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Abstract | Sole and consortium treatments of four isolates of Pseudomonas fluorescens (Pf,, Pf,, Pf, and Pf, )
with arbuscular endomycorrhizal fungi (AMF) on root-knot nematode, Meloidogyne incognita (Ne) on
eggplant (Solanum melongena L..) were evaluated. In general, the combined treatments by AMF and Pf isolates
decreased significantly (P<0.05) root-knot nematode as indicated by numbers of egg masses, eggs and galls
per root system more than single treatments. Co-toxicity% for the two applied combined treatments of each
bacterial isolate+ AMF, added at the same time with nematode (Ne) or added at 7 days before Ne inoculation,
showed additive or synergistic interaction eftects. The tested isolates increased significantly (p<0.05) plant
growth criteria according to the tested materials. The same isolates + AMF with Ne at the same time recorded
less colonization percentage (35%), while 40% root colonization was achieved when added at 7 days before
nematode inoculation. Also, when AMF alone was applied at 7 days before nematode inoculation, it caused
the highest percentage of colonization (60%). It could be concluded that the consortium treatment with
AMF and P, fluorescens significantly decreased M. incognita on eggplant more than single treatments.
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Introduction and fruit quality (Sikora and Fernandez, 2005;
Youssef and Korayem, 2008; EI-Nagdi and El-Khair,
ggplant (Solanum melongena L.) is an important ~ 2008).
vegetable crop in Egypt. It is highly susceptible to
soil borne diseases. Root-knot nematode, Meloidogyne ~ As reviewed by Youssef and El-Nagdi (2015) that
incognita infests eggplant and causes losses in yield the most cultivated plant species can be colonized
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by arbuscular mycorrhizal fungi (AMF) as obligate
symbionts. The same area of the rhizosphere of host
plants can be infected by plant-parasitic nematodes,
especially endo-parasitic nematodes and AME; often
survive simultaneously and interact with each other.
The effect of AMF on root-knot nematodes can be
suggested on the bases, competition for the same
space and nutrients and induced systemic resistance
(ISR) in the host plant by these microorganisms
through changing the biological and chemical status
of the rhizosphere. Schouteden ez a/. (2015) reported
the same mechanisms for AMF. The importance of
ISR in biocontrol was clarified by recent studies.
Hayder ez al.(2014) showed that the efficacy of certain
rhizobacteria (P fluorescens, B. subtilis, Azotobacter
spp-), and mycorrhizal fungus (Glomus fasciculatum)
solely or in co-treatments on the reproduction of M.
incognita and growth of brinjal, as they significantly
reduced the number of galls as well as second stage
juveniles (J,s). Also, plant growth was improved
over control and sole treatments of rhizobacteria or
mycorrhizal fungus. Utobo ez a/. (2016) studied the
effect of AMF (Glomus intraradices), either alone
or in combination with P fluorescens (Pf) and M.
incognita (Ne) on tomato plant. Root-knot nematode
was added to AMF inoculated under ambient
conditions. The results showed that shoot dry weight
was significantly better in the treatments of (AMF +
Pf +Ne) > (AMF+ Ne) than in the control and sole
treatment. The results indicated that, the consortium
application of AMF + Pf was better for reducing of

root- knot nematode.

The aim of this investigation was to study effect of
selected four P fluorescens (Pf) isolates, when they were
added as sole or in consortium with endo arbuscular
mycorrhizal fungi (AMF) on root-knot nematode,
Meloidogyne incognita reproduction, eggplant growth
criteria and root colonization rate of AMF.

Materials and Methods

Isolation and identification of Pseudomonas fluorescens
(Pf)

Four isolates of Pf (Pf,, Pf,, Pf, Pf, ) were isolated and
identified according to Ghini ¢z /. (2007); Schaad
(1980); Lelliot and Stead (1987) and Goszczynska
et al. (2000). Bacterial inoculum for each isolate was
justified to 107-10? colony forming unit (CFU)/ml by
turbidity method as described by Baird ez 4/ (2000)

and was used in the form of mixture of bacterial cells

and culture filtrate as cited in previous study by Saleh
et al. (2020).

