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Abstract
Root-knot nematodes (RKNs) (Meloidogyne spp.) are well known disease problem causing major losses in vegetable 
crops. Although, chemical nematicides have been used as one of the primary means for controlling RKNs, reliance 
on these nematicides is associated with heavy costs and negative effects on human health and environment. In this 
research, the suppressing potential of 6 Iranian commercial fertilizers on RKNs was investigated in laboratory and 
greenhouse conditions as an alternative to reduce the use of chemical nematicides. For this purpose, M. javanica 
inoculum was thoroughly mixed with autoclaved sandy loam soil. Then, 6 fertilizers (biofertilizer, phosphate chemical 
fertilizer (phosphate), potassium chemical fertilizer (potassium), peat moss, vermicompost, and leaf mold) were 
added individually to the inoculated soil, according to the defined treatments. The nematicide Cadusafos was used as 
a positive control. A negative control was also included in the experiment (including no fertilizer and no nematicide). 
Four-leaf seedlings of the tomato (Super Chief cv.) were transferred to the pots filled using 2 kg of the treated soil. 
After 60 days, reproduction factor (RF), egg mass, and root galling of the nematode were recorded. The results showed 
that, fertilizer-treated soils had significantly (P≤0.05) lower root galling, egg mass, and RF compared to the negative 
control. After the nematicide treatment, the highest suppression capability on the RKN was obtained in treatments of 
phosphate, biofertilizer, potassium, vermicompost, peat moss, and leaf mold, respectively. It can be concluded that, 
replacing chemical nematicides with fertilizers may be considered as a successful nematode management in tomato fields.
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Nematoide-das-galhas, Meloidogyne javanica, em resposta à fertilização do solo

Resumo
Nematoides-das-galhas das raízes (RKNs) Meloidogyne spp. causam perdas consideráveis na produção de hortaliças 
em todo o mundo. Embora o uso de nematicidas químicos seja um dos principais meios de controle de RKNs, a 
dependência nesses nematicidas está associada aos altos custos e impactos negativos à saúde humana e ao meio 
ambiente. No presente estudo, foi investigado o potencial de supressão de seis fertilizantes comerciais iranianos em 
RKNs em condições de laboratório e estufa, a fim de reduzir o uso de nematicidas químicos. Para este propósito, o 
inóculo de M. javanica foi totalmente misturado com o solo franco-arenoso autoclavado. Em seguida, os fertilizantes 
(biofertilizante, fertilizante químico de fosfato (fosfato), fertilizante químico de potássico (potássio), musgo de turfa, 
vermicompostagem e bolor) foram adicionados e misturados individualmente ao solo inoculado, de acordo com os 
tratamentos definidos. O nematicida Cadusafós foi utilizado como controle positivo. Um controle negativo também 
foi considerado (sem fertilizante e sem nematicida). Mudas de quatro folhas do tomate (Super Chief cv.) foram 
transferidas para vasos cheios de 2 kg de solo tratado. Após 60 dias, o fator de reprodução (FR), a massa de ovos e 
o número de galhas foram registrados. Os resultados mostraram que os tratamentos com fertilizantes apresentaram 
significativamente (P≤0,05) menor número de galhas nas raízes, massa de ovos e FR, em comparação com o controle 
negativo. Depois do controle positivo, a maior capacidade de supressão de M. javanica foi obtida nos tratamentos com 
fosfato, biofertilizante, potássio, vermicompostagem, turfa e bolor, respectivamente. Conclui-se que a substituição de 
nematicidas químicos por fertilizantes pode ser uma estratégia aceitável para se alcançar uma gestão bem-sucedida 
de nematoides em campos de tomate.

