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Table 1. The combination of treatments to investigate the effect of plant extracts on pathogenic factors of root

tuber producing nematode

6 5 4 3 2 1 treatment

Melia . Hibiscus Ferula Cucumber
azedarach +§2$;% Ze +sabdariffa +r11—:rglzttisde assafoetida ~ nematode™
nematode+ %25 nematode %625 +ne(z)matode 3/025

%5 %50 %25 %50 %25 1650

%10 %75 %50 %75 %30 75

%15 %100 %75 %100 vors 76100

%20 %100 %100

* Nematode: M. javanica

.M. javanica :5Ls*
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Table 2. Analysis of variance of the effect of plant extracts on the mortality rate of M. javanica nematode larvae
in vitro

F MS SS Df S.0vV
335.94™ 4068.61 16274.44 4 (A) Herbal extracts
2092.06™ 25337.22 101348.88 4 (B) Different concentrations
655.43™ 7938 7938 1 (C) Sampling days
22.72" 275.10 4401.66 16 (AxB) Extract x concentration
6.69™ 81.5 324.22 4 (AxC) extract x day
61.33" 742.72 2970.88 4 (BxC) Concentration x day
- Extract x concentration x day
3.86 46.71 747.40 16 (AXBXC)
12.11 1816.60 150 Test error
135822.22 199 Total
el > gmn Co¥es| (P0.01) oo 3 48 Jlaz| 4 s
CV=74/¢¢

** There is a significant difference with a probability of 99% (P<0.01).
C.V.=9.66%
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Fig. 1. Comparison of the average effect of concentrations of 0, 5, 15, 25 and 50% of extracts of Bitter olive,
Savory, Ferula assa—foetida, Hibiscus and Tagetes on the mortality of the second instar larvae of the nematode
M. javanica in laboratory conditions after 24— and 48—hour Averages that differ from each other are marked with
different letters. Differences are presented with Duncan's test (P<0.01).

Ll,s s M. javanica Sl glapss fu i )l Sk doys p AE Glaoslas 1 uboly 4 =¥ Jsis
ali.&ilﬁ)-‘-

Table 3. Analysis of variance of the effect of plant extracts on the inhibition percentage of the hatching of the
nematode M. javanica eggs in vitro

F MS SS Df S.0vV
165.96™ 1289.47 5157.90 4 (A) Herbal extracts
1388.72™ 10790.32 43161.30 4 (B) Different concentrations
28.14™ 218.67 3498.80 16 (AxB) Extract x concentration
7.77 582.75 75 Test error
9.66 (GAY]

C.V=7.v/a#

** There is a significant difference with a probability of 99% (P<0.01).
C.V.=7.96%
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Fig. 2. Comparison of the average inhibition percentage of different concentrations of of Bitter olive, Savory,
Ferula assa—foetida, Hibiscus and Tagetes extracts on the hatching of nematode M. javanica eggs in laboratory
conditions after 72 hours Averages that differ from each other are marked with different letters. Differences are

presented with Duncan's test (P<0.01).
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Table 4. Variance analysis of the effect of different treatments on the number of larvae in 200 grams of soil of
the nematode M. javanica in the cucumber plant under greenhouse conditions

F MS SS df S.0v
44211 25093.30 501866.14 20 Different treatments
56.75 2383.86 42 Test error
39298.88 62 Total

Gl Jls e 3Dt | (P0.01) s y3 48 Jlaz 4y 2036

CV=7¥/"
** There is a significant difference with a probability of 99% (P<0.01).
C.V.=4.00%
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Figure 3— Comparison of the average effect of different concentrations of plant extracts including of Bitter olive,
Savory, Ferula assa—foetida, Hibiscus and Tagetes on the number of larvae of the nematode M. javanica in 200
grams of soil under greenhouse conditions Averages that differ from each other are marked with different letters.
Differences are presented with Duncan's test (P<0.01).
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Table 5. Variance analysis of the effect of different treatments on the gall nematode index of M. javanica in
cucumber plant under greenhouse conditions

F MS SS df S.0.V.
12.06™ 3.06 61.26 20 Different treatments
0.25 10.66 42 Test error
71.93 62 Total
el Is gae V| (P<0.01) doo 53 44 Jlazs| 4 s
C.V="171\#/%Y
** There is a significant difference with a probability of 99% (P<0.01).
C.V.=16.62%
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Fig. 4. Average comparison of the effect of the concentrations of plant extracts including of Bitter olive, Savory,
Ferula assa—foetida, Hibiscus & Tagetes on the scale index of nematode M. javanica in tomato plants under
greenhouse conditions, Averages that differ from each other are marked with different letters. Differences are
presented with Duncan's test (P<0.01).
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Table 6. Variance analysis of the effects of extracts & on the amount of total protein in cucumber plants infected

with the nematode M. javanica

F MS SS df S.0.V.
1974.85™ 1.28 5.11 4 (A) Herbal extracts
3699.03™ 2.40 12 5 (B) Different concentrations
Extract x concentration
76.25 0.049 0.98 20 (AXB)
0.0006 0.038 60 Test error
18.15 89 Total

