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Abstract 
Hammam, M.M.A., M.M.M. Mohamed, L.W. Duncan, F. Elborai and M.M.M. Abd-Elgawad. 2024. Multi-Season Yield 

Enhancement Following Citrus Nematode Management in an Egyptian Citrus Orchard. Arab Journal of Plant 

Protection, 42(4): 482-488. https://doi.org/10.22268/AJPP-001272  

Chemical and biological nematicides were evaluated for the management of the citrus nematode Tylenchulus semipenetrans in an 

Egyptian lemon orchard. The experiment included 7 treatments as follows: native Heterorhabditis indica applied to the soil surface in aqueous 

suspension, H. indica infected cadavers applied beneath the soil surface, Abamectin®, Micronema® a product containing Serratia sp., 

Pseudomonas sp., Azotobacter sp., Bacillus circulans and Bacillus thuringiensis, chemical treatments cadusafos and two rates of the chemical 

oxamyl. The experiment followed a randomized complete block design with 10 blocks, and treatments were applied between October 2018 

and February 2019. All treatments reduced (P ≤ 0.05) population densities of female citrus nematodes in roots between 32 and 77% for three 

months period following the final treatment. Average lemon yield in the summer of 2019 was 18-38% higher in treated compared to untreated 

plots, but only the Micronema and cadusafos treatments were significantly higher. The average yields in treated plots were 15-42% higher than 

that in control plots in 2020, but the increase was not statistically significant. Despite few treatment differences in either year, the mean 2019 

and 2020 combined yield for each treatment, except for the H. indica treatment, was 18-33% higher (P ≤ 0.05) than that of the untreated plots. 

The lemon yield during both years was inversely correlated (P ≤ 0.001) with the mean nematode females/g of roots following the treatments. 

In August and September 2021, all the previous treatments except H. indica applied in aqueous suspension and Micronema continued to 

suppress female citrus nematodes in roots, on average of 21–69%.  

Keywords: Biocontrol, citrus, crop loss assessment, nematicides, nematode management, Tylenchulus semipenetrans. 

 

Introduction1 
 

Egypt is a major citrus producing country and citriculture has 

important socio-economic value in Egypt by providing an 

important source of foreign currency and local employment 

(Abdel-Razek & Abd-Elgawad, 2021). Although the area 

planted to lemon trees has steadily declined, a dramatic 

increase in lemon prices has sparked recent interest in 

replanting and in avoiding production limitations 

(Anonymous, 2021). Two main constraints are unsound pest 

management (Osman et al., 2022) and under-watering trees 

by some growers to force them to flower off-season to sell 

fruits at a higher price, but such practice has a negative effect 

on the tree’s growth (Anonymous, 2021). Stress from 

underwatering is compounded in the presence of 

pests/pathogens such as plant-parasitic nematodes (PPNs). 

The most widespread and economically important nematode 

pest of citrus worldwide is the citrus nematode Tylenchulus 

semipenetrans (Shokoohi & Duncan, 2018). It is a semi-

endoparasite of fibrous (feeder) roots, establishing a feeding 

site within the cortical root tissue where the female nematode 

remains to feed throughout its life. It can decrease root 

function and increase root turnover rate causing ‘slow 

decline’ disease (Hamid et al., 1998). The disease symptoms 

can be exacerbated by other factors such as water deficit, 

high temperature, soil salinity, and concomitant pathogens 

and pests (Shokoohi & Duncan, 2018).  
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Nematicides have still a key role in T. semipenetrans 

control, but application of their various materials has led to 

mixed results (Pretorius & Le Roux, 2017; Verdejo-Lucas & 

McKenry, 2004). Although it is formally registered for use 

against T. semipenetrans, cadusafos is seldom applied in 

Egypt and its effectiveness under local conditions is unclear 

(Agricultural Pesticides Committee, 2020). Cadusafos 

achieved promising results in Arizona (USA), where 

granular and liquid formulations reduced T. semipenetrans 

populations to undetectable levels and boosted both the 

lemon yield and rate of fruit maturity (McClure & Schmitt, 

1996). In Australia, granular cadusafos demonstrated 

superior effectiveness for T. semipenetrans control (Walker 

& Morey, 1999). Pretorius & Le Roux (2017) reported that 

using cadusafos was reliable in breaking the T. 

semipenetrans life cycle in South Africa, whereas 

fenamiphos, aldicarb, and terbufos failed to adequately 

decrease T. semipenetrans population levels. Such 

carbamate or organophosphate post-plant nematlcides 

suppress nematode populations via inhibition of 

acetylcholinesterase. The current and pending withdrawal or 

stricter regulation of organophosphate/carbamate 

nematicides emphasizes a need to optimize their use by 

modifications to dosages, use of combinations, application 

timing and/or delivery methods. Moreover, novel 

bionematicides with different mechanisms are commercially 

emerging and their efficacy requires extensive testing. A few 

biocontrol agents (BCAs) have dual-purpose application. 

https://doi.org/10.22268/AJPP-001272


483 Arab J. Pl. Prot. Vol. 42, No. 4 (2024) 

Entomopathogenic nematodes (EPNs) are aptly named as 

controlling insect pests, but they have also been shown to 

suppress PPNs on turfgrass (Grewal et al., 1997), tomato 

(Kepenekci et al., 2018), and other crops including citrus 

(Abd-Elgawad, 2017). Microbial compounds such as 

abamectin (El-Saedy et al., 2019), and a mixture of 

pathogenic bacteria formulated as Micronema (Hammam et 

al., 2016) exhibited efficacy against T. semipenetrans 

infecting citrus. Thus, comparative studies of current and 

recently developed options continue to be important. For this 

study, we selected an orchard in a locality characterized by 

the expansion of citrus production in Egypt.  

