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ABSTRACT

Four bioagents microbes were selected to assess effects singly and in combinations against plantparasitic

nematodes (PPNs) and non-parasitic nematodes, in vitro and in vivo. Three of these microbes—Trichoderma
asperellum, T. harzianum, and two strains of Pseudomonas fluorescens are widely utilized for nematode control,
while the fourth, Rhodosporidium paludigenum as yeast, had not previously been tested against PPNs. The study
evaluated the synergistic or antagonistic effects of these microbial mixtures. All combinations reduced PPN
populations and increased other nematode species. Specifically, the mixture of R. paludigenum and T. harzianum
was most effective against Tylenchulus semipenetrans, reducing its population by 68%, while T. asperellum
combined with P. fluorescens strain 1 reduced Helicotylenchus spp. by 73.9%, and P. fluorescens strain 2 combined
with R. paludigenum was most effective against Xiphinema spp., with a reduction of 67.2% after three months in
the field. No reduction was observed in Tylenchus spp. and Rhabditis spp. These findings were corroborated by an
in vitro experiment, where the mixture of R. paludigenum and T. harzianum deactivated the J2 stage of T.
semipenetrans and reduced egg hatching by 63% and 20.6%, respectively, within four days of application. In
conclusion, combining these tested microbes effectively reduces PPN populations in citrus without harming non-

parasitic nematodes. It is recommended to incorporate these microbial mixtures with other biocontrol strategies to
preserve soil health and reduce reliance on chemical nematicides in citrus groves.

Keywords: Citrus, Microbial mixtures, Plant parasitic nematodes, Rhodosporidium paludigenum, Tylenchulus semipenetrans.

INTRODUCTION

Plant parasitic nematodes (PPNs) have a damaging effect
on citrus growing in Egypt and globally. Citrus trees are infested
with many nematode species, including Tjlenchulus
semipenetrans (Cobb), Helicotylenchus spp. (Steiner), and
Xiphinema spp. (Cobb), as the most distributed species, which
can cause economic losses (Abd-Elgawad et al., 2016; Ahuja and
Somvanshi, 2021and Afzal ef al, 2021). Citrus nematode (7.
semipenetrans) is the most dangerous species that infest citrus
trees. The loss in crop production due to this nematode is
estimated by 15-35% in crop yield losses (Afzal et al, 2021) or
30-40% (Keshari and Mallikarjun, 2022). In Egypt, the
economic losses of citrus production due to the infection by PPNs
were estimated in 2016 at 10-30% (Abd-Elgawad et al., 2016).

Citrus has economic importance in Egypt as a major
exported crop for the European market. Egypt ranked 7% in
the top 10 producing and exporting countries of those crops;
about 1.3 million tons of oranges were exported in 2019,
equal to 38 % of the world's exports; this percentage can be
increased because of the expansion of the cultivation of these
crops (Anonymous, 2020). This position was increased after
one year to reach fifth. The fresh exported orange was 1.7 m.
tons in 2022/2023 with a planted area of 172,200 ha. Most of
this production is exported, primarily to Saudi Arabia, UAE,
Russia, and the Netherlands; therefore, it ranked in the second
category after South Africa in the continent of Africa
(Anonymous, 2022).
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The excessed use of the chemical nematicide is one of
the biggest challenges facing citrus export for the global
market due to the safety requirements set by the governments
of these countries (Pretty and Bharucha, 2015). Therefore, in
2017 the Egyptian government passed many laws to
rationalize the use of chemical pesticides on local farms,
including encouraging farmers to use biopesticides, which
raised the export efficiency of its crops, including citrus fruits
(Anonymous, 2017).

On the other hand, regarding the cost-benefit of using
biopesticides compared to chemicals, the bionematicides
were effective as their low costs compared to the chemical
nematicides; additionally, no environmental hazards were
recorded with using these products (Abd-Elgawad and
Askary, 2018). For example, the cost of the control PPNs on
tomato plants in Egypt equals 187$ and 432$/ feddan using
Oxamyl and Cadusafos, respectively. On the contrary, this
cost decreased to 33%$/feddan when using comparable
bioproducts (Abd-Elgawad, 2020a).

These biopesticides varied; they could be bacteria, fungi,
and sometimes other microorganisms like yeast. All these
organisms shared with them their beneficial role in controlling
soil-borne diseases, especially PPNs, without any environmental
risk (Punja, 1997; Poveda et al., 2020 and Lahlali ez al.,, 2022).
This beneficial role extended to the non-parasitic nematode
species by dramatically increasing their numbers and activity in
the soil. These species play an essential antagonist role against
soil-borne diseases; in addition, they decompose soil organic
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matter, which reflects plant health and growth (Yadav et al., 2018
and Kekelis ef al., 2022).

The novelty of this research lies in its exploration of
the synergistic effects of mixing various biocontrol agents,
such as bacteria, fungi, and yeast, to manage PPNs in citrus
cultivation. While previous studies have focused on the
individual roles of these microbes, this study uniquely
investigates how combining these biocontrol agents
influences both PPNs and non-parasitic nematode species in
citrus groves. By addressing the interaction between different
microbial species and their collective impact on nematode
communities, this research provides new insights into
integrated pest management strategies. Additionally, it
highlights the potential of microbial mixtures as a cost-
effective, environmentally safe alternative to chemical
nematicides, offering a sustainable solution to control
nematode infestations while promoting soil health.

While the individual biological roles of these microbes in
controlling PPNs have been well-documented, there is limited
research on how mixing these microbes together may influence
their combined effects on nematode species. Therefore, this study
aims to investigate the biocontrol potential of mixing the tested
microbes on the nematode community in citrus groves, with a
particular focus on their impact on both plant-parasitic and non-
parasitic nematode species.

MATERIALS AND METHODS

Preparation of the tested biocontrol agents and their
binary forms for field and lab experiments

In this study, the tested microbes were determined for
their efficacy on PPNs which were used individually in
previous studies (Punja, 1997; Poveda et al., 2020; Lahlali et
al, 2022 and Pires et al., 2022). These microbes were
Rhodosporidium paludigenum (Rp) as a yeast, Trichoderma
asperellum (Ta), T harzianum (Th) as a fungus,
Pseudomonas fluorescens racel (Pfl) and P. fluorescens
race2 (Pf2) as a bacterium. The bioagent isolates R.
paludigenum AUMC 7789, T. harzianum AUMC 5270, and
T asperellum AUMC 5570 were obtained from Assiut
Mycological Center, Assiut University, Egypt.

The bacteria strains were provided by the Microbiological
Resources Center (Mircen), Ain Shams University, Egypt, under
their institutional accession protocols. Both isolates belong to the
standard strain P, fluorescens ATCC 13525 Fig. (1). Racel was
confirmed through molecular analysis (GenBank accession:
[AF207610] (https:/www.ncbinlmnih. gov/ nuccore/AF207610)),
corresponding to its 16S rRNA sequence, while race 2 was verified
as P fluorescens (GenBank accession: [AY007258]
(https://www.ncbinlm.nih.gov/ nuccore/ AY007258).

To prevent contamination of the medium the strains
were preserved in glycerol stocks at -80°C and routinely
subcultured on nutrient agar to ensure purity. Species-specific
PCR and sequencing were periodically performed to confirm
identity and absence of contamination.

