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Abstract 
Korayem, A.M., E.M.A. Noweer and M.M.M. Mohamed. 2026. Field Evaluation of Using the Nematophagus Fungus 
Dactylaria brochopaga for the Management of Root-Knot Nematode, Meloidogyne incognita Infecting Soybean, Glycine 
max. Arab Journal of Plant Protection, 44(3):396-401. https://doi.org/10.22268/AJPP-001405  

A field experiment was carried out during 2020 growing season in a soybean field naturally infested with the root-knot nematode 
Meloidogyne incognita for evaluating the use of the nematophagus fungus, Dacylaria brochopaga, against nematode infection, compared with 
the chemical nematicide Furadan (Carbofuran). The fungus was prepared in two forms, as liquid (DBL) and granules (DBG) biocide. DBG 
and Furadan treatments were applied once at planting date, whereas DBL was applied once after seed germination. Results obtained indicated 
that DBG and Furadan treatments significantly reduced nematode final population (Pf) in soil by 32.4 and 36.5%, respectively, when soybean 
cv. Giza-22 was used, and by 47.1 and 48.2% when cv. Giza-111 was used, compared to the control treatment. DBL had no significant effect 
on Pf for both soybean cultivars. The root-gall index (RGI) at mid-season was not significantly influenced by DBG and DBL treatments, 
whereas Furadan treatment reduced RGI by 30.6% for cv. Giza 111 and 22.5% for cv. Giza-22. At harvest, RGI was significantly reduced with 
DBG and Furadan treatments by 31.6% and 33.3%, respectively, in case of cv. Giza-22 and by 39.3 and 42.9% in case of cv. Giza-111, 
respectively, compared to the control treatment. Whereas, no significant effect on RGI was obtained by the DBL treatment for both soybean 
cultivars, either at mid-season or at harvest, compared to the control. Soybean seed yield of cv. Giza 22 was significantly increased by DBG 
treatment (10.9%), and 12.3% in case of cv. Giza -111, compared to the control. DBL and Furadan treatments had no significant effect on seed 
yield of both cultivars.  
Keywords: Soybean, root-knot nematodes, predacious fungi, formulation,  biological control.  
 

Introduction1 
 
Soybean, Glycine max L. Merr. is considered one of the most 
important oilseed crops worldwide. Its seeds contain about 
30% oil and 40% protein (El-Abady et al., 2008). So it is 
extensively used in the manufacture of animal and human 
feed-staff and other purposes such as plastics, lubricants, 
candles, varnishes, soap, biodiesel and lecithin (Fontana, 
2011). 

The root-knot nematodes (Meloidogyne spp.) are 
economically important plant pathogens, distributed 
worldwide, infecting nearly every species of higher plants 
(Karssen & Moens, 2006; Moens et al., 2009). About 70% 
of the damage caused by phytonematodes is attributed to the 
root-knot nematodes, as loss in the yield is estimated by 80% 
in heavily infested fields with average yield loss ranging 
from 28 to 68% (Chaudhary et al., 2011).  

Soybean plants were reported to be infected with the 
root-knot nematodes in many soybean-growing areas of the 
world (Koenning, 2015). Three species of root-knot 
nematodes (Meloidogyne incognita, M. javanica and M. 
arenaria) are widely distributed and prevalent in the regions 
of warmer climate and account for the most of reported 
damage in these regions with long growing soybean (Sikora 
et al., 2018). Considerable losses in soybean yield due to the 
root-knot nematodes were also reported by many 
investigators worldwide (Fourie et al., 2015; Korayem & 
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Mohamed, 2018; Lima et al., 2017; Sikora et al., 2010; 
Wrather & Koenning, 2009). 

Control of the southern root-knot nematodes, 
Meloidogyne incognita is extremely difficult because it is a 
obligate and sedentary endo-parasite, and has more than one 
generation per year, that are overlapped with each other. 
Sustainable management of pathogenic nematodes is a 
strategy which aims at reducing and maintaining the 
nematode population below economic threshold levels by 
using different ecofriendly methods without use of toxic 
nematicides. Biological control of phytonematodes by fungal 
antagonists has been most extensively studied and appeared 
to be most important in regulating nematode population in 
soil (Chen & Dickson, 2004), it is ecofriendly and offers a 
sustainable and cost-effective alternative to harmful 
nematicides (Shamalie et al., 2011). Predacious fungi have 
received most attention for biological control of nematodes 
due to their specific ability to capture and kill nematode 
(Yang & Zhang, 2014). More than 700 species of 
nematophagous fungi have been described as biological 
control agents against phytonematodes based on their 
infection mechanism. Of them 380 species were described as 
predacious fungi (Zhang et al., 2011). The predacious 
fungus, Dactylaria brochopaga was isolated from soil 
samples collected from the rhizosphere of soybean grown in 
different locations of Egypt (Korayem et al., 2021). 
Suppressive effect of D. brochopaga against the root-knot 
nematode M.incognita infecting snap bean and eggplant 
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under field condition has been reported (Noweer & Aboul-
Eid, 2016; Noweer & El-Kelany, 2019). The objective of the 
present study was to evaluate the suppressive effect of 
predacious fungus D. brochopaga formulated in liquid and 
granules as commercial products against M. incognita 
infecting soybean plants in the field.  
 
