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Abstract 

Root-knot nematode (Meloidogyne incognita) is a serious 

endophytic microbe of numerous vegetables globally. It attacks 

a wide range of agricultural and ornamental plants. An in-planta 

study was initiated to check the efficacy of essential oils (neem, 

castor), plant extracts (ginger, garlic), and furadon as control 

positive and control negative only received simple distilled 

water. Treatments were laid out in a Completely Randomized 

(CR) Design. All the treatments were replicated five times. All 

tested treatments had nematicidal effects on the nematode 

population as well as these treatments also improved the health 

of plants. Neem oil and garlic extract were highly significant 

treatments in improving plant growth parameters. Least egg 

masses were recorded in plants supplemented with neem oil 

(4.5) followed by garlic extract and furadon 6.8 and 7.6 

respectively. The least galls were observed in plants 

supplemented with Neem oil (4.0) followed by garlic extract 

(4.4) and then followed by furadon (4.8) at the P=0.05 level of 

significance. Neem oil and garlic extract showed statistical 

significance over other treatments and control as well. It is there 

for, concluded, and recommended that neem oil and garlic-

based natural products should be used as an alternative to 

petrochemicals to tackle the problems of root-knot nematode. 
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1. Introduction 

Chili (Capsicum annuum L.) is important member of 

the family Solanaceae (Ochoa et al., 2001). Chilies 

plants are treated as tender seasonal annuals outside 

their native habitat. Chilies originate from South 

America (Baloch et al., 2008). They are also 

produced in China, Spain, the United States, Turkey, 

Mexico, Indonesia, India, and Pakistan (Panella & 

Calatayud, 2018). It is an essential ingredient for 

food preparation all over the world. The wholesome 

price of chilies is superb. Chilies square measure 

wealthy in ascorbic acid, and pro-vitamin A. Yellow 

and particularly inexperienced chilies (which square 

measure primarily unripe fruit) contain a 

significantly lower quantity of each substance. 

Additionally, Chilies square measure a decent 

supply of most B vitamins, and B vitamin especially. 

They are extensively high in Iron and metal. Their 

high ascorbic acid content can even greatly increase 

the uptake of non-heme iron from different 

ingredients in an exceeding meal, like beans and 

grains (Kim et al., 2019). They are additionally made 

in Pakistan on an oversized scale, and plenty is 

earned from its business. Chili crop includes a 

tremendous export potential thanks to its demand 

within the international market. Red chilies area unit 

exported to Egypt, Dubai, Bangladesh, Oman, 

Yemen, Qatar, Mexico, Kuwait, Iran, Bahrain, 

Canada, U.S.A, metropolis and Central American 

country whereas the foremost of chilies area unit 

exported to land, Saudi Arab and UAE. Pakistan has 

the potential to extend its share in these markets 

(Arain, 2019). Many factors hinder the overall 

production of chilies in Pakistan. These include 

biotic and abiotic factors. The crop growing of 

chilies, particularly in the tropics, is restricted by 

pests and diseases. Insect pests play an important in 

lowering the production of chilies. One of the major 

factors of its lower production is the root-knot 

nematode (Thiyagarajan and Kuppusamy, 2014). 

Nematode belongs to the class Secernentea and 

Family Meloidogynidae, and the most important 

member of this family is the Meloidogyne species, 

its infestations add up a major constrain to the 

world's overall production of chilies (Changkwian et 

al., 2019). Root-Knot nematode (RKN) in 

ornamental and vegetables is a serious threat in 

Pakistan as well as has global impacts. and all over 

the world. They cause damage to plants both by 

lowering the quality and overall yield reduction. 

Most important species of RKN present in Asia are 

M. arenaria, M. javanica, M. hapla, and M 

.incognita with M. incognita. However, the most 

destructive is M. incognita and M. javanica (Kihika 

et al., 2017). These species are the most prevalent 

and damaging species of vegetables in the warm 

sandy soils of Pakistan (Khan et al., 2019). These 

species are the most important nematode pathogenic 

spread over large areas in both tropical and 

subtropical cultivating production lands globally. 

