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ABSTRACT

The present work was conducted to study the effectiveness of powdered seeds of six plant
species namely: Brassica rapa, Eruca sativa, Juniperus communis, Lepidium sativum, Raphanus sativus,

Sinapis alba on controlling Meloidogyne incognita infecting pepper plants cv. Top Star under greenhouse
conditions. The application of S. alba seed powder overcome other treatments and accomplished the
highest reduction percentages of nematode stages with the maximum values of 93.09, 93.94, and 95.75%
for final nematode population, galls, and egg masses numbers, respectively at a rate of 6g/plant, while the
least values were achieved by E. sativa seed powder with values of 67.88, 77.38 and 81.71 % for previous
criteria, respectively at a rate of 2g/plant. There was a significant improvement in the plant characters
(length, fresh weight & dry weight plant and leaf numbers). Among all treatments, the best plant growth
character (plant length:143.1%, fresh weight:118.4%, dry weight plant:100.0%, and leaf numbers:99.5%)
were observed with B. rapa grind seeds, followed by J. communis at a rate of 6g/plant. Increasing the used
powdered seed rate from 4 to 6g/plant for S. alba and L. sativum cause a decrease in the plant growth
parameters. Overall, all tested applications increased the percentages of chemical constituents i.e.,
nitrogen, phosphorus, and potassium concentrations, and phenol contents as well as decrease total

chlorophyll percentages to a certain extent. The present study indicated the potential of screened plant
seed powders to control M. incognita under greenhouse conditions and can be used as soil amendments

after further investigations.
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INTRODUCTION

Pepper (Capsicum annum L.) is one of the most
important vegetable crops in many countries of the world.
In Egypt, it supplies its importance as being a vegetable crop
having marketing and exporting values, where the total area
under production reaches 91840 feddans and annual
production is estimated to be more than 676 thousand tones
with a productivity of 7.37 tones/feddan in Egypt (Annual
bulletin 2019). Pepper plants are recognized to be attacked
by several soil-borne pathogenic fungi and nematodes
which are responsible for serious diseases as root rot caused
by Fusarium solani, Rhizoctonia solani and root-knot
nematode caused by M. incognita Chitwood as well as
complex diseases. In general, complex diseases are highly
destructive and difficult to control (Kamali et al., 2015).

Plant-parasitic nematodes caused damage in plants and
produced secondary infection by facilitating other organisms such
as viruses, bacteria, and fungi (Smant et al., 2018). However, it is
often not easy to distinguish damage caused by nematodes from
other causes due to their microscopic size. They are usually live-in
soil, roots, and leaves and pose a huge threat to agriculture, with
annual losses amounting to about 157 billion US $ (Youssef et
al., 2013). Some nematodes are migratory in nature while others
are sedentary (Palomares-Riuset al., 2017 and Kihikaet
al., 2017). The top three economically important plant-parasitic
nematodes are root-knot nematodes, Meloidogyne spp., cyst
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nematodes, Heterodera and Globoderaspp., and root-lesion
nematodes, Pratylenchus spp. (Jones etal., 2013).

The genus Meloidogyneis one of the most
destructive pathogens (Xiang et al., 2017). The root-knot
nematodes are economically important parasites as well as
one of the most destructive pests of vegetables and others
crops (Anwar and McKenry, 2010; Castagnone-Sereno et
al., 2013). Meloidogyne has been controlled with synthetic
chemicals but had been hazardous to the soil environment,
expensive, and highly toxic. Some of synthetic chemicals
are carcinogenic agents, which are caused by most
nematicide chemicals that have been withdrawn from the
market for example methyl bromide, ethylene dibromide,
and di-bromochloropropane (Nicolet al., 2011, and
Onkendi et al., 2014). Nowadays scientists are mainly
focused on cultural practices, crop rotation, biocontrol, and
plant resistance to overcome this problematic
issue (Chitwood, 2002). Biocontrol agents are safe and
environmentally friendly in application compared to
chemicals because it has no residual effects on
food (Cetintas et al., 2018). The beneficial effects of certain
types of plant-derived substances and soil microorganisms
are attributed to reduce population density of plant-parasitic
nematodes (Pinkerton et al., 2000).

