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Abstract 

Results of the use of various control methods (Chemical, Biological, Systemic Acquired Resistance (SAR) and Ethanol Extract of Chili 

Pepper ) individually or in combination showed improvement in all growth criteria of cucumber plants grown in soil infested with M. 

javanica eggs including length, dry and fresh weight of root and shoot system with chlorophyll content of leaves and strong reduction in 

infection criteria. The use of bio-health one week after Vydate as integrated control was found to be one of the most effective treatment 

compared to other treatments by improving all growth criteria of cucumber plants. On the other hand, the same treatment excelled in its 

effect on the other treatments where the highest reduction in infection criteria including number of galls, root gall severity, number of 

egg masses, number of nematode in root system, number of nematode in soil pot, number of eggs, final population density of nematode 

and reproduction rate of nematode in cucumber plants grown in infested soil as compared with control treatment (infested soil).The 

results also indicated that the less effective treatment was ethanol extract from chili pepper fruit in increasing cucumber growth criteria 

or reducing infection criteria. 
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I. INTRODUCTION 

Root-knot nematodes are dangerous and economically very 

important pest of most cultivated crops in the world (Hussain 

et al. 2011).They are harmful nematodes for plants and 

considered as one of the main limiting factor effects on plant 

growth and yield which cause about $100 billion loss per 

year worldwide (El-Sayed and Mahdy, 2015). 

Root-knot nematode M. javanica, causes various damage to 

huge number of plant species including Cucurbitaceae family 

(Azam et al., 2010).Various plant part extracts have been 

recorded to be toxic to many nematodes including 

Meloidogyne species (Montasser et al., 2012). Chemical 

control has been found to be the important strategy to reduce 

root-knot nematodes (Seid et al., 2015). Bio-control agents 

used as a measure of nematodes control is now being broadly 

developed and several of them are previously being produced 

commercially (El-Zawahry et al., 2015). 

Bio-control agents consist of different microorganisms 

(fungi, bacteria, algae, viruses or protozoa) as an active 

ingredient often referred to microbial pesticides (Arora et al., 

2000). Salicylic acid (SA) is a natural phenolic compounds 

exists in many plants and involved in induction of resistance 

in different plants (Ohri and Pannu, 2010),whereas it may 

have an inhibiting effect on the nematode reproduction index 

(Molinari and Loffredo, 2006).  

The combination of two or more control methods is the only 

sound sustainable approach to manage root-knot nematodes 

effectively (Khan et al., 2004).IPM combines a range of 

biological, chemical and cultural methods to manage 

pathogen populations effectively,thus reducing reliance on 

chemical control means (Mahdy, 2002). The aim of this study 

is to test the efficacy of different methods including: 

chemical, biological, Systemic Acquired Resistance (SAR), 

plant extract and 
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integrated management for controlling root–knot nematode 

Meloidogyne javanica on cucumber.  

II. MATERIALS AND METHODS 

For controlling M. javanica on cucumber plants under 

greenhouse conditions four materials have been selected 

including the nematicide Vydate 10L (a.i. = Oxamyl ) 

(manufacturing company: E.I.DUPONT DE NEMOURS & 

COMPANY,USA) as chemical method, BioHealth® WSG 

(manufacturing company: HUMIN TECH, Germany) as 

biological method, Salicylic acid (manufacturing company 
Scharlau, Spain) as a method of Systemic Acquired Resistance 

(SAR) and ethanol extract of chili pepper fruit. Each material 

was applied individually and interacting with each other in 

bilateral interactions. Pots with a diameter of 19cm and a 

depth of 18cm were filled with sterilized sandy loam soil 

(17.63clay, 18.64 silt and 63.73% sand) by 3.5kg/pot. Each 

pot was planted with 5 seeds of cucumber hybrid Sayff F1, 

which were eased after germination to keep 2 plants in each 

pot. Pots were placed randomly in the trenches ground 

(plunged) in a greenhouse at College of Agricultural 

Engineering Sciences in Semel / University of Duhok, 

Kurdistan Region-Iraq. The inner lining of the greenhouse was 

covered with tulle fabric carefully to avoid possible entry of 

insects. 

