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Due to the damage of crops caused by phytonematodes and looking for a safe environment to live and 
residue free food three experiments in this work were done during the period from 2017 to 2019. In the 
first experiment the impact of CCC at 750, 1000 and 1500 mg/l , GA3 at 75, 100 and 150 mg/l  and NAA 
at 35, 50 and 75 mg/l  on improving the secondary metabolite of Tagetes patula herb was studied. 
Moreover, 1500 mg/l CCC treatment gave the maximum essential oil percent, total phenolic and 
flavonoids contents and increased the effectiveness of antioxidant in both seasons. In  this respect, 
chemical composition of essential oil of Tagetes patula herb is very variable depending on the plant 
growth regulators treatments compared with control treatment. For CCC, GA3 and NAA treatments the 
recommended concentration of each one is 1500, 100 and 75 mg/l, respectively.  From the second 
experiment, with using five concentrations of each one of MDW, MCCC, MGA3 and MNAA herb extract 
(0, 125, 250, 500 and 1000 µg/ml) against M. javanica in laboratory, it was obvious that,  the highest 
increase in J2 mortality % and decrease in egg-hatching % was obtained with MCCC treatment followed 
by those obtained with MGA3, MNAA and MDW, respectively. Percentage of J2 mortality increases and 
egg-hatching % decreases linearly with increasing the concentration of Tagetes patula herb extracts. In 
the third experiment, with comparing MDW, MCCC and MGA3 and MNAA herb extract at concentration 
of 1000 µg/ml with 2 ml/ l of Vydate SL 24% on infected tomato plants it was noticed that, the highest 
increase in J2 mortality % and decrease in egg-hatching % was obtained with Vydate treatment followed 
by MCCC then those of  MGA3, MNAA and MDW, respectively. Growth of tomato plants was enhanced 
with Tagetes patula  herb extracts and best treatment was MCCC.  

Keywords: Tagetes patula  herb extracts; Essential oil constituent; Total phenolic content; Flavonoids content;  
Antioxidant activity; Meloidogyne javanica;  Number of galls; Egg-masses 

 
1. INTRODUCTION 

Plants face a number of opponents in natural 
systems and therefore possess innumerable 
defense and have evolved multiple resistance 
mechanisms through which they are capable to 
cope with various kinds of biotic and abiotic stress 
(Ballhorn et al. 2013). Plants defend themselves 
by producing some compounds of diverse 
chemical nature called as secondary metabolites 

such as terpenes, phenolic and flavonoids 
compounds. Botanical secondary metabolites are 
recognized as compounds that are essential for 
the plant acclimatization and defense but have no 
vital role in the continuation of life processes in 
the plants (Mulabagal and Tsay, 2004). Free 
radicals play important roles in oxidative stress as 
it cause a large number of diseases (Pham-Huy et 
al. 2008). Antioxidant term usually applies to 
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phenolics, flavonoids and terpenoids in plants by 
providing protection against oxidative damages 
(Samuolienė et al. 2010; Ashry and Mohamed, 
2011; Iranshahi et al. 2015; Wallace et al. 2016) 
by inactivate free radicals by electron transfer and 
hydrogen atom transfer (Prior et al. 2005). 

 The Meloidogyne genus are plant biotrophic 
parasites responsible for approximately 70% of 
the damage caused by phytonematodes (Sasser 
and Freckman, 1987). A root-knot nematode has 
a wide host range and may be the plant pathogen 
responsible for the greatest losses in food 
production throughout the world (Trudgill and 
Block, 2001). In this respect, many plants and 
plant products when applied in soil are known to 
cause reduction in the nematode population below 
damaging level. In few cases plants have been 
found to be actually antagonistic towards 
nematodes and some have shown to produce 
toxic materials inhibitory to nematodes (Agbenin 
et al. 2005). Subsequently, bio-pesticides of 
botanical origin have become the focus of 
attention today for facing the nematode problems 
in an eco-friendly manner (Siddiqui et al. 2005). 
They affect only target pest and closely related 
organisms are effective in very small quantities, 
decomposed quickly within a few days and 
sometimes within a few hours and provide the 
residue free food and a safe environment to live. 
When incorporated into integrated pest 
management programs, botanical pesticides can 
greatly decrease the use of conventional 
pesticides or can be used in rotation or in 
combination with other insecticides, potentially 
lessening the overall quantities applied and 
possibly mitigating or delaying the development of 
resistance in pest populations (Nageswari and 
Mishra, 2005 ; Nahak and Sahu, 2017).   

Tagetes a member of Asteraceae family is a 
genus of herbs consists of approximately 40-50 
species, all commonly known as marigold, native 
of Mexico and other warmer parts of America and 
naturalized elsewhere in the tropics and sub-
tropics (Anonymous, 1976; Lawrence, 1985). 
Tagetes patula L. is known as French Marigold. Li 
et al. (2007) reported that, the antioxidant 
properties of Tagetes patula  extract were in 
correlation with its phenolic content. Tagetes 
patula is a multipurpose plants having ornamental, 
ritual, medicinal, colorant, insecticidal, 
anthelmintic, forage, food and applications 
(Vasudevan et al. 1997).  Tagetes may reduce 
plant-parasitic  nematodes  populations by several 
means, including acting as a non-host or a poor 
host, producing allelopathic compounds that are 

toxic or inhibit populations development and 
creating an environment that favors nematode 
antagonistic flora or fauna (Wang et al. 2001). 
Tagetes plant extract and some isolated 
compounds of it exhibited significant nematicidal 
effect against Meloidogyne incognita and 
exhibited fatal effects on the growth of blackgram 
inoculated with Meloidogyne incognita 
(Sankaranarayanan and Sundarababu, 1996; Ray 
et al. 2000). Moreover, the extract of Tagetes 
flower significantly increased shoot height, 
number of leaves, branches,  buds,  flowers and 
fruits as well as reduced various diseases of 
tomato plants compared with the  control (Nahak 
and Sahu, 2017).  

Plant growth regulators include hormonal 
substances of natural phytohormones as well their 
synthetic analogues (Basra, 2000). They have 
been defined as one of the main proficient elicitors 
influencing plant growth and their primary and 
secondary metabolites pool as well as control 
antioxidant potential (Dörnenburg and Knorr, 
1995). These effects can vary depending on the 
concentration, method, site of application, species 
and cultivar and also growth season (Taiz and 
Zeiger, 2006). Many studies have been performed 
to study the impact of plant growth regulators on 
secondary metabolite production (Weathers et al. 
2005; Khan et al. 2008; Shilpashree and Rai, 
2009). 

Cycocel (chlormequat chloride or 2-
chloroethyltrimethyl ammonium chloride) (CCC) is 
a synthetic plant growth regulator which is used 
as retardant of plant growth. Therefore, it is used 
to induce dwarfism in plants and shorter 
internodes, stronger stems, green leaves, 
improving chemical constitute content such as 
accumulation of secondary metabolites in plants. 
Meanwhile, promote resistance of foliage to 
environmental stresses (Taiz and Zeiger, 2006). 

Gibberellic acid (GA3) is one of the most 
important phytohormones in the gibberellin group 
that plays an important role in improves plant 
growth and increases response to stresses there 
for exceed of GA3 level was found to be effective 
in plant biomass and related growth parameters 
(Khalloufi et al. 2017). 

Naphtyl acetic acid or α-napthalene acetic 
acid is a synthetic plant growth regulator. It has 
been applied to plants for various purposes such 
as; preventing premature flowering, stimulating 
root formation and as a fruit thinning agent 
(Krishnakumar et al. 2008). 

Hence, the objective of this work aimed to 
study the ability of plant growth regulators on 
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improving secondary metabolites content of 
Tagetes patula L. herb and study herb extracts 
effectiveness of the best concentration of each 
plant growth regulator against M. javanica in 
laboratory with different extract concentrations 
then compared the best concentrations of them 
with Vydate SL 24% on infected tomato under 
greenhouse conditions. 
  
