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Suppressive effect of seed powders of some Brassicaceae plants on
Meloidogyne incognita (Kofoid & White, 1919) Chitwood, 1949
(Tylenchida: Meloidogynidae) in tomato and cucumber

Bazi Brassicaceae bitkilerinin tohum unlarinin domates ve hiyarda Meloidogyne
incognita (Kofoid & White, 1919) Chitwood, 1949 (Tylenchida: Meloidogynidae)'ya karsi
baskilayici etkisi

Fatma Gul GOZE OZDEMIRY
Abstract

The aim of the study was to investigate suppressive effect of powdered seeds of Raphanus sativus L. (red
radish), Lepidium sativum L. (cress) and Eruca vesicaria (L.) Cav. (arugula) (Brassicales: Brassicaceae) on Meloidogyne
incognita (Kofoid & White, 1919) Chitwood, 1949 (Tylenchida: Meloidogynidae) in tomato and cucumber. This study
was conducted under controlled conditions between January and April in 2022. The experiment consisted of 14
treatments of seed powders singly, or in double or triple combinations. Nematode inoculation was made with 1 000 J2
one week following the transplanting of tomatoes and cucumbers into pots. The seed powders were mixed with the soil
three days after the nematode inoculation. The root gall and egg mass were evaluated on a scale of 1-9 and the percent
control effect was calculated 60 days after treatment. The highest control effect on gall and egg mass (70%) was with
a triple powder treatment which consisting of radish (2 g/plant) + cress (2 g/plant) + arugula (2 g/plant) on tomato and
cucumber. The control effect of double powder treatments on gall and egg masses were above 55% in tomato and
cucumber. The control effect of radish (6 g/plant) in both host plants was found to be similar to double powder
treatments which arugula (2 g/plant) + radish (2 g/plant), and cress (2 g/plant) + radish (2 g/plant). In single treatments,
the highest control effect was obtained with radish (6 g/plant). In double powder treatments, those containing radish
were found to be more effective against M. incognita. It was concluded that treatment with radish seed powder against
M. incognita was more successful than with cress and arugula powders.

Keywords: Brassicaceae, nematicidal effect, red radish, seed powder
Oz

Bu calismanin amaci, Raphanus sativus L. (kirmizi turp), Lepidium sativum L. (tere) ve Eruca vesicaria (L.) Cav.
(roka) (Brassicales: Brassicaceae)'nin toz haline getirilmis tohumlarinin domates ve salatalikta Meloidogyne incognita
(Kofoid & White, 1919) Chitwood, 1949 (Tylenchida: Meloidogynidae) Uzerindeki baskilayici etkinliginin arastiriimasidir.
Calisma, 2022 yili Ocak-Nisan aylari arasinda kontrollii kosullarda yuritalmastir. Calisma, bitkilerin tohum unlarinin
tekli, ikili ve Gi¢lt olmak tzere 14 uygulamasindan olusmaktadir. Domates ve salataliklarin saksilara dikilmesinden bir hafta
sonra 1 000 J2 ile nematod asilamasi yapilmistir. Tohum unlari, nematod asilamasindan {i¢ giin sonra toprakla karistirilmigtir.
Uygulamadan altmis giin sonra, kdklerdeki ur ve yumurta paketi 1-9 skalasina gére degerlendirilmistir ve yiizde kontrol etki
degerleri hesaplanmistir. Gal ve yumurta paketi Uzerinde en yiiksek baskilayici etki domates ve hiyarda turp (2 g/bitki)
+ tere (2 g/bitki) + roka (2 g/bitki) ticlii uygulamasinda saptanmistir. ikili uygulamalarin gal ve yumurta paketi iizerindeki
kontrol etkisi, domates ve hiyarda %55'in (izerinde bulunmustur. Her iki bitkide de tek basina 6 g/bitki turp tohum unu
uygulamasinin kontrol etkisinin, roka (2 g/bitki) + turp (2 g/bitki) ve tere (2 g/bitki) + turp (2 g/bitki) ikili uygulamalari ile
benzer oldugu bulunmustur. Tekli uygulamada en yuksek kontrol etki 6 g/bitki ile turp tohumu unundan elde edilmistir.
ikili uygulamalarda turp icerenlerin M. incognita Gizerinde daha etkili oldugu bulunmustur. Meloidogyne incognita
Uzerinde turp tohum unu uygulamasinin tere ve rokaya gére daha basarili kontrol sagladigi belirlenmistir.