A. Extraction of nematode eggs 

Tomato plants Infected with M. javanica were uprooted from 

the pure cultures previously prepared and brought to the 

laboratory for extraction of M. javanica eggs by a method 

described by Coyne et al. (2007) and it was found that the 

mean number of eggs / 1ml of egg suspension and for 5 

replications was 200 eggs. 

B. Application of control treatments  

After 16 days of cucumber planting 100 ml / pot of the 

following treatments were applied to the soil before infesting 

with suspension of nematode eggs: 1. Irrigation of soil with 

1% Biohealth product (prepared with distilled water); 2. 

Irrigation of soil with 0.14% salicylic acid (prepared with 

distilled water). After 20 days of planting, seedlings were 

infested with nematode egg suspension at a rate of 3500 eggs 

/ pot by making 3 holes depth of 3cm around the plants with 

equal distances from each other. Then, the holes were 

covered with sterilized moist soil and the following 

treatments were applied; 3. Control treatment (1) without 

infesting soil by nematode suspension); 4. Control treatment 

(2) with infesting soil by nematode suspension; 5. Irrigation 

of soil with nematicide Vydate solution at concentration of 

0.05% by 140 ml/pot after a week of soil infestation; 6. 

Irrigation of soil with 100 ml of 1% biohealth / pot after a 

week of soil infestation; 7. Irrigation of soil with 100 ml of 

0.14% salicylic acid / pot after a week of soil infestation; 8. 

Irrigation of soil with 100 ml of 1.2% plant extract of ethanol 

pepper / pot after a week of soil infestation; 9. Irrigation of 

soil with 100 ml of 1% Biohealth / pot after a week of 

applying salicylic as mentioned above; 10. Irrigation of soil 

with 100 ml of 1% Biohealth / pot after a week of applying 

ethanol extract of chili pepper as mentioned above; 11. 

Irrigation soil with 100 ml of 1% Biohealth / pot after a week 

of Vydate application; 12. Irrigation soil with 100 ml of 1.2% 

plant extract of ethanol pepper / pot after a week of applying 

salicylic acid as mentioned above; 13. Irrigation soil with 140 

ml of Vydate solution at concentration 0.05% after a week of 

applying ethanol extract of chili pepper as mentioned above; 

14.Irrigation soil with 140 ml of Vydate solution at 

concentration 0.05% after a week of applying salicylic acid 

as mentioned above.  

All treatments were covered with a thin layer of moist 

sterilized soil. Plants were watered when needed and after 2 

months of infestation, plants were uprooted carefully to 

calculate the following characters: 

 Plant growth criteria:  

1. Chlorophyll (SPAD) measured by chlorophyll meter 

(SPAD 502 / Konica Minolta Sensing, INC. made in 

Japan).  

2. Shoot and root length (cm/plant).  

3. Fresh weight of shoot and root (gm/plant).  

4. Dry weight of root and shoot system (gm/plant). Then 

the improvement percentage in growth criteria was 

calculated according to the fallowing equation:  

Improvement percentage (%) = [Treatment– Control (infested 

soil)] ÷ Control (infested soil) ×100       

 

 Infection criteria:  

1. Number of root galls / root system of plant.  

2. Root gall severity depending on galling index (GI) 

measure on 0-5 scales and as follows: (0=0, 1= 1-2, 2= 

3-10, 3=11-30, 4=31-100, 5=more than 100 galls /root 

system (Kumar et al., 2014).  

3. Nematode population density in the soil for each pot 

by tray method as used by Kago et al. (2013).  

4. Number of egg masses/root system by staining method 

as described by Stetina and Young, (2006). 

5. Nematode population density/root system by staining 

method as follow: Cucumber roots were washed by tap 

water to remove soil. Then, roots were drained on 

paper towels and cut to 1cm. Next, roots were stained 

with red food color (Thies et al., 2002) by heating, 

then allowing it to cool to room temperature and 

washed under tap water. Egg masses and nematode 

inside the roots were counted using a 

stereomicroscope. Results were expressed as females 

per gram of root.  

