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Abstract

This study aimed to determine the effects of marigold (Tagetes spp.) on the root-knot nematode, which are
causing high damages in nurseries. In present study, different varieties and species of marigold were tested at different
plant intensity. Totally 11 varieties of marigold were used in the present study, five from Tagetes erecta (Marvel
Yellow, Marvel Orange, Taishan Gold, Taishan Orange and Taishan Yellow) and six from Tagetes patula (Bonanza
Bee, Bonanza Yellow, Durango Bolero, Durango Flame, Durango Red and Durango Tangerine). Each treatment was
tested with 10 replications and the experiments were designed with the completely randomized block design. Results
showed that plant density has a significant effect on the galls index of root-knot nematodes. The highest gall index was
determined from the marigold applications with only flowers and the lowest (no) gall index was noted from the
marigold applications with green parts of the plants. It can be concluded from the results that using of marigold in crop
rotation may significantly reduce the damages caused by the root-knot nematodes.
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INTRODUCTION

Fruit production starts with the production of fruit transplants and is one of the important parts of agricultural
activities both in the world and Turkey. It is very important to produce the seedlings in a short time with the new, true-
to-type, high quality varieties; as healthy, with high quality characteristics to improve fruit sector, not only in Turkey,
but in all over the world (Giileryiiz, 1991; Okatan, 2017). Transplants exhibit great importance in the fruit sector in
Turkey, thus the nurseries’ sector is developed (Yapici, 1992). Total number of certified fruit transplants were around 4
million in 2002 which reached 238 million in 2017 (GTHB, 2018). Human population in the world is increasing day-
by-day where the total land which is devoted for fruit production is declining due to some environmental problems, i.e.
soil salinity, decrease in water quality and quantity, increase in pests and diseases and etc. One of the most important
diseases causing huge losses in fruit production in Turkey, like in rest of world, is root-knot nematodes (Meloidogyne
spp.). It is an endoparasitic poly-fag with a broad host range, which is distributed throughout the world, and is causing
huge economic losses due to losses in quality and quantity of perennial fruits (Netscher and Sikora, 1990; Whitehead,
1998). Root-knot nematodes characterized by the formation of large-to-small galls in the roots of cultivated plants and
is constitute one of the important groups in pathogenic nematodes. It was reported that there are about 90 different
species of nematodes in the world (Hunt and Handoo, 2009). Johson and Fassuliotis (1984) conducted a study in 75
different countries about the root-knot nematode species and they reported that around 52% of the nematodes are
belonging to the M. incognita species, 30% to M. javanica, 8% to M. arenaria, 8% to M. hapla and rest 2% to other
species.

It was also reported that the species of Meloidogyne are damaging almost all plants which include vascular
delivery system, and the number of host plants is more than 2000 throughout the world (Jones et al., 2013). Many of the
nematicide used to control nematodes are reported to cause damages to human and environment, and are dangerous for
groundwater; and are banned in Turkey, some European Countries and in some USA states (Braon and Supkoff, 1994).
Furthermore, researchers are paying more attention the alternative control methods of the root-knot nematodes in all
over the world. Among these alternative methods, some plants are known to have nematicidal effects in various ways.
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These plants are grown together with cultivated crops, used as green fertilizer, or extracts obtained from these plants are
applied directly to the cultivated crops as a protectant against root-knot nematodes.

Today in Europe, most of the nurseries use Tagetes spp. varieties for the control of root-knot nematodes. Seeds
of Tagetes spp. are being planted at the planting area and are being mixed into the soil by tripping during the flowering
period. Present study aimed to:

o Determine the effects of different species and varieties of Tagetes against Meloidogyne incognita;
o Determine the effects of different densities of Tagetes spp. on the M. incognita;
e Determine the effects of different parts of Tagetes spp. as green fertilizer on the M. incognita.