Palavras-chave: nematoide, efeito nematicida, controle ecológico, galha.
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1. Introduction

Root-knot nematodes (RKNs), (Meloidogyne spp.) 
are important pathogens causing yield loss in greenhouses 
and fields (Perry et al., 2009). In Iran, M. javanica (Treub) 
Chitwood has been found as a major problem in tomato 
(Solanum lycopersicum L.) cultivation (Gharabadiyan et al., 
2013). Conventionally, Iranian farmers have used chemical 
methods to control nematodes. Apart from high costs, the 
application of nematicides is often associated with harmful 
environmental side effects restricting the achievement 
of integrated nematode management. Thus, the use of 
non-chemical management strategies is recommended to 
avoid such disadvantages (Gowen, 1997).

Eco-friendly management practices of plant parasitic 
nematodes (PPNs) have been considered in previous studies 
(Padgham and Sikora, 2007). Some studies suggested that 
PPNs may be influenced by soil fertilization (Ahmadi 
Mansourabad et al., 2016; Melo Santana-Gomes et al., 
2013; Khan et al., 2012). Soil fertilization increases the 
growth and development of plants, as well as improving 
the performance of agricultural products. Environmental 
concerns regarding the synthetic nematicides and their 
high costs raise the suppressive effect of fertilizers on 
PPNs in soil environment as a viable solution. In addition 
to increasing plant growth and development, this strategy 
can be coupled with PPNs populations decline and their 
damage. Although, the plant response to the pathogens is 
genetically controlled, but this phenomenon is significantly 
influenced by environmental and nutritional parameters. 
Fertilizers increase the level of plant resistance or tolerance 
to pathogens and pests by increasing plant access to the 
nutrients. Therefore, stronger plants have more capacity 
to compensate for the loss of photosynthesis or to reduce 
the root and leaf area caused by damage to pests and 
pathogens, including PPNs (Melo Santana-Gomes et al., 
2013; Khan  et  al., 2012). Researches have shown that 
phosphate fertilizer has a suppressive potential on RKNs 
(Al-Banna et al., 2007; Bado et al., 2011; Hu and Qi, 2010). 
Also, soil organic amendments were reported to have 
similar reducing effects on PPNs (Sultana et al., 2011). 
Moreover, vermicomposting materials were found to have 
a nematistatic effect on PPNs populations (Edwards et al., 
2007; Pathma and Sakthivel, 2012).

Considering the benefits of fertilizers on crop plants, 
study of their controlling effect on PPNs would be useful 
for reduction of nematicides application and achievement 
of sustainable agriculture. Therefore, the main objective 
of this study was investigating the use of fertilizers 
as a management method against M. javanica. In the 
“in vitro” assays, the effect of fertilizers was evaluated 
on the mortality of second stage juveniles (J2s) and egg 
hatching of M. javanica in Petri dish. The pathogenicity 
and reproduction of the nematode were studied on roots 
of host plants treated with the fertilizers in the “in vivo” 
assay. As a secondary objective, the plant response (growth 
parameters of the plant) to fertilizers was evaluated in the 
absence of nematodes.

2. Material and Methods
2.1. M. javanica inoculum preparation

M. javanica inoculum was prepared according to 
the single egg mass method (Hussey and Barker, 1973). 
For this purpose, first nematode-galled roots of the tomato 
(Super Chief cv.) were collected from the fields in Karaj, 
Iran. Species identification was performed based on female 
body characteristics, especially the perineal pattern (Cetintas 
and Cakmak, 2016). Subsequently, in order to propagate 
the nematode, the egg masses separated from galled roots 
were added to the pots filled with steam-sterilized sandy soil 
containing the tomato seedlings (Super Chief cv.). Then, 
the pots were kept at a greenhouse (temperature: 25 ± 2 °C; 
day length: 10 hours). After two months, the roots with 
galls were harvested, rinsed, chopped, and then they were 
disinfected by 1% NaOCl solution. The derived suspension 
was then incubated in distilled water at 25 ± 2 °C for a 
week. Finally, the eggs and emerged J2s were collected, 
counted, and considered as the nematode inoculum or 
population under test for in vitro assays and pot experiment 
(Saeedizadeh, 2016).

