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Abstract

Root-knot nematodes (Meloidogyne spp.) are important pathogens that cause damage to cucumber. Although the use of
chemical compounds is an effective method for controlling these nematodes, they impose high costs on producers and cause
irreparable damage to the environment. Therefore, biological control can be a good alternative to chemical compounds.. To
investigate the effect of biological control agents on cucumber root-knot nematode, red barberry (Berberis vulgaris) and
peppermint (Mentha piperita), and the bacteria Bacillus subtilis and B. cereus were used. In the laboratory, the effect of
different concentrations of aqueous and alcoholic extracts of the plants and different populations of the bacteria on egg
hatching was evaluated. In the greenhouse, the effect of dry powder of the above plants and bacteria on the growth indices of
healthy and nematode-infected cucumbers and the root knot nematode population indices was investigated. The results of
laboratory studies showed an inhibitory effect of plant extracts and biocontrol bacteria on egg hatching compared to the
control. After 24 hours, highest inhibition of egg hatching was observed in 10,000 mg/L of red barberry aqueous extract.
Although increasing the concentration of the extracts reduced egg hatching, in the case of peppermint aqueous extract,
increasing the concentration from 5000 to 10000 mg/L increased egg hatching. The 107 cfu/ml concentration of B. cereus also
reduced the percentage of egg hatching more than the other used concentrations after 24 hours. The results of the greenhouse
study three months after nematode inoculation showed a significant effect of the application of the studied factors in
increasing a number of cucumber growth indices and change of root-knot nematode population indices. Although the
application of red barberry dry powder significantly increased the length and fresh weight of the stem in healthy and infected
plants, but the difference in the rate of increase between the two groups was not significant. The bacteria studied also had no
significant effect on growth indices. The application of biological control agents caused significant changes in a number of
nematode population indices. The lowest average number of galls, egg mass, and egg mass per gram of root were observed in
the B. subtilis and peppermint dry powder treatments, and the lowest reproductive factor and number of larvae per 100 grams

of soil were observed in the peppermint dry powder and red barberry treatments.
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Table 1. Variance analysis of unhatched eggs of Meloidogyne javanica caused by the application of different concentrations

of peppermint and red barberry extracts

Sources of variation

Plant 1
Extract

Concentration

Plant x concentration

Extract x concentration

Plant x extract x concentration
Error

Coefficient of variation

1
2
2
2
2

w

7

Degrees of freedom

Variance

24 h 72 h
21.6"s 87.0"s
30.3"s 1666 "¢
516* 970%*
215% 540%
252% 448%*

130* 447%*

193 725

5.6 7.3

*: Significant at 5% probability level
n.s: Non-significant

Sald gl IS5 of sleo,lae calizee slaclale o )5 51 56 Meloidogyne javanica sois g ,i5 slapss (puSile dwolio ¥ Jouo

308 S5)59

Table 2. Mean comparison of unhatched eggs of Meloidogyne javanica caused by the application of different concentrations
of aqueous and alcoholic extracts of peppermint and red barberry

Treatment Time
Plant Extract Concentration 24h 72h
(mg/l)
0 76.5+1.9* 74 +3.8%
Aqueous 5000 89 +£2.2% 84.5£6.9°
Peppermint 10000 87 +£5.2* 81.5+26*
0 70.5+£7.9° 66.5+2.6°
Alcoholic 5000 76 £8.6° 71.5+13.8°
10000 85.5£4.8* 80+452
0 72.5+9.3° 68.5+5°
Aqueous 5000 82.5+8.1¢* 80+ 7.5
Red barberry 10000 89.5+7.1¢ 83.5+6.4*
0 74.5+3.2° 70 £ 5.4°
Alcoholic 5000 85.5+15* 80.5x7.7°
10000 89+ 6.2° 83 +9.4¢*
#*Values are mean + standard error. Values in the same column followed by different letter(s) are significantly different according to
LSD test at P <0.05
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Table 3. Mean comparison of the inhibition percent of Meloidogyne javanica egg hatching due to the application of different

concentrations of the understudy bacteria

Treatment
Bacteria

Concentration (cfu/ml)

0
103
10°
107

0
103
10°
107

Bacillus subtilis

Bacillus cereus

Time
24h 72h

83.5+1.3"° 795+4.7°
84.5+1.9° 79.7 £1.9°
88.3+25° 83.3+6°2
88.7 £3.8° 84.0+4.82

78.3+6° 72.3+4.8°¢
85.5+5.9°P 783+1.7°
89.3+5.3%® 84.3+4"
94.3+2.82 86.3 £3.92

*Values are mean + standard error. Values in the same column followed by different letter(s) are significantly different according to

LSD test at P < 0.05
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Table 4. Variance analysis of the growth indices of healthy and infected cucumbers with Meloidogyne javanica caused by the

application of biocontrol agents.