We hypothesize that T. semipenetrans can be better 

managed to result in subsequent yield increases using some 

currently available nematicides than others. Several novel 

and environmentally safe materials in addition to traditional 

carbamate (oxamyl) and organophosphate (cadusaphos) 

products aimed to control the citrus nematode and mitigation 

of lemon yield loss were compared.  

 

Materials and Methods 

 
An orchard (30°30’43.2”N; 30°17’45.0”E) of eighteen-year-

old Banzaheer acid lime (Citrus aurantifolia) trees grafted 

on sour orange (C. aurantium) rootstock in an area known to 

be infested by T. semipenetrans was selected in El-Nubaria 

district, El-Beheira governorate. The orchard is in a newly 

reclaimed desert area known for expansion of citriculture 

(Anonymous, 2015). The trees were spaced at 5 × 6 m (333 

trees per ha), grown in sandy soil (sand 90%, silt 6%, clay 

4%, pH 7.4, CaCO3 7.8% and organic matter 1.7%), and 

pruned every other year. The original sandy soil was 

reclaimed via levelling and mulching virgin soil with a 

portion of silty clay soil from the Nile Valley (Abd-Elgawad 

et al., 2016). The trees are rarely flooded, but, when water is 

insufficient, drip irrigation with emitters at 30 cm intervals 

in a one-meter radius around tree trunks was applied. The 

radius of the tree canopy range was 1.95-2.10 m. All 

agricultural practices conform with the national program for 

enhancing citrus production guidelines (El-Barkoki & Abou-

Aziz, 1989). Weed control was usually done by hand hoeing.  

Two weeks prior to treatments, one kg of soil was 

collected (0-20 cm depth) from undercanopies of each of five 

randomly selected groups of five adjacent trees throughout 

the experimental site. In the laboratory, five 200g aliquots 

per sample were each baited with 5 G. mellonella larvae. 

Cadavers were placed on white traps (Hammam et al., 2016) 

to recover and identify EPNs. 

Trees with uniform and healthy appearance were 

selected and treatments were arranged in a randomized 

complete block design with 10 blocks. On October 3, 2018, 

one tree per block received one of following treatments: (1) 

an aqueous application of an Egyptian EPN strain of 

Heterorhabditis indica Hi-EG, at a rate of 25 infective 

juveniles (IJs)/cm2, equivalent to 2.5×109 IJs/ hectare, (2) ten 

H. indica Hi-EG-infected G. mellonella cadavers, (3) 

cadusafos (Rugby® 10% G; FMC Corp., American origin 

and produced in Egypt by FMC Corporation) at a rate of 24 

kg/feddan (= 4200 m2), (4) Micronema® (mixture of Serratia 

sp., Pseudomonas sp., Azotobacter sp., Bacillus circulans 

and Bacillus thuringiensis; General Authority of the 

Agricultural Budget Fund of the Egyptian Ministry of 

Agriculture) at a rate of 200 ml/tree, (5) avermectin 

(Abamex® 1.8% EC; Arab Company for the Manufacturing 

of Pesticides and Veterinary Medicines, Jordan) applied at 3 

ml/7.5 L of water per tree, and (6) untreated control (water 

only). On 15 January 2019, two additional treatments were 

added to the trial, (7) oxamyl (Vydate® 24% L; Corteva, 

Egypt) at 3 liters/feddan and (8) oxamyl at 4 liters/feddan. 

Oxamyl applications in Egypt are conventionally made in the 

winter months. Both oxamyl treatments were repeated three 

weeks later.  

All treatments were applied to pre-moistened soil. The 

agitated EPN suspension was evenly sprayed on the soil 

surface beneath the entire tree canopy after scraping debris 

from the soil surface layer. The nematodes were applied 

early in the morning and immediately followed with four 

liters water per tree via hand sprayer to help incorporate them 

in the soil to protect them from UV radiation and desiccation. 

The EPN strain was originally isolated from a citrus grove 

(Shehata et al., 2019), maintained at 10°C, cultured, and 

applied within 3 days after exiting G. mellonella last instar 

larval cadavers (Kaya & Stock, 1997). The EPN in cadavers 

were applied six days post infection, by evenly spacing and 

burying of insects (5 inside and 5 outside the irrigation 

circuit) about 3 cm beneath the soil surface under the tree 

canopy followed by similar watering. Cadusafos was evenly 

sprinkled by hand within 75 cm on each side of the drip 

irrigation line, i.e. 1.50-m bands (each 9.4 m2 area/tree) 

beneath the tree canopy. Four liters of water were 

immediately added after its application to wash the 

nematicide into the top layer of soil. Oxamyl, Micronema 

and Abamex were sprayed on the soil surface in the same 

pattern as that of cadusafos, followed by 4 liters of water 

similar to the untreated control.  