2.2. Soil, host plant and fertilizers
A quantity (≈ 300 kg) of soil was collected from 

several locations in a field of the tomato (Super Chief cv.) 
in Karaj, Iran. The soil (consisting of sand: 85%, silt: 11%, 
clay: 4%, organic matter: 0.3%, and pH: 7.2) was thoroughly 
mixed, and then was sieved using a screen (with 5 mm 
opening diameter). The soil was autoclaved, and was used 
as a sterile soil in the pot experiment. Four-leaf seedlings 
of tomato (Super Chief cv.), previously grown in a sterile 
sandy substrate, were considered as host plants. 6 commercial 
fertilizers were used including a biofertilizer (Nitroxin, 
Granule 10%, Mehr Asia Co., Inc., containing Azotobacter 
chroococcum, A. salinestris, and A. vinelandii); and 
phosphate chemical fertilizer (P2O5), potassium chemical 
fertilizer (K2O), peat moss, vermicompost, and leaf mold, 
purchased from Gilda and Guilan Zuk Companies of Iran. 
Cadusafos (Rugby Granule 10%) was used as a reference 
nematicide (as a positive control).

2.3. Petri dish assays

2.3.1. The effect of the fertilizers on egg hatching of 
M. javanica

In order to determine the effect of the fertilizers on 
egg hatching rate (%) of M. javanica, an in vitro assay 
was arranged in Petri dish conditions. The assay was 
conducted using eggs suspension as a population under 
test. The density of the eggs suspension was estimated 
by an inverted microscope (40x). The suspension was 
transferred to the plastic petri dishes (5 cm diameter) 
with 200 eggs as a replicate. The eggs were exposed to 
the fertilizers at 5 doses of 1, 2, 4, 8, and 16 g l-1 distilled 
water, and the nematicide, Cadusafos at 5 doses of 0.5, 1, 
1.5, 2, and 2.5 g l-1 distilled water at 25 ± 2 °C, with 80% 
of relative humidity and without exposure to the light for 
8 days. Eggs in distilled water (containing no fertilizer 
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and no nematicide) were considered as a negative control. 
Egg hatching rate (%) was determined based on the number 
of hatched eggs using an inverted microscope (40x) on 
the second, fourth, sixth, and eighth days after starting the 
assay. Each treatment had 4 replicates (Petri dishes). After 
eighth day, in order to check the recovery of remaining 
eggs, the eggs were transferred in fresh water and were 
incubated in order to ensure the nematicidal or nematistatic 
effect of the fertilizers (Habash and Al-Banna, 2011).

2.3.2. The effect of the fertilizers on J2s mortality of 
M. javanica

In order to evaluate the effect of the fertilizers on 
J2s mortality rate (%) of M. javanica, an assay was arranged 
using eggs suspension. The suspension was incubated at 
25 ± 2 °C for a week. Then, the emerged J2s were collected 
and counted as a population under test. J2s population was 
set to 200 J2s per plastic Petri dish (with 5 cm diameter). 
The J2s were exposed to the fertilizers at 5 doses of 
1, 2, 4, 8, and 16 g l-1 distilled water, and the nematicide, 
Cadusafos at 5 doses of 0.5, 1, 1.5, 2, and 2.5 g l-1 distilled 
water at 25 ± 2 °C, with 80% of relative humidity and 
without exposure to the light for 4 days. A negative 
control was also considered (containing no fertilizer and 
no nematicide). The number of dead J2s was determined 
every day using stereomicroscope (40x), and then the J2s 
mortality rate (%) was estimated. J2s population in distilled 
water was taken as a positive control. Each treatment had 
4 replicates (Petri dishes) (Habash and Al-Banna, 2011).

