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ABSTRACT

The effects of cow, horse and turkey manures in comparison with oxamyl on
phytoparasitic, free-living and predacious nematodes were verified in a mandarin
orchard located in Sharkia Governorate during 2017. Treatments of cow and horse
manures were at the rate of 6.4 tons/ feddan, while that of turkey manure was at the
rate of 4.8 tons/ feddan. However, oxamyl 10% G was treated at the rate of 25 kg/
feddan. Samples were taken monthly during three months after application. Soil
temperature and pH were measured after sampling. Results indicated that the tested
manures and oxamyl significantly (P < 0.05) minified numbers of phytonematodes.
The best treatment (after oxamyl) was turkey manure followed by horse manure,
while cow manure was the least effective one. Remarkable decrease in numbers of
plant-parasitic nematodes was noticed as the time elapsed after application. For
instances, in turkey manure treatment percentages reduction in numbers of
Tylenchulus semipenetrans, Pratylenchus spp., Tylenchorhynchus spp., and
Helicotylenchus spp. after 2 and 3 months were diminished by 56.78% (75.29%),
57.66% (78.54%), 56.84% (77.95%) 56.23% and (78.28%), respectively. On the other
hand, one month after application, the tested manures slightly increased numbers of
free-living nematodes mainly genus Rhabditis and predacious nematodes belonging to
order: Mononchida. Whereas, 2 and 3 months after application pronounced abundance
of these nematodes was detected. The highest augmentation was achieved in soil
amended with turkey manure. However, oxamyl decreased numbers of non-
stomatostylet bearing nematodes compared to untreated trees. The tested manures
raised soil temperature and altered soil pH to be alkaline. Generally, our results
emphasized the significance of animal manures particularly the turkey one in
suppression plant-parasitic nematodes in mandarin orchards which may be attributed
to its role in increasing predacious nematodes and change soil temperature and pH.

Keywords: Animal manures, control, Tylenchulus semipenetrans, mandarin, free-
living nematodes, predacious nematodes, soil temperature, soil pH.

INTRODUCTION

The mandarin, Citrus reticulata (Blanco) cultivation had a great importance to
production and exportation among all the citrus cultivars all over the world. Egypt had
ranked fifth around the world in mandarin production, which was at 917404 tons in
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2016 and it formed about 3.2% of the world production (FAO, 2016). In Egypt,
previous nematological surveys carried out in mandarin orchards have shown the
occurrence of many phytoparasitic nematodes, i.e. Tylenchulus semipenetrans,
Pratylenchus spp., Helicotylenchus spp., Tyvlenchorhynchus spp., Meloidogyne spp.,
Xiphinema spp. and Trichodorus spp. (Mahrous et al., 1985; El-Marzoky et al., 2009
and Ibrahim et al., 2016). Among which, 7. semipenetrans was reported to cause
remarkable damage to citrus trees (Abou-El-Naga et al., 1984; Bakr et al., 2011 and
Montasser et al., 2012). The annual economic losses in crop yield due to infestation
with citrus nematode were ranged from 8.7 to 12.2%, according to Cohn (1972) and
14% according to Sasser (1989).

Chemical nematicides have been applied widely to control plant-parasitic
nematodes with fast-acting and considerable results. However, they are both
expensive and environmentally unfriendly method. Since there are many reports
concerned with contamination of ground water and different food types with
nematicides. For example, concentration of aldicarb residues exceeded the reference
doses in orange fruits in Sharkia governorate (Tchounwou et al., 2002). On the other
hand, Egyptian citrus exports are facing severe competition with Mediterranean
countries. The main problem in this respect is the extensive use of chemical fertilizers
and pesticides that are not accepted by the European markets (Bazargan, 2017). All
these factors enhanced nematologists to search for another alternative safe and low
costing methods to manage plant-parasitic nematodes in citrus orchards. Therefore,
the main objective of this study was to verify the effect of the three animal manures
1.e. cow, horse and turkey in comparison with oxamyl on parasitic and beneficial
nematodes in a mandarin orchard at Sharkia governorate. It is necessary to mention
that, the term manure in this study refers to wastes from livestock (including cow,
horse and turkey), usually mixed with bedding such as sawdust, rice strain and feed
waste.