Anahtar sézcukler: Brassicaceae, nematisidal etki, kirmizi turp, tohum unu
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Suppressive effect of seed powders of some Brassicaceae plants on Meloidogyne incognita (Kofoid & White, 1919) (Tylenchida:
Meloidogynidae) in tomato and cucumber

Introduction

Tomato and cucumber are among the most important vegetables in terms of the economic value in
Tarkiye. Turkiye ranks third in the world with tomato production exceeding 12.7 Mt and ranks second in
cucumber production with 2 Mt (Arslan et al., 2022). Root-knot nematodes (RKN) are a group of plant
parasitic nematodes that cause significant yield losses in tomato and cucumber crops around the world
(Sikora & Fernandez, 2005). They feed on roots and vascular tissues, disrupting water and nutrient flow,
and cause slow growth, yellowing of leaves, wilting and early plant death of infested plants (Asaturova et
al., 2022). Seid et al. (2015) reported that while the product loss due to RKN in different tomato varieties
was between 25 and 100%, decrease level of yield in commercial cucumber cultivation was between 12
and 60% (Wehner et al., 1991; Sorribas et al., 1997). It has been reported that they cause 80% yield loss
in tomato cultivation in the Western Anatolian Region of Turkiye (Kaskavalci, 2007). Although over 100
species of RKN have been described (Ghaderi & Karssen, 2020), Meloidogyne incognita (Kofoid & White,
1919) Chitwood, 1949, Meloidogyne javanica (Treub, 1885) Chitwood, 1949, Meloidogyne arenaria (Neal,
1889) Chitwood, 1949, Meloidogyne chitwoodi Golden, O'Bannon, Santo & Finley, 1980 and Meloidogyne
hapla Chitwood, 1949 (Tylenchida: Meloidogynidae) are the most common RKN in vegetable growing areas
in Turkiye (Adam et al., 2007; Evlice et al., 2022). Meloidogyne incognita is accepted as the most
aggressive and important RKN due to its wide host spectrum and high prevalence in the world (Sikora &
Fernandez, 2005). This species is also common in vegetable growing areas in Turkiye (Cetintas & Cakmak,
2016; Ozarslandan, 2016; Uysal et al., 2017; Giirkan et al., 2019; Aslan & Elekcioglu, 2022).

Management of RKN is quite expensive and difficult (Asaturova et al., 2022). To reduce the damage
caused by nematodes, producers generally apply solarization and use resistant cultivars (Hajihassani et al.,
2019). Many synthetic nematicides such as methyl bromide, ethylene dibromide and di-bromochloropropane
have been banned due to their carcinogenic effects (Onkendi et al., 2014). The high cost of nematicides,
resistance development, health and environmental hazards, residue, negative effects on soil fauna and
beneficial microflora, and phytotoxic effects on plants are the limiting factors for their use (Haydock et al.,
2013; Silva et al., 2019). Therefore, it has become necessary to search for alternative control methods in
the control of plant parasitic nematodes. Plant-based metabolites are perhaps the most intensively
researched subject in this area (Pardavella et al., 2020). Nematicidal activity of isothiocyanates, glucosides,
alkaloids, ketones, aldehydes, phenolics and fixed fatty acids in plants have been demonstrated (Chitwood,
2002; Kabera et al., 2014; Shalaby et al., 2021; Stavropoulou et al., 2021).