2. MATERIALS AND METHODS 

To achieve the aim of this work there are three 
experiments were done.  

The first one was study the effect of plant 
growth regulators on the secondary metabolites 
content of  Tagetes patula herbs.  

The second experiment was done in vitro to 
test the effect of Tagetes patula herb extracts of  
the recommended treatments of each plant 
growth regulators of the first experiment  against 
the root- knot nematode, M. javanica.  

The third experiment was done in green 
house to compare the effect of recommended 
treatments of the second experiment with the 
Vydate SL 24% on control the root- knot 
nematode, M. javanica in infected tomato seedling 
under greenhouse conditions.  

2.1. The first experiment: Study the effect of 
plant growth regulator on the secondary 
metabolites  of Tagetes patula herb: 

During two seasons of April-July of 2017 and 
2018 this experiment was carried out in a 
randomized complete block design (RCBD) with 
three replications in an open field of a private farm 
in kom-Hamada, EL-Behira governorate, Egypt. 
Three seedlings with four true leaves of Tagetes 
patula were transplanted to field. Whereas, the 
distances were 50 cm between rows and 15 cm 
within plants in row.Drip irrigation system was 
applied. Fertilization and other agricultural 
practices were applied as commonly 
recommended in commercial Tagetes patula 
production. Prior to planting, soil samples from the 
experimental field location were selected, 
randomly and analyzed according to Jackson 
(1973) to determine both chemical and physical 
properties (Table 1). This experiment aimed to 
study the ability of plant growth regulators on 
increasing secondary metabolites content  of 
Tagetes patula L. herbs 

 
 
 

Table 1: The physical and chemical properties 
of the experimental soil 

   

 First season 
Second 
season 

O.M. 1.45 1.45 

Sand% 25 26 

Silt % 40 36 

Clay% 35 38 

Texture class Clay loam 

pH 7.6 7.4 

ECe (ds/m) 2.28 2.25 

CaCO3% 1.75 1.73 

Soluble ions (meq/l) 

HCO3- 2.41 2.33 

Cl- 9.38 9.41 

SO 2- 10.7 10.68 

Ca2+ 10.72 10.80 

Mg 2+ 6.03 6.07 

Na+ 4.53 4.54 

K+ 0.30 0.37 

2.1.1.  Plant growth regulator treatments: 
Tagetes patula plants foliage were  sprayed 

with solutions of chlormequat chloride (CCC)  at 
750, 1000 and 1500 mg/l , gibberellic acid (GA3) 
at 75, 100 and 150 mg/l  and naphthalene acetic 
acid (NAA) at 35, 50 and 75 mg/l one foliar sprays 
were given after two week from transplanting. 
Tween 80 (0.01%) was used as wetting agent. 
Plants of control treatment were sprayed with 
distilled water and Tween 80 (0.01%). The plants 
were harvested at flowering stage. 

2.1.2. The following analyses were done each 
season: 

2.1.2.1. Essential oil extraction: 
Essential oils were extracted from shaded 

dried Tagetes patula herbs of each treatment by 
water distillation using clevenger apparatus for 2 h 
according to Guenther 1961 and expressed as 
ml/100g. The extracted essential oil was 
dehydrated over anhydrous sodium sulphate and 
stored at freezer (-5 oC) till used for gas 
chromatography-mass spectrometry (GC-MS) 
analysis. 

2.1.2.2. GC-MS analysis: 
The GC-MS analysis of the essential oil of the 

different treatments was carried out in the second 
season using gas chromatography/mass 
spectrometry instrument stands at the National 
Research Center with the following specifications. 
Instrument: a traces GC Ultra Gas 
Chromatographs (THERMO Scientific Corp., 



Atteya and El-Habashy                                                     Tagetes patula  herb extract against Meloidogyne Javanica 

 

    Bioscience Research, 2021 volume 18(2): 1849-1868                                                1852 

 

USA), coupled with a thermo mass spectrometer 
detector (ISQ Single Quadruple Mass 
Spectrometer). The GC-MS system was equipped 
with a Tr-5 MS column (30 m x 0.32 mm i. d., 0.25 
μm film thickness). Analyses were carried out 
using helium as carrier gas at a flow rate of 
1.3ml/min and a split ratio of 1:10 using the 
following temperature program: 60oC for 1 min; 
rising at 4 oC /min to 160 oC and held for 6min; 
rising at 6 C/min to 210 oC and held for 1 min. The 
injector and detector were held at 210 oC. Diluted 
samples (1:10 hexane, v/v) of 0.1μL of the 
mixtures were injected. Mass spectra were 
obtained by electron ionization (EI) at 70 eV, 
using a spectral range of m/z 40-450. Compounds 
were identified by matching of their mass spectra  
(authentic chemicals, Wiley spectral library 
collection and NSIT library) 

2.1.2.3. Prepare herbs extractions: 
The collected Tagetes patula herbs of every 

treatment were shaded and dried under normal 
environmental condition and then ground into 
uniform powder using grinder. The powder (50 g) 
was extracted by Soxhlet apparatus with 200 ml of 
ethanol as a solvent. This extract was used to 
determine total phenolic  and flavonoid content as 
well as  antioxidant activity. The extracted material 
was dissolved in ethanol (1:10) w/v to prepare 
stock solution. Different concentrations of herb 
extracts (125, 250, 500 and 1000 µg/ml) were 
prepared from the stock solution using distilled 
water for the second and third experiments of 
Meloidogyne javanica, respectively. 

 2.1.2.4. Total phenolic content:  
Total soluble phenolic compounds were 

assayed in different sample extracts using the 
Folin-Ciocalteau’s phenol protocol with minor 
modification (Singleton and Rossi, 1965). 0.5 ml 
of Folin-Ciocalteau’s reagent and 0.45 ml of 
sodium carbonate (7.5% w/v) were added to 1 ml 
of total volume sample. After the incubation at 
room temperature for 2 h, the absorbance at 765 
nm of the samples was detected in UV-VIS 
spectrophotometer (Cintra 101, GBC Scientific 
equipment LTD, Dandenong, Australia) and 
referred to a standard curve for chlorogenic acid 
prepared in the range of 0-50 mg ml-1. All 
determinations were performed in triplicate was 
determined according to the method of Singleton 
and Rossi (1965).  

 2.1.2.5. Total flavonoid content:  
The total flavonoid content was determined 

using the colorimetric method of Kim et al. (2003). 
Ethanol extract of different samples was added to 
the solution of 5% (w/v) sodium nitrite (NaNO2) 
and incubated for 5 minutes with the 10% (w/v) of 
aluminiumchloride (AlCl3) solution; after 5 minutes 
were added 0.5 ml of 1M sodium hydroxide 
(NaOH). The absorbance of the samples was 
detected after 15 minutes at 510 nm with the UV-
VIS spectrophotometer and referred to a 
calibration curve done with quercetin (1 mg/ml) as 
standard. Each analysis was repeated three 
times. Was determined using the colorimetric 
method of Kim et al. 
(2003).  

2.1.2.6. Antioxidant activity determinations 

“DPPH radical-scavenging assay”: 

         The antiradical activity of different 
samples was determined by using the stable 2,2- 
diphenyl-1-picrylhydrazyl radical (DPPH) (Brand-
Williams et al., 1995). One ml of sample at 
different concentrations (0.25, 0.50 and 1.00 
mg/ml) was added to 0.50 ml of a DPPH methanol 
solution 0.25 mM (w/v) and incubated at room 
temperature in the dark for 30 min. The activity 
was measured as a decrease in absorbance at 
517 nm using the UV-VIS spectrophotometer. The 
percent inhibition of the DPPH radical by the 
samples was calculated according to the formula: 
% inhibition = (A blank- A sample / A blank) x100, 
where A blank is the absorbance of the DPPH and 
A sample is the absorbance of the samples. The 
extract concentration (µg/ml) providing 50% of 
antioxidant activities (IC50) was calculated by 
plotting in a graph inhibition percentage against 
extract concentration. All determinations were 
performed in triplicate. 