This pollution can directly affect plants or indirectly by contaminating the
groundwater of these plants with chemical nematicides (Jones & Back, 1983 and
Wixted et al., 1987). The organic farms have been increased significantly in the world
over the last several years and are expected to grow in the future. Organic
amendments especially, animal manures are used as an effective alternative, relatively
inexpensive and eco-friendly methods for reducing nematode populations (El-
Marzoky, 2009 & 2015).

The addition of animal manures improves soil structure, supplied plants with
nutrient elements like nitrogen, potassium, and phosphorus through its decomposition,
and can stimulate natural enemies. The organic manures were shown to be rich in
nitrogen and phenolic compounds (Renco &Kovacik, 2012). In addition, in
decomposition process of these materials, nitrogen converted to ammonia (Oka, 2010
and Thoden et al,, 2011). Therefore, many authors suggested using animal manures,
1.e., poultry, pigeon, horse, sheep and duck dung in the programs of controlling
phytonematodes (Kimenju et al., 2004). Generally, this study aims to show the role of
animal manures in biological control of phytonematodes infesting mandarin orchards
by increasing predacious and free-living nematodes and inducing changes in certain
soil properties like temperature and pH.
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MATERIALS AND METHODS
1. Experimental site:

This experiment was carried out in a Balady mandarin orchard, cultivated with 15-
years old trees grafted on sour orange rootstock (Citrus aurantium), spaced at 4m
apart and located in Basateen Serag El-Dein locality, Belbies district, Sharkia
Governorate. The experimental area was characterized by sandy soil (71.80% sand,
15.75% clay and 12.15% silt), with surface irrigation system.

2. Effect of the certain animal manures on population density of nematode species in
the soil:

Organic animal manures were regularly applied to the soil during the growing season
of a given crop. On the other hand, one of the alternative strategies for plant-parasitic
nematode management is the application of organic manures. Therefore, three animal
manures namely, cow, horse and turkey manures in comparison with the nematicide
oxamyl were evaluated in suppressing populations of plant parasitic nematodes in the
selected mandarin orchard. The tested manures were collected from three different
clean organic farms situated in Belbies district, while oxamyl was obtained from Plant
Protection Research Institute, Dokki, Giza. Based on certain literature reports, the
nitrogen contents in cow, horse and turkey manures were 17700, 19500 and 29100
ppm, respectively (El-Marzoky, 2009 and Sideman et al. 2013). Accordingly, cow and
horse manures were applied at the rate of 40 kg/ tree (6.64 tons/ feddan), whereas the
turkey manure was added at the rate of 30 kg/ tree (4.98 tons/ feddan). Moreover, the
chemical nematicide oxamyl (Vydate 10% G), Methyl 2-(dimethylamino)-N-
[(methylcarbamoyl) oxy]-2-oxoethanimidothioate was treated at 150g/ tree (25
kg/feddan). A complete randomized block design with three replicates was followed.
The experimental site was divided into five plots (rows), each plot contains 10 trees.
The selected rows were separated from each other by one parallel row. Three trees in
each row were chosen randomly, labelled and served as replicates for the treatments.
Animal manures were air dried for three weeks before use. Manures and oxamyl were
separately incorporated in the top 10-20 cm of the soil layer in the canopy of the
treated trees. Trees of the control treatment were left without any amendments or
chemical nematicide. Three subsamples were taken at 20-25cm depth, under tree
canopy with a hand trowel after one, two and three months of application during the
period from January to April 2017. The three subsamples were mixed to form a
composite sample of about 1 kg, kept in polyethylene bags and sent directly to the
laboratory. An aliquot sample of 250 g soil was processed for nematode extraction.
Nematodes were extracted using a combination of serving and Baermann trays
technique (Hopper et al., 2005). For nematode identification, 1 ml of nematode
suspension was pipetted into Hawksely counting slide and nematodes were examined
by the aid of the of research microscope under 100X magnification. Based on
morphology of adult and juvenile forms nematodes were identified according to Mai
and Lyon (1975) and Siddiqi (1986).

The nematode reduction (%) was calculated according to the following equation:

Nematode reduction (%) = Control - treatment x 100
Control
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3. Effect of applied treatments on soil temperature and pH:

It was evident that soil temperature was the most essential factor affecting nematode
communities (Morris et al., 2011). Therefore, changes in the two factors were
measured at 0, 1, 2 and 3 months of applying the tested amendments. Soil temperature
was detected with a soil thermometer. A screwdriver was used to make a pilot hole to
a depth of 20 cm in top layer of the soil under the canopy of trees. The thermometer
was inserted into the hole for about one minute. If the sun was bright the thermometer
was shaded by the hand to keep readings accurate. Two readings were taken during
five consecutive days after nematode sampling every month. The two readings were
taken in the morning and late afternoon. The average of two readings was recorded.
The same procedures were accomplished under trees of control treatment. Days of
extremes in temperature and rainfall were avoided (Julie, 2011).