Botanical pesticides are preferred as alternatives to
chemical pesticides in recent times. Several higher plants
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and their constituents have successfully combated plant
disease control and proved to be harmless and non-
phytotoxic to humans and soil (Cuadra et al., 2008). The
Brassicaceae is one of the world's most economically
important plant families. Among the most important
chemical compounds produced by Brassicaceae species are
the Glucosinolates (GLS), which proved to have
Glucosinolate compounds produced by the Brassicaceae
plants when broken down to various allelochemicals and
incorporated into soil control soil-borne pests, insects, and
nematodes (McSorely et al., 1997; Hafez and Sundararaj,
2001; Lazzeri et al., 2004; Riga et al., 2004).

It is believed that the fumigating effect of decomposing
Brassicaceae plants results from chemical reactions that lead to the
formation of biologically active products (Underhill, 1980). GSLs
(Glucosinolates) are sulfur-containing phytochemicals present in
Brassicaceae (Ahujaet al., 2011). The most known GSLs in
Brassicaceae vegetable are neoglucobrassicin, glucobrassicanapin,
and  glucobrassicin (Vallejoet  al., 2004). These  bioactive
compounds contain a cyano group and a sulphate group which
confers them the protective role against plant pathogens and insects
attack together with myrosinase (Wittstock et al., 2016; Zrybko et
al., 1997). The management of plant-parasitic nematodes using
such products and their derivatives is important considering
increased environmental awareness and human health associated
with chemicals for nematicides, biodegradability, and selective
toxicity of targeted pests as well as the safety of non-targeted
organisms. Therefore, the present study was conducted to study the
nematicidal effect of six botanical seeds as dry powders on M.
incognita infecting pepper plants under greenhouse conditions.

MATERIALS AND METHODS

Source of Nematodes

Coleus, Coleus blumei roots infected with single egg
mass of M. incognita at the experimental greenhouse of the
Faculty of Agriculture, Damietta University, Egypt, served
as a pure culture of nematode. Pots (15 cm diameter) were
filled with a sterilized mixture containing clay and sand in a
ratio of 1:1 v/ v. Eggs of M. incognita were separated from
the galled roots of Coleus (Hussey and Barker, 1973).
Finally, the number of eggs per unit volume of water was
determined, counted and then the plants were directly
inoculated with eggs according to the design of each
experiment.
Preparation of seed powder

Seeds of six plant species namely: Brassica
rapa (Turnip), Eruca sativa (Watercress), Juniperus
communis (Juniper), Lepidium sativum (Cress), Raphanus
sativus (Radish), Sinapis alba (Mustard) were purchased
from medicinal plant shop, Damietta City, Egypt (Table
1). One-kilogram seeds of each plant species were ground
by the help of a grinder to obtain fine powder.
Nematicide

Krenkel 75% (Fosthiazate) EC, (RS)-S-sec-butyl-O-
ethyl-2-oxo-1,3-thiazolidin-3-ylphosphono-thioate,
Fosthiazate is a phosphonic ester, an organic phosphonate
and an organothiophosphate insecticide. It has a role as an
EC 3.1.1.7 (acetylcholinesterase) inhibitor, an agrochemical
and a nematicide. It was used at the rate of 0.3 ml/plant.

Table 1. English, scientific, arabic, family and used part

of botanical products as soil organic
amendments
Scientific - Part English Arabic
No. name Family used  name name
1 Brassicarapa Brassicaceae Seeds  Turnip <l
2 Eruca sativa Brassicaceae Seeds Watercress s>
3 Juniperus Cupressaceae Seeds  Juniper el
communis
Lepidium . s
4 sativum Brassicaceae Seeds  Cress ey
5 R?gt?\%]:s Brassicaceae Seeds  Radish dadl
6  Sinapisalba Brassicaceae Seeds Mustard  Jua