2.2. The second experiment was done in vitro 
to test the effect  of  herbs extracts of Tagetes 
patula plants against the root- knot nematode, 
M. javanica:- 

2.2.1. The effectiveness of Tagetes patula herb 
extracts  

The effectiveness of Tagetes patula herb 
extracts treated with some growth regulators were 
in vitro tested against the root- knot nematode, M. 
javanica during 2018. The experiment laid out is 
factorial arranged in completely randomized 
design (CRD) and each treatment was replicated 
five times. Herb extracts of recommended 
treatments of the second experiment were 
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dissolved in sterile distilled water and Tween 80 
(0.01%) to obtain the concentration of 125, 250, 
500 and 1000 µg/ml for each extract as follow:- 
 
Table 2: Used treatments in the second 
experiment. 
 

Extraction kind 
(Treatments) 

Concentrations 
 (µg / ml) 

Control (Check) 0 

Extract of Tagetes 
patula herb treated with 
distilled water (MDW) 

125 

250 

500 

1000 

Extract of Tagetes 
patula herb treated with 

1500 mg/l CCC 
(MCCC) 

125 

250 

500 

1000 

Extract of Tagetes 
patula herb treated with 

100 mg/l GA3 (MGA) 

125 

250 

500 

1000 

Extract of Tagetes 
patula herb treated with 
100 mg/l NAA (MNAA) 

125 

250 

500 

1000 

 

2.2.1.1.The efficacy of Tagetes patula  herb 
extracts was tested on : 

2.2.1.1.1. The mortality of J2: 
The mortality of J2: was estimated by mixing 1 

ml of water suspension containing 100 new-
hatched J2 with 1 ml of double concentrations of 
Tagetes patula  herb extracts on glass vial and 
incubated at 25 ± 2 °C for 12, 24 and 48 h. Also, 
each treatment was replicated 5 times. After 
incubation, J2 were transferred in distilled water 
for 24 h, active and dead nematodes were 
counted by the microscope (Olympus CX41RF, 
Olympus Optical Co., LTD). The % mortality was 
calculated using Abbott’s Formula (Abbott, 1925) 
as follows:  

Juvenile mortality (%)=(m-n)/ (100 – n)×100 
Where m and n are percentages of dead 

juveniles in the treatment and control, 
respectively. 

2.2.1.1.2. Egg hatching of M. Javanica 
 (%): was carried out by immersing 1000 eggs in 1 
ml of each compound concentration in a glass 
vial. The experiment was conducted at 25±1°C 
and egg hatching percent. The egg hatching 
percent  and the reduction percent compared to 

the control for every treatment  were recorded and 
calculated 7 days later.  

Reduction % of nematode and tomato growth 
parameters and nematode reproduction factor 
(RF) were calculated as following: 
Reduction%= [(numbers in the control treatment – 

numbers in the treated plants) / number in control 

treatment] × 100. 

2.3. The third experiment: Compare the effect 
of recommended treatments of the second 
experiment  with the Vydate SL 24% on control 
the root- knot nematode, M. javanica in 
infected tomato seedling under greenhouse 
conditions. 

2.3.1. Root-knot nematode culture and 
inoculam preparation 

Root-knot nematode, Meloidogyne javanica 
Treub (Chitwood) investigated in this study were 
obtained from Department of Plant Pathology, 
Faculty of Agriculture, Damanhour University. The 
root-knot nematode species were reared as a 
definite population on tomato plants. Culture of 
this nematode species was established from 
single egg-masses of adult females previously 
identified by the morphological characteristics of 
the female perianal patterns (Taylor and Sasser, 
1978) and reared on tomato in a greenhouse. The 
root-knot nematode eggs were extracted from 
infected tomato roots using sodium hypochlorite 
(NaOCl) solution (0.5%) as described by Hussey 
and Barker (1973). 

2.3.2. Infection and green house experiment: 
In this experiment 35 plastic pot, 20 cm 

diameter and 15 cm depth and every pot was 
filled with 2.5 kg autoclaved field soil from the 
abovementioned location of the first treatment. 
This experiment was carried out during two 
seasons of April-July of 2018 and 2019 in a 
completely randomized design (CRD) with seven 
treatments with 5 Pots for every treatment. Every 
pot were transplanted with 4 weeks tomato 
seedling (Lycopersicon esculentum mill CV.  
Alisa). The 1st group (5 pots) was left without 
treatment to serve a check treatment (Control1). 
The 2nd - 6th groups were inoculated with 
approximately 5000 eggs of M. javanica. / pot, two 
weeks later. The second group was kept without 
Marigold plant extracts and chemical nematicide 
treatments and served as an infected control 
(Control2). The 3rd to 6th groups received the 
Marigold plant extracts (MDW, MGA3, MCCC and 

MNAA), respectively at the rate of 1000 µg/ml/ 
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pot. The 7th group received the granular 
nematicide, Vydate G10 (oxamyl) which was 
applied at the rate of 2 ml / l. The groups 3rd

-7th 
received the Tagetes patula  herb extracts and 
chemical nematicide at the same time of 
nematode inoculation. The suspended eggs and 
newly hatching J2 were added in 5 ml of water 
and pipetted into 4 equidistant, 3 cm-deep holes 
surrounding the root zone of each plant. 
Immediately after inoculation the holes were 
covered with soil. Tomato plants were harvested 
60 days after nematode inoculation. Harvested 
roots and shoot were washed with running tap 
water. Galled roots were placed in an aqueous 
solution of phloxin B stain (0.15 g/l of tap water) 
for 15-20 minutes, then washed with running tap 
water to remove residual stain.  

 
The following parameters were taken: 

2.3.3.1.     Nematode parameters: 
1-Numbers of galls of tomato roots 
2-Egg-masses / tomato plant. 
3- Number of J2 / 250 cm3 of soil. 
4-Number of eggs / plant. 
5- Nematode reproduction factor (RF) were 
calculated as following: 
 Reproduction factor (RF) = Pf/ Pi, where  
 Pf= Final nematode population = number of eggs 

/plant + number of J2/pot at the       harvest time.                            

Pi= initial nematode population = 5000 eggs and 
J2. 

The increase or reduction % of nematode 
parameters. 

Tomato growth parameters:- 

1.   Root and shoot fresh weight of tomato 
plants (g/plant). 

Root and shoot dry weight of tomato plants 
(g/plant). 

The increase or reduction % of tomato growth 
parameters.  

Statistical analysis 
Analysis of variance for  the first experiment of 

the effect of plant growth regulators on Tagetes 
patula herb secondary metabolites was done with 
SAS software (SAS Institute, 1988) and was 
carried out on the test treatments data. 
Treatments’ means were compared using the LSD 
test at 5% level of probability. For second and 

third experiments of  studying the effect of herbs 
extracts on  Meloidogyne javanica in laboratory 
and green house, respectively the data were 
statistically examined by analysis of variance 
(ANOVA) according to Snedecor and Chochran 
(1982) using SPSS system (2006). The 
differences between means were tested by using 
Duncan’s New Multiple Range test,  (Duncan, 
1955). 