The undercanopy soil and roots were sampled to assess 

plant-parasitic nematode population levels on 3 October 

2018, prior to the initial six treatments, and then on 15 

January 2019 (which was prior to the final two treatments), 

April 25, 2019, and August 4, 2021, for all 8 treatments. Both 

oxamyl treatments and the untreated controls final sampling 

was on September 21, 2021. Nematode population levels 

were assessed by digging soil with a shovel (0-30 cm depth) 

at three locations within the treated area for each tree, mixed 

to make a combined sample of ca. 1.5 kg/tree. From each 

thoroughly mixed sample, an aliquot of 250 g soil was 

processed by sieving, decanting, and sucrose-centrifugation 

to extract soil nematodes (Barker, 1985). Feeder roots in the 

samples were gently washed free of soil and an aliquot of 3 

g per tree was cut into 2-cm-long pieces, placed in plastic 

dishes with distilled water and incubated under laboratory 

conditions (25±5ºC) for a week to extract T. semipenetrans-

second stage juveniles (J2) and males (Hammam et al., 

2016). An additional 3 g roots were cut into 2-cm-long pieces 

and blended at 3×103 rpm for 3 min to recover T. 

semipenetrans females (Southey, 1970). The lemon fruit 

yield was recorded from July to September in 2019 and 2020. 

The lemon yield was not collected in 2021 because of global 

pandemic travel restrictions.  

Nematode data were transformed (logn X+1) to 

normalize prior to ANOVA and mean comparisons by 
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Tukey’s Honestly Significant Difference test. 

Untransformed means were reported. Fruit weight per tree in 

each harvest season and the combined 2-year weights were 

subjected to ANOVA and means were compared using 

Dunnet’s test of all treatments against a control. The relative 

yield/tree for each year (yield/highest yield) were combined 

(n = 80) and regressed against the average number of female 

citrus nematodes per gram root in the two samples following 

the 2019 winter and spring treatments. 

 

Results 

 
No naturally occurring EPNs were detected in the orchard 

prior to initiating the experiments. Tylenchulus 

semipenetrans was the dominant PPN species in all soil and 

root samples. Species of Criconemoides, Helicotylenchus, 

and Tylenchorhynchus were also detected but were just 0.7% 

of the total PPN community, too low to be analyzed. The 

average T. semipenetrans initial population densities were 

2626 second-stage juveniles (J2) and males per 250 g soil and 

1 g fresh fibrous roots as well as 264 females per 1 gm feeder 

roots.  

The mean population densities among treatments 

differed significantly prior to the applications; therefore, the 

initial estimates measured in October were used as co-

variants when analyzing the treatment effects on populations 

measured in January. The mean citrus nematode numbers in 

all treatments measured 14 weeks following the October 

2018 applications were numerically below those of the 

control (Figure 1). All treatments except the cadaver-applied 

EPN and abamectin, suppressed (P ≤ 0.05) T. semipenetrans 

females in roots (Figure 1).  

Cadusafos reduced the nematode females by 53%, 

whereas Micronema and EPNs in suspension also reduced 

the root infection rate. By April 2019, all treatments reduced 

citrus nematode in soil and roots (Figure 1). Root infections 

by the nematode were 23 and 32% of control levels when 

treated three months earlier with the low and high rates of 

oxamyl, respectively. Cadusafos reduced female citrus 

nematode by 61% in April and the remaining treatments 

reduced females to levels between 32 and 42% of untreated 

controls. More than two years later, by August 2021, long-

term nematode control from several of the treatments was 

still evident. The soil stages were significantly lower than 

controls for cadusafos and the high rate of oxamyl (Figure 1-

A); however, females in roots continued to be significantly 

reduced by as much as 24% to 59% by abamectin, cadusafos, 

and both rates of oxamyl (Figure 1-B). The variation in fruit 

yield between the individual trees was high within and 

between treatments during both harvest seasons (Figure 2).  

Nevertheless, there was a highly significant linear 

relationship between the lemon fruits harvested from the 

trees during the two seasons and the average number of 

female nematodes per gram of roots measured following the 

treatments in 2019. The mean measured lemon fruit yield 

each year in 2019-2020 for all treatments ranged between 

16–42% higher than those of untreated plots (Figure 3).  

 

 
 

Figure 1. Population density of Tylenchulus semipenetrans 

soil stages (A) and females, (B) during 35 months following 

the first series of treatments with chemical and biological 

pesticides. All treatments were applied immediately after 

sampling at time 0, except oxamyl which was applied after 

three months. 

 

  
 

Figure 2. Relative lemon yield (calculated separately for 

each year). Regression was calculated for the combined 2-

year yield per tree (N = 80), but each year is shown separately 

in the figure. 
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Figure 3. Two-year lemon fruit weight per tree harvested in 

2019 and 2020. Treatment means that differ (P < 0.05) from 

the untreated control are marked by an asterisk.  

 

Micronema and cadusafos were the only treatments to 

increase fruit yield significantly in 2019 (not shown) and no 

treatment produced significantly higher lemon yield than 

controls in 2020. However, the mean two-year combined 

yield ranged between 25-33% higher (P < 0.01) than that of 

controls for all but the EPN treatments (P > 0.05) (Figure 3). 

There were no differences (P > 0.05) between the yields of 

those treatments found to increase lemon yield.  