Therefore, the stock concentration of these microbes
was prepared for each microbe as the following (2x 10°
CFU/ml) for Rp, Ta, and Th while Pfl and P2 were (1x 108
CFU/ml). These concentrations were attained from the Plant
Pathology Department, Faculty of Agriculture, Zagazig
University, Egypt.

Equal amounts (1000 ml) of each microbial
concentration were mixed in a 3000 ml glass beaker for
configuring the binary forms as follows (Rp+Ta), (Ta+Pfl),
(Th+P1£2), (Rp+Th) and (Pf2+Rp). These microbial mixtures

were applied later on marked trees as tested treatments and
compared to the tested chemical nematicide.

Fig. 1.The tested microbes tested aginst PPNs Pseudomonas
fluorescens racelunder light microscope (A),
Pfluorescens race2 under light microscope (B),
Trichoderma  hargianum hyphates under light
microscope (C) & in petri dish media (D)(E) T
asperellum hyhtes under light microscope & (F) in petri
dish media .

Description of the experimental site

The field experiments were carried out along two
successful fruiting seasons. They were conducted on a 4-ha farm
cultivated with 13-year-old sweet orange (Citrus sinensis) grafted
on sour orange rootstock Citrus aurantium cultivated in sandy
clay soil (54% sand, 42% clay, and 4% silt). Trees are irrigated
with a drip irrigation system and have the regular horticultural
practices; no weeds grow between the trees. This farm is in
Belbies distract, Al-Sharkia Governorate, Egypt. Five trees
(replicates) were randomly marked inside a determined row to be
one treatment; this process was done for all six treatments. Initial
soil samples were collected from the marked trees from the
canopy region at 25 cm depth and 1.5 m far from the trunk to
determine the nematodes' initial population.

The collected samples were transferred in polyethylene
bags to the nematology lab in the Faculty of Agriculture, Zagazig
University, in an ice box, and stored in the refrigerator at 10 °C.
The nematode was extracted on the second day using the
(decanting method) a combination of sieves, and the Baermann
trays technique (Van Bezooijen, 2006). After one week of the
initial sampling, the experiment was conducted. First, the tested
binary microbes were applied at 1500 ml of each mixture to the
determined orange trees around it in the canopy region (1 to 2 m
from the trunk) at 25 cm depth at the beginning of a not sunny or
rainy day, and this mixture was added in the same quantity
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weekly for three consecutive weeks and the first data had been
recorded after a month of the end on the last week, this was
repeated in the same way in the following season. The microbial
density in the soil was measured one month after the treatment
and at the end of the experiment (Martens, 1995). The weather
conditions at the experiment site were observed to record any
extreme changes. In contrast, the chemical nematicide was
prepared to be compared with these bioagents. This nematicide
was oxamyl (Vydate® 10% G), treated at 150g/ tree (59.5 kg/ha.)
while the control treatment was without any applications.

The soil samples were collected after one, two, and
three months at the nematode peak period (March, April, and
May) in 2021 as the first season and the same months in 2022
as the second application season (El-Marzoky ez al., 2009 and
Abd-Elgawad, 2020b). The soil samples were collected and
nematodes were extracted, as explained above. After 24h. of
extraction, the suspension was collected. The samples were
examined in the Nematology Lab, Plant Protection
Department, Zagazig University, Egypt (NLPPD) and the
PPNs were morphologically identified using a fluorescence
microscope (LEICA ICC50 HD) with a high-resolution
digital camera at a 400x magnification power as in Fig. (2)
(Mai and Lyon, 1975; Siddigi, 1986 and Van den Berg et al,
2017). Furthermore, Tylenchus spp. and Rhabditis spp. were
recorded to attain population changes. All species were
counted in one ml of the final extraction suspension, and the
changes in the nematode numbers were calculated according
to Equation (1) and (2)

The reduction percentage (%) =

Control-Treatment

x 100 @
Control

Treatment—Control % 100 (2)
[~ &

X

The percentage of increasing (%) = Troatmont

Fig. 2.The nematode species assoiated with citus trees (A)
Tylenchulus semipenetrans J2 (B) Xiphinema spp.
(C) Helicotylenchus spp. (D) Tylenchus spp.

Preparing second-stage juveniles (J2) and eggs of citrus
nematode for lab experiments

A lab study was conducted to evaluate the suppressive
effect of the binary mixtures of the tested microbes on citrus
nematode stages (J2 and eggs). Therefore, five kg of the
heavily infested soil was collected; this composite sample was
collected from ten citrus seedlings of one-year-old sour
orange (C. aurantium) cultivated in 50 cm pots containing
light soil (70% sand +30% loam) and artificially infected with
a citrus nematode (J2+eggmasses) six months ago. The J2
was extracted from the soil sample using the same method
above.

The final extraction solution was shaken well, and one
ml was pipetted into a counting dish to count the J2. Each ml
of the suspension was estimated to contain about 1100 J2. A
15 cm diameter sterilized Petri dish was used in the
experiment. Initially, one ml of the nematode suspension was
put in each Petri dish, and then five ml of the mixtures were
added individually to each dish and replicated five times. On
the other hand, the nematicide treatment was prepared using
oxamyl 24% SL (soluble liquid) at 1000 ppm concentration
(50 ml nematicide + 950 distilled water) and adding five ml
to the dishes.

On the same side, the control treatment had no
application; it contained one ml of nematode suspension +
five ml of distilled water. All the dishes were arranged
randomly and placed in a vertical incubator at 25 +2°C and
humidity at 75%. The immobile and straight J2 were counted,
which were assumed inactive, not dead, because no chemical
analysis was done on the J2 to confirm their death. The
inactive J2s were recorded after 24,48, and 72 hours. The non-
active J2 percentage was calculated according to equation (3).

The non-active J2 percentage (%) = )
Numbers of non active J2 % 100
Initial numbers of the J2

Regarding to egg preparation for the lab experiments,
about ten g of the citrus root was collected from the infested
seedlings mentioned above. These roots were soaked in the
cleaned dish containing tap water for about ten minutes then
carefully cut into pieces, each about 2 cm. These pieces were
mixed with 200 ml of sodium hypochlorite solution (Naocl
0.5%) to dissolve the gelatinous matrix from the egg masses
and separate the eggs. The solution was prepared by adding
20 ml of sodium hypochlorite 5% (commercial Clorox®) to
180 ml of distilled water. The root pieces and the solution
were mixed well and shaken gently for 3 min.