.  
3. RESULTS  

3.1. First experiment: Study the effect of plant 
growth regulators on the secondary 
metabolites content of Tagetes patula herbs  

3.1.1. Effect of plant growth regulators on 
essential oil of Tagetes patula herbs 

3.1.1.1. Effect of plant growth regulators on 
essential oil percentage of Tagetes patula 
herbs 

Spraying plant foliage with solutions of 
chlormequat chloride (CCC) at 750, 1000 and 
1500 mg/l, gibberellic acid (GA3) at 75, 100 and 
150 mg/l and naphthalene acetic acid (NAA)  at 
35, 50 and 75 mg/l one foliar spray made 
significant differences in essential oil percentage 
of Tagetes patula herbs. The plants that  were 
treated with CCC outperformed the control plants 
and those treated with GA3 and NAA  in both 
seasons, respectively. Moreover,  the maximum 

essential oil percent (0.1345 and 0.1500 %  for 

two seasons, respectively) were found in the 
treatment of 1500 mg/l CCC comparing with the 
other treatments and control plants with 
insignificant differences between 1000 and 1500 
mg/l CCC in the first season. By comparing with 
GA3 treatments themselves and control treatment 
it was observed that the medium concentration of 
GA3 was the best compared with the lowest and 
highest ones and the control treatment in the first 
and second seasons, respectively. On contrary, 
with increasing NAA concentration the essential 
oil percentages  of Tagetes patula herbs 
increased significantly in both seasons, 
respectively and the highest concentration of NAA 
gave the maximum percent of essential oil 
compared with the lowest, medium and zero 
(control) concentrations of NAA in both seasons, 
respectively. From the other hand, the minimum 
essential oil percent  of  Tagetes patula herbs  

(0.0533 and 0.0668 %) for the first and second 

season, respectively were found  with control 
plants compared with the plants of all other 
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treatments (Table 4). 

3.1.1.2. Effect of plant growth regulators on 
essential oil composition of Tagetes patula 
herbs 

The essential oil composition of Tagetes 
patula herbs varies according to different 
treatments and was characterized by high 
percentage of  oxygenated  compounds  ranged 
from 51.8 - 60.54%  for control and 75 mg/l NAA, 
respectively. While the hydrocarbons  compounds 
ranged from 39.25 to 46.71% for CCC and control 
treatments, respectively. The components of 
essential oil in herb for different treatments were 
shown in Table (5). The identified components 
reached 67 components in representing about  
98.51 to 99.80 % as a result of control, 1000 mg/l 
CCC, 100 mg/l GA3 and 75 mg/l NAA treatments 
which gave the maximum essential oil percentage 
compared with control treatment. The treatment of 
1500 mg/l CCC gave the maximum percentages 
of hydrocarbons plus oxygenated monoterpenes 
and triterpenes compounds (59.86 and 2.71 %), 
respectively compared with the other treatments 
and control treatment. While the treatment of  100 
mg /l GA3 recorded the maximum hydrocarbons 
plus oxygenated sesquiterpenes and diterpenes 
compounds. Piperitone was identified as the 
major  compound  in  the  different  treatments  
ranging  from  13.35 to 36.30 %. β-Caryophyllene, 
the second  main  component,  ranged  from 
10.84 to 21.45 % . The third main component was 
α-terpinolene  which ranged from 3.27 to 8.78 % 
followed by (-)-Caryophyllene oxide which ranged 
from 3.53 to 5.23 % and neophytadiene which 
ranged from 1.32 to 5.32 %. In  this respect, 
chemical composition of essential oil of Tagetes 
patula herb is very variable depending on the 
plant growth regulators treatments compared with 
control treatment this is in harmony with De Hsie 
et al. (2019) on Lippia rotundifolia who found that 
plant growth regulators such as NAA influenced 
on its volatile compounds such as α–Terpineol % 
and β-Caryophyllene %. 

3.1.2. Effect of plant growth regulators on total 
phenolic content of Tagetes patula herb. 

Total phenolic content of Tagetes patula herb 
that were sprayed  with different growth regulator 
has significant differences compared with control 
plants in both seasons, respectively (Table 4). 
With comparing between all of used plant growth 
regulators in this study in both seasons the 
treatment of 1000 mg/l CCC gave  the maximum  
significant content  of total phenolic (8.3898 and 

8.5962 mg gallic/1 g herb). It was noticed a 
positive relationship between the increase in the 
concentration of the CCC and NAA and total 
phenolic content of Tagetes patula herb, while the 
concentration of 100 mg/l GA3 was better than 75 
and 150 mg/l GA3 in both seasons, respectively.  
On the contarary, the minimum values of total 
phenolic content of Tagetes patula herbs (0.5627 
and 0.6290 mg gallic/1 g herb) were observed 
with the control treatment for both seasons, 
respectively (Table 4).  

3.1.3. Effect of plant growth regulators on 
flavonoids content of Tagetes patula herbs 

A comparison of the effect of all studied plant 
growth regulators on flavonoids content of 
Tagetes patula herbs shows significant 
differences between all plant growth regulators 
and control treatments. Comparing between the 
impact of the CCC concentration on flavonoids 
content of Tagetes patula herbs it was recorded  
that, the flavonoids content of Tagetes patula 
herbs increases in parallel with increasing CCC 
concentration. Moreover, the treatment of  1500 
mg/l CCC recorded the maximum significant 
flavonoids content of Tagetes patula herbs 
(5.8375 and 5.7301 mg rutin/1 g herb) comparing 
with the other CCC concentrations and all other 
treatments including control treatment in the first 
and second seasons, respectively with 
insignificant differences between 1000 and 2000 
mg/l CCC dosage in both seasons. Despite the 
medium concentration of GA3 had the maximum 
flavonoids content of Tagetes patula herbs, the 
flavonoids content comparing with the other 
concentrations of GA3 and control, the flavonoids 
content of Tagetes patula herbs increased with 
increasing NAA concentration. From the other 
hand, the control plants recorded the minimum  
flavonoids content of Tagetes patula herbs 
(0.1910 and 0.1796 mg rutin/1 g herb ) in both 
seasons, respectively (Table 4).  

3.1.4.Effect of plant growth regulators on 
antioxidant activity (IC50) of Tagetes patula 
herbs 

 Antioxidant activity of Tagetes patula herbs 
was significantly increased by all treatments of   
CCC, GA3 and NAA compared with control 
treatment in both seasons, respectively. 
Moreover, the increase of antioxidant activity of 
Tagetes patula herbs was in parallel to the 
increase of essential oil percentage, polyphenols, 
flavonoids in both seasons. So, the maximum  
antioxidant activity of Tagetes patula herbs 
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(1.2053 and 1.1429 µg/ml for IC50) for first and 
second seasons, respectively were found  with 
using 1500 mg/l CCC.While, the minimum 
antioxidant activity of Tagetes patula herbs 
(5.1321 and 4.9033 µg/ml for IC50) were recorded 
with distilled water-sprayed plants (control) in both 
seasons, respectively (Table 4). 

3.2. The second experiment was done in vitro 
to test the effect  of  herb extracts of Tagetes 
patula plants against the root- knot nematode, 
M. javanica:- 

Alive and dead juveniles (J2 mortality %)  of 
M. javanica of every treatment were recorded and 
calculated after different three exposure time (12, 
24 and 48 H) . egg-hatching percent were 
recorded and calculated  after 7 days of exposure.  

3.2.1 The effect  of  herb extract kind of 
Tagetes patula plants on J2 mortality and egg-
hatching and reduction percents of root- knot 
nematode, M. javanica:- 

Results in  Table (6) indicate that the 
application of different kinds of Tagetes patula 
herbs  extracts across all used concentrations had 
significant effect on  in J2 mortality and egg-
hatching percent of M. javanica compared with 
Check (distilled water). Moreover, MCCC 
recorded the maximum J2 mortality percent of M. 
javanica (31.4, 57.9 and 75.45 H)  after all 
exposure time, respectively and the minimum 
significant egg-hatching percent (18.25 %) with 
the maximum reduction percent (67.9%). The 
differences in J2 mortality percent between all kind 
of Tagetes patula herbs extracts after 12 H 
exposure time were insignificant. Also, 
insignificant differences in J2 mortality percent 
were observed between MCCC and MNAA after 
48 H of exposure time. While, minimum significant 
J2 mortality percent (0.40, 4.76 and 7.66 % for the 
three exposure time, respectively) and the 
maximum significant egg-hatching percent (56.8 
%) was recorded with the application of Check 
(control) across all concentrations of Tagetes 
patula herb extract.   