 

Discussion 

 
The citrus nematode population levels initially encountered 

in this trial were large enough in such a high value crop as 

lemon to justify management, based on the T. semipenetrans 

economic thresholds in this reclaimed desert region (Abd-

Elgawad et al., 2016). This was confirmed by the inverse 

relationships measured between fruit weight and nematode 

infection rates and by the increased fruit production by most 

nematicidal treatments. The cost per hectare of the 

commercial products used here ranged from $24 for 

abamectin to $950 for cadusafos. The 2019-2020 average 

export price paid for lemon in Egypt was $1.14/kg which 

represents a value of $38,277/ha based on yield in the 

untreated control plots. Yield increases of the magnitude 

measured here (28±1.4%) would return approximately 

$9767-$10,693/ha over two years, depending on the product 

used.  

Because several of the treatments appeared highly 

profitable, non-target effects on soil food webs, groundwater 

pollution and human health also become important 

considerations when choosing between the products. The 

more environmentally benign EPN and bacterial biological 

controls were very effective against T. semipenetrans, even 

compared to the more toxic chemical products. Several 

previous studies evaluated EPNs for management of citrus 

nematode. Duncan et al. (2007) reported a significant 

reduction in the seasonal increase of citrus nematode 

populations in mature orange trees in Florida nine months 

after applying the EPN Steinernema riobrave to manage a 

root weevil pest; however, the effect on the nematode was 

brief and inconsistent and did not increase fruit yield, 

significantly. Abo-Korah (2020) reported reducing T. 

semipenetrans on orange trees in a pot study by 50% 

following application of Steinernema feltiae. 

Heterorhabditis bacteriophora applications maintained 

citrus nematode populations below half those on non-treated 

orange trees consistently for 27 weeks, but without 

increasing fruit yield in an orchard in the Nile Basin 

(Hammam et al., 2016). In the present experiment, nematode 

suppression was measurable eight months following 

application of both formulations of H. indica, and fewer 

females of citrus nematodes were recovered from roots of 

trees treated with the cadaver formulation for almost 3 years. 

The consistent, effective management of citrus nematode in 

Egypt orchards, contrasts with that reported from Florida and 

may be due to the climatic and edaphic differences, EPN 

species employed, or many other factors. Following early 

reports of EPN antagonism to plant-parasitic nematodes in 

pot and field trials (Grewal et al., 1997; Lewis et al., 2001), 

numerous studies, primarily focused on root-knot nematode, 

have shown similar variability in responses by the PPN and 

the host plants (Damascena et al., 2019; Felicitas et al., 2021; 

Jagdale et al., 2009; Li et al., 2023). The most common 

mechanisms investigated for EPN effects on PPN involve 

allelopathy (Kenney & Eleftherianos, 2016) or the induction 

of plant defenses (Jagdale et al., 2009). Kamali et al. (2022) 

proposed that plants mistake EPNs for herbivores. They 

demonstrated that EPNs induce both the systemic acquired 

resistance and the induced systemic resistance pathways, 

thereby reducing populations of PPN belowground, and 

arthropod leaf miner aboveground. 

Much like the EPN treatments, Micronema provided 

similar results against T. semipenetrans in this reclaimed 

desert orchard as were reported previously for an orange 

orchard in the Nile Basin infested with citrus nematode 

(Hammam et al., 2016). More importantly, in this and the 

previous study, compared to untreated trees, Micronema 

increased the fruit yield to levels equivalent to those of the 

more conventional nematicide treatments. El-Nagdi et al. 

(2015) found that Micronema increased harvested bananas 

by suppressing Meloidogyne incognita and Fusarium root 

rot. Micronema also increased the yield of sugar beet by 

controlling M. incognita (Youssef et al., 2017). An 

increasing number of reports showed effective nematode 

control and consequent crop responses by such biocontrol 

bacteria as used in this study (Migunova & Sasanelli, 2021). 

Bacterial activity against nematodes depends on their 

capacity to compete for ecological space by settling on the 

root surface and generating antimicrobial/nematicidal toxins, 

hydrolytic enzymes, antibiotics, and/or siderophores. As 

reported for EPNs, these bacteria and/or their metabolites 

can also influence the plant host in part by stimulating 

induced systemic resistance (Migunova & Sasanelli, 2021). 

Abamectin is a metabolite of Streptomyces avermitilis. 

The commercial product has a chelated formulation that is 

required to increase the soil penetration of the active 

ingredient (avermectin B1a:B1b, 80%:20%). Abamectin 

blocks the transmission of electrical activity in the 

nematodes and invertebrate nerve/muscle cells leading to 

hyperpolarization and paralysis of neuromuscular systems 

(Abd-Elgawad, 2020a). It has a short half-life in the soil, a 

low affinity for mammalian nervous systems and is safe to 
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use. In Egypt it has been shown to control PPNs and increase 

yields of potato, tomato, pepper and citrus (Abd-Elgawad, 

2020a; 2020b; 2020c; 2020d), respectively. It was the 

cheapest product used in this trial, an especially important 

factor in developing countries, where the other nematicides 

may not be affordable.  

The organophosphate cadusafos and both rates of the 

carbamate oxamyl provided the greatest and most persistent 

level of nematode control but provided a similar yield boost 

compared to the biocontrol products. Both products have 

safety and environmental profiles that have resulted in 

deregistration of many other pesticides, like these, that target 

acetylcholinesterase. Numerous studies report citrus yield 

increases within 1-3 years following application of 

organophosphate or carbamate nematicides (Duncan, 1989; 

Greco et al., 1993; McClure & Schmitt, 1996; Verdejo-

Lucas & McKenry, 2004).  