The nematode is an obligate phyto-parasite infecting 

the roots of approximately 2000 plant species 

belonging to different families (Le et al., 2019). Its 

development consists of four phases, the first phase 

is present inside the egg, Second phase juveniles (J2) 

are infective and considered free-living. It constantly 

pushes its stylet into the younger root tips, this 

process is assisted by the release of enzymatic juices 
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like pectinases and celluloses before it invades the 

roots for colonization (Mejias et al., 2019). The 

management practices include a few options like 

crop rotation and systemic nematicides but keeping 

in view, the cost of chemical control and its ill effects 

on the environment, alternatively scientists are 

constantly working on finding alternatives to these 

Petro expensive chemicals. Nowadays, trends have 

now shifted to botanicals having nematicidal 

properties. 

2. Materials and Methods 

An in-planta experiment was carried out in spring 

2018. Essential oils were obtained from a local 

market, while botanicals were collected from the 

local gardens. The treatments used in the experiment 

are listed in table 1 

Table 1: List of treatments used for evaluation against Root-knot nematode 

 

 

 

 

 

 

2.1 Plant material; (nursery raising) 

Chili seedlings (cv. Gola Peshawari) were bought 

from the local market and were sown in plastic pots 

(height 8cm width 4cm). Two weeks, after 

transplantation nematodes 200 J2 and 50 egg masses 

were applied to plants through the soil drench 

method under aseptic conditions through 

micropipette (Naz et al., 2015). 

2.2 Plant Extract Preparation 

The garlic pearls and ginger rhizomes were bought 

from the local store. These were chopped into small 

pieces and dried at room temperature. These pieces 

were grinded in an electric grinder to a fine powder. 

Ten g of the powder sample was mixed in 50 ml 

distilled water to make an aqueous extract. The 

suspension was filtered through Whatman's 

papeNo.1.  The solutions were stored at 4oC for 

further use (Naz et al., 2013). 

 

 

 

 

 

 

2.3 Nematode inoculum 

Initial root-knot nematode culture was obtained from 

infected galled roots of chilies (Jaban, Malakand 

division, Pakistan). The culture was initiated from a 

single egg mass on chilies sown in an earthen pot 

(1000g soil capacity) at 22-24oC. This pure culture 

was further used in the experiment (Samaliev et al., 

2017). 

2.4 Nematode Extraction from galled roots 

The field-collected roots having high galls due to 

RKN attack were firstly cleaned with water gently to 

remove any dust and debris and then chopped into 

small parts (1–5cm). This suspension having 

nematode different life stages was allowed to go 

through sieves of different sizes (75 and 26µm) to 

get the desired stage of nematode. As the eggs and 

J2 are smaller in size than adults so, eggs and j2 will 

settle on a smaller sieve size (26 µm) while the adults 

Sr. Common Name Botanical name/Active ingredient Type 

1 Neem oil Azadirachta indica Essential oil 

2 Castor oil Ricinus communis Essential oil 

3 Ginger Zingiber officinale Extract 

4 Garlic Allium sativum Extract 

5 Carbofuran Furadon Nematicide 

6 Simple Distilled water - - 
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will settle on a 75 µm sieve. The 26 µm sieve 

containing J2 and eggs was rinsed with water many 

times (Kepenekci et al., 2016). The eggs collected in 

26 µm sieve size were stored in saline solution to 

avoid hatching for further utilization in the 

experiment (Soliman et al., 2019). 

2.5 Nematodes and plant data parameters 

The plants were allowed to grow for 45-50 days and 

the plants were removed from pots. As RKN 

approximately completes its lifecycle in 40 days. 

After uprooting, data were recorded on different 

parameters like root and shoot weight and lengths 

(fresh). Data on the root-knot nematode parameters 

like (galls and their index and egg masses (10 

gram/soil) were also recorded. The galls per root 

system were subjected to a galling score index (0 till 

5, where 0 means none galls and 5 means infinite 

galls) (Naz et al., 2015). 