Soil pH was detected using a digital pH meter. A hand trowel was used to collect
three subsamples from 20-30 cm layer under the canopy of each tree replicate. The
subsamples were carefully mixed and stones or plant debris were removed. Aliquot
sample of about 100 g of the mixed soil were placed in a clean 300 ml plastic beaker.
Distilled water was added to the soil until it was damp enough. The probe of the
digital pH meter was cleaned and inserted into the soil and the device was turned on.
The probe was twisted to make sure that it had a good contact with the soil and did
not contact the bottom of the beaker. It was left in the soil to about one minute until
the reading stabilized and then the reads were recorded at the time of application and
at monthly intervals (Hamilton, 2013).

RESULTS AND DISCUSSION

1. Impact of three animal manures on phytonematodes infesting mandarin orchard:

Preliminary samples were collected from a chosen mandarin orchard before
experimentation. Morphological identification of adult and juvenile forms revealed
the occurrence of the citrus nematodes, Tylenchulus semipenetrans Cobb; the lesion
nematodes, Pratylenchus spp. Flipjev; the stunt nematodes, Tylenchorhynchus spp.
Cobb and the spiral nematodes, Helicotylenchus spp. Steiner.

Data in Table (1) show the effect of the three animal manures, i.e., cow, horse
and turkey manures compared to oxamyl on plant- parasitic nematodes after one
month of application. It was found that, all treatments significantly (P<0.05) reduced
numbers of 7. semipenetrans compared to check treatment. Oxamyl surpassed all
applications with insignificant variations with turkey manure. On the other hand,
slightly insignificant differences were detected between the three manures under
investigation treatments when they were compared with each other. However, plots
treated with oxamyl overwhelmed those amended with cow manure or horse manure
in minimizing numbers of 7. semipenetrans. Percentages reduction in descending
order for oxamyl, turkey manure, horse manure and cow manure were 45.28, 32.27,
28.58 and 19.55% consecutively.In respect to efficiency of the tested materials on
other phytonematodes, results in Table (1) clearly showed that oxamyl, turkey manure
and horse manure significantly (P<0.05) minified numbers of Pratylenchus spp.,
Tylenchorhynchus spp. and Helicotylenchus spp. compared to control treatment.
However, cow manure achieved the lowest insignificantly effect. Ranges of
percentages reduction in populations of Pratylenchus spp., Tylenchorhynchus spp. and
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Table 1. Effect of three animal manures and oxamyl on plant parasitic nematodes infesting
mandarin orchard, one month after application.

Nematode populations per 250 g soil
Pratylenchus Tylenchorhynchus | Helicotylenchus
Treatment T. semipenetrans Spp. spp. spp.
Control 3540 a* 45.0a 36.3a 31.0a
(0) (0) (0) (0)
Oxamyl 1937.0 c 25.7b 15.3b 14.3b
(45.28) (42.95) (57.80) (54.77)
Cow manure 2847.7b 35.0ab 25.7ab 21.7ab
(19.55) (22.22) (29.36) (30.09)
Horse manure 2528.3b 27.7b 23.3b 15.7b
(28.58) (38.51) (35.78) (49.45)
Turkey manure 2397.3bc 23.7b 18.7b 15.7b
(32.27) (47.4) (48.60) (49.45)

* Each value is a mean of 3 replicates.
* Values in brackets indicate % reduction = Control- Treatment x 100
Control

* Means in each column followed by the same letter(s) are not significantly different at P < 0.05
according to Duncan's multiple range test.

Helicotylenchus spp. for tested materials were 22.22 to 47.40%, 29.36 to 57.80 %
and 30.09 to 54.77%, respectively.

Data in Tables 2 and 3 illustrate the population densities and percent reductions
of phytonematodes in due to the application of the tested treatments compared to the
untreated control at 2 and 3 months after application. Similarity, oxamyl proved to be
the most suppressive one, which recorded 65.86 and 95.33% reduction in numbers of
T. semipenetrans after 2 and 3 months of application, respectively

Moreover, it attained 78.30, 70.52 and 75.00 % reduction in numbers of
Pratylenchus spp., Tvlenchorhynchus spp. and Helicotylenchus spp., successively
after two months. These values were obviously increased to 92.20, 97.24 and 98.48%
respectively, after three months of application.