A striking feature about citrus nematode is that, unlike 

many plant-parasitic nematodes species, T. semipenetrans 

migrate exceptionally slowly within orchards (Duncan et al., 

1995) and their populations rebound slowly following 

 

 management – hence the disease name “slow decline” (Le 

Roux et al., 1996; 1998; 2000). Here the mean nematode 

densities of all treatments were lower than that of untreated 

trees at every post-application sampling date. The females in 

roots remained significantly lower for abamectin, cadusafos 

and oxamyl for nearly 3 years. The long-lasting efficacy of 

both chemical and biological control products in this trial 

combined with the availability of threshold population 

densities for management decisions (Abd-Elgawad et al., 

2016), would appear to make citrus nematode IPM especially 

feasible in Egypt. The responses to biological control 

treatments in these single-tree plots emphasize the 

importance of working with growers to validate the efficacy 

and profitability of products such as Micronema and 

Avermectin in large plot trials in commercial citrus orchards. 

 

Acknowledgment 
 

This study was supported in part by the US-Egypt Project 

cycle 17 (no. 172) entitled “Preparing and evaluating IPM 

tactics for increasing strawberry and citrus production.”  

 

 الملخص
ومح البرعي  فهيم  دنكن،  و.  لاري  محمد،  م.م.  معوض  مصطفى،  م.أ.  الجواد.فهمام،  عبد  م.م.  بستان  .  2024  وظ،  إنتاجية   تحسين 

الحمضيات نيماتودا  أعداد  إدارة  خلال  من  سنوات  لعدة  مصر  الموالح/حمضيات/موالح  العربية،  .  في  النبات  وقاية    . 488-482  (:4)42مجلة 
001272-https://doi.org/10.22268/AJPP   
نيماتود  تم   مبيدات  و   يةتقييم  نيماتودا    حيويةكيميائية  )الموالالحمضيات/لمكافحة  ليمون   (Tylenchulus semipenetransح  بستان  حامض في 

 ، صورة معلق مائيب المحلية على سطح التربة    Heterorhabditis indicaنيماتودا الحشرات    :معاملات  7. تضمنت التجربة  بجمهورية مصر العربية
ى  يحتوي عل  ي منتج تجار   Micronema®  (، Abamectin®)  المطبقة تحت سطح التربة، مبيد الأبامكتين H. indica جثث الحشرات الملقحة بنيماتودا

Serratia sp.  ،Pseudomonas sp.  ،Azotobacter sp.  ،Bacillus circulans،  Bacillus thuringiensis، كيميائي    مبيدCadusafos   وجرعتين
تطبيق المعاملات في الفترة    قطع، وتم    10مكونة من  الالتجربة تصميم القطاعات العشوائية الكاملة  استخدمت  مختلفتين من مبيد الأوكساميل الكيميائي.  

في  الموالحالحمضيات/أعداد إناث نيماتودا    ( P ≥ 0.05)  . أدت جميع المعاملات إلى خفض2019فبراير  شباط/و   2018أكتوبر  تشرين الأول/ما بين  
أعلى بنسبة   2019في صيف عام الحامض . كان متوسط إنتاج الليمون ةخر معاملآ% خلال ثلاثة أشهر بعد 77و  32بين ما  تالجذور بنسبة تراوح

وكان متوسط  اج،  إنت أعلى    Cadusafosو    Micronemaالمعاملات  أعطت  (، و الشاهد% في الأراضي المعاملة مقارنة بالأراضي غير المعاملة )18-38
، لكن الزيادة لم تكن ذات دلالة إحصائية. 2020قطع الأراضي غير المعاملة في عام  قارنةً ب % م42-15العائد في قطع الأراضي المعالجة أعلى بنسبة  

لكل علاج، باستثناء تلك التي    2020و    2019من العامين، كان متوسط العائد المشترك لعامي    ختلافات القليلة في العلاج في أي  على الرغم من الا
بعد المعاملات خلال  الحامض  محصول الليمون    وارتبط.  ملغير المعاشاهد  بال  مقارنةً   (P ≥0.05)  %33-18، أعلى بنسبة  H. indicaتحتوي على  

   H. indicaباستثناءالمطبقة،  جميع المعاملات  استمرت  ر.  و جذمن الرام  غإناث النيماتودا لكل    أعداد  مع متوسط  (P ≥ 0.001اً )عكسي   كليهما  العامين
 . 2021سبتمبر وأيلول/أغسطس خلال شهري آب/ %69-21 بمعدلفي الجذور،  الموالحإناث نيماتودا بتثبيط  ، Micronemaفي معلق مائي و
 .Tylenchulus semipenetransمكافحة حيوية، حمضيات/موالح، تقييم فاقد المحصول، مبيدات النيماتودا، إدارة النيماتودا،  كلمات مفتاحية: 

القومي للبحوث،  ( قسم وقاية النبات، المركز  1)  .* 1ومحقوظ م.م. عبد الجواد  3، فهيم البرعي2، لاري و. دنكن1، معوض م.م. محمد1همام، م.أ. مصطفى  الباحثين:  عناوين

( مركز بحوث وتعليم الحمضيات، معهد العلوم الغذائية والزراعية، جامعة فلوريدا، لاك الفريد، فلوريدا، الولايات المتحدة  2الدقي، الجيزة، مصر؛ )