2.4. Pot assays

2.4.1. The effect of the fertilizers on pathogenicity of 
M. javanica

A pot assay was arranged to study the pathogenicity 
and reproduction of M. javanica on the roots of the 
host plant. The nematode inoculum (10 J2s g-1 soil) was 
added to the sterile soil and was thoroughly mixed. 
The inoculated soil was divided into 36 parts or treatments 
(7 amendments [6 fertilizers plus 1 nematicide] × 5 doses; 
plus, a negative control [containing no fertilizer and 
no nematicide]) 8 kg (4 replicates or pots × 2 kg soil). 
Then, the soil was treated with the fertilizers at 5 doses 
of 1, 2, 4, 8, and 16 g kg-1 soil (Ploeg, 2008); also, the 
nematicide, Cadusafos was used as a positive control at 
5 doses of 0.5, 1, 1.5, 2, and 2.5 g kg-1 soil (Safdar et al., 
2012). Finally, a four-leaf seedling of the host plant 
(tomato cv. Super Chief) was transferred to each pot 
filled with 2 kg of the treated soils. The pots were kept at 
greenhouse conditions (temperature: 25 ± 2 °C; lighting 
period: 12 hours a day) for 2 months. The plants were 
sufficiently irrigated, (≈ 100 mL daily).

2.4.1.1. Studied traits of M. javanica
The number of egg masses and galls per root, and RF 

were counted and calculated as indicators of reproduction 
and pathogenicity of M. javanica (Hussey and Janssen, 
2002; Soheili and Saeedizadeh, 2017; Tabatabaei and 
Saeedizadeh, 2017). For this purpose, after the growth 

period in the greenhouse, galled roots were harvested; then, 
the soil was gently removed from the roots using tap water. 
The galls were counted and, the roots were crushed into 
pieces of 2-3 cm and were exposed to Floxin B (0.15 g l-1) 
solution in order to determine the number of egg mass. 
Thereafter, highlighted egg masses were counted using a 
stereomicroscope (20x) (Hussey and Janssen, 2002). Soil 
of treatments was also sampled to analyze the nematode 
population.

In order to estimate the final population of nematodes 
per pot, a subsample (100 g) of available soil for each 
pot was processed for nematode extraction according 
to the centrifugation or sugar flotation method (Jenkins, 
1964). The nematodes were collected and counted at 
40x magnifications, and finally, the nematodes population 
was estimated in 2 kg soil (per pot). In order to determine 
the nematode population within galled roots, a subsample 
(5 g) of well-mixed chopped roots was suspended in water, 
and then nematodes were counted at 40x magnification. 
Hence, the number of nematodes was estimated in the 
total weight of the root (Coolen and D’Herde, 1972). 
According to the study by Maleita et al. (2012), RF was 
calculated as follows: RF = (Pf-Pi) Pi-1. In this equation, 
Pf is final population (number of eggs and juveniles 
within roots, and J2s in soil) and Pi is primary population 
(the nematode inoculum).

2.4.2. The effect of the fertilizers on host plants growth 
properties

The fertilizers effect on tomato seedling growth properties 
was evaluated in a test under similar conditions to the first 
pot assay without the nematode inoculum. In this test, 
after soil treatment with the amendments (according to 
the doses) and transferring to the pots, 3 seeds of tomato 
were sowed in each pot. After germination, the seedlings 
were thinned, so that only a seedling remained in each 
pot. The pots were kept in the greenhouse; and the plants 
were irrigated as needed. The pot containing one plant was 
represented a replicate. 2 months after sowing seeds, plants 
were taken, and rewetted. Then, their fresh root and shoot 
was weighed, and length of stem was measured, as host 
plants growth properties (Soheili and Saeedizadeh, 2017).