Finally, the suspension was decanted through a 200-
mesh sieve nestled upon a 500-mesh one. The impurities
above the two sieves were immediately washed with light tap
water to eliminate the Naocl and maintain egg vitality. Next,
the collected eggs on the 500-mesh sieve were transferred
with a small quantity of water to a 100 ml beaker. Then the
number of eggs was counted using a counting dish on the one
ml of the extraction suspension and stored in the refrigerator
at 9 °C until using (Hussey and Barker, 1973 and Van
Bezooijen, 2006). Next, one ml of the egg’s extraction
suspension containing about 500 eggs was pipetted ina 15 cm
sterilized Petri dish, followed by adding five ml of the
previously microbial mixtures individually. Each treatment
was replicated five times. Finally, oxamyl was applied at the
same concentration (1000 ppm).
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Conversely, the control treatment contained eggs and
distilled water only. The dishes were arranged randomly in an
incubator at 25 +2°C and humidity at 75%, and the number of
non-hatched eggs was recorded after 24,48,72 h of
application. The egg-hatching inhibition was calculated
according to equation (4):

The egg-hatching inhibition (%) = @
Number of non—hatched eggs % 100
The initial number of the eggs
Statistical analysis

The field experiments were implemented in a
randomized complete block design. It was conducted in two
successful fruiting seasons. Data were statistically analyzed
using compare means analysis and calculating Duncan's
multiple range test at probability level (P < 0.05) by SPSS
(version 16) software (Anonymous, 2007).

RESULTS AND DISCUSSION

The effect of microbial mixtures on nematode community

associated with sweet orange trees under field conditions

Three species of PPNs were recorded with sweet
trees. These species were citrus nematode 7

orange

semipenetrans, spiral nematode Helicotylenchus spp., and
sting nematode Xiphinema spp. Furthermore, Tylenchus spp.
(fungivorus nematodes) and Rhabditis spp. (free-living
nematodes) were identified as non-plant parasitic nematode
species associated with the trees. Data in Table (1) showed the
effect of the tested mixtures on PPNs and non-plant parasitic
nematodes after one month of soil application during two
sequenced fruiting seasons. In the first season, T
semipenetrans decreased by 53.3% in (Rp+Th) compared to
54.7 % in the nematicide treatment. While the least effective
treatment was (Ta+Pfl) which decreased the population by
17.7%. On the other hand, the (Ta+Pfl) was the most effective
mixture on Helicotylenchus spp. the reduction percentage was
40.3% compared to the nematicide treatment which was
52.2%. (Rp+Th) was the least effective in their effect on this
species it was reduced number by 18.7%.

A different effect was recorded on Xiphinema spp., the
(Pf2+Rp) was the most effective mixture compared to
nematicide reducing the numbers by 29.8 and 53.8%
respectively. In contrast, the (Rp+Ta) reduced the nematode
number by 15.7%, the lowest reduction percentage.

Table 1. The effect of the combined biocontrol agents on nematodes community associated with sweet orange trees after

one month of application.

Nematode numbers in 250g soil

Treatments T. semipenetrans  Helicotylenchus spp.  Xiphinema spp. Tylenchus spp. Rhabditis spp.
Season 2021 2022 2021 2022 2021 2022 2021 2022 2021 2022
Negative control 3800.0a 4153.3a 89.3a 97.7a  996a 109.0a 97.0c 106.0c  93.3e 102.3e
© ©) © © ©) © © ©) © ©
Positive control (oxamyl) 1722.0f 1985.3f 42.7F 49.3f 46.0f 53.0f 89.0d 102.7c  47.7f 55.0f
(547)  (522)  (5224) (495) (538) (514) (82) (31) (489)  (46.3)
(Rp+Ta) 1963.3d 2263.6d 58.3e 67.3d 84.0b 97.0b  1710b 197.3b 120.3d 138.7d
(483)  (455) (347)  (3L1) (157) (-11.0) (+433) (+46.3) (+225) (+26.2)
(Ta+Pf1) 3126.3b  3604.6b 53.3d 613e  796c 913c 736e 850de 186.0a 214.3a
(17.7) (132 (403)  (37.2) (201) (162) (-241) (-19.8) (+49.8) (+523)
(Th+PR2) 2670.0c  3078.6c 59.0e 68.0d 84.3b 97.3b  240.0a 276.7a 174.3c 201.0c
(297)  (-25.9) (339) (-304) (-154) (-10.7) (+59.6) (+617) (+465)  (+49.1)
(Rp+Th) 1780.0f  2052.3f 72.6b 83.7b 73.3d 84.7d 75.0e 86.3d  180.3b 208.0b
(53.3)  (-50.6) (-18.7)  (-143) (264) (-22.3) (-227) (-186) (+482) (+50.5)
(PR2+Rp) 1899.3e  2190.0de 62.6e 723c  700e  810e 733e 847de 1793c  206.6b
(50.0) (-47.3) (-29.9)  (-259) (-29.8) (25.7) (-244) (-20.1) (+47.9) (+50.5)

*Means in each separate column followed by the same letter(s) are not significantly different at P <0.05 according to Duncan's multiple range test.
*Values between parentheses refer to percentages of the reduction (-) and the increasing (+) % according to the equations (1 and 2).
* R. paludigenum (Rp), T. asperellum (Ta), T. harzianum (Th), P. fluorescens racel (Pf1), and P, fluorescens race2 (Pf2).

Regarding the effect of the tested mixtures on non-target
nematodes, it was monitored that (Rp+Ta) increased the
nematode numbers by 43.3 and 22.5% for Tjlenchus spp. and
Rhabditis spp. respectively. in the same trend (Th+P12) increased
the nematode numbers by 59.6 and 46.5% for the above-
mentioned species, respectively. while, the exception of this trend
was recorded in the treatment (Pf2+Rp), (Ta+Pfl), and (Rp+Th)
itdecreased Tjlenchus spp. by 24.4,24.1 and 22.7% successively,
with no reduction effect on Rhabditis spp.

The same trend was recorded in the second year. The
tested mixtures were arranged descendingly on their effect on
1. semipenetrans as follows (Rp+Th), (Pf2+Rp), (Rp+Ta),
(Th+Pf2), and finally (Ta+Pfl), with reduction percentages
50.6,47.3,45.5,25.9 and 13.2% respectively compared to the
nematicide 52.2%.

The treatment (Tat+Pfl) was the most effective
mixture that reduced Helicotylenchus spp. by 37.2% while the
treatment (Rp+Th) was the least 14.3% in comparison with
the nematicide treatment (49.5%). Xiphinema spp. was

reduced by 25.7% in (Pf2+Rp) and this percentage was the
lowest in (Th+Pf2) at 10.7% while this percentage was
recorded (51.4%) in the nematicide treatment.

Regarding the effect of the tested mixtures on non-target
nematodes, the treatment (Th+Pf2) increased the numbers of
Tlenchus spp. by 61.7%. In comparison, the treatment (Ta+Pf1)
increased the number of Rhabditis spp. by 52.3%.

After two months the results were clearer, this is
described in Table (2). In the first season, 7. semipenetrans
decreased dramatically from 3895.0 J2/ 250 g soil in the
control treatment to 1577.0 J2/ 250 g soil in (Rp+Th)
treatment by 59.5%, and there is no significant difference
between the last treatment and the nematicide treatment. The
least effective treatment was (Ta+Pfl) which decreased the
nematode number by 24.9%.

The treatment (Ta+Pfl) was the most effective no-
chemical treatment on Helicotylenchus spp. it reduced
nematode number by 58.4% and there are no significant
differences between this treatment and (Rp+Ta), and
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(Th+Pf2) which reduced numbers by 53.5 and 52.9%
respectively while this percentage was 69.7% in the
nematicide treatment.