  .يدا، الولايات المتحدة الأمريكية( مركز بحوث وتعليم ساحل الخليج، معهد العلوم الغذائية والزراعية، جامعة فلوريدا، ويماوما، فلور3الأمريكية؛ )
 mahfouzian2000@yahoo.comالبريد الإلكتروني للباحث المراسل: *

 
 
 

https://doi.org/10.22268/AJPP-001272


487 Arab J. Pl. Prot. Vol. 42, No. 4 (2024) 

References 
 

Abd-Elgawad, M.M.M., F.F.H. Koura, S.A. Montasser 

and M.M.A. Hammam. 2016. Distribution and losses 

of Tylenchulus semipenetrans in citrus orchards on 

reclaimed land in Egypt. Nematology, 18(10):1141-

1150. https://doi.org/10.1163/15685411-00003020 

Abd-Elgawad, M.M.M.  2017. Status of entomopathogenic 

nematodes in integrated pest management strategies in 

Egypt. Pp. 473-501. In: Biocontrol Agents: 

Entomopathogenic and Slug Parasitic Nematodes. 

M.M.M. Abd-Elgawad, T.H. Askary and J. Coupland 

(eds.). Wallingford, CAB International, UK.  
https://doi.org/10.1079/9781786390004.0289 

Abd-Elgawad, M.M.M. 2020a. Biological control agents in 

the integrated nematode management of potato in 

Egypt. Egyptian Journal of Biological Pest Control, 

30:121. https://doi.org/10.1186/s41938-020-00325-x 

Abd-Elgawad, M.M.M. 2020b. Optimizing biological 

control agents for controlling nematodes of tomato in 

Egypt. Egyptian Journal of Biological Pest Control, 

30:58. https://doi.org/10.1186/s41938-020-00252-x 

Abd-Elgawad, M.M.M. 2020c. Biological control agents in 

the integrated nematode management of pepper in 

Egypt. Egyptian Journal of Biological Pest Control, 

30:70. https://doi.org/10.1186/s41938-020-00273-6 

Abd-Elgawad, M.M.M. 2020d. Managing nematodes in 

Egyptian citrus orchards. Bulletin of the Natural 

Research Center, 44:41.  

https://doi.org/10.1186/s42269-020-00298-9 

Abdel-Razek, A.S. and M.M.M. Abd-Elgawad. 2021. 

Spinosad combined with entomopathogenic nematode 

for biocontrol of the Mediterranean fruit fly (Ceratitis 

capitata [Wiedemann]) on citrus. Egyptian Journal of 

Biological Pest Control, 31:112.  

https://doi.org/10.1186/s41938-021-00458-7 

Abo-Korah, M.S. 2020. Untraditional study to control citrus 

nematode Tylenchulus semipenetrans by safety 

applications. Menoufia Journal of Plant Protection, 

5(4):95-104. 

https://doi.org/10.21608/mjapam.2020.171259 

Agricultural Pesticides Committee. 2020. Adopted 

recommendations to control agricultural pests. 

Qalioub, Qalioubia, Egypt, Agricultural Pesticide 

Committee, Ministry of Agriculture and Land 

Reclamation, Commercial Al-Ahram Press.  
Anonymous. 2015. Area, productivity and production of 

horticultural crops for year 2015. Egyptian Economic 

Affairs Sector, Ministry of Agriculture, Giza, Egypt. 

(In Arabic) 

Anonymous. 2021. Experts reveal the secret of the "lemon 

price" madness. Accessed on 24 August 2023.  (In 

Arabic).https://gate.ahram.org.eg/News/2222181.aspx  

Barker, K.R. 1985. Nematode extraction and bioassays. Pp. 

19-35. In: An Advanced treatise on Meloidogyne- vol. 

II. K.R. Barker, C.C. Carter, and J.N. Sasser (eds.), 

Raleigh, North Carolina State University Graphics, 

USA.  

 

Damascena, A.P., J.C.A. Ferreira,  M.G.S. Costa,  L.M. de 

Araujo–Junior and S.R.S. Wilcken. 2019. Hatching 

and mortality of Meloidogyne enterolobii under the 

interference of entomopathogenic nematodes in vitro. 

Journal of Nematology, 51(1):1-8.  

https://doi.org/10.21307/jofnem-2019-058 

Duncan, L.W. 1989. Effect of fenamiphos placement on 

Tylenchulus semipenetrans and yield in a Florida citrus 

orchard. Journal of Nematology, 21:703-706. 

Duncan, L.W., P. Mashela, J. Ferguson, J. Graham, 

M.M. Abou-Setta  and M.M. El-Morshedy. 1995. 

Estimating crop loss in orchards with patches of mature 

citrus trees infected by Tylenchulus semipenetrans. 

Nematropica, 25(1):43-51. 

Duncan, L.W., J.H. Graham, J. Zellers, D. Bright, D.C. 

Dunn,  F.E.  El-Borai  and  D.L. Porazinska. 2007. 

Food web responses to augmenting the 

entomopathogenic nematodes in bare and animal 

manure–mulched soil. Journal of Nematology, 

39(2):176-189.  

El-Barkoki, M.H. and A.B. Abou-Aziz.  1989. The national 

programme for improving citrus production. Cairo, 

Egypt, Academy of Scientific Research and 

Technology, Ministry of Agriculture and the National 

Research Centre.  