Experimental design

The experiment was conducted under greenhouse
conditions (29+3°C) using the randomized complete block
design with four replications for 21 treatments including: B.
rapa (Turnip), E. Sativa (Watercress), J. Communis (Juniper),
L. Sativum (Cress), R. Sativus (Radish), S. alba (Mustard) at
three rates (2, 4 and 6 g/ plant); nematode + krenkel nematicide
(0.3ml/pot); nematode alone (nematode control); and plant free
of any treatment and nematode (check). Pepper seedlings
(Capsicum annuum) cv. Top Star (30 days old) were separately
transplanted in Eighty-four plastic pots (15cm in diameter) each
containing 1kg steam sterilized clay and sand (1:1; viv). One
week later, nematode inocula (1000 eggs of M. incognita) were
added to eighty plastic pots (20 treatments). One week later, all
treatments as well as krenkel nematicide were added according
to experiment design and mixed with soil, whilst four plant pots
inoculated by nematode only were served as nematode control.
Evaluation criteria for the effectiveness of treatments

Forty-five days from nematode inoculation, all
plants related to each treatment were harvested and
uprooted; both vegetative and root systems were used as
fresh and dried tissues for evaluation analyses.
Plant growth parameters

Plant’s parameters including length, fresh weight &
dry shoot weight and number of leaves were measured and
recorded. Increase percentage (Inc.%) was calculated by the
formula:

Treatment - Nematode only
Nematode only

Determination of nematode reproduction

Juveniles in soil were extracted using sieving and
modified Baermann technique (Goodey 1957). The
nematode suspensions were examined in a Hawksley
counting slide with a dissecting microscope to quantify the
numbers of juveniles. Roots were stained with acid fuchsin
in lactic acid (Byrd et al., 1983) and then examined for
recording the number of developmental stages, females, egg
masses, and galls per root system/replicate. The scale of O-
5 (Taylor and Sasser, 1978) for root gall index (RGI) or egg-
masses index (EI) was used as follow; where 0 = No galls
or egg masses on roots, 1 = 1-2 galls, or egg masses on roots,
2 =3-10 galls or egg masses on roots, 3 = 11-30 galls or egg
masses on roots, 4 = 31-100 galls or egg masses on roots, 5
= More than 100 galls or egg masses on roots. Final
population (Pf.) was recorded as the sum of juvenile
numbers in soil and developmental stages and females in
roots. Reproduction factors (Rf) was calculated by the
formula:

x 100

Inc.% =

final population (Pf)

=RF
Initial population (Pi)

Reproduction factor =
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Rate of population increase (RPI) was calculated by
the formula:
Pf — Pi
RPI = —
Reduction percentages was calculated by the
formula:

N alone — Treatment

Reduction % = x 100

Biochemical analyses

Leaves of fresh pepper of each replicate/treatment
were taken for the assessment of the amount of chlorophyll
according to Goodwine methodology (Goodwine 1965).
The dried leaves of pepper plants were ground and wet
digested for determination of nitrogen, potassium and
phosphorus contents (Jones et al., 1991, Peters et al., 2003).
The total phenol contents were extracted and calculated at
520 nm via spectrophotometer by chatichole as standard
(Slinkard and Singleton, 1977).
Statistical analysis

Statistical analysis of the data was performed using
version 6.303 of a computer program Costat (2005).
Statistically significant differences between means were
compared using analysis of variance (ANOVA) with the
least significant difference (LSD) and standard error at a
probability of 0.05.

RESULTS AND DISCUSSION

The obtained results in Tables 2, 3 and 4 revealed
that the application of grinded seed powder for six plant

N alone

species as a soil amendment, had a significant effect (P <
0.05) on nematode development and plant growing
parameters). The results in Table (2) confirm that all tested
components exhibited a protective performance within
pepper plants against M. incognita (RKN) infection in terms
of reducing the final nematode populations in such host
plant i.e., juveniles in soil, developmental stages, females,
galls, and egg masses numbers were significantly (P<0.05)
affected by all tested treatments. It is evident that the
increase in seed powder rates resulted in a pronounced
reduction in the final number of nematode populations.

Among the six plants species, S. alba seeds powder
at the highest rate (6g/plant), overwhelmed other treatments
and accomplished the highest reduction percentage of
nematode parameters with the values of 93.09, 93.94, and
95.75 % for the final nematode population, galls, and egg
masses numbers, respectively. L. sativum application
ranked the second with values of 92.45, 90.74 and 95.07 %,
respectively, then J. communis with values of 90.96, 90.58,
and 94.73 % respectively, for the same parameters. The least
reduction nematode values of the same nematode criteria
were achieved by E. sativa with values of 86.53, 86.54 and
91.78 % for final nematode population, galls, and egg
masses humbers, respectively at a rate of 6g/plant.

