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Abstract
Tagetes minuta is a plant presenting pest and disease control potential, although its activity on some plant parasite
nematode species is poorly investigated. The aim of the current study is to evaluate the best T. minuta propagation
way, as well as the plant reaction to nematodes such as Heterodera glycines, Meloidogyne incognita and
Pratylenchus brachyurus, through nematode penetration and reproduction studies and root morphological
assessments. Seedlings obtained from woody cuttings showed larger rooting and stem diameter. Heterodera
glycines penetration was higher than that recorded for M. incognita. However, both species recorded reproduction
factor (RF) lower than one, as well as maximum RF values 0.34 and 0.02 for H. glycines and M. incognita,
respectively. The highest FR recorded for T. minuta were found in P. brachyurus (0.96 and 0.80) in the 60th and
80th day after inoculation (DAI). Root anatomy changes were observed in the 80th DAI in plants inoculated with P.
brachyurus. Tagetes minuta was resistant to all nematodes; however, it did not prevent P. brachyurus activity in its
roots.
Keywords: antagonistic plants, marigold, nematicide compounds, parasitism, phytonematodes
1. Introduction
Genus Tagetes belongs to family Asteraceae andcomprises more than 50 species; the most common ones are T.
erecta L., T. patula L. and T. minuta L. (Soule, 1996). The species T. minuta is native to temperate regions; it is
mainly found in Southern South America and in several regions in Europe, Africa and Asia (Naqinzhad &
Mehrvarz, 2007). It is an annual plant (50 to 150 cm tall), which has toxic flowers and particular smell, besides
being considered a weed of early-winter dormancy in Brazil (Sadia et al., 2013). The species reproduction happens
through seeds and each plant produces more than 29,000 seeds throughout the life cycle (Chamorro et al., 2012).
However, similar to what happens to other weeds, T. minuta seeds show staggered germination (Felippe & Pollo,
1983). This plant produces secondary metabolites such as monoterpenes, sesquiterpenes, flavonoids and
thiophenols, which are responsible for the bioactivity exerted on different organisms (García et al., 2009; Hooks et
al., 2010), besides presenting promising results in the control of insects of interest to public health and agricultural
importance (Furtado et al., 2005; Tomova et al., 2005; Obongoya et al., 2010).
Despite the toxic potential of T. minuta, studies aimed at assessing the species performance in phytonematode
control remain scarce, unlike what happens with other species, such as T. patula and T. erecta, whose nematode
management efficiency was already confirmed (Natarajan et al., 2006; Marahatta et al., 2012; Moreira & Ferreira,
2015). However, the intercropping between T. minuta and vegetables reduced Meloidogyne incognita (Kofoid &
White) Chitwood multiplication in tomatoes and eggplants, as well as Rotylenchulus reniformis Linford &
Oliveira and Tylenchorhynchus brassicae Siddiqi multiplication in tomatoes, eggplants, cabbages and
cauliflowers (Siddiqui & Alam, 1988). In addition, z-β-ocimene and dihydrotagetone oils extracted from T.
minuta plants led to M. incognita egg mortality (Adekunle et al., 2007). In light of the foregoing, the aim of the
current study was to evaluate the best way to obtain T. minuta seedlings, as well as to assess the plant reaction to
and interaction with nematodes such as Heterodera glycines (Ichinohe), M. incognita and Pratylenchus
brachyurus (Godfrey) Filipjev & Sch. Stekhoven.