The tested mixtures recorded varying effects on
Xiphinema spp. no significant differences were recorded
between (Th+Pf2) and (Rp+Ta) 73.0 and 72.7 individual/ in 250

g soil from one side and between (Ta+Pfl) and (Rp+Th) 68.3
and 62.0 individual/ in 250 g soil from the other side compared
to the control treatment 109.7 individual/ in 250 g soil, the most
effective treatment was gained by (Pf2+Rp) which recorded
46.5% compared to the nematicide treatment 68.4%.

Table 2. The effect of the combined biocontrol agents on nematodes community associated with sweet orange trees after

two months of application.

Nematode numbers in 250g soil

Treatment T. semipenetrans  Helicotylenchus spp.  Xiphinema spp. Tylenchus spp. Rhabditis spp.
Season 2021 2022 2021 2022 2021 2022 2021 2022 2021 2022
Negative control 3895.0a 4257.3a 103.3a  113.0a 109.7a 120.0a 121.3d 132.7e 107.7e 117.7e
) © Q) © V) ) ) ) © )
Positive control (oxamyl) 1519.0f 17513y  31.3e 36.0f  34.7e 400f  66.0e 76.0f 33.7f 39.0f
(61.0) (-589) (69.7) (-681) (-684) (66.7) (456) (-42.7) (-68.7) (-66.85)
(Rp+Ta) 1760.3d 2029.7d  48.0d 553d  727b  83.7b  2540b 293.0b 1933d 223.0d
(548) (523) (535) (-51.0) (-337) (-30.3) (+5233) (+54.7) (+443) (#4712
(Ta+Pf1) 29233p 3370.7b  43.0d 496e  68.3c 790c  156.7c 180.7c  260.0a  300.0a
(-249) (-208) (584)  (-56.0) (-37.7) (342) (+226) (+26.6) (+58.6) (+60.8)
(Th+Pf2) 24670c 28443c  48.7d 56.0d 730b  840b 3233a 3730a 2473c 285.0c
(-36.7) (-332) (529) (-504) (-334) (30.0) (+625) (+64.4) (+56.5) (+58.7)
(Rp+Th) 1577.0f 1818.3f  62.3b 7200  620c  71.3d  1580c 182.0c 253.3ab 292.0b
(-595) (573) (39.7) (-363) (435) (-40.6) (+232) (+¥27.1) (#575) (+59.7)
(Pf2+Rp) 1695.3e  1954.7¢  52.3c 60.3c  58.7d 67.7e  1530c 176.3d 252.3ab 291.0b
(56.5) (541) (494)  (466) (465) (436) (+20.7) (+27.8) (+57.3) (+59.6)

*Means in each separate column followed by the same letter(s) are not significantly different at P <0.05 according to Duncan's multiple range test.
*Values between parentheses refer to percentages of the reduction (-) and the increasing (+) % according to the equations (1 and 2).
* R. paludigenum (Rp), T. asperellum (Ta), T. harzianum (Th), P. fluorescens racel (Pfl), and P, fluorescens race2 (Pf2).

Regarding the effect of the tested mixture on no-
targeted nematodes, the tested mixtures were arranged for
their increasing effect on Tylenchus spp. as follows: (Th+P12),
(Rp+Ta), (Rp+Th), (Ta+Pfl) and (Pf2+Rp). Whereas the
effect of the tested mixtures on the Rhabditis spp. was
arranged descending by (Tat+Pfl), (Rp+Th), (Pf2+Rp),
(Th+P{2) and (Rp+Ta).

In the second season, no differences were recorded
compared to the first season. The (Rp+Th) was the most
effective mixture on 7. semipenetrans which decreased the
juvenile number by 57.3% while the (Tat+Pfl) was more
effective on Helicotylenchus spp. the decreasing percentage

recorded at 56.0%. Finally, the (Pf2+Rp) decreased
Xiphinema spp. by 43.6%. Oppositely the (Th+Pf2) increased
Tlenchus spp. by 64.4% and (Ta+Pfl) increased Rhabditis
spp. by 60.8%.

After three months of application, the vision became
clearer, and these appeared in Table (3). In the first season, 7.
semipenetrans numbers decreased by a percentage close to or
exceeded fifty percent in all applications. The nematicide was
the most effective treatment followed by (Rp+Th), (Rp+Ta),
(Pf2+Rp), (Th+Pf2), and finally (Ta+Pfl) with reduction
percentages of 71.1, 69.7, 65.1, 47.7 and 36.4% respectively.

Table 3. The effect of the combined biocontrol agents on nematodes community associated with sweet orange trees after

three months of application

Nematode numbers in 250g soil

Treatment T. semipenetrans  Helicotylenchus spp.  Xiphinema spp. Tylenchus spp. Rhabditis spp.
Season 2001 2022 2001 2002 2001 2022 2021 2002 2021 2022
: 40450a  44210a  1283a  1403a 1257a 1373a 1323¢ 1447e 147.7c  16l3e
Negative contro 0 O ©@ O _© _© © © © _©
- 116039 134839 203f  233f  187F 2L7f  533f  620f 327d  37.7f
Positivecontrol @xamyl) 711 eon)  (Baz)  (834) (852 (842) (597) (511 (719)  (167)
RorT) 14103 16260de 3700  427d  56.7b  653b 3390b 3910b 37030  427.0d
(651)  (632)  (712) (696) (549) (524) (+60.9) (+630) (+60.1)  (+62.2)
Fu— 25733b  20670b  320e  36.7e  527c  60.7c  24l7c 2787c 4370a  503.7a
(364)  (329)  (751) (739) (581) (558) (+452) (+481) (+662) (+67.9)
e 21170c  24410c  377d  433d  570b  657b  4083a 4710a 4243a  489.3b
(477)  (448)  (707) (691) (546) (522) (+676) (+693) (+652) (+67.0)
R Th) 12270f 14147f  513b 5930  460d  530d 2430c 2800c 4303a  496.0a
(607) (680)  (-600) (-577) (-634) (-614) (+455) (+483) (+657) (+675)
P2RE) 154500 178130 453c  523c  423e  450e  1883d 2037d 399.7ab  460.7bc
(618) (597)  (647) (627) (661) (-672) (+207) (+289) (+631) (+64.9)

*Means in each separate column followed by the same letter(s) are not significantly different at P<0.05 according to Duncan's multiple range test.
*Values between parentheses refer to percentages of the reduction (-) and the increasing (+) % according to the equations (1 and 2).
*R. paludigenum (Rp), T. asperellum (Ta), T. harzianum (Th), P. fluorescens racel (Pf1), and P. fluorescens race2 (Pf2).

All treatments decreased Helicotylenchus spp. and
Xiphinema spp. numbers by exceeding fifty percent as
follows: the nematicide as ( 84.2& 85.2%), (Rp+Ta) as

(71.2&54.9%), (Ta+Pfl) as (75.1&58.1%), (ThtPf2) as (
70.7&54.6%), (Rp+Th) as ( 60.0 &633.4%) and (P£2+Rp)
as (64.7 & 66.1%) for abovementioned species successively.
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Regarding the effect of the tested treatments on
Blenchus spp. and Rhabditis spp., it was found that the
individuals increased by (60.9 & 60.1%) in (Rp+Ta), (45.2 &
66.2%) in (TatPfl), (67.6 & 65.2 %) in (Th+Pf2), (45.5&
65.7%) in (RptTh) and (29.7 & 63.1%) in (Pf2+Rp)
sequentially for abovementioned species.