6. Number of eggs according to the method described by 

Coyne et al. (2007). 

7. Rate of nematode reproduction according to the 

following equation: 

Final population density = Number of nematodes in soil + 

Number of nematodes in root + Number of eggs in root 

Rate of reproduction = Final population density of nematode / 

initial population density of nematode.Then reduction 
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percentage in infection criteria was calculated according to the 

fallowing equation:  

Reduction percentage: (%) = [Control (infested soil) – 

Treatment] ÷ Control (infested soil) ×100. 

C. Experimental Design and Statistical analysis  

The experiment consisted of 14 treatments with 4 replications 

performed in CRD. Data were analyzed using SAS program to 

compare the means of studied characters depending on 

Duncan’s multiple range test, p≤0.05 ( SAS, 2001). 

  

III. RESULTS 

A. Effect of control methods used to control M. javanica on 

some growth criteria and chlorophyll content in leaves of 

cucumber plant   

Statistical analysis indicate that root-knot nematode M. 

javanica caused significant reduction in all growth criteria of 

cucumber plants included fresh, dry weight and length of root 

and shoot system with chlorophyll content of leaves (Table1). 

Improvement was recorded in some mentioned characters 

which were significant in some treatments after application of 

nematicide Vydate, salicylic acid, biohealth, and ethanol 

extract of chili pepper individually and in bilateral interaction 

with each other as an integrated control. 

 

Table 1. Effect of different methods used in controlling M. javanica on some growth criteria and leaves chlorophyll content of cucumber plants under 

greenhouse conditions. 

Growth Criteria 

 
Root system Shoot system 

 

Treatments 

F.W. 

(gm / plant) 

D.W. 

( gm / plan) 

R.L. 

(cm / plant) 

F.W. 

( gm / plant ) 

D.W. 

(gm / plant) 

S.L. 

(cm / plant) 

Chl 

( SPAD) 

T1 = Pepper (A. I.) 9.49 de 0.4725  bc 20.25 cd 17.80 e 4.01  de 38 d 
22.01 a 

 

T2=Salicylic acid (B.I.) 10.06 cde 0.6250 bc 20.75 cd 20.77 de 4.40 cde 40.75 d 22.23 a 

T3=Salicylic acid (A.I.) 11 bcde 0.73 bc 24 bcd 24.55 de 5.20 bcde 43.75 cd 22.37 a 

T4= Biohealth (B.I.) 11.75 bcd 0.79 abc 25.50 bcd 28.83 cde 6.00 bcd 47.75 cd 26.26 a 

T5= Biohealth (A. I.) 12 bcd 0.82 abc 25.75 bcd 37.27 bcd 6.12 bcd 50.25 bcd 26.41 a 

T6=Vydate (A. I.) 12.57 bc 0.85 abc 30 abcd 48.45 ab 8.42 abc 53.25 abcd 27.55 a 

T7=Pepper+Biohealth (A.I.) 12.17 bcd 0.89 abc 27 bcd 41.84 abc 7.20 bcd 51.5 bcd 26.84 a 

T8= Pepper+Vydate (A. I.) 12.36 bcd 0.85 abc 28 bcd 45.58 ab 8.14 abc 52 bcd 26.89 a 

T9=Salicylic acid + pepper (A. I.) 13.25 b 0.93 abc 30.5 abcd 49.89 ab 8.45 abc 55 abcd 28.88 a 

T10=Salicylic acid+ Vydate (A. I.) 14 b 0.97 ab 32.50 abc 49.92 ab 9.21 ab 62 abc 29.53 a 

T11=Salicylic acid + Biohealth (A. I.) 14.018 b 1.00 ab 35.75 ab 52.13 ab 9.24 ab 68.5 ab 29.78 a 

T12=Vydate+Biohealth (A. I.) 17.52 a 1.06 ab 36.25 ab 54.27 ab 9.30 ab 69 ab 31.25 a 

T13=Just infestation (control ) 8.49 e 0.29 c 18.50 d 13.81 e 1.88 e 19.25 e 18.61 a 

T14=Without infestation (control) 18.72 a 1.43 a 41.50 a 56.035 a 11.73 a 72 a 32.7 a 

-Each value is a mean of 4 replications. 

