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ABSTRACT

The stock solution 10% and half stock solution 5% of three oils namely; mineral oil (Diver oil 97 %
EC), plant oils marjoram oil (Origanum majorana L.) and orange oil (Citrus aurantium L.), as well as two
species of bacteria Bacillus megaterium and BTS: (Bacillus poylmyxa) at two concentrations showed nematicidal
activity against egg-mass and second stage juveniles of Meloidogyne incognita (Kofoid and White) Chitwood in
vitro experiments. Egg hatching and juvenile mortality were significantly (P < 0.05) influenced by tested
materials, concentration and exposure time. B. megaterium , diver oil and marjoram oil gave a higher effect, while
B. poylmyxa was the lowest effective one. In case of juvenile mortality, B. poylmyxa , diver oil and marjoram oil
gave the highest percentage of juvenile mortality (75.14, 73.00 and 61.85 %) after exposure to stock solutions
(10%) and (53.00, 67.42 and 52.57 %) when exposed to half stock solution (5%) after seven days of treatment,
respectively. Under greenhouse conditions, results indicated that, oxamyl, dry leaf powder of moringa (Moringa
oleifera) and B. megaterium were the most effective in suppressing root galling of M. incognita infecting
cucumber plants. Minimum number and gall size particularly > 4mm was recorded in cucumber plants treated by
oxamyl, moringa and B. megaterium. Data showed that moringa and B. megaterium could be used to increase
crop yield of cucumber plants and for controlling root — knot nematode, M. incognita.
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INTRODUCTION

Phytoparasitic nematodes are among the most
difficult crop pests to control (Chitwood, 2002). Among of
phytonematodes,  Meloidogyne  genus  particularly,
Meloidogyne javanica, M. incognita, M. arenaria, and M.
hapla, are of major agronomic importance and caused least
90% of all damage caused by these nematodes (Castagnone
-Sereno, 2002).

Root-knot nematodes, M. incognita (Kofoid and
White) Chitwood (Tylenchida: Meloidogynidae) are the
most damaged nematode species especially in the tropical
and subtropical regions like Egypt, threatening the quality
and quantity of infected crop yield and widespread
throughout the world and are responsible for considerable
yield losses of a wide range of cultivated crops causing an
estimated $ 100 billion loss/year worldwide (Oka et al. ,
2002). As result of wide host range, M. incognita may be the
plant pathogen responsible for the greatest losses in food
production throughout the world (Trudgill and Block, 2001).
Infected plants show typical symptoms including root
galling, stunting and nutrient deficiency, particularly
nitrogen deficiency. In Egypt, this species is considered one
of the most common important plant—parasitic nematodes
which cause considerable damage to majority of economic
crops especially in new reclaimed areas with sandy soils
(Ibrahim, 1985).

Various ways have been used to control problems
created by Meliodogyne species varied greatly by using
different methods such as cultural practice , resistant
cultivars and synthetic chemical nematicides which play the
main role recommended for the control of root- knot
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nematodes (RKN) and targeted by 48% of globally use
across crops (Coyne et al. , 2009). In developing countries,
although chemical nematicides brought instant relative and
prove to be efficient efficacy, the expansive cost of chemical
control with most rural farmers not easy for them to
accessible for the resource-poor farmers.

The nematicides have been applied widely to control
this plant - parasitic nematodes with fast - acting and
considerable results. On the other hand, these nematicides
are unfriendly methods, costly and such as aldicarb residues
which exceeded the reference dose in orange fruit at Sharkia
Governorate, Egypt (Tchnouneou et al. 2002). They are very
toxic, non-biodegradable and posed hazards to farmers and
non-target groups (Chitwood, 2002; Oka et al., 2014; Bello
et al., 2019). Also, using resistant cultivars are not available
for many crops and repeated use of theses cultivars can
select virulent biotypes that break resistance (Whitehead,
1988).

In the recent years, much attention had been given to
the control of RKN infestation by biological agents (such as
bacteria, fungi, actinomycetes and viruses) that reduce the
number of disease producing activities of the pathogens
(Symondson et al., 2002). Natural substances of certain
plants which are harmless to mammals, easily obtainable,
are environment friendly and can be integrated with other
control procedures. Furthermore, many authors reported the
nematicidal effect of orange oil (Shawky et al. , 2010). Plant
extracts of chinaberry, datura, marigold and oleander
increased biomass of infected pepper plants and decreased
reproduction of M.incognita (Ali et al.,2018). Also, plant
extracts of Origanum majarana containing some substances
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reduce the nematode populations. (Saravanapriya et al.,
2004, Shawky et al. , 2010).

The main view of the present study was to test eco-
friendly materials belong to plant oils , mineral oil and
bacteria species as compared to chemical nematicides ,
oxamyl on hatching of egg masses and free eggs as well as
juvenile mortality (J2) of M.incognita in vitro to determine
whether these oils and bacterial species are nematicidal or
nematostatic (disorienting, immobilizing), cause inhibition
of hatching or kill the eggs, reduce the invasion and check
the development of nematodes after invasion.

Moreover, evaluate their effect on reproduction of
M.incognita infecting cucumber plants under greenhouse
conditions.

