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PATHOGENICITY OF ROOT-KNOT NEMATODE IN CUCUMBER AND IN 
VITRO TEST OF POULTRY MANURE AND BOTANICAL EXTRACTS AS 

BIONEMATICIDE

Baba, H. S. and Izuogu, N. B.
Department of Crop Protection, University of Ilorin, Ilorin, Nigeria.

* Corresponding Author: (+2348068821543, bhalimatshola@gmail.com)

ABSTRACT
The pathogenicity of root-knot nematodes on marketer, murano, marketmore, and poinsett cucumber 
varieties and in-vitro testing of extracts from poultry manure and leaves of Gliricidia sepium, and 
Bryopyllum pinnatum were investigated in the screenhouse. An experimental set-up was a completely 
randomized design with four replicates each. In-vitro testing of powdered poultry manure, poultry manure 
tea, Gliricidia sepium, and Bryopyllum pinnatum extracts on root-knot nematode (Meloidogyne species) 
was carried out at the laboratory of Striga spp. and Nematology units of the International Institute of 
Tropical Agriculture (IITA) Ibadan to determine their effect on root-knot nematode egg hatchability and 
juvenile mortality. These treatments were at different serial dilutions of 50%, 75%, and 100%. The control 
trial was determined using distilled water and was exposed for different hours. Data were collected on 
vegetative growth, soil nematode population, root galling, some eggs hatched, and several juvenile 
mortality. All numerical data were analyzed using descriptive statistics of Microsoft excel and analysis of 
variance (ANOVA) at a 5% level of significance using SAS 9.3 and T-test analysis between varieties and 
control. The four cucumber varieties were susceptible to M. incognita and were arranged in descending 
order of susceptibility using their gall index (GI); Marketer (GI=5.60); Marketmore (GI=4.30); Murano 
(GI=2.30); Poinsett (GI=1.60). In the laboratory, extracts of powdered poultry manure significantly 
(P<0.05) reduce egg hatching and increased the death of juveniles of root-knot nematode among the 
treatments. 

Keywords:  Botanical extract, Cucumber, Index, Nematode, Pathogenicity, Root galling  

INTRODUCTION
 Cucumber (Cucumis sativus L.) is one of the most 
popular members of the Cucurbitaceae family and 
it is originally a native of Southern Asia (Sharma, 
2016). It is a valuable source of conventional 
antioxidant nutrients including vitamin C, beta 
carotene, and manganese. The fruit is used as a 
vegetable or salad. The immature fruit is cooked 
and given to children for dysentery. The seeds have 
a cooling effect when consumed as a diuretic. 
Chartzoulakis(2014) reported that the edible 
portion, which is about 80% of the fruit, contains 
95% water, 0.7% protein, 0.1% fat, 3.4% 
carbohydrate, 0.4% fiber, and 0.4% ash. The seed is 
also a source of healthy oil and can be used in 
cooking (Gbif.org, 2013). This popular economic 
vegetable is threatened by tremendous yield losses 
from disease caused by Root-Knot Nematodes 
(RKN).                           

Root-knot nematodes are the most occurring and 
destructive nematode which plays a major role in 
limiting vegetable production worldwide (Sharma 
and Rich, 2005; Zarina and Shahina, 2010) and in 
Nigeria (Izuogu et al., 2014). Meloidogyne spp. is 
identified as a major pest of cucumber, which feeds 
on the underground part of the plants. Stunting, 
yellowing, and wilting of leaves are symptoms of 
foliage from a damaged root system which include 
infected roots with developed galls (swollen) 
which prevent water and nutrient uptake by plants 
according to Bernhardt et al., 2013. RKN has 
usually been managed with chemical nematicides 
for decades. However, the negative impact on 
living organisms and the environment has led to a 
total ban or restricted use of most chemical 
nematicides (Zukerman and Esnard, 1994). With 
increased pressure on growers to reduce chemical 
nematicides usage, there is great interest in 
alternative control as a management tool for this 
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destructive pathogen and sustainable food 
production. 