139

jas.ccsenet.org

Journal of Agricultural Science

Vol. 11, No. 1; 2019

2. Materials and Methods
The T. minuta plants used in the current study were collected in March 2016 from spontaneous vegetation (at
flowering stage) found in Erechim region, RS, Brazil (27°39′40″ S; 52°17′59″ W; altitude: 893 m). A plant
exsicata was prepared and sent to the Herbarium of the Botany Department at Londrina State University
(Universidade Estadual de Londrina) for taxonomic identification and archiving purposes. Three ways of
obtaining T. minuta seedlings were initially evaluated, namely: woody cuttings, obtained from branches (5 to 6 cm
tall), herbaceous cuttings (2.5 to 3.5 cm tall), and seeds, obtained during the initial plant collection. The experiment
was carried out in greenhouse; it followed a completely randomized design, with 64 repetitions per treatment.
The cuttings were removed from parent plants and bevel cuts were made in the branches, thus leaving two leaves
per cutting. Next, cuttings and seeds were deposited in polystyrene trays containing a mixture composed of
commercial BioPlant®, vermiculite and sand substrate (2:1:1), which was previously autoclaved at 120 °C, for 2
hours. The number of rooted cuttings and germinated seeds, as well as stem diameter and root length, were
assessed 30 days later. Plants presenting root length longer than or equal to 1.0 cm were considered rooted.
Subsequently, the susceptibility of T. minuta to three different phytonematodes was investigated. In order to do so,
pure populations of H. glycines, M. incognita and P. brachyurus were multiplied in soybean (Glycine max (L.)
Merril cv. M6410 IPRO), tomato (Solanum lycopersicum L. cv. Santa Cruz ‘Kada’) and mayze (Zea mays L. var.
DKB 390), under greenhouse conditions for 30, 60 and 80 days, respectively. After the aforementioned periods, H.
glycines inoculum was obtained by root processing in a blender. Next, the material was sieved on 850, 250 and 25
mm coupled sieves and washed in water; females retained in the 250 mm sieve were crushed and eggs were
collected in the 25 mm sieve (methodology adapted from Dias-Arieira et al., 2003). Meloidogyne incognita
inoculum was obtained from tomato plant roots, according to the methodology by Hussey and Barker (1973),
adapted by Boneti and Ferraz (1981). On the other hand, roots were subjected to the extraction method described
by Coolen and D’Herde (1972) to obtain P. brachyurus. The suspension obtained for all nematodes was calibrated
at 500 nematodes (eggs, juveniles or adults)/ml, using Peters’s slide and light microscope.
The study was conducted in a greenhouse located at latitude 23°30′51″ S, longitude 51°25′10″ W, and altitude
603.5 m; it followed a completely randomized design, with five repetitions. Tagetes minutas seedlings (containing
3 to 4 leaves) from woody cuttings were individually transplanted into pots containing 3 L of substrate composed
of soil and sand (1:3), which was previously autoclaved and characterized as dystroferric red Latosol. Next, the
seedlings were individually inoculated with a suspension containing 1000, 2000 or 1000 eggs and/or juvenile or
adult forms of H. glycines, M. incognita and P. brachyurus, respectively, in four open holes in the soil, around each
seedling. Five (5) samples from each treatment were collected for nematode penetration evaluation purposes 5, 10
and 15 days after inoculation (DAI). Thus, the T. minuta root system inoculated with the aforementioned
nematodes was separated from the shoot, carefully washed and subjected to the acid-fuchsin staining technique
