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ABSTRACT 
 

Aim: The Aim of this study is to determine the effect of aqueous leaf extract of Tamarindus indica  
and peel extract Citrus sinensis on Root Knot Nematodes, in vitro. 
Study Design: The experiment was carried out using a completely randomized design. 
Place of Study: This study was carried out in the biology laboratory of the Department of Plant 
Science and Biotechnology, University of Jos, Nigeria. 
Methods: Extraction of phytochemicals from Tamarindus indica leaf and Citrus sinensis peels was 
carried out using an aqueous solvent. Tamarindus indica leaves and Citrus sinensis peels were 
collected within the province of Jos, and were dried at constant room temperature to a constant 
weight after which pulverized, sieved and soaked in water for 24 hours. The extraction was done 
using the cold maceration method. Eighty (80) second-stage juveniles of Meloidogyne spp. were 
exposed to the extracts at different concentrations (100, 80, 60, 40, and 20mg/ml) for 6, 12, 18, 24. 
30, 32 and 48 hours and, each treatment was replicated 5 times. The average number of dead 
nematodes per concentration were determined and recorded as mean ± SEM with statistical value 
at P < 0.05 considered significant. 
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Results: Results of phytochemical analysis showed that Alkaloids, Flavonoids, Tannins, Steroids, 
Phenols, and Cardioglycosides were present in T. indica leaf extracts while C. sinensis peels 
contains Flavonoids, Alkaloids, Saponins, Tannins, Phenols, and Resins. These phytochemicals 
present are suspected to be responsible for the nematicidal activities of the plants. Nematode 
mortality in the two treatment groups (T. indica and C. sinensis extracts) was highest at 100mg/ml 
concentration (48 hours of exposure); It was followed by 80mg/ml in decreasing order while the 
least mortality rate was recorded at 20mg/ml. Hence, as the concentration of the extracts were 
increased with increase in time, high nematode mortality was observed. Percentage mortality of 
treated nematodes was statistically significant (P < 0.05) for all concentrations of the extracts at the 
different time intervals when compared to the control. Statistical analysis showed that T. indica had 
significantly higher effect on Root-Knot nematodes mortality than C. sinensis at varying 
concentrations and time of exposure. 
Benefits of Results: Synthetic pesticides are the principal means used to control nematodes, but 
the natural products may provide a safe alternative. Hence, the active compounds 
(phytochemicals) in T. indica L. and C. sinensis L. can be harnessed to be used as biopesticides. 
Conclusion: The study suggests that extracts of T. indica and C. sinensis can be utilized in the 
control of root knot nematodes and may have the potential for the production of biopesticides that 
can be used for the control of nematodes as it displayed nematicidal activities. 
 

 
Keywords: Nematicidal potential; Tamarindus indica; Citrus sinensis; M. Incognita; in vitro. 
 

1. INTRODUCTION 
 
Root – knot nematodes (Meloidogyne spp) are 
one of the most economically damaging genera 
of plant – parasitic nematode on horticultural and 
field crops in all temperate and tropical areas [1]. 
Meloidogyne spp are obligate parasites that 
settle in the root and complete their lifecycle by 
feeding from the host cells [2]. Nematodes may 
use a combination of mechanical piercing and 
cell wall softening to penetrate and migrate into 
the roots [3,4]. Root-knot nematodes are 
ubiquitous in distribution and adversely affect 
crop productivity [5]. Among root – knot 
nematodes, M. incognita is the most prevalent 
and has been found infecting a wide range of 
crops [5,6,7]. In pulses, yield losses to the tune 
of 25.6% have been reported by root-knot 
nematodes [8]. Quantifying the amount of 
economic loss caused by root-knot nematodes 
(Meloidogyne spp) especially in the developing 
countries has been difficult as the crops are not 
grown as sole crops. Field studies in Nigeria 
have also shown drastic yield loss on different 
crop species due to Meloidogyne species [9]. 
Farmers loose crops and sometimes have to go 
through sanitary regulation involving seed 
inspection as a result of root knot nematode 
infestation and its corresponding damages to 
crop that plant thus increasing the cost of 
production and incur additional indirect costs to 
production due to yield loss [10], and customers 
suffer indirectly due to increase in cost of crops – 
an indirect consequence of damages this root 
knot nematode compound [7]. The Federal 

Government of Nigeria has a search light on 
agriculture in the face of the present economic 
realities for food availability and sustainability [9]. 
One way of managing plant parasitic nematode 
is through phytotherapy and organic amendment. 
Plant parts, their products, extracts and certain 
other effective amendments have been reported 
to possess nematicidal properties [11]. The use 
of such materials has merits over other methods 
due to their availability, low cost, being pollution 
free and their capacity to improve soil fertility. 
 