The Brassicaceae is one of the most economically important plant families. When glucosinolate
(GLS) compounds in the cell walls of plants of the Brassicaceae family react with myrosin enzyme toxic
compounds are produced (Wittstock et al., 2016). As a result of this enzymatic hydrolysis, volatile and
biocidal isothiocyanate compounds are produced (Zasada & Ferris, 2004; Ploeg, 2008). Isothiocyanates
disrupt the protein structure and precipitate the cell contents (Mennan & Kati, 2010). In Brassicaceae plants,
over 100 glucosinolate compounds have been detected, but the most known glucosinolate compounds in
vegetables are neoglucobrassicin, glucobrassicanapin and glucobrassicin (Vallejo et al., 2004). Brassica
plants can be used as cover or trap plants, and green manures in plant parasitic nematode control
(Matthiessen & Kirkegaard, 2006; Schlaeppi et al., 2010). Recently, it seems that studies have mainly
focused on Brassicaceae seeds. Brassicaceae seeds were found to have higher glucosinolate levels and
were more advantageous due to lower loss of glucosinolate degradation products (Lazzeri et al., 2004).
Salem et al. (2012) reported the second stage juvenile (J2) inactivity of M. incognita as 95 and 64%,
respectively, 72 and 144 h after Lepidium sativum L. (Brassicales: Brassicaceae) seed extract application.
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Crushing the seeds and using the seed powder have become common in the control of plant parasitic
nematodes (Radwan et al., 2012). However, to the best of our knowledge, there is no study on the seed
powder applications of Brassicaceae plants as an alternative control method to nematicides and fumigants
in Tarkiye. In this study, the effectiveness of Brassicaceae family member vegetables in the control of M.
incognita, which is common in tomato and cucumber growing areas in Turkiye and causes serious
economic losses, was evaluated. For this purpose, the suppressive effect of single and combination
applications of red radish, Raphanus sativus L., cress, L. sativum and arugula, Eruca vesicaria (L.) Cav.
(Brassicales: Brassicaceae) seeds on gall and egg mass formed by M. incognita in tomato and cucumber
were investigated.

Materials and Methods
Materials

The red radish seed of cv. Cherry Belle, the cress seed of cv. Bahar Guli and the arugula seed of
cv. Derya were obtained from Biotek Seed Company (Konya, Turkiye). Meloidogyne incognita isolate DR17
was used (Uysal et al., 2017). The experiment was performed on cucumber cv. Silor F1 and tomato cv.
Gulizar F1 susceptible to RKN.

Nematode inoculum

Mass production of M. incognita was done in tomato cv. Tueza F1 (Multi Seed) at 24 + 1°C, 60% + 5%
RH. The tomato seedlings for mass production were transplanted into pots containing sterilized soil (68%
sand, 21% silt and 11% clay) and 1 000 J2s were inoculated into the soil. Eight weeks after inoculation,
tomato roots were pulled up, carefully washed in tap water and egg masses were collected under a
stereomicroscope. The infective J2s from egg masses were hatched in a sterile Petri dish containing water
in an oxygenated environment for 3 days and were kept in the refrigerator at 8°C until used. The 1 000 J2s
were collected under the light microscope and transferred to Eppendorf tubes for use as inoculum (Lobna
etal., 2017).

Preparation of seed powder

One kg of seeds of Cherry Belle, Bahar Gilii and Derya were blended until a fine powder to be
applied at 2, 4 and 6 g/plant (Shalaby et al., 2021).

Effect of red radish, cress and arugula seed powder on the development of Meloidogyne
incognita on tomato and cucumber

The study was conducted between January and April in 2022. This study was conducted under
controlled conditions (24 + 1°C, 60 = 5% RH) in a completely randomized plot design with 5 replicates of
each for the hosts Gilizar F1 tomato and Silor F1 cucumber. Treatments and doses of Brassica plants
seed powder used in the experiment are given in Table 1. Plants treated only with M. incognita were
included as controls.

Table 1. Treatments and doses of brassica plants seed powder used in the experiment

Treatments
No Brassica plants Doses (g/plant) | No Brassica plants Doses (g/plant)
1 Arugula 2 8 Red radish 4
2 Arugula 4 9 Red radish 6
3 Arugula 6 10 Cress + arugula 2+2
4 Cress 2 11  Cress + red radish 2+2
5 Cress 4 12  Arugula + red radish 2+2
6 Cress 6 13 Cress + arugula + red radish 2+2+2
7 Red radish 2 14  Control only plants treated with M. incognita

423



Suppressive effect of seed powders of some Brassicaceae plants on Meloidogyne incognita (Kofoid & White, 1919) (Tylenchida:
Meloidogynidae) in tomato and cucumber

