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Abstract

Background and objectives: Nowadays, medicinal plants have been expanded in the
biological control of many plant pathogens. It is also widely recognized that tomato is an
essential product in the food industry worldwide. The root-knot nematode (Meloidogyne spp.), a
hazardous parasite in tomato plants, produces gall by feeding and reproducing in the root and
consequently causes biochemical and physiological changes. It also provides a suitable
environment for the activity of saprophytic fungi and other soil parasites, which indirectly
results in serious damage to the plant. Therefore, this study aimed to examine the effect of
fenugreek, lavender, borage and purslane plant extracts on controlling the root-knot nematode.
Methodology: Separate experiments in laboratory and greenhouse conditions were conducted
as a factorial experiment in the form of a completely randomized design to investigate the effect
of natural compounds of fenugreek, lavender, borage and purslane on the control of root-knot
nematode in tomato. Nematode-infected tomato roots were collected, and after that, a single
suitable egg mass was taken and placed near the tomato Falat cultivar root system; using the
single egg mass method for nematode purification, nematode was identified and then
propagated at the same tomato seedlings. After 70 days, the infected roots were cut into two-
centimetre pieces and exposed to 10% sodium hypochlorite solution. After that, it was passed
through a 400-mesh sieve. Eventually, the obtained egg suspension was used in the laboratory
and greenhouse trials. First, water, ethanol, and acetone extracts were prepared from the
mentioned plants to experiment. The laboratory section assessed the effect of extracts on larval
mortality and the number of egg hatching after 24, 48, and 72 hours of exposure to 0, 250, 500,
750, and 1000 ppm extracts. Afterwards, these compounds' anti-nematode activity was
investigated at the greenhouse condition by adding 0, 250, 500, 750, and 1000 ppm of the water
extract to the pots containing tomato seedlings and nematode-infected soil. Finally, the obtained
average data were compared based on the LSD test.
Results: The results revealed that water, ethanol, and acetone extracts of fenugreek, lavender,
borage, and purslane had the highest inhibition properties in hatching nematode eggs,
respectively. The highest inhibition rate was dedicated to 1000 ppm of the extract. Also, the
greatest inhibition of egg hatching was observed in fenugreek water extract and 1000 ppm of the
extracts, respectively. The highest number of unhatched eggs was perceived in 1000 ppm of
fenugreek extract and 72 h after starting the experiment. According to the results, water extract
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was the most effective in destroying nematode larvae, followed by ethanol and acetone extracts.
Fenugreek, lavender, borage, and purslane had the highest impacts on the mortality of second-
instar larvae, respectively. Also, among different extracts, the concentration of 1000 ppm had
the greatest effect compared to the control. The fenugreek extract application caused gall
formation at the lowest level in the experiment. After fenugreek, the lavender, borage, and
purslane extracts showed the highest inhibition of gall formation on tomato roots. Regarding
reducing nematode numbers in the soil, the greatest effect was related to 1000 ppm water extract
of fenugreek and purslane. However, they did not significantly differ significantly from other
plants using the same concentration.

Conclusion: The results of the laboratory studies showed the positive effects of water, ethanol,
and acetone extracts of four medicinal plants, including fenugreek, lavender, borage, and
purslane, on the prevention of egg hatching and the mortality of instar larvae of root-knot
nematodes. The evaluation of the growth and development indicators showed that in fenugreek
extract, a few galls were observed on roots, and the formation of galls was greatly reduced.
After fenugreek, the lavender, borage, and purslane extracts showed the highest gall formation
inhibition on tomato roots, respectively. The obtained data showed that fenugreek extract
positively affected root-knot nematode decrease, and lavender, borage, and purslane extracts
were in the next ranks, respectively.
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Time after extract application (h)