Data was confirmed in the second year, the most
effective mixture on 7. semipenetrans was (Rp+Th) which
reduced it by 68.0% while the least effective was (Ta+Pfl) by
32.9%. Conversely, Helicotylenchus spp. reduced by 73.9%
in (Ta+Pfl) and 57.7% in (Rp+Th). Ultimately, Xiphinema
spp. reduced by 67.2% in (Pf2+Rp) and the least percentage
gained was in (Th+Pf2) by 52.2%.

Considering the effect of the tested mixtures on
Tylenchus spp. it increased by percentages varied between
69.3% in (Th+Pf2) and 28.9% in (Pf2+Rp) while in Rhabditis
spp. increased by percentages ranged between 67.9% in
(Ta+Pfl) and 62.2% in (Rp+Ta).

The effect of the tested microbial mixtures on 7
semipenetrans under laboratory conditions

To confirm the obtained results of field experiments,
a lab experiment was conducted to show the effect of the
tested microbial mixtures on J2 activity and egg hatching of
T. semipenetrans as amajor PPN on citrus, data were recorded
after two, four, and seven days after application, as well as
numbers of immotile J2 and non-hatched eggs were recorded
for each period separately. Data in Fig.3 show the effect of the
tested mixtures on J2 mobility and egg hatching percentages
by the time elapsed, after two days, significant differences
existed between all treatments on J2 motility. The most
effective treatment that reduced J2 motility was (Rp+Th) 16.7
% which was more than the nematicide treatment (15.2%)
followed by (Pf2+Rp), (Rp+Ta), (Th+Pf2), and (Ta+Pfl) by
6.8, 5.8, 4.9 and 3.9% respectively compared to the control
treatment (1.7%).
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Fig. 3. The effect of exposure time on 7. semipenetrans J2 and egg hatching for the tested mixtures after two, four, and
seven days of application. The columns followed by the same letter are not significantly different according to

the LSD test (P<0.05).

The effect on the egg-hatching was described by
counting the unhatched eggs (the reduction in the egg
hatching%), these percentages recorded 54.9, 44.5,37.2, 34.0
and 27.7% in (Rp+Th), (P2+Rp), (Rp+Ta), (Th+Pf2) and
(Ta+Pfl) respectively while the percentage was 79.6% in the
nematicide treatment and 15.7% in the control treatment.
After four days the number of nonmotile J2 and unhatched
eggs increased. The J2 immobility percentage increased to
32.3% in (Rp+Th), 22.5% in (Pf2+Rp), 19.8% in (Rp+Ta),
14.8% in (Th+Pf2), and 11.3% in (Ta+Pfl) in comparison
with the nematicide treatment 45.0%.

Regarding the effect of the tested mixtures on egg-
hatching, the highest effect was the mine of (Rp+Th) 29.5%
followed by (Pf2+Rp) 23.4%, (Rp+Ta) 19.4%, (Th+Pf2)
16.1%, while (Tat+Pfl) was the least effective treatment
(14.5%). On the other hand, the nematicide treatment
decreased egg hatching by 42.1%.

After seven days more accepted effects were
recorded. It was found the tested mixture reduced J2 motility
by 63.0, 48.7, 39.5, 34.7 and 22.8% in (Rp+Th), (Rp+Th),
(Rp+Ta), (Th+Pf2) and (Ta+Pfl) respectively, in comparison
with the value of the nematicide which was 75.0%. On the
same trend, the effect on the egg hatching was in a similar
arrangement, recorded at 20.6, 17.2, 13.8, 11.6, and 9.8% for
the above-mentioned mixtures sequentially.

As mentioned above, some of the tested mixtures had
reduced PPN numbers associated with citrus trees with an
efficiency close to that of the chemical nematicide; as a result,
it can use these microbial mixtures as an alternative eco-
friendly and economical method for controlling PPNs in
citrus orchards. Many authors tested the effect of
microorganisms against PPNs, but there is no evidence data
available about the effect of mixing those microbes.

The effect of the marine red yeast Rhodosporidium
paludigenum on PPNs was not studied before, therefore for
discussing the results, it was supported by the other yeast
species studied before e.g., Hashem et al. (2008) screened the
efficacy of twenty-two yeast strains in suppression of root-
knot nematode M. incognita on flame seedless grapevines
The most effective strains were Pichia gluilliermondii
Mohl10, Pachytrichospora transvaalensis Y 1240, Candida
albicans Moh Y-5 and Geotichum terrestre Y 2162. The
reduction effect of the yeast may be explained by increasing
plant resistance to PPNs by supporting the production of the
phenolics in the roots and cytokine hormone (Karajeh,2013).

Hamouda et al. (2019) studied the effect of the yeast
Saccharomyces cerevisiae against root-knot nematode
Meloidogyne incognita infesting banana plants with two
concentrations (2 & 4 g/ 4kg soil). They reported the highest
concentration was more effective than the lowest, it reduced
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the galls, egg masses, and juveniles by 382.37, 333.48, and
1227.5 compared to 912.38, 897.3, and 6895 in the control
treatment respectively.

Abokorah and Fathalla (2022) tested the yeast
Saccharomyces cerevisiae and its effect on banana plant
growth and PPNs associated with these plants, especially
Meloidogyne spp. they found the number of J2 reduced from
1724 to 596 J2/ 100 cm® soil after 12 m. of application while
in the oxamyl treatment, the number reduced from 1761 to
3101J2 /100 cm?®soil, and they decided that mixing yeast with
fulvic acid and tryptophan have great benefits on plant growth
and nematode reduction. D’Addabbo et al. (2024) suggested
using the yeast Papiliotrema terrestris strain PT22AV at a
dose of 1.0 kg/ha can significantly decrease the nematode
population in soil and gall formation on tomato roots infesting
with M. incognita under greenhouse conditions, and they
reported that P. terrestris could represent an additional tool for
non-chemical RKN management.

Rhodosporidium paludigenum NCY C 2663 and 2664
could produce carotenoids and lipids when cultivated on
different sugar sources. This high content of carotenoids,
furthermore lipids rich in oleic acid, and linoleic acid may
offer antimicrobial activity against some microorganisms
(Warjoto and Jennifer, 2020 and Sereti et al., 2024).

The effect of the fungus Trichoderma on PPNs was
more supported by studies than the yeast. Conversely, the
mixing effect of this fungus with the other microbial agents
has not been studied well. Siddiqui and Shaukat (2004)
reported that the fungus Trichoderma harzianum had a
synergistic effect on P. fluorescens when added to the soil
infected with M. javanica and may improve the efficacy of
bacteria against PPNs.