El-Nagdi, W.M.A., H. Abd El-Khair and A.M. El-

Ghonaimy. 2015. Field application of biological 

control on root-knot nematode and Fusarium root rot 

fungus in banana cv. Grand Naine. Middle East Journal 

of Agriculture Research, 4(3):545-554. 

El-Saedy, M.A.M., S.E. Hammad and S.F.A. Awd Allah. 

2019. Nematicidal effect of abamectin, boron, 

chitosan, hydrogen peroxide and Bacillus thuringiensis 

against citrus nematode on Valencia orange trees. 

Journal of Plant Science and Phytopathology, 3:111-

117. https://doi.org/10.29328/journal.jpsp.1001041 

Felicitas, E.F.A., B.L. Caoili and R.A. Latina. 2021. 

Antagonistic effect of Steinernema abbasi and 

Heterorhabditis indica Philippine isolates on root 

penetration and development of Meloidogyne 

incognita in tomato. Biocontrol Science and 

Technology, 31(8):865-876.  

https://doi.org/10.1080/09583157.2021.1898541 

Greco, N., M. Basile, T. D’Addabbo and A. Brandosino. 

1993. Influence of aldicarb and fenamiphos on 

Tylenchulus semipenetrans population densities and 

orange yield. Journal of Nematology, 25:768-772. 

Grewal, P.S., W.R. Martin, R.W. Miller and E.E. Lewis. 

1997. Suppression of plant-parasitic nematode 

populations in turfgrass by application of 

entomopathogenic nematodes. Biocontrol Science and 

Technology, 7(3):393-399.  

https://doi.org/10.1080/09583159730802 

Hamid, G.A., S.D. Van Gundy and C.J. Lovatt. 1998. 

Phenologies of the citrus nematode and citrus roots 

treated with oxamyl. Proceedings of the International 

Society of Citriculture, 2:993-1004. 

https://doi.org/10.1163/15685411-00003020
https://doi.org/10.1079/9781786390004.0289
https://doi.org/10.1186/s41938-020-00325-x
https://doi.org/10.1186/s41938-020-00252-x
https://doi.org/10.1186/s41938-020-00273-6
https://doi.org/10.1186/s42269-020-00298-9
https://doi.org/10.1186/s41938-021-00458-7
https://doi.org/10.21608/mjapam.2020.171259
https://gate.ahram.org.eg/News/2222181.aspx
https://doi.org/10.21307/jofnem-2019-058
https://doi.org/10.29328/journal.jpsp.1001041
https://doi.org/10.1080/09583157.2021.1898541
https://doi.org/10.1080/09583159730802


 ( 2024)  4، عدد 42مجلة وقاية النبات العربية، مجلد  488

Hammam, M.M.A., W.M.A. El-Nagdi and M.M.M. Abd-

Elgawad. 2016. Biological and chemical control of the 

citrus nematode, Tylenchulus semipenetrans (Cobb, 

1913) on Mandarin in Egypt. Egyptian Journal of 

Biological Pest Control, 26(2):345-349.  

Jagdale, G.B., S. Kamoun and P.S. Grewal. 2009. 

Entomopathogenic nematodes induce components of 

systemic resistance in plants: biochemical and 

molecular evidence. Biological Control, 51(1):102-

109. https://doi.org/10.1016/j.biocontrol.2009.06.009 

Kamali, S., A. Javadmanesh, L.L. Stelinski, T. Kyndt, A. 

Seifi, M. Cheniany, M. Zaki-Aghl, M. Hosseini, M. 

Heydarpour and J. Asili. 2022. Beneficial worm 

allies warn plants of parasite attack below-ground and 

reduce above-ground herbivore preference and 

performance. Molecular Ecology, 31(1):691-712.  

https://doi.org/10.1111/mec.16254 

Kaya, H.K. and S.P. Stock. 1997 Techniques in insect 

nematology. Pp. 281–324. In: Manual of Techniques 

in Insect Pathology. L.A. Lacey (ed.). Academic Press, 

San Diego, California, USA 

Kenney, E. and I. Eleftherianos. 2016. Entomopathogenic 

and plant pathogenic nematodes as opposing forces in 

agriculture. International Journal for Parasitology, 

46(1):13-19. 

https://doi.org/10.1016/j.ijpara.2015.09.005 

Kepenekci, I., S. Hazir, E. Oksal and E.E. Lewis. 2018. 

Application methods of Steinernema feltiae, 

Xenorhabdus bovienii and Purpureocillium lilacinum 

to control root-knot nematodes in greenhouse tomato 

systems. Crop Protection, 108:31-38.  

https://doi.org/10.1016/j.cropro.2018.02.009 

Le Roux, H.F., A.B. Ware, M.C. Pretorius, F.C. Wehner 

and J.M. Kotze. 1996. Chemical control of 

Tylenchulus semipenetrans in a South African citrus 

orchard. Proceedings of the International Society of 

Citriculture, 1:588-592.  

https://doi.org/10.13140/2.1.2340.6723 

Le Roux, H.F., A.B. Ware and M.C. Pretorius. 1998. 

Comparative efficacy of preplant fumigation and 

postplant chemical treatment of replant citrus trees in 

orchards infested with Tylenchulus semipenetrans. 