MATERIALS AND METHODS

Culturing of the root knot nematode, M. incognita and
preparation of nematode inoculum for use in in vivo and
in vitro tests:

Pure culture of M. incognita, was maintained in the
greenhouse on the tomato susceptible cultivar Super Strain B
for using as source of inoculum. A single egg mass was used
to establish a nematode population. Species identification
was based on juvenile measurements and examination of
perineal pattern system of adult females according to
Eisenback et al., (1981) . Infected tomato roots were cut into
pieces of 2cm long and placed in a 600 ml flask with 200 ml
of 0.5% sodium hypochlorite (180 ml water + 20 ml
Clorox). The tightly capped flack was shaken for 3 minutes.
The shaking partially dissolved the gelatinous matrix and
thus freeing eggs from egg-masses (Hussey and Barker,
1973). The liquid suspension of eggs was poured through a
200-mesh sieve nested upon a 500-mesh sieve. Eggs
collected on the 500 mesh sieve were immediately washed
free of residual sodium hypochlorite solution under a slow
stream of tap water and incubated in Petri dishes at 24+2°C
until hatching. Newly hatched juveniles were collected by
using a micropipette (EI-Ashry et al., 2019).

Egg-masses of equal size needed to study the effect
of the tested extracts on egg hatching of M.incognita were
hand-picked with fine forceps from small galls on the
infected tomato roots obtained from previously maintained
pure culture. The collected egg-masses were surface
sterilized in 1:500(v/v) aqueous solution of sodium
hypochlorite (Clorox) for 5min (Hasseb et al.,2005).
Bacteria, seed oils and mineral oil used in the experiments:

The experiments were conducted with three oils,
namely; mineral oil (Diver oil 97 % EC), plant oil (marjoram
oil (Origanum majorana L.) and orange oil (Citrus
aurantium L.)) which obtained from National Research
Center, Cairo, Egypt.

As well as, two species of bacteria Bectogrow roots
(Bacillus megaterium) obtained from SCAD Company bio-
fertilizer — Egypt and BTS; (Bacillus poylmyxa) 5 L. /200 L.
obtained from El Sadat City — Egypt.

Preparing of oils and bacteria used in the experiments:

The experiments were conducted with three oils of
mineral oil (diver oil), plant oils (orange oil and marjoram
oil) as well as, two commercial bacteria products (B.
megaterium and B. poylmyxa).

To prepare standard solutions (S), required amounts
of these oils (10 mi/liter) were dissolved in a small quantity
of water and 2 drops of the surfactant. Then, Tween 80 0.5%
v/iv were added and then volume was made up 1liter with
distilled water only. With these arbitrarily standard solutions,
half concentration of oils (S/2) was prepared by diluting with
distilled water for different experiments. In bacteria
treatments, the standard concentration of 10 8 cfu/ ml and
half standard concentration (S/2), 10 * cfu/ ml were used.

In vitro bioassay:
Effect of bacterial spp., plant oils and mineral oil on
immobility and mortality of M. incognita juveniles.

The assessment was carried out in a 9-cm diameter
Petri dishes containing total volume of 10 ml of different
tested materials and their two concentrations (S and S/2).

The experimental concentrations, S and S/2 in three
tested oils and 108 & 10* cfu/ ml, were prepared from the
stock by adding the requisite amount of distilled water (DW)
including 0.1 ml of nematode suspension, carrying 100
freshly hatched juveniles. Petri dishes were covered with
lids, randomized in a moist chamber and incubated at 25 + 3
°C and numbers of emerged or dead juveniles were
calculated daily using a research microscope (100 x
magnifications) , but tables contained only data of 1,3 ,5,7
and 10 days after treatment. Distilled water (DW) was used
as the control. Each treatment replicates five times.

About 50 juveniles were observed under a stereo
dissecting microscope at 35. Then treated nematodes were
washed off on a 20-mm polyethylene sieve. After washing, a
5-ml nematode suspension was transferred to a clean dish
and left at 25 + 3 °C. After 24 h the nematodes were again
monitored at 35x. Nematodes were considered immobile if
they failed to respond to stimulation with a bristle. Up to 10
nematodes which still remained inactive were handpicked
and stained in New Blue R. to differentiate between live and
dead nematodes (Shepherd, 1962).

All the nematodes which did not recover in water
after 24 h were stained dark blue indicating that they were
dead. Care was taken that during evaluation; there should be
shallow layer of extract, so that enough oxygen should be
available to nematodes. At various time intervals, the
numbers of immobile nematodes in each treatment were
recorded. Evaluation of egg immobility was made three
times consisting of four plates per experimental unit,
repeated on two occasions and analyzed independently.