Extrac  Concentration 24 48 72
t (ppm) P. E. L. T. foenuni- P. E. L. T. foenum- P. E. L. T. foenunt-
oleracea amoenum sublepoidota graecum oleracea amoenum sublepoidota graecum oleracea amoenum sublepoidota graecum
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250 74.8° 74.0f 76.0° 76.59 67.3¢f 64.3¢ 65.3¢ 62.8° 57.3% 54,31 55.3¢ 52.8¢
500 77.5 81.8% 77.8% 82.0% 69.5% 75.0% 68.5° 66.8°f 59.8% 64.0° 58.5¢ 56.8¢
750 79.5¢ 85.3¢ 86.3™ 88.0™ 73.5% 80.5° 81.5% 81.5™ 64.8° 70.5% 69.0 71.5%
1000 83.3¢ 88.5 89.5% 92.3%® 78.5% 84.5% 84.3 86.8° 69.5% 74.5 74.8° 76.8%
Aceton Control
e 75.8 72.0f 74.5f 73.8 63.8 62.01 62.5' 63.5' 53.8¢ 51.8¢ 51.8¢ 51.0¢
250 72.3f 71.8f 74.0° 73.5 64.0°f 63.8°% 64.3% 64.0°f 53.5¢ 53.3¢ 54.3¢ 54.0¢
500 75.0°f 79.3¢ 75.8f 79.3¢ 65.5¢ 63.8°f 65.3°f 66.0°f 55.5¢ 53.0¢ 55.0¢ 55.3¢
750 77.5% 81.8« 84.3% 84.5% 70.8% 74.3% 75.5% 77.0% 58.3% 64.3° 64.8™ 66.8°
1000 80.5% 85.0° 85.0° 89.0% 74.5¢ 79.0% 79.3% 83.8™ 64.5° 69.3 70.8% 73.3

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 3. ANOVA of mortality of nematode Meloidogyne javanica larvae in tomato at 24, 48, and 72 hours after application of
different extract treatments of Portulaca oleracea, Echium amoenum, Lavandula sublepoidota, and Trigonella foenum-

graecum
M.S.
S.O.V. d.f. Time after extract application (h)
24 48 72
Plant (P) 3 273** 297** 542**
Extract (E) 2 755** 649** 401**
Concentration (C) 4 185** 2143** 1499**
P*E 6 0.14" 0.56" 156**
p*C 12 24** 22%* 89**
E*C 8 16** 34** 48**
P*E*C 24 0.19™ 1ns 35**
Experimental error 180 224 1.6 7.4
C.V. (%) 6.92 4.96 5.92

s and *: non-significant and significant at 1% probability level, respectively.

VY 5 FA XY sboles Lo S5 a2 S s (Meloidogyne javanica) g Sady, 5l 5,¥ Surss o80ls avlio —F Jsus
355> skl (Echium amoenum) ob ;58 JS (Portulaca oleracea) 4,5 i sl jlas by Jlsl 51w csle

(Trigonella foenum-graecum) 4l 5 (Lavandula sublepoidota)

Table 4. Means comparison of mortality of nematode Meloidogyne javanica larvae in tomato at 24, 48, and 72
hours after application of different extract treatments of Portulaca oleracea, Echium amoenum, Lavandula
sublepoidota, and Trigonella foenum-graecum

Time after extract application (h)