It worth mentioning that, among the applied manures, turkey one sustained the
best results in prohibiting numbers of 7. semipenetrans with no significant difference
with oxamyl treatment. It was followed descendingly by horse manure and cow
manure with the same ability to inhibit numbers of citrus nematode. Percentages
reduction in numbers of 7. semipenetrans after two months of application for turkey
manure, horse manure and cow manure were 56.78, 43.22 and 39.37 % consequently.
However, these values were markedly increased to 75.29, 67.14 and 55.39 %
correspondingly, after three months of application.

Regarding effects of animal manures, on the genera, Pratylenchus,
Tylenchorhynchus and Helicotylenchus it was clear that all the tested animal manures,
significantly decreased their numbers after 2 and 3 months of application. In all cases
remarkable decrease in numbers of these genera was noticed as the time elapsed from
second to third month after application.
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Table 2. Effect of three animal manures and oxamyl on plant parasitic nematodes infesting
mandarin orchard, two months after application.

Nematode populations per 250 g soil

Pratylenchus Tylenchorhynchus Helicotylenchus
Treatment T. semipenetrans Spp. Spp.- Spp.
Control 3639.3a* 63.0a 63.3a 42.7a
(0) (0) (0) (0)
Oxamyl 1242.3¢ 13.7¢ 18.7¢ 10.7¢
(65.86) (78.30) (70.52) (75.00)
Cow manure 2206.33b 38.7b 40.3b 25.7b
(39.37) (38.61) (36.32) (39.82)
Horse manure 2066.3b 37.0bc 36.0bc 22.0bc
(43.22) (41.27) (43.15) (48.42)
Turkey manure 1572.7 be 26.7bc 27.3bc 18.7bc
(56.78) (57.66) (56.84) (56.23)

* Each value is a mean of 3 replicates.
* Values in brackets indicate % reduction = Control- Treatment x 100

Control

* Means in each column followed by the same letter(s) are not significantly different at P < 0.05
according to Duncan's multiple range test.

Table 3. Effect of three animal manures and oxamyl on plant parasitic nematodes infesting
mandarin orchard, three months after application.

Nematode populations per 250 g soil
Pratylenchus Tylenchorhynchus Helicotylenchus
Treatment T. semipenetrans spp. Spp.- spp.
Control 3334.3a 119.7a 96.7a 66.0a
(0) (0) (0) (0)
Oxamyl 155.7¢c 93¢ 2.7¢c 1.0c
(95.33) (92.20) (97.24) (98.48)
Cow manure 1487.3b 50.7bc 45.3bc 30.7bc
(55.39) (57.65) (53.10) (53.53)
Horse manure 1095.7 b 40.3bc 34.7bc 20.7bc
(67.14) (66.29) (64.14) (68.68)
Turkey manure 823.7bc 25.7bc 21.3bc 14.3bc
(75.29) (78.54) (77.95) (78.28)

* Each value is a mean of 3 replicates.
* Values in brackets indicate % reduction = Control- Treatment x 100

Control

* Means in each column followed by the same letter(s) are not significantly different at P < 0.05
according to Duncan's multiple range test.
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For instances, in turkey manure treatment numbers of Pratylenchus,
Tylenchorhynchus and Helicotylenchus, after 2 and 3 months of application were 26.7
(25.7),27.3 (21.3) and 18.7 (14.3 ) individuals per 250 g soil, respectively. Likewise,
the respective values in cow manure treatment were 38.7 (50.7), 40.3 (45.3) and 25.7
(30.7) individuals per 250 g soil. Generally, it could be concluded that, turkey manure
was the best treatment (after the nematicide) in suppressing numbers of
phytonematodes infesting mandarin trees, followed by horse manure and cow manure
was the least effective one in this respect.