In vitro evaluation of ovicidal and nematicidal effect of
plant oils, mineral oil and bacteria species on M.incognita:
A-Effect on free eggs and J2 of M.incognita:

The two concentrations (10 8 &10 # cfu/ ml) of
bacteria species (B. megaterium and B. poylmyxa) and three
oils of diver oil, orange oil and marjoram oil (stock solution
(S) and half stock solution (S/2)] were evaluated in vitro by
adding 10 ml from each of them in Petri dishes (5 cm
diameter). While control treatment supplanted by 10 ml of
distilled water only. In vitro tests of evaluation, 0.1 ml
containing of 200 free eggs of Meloidogyne incognita or 100
infective juveniles (J2) were added to each Petri dish to test
efficacy of bacterial species and oils as ovicidal or
larvicidal. All treatments were incubated at 25+ 3° C and
numbers of emerged or dead juveniles were calculated daily
using a research microscope (100 x magnifications) , but
tables contained only data of 1 ,3 ,5,7 and 10 days after
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treatment. Percentage of hatching inhibition or dead J; in
comparison with negative treatment (control) was calculated
according to according to Abbott (1925) formula:

Egg hatching inhibition (96) = CONtrol - treatment
Control
Mortality (%) = (No. of dead juveniles/Total number of juveniles) x 100
B-Effect on M. incognita egg-masses:

A healthy and uniform five egg- masses of M.
incognita were added to 10 ml of prepared concentrations of
three tested oils and two bacteria species.

To evaluate the ovicidal and larvicidal of tested oils
and bacteria, 10 cm diameter of Petri dishes was provided
with 10 ml of prepared concentrations of bacteria and
botanical oils were added to each petri dish. Petri dishes in
control treatment contained only distilled water. The same
protocol as in free eggs or J2 was used to calculate daily
number of J2 emerged from treated egg- masses by
incubating dishes at 25 £3° C by using a research
microscope (100 X magnifications) and table contained data
of 1,3,5, 7 and 10 days after treatment. Moreover, the
following equation was used to calculated percentages of
hatching inhibition.

100

(%) = Control - treatment
Control

Egg hatching inhibition 100

Greenhouse Experiments:

Seeds plants, Cucumis sativus L. cv.012 seedlings
were sown in 15 cm diameter plastic pots filled with 1500 g
mixture of sterilized sandy soil (77.5% sand , 11.5% clay ,
7.1% silt, 65 g peat moss , and 3 mg urea fertilizer per kg of
soil). After four weeks of sowing, seedlings were thinned to
three plants per pot. Inoculum of M. incognita were adjusted
to 1000 J2/ml and one ml contains 1000 1Js of newly
hatched juveniles were used to each cucumber plant. 1Js
were poured into three holes around root system of each
plant and directly covered with moist soil after inoculation.
Effectiveness of bacteria, oils and dry leaf powder of
moringa and water hyacinth on plant growth of infested
cucumber plants:

The greenhouse experiments were conducted in
Plant Protection Department, Faculty of Agriculture ,
Zagazig University , Egypt on the cucumber plants |,
Cucumis sativus L. cv. 012 as a sensitive host plants.

The investigated treatments included: untreated
plants without J2 infection (as negative control), infected
plants with J2 (as positive control) as well as, treatments
received 10 g of grinded moringa and water hyacinth. 25 ml
stock solution of diver oil , orange oil and marjoram oil
fplant ; 25 ml of standard solution (10® cfu/ ml) of two
bacteria species compared with treatment of 10 ml volume
of, oxamyl nematicide (0.2 ml formulation/plant) diluted in
10 ml water and poured near the stem.

Ten grams of dry leaf powder of moringa and water
hyacinth were incorporated with the upper 5 cm of soil
around each plant as described by (Refaat et al., 2020).

All plants were inoculated with 1000 newly hatched
infective juveniles of M. incognita. 25 ml of prepared stock
solution of tested oils and two tested bacteria species and 10
ml volume of oxamyl (0.2 ml formulation/plant) was applied
to cucumber seedlings. Plants of positive control treatment
were inoculated with M. incognita alone besides healthy
plant (without nematode inoculum or other tested materials).

Each treatment was replicated five times. All pots were
arranged in a randomized complete design in the greenhouse
at 27+3°C. , and received similar horticultural treatments.
The cucumber growth responses and RKN
pathogenesis-related parameters were investigated after 60
days. Plant growth parameters were shoot and root fresh
weight and leaves number/plant were assessed. Whereas, the
nematode parameters included number of galls, egg masses,
and 1Js /250 g soil. Also, root gall and egg mass indices
(RGI and EI) and reproduction factor (RF) were evaluated.
Reproduction of RKN as (RF) the equation of [RF
=Pintial/ Prina] Was estimated in 100 g soil and nematode
population included (number of J2 in soil) by using a
combination of sieving and Baermann trays extraction
technique (Hooper, 1990). Gall diameter intervals were
assessed according to (El -Ashry et al., 2020) whereas root-
knot index (RKNI) was evaluated using the scale proposed
by (Tylor and Sasser, 1978). To prevent all uprooted
cucumber plants from drying, tissue papers were used to
cover plants until the end of recording the various
measurements. The parameters changing (%), increase or
reduction assigned to negative or positive control values, and
the current equations were used.
Reduction (%) = ((Control — Treated)/Control) x 100
and Increase(%) = ((Treated — Control)/Control) x 100
Moreover, a parallel experiment was conducted to
evaluate effectiveness of the three botanical oils and two
bacteria species application on the development of M.
incognita population when a single egg mass was placed
into amended soil prior to planting of cucumber. Greenhouse
temperature was 25+3°C and all plants received similar
horticultural treatments. The following protocol was used to
estimate development of M. incognita population as follows:
Soil was amended with 40 ml of standard
concentration of three botanical oils and 40 ml (108 cfu/ ml)
of two bacteria species as described before. Sterilized plastic
pots with formalin solution (5%) filled with 1500 g steam-
sterilized soil (2:1 v/v sandy soil: clay soil) and kept at
water-saturated capillary mat. Three days after treatment of
tested materials, a single egg mass of M. incognita was
placed in the center of each pot. Soil without amendment
served as control treatment. Each treatment was replicated
five times. After one week, 25-day-old cucumber plants
were transplanted individually into treated pots and then
each pot was placed in a plastic plate to avoid cross
contamination. After two months of cucumber planting,
plants were gently removed from pots and soaked in distilled
water for one hour. The roots were stained in phloxin B and
total root gall numbers and egg masses index (RGI and El)
were calculated (Bridge and Page, 1980).
Statistical analysis
Data were subjected to oneway analysis of variance
(ANOVA) using CoStat V 6.451. Means were compared by
Duncan’s multiple range test at P < 0.05 probability