24 48 72
Extract C_oncentratoleféce amlcleanu subllgboid T. foenum- oIeI:éce amlc_:Jénu sublléboid T. foenum- oIeFr,éce amlcz)énu subllgboid T. foenum-
ion (ppm) a m ota graecum m ota graecum a m ota graecum
Water ~ Control  g3i g 78 85 16.0° 16.0°  16.3° 1630 360° 36.0¢  36.3° 36.3¢
250 1309 163  185% 2057 180 26.3% 285%® 3050 40.0% 463 485 49.3%
500 gesef 195% 205 23.0°  195% 205% 330 330" 4159 480°  530° 53.0%
750 2139 230¢  253* 258%  31.3%¢ 325° 353 358> 460" 51.0° 553 58.0
1000 233° 250  27.3® 29.80  33.3% 350° 37.3% 39.8° 503 558° 57.3® 60.3°
Ethanol  Control  g3i 70 7.0 75 16.0° 1639  16.3° 1630 363¢ 36.0° 363 36.3¢
250 9o 1339 155 175° 1009 233%  255° 275%  41.0° 43.0° 455 47.5%
500 130m 165  17.5° 20.0%  230° 265% 275% 3009 420 465 475 50.0%
750 1g3% 200% 223 2289 283% 3007  32.3° 32.8%  425% 500% 52.3* 52.8%
1000 20.3¢ 220% 245 268>  30.3¢ 320° 345 36.8%  435% 520% 5450 56.8
Acetone  Control g 5gi 53 55 16.0° 1589 153 1559  360° 358!  353° 36.3¢
250 6O 9.0% 1159 1339 16.09 1900 215 233 3600 405¢  41.3 44.0°
500 g5 1250 1350 16.04 105 225 235 26.0%  37.0° 4139  430° 46.3%
750 143" 16.0¢  18.3% 18.8% 243 260% 283 2889 443 458®  485M 48.5%
1000 95 180%  20.3¢ 228%  26.5% 280¢ 328" 32.8%  46.5* 48.0* 535 53.80

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 5. ANOVA of number of galls per roots, number of nematodes in soil, number of egg sacs on roots,
number of eggs in egg sacs, reproduction factor, and final nematode population of nematode Meloidogyne
javanica in tomato after application of different water extract concentrations of Portulaca oleracea, Echium
amoenum, Lavandula sublepoidota, and Trigonella foenum-graecum

M.S.
SOV df Number of galls Number of Number of egg sacs Number of eggsin  Reproduction Final nematode
T o per roots nematodes per soil on roots egg sacs factor population
Plant (P) 3 534** 188313** 13347** 0.47** 1883**
Concigt)ra“o” 5 1077% 13102300%* 1293%* 174346%* 1087** 13102300%*
pP*C 15 60** 45303** 2247** 0.12** 4530389**
Experimental 7, 48 11019 343 0.03 11019
error
C.V. (%) 17.7 6.87 12.31 7.19 6.87

. significant at 1% probability level.
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Table 6. Means comparison of number of galls per roots, number of nematodes in soil, number of egg sacs on
roots, number of eggs in egg sacs, reproduction factor, and final nematode population of nematode Meloidogyne
javanica in tomato after application of different water extract concentrations of Portulaca oleracea, Echium
amoenum, Lavandula sublepoidota, and Trigonella foenum-graecum

Plant Concentration ~ Number Number of Number of Number of  Reproduction Final
(ppm) of galls nematodes egg sacs on eggs in egg factor nematode
per roots per soil roots sacs population
P. oleracea 0 232 2625° 23 270? 3.92 23300°
250 232 2075° 22° 250P 3.5° 20750°
500 19.8% 1875 21.8° 222.5b¢ 3.1 187500¢
750 190 1462.5% 18vc 170 2.44 146254
1000 18P 12504 16¢ 125¢% 2.0 12500¢%
Control od 0° 0¢ of of of
0 23.32 2600° 23.12 2712 3.92 231002
250 20.5% 1850° 19.5% 2200 3.0t 18500
500 18.3 1760° 180 207.5% 2.9¢ 17600¢
E. amoenum
750 14.30¢ 1617.5¢ 16.25°¢ 1354 2.7¢ 16175
1000 13.5%¢ 1537.5¢ 12.75° 105% 2.4¢ 15375«
Control Od 0e 0e 0e Of Of
0 23.12 2675% 23.42 2732 3.92 234102
250 10.5°¢ 1730 12.5¢ 162.5% 2.9¢ 17300°¢
L. 500 9c 1635°¢ 10cd 1425 2.7% 16350
sublepoidota 750 7d 1525¢ 7.8 107.5% 2.7 15250
1000 5.5¢ 1417.5% 6.8¢ 82.5¢ 2.4¢ 14175%
Control od 0¢ 0e of of of
T. foenum- 0 23.22 2675% 23.22 2742 3.82 232002
graecum 250 10°¢ 1650° 9.3« 182.5° 2.8% 16500
500 6.5 1575 6.8¢ 125% 2.6% 15750«
750 2¢ 13504 3.5¢ 85¢ 2.20e 13500¢%
1000 2d 11759 2.8¢ 60¢ 1.95¢ 117508
Control od 0e 0e of of of