Results of current study indicated that the tested treatments exhibited a
considerable nematicidial activity and significantly minified populations of plant-
parasitic nematodes. Oxamyl proved to be the most suppressive one. Whereas, among
the tested manures, turkey one was the best treatment followed by horse manure while
cow manure was the least effective one. Remarkable reduction in numbers of plant-
parasitic nematodes was detected as the time elapsed from first to second and third
months after application. These results are in agreement with those reported by many
authors who tested organic manures against 7" semipenetrans (Badra et al., 1979 and
Montasser et al., 2012), Pratylenchus (Yang et al., 2016) and Helicotylenchus,
Tylenchorhynchus (Rodriguez- Kabana, 1986). Conversely, Kimpinski et al., (2003)
showed that compost and manure treatments increase numbers of P. penetrans in
potato soil due to increase in soil moisture and better development of potato roots
which provided more recourses for nematode populations. These amendments did not
affect Meloidogyne hapla population density in amended plots. However, Heterodera
trifolii was more pronounced in root-zone soil of barley treated with compost.
Moreover, McSorley & Gallaher (1996) found that yard-waste compost did not affect
Pratylenchus spp. On the other hand, Whitehead (1998) showed that even when
organic amendments appear to have negative effect on plant parasitic nematodes, the
large amount needed for effective control make their use feasible only in small areas.

The effectiveness of organic amendments depends on their nitrogen content and
C/N ratio. Fertilizers with high nitrogen content are more effective than those with
low values. Our results in this study support this fact, since turkey manure contained a
relatively higher values of nitrogen (29100 ppm) compared to horse (19500 ppm) and
cow (17700 ppm) manures ( El-Marzoky, 2009 and Sideman et al., 2013). Moreover,
materials with narrower C/N ratio were more effective than those with broader C/N
ratio. Apparently, C/N ratio of 15-20 are the optimal to the soil microorganisms when
amendments are added to 1% level (Main& Rodriguez- Kabana, 1982 and Osunlola
&Fawole, 2015).

The nematicidal effect of organic manures on plant parasitic nematodes could
be attributed to many factors. Among which direct effects of chemicals produced
during manure decomposition such as ammonia, hydrogen sulphide ,methan, fatty
acids with low molecular weight like acetic, propionic acids, dimethlamine |,
trimethyamine as well as phenols. All these materials were reported to be deleterious
to different species of plant-parasitic nematodes ( Badra et al, 1979 ; Main &
Rodriguez -Kabana, 1982; Rodriguez-Kabana, 1986; Kesba &Al-Shalaby, 2008 and
Nowak et al., 2017).

Another mechanism involved in suppression effect of animal manures is related
to role of microorganisms. Since, it has been suggested that soil amendments
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encourage and enhance microbial populations that exhibit antagonistic action against
plant-parasitic nematodes either as direct parasites or predators or by their metabolites
produced during their activities (Riegel &Noe, 2000 ; Akhtar & Malik, 2000 and Oka,
2010). Also, three species of nematophagous fungi were isolated from poultry, horse,
pig and carabao dungs (Castillo, 1985). Furthermore, antagonistic fungi have been
isolated from juveniles and egg masses of nematodes in organic soil in New York
(Viaene & Abawi, 1998). Additionally, the reduction of plant-parasitic nematode
populations could also due to changes in soil physical and chemical conditions,
besides physiological changes in roots which make the plants more tolerant or
resistance against nematodes (Osunlola and Fawole, 2015).

2. Influence of the tested animal manures on numbers of free-living and predacious
nematodes:

Data presented in Fig.1 show behavior of free-living and predacious nematode
populations after 1, 2 and 3 months of applying the three animal manures viz. cow,
horse and turkey manures and the nematicide oxamyl. One month after application
number of free living nematodes mainly genus Rhabditis and predacious nematodes
belonging to order: Mononchida were slightly increased compared to a relatively
lower values in oxamyl and control treatments. Between the tested fertilizers turkey
manure gave the highest increase followed by horse manure while cow manure was
the lowest effective one. On the other hand, oxamyl minified numbers of non-stylet
bearing nematodes when it was compared to untreated check. Population density of
free living and predacious nematodes per 250 g soil in plots treated with turkey
manure, horse manure and cow manure were 81.7 (65.0), 66.3 (63.3) and 49.7 (46.3)
individuals in 250 g soil, respectively. The respective values in oxamyl and control
treatment were 35.3 (22.7) and37.3 (33.0) individuals, respectively.
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Fig. 1. The effect of animal manures and oxamyl on predaceous and free-living nematodes
after, one, two and three months of treatment.