Lafta and Kasim (2019) referred to the efficacy of mixing
T. harzianum and Pseudomonas fluorescens in controlling
Meloidogyne spp. when tested individually and in combination form.
They found that The combined treatment of P. fluorescens and T.
harzianum resulted in low egg hatching and increased J2 mortality
percentages (40.74% and 60.18%) respectively. Filamentous fungi
especially Trichoderma can be an alterative biocontrol method for
PPN, this strategy is one to overcome the highly toxic chemical
nematicide. These fungi could reduce the damage caused by PPNs
directly by parasitism, antibiosis, and paralysis caused by the
production of Iytic enzymes. Moreover, its ability to induce resistance
against nematodes by activating hormone-mediated like salicylic and
jasmonic acid, which form a plant-defense mechanism, as
stimulating the synthesis of plant secondary metabolites and different
enzymes can also contribute to enhancing plant defenses against
PPNs (Poveda et al., 2020).

Almeida et al. (2022) evaluated two T. harzianum
isolates (ALL42 and IBLF006) and the T. asperellum TOO
strain as antagonists of M. javanica associated with banana
plants. It has resulted in T. harzianum ALL42 and T.
harzianum IBFLOO06 reducing the M. javanica population on
banana roots by up to 55.2 % and 67.9 %, respectively.

Hashem and Abo-Elyousr (2011) mentioned to the
importance of mixing P fluorescens and Paecilomyces
lilacinus in controlling M. incognita rather than using it
individually. The J2 population in 250 g soil reduced from
3800 in the control treatment to 2011 in the combined
treatment with improvement in plant health and production.

An unexpected increase in non-parasitic nematode
numbers has been recorded. This increase may be due to most

of these species feeding in bacteria and fungi and because of
the competition between non-parasitic and parasitic species,
this may be decreasing the number of PPNs (Timper et al.,
2021 and Hodda, 2022).

Moreover, most of the microorganisms could modify
the soil to be suitable for fungivorous and free-living
nematode species e.g., accelerating the process of the organic
matter decomposition and making soil pH more suitable for
free-living nematodes (Nisa et al, 2021 and Jiajia et al,
2022). These microbes are naturally available in the Egyptian
environment, in addition, it can be multiplied greatly in these
environments, especially in citrus orchards which are usually
fertilized with decomposed materials. In the market, there are
some of these products from other isolates which usually have
a long shelf life, and low cost compared to the chemical
nematicides. These results reinforce the use of these microbes
in controlling PPN in citrus orchards and reduce the use of
traditional chemical nematicides this is to enhance the
ecological balance.

CONCLUSION

It can be concluded that the combination of the tested
microbial species exhibited a synergistic potential effect in
controlling the plant-parasitic nematodes associated with citrus
trees. Notably, the yeast species, which had not previously been
used in the control of PPNs, demonstrated a clear positive effect
when included in the microbial mixture. The integration of these
biocontrol agents, when combined, enhanced their collective
efficacy against the targeted nematodes. On the other hand, the
populations of Tjlenchus spp. and Rhabditis spp., two non-plant
parasitic nematode species, showed an increase in number. These
species are crucial to the soil ecosystem as they contribute to
nutrient cycling and overall soil health. The results highlight the
potential benefits of integrating different microbial species for a
more holistic approach to PPN control, reinforcing the efficacy of
mixed microbial strategies in nematode management.

REFERENCES

Abd-Elgawad, M.M.; Koura Faika, H.; Montasser, S.A. and
Hammam, M.A. (2016). Distribution and losses of
Blenchulus semipenetrans in citrus orchards on
reclaimed land in Egypt. Nematology 18: 1141-1150.
http://dx.doi.org/10.1163/15685411-00003020

Abd-Elgawad, M.M.M. (2020a). Optimizing biological
control agents for controlling nematodes of tomato in
Egypt. Egypt J. Biol. Pest Control 30 (1):1-10.
https://doi.org/10.1186/s41938-020-00252-x

Abd-Elgawad, M.M.M. (2020b). Managing nematodes in
Egyptian citrus orchards. Bulletin of the National
Research Centre, 44(1):1-15.
https://doi.org/10.1186/s42269-020-00298-9

Abd-Elgawad, MMM. and Askary, T. H. (2018). Fungal and
bacterial nematicides in integrated nematode management
strategies. Egypt J. Biol. Pest Control 28(1): 1-24.
https://doi.org/10.1186/s41938-

018-0080-x

Abokorah, M.S. and Fathalla, A.M. (2022). The nematicidal
efficacy of fulvic acid, yeast fungus (Saccharomyces
cerevisiae) and L-tryptophan on plant parasitic
nematodes, growth, and yield of banana plants.
Egyptian Journal of Crop Protection 17(1): 27- 37.
https://dx.doi.org/10.21608/ejcp.2022.132161.1005

209


http://dx.doi.org/10.1163/15685411-00003020
https://doi.org/10.1186/s41938-020-00252-x
https://doi.org/10.1186/s42269-020-00298-9
https://doi.org/10.1186/s41938-018-0080-x
https://doi.org/10.1186/s41938-018-0080-x
https://dx.doi.org/10.21608/ejcp.2022.132161.1005

El-Marzoky, A. M. et al.,

Afzal, MU.; Khan, S.A; Javid, N. and Malik, A.U. (2021).
Synergism of citrus nematode (Tylenchulus semipenetrans
Cobb.) and Colletotrichum gloeosporioides plays a major
role in citrus dieback. Pak. J. Agri. Sci. 58(4):1291-1299.
http://dx.doi.org/10.21162/PAKIAS/21.399

Ahuja, A. and Somvanshi, V.S. (2021). Diagnosis of plant-
parasitic nematodes using loop-mediated isothermal
amplification (LAMP): A review. Crop Prot. 147:1-
10. https://doi.org/10.1016/j.cropro.2020.105459

Almeida, O.; Nayane de Oliveira, C. M.; Ulhoa, CJ.; BCortes, M.C.;
Jimior, M.L. and da Rocha, MR. (2022). Trichoderma
Harzianum and Trichoderma Asperellum are potential
biocontrol agents of Meloidogyne Javanica in banana Cv.
Grande Naine. Biological Control 175: 105054
https://doi.org/10.1016/.biocontrol. 2022.105054.

Anonymous, (2007). SPSS Inc. Released 2007. SPSS for
Windows, Version 16.0. Chicago, 2007,SPSS Inc.
http://www.unimuenster.de/imperia/md/content/ziv/s
ervice/software/spss/handbuecher/englisch/spss_brie
f guide 16.0.pdf

Anonymous, (2017). The ministerial decree of regulating agricultural
pesticides in Egypt. The Agricultural Pesticide Committee,
Ministty of Agriculture and Land Reclamation.
http://extwprlegs1.fao.org/docs/ pdfiegy170788.pdf

Anonymous, (2020). Food Agricultural Organization country
showcase  12/6/2020.  http://www.fao.org/country-
showcase/selected-product-detail/en/c/1287941/

Anonymous, (2022). Global Agricultural Information Network,
USDA 19/12/2022. https:/apps.fas.usda.gov /newgainapi/
api/Report/  DownloadReportByFileName? fileName=
Citrus%20Annual Cairo Egypt EG2022-0033.pdf

D’Addabbo, T.; Landi, S.; Palmieri, D.; Piscitelli, L.; Caprio,
E.; Esposito, V. and d’Errico, G. (2024). Potential role
of the yeast Papiliotrema terrestris strain PT22AV in
the management of the root-knot nematode
Meloidogyne incognita. Horticulturae 10, 472.
https://doi.org/10.3390/horticulturae10050472