Preparation of arbuscular endomycorrbizal fungi (AMF)
inoculum

Endomycorrhizal spores were originally extracted
from soil around roots of maize plants grown in the
Experimental Field of Faculty of Agriculture, Ain
Shams University, Shoubra El-Kheima, Cairo, Egypt.
Spores were extracted by using the wet sieving and
decanting technique as described by Gerdemann and
Nicolson (1963). Spores were reared on eggplant roots
as stock culture. To obtain the AMF inoculum, fresh
roots of eggplant colonized with endomycorrhizae
that exhibited 90% mycorrhizal infection were
excised. Mycorrhizae- infected root extract (MIRE)
was prepared using the method described by Sharma
et al. (2005).

Pot experiment design

'The experiment was carried out in pots at screenhouse
of Plant Pathology Department, National Research
Centre. Seeds of eggplant cv. Ice were sown in
nursery tray for a month. After 15 days, 4- week old
one eggplant seedling was transplanted in each pot
(25-cm diameter) containing 2kg of solarized sandy
loamy soil. Each pot was inoculated with 1,000 newly
emerged juveniles (],s) of M. incognita (Ne) in four
holes made around the plant. Eggplants were treated
with four isolates of P fluorescens (Pf,, Pf,, Pf) and
Pf, ) that proved more effect on root-knot nematode
in previous study (Saleh ez /., 2020). Each replicate
contained a mixture of bacterial cells cultures and
filtrates at the tested rate of 30 ml/pot (107-107 colony
forming unit (CFU)/ml). Arbuscular mycorrhizal
fungi (AMF) at the rate of 2.5ml/seedling (100
spores/ml) and the tested isolates either alone or in
combination were divided into five groups according
to type of treatments (Table 1).

Pots were arranged in a completely randomized design
with 8 replicates per each treatment on a bench under
screenhouse conditions maintained at 30 + 5 °C.Then,
the plants were irrigated as needed. Four months of
nematode inoculation (at harvest stage), nematode
parameters as numbers of egg masses and eggs and
galls/root system were counted on roots. Also, at the
same time, plant growth criteria of eggplant including
shoot length (cm), fresh and dry shoot weights
(g) and fresh root weight (g) were recorded. Plant

measurements were compared to those of untreated
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check (Control 1) which received nematode only.
Those plants without nematode inoculation were
compared to healthy plants (Control 2).

Table 1: Effect of four isolates of Pseudomonas fluorescens
(Pf, Pf, Pf, Pf;O) and arbuscular mycorrhizal fungi
(AMF) on root-knot nematode, Meloidogyne incognita

(Ne) infecting eggplant.

Treatments/ No. of nematode reproduc-  No. of galls/

type tive parameters/ root system root system
Egg masses Eggs

Group 3

Bacterial isolates at the same time with Ne

Pf + Ne 20c 142bc 84d

Pf + Ne 35bc 288b 104cd

Pf, + Ne 57b 72¢ 173b

Pf, + Ne 35bc 217bc 120b-d

Group 4

Bacterial isolates + AMF at the same time with Ne

Pf+AMF+ Ne 17c 167bc 57d

Pf+AMF + Ne 24c 88bc 92cd

Pf+AMF+ Ne 27c 86bc 90cd

Pf, +AMF+ Ne 35bc 153bc 81d

AMF only+ Ne 9c 59¢ 72d

Group 5

Bacterial isolates at 7 days before Ne

Pf+AMF+Ne 60b 65c 151bc

Pf+AMF +Ne 31bc 146bc 90cd

Pf+AMF+Ne 25c 110bc 78d

Pf +AMF +Ne 23c 51c 64d

AMF only+ Ne  26¢ 143bc 86d

Nematode only 201a 810a 460a

(control 1)

-Values are means of 8 replicates. Values followed by same letter(s) are
not significantly (P < 0.05) different according to duncan’s multiple
range fest.