RESULTS AND DISCUSSION
Effect of tested eco-friendly materials on hatching of M.

incognita free eggs.

Tested half stock solution of B. megaterium, B. poylmyxa
and diver oil significantly inhibited hatching (P < 0:05) from
the control, whereas orange oil had a small stimulating effect
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on hatch (Fig. 2). By increasing concentration of tested
materials, hatching was inhibited accordingly (Fig. 2).

When egg masses were replaced into water, hatching
resumed (Fig. 1a&2a). Number of emerged J2 increased by
increased of time exposure intervals in control treatment to
reach the maximum number (1071.6) of M.incognita J2 after
10 days of treatment . Percent of egg immobility was
increased by time of exposure and tested concentrations
(Fig. 1b&2b) and s concentration was more effective than
S/2 with all tested materials. On the other hand, percentages
of dead eggs reached to 25.6 , 19.9 and 16.8 % after 5 days
of exposure to S concentration in Petri dishes treated with of
B. megaterium, B. poylmyxa and diver oil, respectively. The
parallel values with S/2 concentration were 21.36, 17.39 and
13.28% in Petri dishes treated with B. megaterium, B.
poylmyxa and diver oil, respectively.

After 7 and 10 days, the hatching increased
significantly (P < 0:05) even for egg masses which were
exposed to higher concentration of B. megaterium (39.6%),
B. poylmyxa (31.70 %)and diver oil (25.80%) whereas,
orange oil (20.40%) was the least effective one after
exposure to s concentration (Fig.1 ¢). percentages of dead
eggs in Petri dishes treated with S/2 concentration were
34.25 , 28.60 , 22.40 and 18.80 % for B. megaterium, B.
poylmyxa , diver oil and orange oil, respectively. On the
other hand, hatched juveniles within tested bacteria or
botanical oils remained inactive for some time depending on
the concentration and then revived even in the presence of
tested eco-friendly materials or when transferred to fresh

distilled water. A completely survive juveniles was obtained
when put in water.
Ovicidal activity of tested bacteria and seed oils on
hatching of M. incognita egg masses:

The egg hatching of M. incognita was significantly
(P < 0.05) inhibited by the exposure of egg — masses to the
tested concentrations (10 7 and 5 %) used to judge the
ovicidal effect of the tested materials (Table 1). The
inhibitory effect varied according to material type,
concentration and exposure time. One day after exposure,
percentages of egg hatching inhibitory were 88.12, 83.11,
84.69, 19.78 and 39.31% with B. megaterium , B. poylmyxa ,
diver oil , orange and marjoram oil, respectively. After 3 and
5 days, the highest ovicidal effect was detected with
marjoram oil followed by Bacillus poylmyxa , B.
megaterium and Diver oil, at the tested stock solution
recording 89.63&91.93, 84.14&87.96 and 86.58&89.16
9.00% respectively. After 7 and 10 days of treatment, the
inhibition effect of the tested material was expanded to reach
a relatively higher values at stock solution (10%) i.e., 88.15
&78.10 , 84.78&71.10 , 88.53& 77.11 , 55.20 &35.19 and
50.51 &51.43% with B. megaterium, B. poylmyxa , , diver,
orange and marjoram oil, consequently. Generally, the rate
of egg hatching inhibition was inversely proportion to the
dilution of the tested materials. As the dilution decreased to
half (5%), the same trend was found at the tested materials.
The distilled water (control) gave significantly (P < 0.05)
highest number of eggs that hatched compared to other
treatments recording 75.80 , 295.20 , 734.40 , 938.40 and
1071.6 after 1, 3,5, 7 and 10 days, respectively.
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Table 1. Eggs hatching inhibition percentages of M. incognita after exposure to stock and half-stock solution of tested

bacteria species and oils on eggs in vitro.

