 81.8 37.54 78.5 1855° 88.4
T4 (T. atroviride FsSa; + Jo5) 3.75% 110.0% -30.0 184.7% -5.7 20920* -30.8
T5 (Purpureocillium lilacinum 2.25% 26.5 4 68.7 64.7° 63.0 4408¢ 72.4
KLF, + Jos)
T6 (P. lilacinum MR; + Jos) 2.25" 24.04 71.6 45.6° 73.9 2790° 82.6

*) Values in the column followed by different letters indicate significant differences among treatments according to Tukey’s test (P < 0.05). 'per root system, 2per 5 g root sample.%
reduction (Percentage reduction compared to positive control); Galling Index rating (1-5 scale: 1 — no galling; 2 - slight; 3 — mild; 4 — moderate and 5 - severe). The experiment was
terminated at 90 days after nematode inoculation. **) Tap water; ***) J2s = 3000 infective stage juveniles of Meloidogyne javanica.
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support for exploring further the use of fungal biocontrol agents for
nematode management on pineapple under field conditions. These re-
sults are encouraging, demonstrating significant suppressive effects of
the local isolates Trichoderma asperellum (MyRT, and the two
Purpureocillium lilacinum isolates (KLF, and MR,) against M. javanica
damage on pineapple. The present study is, to our knowledge, the first
report on the endophytic colonization of Trichoderma spp. on pineapple,
and its consequent suppression of root knot nematodes on the crop.
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