Prevention is centered on the management of 
nematodes. This is because it is extremely difficult 
to eradicate the nematode without destroying the 
host plant once a plant is parasitized. The use of 
screened seeds and biopesticides botanical based 
has become the center of attention today, i.e. by 
facing the nematode problems in an eco-friendly 
manner (Saliga and Skelly, 2013, Izuogu, 2012). 
Plants and plant parts products when applied in soil 
are known to cause a reduction in the nematode 
population below a damaging level reported by 
Adekunle and Akin (2007). The main objective of 
this study, therefore, is to assess the susceptibility 
of four cucumber varieties and assess the efficacy 
of soil amendments (poultry manure powdered and 
tea; Gliricidia sepium and Bryopyllum pinnatum) 
in the control of root-knot nematode (Meloidogyne 
species).  

MATERIALS AND METHODS

Pathogenicity Test of Meloidogyne incognita on 
Four Cucumber Varieties 
Sandy-loam topsoil was collected with a spade 
from the farmland around the department of 
Agronomy Pavilion, University of Ilorin, Ilorin. 
Using the method described by Gautama and 
Goswani (2002), the soil was steam pasteurized in a 
drum at 90°C for 9 hours. The stem pasteurized soil 
was allowed to sufficiently cool for 72 hours. 
Thereafter, 8.5kg of the pasteurized soil was later 
weighed into each of 112 perforated 10-liter plastic 
buckets of 11 cm in diameter. The buckets were 
placed on an elevated platform to avoid 
reinfestation by other microorganisms and they 
were kept inside the screen house for planting. 
Trials were conducted out in the Screen house of 
the Department of Crop Protection, the University 
of Ilorin, Ilorin at lat 8°48'65"N and long 4°67'64" 
E.  Four  Cucumber  var ie t ies  (Marketer, 
Marketmore, Poinsett, and Murano) were obtained 
from Premier seeds store, Sango area Ilorin, Kwara 
State. Thirty-two ten-liter plastic buckets filled 
with 8 .5kg sterilized soil were used for the 
experiment. Three seeds were sown into each pot. 
All the varieties were replicated four times and 
fitted into a Completely Randomized Design 
(CRD). One week after planting, seedlings were 

thinned down leaving one vigorous plant per 
bucket. a day after thinning, 16 buckets were 
inoculated by making three holes at the root base of 
each plant in the pot, and 2000 freshly hatched 
juveniles of M. incognita nematodes were 
incorporated in a ring method around the plant and 
covered with soil. Uninoculated buckets served as 
control. Data were collected on growth rate per 
replication (cm), yield parameters per replication 
(grams), soil nematode population at 200 grams of 
soil, and root gall index at the rate of 10 grams of 
the root. Soil nematode numbers were extracted 
using the modified Baerman's Tray method of 
Whitehead and Hemming (1965) and were 
estimated using Doncaster, 1962 counting dish 
under a compound microscope. The gall on the 
roots was rated according to the method used by 
Makete (2000). Root systems were uprooted, 
washed and the galls on the roots were scored using 
Makete (2000) method as described below:
       0=No galls (clean root system)
      1=1-10% of the root system galled

      2=11-35% of the root system galled 

       3 =36-65% of the root galled

      4 = 66-90% of the root system galled

5 = 91-100% of the root system galled

In-vitro Testing of Soil Amendment for 
Nematode Mortality and Egg Hatching

Preparation of Plant Extracts

The plants evaluated against M. incognita on 
cucumber were B. pinnatum and Gliricidia sepium. 
Leaves of both plants were collected in the morning 
along the riverside at Kulende, Ilorin, Kwara State 
before sunrise, and their identity was confirmed at 
the herbarium of Plant Biology Department, 
University of Ilorin, Ilorin. One kilogram of B. 
pinnatum and G. sepium leaves were left to air dry 
for 5 weeks and 14 days at room temperature of 

° °
25 C-27 C respectively. The leaves of B. pinnatum 
were pulverized using mortar and pestle before it 
was air dried. Aqueous extracts of test plants were 
prepared by soaking 1kg of the ground test plants in 
a plastic bucket containing already 4Litre of hot 
water which was boiled at 90°C. The plastic bucket 
was covered with the lid and the ground test leaves 
were allowed to soak for 24 hours for proper 
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extraction following the modified method of 
Oyedunmade and Izuogu (2011). The supernatant 
was sieved with a muslin cloth in both cases and the 
aqueous extracts were collected in containers. This 
served as the stock solution. 