Concentration Exposure time  Distilled water Bacillus B. Diver Orange Marjoram
(Viv) (Day) (DW) megaterium poylmyxa oil oil oil
1 75.80a 9.00d 12.80d 11.60d 60.80b 46.00c
’ (88.12) (83.11) (84.69) (19.78)  (39.31)
3 29520 a 30.60d 46.80 d 39.60 d 231.60b 109.80c
: (89.63) (84.14) (86.58) (21.54)  (62.80)
. 59.20 e 88.40d 79.60 de 295.60b 250.60c
Stock solution 5 734402 (91.93) (87.96) (89.16)  (59.74) (65.87)
7 938.40a 111.20e 142.80d 107.60e 420.40c 464.40b
’ (88.15) (84.78) (88.53) (55.20) (50.51)
10 1071.6a 23460 e 309.60d 24520 e 694.40b 520.40c
: (78.10) (71.10) (77.11) (35.19) (51.43)
1 7580a 27.20e 39.20d 33.60de 61.60b 54.00c
. (64.11) (48.28) (55.67) (18.73)  (28.75)
3 29520 a 100.80d 190.00 ¢ 106.40d 231.20b 263.80 ab
: (65.85) (35.63) (63.95) (21.68) (10.63)
: 231.20d 353.60 ¢ 238.80d 449.20b 373.80c
Half-Stock solution 5 734.40a (68:51) (51.85) (67.48) (3883)  (49.10)
7 038.40a 309.20c 571.20b 326.00c 583.20b 564.40b
’ (67.05) (39.13) (65.26) (37.85) (18.96)
10 107164 568.00 664.40d 617.20de  856.00b 760.40c
’ (46.99) (37.99) (42.40) (20.11)  (29.04)

**Figures in parenthesis are percentages of egg hatching inhibition in comparison with control of distilled water according to the following formula:

Egg hatching inhibition (%) = Control - treatment _, -
Control

***Different letters in the same row indicate significant differences (P < 0.05) according to Duncan's multiple range test.

Larvicidal Activity of tested materials on second stage
juveniles of M. incognita in vitro:

Likewise, the tested materials were found to be
significantly (P < 0.05) effective against juveniles of M.
incognita. Among which B. megaterium and diver were the most
effective materials followed by marjoram oil then orange oil
then, while B. poylmyxa was the lowest toxic one. As exposure
time increased from 1 to 10 days after treatment, larvicidal effect
of the tested materials was increased at both tested concentrations
(Table 2). The highest value of juvenile mortality was detected
with Diver oil at stock solution after 10 days of exposure (89.85
%) followed by B. megaterium (89.57%), marjoram oil
(84.14%), orange oil (37.85%), while B.polmyxa (25.85%) was
the lowest toxic one at the same concentration and exposure

time. The respective values for these tested materials at half stock
solution (5%) after the same period were 84.42 %, 72.85 %
69.28 %, 33.28% and 3.71% , with diver oil, marjoram oil, B.
megaterium, orang oil and B. poylmyxa, consequently.
Generally, the nematicidal effect of the tested materials on M.
incognita juveniles were directly proportioned to concentration
and exposure time. As the concentration and exposure time
increased, percentage mortality was increased also. After 7 days ,
standard dilution of B.megaterium , diver oil , marjoram oil,
orange oil and B. poylmyxa caused 75.14 %, 73.00 %, 61.85 %,
26.14 % and 23.00 % , while half stock solution (5%) after the
same period gave 67.42 % , 53.00 % , 52.57 %, 19.57 % and
19.82 % in case of B.megaterium , diver oil , marjoram oil,
orange oil and B. poylmyxa, respectively.

Table 2. Mortality percentage of M. incognita juveniles exposed to stock and half solution of tested material at

different exposure periods in vitro.

Concentration (v/v) Exposure time (Day) Control Bacillus megaterium B. poylmyxa Diver oil Orange oil Marjoram oil
1 0.14f 2657a 285e 2471b 11.42d 20.00c
3 257e 84.14a 1042¢e 84.14a 3442c 7342b

Stock solution 5 114 f 55.00a 20.28¢ 4742b 19.57d 4100c
7 185f 7514 a 23.00d 73.00b 26.14d 61.85¢
10 371e 89.57a 25.85d 89.85a 37.85¢c 84.14b
1 0.14f 16.42a 1.71d 16.00 a 428¢ 11.85b
3 257e 62.42b 7.14d 75.85a 26.14c 6257b

Half-Stock solution 5 114f 4042a 16.57d 38.85a 1057 ¢ 33.00b
7 185f 53.00b 19.85d 67.42a 19.57¢ 5257h
10 371e 69.28 21.85¢e 84.42a 33.28d 72.85b

***Different letters in the same row indicate significant differences (P < 0.05) according to Duncan's multiple range test.