2.5. Statistical analysis
All assays were conducted as a factorial with 

7 amendments (6 fertilizers and 1 nematicide) at 5 levels of 
dose, based on a Completely Randomized Design (CRD) 
with 4 replications. Petri dish assays were conducted at 5 doses 
of 1, 2, 4, 8, and 16 g l-1 distilled water (for the fertilizers), 
and at doses of 0.5, 1, 1.5, 2, and 2.5 g l-1 distilled water 
(for the nematicide). The egg hatching was assayed during 
the intervals of 2, 4, 6 and 8 days, and the J2s mortality 
was studied during the intervals of 1, 2, 3, and 4 days. 
Pot assay was carried out to evaluate the fertilizers and 
the nematicide effect on the nematode pathogenicity of the 
tomato seedling at doses of 0.5, 1, 1.5, 2 and 2.5 g kg-1 soil 
(for the nematicide) and at dosses of 1, 2, 4, 8, and 
16 g kg-1 soil (for the fertilizers). These conditions were 
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also considered to study the plant growth properties in the 
second pot assay, containing no nematode inoculum. Data 
were subjected to ANOVA using SAS software version 9.1. 
Cluster analysis was done using Minitab software version 
16.3.2, based on Complete Linkage method and Euclidean 
Similarity Matrix. Diagrams were drawn using Microsoft 
Excel software 2013. Mean comparisons were done using 
Duncan’s test.

3. Results

3.1. Petri dish assays
The most suppressive effect of fertilizers on egg 

hatching was achieved by phosphate, vermicompost, 
biofertilizer, potassium, peat moss, and leaf mold treatments, 
respectively. At the same exposure times, the egg hatching 
rate decreased by increasing the dosage of fertilizers 

(Figures 1 and 2). The highest to the lowest rate (%) of 
J2s mortality was observed in phosphate, biofertilizer, 
vermicompost, potassium, peat moss, and leaf mold 
treatments, respectively. The mortality rate increased as 
a result of increasing the dose and exposure time. At the 
end of the first day, 100% of J2s mortality was found in 
all treatments and at the dose of 16 g kg-1 soil, except in 
cases of leaf mold and peat moss treatments. Full mortality 
rate (100%) occurred in all treatments on the fourth day 
at all doses, except in the case of leaf mold treatment 
(Figures 3 and 4).

3.2. Pot assays
Amending the soil by fertilizers led to the decreased 

activity (number of galls and egg masses, and RF) of 
M. javanica in the rhizosphere and on the roots of tomato 
seedlings (Figures  5  and  6). However, the fertilizers 

Figure 1. Effect of amendments (biofertilizer, peat moss, leaf mold, potassium, phosphate, vermicompost and nematicide) and 
their dose levels on egg hatching of Meloidogyne javanica at exposure times. *Defined doses at the X axis (I, II, III, IV and V) 
respectively correspond to 1, 2, 4, 8 and 16 g l-1 soil for the fertilizers; and 0.5, 1, 1.5, 2 and 2.5 g l-1 soil for the nematicide 
(Cadusafos).

Figure 2. Effect of amendments (biofertilizer, peat moss, leaf mold, potassium, phosphate, vermicompost and nematicide) 
on egg hatching of Meloidogyne javanica at exposure times.
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Figure 3. Effect of amendments (biofertilizer, peat moss, leaf mold, potassium, phosphate, vermicompost and nematicide) and 
their dose levels on J2s mortality of Meloidogyne javanica at exposure times. *Defined doses at the X axis (I, II, III, IV and V) 
respectively correspond to 1, 2, 4, 8 and 16 g l-1 soil for the fertilizers; and 0.5, 1, 1.5, 2 and 2.5 g l-1 soil for the nematicide 
(Cadusafos).

Figure 4. Effect of amendments (biofertilizer, peat moss, leaf mold, potassium, phosphate, vermicompost and nematicide) 
on J2s mortality of Meloidogyne javanica at exposure times.

Figure 5. Effects of amending the soil on the symptoms (galled root) of root-knot nematode, Meloidogyne javanica on the 
root of tomato seedlings.
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could not reset galling, egg mass, and RF; similar to the 
positive control (nematicide). This reduction occurred in 
all fertilizer treatments, especially phosphate, biofertilizer, 
and potassium, while a minimum level of control effect on 
nematode activity was obtained in leaf mold, peat moss, 
and vermicompost, respectively. Increasing the amendment 
(fertilizer or nematicide) dose caused further reduction in 
galling, egg masses, and RF (Figure 6).