-The mean with different letters in each column are significantly differing according to Duncan’s Multiple Range test (P ≤0.05). 
 -F.W. = Fresh weight, D.W. = Dry weight, R.L = Root length, S.L.= Shoot length, Chl= Chlorophyll content in leaves. B.I.= Before Infestation.  A.I. = After 

Infestation. 

It appears from the same table that using of biohealth after 

Vydate as bilateral treatment was more efficient compared to 

the other treatments where the values of the mentioned 

growth criteria and chlorophyll were 17.51 gm/plant, 1.06 

gm/plant, 36.25 cm/plant, 54.27 gm/plant, 9.30 gm/plant, 

69cm/plant and 31.25 SPAD correspondingly which means 

that this treatment caused an improvement in mentioned 

characters by 106.36, 265.51, 95.94, 292.97, 394.68, 258.44 

and 67.92% respectively followed by using of biohealth after 

salicylic acid as bilateral treatment.On the other hand, the 

less efficient control treatment was in the ethanol extract of 

chili pepper application as a single treatment where the 

values of the same growth criteria and chlorophyll did not 

increased than 9.49gm/plant,0.47gm/plant, 20.25cm/plant, 

17.80gm/plant, 4.01gm/plant, 38 cm/plant and 22.01 SPAD 

respectively, thus the improvement percentage was 11.77, 

62.06, 9.45, 28.89, 113.29, 49.34 and 18.26% for the same 

characters respectively (Table 2). 

 

B. Effect of some control methods of M. javanica on some 

infection criteria in cucmber plants 

Statistical analysis results showed that all control methods 

caused significant reduction in infection criteria included 

number of galls, root gall severity, number of egg masses, 

number of nematode in root system, number of nematode in 

soil/pot, number of eggs, final population density of 

nematode and nematode reproduction rate in cucumber plants 

lanted in soil infested with M. javanica eggs as compared 

with control (infested soil) and with each other in certain 

cases (Table 3).  
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Table 2. The resulting changes in growth criteria and chlorophyll content in leaves of Cucumber plants caused by root-knot nematode M.javanica compared with 
improvement changes resulted by different methods used in controlling this nematode. 

Growth Criteria 

 

 

Treatments 

Improvement % 

Root system Shoot system 

F.W. 

(gm / plant) 

D.W. 

(gm / plan) 

R.L. 

(cm/ plant) 

F.W. 

(gm/plant) 

D.W. 

(gm/plant ) 

S.L. 

(cm/plant) 

Chl.(SPAD) 

 

T1= Pepper (A.I.) 11.77 62.06 9.45 28.89 113.29 49.34 18.26 

T2 = Salicylic acid (B.I.) 18.49 113.79 12.16 50.39 134.04 111.68 19.45 

T3 = Salicylic acid (A. I.) 29.56 151.72 29.72 77.76 176.59 127.27 20.20 

T4 = Biohealth (B.I.) 38.39 172.41 37.83 108.76 219.14 148.05 41.10 

T5 = Biohealth (A. I.) 41.34 182.75 39.18 169.87 225.53 161.03 41.91 

T6 = Vydate (A. I.) 48.05 193.10 62.16 250.83 347.87 176.62 48.03 

T7 = Pepper + Biohealth (A. I.) 43.34 206.89 45.94 202.96 282.97 167.53 44.22 

T8 = Pepper + Vydate (A. I.) 45.58 193.10 51.35 230.05 332.97 170.12 44.49 

T9 = Salicylic acid + pepper (A. I.) 56.06 220.68 64.86 261.25 349.46 185.71 55.18 

T10 = Salicylic acid + Vydate (A. I.) 64.89 234.48 75.67 261.47 389.89 222.07 58.67 

T11=Salicylic acid + Biohealth (A. I.) 65.01 244.82 93.24 277.48 391.48 255.84 60.02 

T12 = Vydate + Biohealth ( A. I.) 106.36 265.51 95.94 292.97 394.68 258.44 67.92 

- Each value is an average of 4 replications. 

