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Summary

The application of Trichoderma spp. for the suppression of
plant-parasitic nematode populations is a promising tool in
biological control. Sixteen strains of six Trichoderma spe-
cies (T. atroviride, T. harzianum, T. rossicum, T. tomento-
sum, T. virens and T. asperellum) were tested in vitro in
order to identify the most appropriate strains to control the
dagger nematode Xiphinema index. Mortality assays re-
vealed that the strains of the widely investigated 7. harzi-
anum species have caused significant reduction of X. index
populations, although 7. harzianum strains were not the
most efficient among all the tested fungi. Certain 7. virens
and T. atroviride strains and 7. rossicum have triggered
faster and higher mortality. Generally, our data indicate
that Trichoderma species have innate ability to decrease X.
index population. Furthermore, as we had difficulties with
maintaining X. index in vitro, we successfully used a newly
developed method to keep X. index specimens viable dur-
ing the experiments.

Keywords: mortality; biological control agent; dagger
nematodes

Introduction

The number of plant-parasitic nematode species described to
date exceeds 4,000. They have a substantial impact on hu-
man welfare and economy (Sasser & Freckman, 1987) either
by attacking root systems, stems, buds or by acting as vec-
tors of plant viruses. Among other plant-parasitic nema-
todes, members of family Longidoridae are responsible for
causing a significant amount of direct and indirect damage
in various crop plants (Perry & Moens, 2006). Xiphinema is
the most diverse genus of the family Longidoridae. An in-
disputably important member of this family is the cosmo-
politan species Xiphinema index. Besides causing direct
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damage to the roots, it is capable of transmitting the yellow
mosaic (YM) and the vein balding (VB) strains of the
grapevine fanleaf virus (GFLV) (Webster, 1972), the most
harmful viral disease of grapes worldwide.

Protection against plant-parasitic nematodes is of primary
importance in agriculture and horticulture. Despite the pro-
pensity of nematicides to be lethal to a broad range of soil
organisms, and to induce the development of resistant strains
among nematodes, the application of chemicals are the most
widely used technique to control plant-parasitic nematodes
(Dong & Zhang, 2006; Atreya, 2008; Brun et al., 2008).
Certain fungi possess features that make them potential
biological control agent (BCA). The application of BCAs
like Trichoderma spp. is a promising alternative to using
chemical pesticides in plant protection (Copping & Menn,
2000). Many strains of Trichoderma spp. are able to anta-
gonize plant pathogens, using competition for the sub-
strate, antibiosis, and/or parasitism as main antagonistic
strategies (Howell, 2003). Trichoderma species are also
potential BCAs to control plant-parasitic nematodes
(Windham et al., 1986; Parvatha et al., 1996; Seifullah &
Thomas, 1996; Rao et al., 1998; Sharon et al., 2001; Spie-
gel et al., 2007; Sahebani & Hadavi, 2008; Sharma et al.,
2009; Yang et al., 2010; Affokpon et al., 2011; Khan et al.,
2011; Radwan et al., 2012). However, antagonistic poten-
tial may vary among species and strains (Bell et al., 1982;
Schubert et al., 2008, Szabo et al., 2012). This emphasizes
the importance of thorough evaluation before actual field-
tests. To clarify the efficacy of selected fungal species and
strains, in vitro assays were performed and evaluated to
determine mortality of X. index triggered by Trichoderma.
Even though in vitro assays do not fully represent natural
conditions, they still provide information on the most im-
portant attributes of the interactions between the two par-
ticipants.



Materials and methods

The maintenance of fungi and nematode isolation

Strains of Trichoderma species (Table 1.) were maintained
on potato dextrose agar (PDA; Oxoid) at 25 °C in a dark
chamber. X. index Thorne et Allen, 1950 females were

isolated from soil samples collected in Pécs, southwestern
Hungary (UTM: BS80), from the rhizosphere of fig (Ficus
carica L.). Nematodes were extracted from the soil sam-
ples with a Flegg’s decantation and sieving method (Flegg,
1967) as described by Brown and Boag (1988), with
slightly modified sieve characteristics: first we used a