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
In concentration column: 0 means no extract + nematode and control means no extract + no nematode.
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Table 7. ANOVA of nematode Meloidogyne javanica effects on tomato growth and development indices after
application of different water extract concentrations of Portulaca oleracea, Echium amoenum, Lavandula
sublepoidota, and Trigonella foenum-graecum

M.S.
S.O.V. d.f. R\,?,gitg%:y Stem dry weight ~ Root fresh weight  Stem fresh weight Stem length Root length
Plant(P) 3 184~ 352 821" 2131 432.1 1371
C"”C?gt)ra“o” 31.4™ 3451 97.37™ 296.67" 558.1™ 356.76™
pC 15 0.42™ 0.77" 1.74™ 7.37" 49.72™ 2.9
EXpee"rirr:f”ta' 72 0.06 0.08 0.28 0.8 3.39 14
C.V. (%) 10.31 6.79 7.82 6.71 4,73 10.28

*: significant at 1% probability level.

Jlsl 51y S5 3a2 8 ol sei 5 i, slagasls L, (Meloidogyne javanica) s 8 ads , 6l L5t o Kle awslio —A Joa
Lavandula ) w5 s> skl (Echium amoenum) oL ;58 J§ (Portulaca oleracea) 4 5 o o las cilire glackile

(Trigonella foenum-graecum) «llss 4 (sublepoidota

Table 8. Means comparison of nematode Meloidogyne javanica effects on tomato growth and development indices
after application of different water extract concentrations of Portulaca oleracea, Echium amoenum, Lavandula
sublepoidota, and Trigonella foenum-graecum

Plant Concentration Root dry Stem dry Root fresh Stem fresh Stem length Root length

(ppm) weight (g) weight (g) weight (g) weight (g) (cm) (cm)

P. oleracea n 253 2 af ard Q1€ 20 1d & ad
250 24b 2 7f q & 10 ade 20 2d ARl

50N 9 qbe 2 1¢f g ab 1114 2n1d g ocd
750 7 2cd 2 g¢f A ocd 11 74 29 gd 1n g¢d

1000 1 qde asd 5 ged 11 qd 2R 3¢ 140P

Control 1238 A RA 428 188 40 92 1A RA

n 4R% 2 af a R R 2¢ 20 1d A ad

260 28 2 pef a7 10 ade 20 2d 7 &d

E. amoenum 500N 5 qcd 3 Ref 7 abe 10 od 21 Ad ancd
750 1 gde 4 ode 5 qcd 19 gcd 27 ocd 19 RbC

1000 1 7de 5 ocd 4 qde 12 ocd 4n a¢ 14 AP

Control 198 R 42 408 18 2@ 51 A2 17 nd

n 4R2 2 af a7 | 3¢ 29 4d A 1d

250 9 2cd 2 Re ] &b 10 ade 2254 7 5d

. 50N 1 gde 4 nde A 1n od 28 K¢ g rd

L. sublepoidota 750 1 gde 4 7¢d 5 od 14 3¢ an n® 145D
1000 1 rde 5 RDC 4 rde 1A 5d 45 8P 17 @b

Control 198 A 42 aAne 1828 40 /2 17 A2

T. foenum- n 4R3 2 af ard 708 29 7d 7 qd

250 7 1¢cd 278 70 1nad 42 nbe A ad

graecum 50N 1 pde 4 ncd @ 2cd 12 RCd 4 2D a rod
750 128 5 o€ agd 17 1P 48 @ 1410
1000 11€ anb 4 nde 17 @b 4q 780 17 @b

Contrnl 11¢ R 42 408 12 52 40 02 17 a2

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
In concentration column: 0 means no extract + nematode and control means no extract + no nematode.
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