Table 2.Influence of seed powder for six plants as a soil amendment on population and reproduction of Meloidogyne
incognita infecting pepper under greenhouse conditions (29+£3°C).

Nematode parameters

Nematode population in

Treatments Rate i R Pf Re Rrpl Red Noof o~ Red No.ofegg g Red
J?/cp))ot D.V. stagecs) OIt:emales % galls © % masses %

_ 29 4700° 680°  50.7° 58879 059 -041 722 500° 4 731 220° 3 849
E;ags'ca 49 22179 465%® 3509 3032" 030 -070 857 3454 4 814 147%F 3 899
P 6g 16709 3078 1170 2095 021 079 901 1179 3 937 87 2 940
29 55677 785°  455° 680.7° 068 -032 679 420° 4 774 267° 3 8L7

Erucasativa 4g  4652°  455%  27.7%G 53g5% 054 -046 746 27.7%f 3 851 2009 3 863
6g 22959 310"  250¢9 28550 029 -071 865 250%F 3 865 1208 3 918

_ 29 3837% 5020  4475° 4787 048 052 774 447 4 759 1959 3 866
ggmﬁﬁ;‘fs 49 1555" 2959 282%6 21320 021 079 899 272% 3 854 130" 3 9Ll
6g 1505" 235% 177" 19170 019 -081 910 1759 3 9058 77N 2 947

. 29 42429  705*  445° 5392% 054 046 746 405° 4 782 225° 3 846
'S-aeg\'/ﬂ'n‘im 49 2905' 500" 3025%' 37079 037 -063 82516 207* 3 840 145 3 901
6g 1057"  360° 1825% 1600 016 -084 925 1729 3 907 72 2 951

29 54420 4475% 3457 6235° 062 -038 706 3359 4 82 265° 3 819

Z‘QE’V'L"’;””S 49 3732% 3651 2650 43620 044 056 794 257 3 862 157% 3 893
6g  1410" 342¢9  217% 1970' 020 -080 907 212¢9 3 886 14299 3 903

29 3512  465® 3729 43507 044 075 795 34259 4 816 1959 3 866

Sinapisalba 4g 17409 215N 17.79" 2132 021 -079 899 1750 3 906 950 2 935
6g 117.7" 165 1225 1465 015 -085 94 11259 3 939 62 2 958

Krenkel ~ 03ml 1170" 157 1679 1495 015 -085 93. 1679 3 910 72 2 951
Only Nematode 173600 1942%  189.2* 21195 212 112 - 18578 5 -  1460° 5 -
LSDp-s% 4901 805 768 5049 - - - 723 - - 3901 - -

Means in each column followed by the same letter(s) did not differ at p<0.05 according to Duncan's multiple-range test., Each treatment is an average

of four replicates, eproduction factor (RF) = [l population 'po qyiction 9 = Lalone-Treatment . 400, RPI = % , Root gall index (RGI),
egg-masses index (EI).

Initial population N alone

In the meantime, at a rate of 4g/plant, S. alba, and J.
communis seed powders ranked first with values of 89.94%
for suppressing final nematode population the same
parameters. While the least values were achieved by E.

sativa with values of 74.59, 85.08, and 86.30 % for final nematode
population, galls, and egg masses numbers, respectively.

Pepper plants amended S. albaorJ. communis (2g/plant)
seed powders showed intermediate reduction values which were
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amounted to 79.48 and 77.41% for the final nematode population,
respectively. However, the least values of the same nematode criteria
were achieved by E. sativa treatment with values of 67.88, 77.38,and
81.71 % for final nematode population, galls, and egg masses
numbers, respectively, at a rate of 2g/plant. It is valuable to remind
that Krenkel nematicide recorded the reduction percentages of the
final nematode population (92.95%), galls (91.01%), and egg masses
(95.07%).