Preparation of Poultry Manure (Compost Tea)

This is a liquid concentrate enriched by poultry 
manure. Raw manure was collected from layers of 
the chicken house in the Sobi area, Ilorin, Kwara 
State in a sack bag which was tied up. Three 
hundred (300) grams of fresh layers of chicken 
droppings were collected and allowed to air dry for 
16 weeks on a clean surface to get rid of moisture 
and reduce toxicity. The cured manure was later 
turned into a plastic bucket, leaving (9.6cm) of the 
headroom on the top of the bucket so that it can be 
stirred without the tea spilling. Three liters (3L) of 
dechlorinated tap water was added to it. The water 
was dechlorinated by allowing water to sit out in the 
sun for 7 hours; this will allow any chlorine in the 
water to break down because chlorine kills the 
bacteria in the compost tea. Continued stirring of 
the tea three times a day throughout 7 day period. 
Poultry manure tea was stirred three times each day 
to infuse the nutrients into the water and to provide 
oxygen following the modified method of Ingham 
(2005). After 7 days, the liquid was sieved using a 
muslin cloth. 

Preparation of powdered poultry manure

Raw poultry manure of 300g was spread thinly on a 
clean surface for proper curing. It was left to air 
dried and decomposed for twelve (12) weeks to 
reduce the ammonium and moisture content using a 
modified method by Ellis et al. (2013) before use, 
the dried manure was ground using mortar and 
pestle, later sieved using 2.0 mm sieve and was 
properly packed and left till when the need arose.

Nematode Egg Extraction from infected Root 
Samples

Galled roots of Cucumis sativus were collected 
from established pathogenicity tests in the Screen-
house. Eggs from infected roots were extracted 
using the Sodium hypochlorite method as 
described by Boyhan et al. (2003) a solution of 

Sodium hypochlorite and distilled water was 
prepared in a ratio of 1:9 and mixed thoroughly. The 
solution was added to chopped infected roots in a 
beaker and agitated for four minutes. The resulting 
solution after four minutes was passed through 
250um, 70um, 45um, and 25um mesh sieves. 
Larger roots and debris were collected by 250um, 
70um, and 45um sieves while nematode eggs were 
collected by 25um sieve after thoroughly washing 
with distilled water. Eggs used for the test were 
obtained from the suspension collected. 

Juvenile Extraction from Root Samples

Following the modified methods of Coyne et al., 
2007, were rinsed galled roots of Cucumis sativus 
under a tap to remove adhering soil particles. The 
roots were chopped with a knife and a sub-sample 
of 5g chopped root was weighed using a digital 
measuring scale. The weighed roots were 
transferred to a clean tissue paper inside a sieve and 
placed inside a plastic tray. Water was poured on 
extraction plates at the base to wet the roots, 
ensuring that the water is sufficient enough. The 
setup was labeled accordingly. Water from the 
plastic tray was poured into a labeled cup after 48 
hours, using a wash bottle to rinse the plate. The 
suspension was allowed to settle for 4 minutes and 
the supernatant from the labeled cup was gently 
decanted. Juveniles used for the laboratory 
experiment were picked carefully from suspension 
under a compound microscope.

Testing of Soil Amendments for Nematode 
Mortality and Egg Hatching

This study was carried out at the Nematology and 
Striga unit laboratory, International Institute of 
Tropical Agriculture (IITA), Ibadan, Nigeria (lat: 
7°22′39″N; long: 3°54′21″E). Nematode eggs and 
juveniles were from the samples of pathogenicity 
test in the screenhouse following the methods 
described above in 3.2 and 3.3 for juveniles and egg 
extraction. Powdered poultry manure suspension 
was obtained by dissolving 200g of the powdered 
in 1 liter of warm water at 10°C and was stirred very 
well, sieved after 2 hours and that served as 100% 
concentration. One (1) milliliter of suspension 
containing approximately 20 eggs and freshly 
hatched juveniles of root-knot nematode were 
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d r o p p e d  i n t o  5 m l  i n  E n z y m e - L i n k e d 
Immunosorbent Assay (ELISA) well-plates 
containing approximately 4 ml of each treatment.  
Distilled water was used in the case of Control. The 
stock solution of aqueous extracts of botanicals, 
and poultry manure extracts were at different 
concentrations at the percentage of 100, 75, and 50 
serial dilution i.e. 2ml. of stock solution + 2ml. of 
water; 3ml. of stock solution + 1ml. of water and 
100 is the main concentration of stock solution 
respectively. Each dilution was replicated four 
times. These  were kept in a  ELISA well-plates