El-Marzoky, A.M.; Salem, A.A.; Mahrous, M.E. and Basha, A.E.
(2009). Plant parasitic nematodes infesting citrus orchards in
Sharkia Govemorate, Fast Delta, Egypt with special
reference to Tjlenchulus semipenetrans cobb. Zagazig J.
Agric.  Res.  36(1):195-211 https:/agris.fao.org/agris-
search/search.do? recordID = EG2010000496

Hamouda, R.A.; Al-Saman, M.A. and El-Ansary, M.S.M.
(2019). Effect of Saccharomyces cerevisiae and
Spirulina platensis on suppressing root-knot nematode,
Meloidogyne incognita infecting banana plants under
greenhouse conditions. Egypt. J. Agronematol. 18(2):
90-102. https://doi.org/10.21608/ejaj.2019.52593

Hashem, M. and Abo-Elyousrn K.A. (2011). Management of
the Root-knot Nematode Meloidogyne incognita on
Tomato with Combinations of Different Biocontrol
Organisms. Crop Protection 30(3): 285-292.
https://doi.org/10.1016/j.cropro.2010.12.009.

Hashema, M.; Omran, Y.A.M.M. and Sallam, N.M.A. (2008).
Efficacy of yeasts in the management of root-knot
nematode Meloidogyne incognita, in Flame Seedless
grapevines and the consequent effect on the productivity
of the vines. Biocontrol Science and Technology 18( 4):
357.375. https://doi.org/10.1080/09583150801950568

Hodda, M. (2022). Phylum Nematoda: feeding habits for all valid
genera using a new, universal scheme encompassing the
entire phylum, with descriptions of morphological
characteristics of the stoma, a key, and discussion of the
evidence for trophic relationships. Zootaxa 5114 (1):
318-451. https://doi.org/10.11646/zootaxa.5114.1.3

Hussey, R.S. and Barker, K.R. (1973). A comparison of methods
of collecting inocula of Meloidogyne spp., including a
new technique. Plant Dis. Rep. 57:1025-1028.

Jiajia, W.U.; Jiahong, Z.U.; Daqji, Z.; Hongyan, C.; Baogiang, H.;
Aocheng, C.; Dongdong, Y.; Qiuxia, W. and Yuan, L.
(2022). Beneficial effect on the soil microenvironment of
Trichoderma applied after fumigation for cucumber
production. PLOS ONE 17(8): e0266347.
https://doi.org/10.1371/journal.pone.0266347

Karajeh, M.R. (2013). Efficacy of Saccharomyces cerevisiae
on controlling the root-knot nematode (Meloidogyne
javanica) infection and promoting cucumber growth
and yield under laboratory and field conditions. Arch.
Phytopathol. Plant Protection 46 (20): 2492-2500.
https://doi.org/10.1080/03235408.2013.799819

Kekelis, P.; Papatheodorou, E.M.; Terpsidou, E.; Dimou, M;
Aschonitis, V. and Monokrousos, N. (2022). The free-
living nematodes as indicators of the soil quality in
relation to the clay content when coffee waste is applied.
Agronomy 12(11):2702.
https://doi.org/10.3390/agronomy12112702

Keshari, N. and allikarjun, G. (2022). Plant Parasitic Nematodes: A
Major Constraint in Fruit Production. Nematodes - Recent
Advances, Management and New Perspectives. Intech
Open. http://dx.doi.org/10.5772 /intechopen. 101696

Lafta, A.AA. and Kasim, A.A. (2019). Effect of nematode-
trapping fungi, Trichoderma harzianum and
Pseudomonas fluorescens in controlling
Meloidogyne spp. Plant Archives 19 (1) : 1163-1168.

Lahlali, R.; Ezrari, S.; Radouane, N.; Kenfaoui, J.; Esmaeel,
Q. El Hamss, H.; Belabess Zineb and Barka, E.A.
(2022). Biological control of plant pathogens: A
global perspective. Microorganisms. 10 (3):596-629.
https://doi.org/10.3390/microorganisms 10030596

Mai, W.F. and Lyon, H.H. (1975). Pectoral key to genera of
plant-parasitic nematodes. Cornell Univ. Press, Ithaca,
New York, 219 pp.

Martens, R. (1995). Current methods for measuring microbial
biomass-C in soil: potentials and limitations. Biol.
Fert. Soils. 19, 77-81.

Nisa, RU.; Tantray, A. Y.; Kouser, N.; Allie, K. A.; Wani, S. M,;
Alamri, S. A.; Alyemeni, M. N.; Wijaya, L. and Shah, A. A.
(2021). Influence of ecological and edaphic factors on
biodiversity of soil nematodes. Saudi J. Biol. Sci. 28(5):
3049-3059. https:/doi.org/10.1016/j.5jbs.2021.02.046

Pires, D.; Vicente, CS.L.; Menéndez, E.; Faria, JM.S,
Rusinque, L.; Camacho, M.J. and In&cio, M.L. (2022).
The fight against plant-parasitic nematodes: current
status of bacterial and fungal biocontrol agents.
Pathogens 11, 1178.  hitps://doi.org/10.3390/
pathogens11101178

Poveda, J.; Abril-Urias, P. and Escobar, C. (2020). Biological
Control of Plant-Parasitic Nematodes by Filamentous
Fungi Inducers of Resistance: Trichoderma,
Mycorrhizal and Endophytic Fungi. Front. Microbiol.
11:992. https://doi.org/10.3389/fmich.2020.00992.

210


http://dx.doi.org/10.21162/PAKJAS/21.399
https://doi.org/10.1016/j.cropro.2020.105459
https://doi.org/10.1016/j.biocontrol.%202022.105054
http://www.unimuenster.de/imperia/md/content/ziv/service/software/spss/handbuecher/englisch/spss_brief_guide_16.0.pdf
http://www.unimuenster.de/imperia/md/content/ziv/service/software/spss/handbuecher/englisch/spss_brief_guide_16.0.pdf
http://www.unimuenster.de/imperia/md/content/ziv/service/software/spss/handbuecher/englisch/spss_brief_guide_16.0.pdf
http://extwprlegs1.fao.org/docs/%20pdf/egy170788.pdf
http://www.fao.org/country-showcase/selected-product-detail/en/c/1287941/
http://www.fao.org/country-showcase/selected-product-detail/en/c/1287941/
https://doi.org/10.3390/horticulturae10050472
https://agris.fao.org/agris-search/search.do?%20recordID%20=%20EG2010000496
https://agris.fao.org/agris-search/search.do?%20recordID%20=%20EG2010000496
https://doi.org/10.21608/ejaj.2019.52593
https://doi.org/10.1016/j.cropro.2010.12.009
https://doi.org/10.1080/09583150801950568
https://doi.org/10.11646/zootaxa.5114.1.3
https://doi.org/10.1371/journal.pone.0266347
https://doi.org/10.1080/03235408.2013.799819
https://doi.org/10.3390/agronomy12112702
http://dx.doi.org/10.5772%20/intechopen.%20101696
https://doi.org/10.3390/microorganisms10030596
https://doi.org/10.1016/j.sjbs.2021.02.046
https://doi.org/10.3390/%20pathogens11101178
https://doi.org/10.3390/%20pathogens11101178
https://doi.org/10.3389/fmicb.2020.00992