The egg masses indices for the tested treatments
ranged from (2.0) to (3.0) compared to inoculated untreated
plants (5.0). Nematode reproduction (RF) and rate of
population increase (RPI) were negatively affected as S. alba
in par with krenkel had the lowest reproduction rate (0.15) and
population rate (-0.85) at the same time E. sativa showed the
highest RF (0.68) and RPI (-0.32) (Table 2).

Data in Table (3) confirm that all tested components
were a significant improvement in the plant growing
characters (length, fresh weight & dry shoot weight and leaf
numbers) of the pepper plants cv. Top Star as compared with
control. Among all the treatments, the best plant growth
(plant length (143.1 %), fresh weight (118.4 %), dry weight

plant (100.0 %) and leaf numbers (99.5 %) were stated when
pepper pots were treated with B. rapa seed powder at the
rate of 6g/plant. The application of J. communis seed
powder recorded the second rank for the same parameters
(plant length :143.1 %, fresh weight: 116.6 %, dry weight
plant: 88.2 % and No. of leaves: 98.4 %) then R. sativus seed
powder (plant length :132.3 %, fresh weight :101.2 %, dry
weight plant: 85.3 % and No. of leaves: 97.9 %) at the rate
of 6g/plant.

Raising seed powder rates from 4g/plant to 6g/plant
in both S. alba and L. sativum recorded a decrease in the
pepper plant parameters as (plant length, fresh weight, dry
weight plant and leaf numbers). Moreover, the nematicide
krenkel (0.3ml/plant) pointed out a considerable
enhancement (plant length: 75.0 %, fresh weight: 43.6 %,
dry weight plant: 32.4 % and leaf numbers: 24.6 %).
Meanwhile, plant free of any tested materials and nematode
(check) showed reasonable percentage increase values
(plant length: 91.4%, fresh weight: 64.4%, dry weight plant:
52.9 % and leaf numbers: 28.3 %), comparing to nematode
alone (Table 3).

Table 3. Impact of seed powder of six plants species as soil amendment on growth parameters of pepper plants
infected with Meloidogyne incognita under greenhouse conditions

Plant growth response

Treatments Rate Plant Length (cm) Plant Fresh weight (g) Shoot dried W. (@) No.of Inc.
Shoot  Root Total Inc.% Shoot Root Total Inc. % wg Inc. % leaves %