For comparison among treatments, averages total
percentage of nematode reduction and plant growth
increase of all treatments were considered. Overall
average percentages was calculated to compare
among treatments in different groups by dividing
sum average total percentages /number of treatments
in each group.

Interaction and co-toxicity of Pf and AMF

Interaction of mixtures of Pf and AMF based on
the total percentages nematode reduction at harvest
stage according to Lempel’s formula was reported by

Richer (1987).

The expected effect was compared with observed effect
obtained experimentally for mixture to determine

co-toxicity effect according to the equation given by
Mansour e al. (1966) as follows:

Observed effect(%) — Expected effect(%) y

Co — toxicity = :
© — toxicity Expected effect (%)

100

Co-toxicity was used to classify the results into
three categories, where a positive factor 20 or more
is considered potentiation, a negative factor -20 or
more is considered antagonistic and immediate values
between -20 to + 20 indicate additive.

Estimation percentage of mycorrhizal colonization on
eggplant roots

Inoculated eggplant roots were collected after
four months from endomycorrhizal infection. The
percentage of root colonization with endomycorrhizae
was estimated by the method described by Phillips
and Hayman (1970). The root system per pot was
washed thoroughly with tap water several times to
remove adhering soil particles. The roots were cut
into small segments and treated with 10% potassium
hydroxide (KOH) in test tubes and heated in water
path for 10 minutes at 80-90°C.Thereafter, the root
segments were washed with tap water followed by
10% hydrochloric acid (HCL), then stained by trypan
blue solution in lactic acid 0.5% and heated again at
80-90°C for 5 minutes. The root segments were picked
up and placed on glass slides. Few drops of lactic acid
were added. Mycorrhizal infection was recorded in
each segment in order to calculate percentage of root
colonization.

Statistical analysis

To statistically analyze data, analysis of variance
(ANOVA) test was used for the obtained data and
means were separated on the basis of Duncan’s
Multiple Range test using MSTAT programme

version 4.

Results and Discussion

Impact of AMF and/or Pfisolates on root-knot nematode,
Meloidogyne incognita (Ne)

Table 1 illustrated the tested bacterial isolates of Pf
and/or AMF to biocontrol root-knot nematode, M.
incognita on eggplant. It was clearly noticed that,
the tested isolates adversely affected reproduction
of nematode as indicated by numbers of egg masses
and eggs as well as number of galls per root system.
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Table 2: % Reduction of Meloidogyne incognita
(Ne) criteria on eggplant as affected by four isolates
of Pseudomonas fluorescens (Pf) and Arbuscular
endomycorrhizal fungi (AMEF) either alone or in
combinations.

+AMF at 7 days prior Ne, with an overall averages
of 85.7%. On the other hand, AMF only, when
inoculated with Ne at the same time recorded the
highest average percentage nematode reduction of
94.1% as compared to untreated control. Whereas