Table 1. List of Trichoderma isolates used in this study

AC

Species Strain no. Source number ITS

of ITs _ Bemotype
Trichoderma harzianum 812612)/[(? wintilvgv ;lgfl;{rl?lilzg(;shere’ DQ345793 2b!
Trichoderma harzianum 81261\3/[(? winte;;l:;lslz’ahrlkllézg(;ighere, DQ345828 HarlI?
Trichoderma harzianum 82261\3/[6(: winte;;l:;lslz’ahrlkllézg(;ighere, DQ345834 Harl?
Trichoderma harzianum 82261\3/[7(: Wifll“tiziszgfgagt,ﬂll{ii?lsgi}gre’ DQ345835 2a'
Trichoderma harzianum 812612‘/[7(: zifsgezgﬁ?ﬁlg};i,zgl?ﬁ;;g DQ345845 2a'
Trichodrema virens 812612)/[5(: wintilvgv ;lgfl;{rl?lilzg(;shere’ DQ345798 ex—type3
Trichodrema virens SOZgI\3/IlC winte;;l:;lslz’ahrlkllézg(;ighere, DQ118083 ex-type3
Trichodrema virens SIZ61\1/I6C wmt%zgﬁ?ggfgighere’ DQ345811 Virl 2
Trichodrema virens SIZé;/ISC Wifll“tiziszgfgagt,ﬂll{ii?lsgi}gre’ DQ345883 ex—type3
Trichodrema virens 81261\7/[1(: zifsgezgﬁ?ﬁlg};i,zgl?ﬁ;;g DQ345869 Virl?
Trichoderma atroviride > Wmt%;?;ﬁf‘gf;fg‘;‘;here’ DQ345802 MA3643*
Trichoderma atroviride > Wmt%;?;ﬁf‘gf;fg‘;‘;here’ DQ345820 MA3643*
Trichoderma atroviride SIZ61\6/I3C zifsgezgﬁ?ﬁlg};i,zgl?ﬁ;;g DQ345861 epitype5
Trichoderma rossicum 812712)/[3(: zifsgezgﬁ?ﬁlg};i,zgl?ﬁ;;g DQ345901 MA2995*
Trichoderma tomentosum 81261\1/[(? wmt%zgﬁ?ggfgighere’ DQ345804 ND
Trichoderma asperellum ND Trifender, Kwizda ND ND

SZMC: Microbiological Collection of the University of Szeged; Accession number (AC) of ITS: as listed in GenBank; ITS genotypes are originally
described by: 'Kullnig et al., 2000; *Kredics ef al., 2011,; *Kullnig ez al., 2001; *Wuczkowski et al., 2003; *Dodd et al., 2003; ND: not determined
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10 mm

Fig. 1. Experimental Petri dish with soil cores grown over
by T. atroviride SZMC 1663

coarse sieve of 1000 pm, than the soil sample was washed
through a sieve of 180 um mesh size three times, and then
the filtrate was extracted through a sieve of approximately
80 — 90 um pore size for 12 hours to collect nematodes in a
clean final suspension.
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Xiphinema mortality assay

To estimate X. index mortality triggered by the 16 strains
of six Trichoderma species, the experiment was run for 8
days. The assays were performed on Minimal Medium
(MM) agar plates consisting of 20 g glucose I, 5 g
(NH,),S0, I, 15 g KH,PO, I'', 0,6 g MgSO,.7H,0 I'', 0,6
g MgCl1", 0,6 g CaC1.2H,O 1", 5 mg FeSO,.7H,0 1", 1.56
g MnSO,.H,0 1", 1.4 g ZnSO,.7H,0 I'", 2 mg CoCl,.6H,0
I"'. Humus soil with a composition of 80% peat, 15% green
compost and 5 % clay was also used for the experiment. It
was autoclaved three consecutive days and then left to
stand for two weeks prior to use.

To create test dishes, 6 holes (12 mm in diameter) were
symmetrically drilled into the MM agar plates and ap-
proximately 10 g sterilized soil was placed into the holes.
To inoculate the test dishes with fungi, agar plugs from the
growing edge of each fungus were removed from plates on
which the various fungi were maintained for three days and
then plugs were placed in the middle of the experimental
MM agar plates (Fig 1). The fungi were allowed to grow
until they reached the edge of the holes and then 30 indi-
vidual X. index females were carefully placed into the soil
to maintain their viability. Experiments were carried out in
triplicates at 25 °C in a dark chamber. Control experiments
were performed under identical conditions, with the ex-

Trichoderma virens
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Fig. 2. The effect of different Trichoderma strains on X. index viability
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ception that the Petri dishes contained no fungi. Through-
out the experimental period, nematodes were extracted from
the soil cores every day. The number of surviving nema-
todes was evaluated after an extraction time of 12 hours.
Dunnett post hoc test was used to determine the effects of
Trichoderma strains on the survival of X. index. The relative
X. index killing efficiencies of fungal strains compared to the
control group were assessed by estimated parameters of
generalized linear model model (GLM). Hence, the strain
causing the smallest mortality difference was regarded as the
least efficient, and the one causing the largest difference was
considered the most efficient. All analyses were conducted
in R (R Development Core Team, 2011).