Brassica 2g 270 14.09 41.09 76.7 16.0F 1029 26.2€ 60.7 4.4% 294 343 834

rapa 49 29.14 16.4¢ 45,5¢ 96.1 18.3¢ 113 2979 822 5.1d 50.0 35.6% 904

69 34.0% 22.42 56.42 143.1 225 131° 35.6* 1184 6.8° 100.0 37.3% 995

29 225N 11.5 34.0 46.6 13.3" 83" 216" 325 4.2f 235 243 299

Erucasativa 4g¢ 2459 12.9¢9h 37.3" 60.8 15.0% 84F 2349 436 43¢ 26.5 3232 727

6g 313 18.1¢ 49.5¢ 1134  205° 122° 32.7° 100.6 5.6° 64.7 3578 90.9

Juniperus 2¢g 21.3i 11.19 32.4 39.7 1220 739 195 196 4.1f 20.6 23.0°0 230

COMMUNS 49 24.89 13.29 38.0" 63.8 16.0€F  95¢ 2557 56.4 4.5% 324 337 802

69 35.02 21.4° 56.42 143.1 22.0° 13.3* 353 116.6 6.4° 88.2 3712 984

Lepidium 29 16.7% 9.3"_ 26.1‘_< 125 11.7 53 1700 43 4.1f 20.6 23.0° 230

sativum 49 23.2'_1 12.0“_' 35.2f 51.7 1459 8.4f 22.89 39.9 43¢ 26.5 32.3 727

69 21.00 10.3 31.3 34.9 13.20 739 204" 252 4.2f 235 253" 353

Raphanus 2g 280%® 153 43.3f 86.6 16.7¢ 103 27.0° 656 4.7¢ 38.2 34,00 818

sativus 49 28.8¢ 1537 44.2¢ 90.5 185% 10.5¢ 29.0¢ 779 4.8° 412 35.7% 909

69 33,50 20.4 53.9° 132.3 205> 124 328" 1012 6.3 85.3 37.08 979

Sinapis 29 26.0 13.79 39.79 711 16.3¢ 9.4¢ 257 577 4.4¢F 294 33.72  80.2

alba 49 32.0¢ 20.3% 52.4¢ 1259 20.3° 123" 32.7° 100.6 6.1° 794 37.3% 995

69 32.3¢ 18.2¢ 50.54 117.7 19.2¢ 114° 30.6° 87.7 5.4« 58.8 35.7%4  90.9

Krenkel 03ml 222N 18.4¢ 40.6° 75.0 15.5¢f 79" 2349 436 4.5¢ 324 23.3% 246
Only Nematode 14.2! 9.0% 23.2i - 9.8 64" 16.3 - 3.49 18.7¢

Plant free 24.69 19.8° 44 4° 91.4 17.8¢ 9.0° 26.8% 644 5.2d 52.9 24.0° 283
LSDp=5% 6.118 4,901 7.512 - 2872 3473 5011 - 0.299 3.24

Each treatment is an average of four replicates, percentage increase (Inc.%6) = (Treatment— Only nematode)/ Only nematode x100. Means in each
column followed by the same letter(s) did not differ at P<0.05 according to Duncan's multiple-range test.

The obtained results in Table (4) illustrated the
application of grinded seed powders for six plants species as sail
amendment, on nitrogen, phosphorus, potassium concentrations,
chlorophyll, and phenol total contents in leaves of pepper infected
with RKN at greenhouse. Overall, all tested materials increased
the percentages of nitrogen, phosphorus, potassium
concentrations and phenol contents as well as decreased the total
chlorophyll percentages to certain extent. R. sativus seed powder
(6g/plant) ranked the first of the tested applications and
significantly (P < 0.05) increase percentage values of N (143.6
%), P (216.5 %) and K (101.9 %), followed by those of B. rapa
and E. sativa seed powders (6g/plant) that averaged 124.8 &
117.1 %; 201.8 & 195.4 %, and 98.7 & 93.0 % for N, P, and K,

respectively. On the other hand, L. sativum seed powder
(6g/plant) ranked first and recorded significant (P < 0.05)
improvement in total phenol concentration (198.27 %), followed
by those of J. communis and S. alba seed powders that averaged
175.27 & 163.29, respectively.

However, L. sativum seed powder ranked first in
decreasing total chlorophyll content (45.09 & 17.40 and 16.01
%) at the rate of 6 & 4 & 2g/plant, respectively, followed by J.
communis seed powder (12.61%) at the rate of 4g/plant. It is
valuable to reminder that Krenkel nematicide recorded increase
percentages of N (86.3%), P (212.8%), K (63.3 %) and total
phenol concentration (48.55 %) as compared with uninoculated,
untreated, control pepper plants (Table, 4).
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Table 4. Effect of seed powders of six plant species as soil amendment on nitrogen, phosphorus, and potassium
concentrations as well as chlorophyll and total phenol in leaves of pepper infected with Meloidogyne

incognita under greenhouse conditions.