(Byrd Junior et al., 1983). Subsequently, temporary slides were prepared and assessed under light microscope in
order to analyze the number of nematodes penetrating T. minuta roots.
Nematode reproduction in T. minuta was assessed in the 30th, 60th and 80th DAI, whereas inoculum viability was
just evaluated in the 30th, 60th and 80th day after inoculation with H. glycines, M. incognita and P. brachyurus,
respectively. Nematodes were extracted from the roots, according to the aforementioned methodologies, and
evaluated for the number of H. glycines and M. incognita eggs + second stage juveniles (J2) or for the number of P.
brachyurus eggs, juveniles and adults. The evaluations were performed using Peters’s slide under light microscope.
The herein obtained values were used to calculate the reproduction factor (RF = Final population/Initial
population), according to Oostenbrink (1966). Fresh shoot and root weights were also evaluated in the current
study. The data were assessed for variance normality (Shapiro Wilk test) and transformed through (x + 0.5),
whenever necessary, and later compared through the Tukey test, at 5% probability, in the Sisvar statistical software
(Ferreira et al., 2011).
At the same time, nematode-infected T. minuta root systems were studied through histopathological sections in the
5th, 10th, 15th, 30th, 60th and 80th DAI. In order to do so, five plants from each treatment were collected; their shoots
were discarded and their roots were washed in running water for later histological paraffin infiltration purposes.
Root segments (0.5-1.0 cm) were sampled in the median and apical regions, and fixed in 70% FAA solution
(formaldehyde + acetic acid + 70% alcohol) for 48 hours (Johansen, 1940). Then, they were dehydrated in alcohol
series (70, 80, 90 and 100% ethanol) for 2 hours each, this procedure was followed by clarification in xylene +
alcohol up to pure xylol. Subsequently, prefiltration with xylol + paraffin was carried out for 4 hours, and it was
followed by infiltration in liquid paraffin for at least 24 hours. Two paraffin exchanges were performed, and the
material was kept for approximately 1 hour in the oven, at 55 °C, at each exchange. The segments were placed in
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plastic molds contaning liquid paraffin; later, they were fixed in wood blocks using the paraffin itself and
cross-sectioned (5 μm thick) in a Leica 2155 rotating microtome.
The total of 1,520 histological sections were deposited on heated water + Gelita gelatin powder (adhesive) and,
subsequently, placed on microscope slides. The sections were stained with 1% Toluidine Blue in acetate buffer, at
pH 4.7, for 3 minutes (O’Brien et al., 1964), and arranged between slides and coverslips containing glycerin (0.5%)
for evaluation purposes. Anatomical root assessments were performed under light microscope and all segments
were photographed in a digital camera coupled to the microscope.
3. Results
The use of seeds in the T. minuta propagation study enabled 42.7% mean germination 30 days after sowing (data
not shown). The woody segments showed 92% rooting of cuttings, which was higher than the rooting rate recorded
for herbaceous segments (45%) (Table 1). In addition, root diameter and length recorded for woody cuttings were
higher than those recorded for the herbaceous ones (Table 1).
Table 1. Rooting rate, stem diameter of rooted cuttings and root length of woody and herbaceous cuttings of
Tagetes minuta, after 30 cultivation days in greenhouse
Treatments