°
BOD incubator at 25±1 C. Larval mortality after 
24hrs, 48hrs, 72hrs, and 96hrs exposure to different 
dilutions of different treatments was recorded by 
counting living and dead second-stage juveniles 
under a stereoscopic binocular microscope. 
Juveniles and eggs put in distilled water were 
treated as a control. Larvae that did not respond to 
touch by a fine needle were counted as dead. Egg 
masses are put in distilled water and treated as a 
control following the technique used by  et Bernard
al. (2017). Serial Dilution of Aqueous Extract of 
treatments was as follows:
100% =   4ml of concentration + 1ml of egg or 
               juvenile suspension 
75% =    3ml of concentration + 1ml of water + 1ml 
              of egg or juvenile suspension 
50% =   2ml of concentration + 1ml of water + 1ml 
              of egg or juvenile suspension 
Control = 4ml distilled water + 1ml of egg or 
                 juvenile suspension

Statistical Analysis

All the data collected obtained were analyzed using 
descriptive statistical packages of Microsoft excel 
and Analysis of variance (ANOVA) and mean 
differences were determined by Duncan's New 
Multiple Range Test (DMRT) at a 5% level of 
significance using SPSS Package version 2022.  

   
RESULTS
Pathogenicity Test of Meloidogyne incognita on 
Four Cucumber Varieties 
Evaluation of four cucumber varieties infected 
with Meloidogyne incognita in the screenhouse is 
shown in tables1 and 2. The four cucumber 
varieties were susceptible to the pathogen as 
indicated by increased soil nematode population 
and root galling. From the result, there were 
significant differences between the varieties of 
cucumber screened against root-knot nematode 
(M. incognita), Marketer had the highest soil 
nematode population of 9768.27 in all the screened 
cucumbers and the galls were rated as 5.60. 
Marketermore cucumber variety recorded 9431.06 
as the soil nematode number with a root gall rating 
of 4.31; it was followed by Murano cucumber 
variety having soil nematode population of 
7332.55 and the galled roots rated as 2.31. Poinsett 
had the lowest number of Soil nematode number 
and the galled roots recorded 1.63 when rated.

Table 1: Effect of Meloidogyne incognita on four cucumber varieties

Variety Growth 

Rate 

(cm)

Yield 

Parameter(g)

Marketer 55.08b* 5.08b

Marketer More

 

65.05a

 

3.89c

 

Poinsett 69.32a

 

6.98a

 

Murano 35.04c

 

2.85c

 

*Values in the same column followed by the same letters have no significant differences at 
p˂0.05 according to Duncan Multiple Range Test (DMRT)
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Table 2: Comparison of the Effect of Meloidogyne species between Control and Cucumber 
Variety Using T-Test   

Variety  Growth 

rate 

(cm)  

Yield 

paramete

r (g)  

Initial soil 

nematode 

population

Soil 

nematode 

population 

at harvest

Gall ratings

Marketer  66.51c  5.92c       2000 9768.27d 5.60d

Control  85.08b
 7.63a

     0.00 0.00 0.00

Market more  65.05c
 3.90b

     2000 9431.06c 4.31c

Control 87.03b 6.91b 0.00 0.00 0.00

Poinsett 75.32b 6.92b 2000 1807.11a 1.63a

Control 99.41a 8.80a 0.00 0.00 0.00

Murano 35.04d 2.90d 2000 7332.55b 2.31b

Control 78.02b 5.75c 0.00 0.00 0.00

Note: Different superscript assigned to the variety and control implies significant differences in 
the effect.

In-vitro Test of Treatments on Meloidogyne 
species
Studies were carried out to assess the effects of the 
aqueous extract of two plants and different forms of 
poultry manure on egg hatching and larvae death of 
Meloidogyne incognita  under laboratory 
conditions.

Effect of Treatments on Second-Stage 
Meloidogyne species Juveniles mortality
 Aqueous treatment extracts were found to cause 
larvae mortality of Meloidogyne species. The rate 
of mortality was directly proportional to the 
concentration of extract used. The highest juvenile 

mortality was observed at 100% treatment 
concentration, while the control test recorded the 
least number concerning juvenile mortality (Figs 
1a-c). Among treatment extracts, the highest 
mortality was recorded with powdered poultry 
manure at 20, followed by compost tea at 18 and 
Gliricidia sepium at 16 at 100% concentration after 
24 hours. The powdered poultry manure was found 
consistent in terms of juvenile mortality as it was 
effective in all concentrations throughout the hours 
of exposure. Juveniles in distilled water which 
served as control recorded the lowest number of 
juvenile mortality.