Chlorophyll Total

N Inc. P Inc. K Inc. Dec. Total Inc.
Treatments Rate content chlorophyll
mg/g % mg/g % mg{g % Amglg_B Mg/g malg %  phenol %
Brassica 2 214 829 0299" 1743 25K 582 0.719¢  0.498 1.2179 588 0415 19.94
rapa 4 2454 1094 0.311F 1853 294%® 861 0.7149 0.514¢ 1.228¢ 503 0536 5491
6 263" 1248 0329 2018 3.14° 987 0.734> 0533 1.267¢ 201  0.665" 92.20
2 173° 479 0.184" 688 233" 475 0715° 0502 1.2179 588 0.954° 17.72
Erucasativa 4 1.92m 641 0209 917 265" 677 0701  0.5049 1.205 6.81 04219 21.68
6 254° 1171 0322¢ 1954 305 930 0.695¢ 0.492¢ 1.1871 820 0.423" 2225
Juniperus 2 1549 316 0.159° 459 209" 323 0.683" 0483 1.166% 9.82 0541 56.36
communis 4 162F 385 0.171° 569 217 373 0.659° 0471 1.130" 1261 0.6689 93.06
6 184" 573 0.195" 789 247 563 0671" 0477" 1.148™ 11.21 0.954° 175.27
Lepidium 2 126 77 0122 119 1679 57  0.639% 0.4479 1.086° 16.01 0.716"° 106.94
sativum 4 143" 222 01469 339 198 253 0.627" 0.441 1.0681 1740 0.837¢ 141.91
6 135 154 0135 239 18 139 0494 0.316Y 0.710 45.09 1.0322 198.27
Raphanus 2 203" 735 0223« 1046 2769 747 0.711" 0511 1.222f 549 0412¢ 19.08
sativus 4 235 1009 03029 1771 297 880 07219 0.522¢ 1.243¢ 3.87 0475° 37.28
6 2852 1436 0345 2165 3.19% 1019 0.726° 0.544 1.270° 178 0.511" 47.69
2 215 838 0.136" 248 2779 753 0705 0501 1.206" 673 0614 77.46
Sinapisalba 4 240° 1051 0.264' 1422 292¢ 848 0.684  0.465° 1.149' 11.14 0.794¢ 129.48
6 2279 940 02511 1303 288" 823 0.645° 0457 1.102° 1477 0.911° 163.29
Krenkel 03ml 218" 863 0341° 2128 258 633 0598 0.375° 0.974" 24.67 0.514™ 4855
control 11 - 0.109¢ 158" - 0.7722 05219 1.2932 0.346"
Healthy Plant 211 803 0.346%° 2174 251 589 0585  0.349 0.934° 27.76  0.456° 31.79
LSDp=s5% 0.005 - 3.415 -~ 0036 - 2936  2.076 4.642 0.002

Means in each column followed by the same letter(s) did not differ at p<0.05 according to Duncan's multiple-range test.

Pi=1000 eggs of M. incognita

Increase % _Treatment— N alone

N alone

Application of seed powders for the six plant species;
Brassica rapa, Eruca sativa, Juniperus communis, Lepidium
sativum, Raphanus sativus, Sinapis alba as soil amendment had
a significant effect (P < 0.05) on nematode development and
plant growing parameters with different degrees. The application
of mustard, S. alba seed powder at the highest rate (6g/plant)
overwhelmed other treatments and accomplished the highest
reduction percentage of nematode parameters. The nematicidal
impact of the tried mustard may conceivably be credited to their
high substance of certain oxygenated intensifies which are
portrayed by the lipophilic properties that empower them to break
up the cytoplasmic film of nematode cells and their practical
gatherings meddling with the compound protein structure
(Knoblock et al., 1989; Salem et al., 2015). The present data
agreed with Oka, 2010 who stated that treatment with plant
grinded seed reduced the number of M. incognita in the soil due
to the altered nutrient status of the soil after amendments with
dried seeds or due to the toxic substances (allelochemicals) that
were added to the soil either directly from the seeds or through
their products of microbial degradation and due to the
enhancement of the antagonistic organisms in the soil. Salem et
al., (2012) found that components of isothiocyanates from Ammi
visnaga, Sinapis alba, and Lepidium sativum seeds, separately
affected the degree of nematode reduction parameters and
increase in weight of the plant. Juniperus species have been
extensively investigated as a source of natural products with
potential  antibacterial,  antifungal, and insecticidal
activities (Tumen et al., 2013).

Several researchers stated that plant species generally
considered as biofumigation are belonging to the family
Brassicaceze i.e., Brassica rapa (turnip),

*Each value is a mean of three replicates.
x100 ¢« Reduction % = (N alone — Treatment)/ N alonex100

N= Nitrogen, P= Phosphorus, K= Potassium,

Brassica oleracea (broccoli, cauliflower), Raphanus
sativus (radish), Brassica napus (canola, rapeseed), cv. AV
Jade, Eruca sativa (salad rocket, arugula), cv. Nemat, B.
juncea (Indian mustard) cv. Caliente 199, and various mustards,
such as Sinapis alba (mustard) (Sarwar et al., 1998; Hartz et
al., 2005; Everts etal. 2006; Monfort etal., 2007; Lopez-Perez et
al., 2010; Kago et al. 2013; Edwards and Ploeg, 2014).