3.2.2. The effect  of  herb extracts 
concentrations of Tagetes patula plants on J2 
mortality and egg-hatching and reduction 
percents of root- knot nematode, M. javanica:- 

Data presented in Table (6) clear that  all 
applied concentrations of Tagetes patula herbs 
extracts across all used kind of it were able to 
effect significantly on J2 mortality % of M. javanica  
after all exposure time, respectively and egg-

hatching percent. This effect was increased with 
increasing the concentration of Tagetes patula 
herbs extracts. Therefore, the maximum 
significant J2 mortality % of M. javanica  (44.1, 
68.1 and 87.8 % ) for three studied exposure time, 
respectively and the  minimum significant egg-
hatching percent (17.2 %) with the maximum 
reduction percent (69.7 %) were observed with 
the application of 1000 µg /ml. from the other 
hand, 0 µg /ml concentrations of Tagetes patula 
herbs gave the significant minimum J2 mortality % 
of M. javanica  (0.40, 4.76 and 7.66% for three 
studied exposure time, respectively) and the 
maximum significant egg-hatching percent (56.8 
%) compared with the other used concentrations 
of herb extract. 

 3.2.3. Combination effect of kind and 
concentration of Tagetes patula herbs extracts 
on J2 mortality and egg-hatching and 
reduction percents  of root- knot nematode, M. 
javanica:- 

The impact of the combination between kind 
and concentration of Tagetes patula herbs 
extracts on J2 mortality percent in  all exposure 
time and egg-hatching percent of root- knot 
nematode, M. javanica was significant. The 
combination treatments of  Tagetes patula herbs 
extracts could significantly increase J2 mortality 
percentage after 12, 24 and 48 hours of exposure 
and decreased egg-hatching percent compared to 
the check treatment. The highest significant 
increase in J2 mortality percent  after 12, 24 and 
48 hours exposure time (48.8, 75.8 and 96.8 %, 
respectively) and minimum significant egg-
hatching percent (8.8 %) with the maximum 
reduction percent (84.5 %) were obtained with 
MCCC at concentration of 1000 µg /ml. On the 
contrary, the minimum significant percent of J2 
mortality (0.40, 4.76 and 7.66 % for three 
exposure time , respectively) and the maximum  
significant egg-hatching percent (56.8 %) was 
noticed with control treatment of 0 µg /ml Tagetes 
patula herbs extracts. 
 
3.3. The third experiment: Compare the effect 
of recommended treatments of the second 
experiment  with the Vydate SL 24% on control 
the root- knot nematode, M. javanica in 
infected tomato seedling under greenhouse 
conditions. 
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3.3.1.The effect of Tagetes patula herbs 
extracts and the Vydate SL 24% on control the 
root- knot nematode, M. javanica in infected 
tomato seedling under greenhouse conditions. 

Results in Table (7) indicated to the significant 
effects of Tagetes patula herb extracts and 
Vydate on disease parameters of tomato plants 
infected with M. javanica under greenhouse 
conditions. Compard with (infected control) 
control2 the data showed that all Tagetes patula 
herbs extracts treatments significantly decreased 
the disease parameters of tomato plants infected 
with M. javanica. Moreover, the treatment of 
MCCC recorded the significant reduction percent 
in  the number of galls, egg-masses, number of 
J2/250 cm3 of soil, number of eggs and 
reproduction factor (71.6, 77.8, 88.9, 85.3 and 
79.9 %, respectively) compared with all other herb 
extracts and infected control. By comparing all 
treatments of Tagetes patula herb extracts and 
Vydate on disease parameters of tomato plants 
infected with M. javanica under the condition of 

this experiment it is clear that the  highest 
decrease was obtained with Vydate treatment 
followed by MCCC then by those of MNAA, MGA 
and MDW respectively. Insignificant differences 
were detected between Vydate and MCCC 
treatments in number of J2/250 cm3 of soil. 

3.3.2.The effect of Tagetes patula herbs 
extracts and the Vydate SL 24% on growth 
parameters of tomato plants infected with M. 
javanica under greenhouse conditions.  

Results in Table (8) refer to the efficacy of 
studied treatments on growth parameters of 
tomato plants infected with M. javanica compared 
with control infected plants under greenhouse 
conditions. The data showed the ability yof  
treatments  on increase shoot and root weight  
compared to the infected control with increasing 
percent ranged from 102 to142,  from 122 to156 
and from 8.01 to 45.47% for shoot fresh weight, 
shoot dry weight and root fresh weight of tomato 
plants,  respectively. 

 
Table 3: The mean value of essential oil %, total phenolic content (mg gallic/1 g herb), Flavonoids 

(mg rutin/1 g herb) and antioxidant activity (IC50) as affected by CCC, GA3 and NAA treatments 
 

Treatments 
Essential oil % 

total phenolic mg 
 gallic/1 g herb 

Flavonoids 
mg rutin/1 g herb 

Antioxidant  
activity IC50

b 

1st 2nd 1st 2nd 1st 2nd 1st 2nd 

Control 
g          

 0.0533 
i          

 0.0668 
h            

 0.5627 
g            

 0.6290 
j           

 0.1910 
i          

  0.1796 
a           

 5.1321 
a          

  4.9033 

CCC 

750 mg/l 
b          

 0.1161 
e          

 0.1215 
c             

7.0469 
d            

 5.8444 
d           

 3.4381 
d           

 3.3699 
e           

 1.5538 
f           

 1.4286 

1000 mg/l 
a          

 0.1284 
b          

 0.1439 
b            

 7.5969 
c             

6.9713 
b           

 4.4886 
b          

  4.5441 
f           

 1.3372 
g            

1.32720 

1500 mg/l 
a          

 0.1345 
a          

 0.1500 
a            

 8.3898 
a            

 8.5962 
a           

 5.8375 
a          

  5.7301 
g            

1.2053 
i           

 1.1429 

GA 

75 mg/l 
d          

 0.0961 
g          

 0.1151 
f            

 3.8176 
fe            

 3.8591 
h          

  1.7906 
g            

1.2094 
c           

 1.8645 
c           

 1.7327 

100 mg/l 
c           

0.1059 
c          

 0.1339 
f             

3.9583 
e             

4.3374 
f            

2.4472 
e           

 2.3601 
d           

 1.6856 
e          

  1.5853 

150 mg/l 
ef           

0.0859 
h          

 0.1125 
g            

 2.8520 
f                    

 3.7608 
g            

2.2443 
f            

1.3855 
d            

1.7138 
d           

 1.6682 

NAA 

35 mg/l 
f          

 0.0790 
f          

 0.1186 
e            

 5.6785 
d             

5.6282 
i            

1.0505 
h            

1.0568 
b           

 2.3542 
b          

  2.2765 

50 mg/l 
ed          

 0.0915 
d          

 0.1242 
d            

 6.6185 
c            

 6.7617 
e           

 3.2709 
d           

 3.3817 
f           

 1.3843 
g           

 1.3364 

75 mg/l 
b          

 0.1196 
c         

  0.1343 
b             

7.4178 
b             

7.5348 
c            

4.3811 
c           

 4.1566 
f           

 1.3466 
h           

 1.2719 

L.S.D. 0.0082 0.0023 0.2328 0.5335 0.0915 0.0466 0.0478 0.0364 

Means in columns followed by the same letter are not statistically different at the 0.05 probability level, 
bConcentration (µg/ml) for 50% inhibition.1st  and  2nd means first and second seasons, respectively. 
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Table 4: The relative percentage of main components of Tagetes patula essential oil as affected 
nwith control, 1000 mg/l CCC, 100 mg/l GA3 and 75 mg/l NAA. 