Gilizar F1 tomato and Silor F1 cucumber seedlings with approximately four true leaves were
transplanted into 14-cm plastic pots containing ~1.5 kg of sterilized soil (68% sand, 21% silt and 11% clay).
One week later, all pots were inoculated with 1 000 J2s of M. incognita. Three days after the nematode
inoculation, slits were made around the seedlings with a spatula and seed powders were spread evenly in
these slits, mixed with the soil and watered after covering (Shalaby et al., 2021). The experiment was
assessed 60 days after nematode inoculation. Tomato and cucumber plants were carefully removed from
the soil and their roots were washed with tap water. Evaluation procedure was made on the root gall scale
of 1-9 according to Mullin et al. (1991) (1, no gall; 2, 5% root gall; 3, 6-10 % root gall; 4, 11-18 % root gall;
5, 19-25% root gall; 6, 26-50% root gall; 7, 51-65% root gall, 8, 66-75% root gall; and 9, 76-100% root gall)
and egg mass production rate scale (1, no egg mass; 2, 1 or 2 egg masses; 3, 3-6 egg masses; 4, 7-10
egg masses; 5, 11-20 egg masses; 6, 21-30 egg masses; 7, 31-60 egg masses; 8, 61-100 egg masses;
and 9, more than 100 egg masses) (Bozbuga et al., 2015; Goze Ozdemir & Karaman, 2020). The control
percentages of seed powders on gall and egg masses were calculated with the formula (Xiang et al., 2020):

Control effect (%) = (Control - Treatment / Control) x 100.

The averages of the gall and egg mass scale were compared by LSD test (P < 0.05) using the SAS
(version 17.00) program, after arcsin transformation of the percentage control effects of seed powders on
gall and egg mass.

Results
Tomato experiment

The highest galling rate was 8.6 in the control treatment. The gall indices of all treatments (1.0-5.6)
were significantly lower than the control treatment (P < 0.05). Among the treatments, the highest gall index
was with 2 g/plant cress (5.2) and 2 g/plant arugula (5.6). The lowest gall index (1.0) was in the triple powder
treatment (2 g/plant doses of cress, arugula and radish). Gall indices of cress, arugula and radish seed
powders at 6 g/plant treatments were 3.8, 3.0 and 1.6, respectively. The gall index was lower in
combinations with radish in double powder treatments. The 2 g/plant cress + 2 g/plant arugula treatment of
gall indices were higher than 2 g/plant cress + 2 g/plant radish, and 2 g/plant cress + 2 g/plant radish
treatments (Table 2).

The percentage change in galling of roots by seed powders alone and combine treatments was
between 35 and 70%. The double powder treatments reduced galling of roots by over 60%. The triple
powder treatment of 2 g/plant cress + 2 g/plant arugula + 2 g/plant radish had the highest effect reducing
galling of roots by 70%. This was followed by 2 g/plant arugula + 2 g/plant radish, and 2 g/plant cress + 2
g/plant radish treatments with 68%. It was determined that 6 g/plant radish treatment reduced galling roots
by 65%. The control effects of 2 g/plant and 4 g/plant cress treatments, 2 g/plant arugula, and 2 g/plant
radish treatments on galling roots were below 50% (Table 2).

Egg masses indices of the treatments varied between 1.0 and 5.8 and were found to be statistically
significantly lower than the control treatment (9.0) (P < 0.05). The highest egg masses index was
determined in the treatment of 2 g/plant seed powder of cress (5.8) and arugula (6.0) after then control. The
lowest egg masses index was with 2 g/plant cress + 2 g/plant arugula + 2 g/plant radish triple powder
treatment (1.0) and in double powder treatments of 2 g/plant arugula + 2 g/plant radish (1.2) and 2 g/plant
cress + 2 g/plant radish (1.2). Egg masses index of 2.6 with 2 g/plant cress + 2 g/plant arugula seed powder
treatment was higher than other double powder treatments. Egg masses indices of 6 g/plant cress, arugula
and radish treatments were determined as 4.2, 3.6 and 2.0, respectively (Table 2).
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Radish seed powder treatment at a dose of 2 g/plant decreased the egg masses formed by M.
incognita on tomato root by 40.5%, while treatments of 4 and 6 g/plant decreased it by 52.2% and 61.9%,
respectively. The control effect of 2 and 4 g/plant seed powder treatments of cress and arugula on the egg
mass was below 45% whereas the control effect was above 45% in 6 g/plant treatments. The effects of
radish 6 g/plant (61.9%) and 2 g/plant cress + 2 g/plant arugula (57.5%) seed powder treatments on egg
mass in tomato roots were found as similar. It was determined that control effect in the same statistical
group (a) in double powder treatments of 2 g/plant cress + 2 g/plant radish with 2 g/plant arugula + 2 g/plant
radish and in triple powder treatments (2 g cress + 2 g arugula + 2 g radish) (Table 2).