2.6 Statistical Analysis 

Data of the experimental parameters were analyzed 

by using Statistix (Software, USA) (Campbell, 

1990). Analysis of Variance was determined LSD 

for means for plant growth and nematode 

reproduction parameters were compared using 

Fisher’s protected (LSD) test. 

3. Results 

Results of the In-planta trial indicate that Chile 

plants, amended with different essential oils, plant 

extracts, and control positive at standard dose, 

significantly (P=0.05) inhibited the nematode 

parameters, and promoted different plant growth 

parameters. The highest galls per root system were 

observed in the untreated control (32.7) which 

received simple distal water, followed by ginger by 

having 10.7 galls, and then followed by castor oil by 

having 7.2 galls. The lower galls per root system 

treated with neem oil, garlic extract, and furadon 

were 4.0, 4.1, and 4.8 respectively. However, no 

statistical difference was found among neem oil, 

garlic extract, and control positive furadon. All the 

treatments were statistically significant at P=0.05 

over the control negative (table 2). 

 

          Table 2: Effect of plant extracts and oils on number of galls in Chili per root system inoculated with Root-knot 

nematode 

Treatments Galls per root system Galling Index 

Neem oil 4.0   da 2 

Castor oil 7.2   c 2 

Ginger 10.7 b 3 

Garlic oil 4.1   d 2 

Furadon 4.8   d 2 

Control 32.7 a 4 

Lsd 1.0  

Each value is the mean of five replications. aMeans followed by the same letters do not differ significantly by the LSD test 

(P = 0.05) 
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Data in Figure 1 suggests that a maximum of egg 

masses were found in the control negative having 

32.7 egg masses per 10 gram of root followed by 

ginger extract having 13.7 egg masses and then 

followed by castor oil having 10.4 egg masses. No 

statistically significant difference was found in 

garlic extract and furadon as egg masses were 6.8 

and 7.6 per 10 gram of roots respectively. The best 

treatment was neem oil which had a lowered number 

(4.5) number of egg masses. All the treatments 

showed statistical significance over the control 

negative. 

Figure 1: Number of Egg masses per 10 gram of roots treated with extracts and essential oils inoculated with 

Meloidogyne incognita at 200J2’s 

The fresh root weight increased significantly due to 

the presence of galls at all treatments. The highest 

gain in root weight was recorded in garlic, furadon, 

and untreated control (4.7g respectively), then 

followed by neem oil having 4.4g fresh root weight. 

However, no statistical difference was observed 

among garlic, furadon, untreated control, and neem 

oil at P=0.05 level of significance. The least 

treatment was castor oil which had only 3.7g of fresh 

root weight as shown in Figure 2. 
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Figure 2: Fresh root weight in plants treated with extracts and essential oils inoculated with Meloidogyne incognita at 200 

J2’s 



Ahmed et al., Journal of Natural and Applied Sciences Pakistan, Vol 5 (1), 2023 pp 1270-1279 

 

1275 
 

The highest raise in fresh shoot weight was achieved 

with neem oil and garlic extract 8.5g and 8.4g 

respectively followed by furadon 7.4 g and then 

followed by castor oil 7g at a 0.05% level of 

significance. Minimum fresh shoot weight was 

observed in the control negative by having 4.2g of 

fresh shoot weight as shown in figure 2. All the 

treatments were statistically significant over 

untreated control as shown in figure 3. 
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Figure 3: Fresh shoot weight in plants treated with extracts and essential oils 

Figure 3: Fresh shoot weight in plants treated with 

extracts and essential oils inoculated with 

Meloidogyne incognita at 200j2’s A maximum raise 

in shoot length was achieved with garlic extract by 

having 34.4cm length followed by neem oil 

(29.1cm), castor oil (27.8cm), furadon (27.3cm), and 

then followed by ginger (23cm) at P=0.05% 

significance. The least shoot length was observed in 

the control negative (15cm) as shown in Figure 4.  
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Figure 4: Shoot length observed in plants treated with extracts and essential oils inoculated with Meloidogyne incognita 

at 200 J2’s 
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The maximum root length was achieved with garlic 

extracts (17cm) followed by furadan (14cm) and 

neem oil (13cm). All the treatments showed a 

significant difference over control negative (6cm) at 

P=0.05% as shown in figure 5. The different life 

stages and galled roots are presented in figure 6. 