Cluster analysis grouped the treatments into 3 distinct 
clusters based on Complete Linkage method and Euclidean 
Similarity Matrix (Figure 7 and Table 1). The cross-validation 
results confirmed that, the treatment grouping was done 
correctly, and the assignment of treatments to corresponding 
groups was accurate (Data not shown). Among attained 
clusters, cluster III with 6 members comprising of 
phosphate (16 g kg-1 soil), nematicide (0.5 g kg-1 soil), 
nematicide (1 g kg-1 soil), nematicide (1.5 g kg-1 soil), 

nematicide (2 g kg-1 soil), and nematicide (2.5 g kg-1 soil) had 
the lowest number of galls, egg masses, and RF (Table 1).

In order to find the best control treatment, the members 
of cluster III were compared based on mean traits related 
to nematode activity. The results showed that, the best 
control of nematode population was achieved by nematicide 
(all doses) and phosphate treatment (16 g kg-1 soil). Moreover, 
the suppressive effect of phosphate-V was almost equal to 
that of nematicide (0.5 g kg-1 soil). Among the fertilizers, 
the highest suppressive effect on galling was observed 
at the highest dose (16 g kg-1 soil) of phosphate, while 
non-galling occurred at doses of 1.5, 2, and 2.5 g kg-1 
soil of Cadusafos. In the nematicide treatment, the final 
nematodes population was zero (RF = -1) at doses of 
2 and 2.5 g kg-1 soil (i.e. the rhizosphere and roots were 
free of nematodes). However, in case of treatment with 

Figure 6. Effects of treatments of soil amendments on the number of galls, egg masses, and reproduction factor of 
Meloidogyne javanica on the root of tomato two months after inoculation.

Figure 7. Cluster analysis of the effects of the studied treatments on activity (galling and reproduction) of Meloidogyne 
javanica in tomato seedling rhizosphere. Defined doses at the X axis (I, II, III, IV and V) respectively correspond 
to 1, 2, 4, 8 and 16 g kg-1 soil for the fertilizers; and 0.5, 1, 1.5, 2 and 2.5 g kg-1 soil for the nematicide (Cadusafos).
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fertilizers, RF was close to zero especially at phosphate 
dose of 16 g kg-1 soil (Figure 8).

The quantity of plant growth properties (root and shoot 
fresh weight, and stem length) increased as fertilizers 
dosage increased. The highest amount of the quantity was 
obtained in phosphate, vermicompost, biofertilizer, peat 
moss, potassium and leaf mold, respectively (Figure 9).

4. Discussion

The soil-inhabitant nematode population can be 
significantly suppressed by a wide range of amendments 
including biofertilizers, composts, crop residues, byproducts 

of plants, industrial or urban wastes, and green or animal 
manures, in the “in vitro” and “in vivo” assays (Hooks et al., 
2010; Hu and Cao, 2008; Hu and Qi, 2010; McSorley, 2011; 
Mennan and Melakeberhan, 2010; Oka, 2010; Okada and 
Harada, 2007; Soheili and Saeedizadeh, 2017; Tranier et al., 
2014; Zasada et al., 2010; Habash and Al-Banna, 2011).

In the current study, the fertilizers increased the 
mortality of J2s and decreased egg hatching in Petri dish 
assays. According to the assays, the highest and lowest 
levels of suppressive effect on the nematode were observed 
in phosphate, biofertilizer, vermicompost, potassium, peat 
moss, and leaf mold treatments, respectively. It seems that 
chemical synthetic fertilizers have had a greater fatality 
effects on J2s and eggs due to the type of ingredients and 
the major changes in the acidity of the reaction medium. 
Habash and Al-Banna (2011) found that the fertilizers 
containing calcium phosphonate, magnesium phosphonate, 
potassium phosphonate increased the mortality of J2s and 
decreased the egg hatching of M. javanica and M. incognita 
in the “in vivo” assays. Also, potassium phosphonate (0.5%) 
had no negative effects on J2s egg hatching or survival. 
In the current study, the results of the “in vivo” assays 
showed that phosphate was as effective as Cadusafos in 
egg hatching inhibition and causing 100% J2 mortality 
at dose of 16 g l-1 distilled water. These conditions were 
not observed in organic fertilizers such as peat moss, and 
leaf mold.