Fig.1a Effect of treatments on juvenile mortality @ 100% Concentration
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Fig.1b Effect of treatments on juvenile mortality @ 75% Concentration
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Fig.1c Effect of treatments on juvenile mortality @ 50% Concentration
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Key: PPM: Powdered poultry manure; PMT: Poultry manure tea; Gs: Gliricidia sepium; Bp: 
Bryopyllum pinnatum and Co: Control

Effect of Treatments on Egg Hatching of Meloidogyne species
The highest egg hatch was observed in the control (distilled water), while the lowest was recorded from 
powdered poultry manure showed a high inhibition egg hatch. This was followed by poultry manure tea, 
before B/ pinnatum and G.sepium at different levels of concentrations throughout the time of exposure 
(Fig.2a-c).



	

Fig.2a Effect of treatments on egg hatchability @ 100% Concentration

 

 

Fig.2b Effect of treatments on egg hatchability @ 75% Concentration
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Fig.2c Effect of treatments on egg hatchability @ 50% Concentration
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Key: PPM: Powdered poultry manure; PMT: Poultry manure tea;  Gs: Gliricidia sepium; Bp: 
Bryopyllum pinnatum and Co: Control



Baba et al., 2023 (Vol. 3 (1)  25

DISCUSSION
 All the cucumber varieties used for these 
experiments were susceptible to Meloidogyne spp. 
Nematode at various levels. The least susceptible 
variety was Poinsett which recorded a low number 
of soil nematodes and galls on a root. This variety 
however recorded significantly higher plant growth 
and few galls on the root under the screenhouse 
experiment. Other varieties (Marketer, market 
more, and Murano) manifested high pathogenic 
effects with a significantly higher number of 
nematode populations and heavily galled roots. 
Though the four cucumber varieties were 
susceptible to root-knot nematode infection, 
varietal differences played a significant role in their 
performance. The higher yield and lowest number 
of nematodes recorded by cucumber Poinsett could 
be traced to the genetic makeup of the cucumber 
variety and its interaction with the environment, 
This report on varietal responses corroborates the 
findings of Izuogu et al., 2019 and Baba et al., 2018 
who gave reports on the pathogenicity of two 
pepper varieties and four groundnut varieties 
infected with root-knot nematodes respectively.

 The inhibition of egg hatch and death of larvae as 
revealed in the laboratory investigation were 
directly proportional to the level concentration of 
treatments used and time of exposure. The 
effectiveness of these organic materials indicates 
that they possess nematostatic and nematicidal 
properties. The efficacy of botanicals in this study 
corroborates the work of many researchers like 
Agbenin et al. (2005) who reported that extracts of 
neem leaf and garlic bulb completely inhibited the 
hatching of egg masses of root-knot nematodes and 
were effective on larvae, Adekunle and Akinlua  

(2007) on the utilization of aqueous extract of 
Gliricidia sepium for the control of plant-parasitic 
nematode on okra plant. The aqueous extracts 
exhibited significant mortality against root-knot 
nematodes. Information on an in-vitro trial of 
poultry manure extracts on root-knot nematode 
(Meloidogyne species) is paucity however 
researchers like Daramola et al., 2013 reported the 
efficacy of poultry manure in curtailing the menace 
of plant-parasitic nematode population in their 
study.        
                                        
 CONCLUSION 
 All four varieties tested were susceptible to root-
knot nematode at varying degrees. The findings of 
these experiments also showed that the inoculated 
plants recorded a significantly higher growth, yield, 
and number of soil nematode and root galls 
(p<0.05) than the untreated control. Inoculated 
variety of cucumber (poinsett) recorded the least 
number of soil nematode and root galls and 
performed significantly higher in growth and yield.

 Extracts from poultry manures and botanicals 
inhibited eggs to hatch and increased the death of 
larvae in the laboratory. The review from this 
experimental work advocates a new alternative to 
the management of M. incognita infecting 
cucumber. The infestation caused by M. incognita 
could be reduced by the tested extracts of poultry 
manures, Gliricidia sepium, and Bryophyllum 
pinnatum they are eco-friendly, available, and have 
an advantage over expensive and hazardous 
chemical nematicides which have a toxic effect on 
man, flora and fauna and the environment as a 
whole.
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