- F.W.= Fresh weight, D.W. = Dry weight, R.L. = Root length, S.L. = Shoot length, Chl = Chlorophyll content in leaves. B.I.= Before Infestation. A.I.= After 
Infestation

Table 3. Effect of different methods used in controlling M. javanica on some infection criteria of cucumber plants under greenhouse conditions. 

             

Treatments 

Infection Criteria 

N.O.G. R.G.I. E.M N/ R N/ S N.O. E F.P.D. R.O.R 

T1=Pepper (A.I.) 66 ab 4 ab 38 b 1119.99 b 2937.5ab 6991.5 a 11040 b 3.16 b 

T2=Salicylic acid (B.I.) 62 bc 4 ab 36 b 1089.37 b 2875 ab 6720.54 b 10684.9 bc 3.05 bc 

T3=Salicylic acid (A.I.) 58.5 bcd 4 ab 33 c 1057 b 2750 abc 6561.5 b 10368.5 c 2.96 c 

T4=Biohealth (B.I.) 53 bcde 4 ab 32 c 961.5 c 2625 abc 6262.5 c 9849 d 2.81 d 

T5=Biohealth (A.I.) 47 bcde 4 ab 28 d 651.75 d 2500 bcd 5813.5 d 8965.3 e 2.56 e 

T6=Vydate (A.I.) 40 bcde 3.75 abc 21 f 615.24 def 1625 e 5577.82 e 7818.05 f 2.23 f 

T7=Pepper + Biohealth (A.I.) 46.75 bcde 3.75 abc 25 e 576.72 def 2375 cd 5354.71 f 8306.4 f 2.37 f 

T8=Pepper + Vydate (A.I.) 44 bcde 4 ab 23 ef 637.19 de 2125 d 5193.67 f 7955.9 f 2.27 f 

T9=Salicylic acid + pepper (A.I.) 32.75 bcdef 3 bc 16 g 578.5 def 1250 ef 4853 g 6681.5 g 1.91 g 

T10=Salicylic aci+ Vydate (A.I.) 27.5 cdef 3.25 bc 15 g 540 ef 1187.5 f 4488 h 6215.5 gh 1.77 gh 

T11=Salicylic acid+Biohealth (A.I.) 22 def 3 bc 13 gh 575.45 def 937.5 f 4355.37 h 5868.3 hi 1.68 hi 

T12=Vydate + Bioheath ( A.I.) 20.25 ef 2.75 c 11 h 524.72 f 875 f 4147.68 i 5547.4 i 1.58 i 

T13=Just infestation 97.25 a 4.5 a 72 a 2647.21 a 3062.5 a 7162.32 a 12872 a 3.68 a 

T14=Without infestation (control) 0 f 0 d 0 i 0 g 0 g 0 j 0 j 0 j 

- Means with different letters in each column are significantly differ according to Duncan’s Multiple Range test ( P≤ 0.05).  

- Each mean is an average of 4 replications.  

- N.O.G. = Number of galls, R.G.I. = Root gall index, E.M. = Number of egg masses, N/R = Number of nematode/root system, N/S = Number of nematode/soil pot, 
N.O.E. = Number of eggs, F.P.D. = Final population density of nematode, R.O.R. = Rate of reproduction. B.I.= Before Infestation. A.I. = After Infestation 

 

It was found from the same table that the use of biohealth 

after Vydate as a bilateral treatment has excelled in its impact 

on the other treatments where the lowest values of the 

infection criteria recorded which were 20.25 galls/root 

system, 2.75 gall index, 11 egg masses/root system, 524.72 

nematodes/root system, 875 nematodes/soil pot, 4147.68 

eggs/root system, 5547.4 final population density of 

nematode/pot and 1.58 reproduction rate/pot respectively, 

although the difference was not significant in most studied 

characters compared to some treatments (control methods). 

Thus the percentage of reduction caused by this treatment in 

the infection criteria reached 79.17, 38.88, 84.72, 80.17, 

71.42, 42.09, 56.90 and 57.06% respectively, this treatment 

was followed by bilateral treatment salicylic acid + biohealth 

in its effect on infection criteria except in the number of 

nematodes/root system where bilateral treatment salicylic 

acid + Vydate was excelled on its effect.  