Plant Disease 82(12):1323-1327.  

https://doi.org/10.1094/pdis.1998.82.12.1323 

Le Roux, H.F., M.C. Pretorius and L. Huisman. 2000. 

Citrus nematode IPM in Southern Africa. Proceedings 

of the International Society of Citriculture, 2:823-827.  

Lewis, E.E., P.S. Grewal and S. Sardanelli. 2001. 

Interactions between the Steinernema feltiae-

Xenorhabdus bovienii insect pathogen complex and the 

root-knot nematode Meloidogyne incognita. Biological 

Control, 21(1):55-62.  

https://doi.org/10.1006/bcon.2001.0918 

Li, J., Y. Li, X. Wei, Y. Cui, X. Gu, X. Li, T. Yoshigan, 

M. Abd‑Elgawad, D. Shapiro‑Ilan, W. Ruan and S. 

Rasmann. 2023. Direct antagonistic effect of entomo-

pathogenic nematodes and their symbiotic bacteria on 

root‑knot nematodes migration toward tomato roots. 

Plant and Soil, 484:441-455.  

https://doi.org/10.1007/s11104-022-05808-4 

McClure, M.A. and M.E. Schmitt. 1996. Control of citrus 

nematode, Tylenchulus semipenetrans, with cadusafos. 

Journal of Nematology, 28(4S):624-628.  

Migunova, V.D. and N. Sasanelli. 2021. Bacteria as 

biocontrol tool against phytoparasitic nematodes. 

Plants, 10(2):389.  

https://doi.org/10.3390/plants10020389 

Osman, H.A.I., H.H. Ameen, M.M.A. Hammam, G.M. 

El‑Sayed, U.S. Elkelany and M.M.M. 

Abd‑Elgawad. 2022. Antagonistic potential of an 

Egyptian entomopathogenic nematode, compost and 

two native endophytic bacteria isolates against the 

root‑knot nematode (Meloidogyne incognita) infecting 

potato under field conditions. Egyptian Journal of 

Biological Pest Control, 32:137.  

https://doi.org/10.1186/s41938-022-00635-2 

Pretorius, M.C. and H.F. Le Roux. 2017. Nematode pests 

of citrus. Pp. 311-324. In: Nematology in South Africa: 

A View from the 21st Century. H. Fourie, V.W Spaull, 

R.K. Jones, M.S. Daneel and D.D. Waele (eds.), Cham, 

Switzerland, Springer International Publishing.  

https://doi.org/10.1007/978-3-319-44210-5_1 

Shehata, I.E., M.M.A. Hammam, F.E. El-Borai, L.W. 

Duncan and M.M.M. Abd-Elgawad. 2019. 

Comparison of virulence, reproductive potential, and 

persistence among local Heterorhabditis indica 

populations for control of Temnorhynchus baal 

(Coleoptera: Scarabaeidae) in Egypt. Egyptian Journal 

of Biological Pest Control, 29:32.  

https://doi.org/10.1186/s41938-019-0137-5 

Shokoohi, E. and L.W. Duncan. 2018. Nematode Parasites 

of Citrus. Pp. 446-476. In: Plant-Parasitic Nematodes 

in Tropical & Subtropical Agriculture, 3rd Edition. R. 

Sikora, D. Coyne, J. Hallman and P. Timper (eds.). St. 

Albans, CAB International, UK.  

https://doi.org/10.1079/9781786391247.0446 

Southey, J.F. 1970. Laboratory methods for work with plant 

and soil nematodes. Technical Bulletin of Ministry of 

Agriculture, Fishers and Food, London, 176pp.  

Verdejo-Lucas, S. and M.V. McKenry. 2004. 

Management of the citrus nematode, Tylenchulus 

semipenetrans. Journal of Nematology, 36(4):424-432.  

Walker, G.E. and B.G. Morey. 1999. Effect of chemicals 

and microbial antagonist on nematodes and fungal 

pathogens of citrus roots. Australian Journal of 

Experimental Agriculture, 39:629-637.  

https://doi.org/10.1071/EA99003 

Youssef, M.M.A., H. Abd-El-Khair and W.M.A. El-

Nagdi. 2017. Management of root knot nematode, 

Meloidogyne incognita infecting sugar beet as affected 

by certain bacterial and fungal suspensions. CIGR 

Journal, Special Issue (2017): Ari-food and Biomass 

Supply Chains, 293-301. 

 

 Received: September 8, 2023; Accepted: November 2, 2023 2/11/2023؛ تاريخ الموافقة على النشر: 8/9/2023: الاستلامتاريخ 

 

https://doi.org/10.1016/j.biocontrol.2009.06.009
https://doi.org/10.1111/mec.16254
https://doi.org/10.1016/j.ijpara.2015.09.005
https://doi.org/10.1016/j.cropro.2018.02.009
https://doi.org/10.13140/2.1.2340.6723
https://doi.org/10.1094/pdis.1998.82.12.1323
https://doi.org/10.1006/bcon.2001.0918
https://doi.org/10.1007/s11104-022-05808-4
https://doi.org/10.3390/plants10020389
https://doi.org/10.1186/s41938-022-00635-2
https://doi.org/10.1007/978-3-319-44210-5_1
https://doi.org/10.1186/s41938-019-0137-5
https://doi.org/10.1079/9781786391247.0446
https://doi.org/10.1071/EA99003