Variance
Degrees Foliage Root
Sources of variation of Dry Fresh
freedom Length weight weight Length weight Dry weight (g)
(cm) (cm)
) ()
Biocontrol agent 4 151.8" 235" 2.3"* 1.3 1.7ns
Nematode population 1 82.4"% 202.7"* 2.6" 3.5"¢ 23.9"s 1.6
Biocontrol agent =~ x 4 1348 3258" 79" 108" 113" 0.77¢
nematode population
Error 30 162.6 14.8 51.8 16.7 0.2
Coefficient of variation 6.9 3.8 5.7 4.8 2.4
*: Significant at 5% probability level
n.s: Non-significant
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Table 5. Mean comparison of growth indices of healthy and infected cucumbers with root-knot nematode Meloidogyne

Javanica, caused by the use of biocontrol agents

Treatments Foliage Root
Length Fresh weight Dry weight Length Fresh weight  Dry weight
Nematode
(cm) (9) (9 (cm) () (%)
- 41£2.7*° 51.9+2.1° +0.5%10.9 295+4.7% +4.8°8.9 +0.8%3.3
Control
+ 40.6+85°  43.4+13.6° 311.4+1.6 24+4.2% +3.5°6.2 +0.5°2.3
- 43 +4.2° 51.3+8.6°" 7.4+23° 22 +2.45 12.6 +4° +1.6%4.4
B. subtilis
+ +8.4°35.7 36.5+11.6° °6.5+1.7 267+7.1% 13.4+12% +1.8°24
- 44 +79° 52.4+13.6° 9.1+15" 26.2£25% +3.8%97 4.3+£23°
B. cereus
+ 41,7 +8.6 56.3+7.7¢ b87+2.2 22.7+3.2° 13.1£3.1¢ +0.423.6
- +12.8°42 432+8.1° +29°.4 +4.6°235 6.3+4.3° b27+17
Peppermint
+ 36.3+4" 499 +54° +1.4°6.7 b237+2.8 b7.1+3.7 2.0+0.6"°
- 45+32%® 50.0+10.7° 9.0+1.2° +7.2828.2 5.2+22¢ +0.6°25
Red barberry
+ 50.7+ 1.9 64.7£8.6% 9.3+1° 425.7+2.9 +3.4°84 2.3+0.9°

*Values are mean + standard error. Values in the same column followed by different letter(s) are significantly different according to

LSD test at P < 0.05

Meloidogyne javanica « o541 L3 55, s slae Jolse 05,15 31 o o Fais, wled ciresr slaasls Sl auslio £ Jouo
Table 6. Mean comparison of population indices of root-knot nematode due to the application of biocontrol agents on

cucumber infected with Meloidogyne javanica

Treatment Gall/ 1 grofroot  Egg mass/1 gr of root Egg/egg mass  J2/100 g of soil RF
Control 36.4+34" 17.2+2.7% 165.4+ 12.22 372.2* 82 74+ 052
B. subtilis 4.3 £ 0.9° 23120 80.7 = 10.9° 175 + 10.4° 1.1 +£0.3°
B. cereus 10 + 2.5° 3+16° 85.2+ 8° 179 + 12.1° 1.3 +0.1°
Peppermint 43£17° 2.3 £09° 81.4+ 9.5° 1236+ 6.4°¢ 0.6 =0.1°¢
Red barberry 55+ 2.4°¢ 318" 82.2+ 53" 144+ 8.2°¢ 0.8 +0.1°¢

*Values are mean + standard error. Values in the same column followed by different letter(s) are significantly different according to

LSD test at P < 0.05
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