Components RT 
Molecular 
 Formula 

The relative percentage  
of main components 

Control CCC GA3 NAA 

1 α-Pinene 4.71 C10H16 0.18 0.26 0.38 0.21 

2 Sabinene 5.73 C10H16 0.30 0.42 0.12 0.29 

3 Linalyl acetate 6.17 C12H20O2 - 0.37 - - 

4 D-Limonene 7.46 C10H16 4.88 7.30 3.88 5.23 

5 Trans-Ocimene 7.65 C10H16 - 0.23 - - 

6 cis-Ocimene 8.04 C10H16 1.04 1.94 1.01 1.34 

7 δ 3-carene 8.47 C10H16 0.19 0.20 - - 

8 α-terpinolene 9.41 C10H16 6.68 8.78 3.27 5.23 

9 p-Cymenene 9.88 C10H12 0.25 0.38 0.62 1.33 

10 Linalool 10.09 C10H18O 0.63 0.57 - - 

11 (-)-Carvyl Acetate 10.64 C12H18O2 0.26 0.37 - 0.23 

12 Perilla alcohol 11.09 C10H16O - 0.27 - - 

13 1,3,8-p-Menthatriene 11.45 C10H14 0.32 0.36 - 0.25 

14 P-Mentha-2,8-dien-1-ol 11.74 C10H16O 0.28 0.90 - - 

15 Camphor 12.08 C10H16O - 0.14 - - 

16 Borneol 13.08 C10H18O - 0.20 - - 

17 Terpinene-4-ol 13.38 C10H18O 0.48 0.45 0.18 0.53 

18 α-Thujone 13.60 C10H16O - - 0.11 - 

19 p-Cymen-8-ol 13.90 C10H14O 0.28 0.28 0.17 0.44 

20 trans-p-Mentha-2,8-dienol 14.17 C10H16O - 0.32 - - 

21 n-Octyl acetate 14.56 C10H20O2 - - - 2.14 

22 Acetic acid, octyl ester 14.63 C10H20O2 - 2.06 - - 

23 Thymyl Methyl Ether 15.36 C11H16O 0.15 0.15 - - 

24 Piperitone Oxide 16.40 C10H16O2 - 0.33 - - 

25 Piperitone 16.58 C10H16O 34.09 30.51 13.35 36.30 

26 l-Bornyl acetate 17.58 C12H20O2 0.73 0.92 - - 

27 dihydroedulan II 17.64 C13H22O 0.82 0.74 - 1.06 

28 Ocimenyl acetate 17.72 C12H18O2 1.65 0.40 1.45 0.47 

29 dihydroedulan I 17.88 C13H22O 0.41 0.22 0.30 0.35 

30 Ascaridole epoxide 18.36 C10H16O2  - - 0.10 - 

31 α-Terpinyl propionate 19.53 C13H22O2 0.42 0.24 0.12 0.22 

32 Piperitenone 20.18 C10H14O - - 0.24 2.17 

33 (+)-3-Carene,10-(acetylmethyl)- 22.13 C13H20O 0.29 0.32 0.21 - 

34 α-Gurjunene 22.33 C15H24 0.40 0.31 0.64 0.68 

35 β-Caryophyllene 23.00 C15H24 21.45 10.84 15.80 14.98 

36 trans-Sesquisabinene hydrate 23.56 C15H26O 0.24 0.17 - - 

37 (E)-β-Famesene 24.49 C15H24 6.23 2.84 5.22 5.67 

38 Tetradecane, 2,6,10-trimethyl- 25.52 C17H36 0.21 0.27 0.65 0.94 

39 (Z)-β-Farnesene 25.69 C15H24 0.91 0.65 - 1.17 

40 Viridiflorene 25.92 C15H24 - - 0.48 - 

41 Farnesol 26.12 C15H26O - 0.17 - - 

42 α-Farnesene 26.70 C15H24 0.33 0.20 1.25 - 

43 Ledene oxide-(II) 27.02 C15H24O - - 1.38 - 

44 7-epi-cis-esquisabinene hydrate 27.38 C15H26O 0.43 - 0.44 - 

45 Humuladienone 28.38 C15H24O 1.18 0.98 0.90 1.56 

46 Isoaromadendrene epoxide 28.63 C15H24O 0.42 0.39 1.43 1.23 

47 (±)-trans-Nerolidol 28.94 C15H26O 1.17 0.81 0.97 0.51 

48 Longipinocarvone 29.33 C15H22O 0.11 0.14 1.09 - 

49 (-)-Spathulenol 29.46 C15H24O 0.19 0.89 0.66 0.68 

50 (-)-Caryophyllene oxide 29.61 C15H24O 5.23 3.53 4.53 5.32 

51 trans-Z-α-Bisaboleneepoxide 29.72 C15H24O 0.65 0.33 0.36 0.55 

52 β-Guaiene 30.14 C15H24 - 0.40 1.82 - 

53 Humulene epoxide 2 30.70 C15H24O - 0.16 - - 

54 Calarenepoxide 31.89 C15H24O 0.51 0.77 1.33 0.92 

55 cis-Z-α-Bisabolene epoxide 32.51 C15H24O - - 4.93 - 

56 Alloaromadendrene oxide-(2) 32.62 C15H24O - 0.34 1.24 - 

57 Calarene epoxide 33.49 C15H24O 0.27 0.21 0.85 0.71 

58 Neophytadiene 38.67 C20H38 3.34 2.81 5.32 1.32 

59 Hexahydrofarnesyl acetone 39.00 C18H36O - 0.36 3.18 - 

https://pubchem.ncbi.nlm.nih.gov/#query=C10H16O2
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Table 5: Mean values of the effects of Tagetes patula herbs extracts kinds and concentrations and 
combination effect of applications on J2 mortality %, egg-hatching and reduction % of M. javanica 

(in vitro). 

Treatment 
Exposure time (H) & J2 mortality (%) 

Egg-Hatching (%) Reduction% 
12 24 48 

Effects of different Tagetes patula herbs extracts applications 

Check 0.40b 4.76c 7.66c 56.8a - 

MDW 25.6a 43.1b 54.5b 35.6b 37.4 

MCCC 31.4a 57.9a 75.45a 18.25c 67.9 

MGA3 27.4a 47.6ab 58.2b 32.7b 42.4 

MNAA 29.0a 47.9ab 61.8ab 30.8b 45.9 

SEM 2.522 3.53 4.51 2.15  

Significant 0.002 0.002 0.001 0.005  

Effects of Tagetes patula herbs extracts concentrations (µg /ml) 

0 0.40e 4.76e 7.66e 56.8a - 

125 15.7d 30.3d 40.1d 39.4b 30.6 

250 22.1c 40.3c 49.0c 34.3b 39.7 

500 31.6b 57.9b 73.2b 26.4c 53.5 

1000 44.1a 68.1a 87.8a 17.2d 69.7 

SEM 1.878 3.50 4.68 3.63  

Significant 0.003 0.001 0.005 0.008  

Combination effect of kind and concentration of Tagetes patula herbs extracts 

Check 0 0.40J 4.76j 7.66j 56.8a - 

MDW 

125 12.0i 22.0h 28.0i 43.0b 24.3 

250 18.8fgh 38.4g 43.6gh 41.2bc 27.5 

500 30.4c 51.8ef 62.8ef 34.6def 39.1 

1000 41.2b 60.2cd 83.6bc 23.4gh 58.8 

MCCC 

125 18.2gh 44.2g 60.0ef 30.4ef 46.5 

250 25.2de 45.4fg 58.2f 22.4gh 60.6 

500 33.4c 66.2bc 86.8b 11.4ij 79.9 

1000 48.8a 75.8a 96.8a 8.8j 84.5 

MGA3 

125 15.4hi 26.6h 36.0hi 42.2b 25.7 

250 20.8efg 39.2g 45.6g 38.0bcd 33.1 

500 29.8cd 56.2de 68.4de 31.2ef 45.1 

1000 43.4b 68.4b 82.8bc 19.4h 65.8 

MNAA 

125 17.2gh 28.4h 36.2hi 42.0b 26.1 

250 23.4ef 38.0g 48.4g 35.4cde 37.7 

500 32.6c 57.4de 74.8cd 28.4fg 50.0 

1000 42.8b 67.8b 87.8b 17.2hi 69.7 

SEM 1.690 2.52 2.99 2.13  

Significant 0.003 0.003 0.002 0.001  

Means with the same letters(s) in each column are not significantly different at P=0.05. 
 