Table 2. Effect of cress, arugula, radish plant seed powder against Meloidogyne incognita in tomato under controlled conditions

Treatments (plant seed powder) _gil(l)i%t? eF;feerc(::te 2:1 \ E?r? dr:)?zss Pergﬁn;gegi e
index root galling masses
2 g Cress 52 cb® 39 fe 58 b 36 hg
4 g Cress 44 cd 44  de 52 «c¢cb 40 fg
6 g Cress 38 ed 48 dc 42 ed 47 de
2 g Arugula 56 b 36 f 6.0 b 35 h
4 g Arugula 3.8 ed 48 dc 46 cd 44  fe
6 g Arugula 30 e 54 ¢ 36 e 51 d
2 g Radish 48 c¢b 42 fe 52 <c¢cb 40 fg
4 g Radish 30 e 54 ¢ 34 e 52 cd
6 g Radish 1.6 df 65 ba 20 df 62 b
2 g Cress + 2 g arugula 20 f 61 b 26 f 58 bc
2 g Cress + 2 g radish 1.2 df 68 a 1.2 gh 69 a
2 g Arugula + 2 g radish 1.2 of 68 a 1.2 gh 69 a
2 g Cress + 2 g arugula + 2 g radish 10 g 70 a 1.0 h 70 a
Untreated Control 86 a 0 g 9.0 a 0 1
LSD (%5) 0.85 6.1 0.78 5.4
CV (%) 19.2 9.6 15.8 8.8

! Scale of 1-9 root galling index; 1, no gall; 2, 5% root gall; 3, 6-10 % root gall; 4, 11-18 % root gall; 5, 19-25% root gall; 6, 26-50%
root gall; 7, 51-65% root gall; 8, 66-75% root gall; and 9, 76-100% root gall (Muller et al 1991);

2Scale of 1-9 egg mass index;1, no egg mass; 2, 1 or 2 egg masses; 3, 3-6 egg masses; 4, 7-10 egg masses; 5, 11-20 egg masses;
6, 21-30 egg masses; 7, 31-60 egg masses; 8, 61-100 egg masses; and 9, more than 100 egg masses (Muller et al 1991);

3Means were compared by LSD test at P < 0.05 and those followed by the same letter within columns are not significantly different.

4 Arcsin transformation was applied before analysis.

Cucumber experiment

The gall indices for cucumber roots decreased with increasing dose in single treatments with the three
seed powders. The effects of combined treatments were greater than in the single powder treatments. The
lowest gall index was found 1.0 in the triple powder treatment (2 g/plant cress + 2 g/plant arugula + 2 g/plant
radish). There was no difference (P = 0.05) between the gall indices of cress (2 g/plant) + arugula (2 g/plant),
arugula (2 g/plant) + radish (2 g/plant), and cress (2 g/plant) + radish (2 g/plant) treatments. Although, the
gall index was 1.8 with 6 g/plant red radish, this was lower than the same dose of cress and arugula. The
highest gall indices in cucumber roots was with 2 g/plant cress (6.0) and arugula (5.8) (Table 3).

The highest control effect on galling was 71% in the triple powder treatment of 2 g/plant cress + 2 g/plant
arugula + 2 g/plant radish. Double powder treatments of cress, arugula and radish reduced galling by more than
55% with no statistically significant difference between them (P = 0.05). Doses of 6 g/plant of cress, 4 and
6 g/plant of arugula and red radish reduced galling in the roots by more than 40%. The effect of 6 g/plant red
radish was 55%, which was not statistically different from 2 g/plant cress + 2 g/plant arugula (59%), 2 g/plant
arugula + 2 g/plant radish (60%) and 2 g/plant cress + 2 g/plant radish (60%) (Table 3).
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The lowest egg masses index was 1.4 with the triple powder treatment (2 g/plant cress + 2 g/plant
arugula + 2 g/plant radish) (P < 0.05) and the highest egg masses index was 9.0 in the control treatment,
followed by about 6 with 2 g/plant cress and arugula. As the dose of the three seed powders increased, the
egg mass index decreased. Egg mass indices were similar in double powder treatments (Table 3).