 

Figure 5: Root-Knot Nematode different stages 

and galled roots. A, adult female, B. Egg Masses, C, 

J2 infective stage at root tissues, D. Galled roots of 

Chili in soil. 

4. Discussion 

The use of plant-based products as organic 

nematicides has been reputed as efficient, 

economically feasible, and environmentally friendly 

by several researchers (Chitwood, 2002; Naz et al., 

2015). Bearing in mind the significance of organic 

nematicides a study was initiated at the pot level 

under greenhouse conditions in the spring of 2018. 

The study revealed the outstanding efficacy of 

several plant products against M. incognita on chili 

plants. A variety of treatments were used which 

effectively control the M. incognita on chili plants, 

and raised the plant parameters significantly. The 

study revealed that the galls per root system on chili 

plants and the number of egg masses were 

statistically reduced by the application of various 

preparations of organic nematicides. Under 

Greenhouse conditions, the application of different 

essential oils/ extracts exhibited maximum 

diminution in the number of galls per root system 

and terms of the Galling index in comparison to the 

untreated control. The most efficient treatment was 

neem oil has a positive effect on galls per root 

system and egg masses per 10g of roots. Neem oil 

also increased plant growth parameters. It could be 

because of the presence of bioactive constituents in 

neem oil. Our results conform with those of Hussein 

et al. (2016) and Abbassy et al. (2017). They 

significantly raised plant growth parameters and 

lowered nematode growth indices. It could be 

possibly due to the effect of neem oil in the roots of 

chili which made the root environment so 

unfavorable for the root-knot nematodes to the 

harbor. Neem oil contains Triterpenes (limonoids) 

are present in neem and most biologically important 

is azadirachtin which is widely used against pests 

including RKN and its J2s (Abbassy et al., 2017). 
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Garlic extract also reduced the overall nematode 

reproduction and galls per root system. Egg masses 

were also lowered as compared to untreated control. 

Current results conform with those of Osman. (2005) 

ascribed the nematode reduction to garlic cloves 

containing pyruvic acid, and ammonia. Also, El-

Nagdi et al. (2014) suggested that garlic extract also 

contains biochemical substances that are considered 

highly toxic to nematodes. Garlic extract also has 

directly affected nematode reproduction and 

interrupted their movement, food utilization, and 

normal functioning (Mashama 2010). Castor oil also 

reduced the overall nematode factors and directly 

raised the plant growth parameters. Audi et al. 

(2005) reported that the nematicidal properties of 

castor could be due to the toxic constituent present 

in castor (Ricin). Ricin is supposed to be toxalbumin 

and is considered as phytotoxic as well as has 

nematicidal properties. Our results conform with 

those of Adomako and Kwoseh. (2013); Amer-

Zareen and Naveed. (2003) and Adegbite and 

Adesiyan. (2005) who achieved similar findings 

against root-knot nematode by applying an aqueous 

extract of ginger and castor oil.                                                                  

5. Conclusions     

By looking into the current performance of plant 

extracts against RKN it is concluded that plant 

extracts are a direct and cheap source of nematicides 

of root-knot nematodes. The most influential and 

effective extracts of garlic, ginger, and essential oil 

neem provide immediate control of RKN. Current 

findings are in favor of controlling RKN without the 

use of commercially available nematicides which 

pollute the natural ecosystem and thus have many 

health issues for humans and other biotas. These may 

be a replacement for the synthetic dangerous and 

expensive chemicals which pose great 

environmental hazards. 
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