Two and three months after application, pronounced increase in numbers of
free-living and predacious nematodes were detected in treatments of animal manures.
The highest augmentation was achieved in plots amended with turkey manure,
followed in descending order by those amended with horse manure and cow manure.
Numbers of free living and predacious nematodes per 250 g soil in turkey manure
treatment at 2 and 3 months post treatment were 321.7 (310.7) and 388.3(410.7)
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nematodes / 250 g soil, respectively, versus to 19.0 ( 10.3) and 25.0 ( 20.0 )
nematodes/ 250 g soil in oxamyl treatment, respectively, while the respective values
in control treatment were 48.3 (50.7) and 39.0 (29.0) nematode/ 250 g soil,
consecutively . Likewise, similar situations occurred in treatments of horse and cow
manures.

Irrespective to the effect of the tested manures on free- living and predatory
nematodes, results showed that one month after application, numbers of free- living
nematodes mainly genus Rhabditis and predatory nematodes belonging to order:
Mononchida were slightly increased compared to oxamyl and control treatments.
However, after two and three months pronounced increase in numbers of free-living
and predatory nematodes were detected. This is consistent with findings of Akhtar &
Malik (2000) ; Kimpinski et al. (2003) ; EI-Marzoky (2015) and Yang et al. (2016).

3. The effect of animal manures on the soil temperature and pH.

To assess the efficiency of certain soil parameters on numbers of
phytonematodes, soil temperature and pH were measured at monthly intervals during
study period. Results in Fig.2 clearly indicated that amending mandarin with animal
manures raised soil temperature. One month after treatment, soil temperature in plots
received turkey, horse and cow manures were 28.6, 27.6 and 26.4°C respectively, in
comparison to control and oxamyl treatments which were 23.6 and 22.8°C
consequently. Similar results were obtained after 2 and 3 months of treatment. For
instance, turkey, horse and cow manures were capable of raising soil temperature after
2 and 3 months to 30.6 (32.4), 29.3 (31.2) and 27.2 (30.6) °C, respectively in relation
to check treatment which achieved 19.8 and 27.4 °C, consequently.

=——one month —f—two months three months

35
30
25
20
15
10

Average of soil temperature C

Control Oxamyl Cow manure Turkey Hourse
manure manure

Treatments

Fig. 2. The effect of applying animal manures on the soil temperatures after one, two and
three months of treatment

Soil pH was changed as a result of utilization animal manures. Results in Fig. 3
showed that soil pH was altered toward to be alkaline after adding animal manures.
After one month, soil pH in treatments of turkey, horse and cow manures were 6.8,
6.5 and 6.3, respectively compared to treatments of oxamyl and control which were
5.1 and 5.2, successively. However, these values were increased after two and three
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months of treatment to reach 7.2 (8.2), 7.1 (8.0) and 6.8 (7.8) in soil amended with
turkey, horse and cow manures, respectively while the parallel values in oxamyl and
control treatment were 5.2 (5.2) and 5.1(5.2), correspondingly.

Our results showed that pH of soil amended with animal manures was altered
toward to be alkaline and it may be responsible for remarkable reduction of plant-
parasitic nematodes. This finding is in accordance with Oka (2010) and Yang et al.
(2016) who showed that increasing soil pH from acidity to neutral or alkaline
effectively reduced numbers of plant-parasitic nematodes.
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Fig. 3. The effect of applying animal manures on the soil pH after one, two and three months
of treatment.

In contrary, Kaplan and Noe (1993) reported that reduction of M. arenaria
populations in soil amended with chicken-excrement may be due to lowering of pH due
to addition of ammonia. In this respect, many authors indicated that fertilizers
contained ammonical nitrogen are more destructive to parasitic nematodes than those
contained nitrate nitrogen (Badra et al., 1979). Moreover, during decomposition
process of organic manures nitrogen converted to ammonia, that kill plant —parasitic
nematodes (Oka, 2010 and Thoden et al., 2011). Regarding the role of animal manures
in increasing soil temperature and consequently affect nematode community, there are
no literature reports concerning this subject. However, our results revealed that the
tested animal manures increased soil temperature, compared to control treatment and it
may be one of the mechanisms involved in suppression effects of animal manures
especially during summer months.

Generally, results of this study suggest the possibility of using animal manures
i.e cow, horse and turkey at rate of 40, 40 and 30 kg/ tree, respectively in to reducing
plant parasitic nematodes and increasing beneficial nematodes in mandarin orchards.
This method of nematode control is less expensive, safe and improve soil structure
and fertility. Further investigation is needed to identify microorganisms responsible in
suppressing populations of plant parasitic nematodes.
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