Rooting (%)

Diameter of rooted cuttings (cm)

Root length (cm)

Woody cuttings (5 to 6 cm)
Herbaceous cuttings (2.5 to 3.5 cm)

92.0
45.0

0.45
0.11

5.30 a
1.89 b

CV (%)

-

5.04

a
b

3.75

Note. Means followed by the same letter in the column did not differ from each other in the Tukey test, at 5%
probability. CV = coefficient of variation.
The penetration of different nematodes in the T. minuta root system did not show statistical difference 5 DAI.
However, H. glycines recorded higher penetration in the 10th and 15th DAI, whereas the other two species did not
differ from each other (Table 2). In addition, H. glycines and P. brachyurus presented increasing penetration
between the 5th and 10th DAI and between the 5th and 15th DAI, respectively, whereas M. incognita did not show
penetration changes between the assessed periods.
Table 2. Number of Heterodera glycines, Meloidogyne incognita and Pratylenchus brachyurus penetrating
Tagetes minuta root system 5, 10 and 15 days after inoculation (DAI)
Treatments
H. glycines
M. incognita
P. brachyurus
CV (%)

5 DAI
3.5 aB
0.0 aA
1.1 aB
38.1

10 DAI
15.4 aA
0.4 bA
4,8 bA
147.1

15 DAI
9.8 aA
0.3 bA
2.6 bA
44.3

Note. Means followed by the same lowercase letter in the columns and by the same uppercase letter on the lines
did not differ from each other in the Tukey test, at 5% probability. Original data were processed through
(x + 0.5).
Nevertheless, despite the increased H. glycines penetration, there was no development of sausage-like or female
forms, i.e., all the nematodes remained as second stage juveniles; the same result was recorded for M. incognita
(Figure 1).
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Figure 1. H
Heterodera glyycines, Meloidoogyne incognitta and Pratylennchus brachyurus penetrationn in Tagetes minuta
roots. A1, A2, A3: Penettration of H. glyycines second--stage juvenilees (J2) 5, 10 andd 15 days afterr inoculation (D
DAI),
respectivelly. B1, B2, B33: Penetration oof M. incognitaa J2, 5, 10 andd 15 DAI, respectively. C1, C
C2, C3: Penetration
of P. bbrachyurus, 5, 10 and 15 DA
AI, respectivelyy
a was
Accordingg to the parasiitism study, thhe viability off H. glycines, M. incognita and P. brachhyurus inocula
confirmedd through the reeproduction obbserved in soybbean, tomato annd maize plantts, with RF equual to 25.9, 53.7
7 and
12.3 at thee 30th, 60th and 80th DAI, resppectively.
Similar to what was obbserved for nem
matode penetrration, the totaal number of H
H. glycines egggs + J2 prese
ented
continuouss increase in thhe assessmentss performed in the 30th, 60th aand 80th DAI, aalthough it did not show statisstical
difference in the last twoo assessed perriods (Table 3)). On the otherr hand, M. inccognita did nott present differrence
between assessed periodds, whereas thee number of eeggs + J2 was lower than thaat recorded foor H. glycines in
i all
assessmennts. Although P.
P brachyurus reproduction ddid not differ bbetween assesssed periods, the species prese
ented
the largestt number of neematodes per T
T. minuta roott system; it waas statistically different from
m M. incognita
a, but
equal to H
H. glycines (Taable 3). The daata recorded foor the number of nematodes per root gram followed the same
trend as thhe total numberr of nematodess (Table 3).
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Table 3. Total number of nematodes (eggs and juveniles) of Heterodera glycines, Meloidogyne incognita and
Pratylenchus brachyurus, and nematodes per root gram, in Tagetes minuta roots 30, 60 and 80 days after
nematode inoculation (DAI) in greenhouse
Treatment
H. glycines
M. incognita
P. brachyurus
CV (%)
H. glycines
M. incognita
P. brachyurus
CV (%)

Total number of nematodes
60 DAI
80 DAI
240 abA
336 abA
16 bA
48 bA
960 aA
800 aA
39.32
Nematode/g root
232 abA
352 abA
9 bA
36 bA
1160 aA
793 aAB
41.32

30 DAI
160 abB
32 bA
432 aA

107 abB
20 bA
505 aA

Note. Means followed by the same lowercase letter in the columns and by the same uppercase letters on the lines
did not differ from each other in the Tukey test, at 5% probability. Original data were processed through
(x + 0.5).
The reproduction factor of H. glycines was lower than one in all three assessed periods; the highest value (0.34)
was recordedin the 80th DAI (Table 4). Tagetes minuta showed RF value 0.16 at the 30th DAI, whereas the soybean
plant (control) showed RF = 25.9. Meloidogyne incognita was the nematode presenting the lowest RF, with values
equal to or lower than 0.02; the nematode showed RF value 0.02 in T. minuta and 53.7 in the susceptible tomato
(control), at the 60th DAI. Pratylenchus brachyurus presented RF close to one in T. minuta at the 60th and 80th DAI,
0.96 and 0.80, respectively (Table 4). However, it is worth highlighting that the mayze used as control to assess the
nematode inoculum viability showed RF = 12.3 at the 80th DAI.
Table 4. Reproduction factor (RF) of Heterodera glycines, Meloidogyne incognita and Pratylenchus brachyurus
in Tagetes minuta 30, 60 and 80 days after inoculation (DAI)
Treatments
H. glycines
M. incognita
P. brachyurus

