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Plant species screening for biofumigant activity against soil-borne pathogens and root-knot 
nematodes

1 1 2S. Masheva *, V. Yankova , G. Toskov

1  Maritsa Vegetable Crops Research Institute, 32 Brezovsko shosse, 4003 Plovdiv, Bulgaria
2  Faculty of Agronomy, Agricultural University, 12 Mendeleev, 4000Plovdiv, Bulgaria 

Abstract. During the period 2009-2010 in the Maritsa Vegetable Crops Research Institute, Plovdiv in pot experiments screening was conducted for 
2biofumigation activity of five plant species (chrysanthemum, broccoli, tagetes, basil and marigolds in the rate of 4 kg/m ). Herbage (50 days) was introduced in 

August in soil infested with Verticillium dahliae and Meloidogyne arenaria. The containers were covered with polyethylene film. The maintained humidity is 75-
80% and soil temperature - 37,8º C - 45,5º C. On the following year pepper plants (variety Kurtovska kapiya1619) were planted in pots with pathogen and 
tomatoes (variety Ideal) in pots with nematode. All testing plants species showed activity towards the verticillium wilt and nematodes. The Neal highest efficacy 
against Verticillium dahliae Kleb. is reported in variants with plant residues of chrysanthemum (E=76,11%) and broccoli (E=71,99%), and against Meloidogyne 
arenaria - with broccoli (E=71,23%), chrysanthemum (E=67,68%) and tagetes (E=64,79%).

Keywords: bio fumigation, Verticillium, Meloidogyne, index of damage, effectiveness
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combined method, although the application of both methods Introduction
individually was not efficient enough. Grossman (1993) and 
Stapelton et al. (1998) found that the combination of solarization and The presence of soil pathogens and nematodes could strongly 
biofumigation successfully control nematodes, weeds and soil-reduce the yields and even compromise production in vegetable 
borne pathogens.crops grown in greenhouses. The decision to stop using methyl 

Besides species of Brassica genus, tests were carried out with bromide because of its negative impact on the ozone layer put a lot of 
incorporation of plant residues of marigold, tagetes, castor, etc. to problems for greenhouse production. Biofumigation is an alternative 
control of root-knot nematodes (Patel, 1999; Klijnstra, 1999). to chemical methods for soil disinfection in greenhouses and 
According to Patel (1999), extract from tagetes succeeded in outdoors. It includes the use of plant material and organic 
controlling root-knot nematodes. First results of their biocidal action supplements (manure and chicken fertilizer), which being 
are obtained (Montfort and Breton, 2009; Kaskavalci et al., 2009). It incorporated in the soil undergo decomposition and produce volatile 
is appropriate to supplement these studies and develop a method for substances. These substances have a lethal effect on soil 
disinfection of soil in greenhouses, both separately and in pathogens, pests and weeds (Bello, 2000). According to Halbrendt 
combination with solarization and other soil amended supplements.(1996) it is a process in which compounds with pesticidal properties 

The aim of the study is fumigation ability of plant species are released into the soil by evaporation under incorporation into a 
showing biocide action against soil-borne pathogens and root-knot plant material or animal manure. Cruciferous vegetables like 
nematodes to be established.broccoli, cauliflower and cabbage are rich in organic substances 

called glucosinolates. Under certain conditions they become 
isothiocyanates during decomposition (Gimsing and Kirkegaard, 

Material and methods2009).
Species of the genus Brassica are known as able to produce 

such toxic products (Brown et al., 1991). They can be used The study was carried out in the Maritsa Vegetable Crops 
effectively to control root-knot nematodes, weeds and soil Research Institute, Plovdiv in pot experiments during the period 
pathogens (Mojtahedi et al., 1993; McFadden et al., 1992; Spak et 2009 – 2010. For nematodes soil was taken from greenhouse 
al., 1993; Angus et al., 1994). In their mineralization in the soil they compartment contaminated with root-knot nematodes (Meloidogyne 
release chemical compounds similar to metilisothiocyanat - a toxin arenaria Neal.) greenhouses and for pathogens, soil was taken from 
that is produced by degradation of metham sodium (Matthiessen et the infected field (pepper infected in transplanting with combined 
al., 1998; Porras, 2011). Phytopesticide properties of many plants infection consisting of six isolates of Verticillium dahliae Kleb. was 
are determined from natural chemical compounds – alkaloids, planted in this field every year).
esters, glycosides, etc. (Vasina, 1978). Fumigation ability to the following test plants was studied:

Biofumigation can be used individually or in combination with Calendula (Calendula officinalis L.). The flowers contain 
solarization. It was found that the second method is significantly carotene, lycopene, violaxantin, rubixantin, neolikopin, citroxantin, 
more efficient. Ramirez-Villapudua et al. (1987, 1988) were the first flavohrom, flavoxantim, hrizantemaxantim and others. Stems 
who combine biofumigation with solarization to control pathogens of contain a bitter substance calenden, faradiol and arnidiol 
the genus Fusarium. They achieved excellent results with the triterpenes, tannins and others.

* e-mail: smasheva@abv.bg
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Basil (Ocimum basilicum L.). The active ingredient is basil The index of gal-formation (i) was also evaluated by a 5-marked 
essential oil. Its content varies from 0.5 to 1.5% in the dry herb. Major scale (0-4) 60 days after transplanting.
components in the essential oil are methyl chavicol (60%), L-linalol Calculated indices:
(40%), eugenol (4%) and others. In small amounts it also contains �Effectiveness by Abbott (%) (E%);
cineol, camphene, geraniol, ocimen, pinene. carotene, tannins and �Index of damage (%) with Verticillium wilt;
glycosides. �Index of gal-formation, % (Index of infestation, %).