Effect of bacteria, oils and dry leaf powder of moringa and
water hyacinth on plant growth of infested cucumber plants
The obtained results presented in Table (3) revealed that
the effect of curative treatments of abovementioned materials on
growth of cucumber plants was indicated by fresh root weight
and shoot fresh weight , it was clear that all tested treatments
ameliorated growth of the sponge gourd to certain extend as
compared to plants inoculated with M. incognita alone.
Generally B.megaterium , Diver oil , orange oil , marjoram oil ,
moringa and B. poylmyxa Surpassed water hyacinth in
improving plant growth parameters percent increase in root fresh
weight and shoot fresh weight in treatments of B.megaterium ,

Diver , orange , marjoram , moringa, B. poylmyxa And water
hyacinth were 16.91 (25.36) , 7.30 (19.12) , 5.63 (13.38) , 1.04
(7.92) , 40.08 (7.10) , 4.80 (9.10) , 1.25 (2.55) % , respectively.
The parallel values in oxamyl treatment were 37.16 and 43.26 %,
respectively. For number of leaves /plant, it was clear that of the
eight tested materials oxamyl significantly improved number of
leaves/plant (76.92) compared to control (48.00). Regarding to
nematode parameters, results in Table (3) showed that oxamyl
significantly had high effect which recorded 78.82 % reduction
in root galling followed by moringa (63.21%) and B.megaterium
(41.40%). The least percentage reduction of root galling was
recorded with water hyacinth treated plants (10.19%).
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Percentages of reduction in egg — masses could be
arranged in ascending order as follows : water hyacinth (17.23%)
, orange (25.54%) , B. poylmyxa (27.28%) , marjoram (30.67%) ,
Diver (30.93%) , B.megaterium (46.08%) , moringa (46.86%6)
and oxamyl (74.93%). Also , number of galls (diameter > 4mm)
significantly decreased to reach 17.00 , 21.00 , 24.80 , 26.40,
2940, 30.20 and 33.20 with moringa , B.megaterium , Diver,

orange , marjoram , B. poylmyxa and water hyacinth |
respectively. However no galls (> 4mm) were recorded with
oxamyl. Maximum percentages of reduction in soil juvenile
number per 100 g soil were recoded when plants treated with
oxamyl (79.47%) followed by moringa (46.82%) and
B.megaterium (36.84%).

Table 3. Changes in Plant parameters, nematode parameters and soil parameters of cucumber Plants, Cucumis sativus
L. cv. 012 infected with J2 of Meloidogyne incognita after treatment with bacteria, botanical oils, dry leaf
powder of moringa and water hyacinth in comparison with oxamy! under greenhouse conditions.

Plant parameters Nematode parameters Soil parameters
Treatments Fresh root Fresh shoot Number No.ofgalls No. No.egg No. 1Js/100¢g
weight (% weight (% of leaves/ (&4 gall>4 masses (% soil (%
Increase)  Increase) plant  Decrease) mm  Decrease) Decrease)
untreated plants 7.36 a 16.79a 15.00 a 0.00 h 0.00 f 0.00 f 0.00 g
(34.91) (34.60) (48.00)
Positive control infected with RNK M. incognita ~ 4.79 e 10.98 f 7809 125.60a 34.80a 153.20a 418.00a
M.incognita + B. megaterium 5.60c 13.34c 11.80c 73.60f 21.00d 8260d 264.00d
(16.91) (25.36) (51.28) (41.40) (46.08) (36.84)
M.incognita + B. poylmyxa 5.02 de 11.98e 9.00e 98.00cd 30.20abc 111.40b 31540b
(4.80) (9.10) (15.38) (21.97) (27.28) (24.54)
M.incognita + Diver oil 5.14d 13.09cd 1060d  10420d 24.80c 105.80c 308.00¢c
(7.30) (19.21) (35.89) (17.03) (30.93) (26.31)
M.incognita + Orange oil 5.06 de 12.45d 940 e 11040bc 2640cd 114.20b 324.80b
(5.63) (13.38) (20.51) (12.10) (25.54) (22.29)
M.incognita + Marjoram oil 4.84 de 11.85ef 8.60 ef 108.60bc 2940bc 106.20ab 337.80b
(1.04) (7.92) (10.25) (13.53) (30.67) (19.16)
M.incognita + Moringa 6.57b 11.76 ef 1320 b 46.20e 17.00e 81.40d 222.20e
(37.16) (7.10) (69.23) (63.21) (46.86) (46.84)
M.incognita + Water hyacinth 4.85de 11.26ef 8.20f 11280b 3320ab 126.80 b 311.80b
(1.25) (2.55) (5.12) (10.19) (17.23) (25.40)
M.incognita + Oxamyl 6.71ab 15.73b 13.80b 2660g 0.00f 3840e 85.80 f
(40.08) (43.26) (76.92) (78.82) (74.93) (79.47)

The same letter (s) in columns indicates no significant differences at P < 0.05 according to Duncan's multiple range test.

Control - Treated
Control

The obtained results revealed that all treatments
significantly (p< 0.05) reduced galling (as indicated by number
of galls) and reproduction (as indicated by number of egg —
masses on roots and number of juveniles in soil) compared to
plants inoculated with M. incognita alone. Data showed that
oxamyl proved to be the most suppressive on root knot
nematode , M. incognita infesting cucumber which recorded
(26.60) followed by moringa (46.20) then B.megaterium
(73.60). Gall ratings were lower for chemical pesticide

Reduction (%)= %100

Treated - Control
Control
(oxamyl), B.megaterium, moringa, B. poylmyxa with root
galling 3.0,4.0,4.0, and 4.0, respectively (Table 4).Concerning
egg masses index , data revealed that , oxamyl of all tested
materials gave good results as compared to other tested
materials recording the lowest value (3.0). Maximum
percentage of reduction in soil juvenile number per 100 g soil
was recorded when plants treated with oxamyl (79.47%) and
therefore the lowest reproduction factor (0.686) was detected

with oxamyl.