 

60 
1H-Indene, 1ethylideneoctahydro-7amethyl-, 

 cis- 
39.86 C12H20 - 0.23 1.87 - 

61 Docosane 40.70 C22H46 - - 0.86 - 

62 Cembrene 41.39 C20H32 - 0.23 0.35 - 

63 β-elemene 42.42 C15H24 - 0.60 1.21 0.62 

64 Verticellol 44.31 C20H34O 0.23 1.23 1.25 1.14 

65 Thunbergol 48.21 C20H34O - 0.51 2.61 - 

66 Squalene-2,3-Epoxide 48.62 C30H50O - 2.71 0.63 1.86 

67 Nerolidol-Epoxyacetate 48.95 C17H28O4 0.68 6.40 10.68 2.15 

Total identified compounds 98.51 99.11 99.44 99.80 

Hydrocarbons  compounds 46.71 39.25 44.75 39.26 

Oxygenated   compounds 51.8 59.86 54.69 60.54 

Hydrocarbons plus oxygenated monoterpenes compounds 54.33 59.86 27.38 57.79 

Hydrocarbons plus oxygenated sesquiterpenes compounds 40.61 31.76 61.04 37.69 

Hydrocarbons plus oxygenated diterpenes compounds 3.57 4.78 10.39 2.46 

Hydrocarbons plus oxygenated triterpenes compounds - 2.71 0.63 1.86 
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Table 6: Effect of Tagetes patula extracts and chemical nematicide on disease parameters of 
tomato plants infected with M. javanica and reduction %, under greenhouse conditions. 

 
Treat. G R EM R J2 R E R RF R 

Control 0.00e - 0.00d - 0.00d - 0.0d - 0.0d - 

Control2 537a - 441a - 664a - 171167a - 35.04a - 

MDW 264b 50.8 193b 56.1 322b 51.5 61243b 69.0 12.64b 63.9 

MCCC 153d 71.6 98c 77.8 74d 88.9 34728c 85.3 7.06c 79.9 

MGA3 256b 52.4 207b 52.9 226c 65.9 60454b 67.2 12.38b 64.7 

MNAA 204c 62.0 193b 56.3 164c 75.3 58085b 60.4 11.82b 66.3 

Vydate 0.00e 100 0.00d 100 0.00d 100 0.0d 100 0.0d 100 

SEM 13.74 - 12.14 - 30.3 - 3987 - 0.779 - 

Significant 0.005 - 0.003 - 0.001 - 0.001 - 0.002 - 

Means with the same letters(s), in each column, are not significantly different at P=0.05. 
G=Number of galls,      EM= egg-masses,   J2= number of J2/250 cm3 of soil, R= reduction % 

E= number of eggs / plant,        RF = reproduction factor,     R= reduction %. 
 

Table 7: Effect of Tagetes patula extracts and chemical nematicide on growth parameters of 
tomato plants infected with M. javanica and increasing %, under greenhouse conditions. 

 

Treatment 

Shoot weight (g) Root weight (g) 

Fresh 
Increasin

g (%) 
Dry 

Increasing  
(%) 

Fresh 
Increasing 

(%) 

Control 49.2b - 11.2a - 15.6a - 

Control2 23.5c - 4.90b - 11.5c - 

MDW 53.2ab 126 11.1a 124 15.7a 36.76 

MCCC 57.0a 142 12.6a 156 16.7a 45.47 

MGA3 53.4ab 127 11.4a 130 15.9a 38.68 

MNAA 53.0ab 126 11.0a 123 12.4bc 8.01 

Vydate 47.4b 102 11.0a 122 14.9ab 29.62 

SEM 2.161 - 0.545 - 0.886 - 

Significant 0.002 - 0.003 - 0.002 - 

Means with the same letters(s), in each column, are not significantly different at P=0.05. 
 
4. DISCUSSION 

From the abovementioned results, it is clear 
that using plant growth regulators was successful 
to give significant increase  in the  production of 
secondary metabolites of Tagetes patula plants 
which may be due to cell multiplication and 
division and the role of plant growth regulators in 
influencing on metabolism via the activation or 
inhibition of several metabolic pathway enzymes 
in the synthesis of essential oils and secondary 
metabolites (Staba, 1980; Gonçalves and 
Romano, 2013; Victoria et al. 2012). These results 
are in harmony with Shilpashree and Rai (2009) 
on Hypericum mysorense, Al-Sane et al. (2010) 
on Saintpaulia ionantha as well as Atteya and  El 
Gendy (2018) on Tagetes patula. From the other 
hand, the degree of improving in the  production 
of secondary metabolites of Tagetes patula herbs 
differ with plant growth regulators kinds and their 
concentrations. Where it was noticed that  the 

treatment of 1500 mg/l CCC was able to record 
the maximum essential oil percent with the 
maximum percent of oxygenated  compounds as 
well as hydrocarbons plus oxygenated 
monoterpenes and triterpenes compounds, total 
phenolic and flavonoids contents and increased 
the effectiveness  of  antioxidant compared with 
all other treatments of CCC, GA3, NAA as well as 
the control treatment. CCC plays to main roles to 
increasing secondary metabolites in the herb. The 
first one is modifying the endogenous levels of 
phytohormones. As it increases the endogenous 
levels of cytokinins  and decreased gibberellins 
and auxins level (Youssef and Abd El-Aal, 2013). 
Cytokinins retard chlorophylls degradation, 
preserve it and increase its synthesis (Devlin and 
Witham, 1983). Meanwhile, at the same 
conditions of plant production increasing 
chlorophyll synthesis led to increase the level of 
carbohydrates in plants which is the basic 
component of secondary metabolites production 
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in plants. These results are in agreement with 
those of Liu et al. ( 2007) on Hypericum sampsonii 
and Hypericum perforatum, Amoo et al. (2012) on 
Aloe arborescens, Rawat et al. (2013) on 
Aconitum violaceum whom found that cytokinins 

have enhancing effect on the secondary 
metabolites synthesis. It inhibits gibberellic acid 
biosynthesis to decrease cell elongation by block 
the cyclases ent-copalyl diphosphate synthase 
and ent-kaurene synthase involved in the early 
steps of GA biosynthesis (Shechter and West, 
1969 ; Rademacher, 2000) so the chemical 
components in the tissues of treated plants would 
become more concentrated  (Atteya and  El 
Gendy, 2018).  The application of all GA3 
treatments was able to improve the studied 
chemical measurements of Tagetes patula herb 
compared with the control treatment with the 
superiority of medium concentration on the 
highest and lowest concentrations of GA3 and also 
the control treatment in both seasons, 
respectively. Hassanpouraghdam et al. (2011) 
reported that GA3 affecting the growth and 
development of herbs, as well as the biosynthesis 
of primary and secondary metabolites such as 
essential oil of Lavandula officinalis Chaix. GA 
regulates cell elongation and cell wall relaxation 
by inducing the expression of expansins and 
xyloglucan endotransglucosylase/hydrolases 
which cause cell wall changes that allows turgor-
driven cell expansion (Lee and Kende, 2002 ; 
Ribeiro et al. 2012) 