Tagetes (Tagetes erecta L.). Contains essential oils, flavonoids, A comparative analysis by Duncan's multiple range test was 
antiseptic substances, tannins. made (1955).

Chrysanthemum (Chrizanthemum cinerariaefolium Vis.). 
Contains pyrethrum.

Broccoli (Brassica oleracea L. var. italica Pl.). Contain Results and discussion 
glucosinolates - phytochemicals that are desintegtared into 
compounds called indoles and isothiocyanates (e.g. sulforaphane). Soil pathogen
It also contains carotenoids and lutein. The results of biofumigations are shown in Figure 1. They 

Plants are grown as 50-day seedlings. Granulated plant mass demonstrate that in comparatively strong attack of Verticillium wilt in 
(particle size about 1 cm) was incorporated in the pots in the rate of 4 the control (i=54,45 % on average for the two experimental years) 
kg/m2 (Lamers, 2008) in August. After homogenization, the mixture the use and the mineralization of the plant residues from the tested 
is moistened and covered with polyethylene. At 4 weeks 75-80% plants in the soil results in decrease of pathogen density. The index 
humidity was maintained. The temperature in covered dish in the of damage in all variants with applied plant residues is considerable 
period ranged from 37,8º C to 45,5º C. In the spring of the next year in lower than the one recorded in the control variant. This index is the 
containers are planted: lowest in the variant with applied plant residues from 

�4 pepper plants variety Kurtovska kapiya 1619 (in tests with chrysanthemum (12,98%) followed by the variant with broccoli 
pathogens); (15,23 %) (Figure 1). The impact of the tagetes is close to the above-

�4 tomato plants variety Ideal (in tests with nematodes). mentioned (18,34 %). The effect of plant residues from calendula 
The experiments were conducted in four replications. The and basil is lower.

degree of infestation by Verticillium wilt (evaluated by 5-marked The highest effectiveness from the mineralization of the used 
scale 0-4) was recorded during the second half of August and used plant residues against V. dahliae is recorded in the variant with 
for determination of the index (i) of damage by Мc Kinney (%).

Figure 1. Index of damage from Verticillium dahliae Kleb in biological study of biofumigants 
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chrysanthemum – 76,11% on average, followed by the variant with established. The input of plant residues from the tested plants in the 
broccoli – 71,99% (Table 1). Differences are significant for the soil influence the attack of the pest. The lowest index of gal formation 
variants with input of chrysanthemum and broccoli compared to the is recorded in the variant with broccoli (13,82%), followed by the 
remaining ones. Similar results are obtained by Belair and variants with chrysanthemum (15,11%) and tagetes (16,26%) 
Coulombe (2008) in the use of plant residues from the genus (Figure 2).
Brassica in the soil. Down et al. (2008) achieve 100 % effectiveness The highest effectiveness against M. arenaria (71,23%) is 
against the same pathogen in application of 10% (volumetric) recorded in the variant with broccoli followed by the variant with 
cabbage mass in the soil. chrysanthemum (67,28%) and tagetes (64,79%) (Table 2). The 

lowest effectiveness (52,70%) is recorded in the variant with input of 
Root knot nematodes calendula and these differences are significant. The input of plant 
In this study a comparatively strong attack M. arenaria in the residues from tagetes in the soil was used successfully against root-

control (i=46,67% on average from the two experimental years) was knot nematode in cultivation facilities in Morocco (Luc еt al., 2005).



Effectiveness (%)
Variant

Table 2. Effectiveness in application of biofimigants against (Meloidogyne arenaria Neal.) in greenhouses

2009

a, b, c, d…n. s. - Duncan's multiple range test (p<0,05)

Calendula

Basil

Tagetes

Chrysanthemum

Broccoli

2010

b55.35 ± 8.18
ab64.91 ± 8.55
ab65.58 ± 5.81
a68.10 ± 6.09
a69.27 ± 2.76

b50.04 ± 15.13
ab62.54 ± 15.95

ab63.99 ±  3.71
ab67.27 ± 10.26
a73.18 ± 17.45

Average

b52.70 ± 11.41
ab63.73 ± 11.31

ab64.79 ±  2.89
a67.68 ±  7.63
a71.23 ±  9.26

in
de

x 
of

 in
fe

st
at

io
n,

 %

Cale
nd

ula
Bas

il

Ta
ge

tes

Chr
ys

an
the

mum

Bro
cc

oli

Con
tro

l

70.00

60.00

50.00

40.00

30.00

20.00

10.00

0.00

а

а

b
b

b b
c

b
c

b
c c

Figure 2. Index of infestation by Meloidogyne arenaria Neal. in biological study of biofumigants
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Effectiveness (%)
Variant

Table 1 . Effectiveness of application of biofumigants against Verticillium dahliae  Kleb. in greenhouses

2009

a, b, c, d…n. s. - Duncan's multiple range test (p<0,05)

Calendula

Basil

Tagetes

Chrysanthemum

Broccoli

2010

c56.60 ± 3.64
bc61.41 ± 4.03
b65.24 ± 3.64
a76.58 ± 3.22
a71.92 ± 2.24

c54.81 ± 5.54
c56.65 ± 3.09
b67.43 ± 0.57
a75.62 ± 1.54
ab72.06 ± 3.77

Average

d55.71 ± 4.00
d59.03 ± 1.04
c66.34 ± 2.08
a76.11 ± 1.39
b71.99 ± 2.05

The obtained results that are analogical during the two The highest effectiveness against Verticillium dahliae Kleb. and 
experimental years demonstrate that biofumugation is a sure Meloidogyne arenaria Neal. is recorded in the variants with input of 
method that could be applied successfully after optimization of the broccoli, chrysanthemum and tagetes.
parameters for soil disinfection in greenhouses as an alternative of 
chemical disinfection.
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