The treatments reduced egg mass formation between 32 and 67%. The greatest effect was in the
triple powder treatment of 2 g/plant cress + 2 g/plant arugula + 2 g/plant radish (P < 0.05). The treatments
of 2 g/plant cress + 2 g/plant arugula, 2 g/plant arugula + 2 g/plant radish, and 2 g/plant cress + 2 g/plant
radish decreased the egg mass formation by 55, 58 and 56%, respectively. The 6 g/plant cress, arugula
and red radish treatments reduced egg mass by 44, 51 and 62%, respectively (Table 3).

Table 3. Effect of cress, arugula, radish seed powder against Meloidogyne incognita in cucumber under controlled conditions

Ro_ot Percent Egg mass Percent effect
Treatments (plant seed powder) galllnglg effect on . index? on egg4
index root galling masses
2 g Cress 6.0 bd 35 g 64 b 32 g
4 g Cress 50 ¢ 42 f 54 ¢ 39 ef
6 g Cress 40 d 48 e 46 d 44 e
2 g Arugula 58 b 37 g9 6.2 b 34 fg
4 g Arugula 40 d 48 e 46 d 44 e
6 g Arugula 3.0 ef 55 cd 36 e 51 d
2 g Radish 54 bc 39 fg 6.0 bc 35 fg
4 g Radish 32 e 53 d 36 e 51 d
6 g Radish 18 g 64 b 22 ¢ 62 ab
2 g Cress + 2 g arugula 24 fg 59 bc 3.0 ef 55 cd
2 g Cress + 2 g radish 22 ¢ 60 b 28 fg 56 cd
2 g Arugula + 2 g radish 22 ¢ 60 b 26 fg 58 bc
2 g Cress + 2 g arugula + 2 g radish 1.0 h 70 a 14 h 67 a
Untreated Control 9.0 a 0 h 9.0 a 0 h
LSD (%5) 0.72 5.0 0.79 5.8
CV (%) 15.6 8.3 14.3 10.2

1 Scale of 1-9 root galling index; 1, no gall; 2, 5% root gall; 3, 6-10 % root gall; 4, 11-18 % root gall; 5, 19-25% root gall; 6, 26-50%
root gall; 7, 51-65% root gall; 8, 66-75% root gall; and 9, 76-100% root gall (Muller et al 1991);

2Scale of 1-9 Egg mass index;1, no egg mass; 2, 1 or 2 egg masses; 3, 3-6 egg masses; 4, 7-10 egg masses; 5, 11-20 egg masses;
6, 21-30 egg masses; 7, 31-60 egg masses; 8, 61-100 egg masses; and 9, more than 100 egg masses (Muller et al 1991);

3Means were compared by LSD test at P < 0.05 and those followed by the same letter within columns are not significantly different.

4 Archsin transformation was applied before analysis.

Discussion

In this study, it was found that soil treatment with cress, arugula and red radish seed powders had a
significant nematicidal effect on M. incognita. This nematicidal effect increased in tomato and cucumber
roots as the doses increased in single powder treatments of cress, arugula and red radish seed powders.
In single powder treatments, the highest effect was with 6 g/plant powder in both tomato and cucumber. In
tomato, 6 g doses of cress, arugula and radish treatments reduced root galling by 48, 54 and 65%, and egg
mass formation by 47, 51 and 62%, respectively. In cucumber, 6 g doses of cress, arugula and radish
treatments reduced root galling by 48, 55 and 64%, and egg mass formation by 44, 52 and 62%,
respectively. The 2 and 4 g doses of cress, arugula and radish powders had much lower nematicidal effects
in both plants. In contrast, Shalaby et al. (2021) in their study of peppers infested with M. incognita, found
that the application of cress and radish seed powder at 2, 4 and 6 g/plant reduced root galling by 78, 84
and 91%, respectivelyand 85, 90 and 95% reductions in egg masses. In the same study, the researchers
found that the effect of radish powder reduced root galling at the same doses by 82, 86 and 89%,
respectively and egg mass formation of by 82, 89 and 90%. Salem et al. (2012) reported that M. incognita
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gall, egg masses and J2 density in the soil were completely controlled in tomato by mixing cress seed into
the soil 1 week after nematode inoculation. Aydinli et al. (2019) reported that 4% fresh plant aqueous
extracts of cress and mint in tomato, and 1% and 2% aqueous extracts of dry arugula plants significantly
reduced damage caused by M. arenaria.