Materials and Methods 
 
Plant materials 
Seeds of two certified soybean cultivars, Giza-22 and Giza-
111 were obtained from the Field Crop Research Institute, 
Ministry of Agriculture, Egypt. 
 
Origin of the fungus 
Native Dactylaria brochopaga fungus was isolated from 
rhizosphere of soybean infected with root-knot nematodes by 
using nematode water agar (NWA) medium (Korayem et al., 
2021), propagated and maintained on potato dextrose Agar 
(PDA) medium (Harwig et al., 1979). 
 
Preparation of D. brochopaga in liquid and granule 
formulations 
As to liquid formulation (DBL), spores of the fungus were 
mixed with yeast, molasses and water, and as to granular 
formulation (DBG), spores were mixed with Vermiculite, 
yeast and molasses. Formation of the bio-products, their 
contents, dose and date of application are presented in Table 
(1). One liter from the liquid formulation was dissolved in 50 
L of water before treatment, then each hill received 25 ml.  
 
Field experiment 
The experiment was carried out during 2020 season in a 
sandy soil field naturally infested with the root-knot 
nematode, Meloidogyne incognita, at Abdel-Samad Village, 
Imbaba, Giza, Egypt. The experimental area (around 320 m2) 
was prepared before planting in rows of 60 cm wide and 10 
m long. Calcium superphosphate (15% P2O5) and potassium 
sulphate (48.5%) fertilizers were added to the soil at the 
recommended rate during seedbed preparation. Ammonium 
nitrate (33.5%N) at the rate of 50g/m2 was added in two 
equal portions, one and two months after seed germination. 
The experimental area was then divided into two equal parts, 
160 m2 each, with each part divided into four plots each of 
40 m2, and each of these plots was divided into four 

microplots (replicates) of 10m2 each. On May 25, 2020, 
seeds of two soybean cvs. (Giza-22 and Giza-111) were 
separately planted in hills at the rate of 4-5 seeds per hill, and 
each cultivar was planted in an area of 160 m2 (sixteen 
microplots). Before planting, composed soil samples were 
taken from each microplot to determine the nematode initial 
population density (Pi). Four treatments, DBG, DBL, 
Furadan and control were applied following a randomized 
block design with four replicates per each treatment. Root 
samples were taken from each replicate at both mid-season 
(25-7-2020) and at harvest (20-9-2020) for assaying root 
galling. In addition, 250 ml soil samples were collected from 
each replicate at harvest for assaying the nematode final 
population density (Pf).  
 
Nematode assay in soil and roots 
Nematode second stage juveniles (j2) were extracted from 
250 g soil samples according to the sieving method (Christie 
& Perry, 1951). While the nematode root-gall index (GI) of 
each plant root was estimated using the following 0-6 scale: 
1= no galls, 2= 1-20% root galling, 3= 21-40%, 4= 41-60%, 
5= 61-80%, 6= 81-100% root galling (Barker, 1985). 
Reduction of j2 in soil (% efficiency of treatment) was 
determined at harvest according to Handerson & Tilton 
(Püntener, 1981) formula: 
 

Efficiency %= 1- 

no. j2 after treatment × no. j2 in 
control before treatment × 100 no. j2 before treatment × no. j2 in 
control after treatment 

 
Whereas reduction (%) in the root gall index (GI) was 
calculated according to the following formula:  
 

 
Reduction %=  

average of GI in control-average 
of GI in treatment  

× 100 average of GI in control 
 
Estimation of soybean yield 
At harvest, seeds were collected from each replicate (40 
plants per treatment), and soybean seed yield (g/plant) was 
determined. 
 
Statistical analysis 
Data were subjected to analysis of variance using SPSS 
statistical software, and comparison between averages was 
done using Duncan's multiple range test at P= 0.05.  

 
Table 1. Formulation of the tested bio-products and pesticide Furadan used in this study, their contents, dose and date of 
application.  
 

Treatments Formulation Dose and date of application 
D. brochopaga granules 
(DBG) 

Grandular compound, spores of the fungus were mixed with 
1kg Vermiculite + 10g yeast +20 ml molasses, the number of 
spores was adjusted to 25 × 102 spores/1g of the mixture 

25g/m2 mixed once with soil at 
planting 

D. brochopaga Liquid 
(DBL)  

Liquid compound, fungal spores were mixed with 10 g yeast 
and 20 ml molasses dissolved in one L of water. Number of 
spores in the liquid was adjusted to 25 × 102 spores per 1 ml 

25 ml per hill, once as soil drench 
after germination 

Furadan (Carbofuran)  Chemical nematicide: 2,3-dihydro-2,2-dimethyl-7-benzo-
furanyl methyl carbamate. 