Treatments/ % Nematode reproductive parameters when AMF only was added, 7 days prior to Ne,
Type reduction registered nematode reduction of 84.7%. Number
Egg  Eggs % Average total per- Galls  of galls followed the same trend, as the combined
masses centages reduction treatments of bacterial isolates + AMF when,
Group 3 either added at the same time or 7 days before Ne
Bacterial isolates only added at the same time with Ne inoculation achieved higher overall percentages gall
Pf + Ne 90.0 82.5 86.3 81.7  reductions (82.6% and 79.2%, respectively) than that
Pf, + Ne 82.6 644 735 77.4  of each bacterial isolate + Ne only (73.9%).
Pf,+ Ne 716 91.1 81.4 62.4
Pf, + Ne 8.6 779 803 73.9  Impact on interaction between Pf and AMF
Overall average - . 804 739  Co-toxicity% influence was based on the applied
percentages combined treatments of bacterial isolates+ AMF+
Group 4 Ne added at the same time and bacterial isolates
Bacterial isolates +AMF added at the same time with Ne +AME, added at gap 7 days before Ne inoculation. It
Pf+AMF +Ne 915  79.4 855 376 showed additive or synergistic interaction effects for
PE+AMF+Ne 881  89.1 886 20.0 nematode reductions on eggplant (Table 3).
PL+AMF+Ne 866 894 880 80.4 Table 3: Type of interactions of some bacterial isolates
P +AMF +Ne 826 811 819 824 (Pf) and arbuscular endomycorrbizal fungi (AMF)
Overall average - - 860 82.6 mixtures on root-knot nematode, Meloidogyne incognita
percentages (Ne) infecting eggplant.
AMF only+ Ne 95.5 92.7 94.1 84.3
Group 5 Treatment/  Effect based on average Co.- ' Type of.
Type total percentage  toxicity interaction
Bacterial isolates+ AMEF added at 7 days before Ne nematode reductions %
Pf+AMF +Ne 70.1 92.0 81.1 67.2 Expected  Observed
PE+AMF+Ne 846 820 83.3 804 Group4
Pf+AMF +Ne 87.6 86.4 87.0 83.0 Bacterial isolates added at the same time with Ne
Pf, +AMF+Ne 88.6  93.7 912 861  Pf+AMF+Ne 992 85.5 “13.8  Additive or
Overall average - - 85.7 79.2 synergistic
percentages Pf +AMFN+e 98.4 88.6 -10.0 Additive or
AMF only+ Ne 87.1 823 847 81.3 synergistic
Nematode OI‘lly 0.0 0.0 0.0 0.0 Pf9+AMF+NC 98.9 88.0 -11.0 Additi_ve.or
(Control 1) synergistic
Pf +AMF+Ne 98.8 81.9 -17.1 Additive or
In general, the combined treatments by AMF and synergistic
Pf decreased the numbers of M .incognita and galls Group 5
more than those of their single treatments. In Table ~ Bacterial isolates added at7days prior to Ne
2, in single treatments with Pf+ Ne recorded 86.3, Pf+AMF+Ne 97.9 81.1 -17.2  Additive or
73.5, 81.4 and 80.3% nematode reductions with an synergistic
overall percentage reduction of 80.4% only. However, ~Pf,+AMF+Ne 95.9 83.3 13.1  Additive or
Pf, Pf, Pf, and Pf alongside AMF, as combined synergistic
treatments, when they were added at the same time Pi+AMF+Ne 97.2 87.0 105 Additive or
with nematode inoculation achieved percentages synergistic
nematode reduction, 85.5, 88.6, 88.0 and 81.9%, Pf,+AMF+Ne 97.0 91.2 - 6. Additi,ve_or
respectively with an overall average of 86.0% which Synergene
were almost equal to the combined treatments of Pf
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Impact of Pf isolates and AMF on the parameters of

eggplant growth infected by Ne

Tables 4 and 5 showed the mean values of shoot
length, fresh and dry weights and fresh weight of roots
of eggplant and percentage of AMEF colonization
on eggplant roots affected by the Pf and AMF in

absence or presence of root- knot nematode, M.

incognita and mycorrhizal root colonization%. It was

clearly noticed that, the tested isolates significantly (P
< 0.05) increased plant growth criteria as indicated
by shoot length, fresh and dry weights and root fresh

weight according to the tested materials.

Table 4: Growth parameters of eggplant infected with or without root-knot nematode, Meloidogyne incognita (Ne)
as affected by four isolates of Pseudomonas fluorescens (Pf) and arbuscular endomycorrbizal fungi (AMEF) either alone

or in combinations.