C.V="7Y/Ab

** There is a significant difference with a probability of 99% (P<0.01).

C.V.=2.85%



wdilod @l ylom 3 (AL molas Wil 1], Kod g B pdl

£o

2.50

2.00

Total protein
2
=

=
=)
=}

0.50

0.00

NN 2
N \i

TOtal proéglglo_g\] K254+N BES50+N 8 75+N @ 100+N

be

de:
gh

Days of sampling

O‘}:_Aﬁé,ﬂ»' > Jf} ULJS L;l? coj}ijT ). c'cl: O JALS' ‘_,’.M._f LQUM)LA& L;Lbs_‘k.l;' 2ls }3" u,:il.:e W_U.A—b }g&
S Lo gl Sibe bl a5 5 (s b JSolS B jlae Loks S5 asle 5 Wi Los JT Sl ol 55 IS 055

Ao w1, (P0.01) STl &3503T b e sl .Llodkds adeiie caliben (o9 o b o yls (oDl

Fig. 5. Comparison of the average effect of the concentrations of plant extracts including Bitter olive, Savory,
Ferula assa—foetida, Hibiscus & Tagetes on the amount of total protein in cucumber plants infected with
nematodes & inoculated with parsley flower extract, in greenhouse conditions, Averages that differ from each
other are marked with different letters. Differences are presented with Duncan's test (P<0.01).
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Table 7. Variance analysis of the effect of extracts on the activity of peroxidase enzyme in cucumber plants
infected with the nematode M. javanica

F MS SS df S.0VvV
4850.54" 10.34 41.39 4 (A) Herbal extracts
2944.02™ 6.28 31.40 5 (B) Different concentrations
205.18** 0.43 8.75 20 (AxB) Extract x concentration
0.0021 0.128 60 Test error
16555 89 Total

el Sl gae SNt (P<0.01) oy 48 Jlaz> 4 s
C.V="7\¢/9¥

** There is a significant difference with a probability of 99% (P<0.01).
C.V.=16.62%

4.00 Peroxidase 00 B0:N 025 B50 @75 N100

3.50
3.00
2.50
2.00

1.50 mn

Peroxidase activity

1.00 s

PI7IEIIIIAT) —

W

050 |y y y xywxywx §

oo | FENEEN EIEN
0

5 10 15
Days of sampling

(=]
<o

Oie g Shnr &5 555 sl o3 xT o) pm il 055 Jols alE sla ojliae sla Bl 1 ke anlie =5 JSC
Sl Wl Ll 5 3 sy S oS 5 5las Lot S5 ale 5 WL Les JT 5l ol s Sl 5T Sl
Ll ot &1, (P<O.01) 5S51s 0 ga5T b s Soglis il o adedie ¢ Cialidee o9 b iyls o) [ SGusS L oS

Fig. 6. Comparison of the average effect of the concentrations of plant extracts including Bitter olive, Savory,
Ferula assa—foetida, Hibiscus & Tagetes on the activity of peroxidase enzyme in cucumber plant infected with
nematode & inoculated with parsley plant extract, in greenhouse conditions, Averages that differ from each other

are marked with different letters. Differences are presented with Duncan's test (P<0.01).
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Table 8. Variance analysis of the effect of extracts on the activity of catalase enzyme in cucumber plants infected

with the nematode M. javanica

F MS SS Df S.0V
3198.21 ™ 23.34 93.38 4 (A) Herbal extracts
1266.53™ 9.24 46.22 5 (B) Different concentrations
105.20™ 0.76 15.35 20 (AxB) Extract x concentration
0.007 0.43 60 Test error
155.41 89 Total
el Hls gae oM (P<0.01) wp ;5 44 Jlaz! @ 3
C.V="% Y/vV