In present study, radish seed powder at 6 g/plant had a greater nematicidal effect than cress and
arugula. Oka (2010) and Radwan et al. (2012) reported that there may be differences in the toxic
substances or biocidal contents of dry seed powders added to the soil of different plants and their microbial
degradation products. However, it has been suggested that the nematicidal effect of seed powders of
allelopathic plants on nematode populations may also be due to the effect of ammonia released from the
seeds, independent of the GLS content (Mazzola et al., 2007, 2009). Zasada et al. (2009) found that the
pulp of mustard grass, Brassica juncea (L.) Czern. (Brassicales: Brassicaceae) seeds had a more
nematoxic effect than white mustard, Sinapis alba L. (Brassicales: Brassicaceae) and that 2.5% and 10%
dry w/w (corresponding to approximately 50 and 200 t/ha at an incorporation depth of 15 cm) would be
required for eradication of M. incognita and Pratylenchus penetrans (Cobb, 1917) Filipjev & Schuurmans
Stekhoven, 1941 (Tylenchida: Pratylenchidae), respectively, while S. alba is 0.5% for B. juncea. According
to the results of study, at least 6 g/plant treatment was required for cress and arugula seed powders to
have a control effect of more than 45% for M. incognita in tomato and cucumber roots, but only 4 g/plant
radish seed powder. Radwan et al. (2012) reported that 5 g/kg radish seed powder treatment reduced root
galling in tomato by 78%. In addition, it is stated that the radish plant is a very good trap for RKN and has
biofumigant properties when applied to the soil as a plant and green manure (Pattison et al., 2006;
Melakeberhan et al., 2008). The radish plant secretes glucosinolate into the soil or glucosinolate emerges
as a result of the decomposition of plant parts, and then, as a result of the hydrolysis of glucosinolate,
isothiocyanates that have biocidal effects on nematodes are formed (Vallejo et al., 2004; Zasada & Ferris,
2004; Sandler et al., 2015). Aydinli & Mennan (2018) found that in biofumigation plots applied with radish
and arugula, the number of gall and egg mass on the roots of tomatoes decreased significantly. Also,
growing these 2 plants as a winter crops before susceptible plants would reduce the damage caused by M.
arenaria and increase crop yield.

It was found that the combined applications of cress, arugula and red radish seeds powder at 2
g/plant had the highest nematicidal effect against M. incognita in tomatoes and cucumbers in present study.
The control effects of this treatment on gall and egg masses in tomato and cucumber were both about 70%.
The control effect of double powder treatments on gall and egg masses in tomato and cucumber were lower
than triple powder treatment but significantly higher than the single powder treatments. In tomato and
cucumber, the control effect of double powder treatments on gall and egg masses were above 55%. Gall
and egg mass index of cress (2 g/plant) + arugula (2 g/plant) treatment in tomato and cucumber roots was
found to be higher than arugula (2 g/plant) + radish (2 g/plant) and cress (2 g/plant) + radish (2 g/plant)
treatments. The control effect increased in tomato and cucumber roots in double powder treatments with
radish. In present study, the highest control effect was found in triple powder treatment of arugula (2 g/plant)
+ radish (2 g/plant) + cress (2 g/plant). In the study of Zanbouri & Fatemy (2014) with single and combined
applications of cress, L. sativum and peppermint, Mentha pulegium L., 1753 (Lamiaceae: Mentheae), they
found that the mean hatching of Globodera rostochiensis (Wollenweber, 1923) (Tylenchida: Heteroderidae)
to be both about 0.5%, and J2 activity was blocked by 97% after 24 h in both plant extracts. Unlike the
Brassicaceae, Asif et al. (2016) reported that in the application of wild spinach (Amaranthaceae) seed
powder with freshly chopped leaves of different plants, M. incognita was significantly suppressed compared
to the control.

Consequently, differences were determined in the nematicidal activity of cress, arugula and radish
seeds against M. incognita in tomato and cucumber under controlled conditions. Radish seed powder was
found to be the most effective treatment. However, combined treatments of radish, cress and arugula seed
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powders successfully suppressed RKN even at low doses. As a result, plants belonging to Brassicaceae
are thought to be a good alternative to chemicals both in biofumigation, with their extracts and due to the
potential nematicidal and nematostatic effects contained in their seeds, and they should be supported by
detailed studies in field conditions.
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