MATERIALS AND METHODS

This study was conducted during 2015-2017 at the research area of Isparta Municipality, Directorate of Parks
and Gardens. Totally 11 varieties of marigold were used in the present study, five from Tagetes erecta (Marvel Yellow,
Marvel Orange, Taishan Gold, Taishan Orange and Taishan Yellow) and six from Tagetes patula (Bonanza Bee,
Bonanza Yellow, Durango Bolero, Durango Flame, Durango Red and Durango Tangerine) (see Figure 1.). Seeds of
these plant materials were purchased from Tasaco company located in Antalya, Turkey.

Marvel Orange

Bonanza Yellow Durango Flame

s

Durango Red ‘urango Tangerine

Figure 1. Flowers of the different species and varieties of Tagetes spp.
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Root-knot nematode (Meloidogyne incognita) of present study was isolated from samples collected from a
pepper plant in Aksu, Antalya which isolated at the Nematology laboratory of Faculty of Agriculture of Suleyman
Demirel University. Rio Grande tomato hybrid was used in present study as host plant which is known as susceptible to
root-knot nematode. Studies were conducted in three stages:

Determining the effects of different species and varieties of Tagetes against Meloidogyne incognita:

Each treatment was tested with 10 replications and the experiments were designed with the completely
randomized block design. 10 egg packages of M. incognita isolates were sown with the marigolds to assess the effects
of marigolds on the root-knot nematodes (Figure 2.). Plants were grown about six weeks by using standard irrigation
and fertigation; and then they were harvested to determine galls numbers, egg numbers and galls indexes of roots for
each variety. Inoculation of the root-knot nematodes are shown in Figure 3.

Figure 2. Planting stages of the Tagetes spp. plants.

Determining the effects of different densities of Tagetes spp. on the M. incognita:

All varieties of Tagetes spp. were found to be effective against M. incognita in the first experiments. Thus,
Tagetes erecta ‘Taishan Orange’ were selected for the next experiments and the plants were planted with different
density for 7 weeks and then incorporated into the soil the determine their effects on the root-knot nematode affecting
tomato production. The experiment was prepared using 39 dm® of soil (sandy soil structure) in a 37 x 53 area cask.
Nematodes from mass-produced populations were randomly infected with approximately 4000 M. incognita eggs for
each plant, as in the case of Tagetes erecta 'Taishan Orange'. The densities of Tagetes erecta was tested at three
different levels: 30 units/m2, 40 units/m? and 50 units/m?. Plants were grown about six weeks by using standard
irrigation and fertigation; and then they were harvested to determine galls numbers, egg numbers and galls indexes of
roots for each variety.

Figure 3. Inoculation of root-knot nematodes.

Determing the effects of different parts of Tagetes spp. as green fertilizer on the M. incognita:

An experiment was carried out to determine the effects of nematicide on different plant parts in infested soil
with M. incognita, a kind of Tagetes ssp. which is effective in the experiment. The experiment was carried out
according to the Completely Randomized Block Design with 4 replications containing sandy soil (approximately 39
dm3 in volume). The seeds of T. erecta 'Taishan Orange' were planted in viols and grown until 4-5 true-leaf stages for 7
weeks. Then the different parts of the 40 marigold plants were incorporated into the soil. The tested plant parts are:

a) only roots of Tagetes spp.
b) only green parts;
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c) only flowers;

d) all plant parts (by dividing into 0.5-1 cm parts);
Then tomato plants with four replications were planted onto the infested soils according to the Completely Randomized
Block Design. Following control treatments were also tested:

a) control-1 (infested with M. incognita, without Tagetes spp. plant)

b) control-2 (without infestation of M. incognita)

c) control-3 (planting Tagetes spp. to the infested soil)
Plants were grown for 8 weeks and then they were harvested to determine galls numbers, egg numbers and galls indexes
of roots for each variety.

RESULTS AND DISCUSSIONS
Results about the effects of different species and varieties of Tagetes against Meloidogyne incognita:

The galls index of the Tagetes varieties were recorded according to the 0-5 scale and the index numbers up to 2
were accepted as resistance against Meloidogyne incognita. Results of present study showed that number of galls and
galls indexes for all tested Tagetes spp. species and varieties were zero (0) for 30 Tagetes spp. Plants incorporated into
uninfected soil. Findings of present study were found to be in agreement with the findings of Ploeg et al. (2000). When
the same number of plants were incorporated into infested soil, different number of galls were observed on the tomato
plants (see Table 1.). Increase in the number of soil incorporated Tagetes spp. plants were found to decrease the number
of galls on tomato plants, while at the same time increase in the number of tomato plants (the density) were found to
decrease the gall index.