** There is a significant difference with a probability of 99% (P<0.01).
C.V.=3.27%



Ly

VEY Jlo o 0,lowd o193 > ¢ Sudj20LS )3 (owns § 5 o0

6.00 Catalase

5.00

=
<
S

Catalase
[¥%]
(]
(]

st =4

WMOEOFN K25 @50 8175 8100

b
-
3
2
3
2
3
2
3
2
3
2
3
2
3
2
3
2
3
2
3
2
3
2
2
3

Days of sampling

Oin g S 5 27 lo i mT ol il 055 Jols alE (6l oslas sl e 1 Sl anlie =V JSC0
oSl sde a WIS Ll b s (s S olS Silae Lo G5 arle 5 Bl b ea T L oS s SYBE 5T C e

OSSIs 0503T L ls Soglis bl okd adete ¢ Calbes (o5 b Ll Ol KuSK L ST ol Kile ol 1SS 4

Lo #51,1 (P<0.01)

Fig. 7. Comparison of the average effect of the concentrations of plant extracts including Bitter olive, Savory,
Ferula assa—foetida, Hibiscus & Tagetes of catalase enzyme activity in cucumber plants infected with nematodes
& inoculated with parsley plant extract, in greenhouse conditions, Averages that differ from each other are
marked with different letters. Differences are presented with Duncan's test (P<0.01).
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Abstract

Background & Objectives

Cucumber (Cucumis sativus), belongs to the pumpkin family, is an annual plant & is one of the most important
vegetables in Iran & the world. Meloidone sp. nematodes are one of the most important nematodes causing
damage to greenhouse, agricultural & garden products. Due to the pesticidal properties of the extracts &
products of many plants, they can be used to control pests & plant diseases, these plant materials are easy to
prepare & safe, & they are environmentally friendly.

Materials & Methods

This study was carried out in the form of a completely randomized design & in four replications & the effect of
aqueous extracts of five types of plants (Ferula, bitter olive, savory, tagetes, roselle) on tuber producing
nematode in greenhouse cucumber, the effect of these extracts in the laboratory environment on nematode larvae
& eggs were investigated in the greenhouse on nematode pathogenicity, & in third section, plant extracts were
tested on the activity of defensive enzymes (total protein, catalase & peroxidase) in cucumber plants.

Results

According to the results, all the investigated treatments caused a significant increase in larval mortality at 24 &
48 hours after the experiment. Tagetes, among the studied extracts, showed the highest percentage of larvae
mortality in the first 24 hours, in all concentrations. In the second 24 hours (48 hours), all concentrations of
tagetes extract (0, 5, 15, 25 & 50%) had the greatest effect on the mortality of nematode larvae compared to
other extracts. that the concentrations of 50 & 25% caused the death of 100 & 82.5% of nematode larvae.
Despite the acceptable nematicidal effect of all the investigated extracts, the effect of the aqueous extract of
parsley flower & then the extract of Ferula on the death of nematode larvae was much more significant than
other extracts. The highest percentage of inhibition of nematode egg hatching was observed at 50%
concentration of different extracts, & the highest inhibition was related to tagetes extract with 90% inhibition,
Ferula extract with 73.50% inhibition, bitter olive extract with 67.52% inhibition & Sour tea with inhibition was
65.21%. In the greenhouse, after 45 days, the effect of different levels of plant extracts on the two factors of gall
index & the number of second instar larvae per 200 grams of soil was evaluated. All used treatments
significantly reduced the number of larvae in the soil compared to the control (348 larvae). The lowest number of
larvae among the applied treatments was related to the concentration of 100% tagetes extract with the number of
41.67 larvae. The highest numerical value of gall index, after the control, was related to the concentration of
25% bitter olive extract, whose numerical value was 4.67 without any difference with the control, the smallest
gall index was showed in the treatment of 75% tagetes extract with a numerical value of 1.67. The results of
measuring the amount of protein showed that the highest amount of protein was related to the concentration of
100% of tagetes extract with nematodes (on the fifteenth day) at a protein level of 1.99 mg/liter, & then the
concentration of 75% of the extract with nematodes to the amount was 1.63 mg. The highest level of peroxidase
enzyme activity was observed in 100% concentration of tagetes extract with nematode, at the rate of 3.39
AOD/Min/mg protein. The highest activity level of catalase enzyme was observed in 100% concentration of
tagetes extract with nematode, at 34.5A0D/Min/mg protein, & among the days of sampling, the highest activity
level of both catalase peroxidase enzymes was observed on the 15th day.

Discussion

According to the results of studying the activity of plant defense enzymes, it was found that plant extracts
(tagetes) have the ability to induce defense responses even in sensitive cultivars. In this research, it was proved
that the extract of parsley flower, with its significant effect on increasing the expression of defense genes of the
plant & as a result of increasing the activity of defense genes, increases the resistance of the plant to the
pathogen M. javanica.
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