Increase (%)= %100

Table 4. Efficacy of bacterial species, oils, dry leaf powder of moringa and water hyacinth in comparison with oxamyl

on galling and reproduction of M.incognita infecting

cucumber plants, C. sativus under greenhouse

conditions.
Root parameters Soil and root parameters
No.of RootGall  Egg masses Nematode population density (J2) 100g
Treatments galls Index Index Soil /plant/Pot
El RGI Final population ~ Reproduction factor
(% Reduction) (RF=Pf/Pi)

Positive control infected with RNK M. incognita 125.60 a 5 5 418.00 a 3.344

M.incognita + B. megaterium 73.60 f 4 4 264.00 d 1.698
(36.84)

M.incognita + B. poylmyxa 98.00 cd 4 5 31540 b 2523
(24.45)

M.incognita + Diver oil 104.20 d 5 5 308.00 ¢ 1.630
(26.31)

M.incognita + Orange oil 110.40 bc 5 5 32480 b 2.598
(22.29)

M.incognita + Marjoram oil 108.60 bc 5 5 337.80b 2.702
(19.18)

M.incognita + Moringa 46.20 e 4 4 222.20e 1.778
(46.84)

M.incognita + Water hyacinth 112.80 b 5 5 31180 b 2494
(25.40)

M.incognita + Oxamyl 2660 g 3 3 85.80 f 0.686
(79.47)

**The same letter (s) in columns indicates no significant differences at P <0.05 according to Duncan's multiple range test.
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- Treated

Control

Number of galls and reproduction of M.incognita on
cucumber plants infected with eggs treated with stock
concentration of bacteria species and botanical oils for one week
showed moderate effect on ability of emerged juveniles on
invasion of cucumber roots (Table 5). Results showed gradually
decrease in number of galls and egg- masses between pots
infected by fresh extracted eggs and other pots infected with
eggs treated for 7 days by bacteria and botanical oils. Number
of galls and egg-masses were 120.60 &135.8 , 71.40 & 9840,

Control

Reduction (%) = x 100

92.20 &106.0, 85.60 & 98.40, 10540 & 121.80 and 77.50 &
8160 in treatments infected with fresh extracted eggs
M.incognita and other eggs treated with B. megaterium, B.
poylmyxa , diver oil, orange oil and marjoram oil ,respectively.
B. megaterium, diver oil and marjoram oil were the most
effective than orange oil and B. poylmyxa. RF factors reduced as
compared to plants infected with fresh extracted eggs of
M.incognita . Moreover, B. megaterium and marjoram oil were
the most effective with RF 3.66 and 3.84, respectively (Table 5).

Table 5. Galling and reproduction of M.incognita on cucumber plants infected with eggs treated with stock
concentration of bacteria species and botanical oils for one week.

M. incognita galls and reproduction:

Treatments

No. of No. of Egg-

Nematode population density  Reproduction

galls masses RGI (J2) 100g Soil /plant/Pat  factor (RF=Pf/Pi)

Cucumber plants infected with fresh extracted eggs 12060a 1358a 5 395.40a 5.93

of RNK M. incognita

Eggs treated with stock concentration (S) for 7 days

M.incognita + B. megaterium 7140 de  984d 4 244.00d 3.66
M.incognita + B. poylmyxa 92.20bc  106.6¢ 5 305.40b 458
M.incognita + Diver oil 85.60d 98.4d 4 285.00¢c 4.27
M.incognita + Orange oil 105.40b 1218ad 5 304.80b 457
M.incognita + Marjoram oil 7750de  8l.6de 4 256.00d 3.84

*Each value is a mean of five replicates.

The same letter (s) in columns indicates no significant differences at P <0.05 according to Duncan's multiple range test.

Discussion

Botanical oils have nematicidal properties on eggs and
J2 of RKN particularly M.incognita as a result of egg hatching
inhibition and suppression of nematode population (Ali et al.,
2018) Many factors affect on toxicity of botanical
extractssuch as solvents used in extracts may cause
phytotoxicity. As showed by (Al-Saba et al., 2001 and
Babaali et al., 2017), variation between solvent extraction and
nematicidal effect determined by with different plant extracts.

As result of alteration in population of other
microorganisms in treated soils , nematicidal effect of some
compounds have ability to effect on survival of nematode eggs
and J2 mortality (Khan et al.,2008). For example, plant extracts
derived from Brassica napus, Lantana camara, Tagetes erecta
and Azadirachta indica inhibited eggs hatching of RKN
(Meloidogyne incognita), leading to immobilization and later
death of second stage juveniles. Under greenhouse conditions,
application of Lantana camara and Trichoderma harzianum
decreased the incidence and reproduction of root knot
nematodes, their populations, egg masses and the number of
galls in tomato(Singh and Siddiqui, 2010).

The active compounds in the plant extracts also affect
root knot nematodes through paralysis, reducing infectivity
potential and death of the infective juveniles (Oka, et al., 2012).
Plant extracts and essential oils have also been reported to cause
mortality for J2 of RKN (Singh et al., 2001).