6g/m2 once at planting 

Control (untreated) - - 
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Results 
 
Effects of the nematophagus fungus Dactylaria brochopaga 
in liquid formulation (DBL) and granular formulation 
(DBG), and the chemical nematicide Furadan on the root-
knot nematode infection and yield of soybean cv. Giza-22 
are presented in Table 2. Data indicated that the final 
nematode population (Pf) was significantly (P=0.05) reduced 
by DBG and Furadan treatments with 32.4% and 36.5%, 
respectively, whereas DBL treatment did not affect the 
nematodes compared with the control treatment. As to the 
root-gall indices at mid-season, only Furadan treatment had 
a significant effect with 30.6% reduction in root galling, 
compared with the control, whereas both biocide treatments 
(liquid and granules) did not affect root-galling compared 
with the control treatment. Whereas at harvest, significant 
reduction in root galling was obtained by DBG and Furadan 
treatments with 31.6% and 33.3% reduction, respectively, 
compared with the control treatment. The seed yield 
significantly increased by 12.3% over the control with the 
DBG treatment, whereas no significant effect was obtained 
by DBL and Furadan treatments. 

Data presented in Table (2) showed the effect of 
biocides and Furadan treatments on the nematode infecting 
soybean cv. Giza-111. The same trend was obtained with 
both DBG and Furadan treatments which significantly 
reduced the nematode final population (Pf) by 47.1% and 
48.2%, respectively, compared to the control, whereas the 
DBL treatment had no significant effect. Root gall index was 
significantly reduced by 22.5% at mid-season by Furadan 
treatment, whereas at harvest both DBG and Furadan 
treatments significantly reduced root-gall indices by 39.3 and 
42.9%, respectively, compared with the control treatment, 
and no significant effect was obtained by the DBL treatment. 
As to seed yield no significant effect was obtained by 
Furadan and DBL treatments, whereas it significantly 
increased by 10.9% over the control by the DBG treatment.  
 
 

Discussion 
 
Effect of the nematophagus fungus D. brochopaga 
commercial liquid and granules biocides on soybean infected 
with the root-knot nematode Meloidogyne incognita was 
evaluated under field conditions. Results obtained indicated 
that granular biocide (DBG) and Furadan treatments 
significantly reduced nematode the number of j2 in soil (Pf) 
and root galling at harvest time. No significant reduction in 
nematode infection occurred by using the DBL liquid 
formulation compared with the control treatment, which 
could be attributed to the date of application, since DBL was 
applied after seed germination. In this case, many nematode 
juveniles (j2) may already have penetrated soybean roots 
before the application of the biocide. It was also observed 
that no significant effect of the DBG biocide treatment on 
nematode root galling was observed at mid-season, whereas 
significant effect was observed at harvest, which could be 
explained by the fact that the nematophagus fungus needs 
more time to show its effectiveness. In addition, soybean 
seed yield was significantly increased following the DBG 
treatment compared with other treatments, which could be 
attributed to the combined effect of the fungus and its carrier 
(vermiculite) which contains magnesium silicate, a mineral 
nutrient required for plant growth.  

The biological control of phytonematodes by 
nematophagus fungi has been documented earlier by many 
investigators (Al-Ani, 2022; Askary, 2015; Devi, 2018; 
Hallmann et al., 2009; Moosavi & Zare, 2012; Yang & 
Zhang, 2014). A commercial product of the nematophagus 
fungus D. brochopaga was recently applied to control the 
root-knot nematodes Meloidogyne incognita infecting 
different hosts by suppressing the nematode population 
under field conditions (Aboul-Eid et al., 2016; Noweer & 
Aboul-Eid, 2016; Noweer & El-Kelany, 2019). Using 
environment-friendly control methods of plant-parasitic 
nematodes instead of toxic chemical nematicides is badly 
needed to promote sustainable agriculture (Doran & Zeiss, 
2000; Sharma et al., 2020; Singh et al., 2021). 

 
Table 2. Effect of microbial compounds and Furadan® on Meloidogyne incognita infecting soybean.  
 