The instability of most isothiocyanates (ITCs) and other
glucosinolates (GLS) hydrolysis products led to coining the term
biofumigation to describe the suppression of soil-borne pests and
pathogens by biocidal volatiles released from Brassica rotation
and green manure crops or seed meal amendments incorporated
into the soil (Smolinskaet al.1997; Anguset al. 1994,
Matthiessen and Kirkegaard 2006).

Amendments of brassica reduced the pathogenic agents.
This reduction may be a cumulative effect of bio-toxic volatile
compounds released during the decomposition of the residues at
prevalent high soil temperatures (38 — 42°C) and subsequent
microbial antagonism. Sulfur-containing volatile substances are
toxic to many fungi (Lewis and Papavizas, 1971). Reduction
occurring of M. incognita, infecting tomato in a glasshouse, in
soil amended with M. chamomilla, followed by soil treated with
powdered seeds of Ammi majus, Solanum nigrum, Ricinus
communis, and Eucalyptus sp. Was reported by Radwan et
al. (2012). Amendments with seed meals in soil from varieties of
Brassica juncea, B. napusandS alba, infected by M.
incognita and Pratylenchus penetrans showed thatB. juncea
was by far the most suppressive against both nematode
species. B. napus “‘Sunrise’” was instead the least nematotoxic,
while S. alba ““Ida Gold” and B. napus ‘Dwarf Essex”’ showed
an intermediate suppression of the nematodes (Zasada et
al. 2009).
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The present results could be clearly related to the
different amounts and types of GLSs in the brassicaceous
material: sinigrin (2-propenyl GSL) was the main
component (99% of total GLS) in B. juncea, while the main
GLSs in B. napus was 4-hydroxyglucobrassicin (4-hydroxy-
3-indolylmethyl) and gluconapin (3-bute-nyl) respectively.
Glucosinalbin (4-hydroxy-benzyl) was the predominant
(96% of the total) GLS in S. alba. The same seed powder
amendments provided no suppression of nematodes when
added to infected soil after inactivation with hot water to
degrade GLSs and volatilize decomposition products
(Avato et al., 2013).

Similarly, soil amendments using a synthetic
formulation of defatted B. carinata seed meal, containing
more than 98% of 2-propenyl GLS (sinigrin), have been
found to significantly reduce the infestation of M.
incognita in the greenhouse on zucchini and increasing the
crop yield (Lazzeri et al., 2009). The strong suppression
against root-knot nematodes by B. juncea seed meal with a
high sinigrin content further confirmed the nematotoxic
potential of this phytochemical (Olivera et al., 2011).

Seed meals (high in nitrogen) of various brassica
crops have also been used to reduce plant parasitic nematode
numbers in soil (Curto et al., 2016; Meyer et al., 2011). The
major GSL compound differs greatly in different brassica
crops, such as 4-hydroxy benzyl GSL (sinalbin) in S. alba
(cv. Ida Gold), 2-propenyl GSL (sinigrin) in B. and 3-
butenyl GSL in B. napus (Zasada et al., 2009). B. juncea
seed meals showed a relatively better suppressive effect on
Pythium spp. and Pratylenchus penetrans populations in
apple orchard compared to B. napus or S. alba seeds
probably because B. juncea produces Allyl ITC in greater
quantity of the other two (Mazzola et al., 2007, 2009).

However, the consistent suppressive effect of seeds
on nematode populations (regardless of GSL content) was
also attributed to the nematicidal and nematostatic effect of
ammonia liberated from seed amendments (Mazzola et al.,
2007, 2009). The role of seed particle size in influencing the
nematotoxic effect cannot be ruled out. Ground S. alba
seeds had a greater suppressive effect on P. penetrans than
larger particles, indicating that smaller particles are evenly
distributed in the soil profile while larger particles create
pockets of toxicity to which not all nematodes are exposed,
in comparison, B. juncea seeds showed greater nematode
toxicity than S. alba, i.e., 2.5 and 10% S. alba (w/w) were
required for 100% suppression of M. incognita and P.
penetrans respectively, while 0.5% B. juncea is required for
100% suppression of both nematodes (Zasada et al., 2009).

The present research indicated the potential of
screened plant seed powders as organic amendments to
control M. incognita under greenhouse conditions.
However, further studies are needed under field conditions.
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