Some of the phytochemicals (Total alkaloids,
flavonoids, phenolic, saponins and tannins) were found in
botanical extracts are lipophilic enabling them to easily
dissolve the cytoplasmic membrane of nematodes thereby
interfering with protein structures responsible for growth,
development and survival (Pavaraj et al.,2012).

As well as, The inhibition of egg hatching, motility and
mortality of second stage juveniles of root knot nematodes is
attributed to presence of phytochemicals such as alkaloids, tannins
and glycosides in plants (Akyazi, 2014 and Asif et al., 2017).

Moreover, under field conditions, Ahmad et al., 1991
mentioned to vary in sensitivity of phytonematode species to the
same plant extract as shown in M. incognita and H. indicus
compared to Tylenchorhynchus vulgaris populations to growing
Tagetes erecta and T. patula. Some botanical extracts inhibited
egg hatchability of M. incognita such as Melia azedarach leaf
extracts inhibited which delay embryonic development and
killed J2 (Lee,1987). More factors effect on toxicity against
eggs and J2 of RKN. High concentration, plant species and
exposure time (Ramakrishnan et al., 1999; Devi, 2008;
Chaudhary et al.,2013; Ganaie and Khan, 2016) were the
most effective in egg hatchability and causing a reduced
effect/mortality of M. incognita juveniles (Sharma, 1996).

Use commercial Bacillus spp. against RKN,
M.incognita as biological control tool have various advantages,
particularly Bacillus spp. able to survive for extended periods
under negative conditions (Singh and Siddiqui, 2010). Various
mechanisms employed by rhizobacteria to reduce nematode
damage and reproduction in plants have been suggested and
include regulating nematode behaviour, interfering with
nematode-host recognition, competition for nutrients, plant
growth promotion, induced systemic resistance (Ongena and
Jacques, 2008; Siahpoush et al., 2011; Adam et al., 2014), and
production of exudates that inhibit egg hatching, reduce juvenile
survival and/or kill nematodes directly (Lian et al., 2007; Peng
etal., 2011; Zhang et al., 2012; Oliveira et al., 2014).

Nevertheless, utilization of bacterial under field
conditions performed rarely (El-Ashry et al.,2020) because of
costs (reduces profit margins) especially for low value field
crops (Sikora and Pocasangre, 2008), variations in product
distribution, applied directly to the root zone of treated plants to
manage phytonematodes mainly with root knot nematodes.

Numerous  bacterial ~ isolates, among them
Pseudomonas spp. have been found to have nematicidal
properties against root knot nematodes (Siddiqui et al., 2009;
Timper et al., 2009; Singh and Siddiqui, 2010; Bagheri et
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al., 2014). A number of Bacillus isolates have also been
screened and found to have nematicidal properties against
M. javanica in vitro (Ashoub and Amara, 2010) and in vivo
(Wei etal., 2014; Xiong et al., 2015).

Adam et al. (2014) found that Bacillus subtilis isolates
repelled root knot juveniles and also induced systemic resistance
in tomato plants, thereby reducing nematode reproduction.
Also, suppress plant diseases in addition to root knot nematodes
and hence provide new possibilities for plant disease
management. In concerning of Bacillus megaterium, Padgham
and Sikora (2007) assessed the ability of mentioned bacteria
species to reduce J2 penetration and migration of M.
graminicola to the rice root zone. EI-Ashry et al., 2020 assessed
the ability of rhizobacteria to manage RKN, M.incognita as eco-
friendly tool under Egyptian field conditions. Alijani et
al,2015 and Babaali et al.,2017)

Bacillus isolates have been found to produce proteolytic
enzymes, which are responsible for nematode mortality
(Chantawannakul et al., 2002; Tian et al., 2007; Mohammed et
al., 2008). Bacillus isolates ideal biocontrol agents for RKN
management (Chinheya et al., 2017).

Incorporation of leaf powder of the tested botanicals
into the soil significantly suppressed galling and reproduction of
M.incognita and consequently enhanced the growth of
cucumber plants. Pots amended with 10g leaf powder of the
moringa gained better growth of cucumber in than water
hyacinth appears to be due to suppression of galling and
reproductions of M.incognita. Moreover, leaf powders of
moringa and water hyacinth have effect as manural effect and
increase the tolerance and resistance of cucumber plants against
M.incognita. This result is in agreement with finding of Elsaedy
etal,, (2015) ; Mostafa et al., (2017) and Refaat et al.,2020.

CONCLUSION

From results of current paper, effectiveness of botanical
oils or grinded powders and bacteria depends on the plant
species, methods of extract and plant parts while, efficacy of
bacteria depends on used species, strains, and isolates. To ensure
their efficiency after application, mixtures of eco-friendly agents
(bacteria and plant extracts) must be used in organic farms or
with medicinal and aromatic plants. They can be used as soil
treatments against M.incognita which will delay the invasion of
cucumber roots by southern RKN and delay their development.
Moreover, acceptable control was obtained from eco-friendly
bioagents against RKN in vitro and greenhouse conditions
when compared with standard chemical nematicde, oxamyl.
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