Reproduction Factor
60 DAI
0.24
0.02
0.96

30 DAI
0.16
0.01
0.43

80 DAI
0.34
0.02
0.80

Note. RF = Final population/Initial population, considered resistant when RF < 1 (Oostenbrink, 1966).
Tagetes minuta plants inoculated with H. glycines showed lower fresh root weight than the control plants at the
60th and 80th DAI. In addition, they showed gradual fresh root weight decrease at the 60th and 80th DAI in
comparison to the 30th DAI (Table 5). On the other hand, plants inoculated with M. incognita did not differ from
the nematode-free control. Pratylenchus brachyurus, in its turn, caused a reduction in root weight in the three
assessed periods, in comparison to the control. The analysis applied to the periods when each of the two last
nematodes were assessed did not show root weight change (Table 5). All nematode treatments reduced the fresh
shoot weight in plants assessed in the 60th and 80th DAI; only the control showed fresh shoot weight increase when
the results in the assessments performed in the 30th and 60th inoculation days were compared to each other (Table
5).
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Table 5. Fresh shoot weight of Tagetes minuta plants 30, 60 and 80 days after inoculation (DAI) with
Meloidogyne incognita, Pratylenchus brachyurus and Heterodera glycines, grown under greenhouse conditions.
Londrina, PR, 2016
Treatment
No inoculation
H. glycines
M. incognita
P. brachyurus
CV (%)

30 DAI
2.21 aA
1.65 abA
1.89 abA
1.18 bA
27.67

No inoculation
H. glycines
M. incognita
P. brachyurus
CV (%)