Treatments/Type Plant growth criteria/plant AMF root
Shoot Root colonization

Length (cm) Fresh weight(g) Dry weight(g) Fresh weight (g) (%)

AMF only 26.2b-g 11.1b-f 5.4a 10.4a-f 40.0

AMF + Ne added at the same time 24.0f-h 10.4b-g 2.8j 7.1d-i 20.0

AMF added at 7days Prior to Ne 25.7¢c-¢g 12.6a-¢ 5.1ab 9.3a-h 60.0

Group 1

Bacterial isolates only

Pf only 29.0a-¢ 11.4b-f 3.6d-i 10.1a-f -

Pf, only 27.0b-g 9.6b-g 2.73 7.4d-1 -

Pf; only 32.3a 17.4a 4.8a-d 11.1a-d -

Pf only 31.0ab- 13.4a-c 3.9b-h 8.6b-h -

Average percentages of colonization - - - - -

Group 2

Bacterial isolates +AMF

Pt AMF 28.5a-¢ 13.7a-c 3.0g-j 9.6a-g 60.0

Pf +AMF 29.1a-¢ 14.6ab 4.6a-¢ 10.2a-f 40.0

PY+AMF 26.1c-g 10.2b-¢ 2.2j 6.7e-i 30.0

Pf, +AMF 29.5a-d 12.1b-f 4.4a-f 9.1a-h 20.0

Average percentages of colonization - - - - 37.5

Group 3

Bacterial isolates added at the same time with Ne

Pf +Ne 27.2a-g 13.7a-c 3.8c-i 12.6ab

Pf +Ne 26.9b-g 11.6b-f 2.8h-j 8.2c-1

Pf +Ne 27.0b 13.0a-c 3.7d-i 8.0c-1

Pf +Ne 30.5a-c 13.3a-c 4.1a-h 9.7a-f

Group 4

Bacterial isolates +AMF added at the same time with Ne

Pf1+AMF+Ne 27.8a-f 10.9b-¢ 3.6d-i 6.7e-1 30.0

Pf +AMF+Ne 25.9c-¢g 9.4c-g 3.4d-j 6.2f-k 20.0

Pf +AMF+ne 22.8gh 7.7¢-h 3.8ab 5.6g-k 20.0

Pf, +AMF+Ne 25.3d-g 8.2d-h 3.2e-j 5.3h-k 70.0

Average percentages of colonization - - - - 35.0

Group 5

Bacterial isolates +AMF added at 7 days prior to Ne

Pf +AMF +Ne 28.81-f 13.3a-c 5.1ab 10.6a-¢ 50.0

Pf +AMF +Ne 29.8¢c-g 12.6a-e 4.2a-g 11.6a-c 50.0

Pf +AMF+ Ne 24.0f-h 11.8b-f 3.2fj 5.5g-k 30.0

Pf, +AMF+ Ne 28.3a-f 12.6a-¢ 5.1ab 12.8a 30.0

Average percentages of colonization - - - - 40.0

Nematode only (Control 1) 20.0h 3.8h 2.8ij 2.6jk -

Healthy plant (Control 2) 26.8b-g 5.9gh 4.1a-h 2.4k -

~Values are means of 8 replicates. Values followed by same letters are not significantly (P < 0.05) different according to duncan’s multiple range fest.
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Table 5: Increase% of eggplant growth infected with or without M. incognita (Ne) as affected by four isolates of P
fluorescens (Pf) and arbuscular endomycorrbizal fungi (AMF) alone or in combinations.

Treatment/ Type % Increase of plant growth parameters %Average total
Shoot Root Plant growth

Length Fresh Dry Fresh weight inereases
(cm) weight(g) weight(g) (g)