The results obtained in the Petri dish assays were 
confirmed by pot assay results. In pot assay, the most 
suppressive effect was observed in phosphate, biofertilizer, 
potassium, vermicompost, peat moss and leaf mold, 
respectively. In accordance with the results of the present 
study, Ismail and Hasabo (2000) studied on commercial 
Egyptian biofertilizers containing a variety of bacteria, fungi, 
and blue-green algae. They observed suppressive effects of 
the fertilizers on M. incognita, as well as improvement of 
the host plant in a greenhouse. These products significantly 
decreased the invasion of J2s in the rhizosphere and in 
the nematode’s reproduction in roots (P≤0.05). Also, 
El-Hadad et al. (2011) found positive results regarding the 
suppression capability of several biofertilizers containing 
phosphate-solubilizing bacteria, nitrogen-fixing bacteria, 
and potassium-solubilizing bacteria on rhizosphere-infested 
M. incognita in greenhouse conditions. To support such 
finding, the pot experiment conducted in the current study 
indicated that reproduction of the nematode significantly 
reduced, in terms of egg masses and RF (P≤0.05), when 
soil was amended using phosphate, biofertilizer, potassium, 

Table 1. Properties of clusters obtained on the basis of data recorded for number of gall (NG), number of egg mass (NEM) 
and Reproduction factor (RF) of Meloidogyne javanica in the rhizosphere of tomato seedlings in a greenhouse.

Cluster NG NEM RF N
1 78.9 ± 1.17 a 50.92 ± 1.21 a 0.65 ± 0.02 a 20
2 57.38 ± 2.78 b 29.43 ± 2.5 b 0.43 ± 0.03 b 10
3 8.38 ± 4.21 c 2.63 ± 1.53 c -0.39 ± 0.21 c 6

Cluster analysis has been carried out using complete linkage method and Euclidean similarity matrix. N refers to number of 
treatments in each class.

Figure 8. Mean number of galls and egg masses, and 
reproduction factor of Meloidogyne javanica on the roots 
of tomato. *Defined doses at the X axis (I, II, III, IV and V) 
respectively correspond to 1, 2, 4, 8 and 16 g kg-1 soil for 
the fertilizers; and 0.5, 1, 1.5, 2 and 2.5 g kg-1 soil for the 
nematicide (Cadusafos).

Figure 9. Effect of soil amendments on growth properties 
(fresh weight of root and shoot, and length of stem) of 
tomato seedlings in the free-nematode treatments.
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and vermicompost, respectively. Thus, it can be found 
that the application of fertilizers causes a reduction in 
nematode activity.

Based on the results obtained regarding the effect of the 
type of fertilizer on the reduction of M. javanica activity, 
it can be inferred that the highest level of nematicidal 
effect was obtained in the treatment of phosphate in Petri 
dish experiments. The reduction of infectious population 
followed by a drop in galling in case of using phosphate, 
biofertilizer, and potassium treatments, indicating that 
these fertilizers have an acceptable nematicidal effect. This 
finding is similar to the results of the study by Zhao et al. 
(2016) who found that M. incognita infection on tomato 
seedlings reduced as a result of using potassium. For the 
plant host, by increasing K concentration up to 8 mM, 
enzyme activity (associated with resistance, and total 
phenol and flavonoid contents) was gradually enhanced. 
It should be noted that a higher K concentration (16 mM) 
showed opposite effects. However, this is not consistent 
with the findings of the study by Smithson et al. (2001) who 
indicated that using phosphate did not have any effect on 
damage caused by nematodes on banana, although it gave 
a positive yield. Moreover, Olowe (2012) found that all 
phosphate treatments led to minor galled roots (49-63%) 
compared to the control (82%), and also the highest and 
least amount of gall was found in potassium (70%) and 
nitrogen (49%) treatments, respectively. Significantly 
(P≤0.05), low egg mass in phosphate treatment, compared 
to other fertilizers and the negative control can be associated 
with increased root growth, resulting in decreased galling 
and increased plant growth. Seemingly, the application of 
fertilizers in soil can offer solutions for the management of 
PPNs. It may be attributed to the amendments containing 
phosphate which induce a process of resistance in host 
plants against RKNs (Sharaf et al., 2016).