Treatment 

No. J2 in 250 g soil Root gall index per plant* 
Seed yield 
(g/plant) Pi Pf 

Efficiency 
(%) 

At mid-
season Reduction (%) At harvest 

Reduction 
(%) 

Giza-111 
DBL 500 1850 a 15.4 3.2 a 11.1 5.2 a   8.8 80.0 b 
DBG 490 1450 b 32.4 3.1 a 13.9 3.9 b 31.6 88.8 a 
Furadan 450 1250 b 36.5 2.5 b 30.6 3.8 b 33.3 81.5 b 
Control 480 2100 a - 3.6 a - 5.7 a - 79.0 b 

Giza-22 
DBL 300 1950a 13.4 3.9 a   2.5 5.1 a   8.9 77.5 b 
DBG 290 1150b 47.1 3.8 a   5.0 3.4 b 39.3 86.5 a 
Furadan 270 1050b 48.2 3.1 b 22.5 3.2 b 42.9 81.5 b 
Control 280 2100a - 4.0 a - 5.6 a - 78.0 b 

DBL = D. brochopaga, liquid compound, DBG = D. brochopaga, granular compound, Pi= initial nematode population, Pf = final nematode 
population. % efficiency was calculated according to Handerson and Tilton Formula. * = average of 20 plants.  
Values followed by the same letters in the same column are not significantly different according to Duncan's new multiple range test at P=0.05. 
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Inundative biological control systems (introduction of 
a bioagent into soil once with high population density) is a 
promising method for nematode management and should be 
encouraged. Success or failure of a bioagent to reduce 
nematode population in the soil depends on its adaptability 
to the rhizosphere environment, host specificity, and its 
ability to persist in the soil for a long period of time. Under 
complicated biotic and abiotic factors in the rhizosphere, 

persistence and activity of inserted bioagent may be 
suppressed and in some cases, and subsequently disappear 
within a short period of time. Thus, rational scientific 
management of native microbial communities inhabiting the 
soil, improving plant health and suppressing nematode 
pathogens could be a good strategy for sustainable nematode 
management. 

 
 الملخص

في إدارة ن�ماتودا    Dactylaria brochopagaلاستخدام الفطر المفترس للن�ماتودا  التقی�م الحقلي.  2026.  م.م.م. محمدو   أ.م.، إ.م.أ. نو�ر،  كر�م
 . 401- 396):3(44. مجلة وقا�ة الن�ات العر��ة، ) Glycine max) التي تصیب فول الصو�ا (Meloidogyne incognitaتعقّد الجذور (

001405-https://doi.org/10.22268/AJPP   
)، وذلك لتقی�م �فاءة  Meloidogyne incognitaفي حقل فول صو�ا مُصاب طب�ع�اً بن�ماتودا تعقّد الجذور (  2020أُجر�ت تجر�ة حقل�ة خلال موسم النمو لعام  

في مكافحة الإصا�ة الن�ماتود�ة، مقارنةً �المبید الن�ماتودي الك�م�ائي فورادان (كر�وفوران). جرى تحضیر الفطر    Dactylaria brochopagaالفطر المفترس للن�ماتودا
مرة واحدة �عد إن�ات   DBL وفورادان مرة واحدة عند م�عاد الزراعة، في حین طُبِّق DBG طُبِّق �لٌّ من .(DBG) ومستحضر حبیبي  (DBL) : مستحضر سائل�طر�قتین

%، على التوالي، عند استخدام صنف فول 36.5و    32.4وفورادان خفّضتا معنو�اً الكثافة النهائ�ة للن�ماتودا في التر�ة بنس�ة   DBG أظهرت النتائج أن معاملتي   .البذور
تأثیر معنوي في الكثافة  DBL ، مقارنةً �معاملة الشاهد. ولم �كن لمعاملة111-%، على التوالي، عند استخدام الصنف جیزة48.2و    47.1، و�نس�ة  22-الصو�ا جیزة

، في حین خفّضت معاملة فورادان ق�مة دلیل DBLو   DBG في منتصف الموسم معنو�اً �معاملتي )  RGIر (لم یتأثر دلیل تعقّد الجذو   .�لیهما  لصنفینلالنهائ�ة للن�ماتودا  
 ،%33.3و    31.6وفورادان بنس�ة   DBG معاملتي في  معنو�اً   RGI . وعند الحصاد، انخفض22-% للصنف جیزة22.5و  111-% للصنف جیزة30.6بنس�ة   تعقد الجذور
ل تأثیرات معنو�ة لمعاملةو ، مقارنةً �معاملة الشاهد.  111-% في حالة الصنف جیزة42.9و  39.3، و22-في حالة الصنف جیزة  ،على التوالي  في المقابل، لم تُسجَّ

DBL  معنو�اً  22-�ما ازداد محصول بذور فول الصو�ا للصنف جیزة .سواءً في منتصف الموسم أو عند الحصاد مقارنةً �الشاهد �لیهما لصنفینل دلیل تعقد الجذور في
وفورادان تأثیراً معنو�اً في محصول البذور   DBL ، مقارنةً �الشاهد، في حین لم تُظهر معاملتا111-% للصنف جیزة12.3  قابلها%، و 10.9بنس�ة   DBG معاملةال نت�جة  
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