J. of Plant Protection and Pathology, Mansoura Univ., Vol 16 (4), April , 2025

Poveda, J.; Abril-Urias, P. and Escobar, C. (2020). Biological
control of plant-parasitic nematodes by filamentous
fungi inducers of resistance: Tiichoderma, mycorrhizal
and endophytic fungi. Front. Microbiol. 11 (5):992-1006.
https:/doi.org/10.3389%2Ffmicb.2020.00992

J. and Bharucha, Z.P. (2015). Integrated pest

management for sustainable intensification of

agriculture in Asia and Africa. Insects 6(1): 152-182.

https://doi.org/10.3390/insects6010152

Punja, Z.K. (1997). Comparative efficacy of bacteria, fungi,
and yeasts as biological control agents for diseases of
vegetable crops. Can. J. Plant Pathol. 19 (3): 315-323.
https://doi.org/10.1080/07060669709500531

Sereti, F.; Alexandri, M.; Papadaki, A.; Papapostolou, H. and
Kopsahelis, N. (2024). Carotenoids production by
Rhodosporidium paludigenum yeasts:
Characterization ~ of  chemical  composition,
antioxidant and antimicrobial properties. J
Biotechnol. 10;386 :52-63. https://doi.org/10.1016/
j.jbiotec.2024.03.011

Siddigi, M.R. (1986). Tylenchida, parasites of plants and
insects. CAB. Commons. Inst. Parasit .; Slough, UK,
645 pp.

Siddiqui, ILA. and Shaukat, S.S. (2004). Trichoderma
harzianum enhances the production of nematicidal
compounds in vitro and improves biocontrol of
Meloidogyne javanica by Pseudomonas fluorescens
in tomato. Lett. Appl. Microbiol. 38(2):169-75.
https://doi.org/10.1111/j.1472-765x.2003.01481.x.

Pretty,

W il g (o sSall QU ) vl Gunea (i) Alidaial) 13 gilagil) Ada Ual g) La b A ol gual) 3 gall (yan

Timper, P.; Strickland, T. C. and Jagdale, G. B. (2021).
Biological suppression of the root-knot nematode
Meloidogyne incognita following winter cover crops
in conservation tillage cotton. Biological Control 155,
104525.
https://doi.org/10.1016/j.biocontrol.2020.104525

Van Bezooijen, J. (2006) Extraction from soil and other
substrates, p.33 In: Methods and techniques for
nematology. Ed., revised. Publisher, Wageningen Univ.,
2006. Pp.118. http:/nematologia.com.br/files/
uploads/2014/03/vanBezo.pdf

Van den Berg, E.; Marais, M. and Swart, A. (2017). Nematode
Morphology and Classification. In: Fourie, H., Spaull, V.,
Jones, R., Daneel, M., De Waele, D. (eds) Nematology
in South Africa: A View from the 21st Century. Springer,
Cham. https://doi.org/10.1007/978-3-319-44210-5 3

Warjoto, R.E. and Jennifer, B.W. (2020). Carotenoid production
by Rhodosporidium paludigenum using orange peel
extract as substrate. Journal of Biology & Biology
Education 12(3): 319-328. http://dx.doi.org/10.15294
[biosaintifika.v12i3.24867

Yadav, S.; Patil, J. and Kanwar, R. S. (2018). The role of free-
living nematode population in the organic matter
recycling. Int. J. Curr. Microbiol. App.Sci. 7(6): 27296-
2734. https://doi.org/10.20546/ijcmas.2018.706.321

JT X

(Ldunal) 3 jall g cily ladlt 41<YY) Akl o gilad) Jo )
3M\dhb32gh@£\wwghm‘léﬂﬂﬁyjix&‘léjjﬂ\mww

e — Gl G35l Andls Ao )3 A0S — clall A8 5 o8
e -G 3 - a8 Andade ] 1 A el ol ol an?
e —da gl - W A — Aol ) 1A - gleill 5 oy 3 ) sl a3

Laild)

DA e @lly g lilaiall ye b slandll 5 (PPNs) <okl e Alidaial) 1o sllagl) da s 59 30 Jallie 85400 85 ) 50 (8 ‘@mmmu_ms@j il
e s «T7 harzianum s Trichoderma asperellum 5 <2 ol AadlSa U il 48 5 yra iy 5 jSpe D S o3 el Jinl Ly 8l b el
oy Alidial) 13 gilasll aua b o Juia) o al a1 (sl aal 2 V5 1003 Rhodosporidium paludlgenum sl N A Pseudomonas fluorescens
AV g5 el 853 ol ) Al 13 el e 3 U pale it AA) s el s Sl il ol ool 5y, S0 iy Jdas ) o)
T, asperellum 15l JB S 9468 Ay Wi Cuaiss Cun <Tlenchulus semipenetrans »a3es JSY T harzianum & R. paludigenum b s S 5
Sl 58 S R paludigenum g (2 W) P fluorescens b sae <3S iy 9473.9 4y Helicotylenchus spp. S (1 W) P fluorescens g
@5 Caaes 3 5 Rhabditis spp.s Tylenchus spp. dael aliad) (gl Jaud Al A dldadl (o el D8 223 %6672 Loy balael ol Cum Xiphinema spp.
O s Q5 T semipenetrans 125wl (J2) F ) G skl Lt A T harzianum s R. paludlgenum Lo ot ) il ll) oda a8 el
a8 Alakiall 1o gllagl) olaef i 8 A8 Al g ) dy 5 Spalda LAl 028 aladiini dS N s Gukall (e AA_U\J,\;Q\}J\LA; 9%20.6.5 %63 4oy (ganl)
£ 5l e Jalind) s el sl Fumloadl 13 ol ALSEA) &y gl AnSY el s Cpacaladlil o3 el oom sy ALkt 5t 1 gl e ldl 20 50 o)
sl )5 b hilasl il Lo eVl e aal g3 i 5 5l

D sall ghas 5ol jenll A jadl s ppeddl gl e ALRN 13 slol 55 Ssal) Sl 5 ol sl ANt cdalSl

211


https://doi.org/10.3389%2Ffmicb.2020.00992
https://doi.org/10.3390/insects6010152
https://doi.org/10.1080/07060669709500531
https://doi.org/10.1016/%20j.jbiotec.2024.03.011
https://doi.org/10.1016/%20j.jbiotec.2024.03.011
https://doi.org/10.1111/j.1472-765x.2003.01481.x
https://doi.org/10.1016/j.biocontrol.2020.104525
http://nematologia.com.br/files/%20uploads/2014/03/vanBezo.pdf
http://nematologia.com.br/files/%20uploads/2014/03/vanBezo.pdf
https://doi.org/10.1007/978-3-319-44210-5_3
http://dx.doi.org/10.15294%20/biosaintifika.v12i3.24867
http://dx.doi.org/10.15294%20/biosaintifika.v12i3.24867
https://doi.org/10.20546/ijcmas.2018.706.321