3.29 aAB
2.39 abA
2.16 bA
1.21 cA
24.72

Fresh root weight (g)
60 DAI
2.08 aA
1.11 bAB
1.86 abA
0.93 bA

80 DAI
2.58 aA
0.96 bB
1.49 abA
1.01 bA

Fresh shoot weight (g)
4.03 aA
1.82 bA
2.60 bA
1.73 bA

3.60 aB
1.58 bA
1.92 bA
1.47 bA

Note. Means followed by the same lowercase letter in the column and by the same uppercase letter on the line
did not differ from each other in the Tukey test, at 5% probability level.
The analysis applied to the histological sections showed that, despite the nematode penetration in the roots, plants
parasitized by H. glycines, M. incognita and P. brachyurus did not show visible morphological differences in their
cells (Figure 2). However, cortical lesions were observed in roots parasitized by P. brachyurusin the 80th DAI
(Figure 2, D6).
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Figure 22. Histological cross-sectionss of Tagetes m
minuta roots, 5, 10, 15, 30, 600 and 80 days aafter inoculatio
on.
A1-A6) R
Roots without nematode inoculation; B1-B
B6) Roots inocculated with He
Hetedora glycinnes; C1-C6) Ro
oots
innoculated with Meloidogyne iincognita; D1--D6) Roots inooculated with P
Pratylenchus bbrachyurus
4. Discusssion
The identification of anttagonistic plannts presenting nnematode conttrol potential is one of the m
main alternative
es for
the sustainnable managem
ment of these pparasites. Howeever, many plaants presentingg nematode conntrol potential have
not been ggenetically impproved and mayy show growthh, flowering annd seed producction variationss. As for the cu
urrent
case, T. miinuta, which iss a weed speciies, presented sstaggered germ
mination, fact tthat assured grreater survival rates
in the enviironment, althoough it made itt difficult to obbtain plant unifo
formity for expperimental use ppurposes. How
wever,
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the seed germination rate (47%) was in compliance with other scientific observations recorded for the genus; it
varies from 34 to 57% in T. minuta, depending onthe temperature and light conditions (Felippe & Pollo, 1983;
Ferreira et al., 2001). The cuttings, mainly the woody, present greater nutritional reserve; thus, they are more likely
to form new plants. In addition, this reserve may affect the rooting process, since the greater the availability of
nutrients, the better the asexual propagation performance of these plants (Nicoloso et al., 1999).
The effectiveness of plants belonging to genus Tagetes in reducing nematode populations has been proven over
the years (Ploeg, 2000; Buena et al., 2008; Marahatta et al., 2010; Marahatta et al., 2012). The way these plants
act on nematodes is variable; one of the most cited ways lies on the production of toxic substances belonging to
the thienyl group. These substances show nematicidal potential (Gommers & Bakker, 1988; Kyo et al., 1990) and
properties that appear to be activated during nematode penetration and movement in the cortex, fact that triggers
a series of cascade reactions (Gommers & Bakker, 1988). However, these substances may also be released by the
roots (Arroo et al., 1995) and T. minuta root exudates inhibited nematode hatching (Siddiqui & Alam, 1988),
whereas T. patula root extracts enabled 68% mobility of M. incognita juveniles in vitro (Franzener et al., 2007).
Nevertheless, nematodes’ sensitivity to different substances produced by Tagetes may vary (Arroo et al., 1995).
Some antagonistic plants allow many nematodes to penetrate their roots, sometimes in larger amounts than those
observed in susceptible plants; however, these nematodes are not able to complete their life cycle. An example of
it was observed in relations involving java (Macrotyloma axillare (E. Mey.) Verdc. cv. Java) and M. javanica
(Miamoto et al., 2016), crotalaria species and Meloidogyne spp. (Silva et al., 1990), and velvet bean, pigeon pea
and H. glycines (Valle et al., 1997). However, it was possibly not the mode of action plants adopted in the
present study, mainly with respect to M. incognita, since it showed low penetration rate.
The expression of multiple modes of action appears to be common in plants’ antagonism to nematodes (Chitwood,
2002; Wang et al., 2002); consequently, such expression is widely discussed in relations involving Tagetes spp.,
which may act on nematodes as trap crop, non-host, poor-host or through allelopathy (Hooks et al., 2010). Thus,
the T. minuta specimen investigated in the present study seemed to have been less attractive to nematodes, mainly
to the root-knot nematode, or to have released toxic substances with the potential to mimic the rhizosphere or even
to perform nematicidal activity. The low nematode penetration in Tagetes roots was previously evidenced and
attributed to substance-release by the roots (Caswell et al., 1991). In addition, the sedentary endoparasite
nematodes that eventually penetrated the roots failed to develop beyond second stage juveniles, thus corroborating
results recorded in previous studies (Rangaswamy et al., 1993; Ploeg & Maris, 1999). Thus, it is possible assuming
that there was no feeding site formation or that it presented malfunction; the first hypothesis is the most likely due
to lack of morphological changes in the root system.
Tagetes minuta may have adopted a different mode of action on the migrating endoparasite P. brachyurus, since
the nematode presented low penetration, sometimes lower than that recorded for H. glycines, although it showed
reproduction factor close to one. This result leads to the hypothesis that the nematode could, even if inefficiently,
reproduce inside the root tissue and that, in this case, the plant could be considered a poor host to the nematode
(Hooks et al., 2010). This hypothesis is corroborated by lesions found in the cortex cells in the 80th day after
inoculation, fact that evidenced the movement and, possibly, the feeding activity of the nematode in cortical
parenchyma cells.
It is worth highlighting that different Tagetes species and cultivars may present varying reactions to different
nematodes (Buena et al., 2008; Marahatta et al., 2010), as well as that control effectiveness depends on climate
conditions and on cultivation type (Ploeg & Maris, 1999; Ploeg, 2000).
n this way, we conclude that Heterodera glycines and Meloidogyne javanica presented low reproduction factor in
Tagetes minuta; Heterodera glycines recorded the highest penetration rate. Pratylenchus brachyurus presented
reproduction factor close to, but lower than, one and much lower than that recorded for the control plant.
Histological studies presented cortical lesions in T. minuta parasitized with P. brachyurus but did not show
visible morphological differences to H. glycines and M. incognita parasitism.
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