This  ability of GA3 maybe come from the role 
of GA3 in increasing cell elongation and /or on cell 
division (Ribeiro et al. 2012) through increasing 
the auxins level of tissue or conversion of 
tryptophan to IAA (Kuraishi and Muir, 1964). With 
increasing cell elongation and /or on cell division 
GA3 increases sink demand by the enhancement 
of phloem unloading or/and metabolism of carbon 
assimilates in flowers and leaves as a sink in this 
stage of growth and it was closely correlated with 
changes in activities of sugar metabolizing 
enzymes induced by GA3 application. Atteya et al. 
(2018) found that oil seeds and its components of 
jojoba plants were improved as a result of 
spraying GA3 alone or in combination with ZnSO4. 
Moreover, The GA3 treatment may cause a 
combination of inclination in the expression 
pattern of genes related with secondary 
metabolites. These are in harmony with van Schie 
et al. (2007) and Goldberg-Moeller et al. (2013)  
who found that  GA3 as an essential plant growth 
regulator impact on genes associated with 
monoterpene synthase. So  the application of 

gibberellin treatment increased the expression 
levels of monoterpene synthases, as well as 
monoterpenes content (Rabieia et al. 2018). Zhou 
et al. (1997) and Kim et al. (2009) noticed that 
total flavonoid content was significantly increased 
with the application of  GA3. 

Compared with control treatment all used 
concentrations of NAA improved all of essential oil 
percent with the maximum percent of oxygenated 
compounds as well as hydrocarbons plus 
oxygenated monoterpenes and triterpenes 
compounds, total phenolic content and flavonoids 
contents and increased the effectiveness  of  
antioxidant and the maximum improving was 
found with maximum concentration of NAA 
compared with the minimum, medium and zero 
concentration (control) in both seasons, 
respectively. With low and moderate 
concentrations of NAAthe production of secondary 
metabolites was increased because NAA 
stimulate cell division, cell elongation, membrane 
permeability and water uptake (El-Otmani et al. 
2000 ; Prins et al. 2010). This is due to the role of 
NAA in reducing the biosynthesis of tetrapyrrole-
containing compounds which promote the 
decrease of peroxidase activities involved in auxin 
catabolism as well as the production of lignin 
(Boeuf et al. 2001). This conditions  improved the 
production of carbohydrates in plants and as a 
result increased secondary metabolites  content. 
NAA at high concentration make stress on plants 
as it became toxic to plant.  As a response, plants 
elevate the activity of antioxidant substances to 
remove toxic-levels of ROS. Therefore, enhancing 
plant antioxidant potential is considered as one of 
the useful strategies to mitigate abiotic stress 
(Hasanuzzaman et al. 2019). This is in harmony 
with Asad Ullaha et al. (2019) who found that NAA 
increase accumulation of total phenolic content  
and optimums scavenging free radical activity in 
callus of Lepidium sativum. He et al. (2018) 
reported that using NAA increased activities of 
antioxidant of Phellodendron chinense. Affonso et 
al. (2009) observed that volatile compound levels 
of Thymus vulgaris was increased with adding  
indole-3-acetic acid (auxin) to  medium. 
Duangporn and Siripong (2009) observed that 
secondary product accumulation of Phyllanthus 
acidus callus increased with increasing NAA 
concentration in medium.  

Secondary metabolites  of some plant 
extracts considered as toxic substances (Monfort 
et al. 2007; Jada et al. 2013) so they can kill or 
inhibit the growth of nematodes (Sharma and 
Scolari, 1984) through inhibition of metabolic 
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reactions such as those of respiratory enzymes, 
acetylcholinesterase enzyme, and hydrolysis of 
acetylcholine by acetylcholinesterase and 
esterases that function in various metabolic 
systems (Atkinson and Fowler, 1990; Nile et al. 
2017). A lot of hydrocarbon and oxygenated  
terpenoids consider as  inhibitor to juveniles of 
nematode (Ohri and Pannu, 2009). The phenolic 
compounds contribute in plant defense and 
resistance against nematode attack (Ohri and 
Pannu, 2010). Phenols disrupt the energy 
generation mechanism suppressing the oxidative 
phosphorylation and interfere with parasites’ cell 
surface glycoprotein causing death (Bauri et al. 
2015). flavonoids renowned as a natural 
nematicide that contribute to chemotactic 
attractions or repulsion of nematodes towards or 
away from plants may lay a foundation for the 
development of natural nematicide products (Chin 
et al. 2018). Flavonoids, phenolics and terpenoids 
are major chemical classes of the some  plant 
extracts able to inhibit the activity of J2 and 
decreased hatchability of nematodes eggs (Abdel-
Rahman et al. 2019).  

It was found from the in-vitro experiment in 
this study that, percentage of J2 mortality was 
increased and egg-hatching % decreased linearly 
with increasing the concentration of Tagetes 
patula herb extracts. This suppression due to the  
effect of Tagetes patula  herb extracts on  
nematodes related with its content of secondary 
metabolites of phenolic and flavonoids 
compounds and terpenes which improved with the 
application of plant growth regulators (Atteya and 
El Gendy, 2018). The results obtained from the 
potted experiment refer to the decrease in number 
of galls, egg-masses, number of J2/250 cm3 of 
soil, eggs and reproduction factor and also better 
growth attributes; both fresh and dry weights of 
shoot and fresh  root weight of tomato plants as a 
result of MCCC treatment followed by  MNAA, 
MGA3 and MDW respectively. Exogenous 
treatments of plant growth regulators improved 
the secondary metabolites content of Tagetes 
patula herb extract so raised its antioxidant 
activity in this study and the best improvement 
was appeared with plants treated with CCC and 
their extracts (MCCC). So, with looking to tomato 
plants of all treatments in this study it obvious that 
application of Tagetes patula  herb extracts  
increased the immunity of tomato plant through 
increasing tomato plant growth which reflected on 
its defense against M. javanica  and decreased 
disease parameters of  infected tomato plants . As 
it is worth mentioning that phenolic compounds of 

plants are used not only for antioxidant defense 

but also for growth regulation, hormonal activity, 

antimicrobial activity, pH regulation and 
metabolism (Inácio et al. 2013; Eghbaliferiz and 
Iranshahi, 2016). These results agree with Salako  
(2002),  Nwauzoma and Adeleke ( 2017), Li et al. 
(2018) and Abdel-Rahman et al. (2019) who found 
that some plants treated with selected botanical 
extract were found to be stronger and better for 
resisting nematode infection. Tagetes patula can 
be used as a substitute for synthetic nematicides. 
In addition, Tagetes patula is more 
environmentally friendly than chemical 
nematicides because it does not repress other soil 
microorganisms (Ploeg and Maris, 1999 ; Ploeg, 
2000). 

5. CONCLUSION 
It is evident from the above experiments that 

plant growth regulators influence secondary 
metabolite production of Tagetes patula in 
significant amount. The extract of treated Tagetes 
patula herbs are effective when used both in‐vitro 
and green house conditions against Meloidogyne 
javanica. Moreover, the maximum concentrations 
of MCCC followed by MNAA, MGA3 and MDW 
respectively were able to decrease the disease 
parameters and increase the growth parameters 
of infected tomato plants compared with check. 
So it may inferred that the application of  some 
growth regulators (control, CCC, GA3 and NAA), 
Especially CCC on Tagetes patula plants can be 
recommended to improve secondary metabolite 
production of Tagetes patula herb extracts, 
meanwhile they would be more effective in 
suppression M. javanica and improve growth of 
infected tomato plants. 
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