The least effective treatment in decreasing infection criteria 

was ethanol extract of chili pepper which recorded the 

highest values of the infection criteria (66 galls/root 

systemplant,4 gall index,38 egg masses/root system, 1119.99 

nematodes/root system, 2937.5 nematodes/soil pot, 6991.5 

eggs/root system, 11040 final population density/pot and 3.16 

reproduction rate/pot respectively) compared to the other 

control methods (Table3) which means the reduction was in 

its minimum percentage which was 32.13, 11.11, 47.22, 

57.69, 4.08, 2.38, 14.23 and 14.13% for the same infection 

criteria correspondingly (Table 4). 
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Table 4. Percentage of reduction in some infection criteria as a result of application of different methods used in controlling M. javanica of cucumber plant.  

 

Treatments 

Percentage of reduction rate in infection criteria % 

N.O.G. R.G.I E.M. N / R N / S N.O.E. F.P.D. R.O.R. 

T1= Pepper (A.I.) 
32.13 11.11 47.22 57.69 4.08 2.38 14.23 14.13 

T2= Salicylic acid (B.I.) 
36.24 11.11 50 58.84 6.12 6.16 16.99 17.11 

T3= Salicylic acid (A.I.) 
39.84 11.11 54.16 60.07 10.20 8.38 19.44 19.56 

T4= Biohealth (B.I.) 
45.50 11.11 55.55 63.67 14.28 12.56 23.48 23.64 

T5= Biohealth (A.I.) 
51.67 11.11 61.11 75.37 18.36 18.83 30.35 30.43 

T6= Vydate ( A.I.) 
58.86 16.66 70.83 76.75 46.93 22.12 39.26 39.40 

T7= Pepper + Biohealth (A.I.) 
51.92 16.66 65.27 78.21 22.44 25.23 35.46 35.59 

T8= Pepper +Vydate (A.I.) 
54.75 11.11 68.05 75.92 30.61 27.48 38.19 38.31 

T9= Salicylic + pepper (A.I.) 
66.32 33.33 77.77 78.14 59.18 32.24 48.09 48.09 

T10=Salicylic acid +Vydate (A.I.) 
71.72 33.33 79.16 79.60 61.24 37.33 51.71 51.90 

T11=Salicylic acid+Biohealth (A.I.) 
77.37 33.33 81.94 78.26 69.38 39.19 54.41 54.34 

T12= Vydate + Bioheath (A.I.) 
79.17 38.88 84.72 80.17 71.42 42.09 56.90 57.06 

- Each mean is an average of 4 replications.  

- N.O.G. = Number of galls, R.G.I. = Root gall index, E.M. = Number of egg masses, N/R = Number of nematode/root system, N/S = Number of nematode/soil 
pot, N.O.E. = Number of eggs, F.P.D. = Final population density of nematode, R.O.R. = Rate of reproduction. B.I.= Before Infestation. A.I. = After Infestation 

 

IV. DISCUSSION 

From the results it was clear that all control methods 

contributed in one way or another in improving growth 

indicators of cucumber plants infected with M. javanica 

depending on their efficiency in reducing nematode infection 

during their role in nematode suppression either in the soil or 

in the roots or both of them, and with respect to nematicide 

Vydate, these results are consistent with what have been 

found by Mostafa, (2001); Abo-Elyousr et al., (2010) and 

Khalil et al., (2012). The role of Vydate as a systemic 

carbamites nematicide is well known in eliminating 

nematodes and improving plant growth. The mechanism 

effect includes killing the nematodes in the soil due to 

weaken the nervous activity-muscle and reducing their 

movement then prevent root invasion due to the loss of 

sensitivity orientation towards the roots as well as killing of 

nematode stages in the roots, preventing its development and 

reproduction and inhibition of eggs hatching (Ahmed, 2008). 