AMF only - 88.1 32.0 333.3 113.4

AMEF + Ne added at the same time with Ne 20.0 173.7 00.0 173.1 91.7

AMF+ Ne added at,7days Prior to Ne 28.5 231.6 82.1 257.7 214.1

Group 1

Bacterial isolates only

Pf *only 8.0 93.0 - 321.0 10

Pf *only 1.0 63.0 - 208.0 68.0

Pf *only 21.0 195.0 17.1 363.0 149.0

Pf, *only 16.0 127.0 - 258.0 100.3

Overall average percentages - 105.7

Group 2

Bacterial isolates+ AMF 6.0 132.0 - 300.0 109.5

Pf +AMF 9.0 -

Pf +AMF - 147.5 - 325.0 123.4

Pf+AMF - 73.0 12.0 179.0 63.0

Pf +AMF 10.1 105.0 - 279.0 100.3

overall average percentages - - 7.0 - 99.1

Group 3

Bacterial isolates added at the same time with Ne

Pf +Ne 36.0 260.5 35.7 384.6 179.2

Pf +Ne 34.5 205.3 00.0 215.4 113.9

Pf +Ne 35.0 2421 32.1 207.7 129.2

Pf, +Ne 52.5 250.0 46.4 273.1 155.5

Overall average percentages - - - - 144.3

Group 4

Bacterial isolates+ AMF added at the same time with Ne

Pf +AMF +Ne 39.0 186.4 28.6 157.7 102.9

Pf +AMF +Ne 29.5 147.4 21.4 138.5 84.2

Pf,+AMF+Ne 14.0 102.6 35.7 115.4 38.1

Pf, +AMF+ Ne 26.5 115.8 14.3 103.8 65.1

Overall average percentages - - - - 72.6

Group 5

Bacterial isolates +AMF added at 7 days prior to Ne

Pf +AMF +Ne 44.0 250.0 82.1 307.7 171.0

Pf+AMF + Ne 49.0 231.6 50.0 246.2 169.2

Pf+AMF+Ne 20.0 521.1 14.3 111.5 166.7

Pf +AMF+Ne 41.5 168.4 82.1 292.3 146.1

Overall average percentages - - - - 163.2

Ne only(Control 1) 0.0 0.0 0.0 0.0 0.0

Healthy plant(Control 2) 0.0 0.0 0.0 0.0 0.0

~Values are means of 8 replicates. *Treatments without nematodes were compared to healthy plants.
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Table 5 clarified the averages total percentages
plant growth increases as affected by treatments
of certain bacterial isolates of Pf and AMF either
alone or in combination. These averages were used to
compare different values among treatments. In single
treatments, AMF alone recorded an average of total
percentage increase of 113.4% compared to AMF+
Ne which caused 91.7% increase only. But AME,
added at 7 days prior Ne achieved the highest plant
growth increase of 214.1%. Pf,, Pf, Pf and Pf  as
single without Ne caused averages total percentages
plant growth increases of 105.5, 68.0, 149.0, and
100.3%, respectively, with an overall averages

percentage of 105.7%. The combined treatments of
Pf,Pf,P and P, + AMF without nematodes caused
less percentages of increases of 109.5,123.4, 63.0 and
100.3, respectively with an overall average percentage
0£99.1% compared to healthy plants (Control 2). The
respective bacterial isolates singly plus Ne recorded
averages percentages of 179.2, 113.9, 129.2 and
155.5% in relation to plants inoculated with nematode
only (Control 1) with an overall average percentage of
increase of 144.3%. On the other hand, the combined
treatments of Pf,Pf Pf and Pf  plus AME, added
at 7 days before nematode inoculation caused the
highest averages percentage of increase of 171.0,
169.2,166.7 and 146.1%., respectively with an overall
average percentage increase of 163.2%. However,
bacterial isolates + AMF + Ne inoculated at the same
time caused the least averages total percentage of
increase of 102.9, 84.2, 38.1 and 65.1%, respectively
with an overall average percentage increase of 72.6%
compared to plants inoculated with nematode only

(Control 1).

Impact of Pf isolates on AMF root colonization with or
without Ne

Regarding AMF root colonization, Data given in
Table 4 indicated that, Pf isolates + AMF without
nematode recorded an average percentage of root
colonization of 37.5%. The same isolates +AMF with
Ne recorded less average of 35%. However, bacterial
isolates +AME, inoculated at 7 days before nematode
inoculation achieved higher root colonization of 40%.
Also, when AMF alone was applied at 7 days before
Ne inoculation, caused the highest percentages of
colonization of 60% than that caused by AMF+ Ne
together (20%). AMF alone without Ne caused an

intermediate value.