Table 1. Effects of different densities of Tagetes spp. on the M. incognita

30 Tagetes spp. plants | 30 Tagetes spp. plants | 40 Tagetes spp. plants | 50 Tagetes spp. plants
# of incorporated into incorporated into incorporated into incorporated into
tomato | Njinfested soil with 30 | infested soil with 30 infested soil with 40 infested soil with 50
plants tomato plants tomato plants tomato plants tomato plants
m #ofgalls gallindex | #ofgalls gallindex | #ofgalls gallindex | #ofgalls gall index
1 0 0 0 0 5 2 3 2
2 0 0 3 2 0 0 0 0
3 0 0 0 0 0 0 0 0
4 0 0 4 2 2 1 1 1
5 0 0 2 1 0 0 1 1
6 0 0 0 0 1 1 0 0
7 0 0 1 1 0 0 0 0
8 0 0 3 2 2 1 0 0
9 N/A N/A N/A N/A 1 0 1 1
10 N/A N/A N/A N/A 1 0 0 0
11 N/A N/A N/A N/A N/A N/A 0 0
12 N/A N/A N/A N/A N/A N/A 0 0
13 N/A N/A N/A N/A N/A N/A 0 0

Results about the effects of different densities of Tagetes spp. on the M. incognita:

Results on the effects of different densities of Tagetes spp. on the M. incognita were listed in Table 1. It was
concluded from the results that the increase in the number of Tagetes spp. in the area (increase in the density), decreases
the number of galls and galls index of the M. incognita. Similarly, Cetintag and Kara (2016) reported that the extracts of
marigold plants might be used for the management of some nematodes.

Results about the effects of different parts of Tagetes spp. as green fertilizer on the M. incognita:

Results about the effects different parts of Tagetes spp. as green fertilizer on the M. incognita were given in
Table 2. It is clear from the results that the highest number of galls and galls index were determined from the treatment
of control-1 (infested with M. incognita, without marigold plant). On the other hand, the lowest number of galls (0) and
gall index (0) were obtained from the treatments where only green parts of Tagetes spp. were incorporated into the soil.
Results suggested that the incorporating of the green parts of the Tagetes into the soil is highly effective in preventing
the formation of galls of the M. incognita root-knot nematodes. Furthermore, roots of the Tagetes spp. were also found
to be effective in controlling the nematodes, while the flowers of the marigold plants were noted as ineffective.
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CONCLUSIONS

Results of present study showed that plant number, density and plant parts of Tagetes spp. have significant
effect on the galls index of root-knot nematodes (M. incognita). The highest galls index was determined from the
marigold applications with only flowers and the lowest (no) galls index was noted from the marigold applications with
green parts of the plants. Summary of the results indicated that using of marigold in crop rotation may significantly
reduce the damages caused by the root-knot nematodes in tomato and the density of tomato also might have significant

effect on the root-knot nematodes.

Table 2. Effects of different parts of Tagetes spp. as green fertilizer on the M. incognita

Treatments # of tomato plants m-2 # of galls gall index
1 0 0
Only roots of Tagetes spp. were 2 0 0
incorporated 3 3 2
4 2 1
1 0 0
Only green parts of Tagetes spp. 2 0 0
were incorporated 3 0 0
4 0 0
1 2 1
Only flowers of Tagetes spp. were 2 8 2
incorporated 3 10 2
4 4 2
1 0 0
All parts of Tagetes spp. were 2 0 0
incorporated 3 0 0
4 1 1
1 15 3
control-1 (infested with M. 2 10 5
incognita, without Tagetes spp.
plant) 3 20 3
4 12 3
1 0 0
control-2 (without infestation of 2 0 0
M. incognita) 3 0 0
4 0 0
1 0 0
control-3 (planting Tagetes spp. 2 0 0
to the infested soil) 3 0 0
4 0 0
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