Fertilizers could also promote host tolerance to pathogens 
(Vejan  et  al., 2016) and cause mortality of nematodes 
(Ketabchi et al., 2016). Phosphorus is known to scrimp 
pH in soil; this may have a negative effect on infection and 
reproduction of nematodes (Ahmadi Mansourabad et al., 
2016). Crop residues and some organic fertilizers are able 
to diffuse nitrogenous organic materials or organic acids, 
which could have harmful properties on phytopathogenic 
nematodes (Oka, 2010; Thoden et al., 2011). Hence, these 
findings may justify the relationship between repressive 
substances of nematodes and the reduction of soil pH. 
It seems that changes in the behavior and reproduction of 
nematodes can lead to the changes in their populations; this 
phenomenon is considered as one of the direct effects of 
fertilizers. The ecological responses of the inhabitant-soil 
nematode population to adding fertilizer to soil depend 
on various agents, including ingredients of fertilizers. Soil 
amendments are capable to modify numerous parameters, 
directly attributed to the nematodes including soil physical 
properties (structure and particle aggregation) and soil 
chemical characteristics (acidity, salinity, and amounts 
of CO2, O2, and other materials) (Oka, 2010). A survey 
demonstrated that organic fertilizers could excite a wide 

domain of microorganisms in the food network, including 
abundant predator and parasite nematodes (Oka, 2010). 
Diversity in soil organic matter can directly influence 
the interactions of soil microbial populations including 
nematodes and their antagonists; and this finding is 
in line with those of other researchers (Thoden  et  al., 
2011). In the experiment carried out in this study, due 
to the sterility of the tested soil, it can be suggested that 
organic soil amendments like vermicompost, peat moss, 
and leaf mold may cause chemical changes in the soil to 
the detriment of M. javanica populations, supported by 
the results of the study by Pathma and Sakthivel (2012), 
in which they found that adding vermicompost to the 
rhizosphere of strawberry, tomato, pepper, and grape caused 
a significant decrease in herbivore nematodes populations, 
as well as an amplification of fungivore and bacterivore 
nematodes compared to the soil treated with synthetic 
fertilizer (Pathma and Sakthivel, 2012).

In the present study, due to the effect of fertilizers 
on J2s mortality and egg hatching of M. javanica, 
nematode-associated damage may be limited to the first 
period of growth after the application of fertilizers in the 
rhizosphere. It is believed that farmers need to wait for 
the positive effect of fertilizers on the suppression of the 
nematode population. It can be said that, although the 
effect of fertilizers (especially non-chemical fertilizers) 
is not as much as the nematicide in terms of nematode 
control, but despite of nematicides, the use of fertilizers 
(especially organic fertilizers) will not lead to many 
environmental concerns. More research is needed for better 
understanding regarding the soil amendment, and its effect 
on pathogenicity and reproduction of PPNs. However, 
due to the positive effect of organic fertilizers on growth 
parameters of plants, and also on stimulation of the food 
network in favor of saprophytic soil-inhabitant microbes, 
the use of soil amendment along with the fertilizers is 
recommended to control RKNs.

As a conclusion, soil fertilization led to a mild suppressive 
effect on galling and reproduction of M. javanica. Treatments 
of phosphate, biofertilizer, and potassium repressed the 
nematode population in soil and roots. The results of the 
current study suggested that replacing chemical nematicides 
with fertilizers may be considered as an acceptable strategy 
to achieve sustainable agriculture.
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