Results

Every Trichoderma strain had significant effect (p<le-10)
on X. index survival compared to axenic controls. By the
end of the experimental period all X. index specimens were
killed by 9 out of 16 Trichoderma strains: T. harzianum
(SZMC 1630 and 2637), T. virens (SZMC 1616, 1671,
0931 and 1685), T. atroviride (SZMC 1663 and 1609) and
T. rossicum (SZMC 1703).

Regarding the 5 strains of 7. harzianum (SZMC 1630,
1647, 2637, 2636, and 1600), only SZMC 1630, and 2637

Table 2. The order of relative killing efficiency (RKE) of
Trichoderma isolates against Xiphinema index females

Ranking Species Strain no. RKE
1. T. virens SZMC 1616 -0.78616470
2. T. atroviride SZMC 1609  -0.69972902
3. T. virens SZMC 1671  -0.67499440
4. T. harzianum SZMC 1630  -0.53063244
5. T. rossicum SZMC 1703  -0.48546547
6. T. atroviride SZMC 1624 -0.35452940
7. T. atroviride SZMC 1663  -0.34073456
8. T. virens SZMC 0931  -0.31345779
9. T. asperellum Trifender -0.05660068
10. T. harzianum SZMC 2637 0.10425142
11. T. tomentosum  SZMC 1610 0.13811580
12. T. virens SZMC 1685  0.21038886
13. T. harzianum SZMC 1600  0.23199558
14. T. virens SZMC 1605  0.43211859
15. T. harzianum SZMC 1647  0.45595317
16. T. harzianum SZMC 2636  0.54016307

strains caused total Xiphinema mortality, while SZMC
2636 triggered the lowest death rate (Fig. 2A; Table 2).
Two strains of 7. virens (SZMC 1616 and 1671) proved to
be the most effective among all examined Trichoderma
strains (Table 2). They triggered 100 % mortality (Fig. 2B),
by the mid-term of the time-course experiment (at day 5).
Furthermore, T. atroviride strains (SZMC 1609, 1663 and
1624) were also highly effective (Table 2) and had fast
mortal effect, killing approximately half of the X. index
population 24 hours after inoculation (Fig 2C). On day 2,
SZMC 1624 appeared to be the most lethal. However later
on, its nematode killing ability fluctuated and remained
somewhat less drastic than that of SZMC 1663 and 1609,
respectively. SZMC 1624 failed to cause complete morta-
lity of the test organisms by the end of the experimental
period. In contrary, no living nematodes could be found in
the SZMC 1609 treatment from the third day on.

The species T. rossicum SZMC 1703 and T. asperellum
(Trifender) also eliminated approximately 50 % of the X
index specimens as early as the first day (Fig. 2D), while 7.
tomentosum SZMC 1610 remained ineffective in this period.
Later on, the mortality caused by 7. tomentosum SZMC
1610 and T. asperellum (Trifender) obtained similar values
and remained incomplete by day 8, while T. rossicum
SZMC 1703 caused a complete mortality by day 5.

Discussion

To the best of our knowledge, information on the effect of
various Trichoderma species on Xiphinema index has not
been available to date. Among the Trichoderma species
examined with respect to their ability to kill plant-parasitic
nematodes, mostly 7. harzianum has been tested (Sharon et
al., 2001). Furthermore, many publications report interac-
tions between plant-parasitic nematodes and soil fungi;
however, most of the studies were performed on Meloido-
gyne species (Rao et al., 1997). Among other Trichoderma
species of this study, T. harzianum strains have caused
significant reduction of X. index populations, although they
did not prove to be the only efficient strains of all the
tested fungal species. In general, strains of 7. virens, T.
atroviride and T. rossicum have triggered faster and more
complete mortality than strains of 7. harzianum. The eva-
luation of the mortality assays indicated that Trichoderma
species have innate ability to decrease X. index population
in vitro. Additionally, we designed and successfully used a
new method to keep X. index specimens viable during the
experiments. The presented data contribute to the further
development of biological control agents against
Xiphinema species.
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