Regarding bio-agent (bio-health) (Trichoderma spp.), the 

efficacy of this fungus was due to its ability to resist the root-

knot nematodes and decreasing infection then improvement 

of cucumber plant growth and this is what has been indicated 

by Mascarin et al. (2012) and Farfour and El-Ansary, (2013), 

the mechanism of the fungus includes its ability of parasitism 

on eggs of M. javanica causing egg shell rupturing by 

producing (secretion) of chitinase enzyme (Naserinasab et 

al., 2011; Izuogu, 2013; Lobna et al., 2016 ) and inhibition of 

root-knot nematodes by lytic enzymes (El-Nagdi and Abd-El-

Khair, 2008) in addition to induction of plant defense which 

lead to systemic resistance (Radwan et al., 2011) besides the 

ability of this fungus in analyzing of soil nutrients and 

increasing their availability, which facilitates the absorption 

process by the root hairs (Izuogu et al., 2014) as well as its 

role in increasing the efficiency of plant growth by producing 

certain antibiotics (El-Shennawy et al., 2012).Whereas the 

positive impact of Bacillus sp. in improving growth 

indicators of plants infected by M. javanica and reducing 

infection criteria is consistent with results of previous studies 

(Masheva et al., 2016; Mokbel, 2013), this bacteria possess 

an ability of nematode parasitism (Khalil et al., 2012) which 

is attributed to the production of antibiotics and enzymes 

which are toxic to root-knot nematodes (such as glucanases, 

chitinases and proteases), which stimulate plant defenses and 

induced systemic resistance in plants (El-Shennawy et al., 

2012), as well as releasing of nematicidal volatiles against 

nematodes (Radwan et al., 2011). 

The effect of these bacteria also appear through the 

production of crystal objects which work as toxin (Khalil, 

2013), decreasing the activity factors of egg hatching, 

solubilisation of mineral, production of phytohormones, 

inhibition the penetration of nematode into root, changing the 

root plant exudates, production of inhibitor substances and 

facilitate the absorption of nutrients (Karanja et al., 2007).On 
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the other hand, the role of humic acid as one of the materials 

used within the contents of the bio-health in improving the 

plant growth parameters and reducing the infection criteria 

agree with previous studies (Scheuerell and Mahaffee, 2004; 

Zinovieva et al., 2011; El-Sherif et al., 2015). It was 

considered as alternative method to nematicidal application, 

induce plant defenses, increase the activity of chitinase 

enzyme (Abd El-Kareem, 2007), as well as it has been known 

that it increases the absorption of water and nutrients by roots 

and stimulates the plant growth which lead to increase plant 

cell division and increases photosynthesis (Chen et al., 2004; 

Al Hajiyat, 2015). 

Results of salicylic acid in increasing plant growth criteria 

and decreasing the root-knot nematode development, agree 

with what have been found by Mukherjee et al. (2012); 

Mostafanezhad et al. (2014) and Moslemi et al. (2016). Mode 

of action of Salicylic acid includes in increasing the activity 

of enzymes in plant which are related to the defense of plant 

responses (e.g. catalase (CAT), phenylalanine ammonia lyase 

(PAL) and cytoplasmic peroxidase (POX) as found by Nikoo 

et al. (2014); Ogumo, (2014) and Al Hajiyat, (2015).These 

three enzymes play important role in biological processes of 

plants such as host-defense mechanisms, biosynthesis of 

lignin, and degradation pathways (Passardi et al., 2005 and 

Davies et al., 2008).In addition to that they induced Systemic 

Acquired Resistance of plants against nematodes (Siahpoush 

et al., 2011). Relating low efficiency of ethanol extract of 

chili pepper in nematode suppression compared to the other 

control methods agreed with Kepenekci et al. (2016) and its 

role may be attributed to its chemical composition such as 

allyl isothiocyanate, capsainoids and capsaicin which act as 

inhibitors for nematode activity in addition as nematicides 

(Mackeen et al., 1997 and Abbas et al., 2009). 

V. CONCLUSION 

Vydate + Biohealth as bilateral treatment was the most efficient 

treatment compared to the others for controlling root – knot nematode 

M .javanica on cucumber plants. 
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