Several microorganisms, such as AME, parasitic fungi

and plant growth promoting rhizobacteria (PGPR)
have different action mechanisms, either sole or in
consortium treatment and could protect the plants
against nematodes, where they provide a stable and
more effective rhizosphere community over a wide
range of environmental conditions (Sikora es al,
2007). Plant nutrition, growth and protection of
plants against pathogens can be improved by AMF
and bacteria by interacting positively with each other.
Thus, when co-applied, they became usually more
effective than alone (Liu ez 4/, 2012; Talavera ez al.,
2012). Vigorous growth and productivity due to
positive synergistic interactions between AMF and
PGPR were recorded by Siddique and Akhtar (2009)
which was similar to the present results. Utobo ez
al. (2016) reported that, shoot dry weight of tomato
was significantly better in the treatments of (AMF
+ Pt + M. incognita > AMF+ Ne) over the control
and sole treatment. Disease incidence and index were
lower significantly in AMF + Pftreatment compared
to AMF sole treatment. Also, relative disease control
was significantly improved in AMF + Pf + Ne > AMF
+ Ne only. However, no plant growth stimulation
and nematode reduction were detected, when these
microorganisms were combined together as shown by
the results of Medina ez a/. (2003) and Vestberg e7
al. (2004). Hence, Wei e al. (1996) concluded that
there is a need for a careful selection of AMF and
PGPR species and strains to increase plant growth
and reduce damage caused by plant pathogens, as
the specific interactions among the microorganisms
involved determine their beneficial effects. In this
respect, it was noticed in the present study that
treatments of bacterial isolates +AMF applied,
7 days before root-knot nematode inoculation
recorded higher an overall average percentages of
nematode reduction and consequently higher plant
growth which may be attributed to treatment with
Pt + AMF. Also, higher overall average percentages
nematode reduction occurred, when Pf +AMF was
inoculated with Ne at the same time which could be
due to competition between the two microorganisms
as symbionts for infection sites (Hajra ez o/, 2013).
'This was emphasized that overall percentages of gall
reduction in the mycorrhizal plants was higher than
in non-mycorrhizal ones. This could be due to the
reduction in nematode penetration into the roots
or the formation of giant cells may be affected by
AMF and further reduction of the nematode. The
parasitism of the nematode may be endured by the
increase of mycorrhizal growth in mycorrhizal plants.
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This view agreed with those obtained by Kellam and
Schenck (1980) who found that, root colonization
by AMF followed the same trend similar to pre-
inoculation with AMF and then, inoculated with Ne
that promoted root colonization over co-treatment
inoculated simultaneously with Ne and AMF.

Also, in the present investigation, it was proved
that, co-toxicity effects for the two co-combined
treatments of bacterial isolates + AMEF, added
either at the same time with M. incognita or 7 days
before nematode inoculation resulted in additive or
synergistic interaction effects which led to reduction of
nematode parameters in eggplant. In this line, Youssef
et al. (2015) found that, P fluorescens+ phosphorine
containing Bacillus megaterium caused additive effect
on M. incognita infesting green bean under field
conditions. Also, El-Nagdi ez a/. (2023) showed that
the combined treatment of Bacillus subtilis or B.
pumilus +pomegranate exhibited synergistic action in
biocontrolling M. incognita infesting potatoes.

Conclusions and Recommendations

It could be concluded that the consortium treatment
with AMF and P, fluorescens significantly decreased
root-knot nematode, M. incognita as indicated by
number of egg masses, eggs and galls on eggplant more
than single treatments. When applied consortium
treatments of each bacterial isolate+ AMYEF, added
at the same time with nematode (Ne) inoculation
or added at 7 days before Ne inoculation, showed
additive or synergistic interaction effects. The tested
treatments increased significantly (P < 0.05) plant
growth criteria.
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