Tamarindus indica (Tamarind) is a slow grower 
but can live and still remain productive for 150 
years or longer. Once established, it does not 
need much attention, it has a very deep and 
extensive root system, soil do not erode easily, 
and can withstand very strong wind and even 
hurricanes [12]. Ripe tamarinds contain sugar 
(50%), whose sweet taste is, however, 
outweighed by up to 20% tartaric acid which has 
an intensively acidic taste; [13] some cultivars 
decompose the tartaric acid on ripening (sweet 
tamarind) and can be eaten raw as fruit. The fruit 
pulp is rich in tartaric and citric acids, high 
amount of vitamin C and sugar [13]. Phyto-
chemical constituents such as tannins, 
flavonoids, alkaloids and several other aromatic 
compounds are secondary metabolites of plants 
that serve as defence mechanisms against 
predation by many micro-organisms, insect-pests 
and herbivores [14]. This may therefore explain 
the demonstration of antimicrobial activity by the 
stem bark and leaf extracts of T. indica 
[14,15,16]. 
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Citrus sinensis (Citrus) is widely grown in Nigeria 
and many other tropical and subtropical regions 
[17]. Sweet orange commonly called orange is a 
member of this family and a major source of 
vitamins, especially vitamin C, sufficient amount 
of folacin, calcium, potassium, thiamine, niacin 
and magnesium [18]. Oranges form a rich source 
of vitamin C, flavonoids, phenolic compounds 
and pectins. The main flavonoids found in citrus 
species are hesperidine, narirutin, naringin and 
eriocitrin. Just one orange provides 116 % of the 
daily requirement for vitamin C. [18] Vitamin C is 
the primary water- soluble antioxidant, which 
prevents free radical generation in the body and 
damage to the tissues in the aqueous 
environment both inside and outside cells [18]. 
 

The Aim of this research is to determine the 
effect of aqueous leaf extract of Tamarindus 
indica and peel extract Citrus sinensis on Root 
Knot Nematode. 
 

2. MATERIALS AND METHODS 
 

2.1 Extraction of Nematodes 
 

The extraction of root knot nematode from plant 
roots was done using the Modified Baerman 
Funnel Method [19]. The Root knot nematodes 
were extracted from the roots and rhizosphere of 
suspected host plants (particularly banana) 
cultivated in Jos North LGA and its environs. The 
host plants were carefully uprooted and roots 
washed gently to remove the soil. Suspected 
galls on the root were carefully excised and then 
teased with the aid of teasing pins and forceps to 
expose and release the nematodes from the root 
tissue. This was allowed for 24 hours.  
 

Fifteen sets of test tubes were used so as to 
obtain enough quantity of the inoculums. The test 
tubes were then carefully removed and its 
content centrifuged at 2000RPM (Revolution per 
Minute) for 5 minutes to concentrate the 
nematode juveniles at the bottom of the test 
tubes. 
 

2.2 Estimation of Nematode Population  
 

Nematode population were estimated by 
counting the number of active juveniles in 1 ml of 
homogenised suspension of Root Knot 
nematodes under a binocular research light 
microscope at X40 magnification.  
 

2.3 Preparation of Extracts  
 

Fresh Tamarind leaf and Citrus peels were 
collected, dried at constant temperature, and 

pulverized using a mortar and pestle. The 
powdered form was soaked in water and left to 
stand for 72 hours (3 days), then filtered using a 
white muslin cloth. The solvent in the filtrate was 
then evaporated using a hot plate at a 
temperature of 50

o
C. The resultant extracts were 

collected and used for nematicidal test. 
 
2.4 Phytochemical Screening 
 
Following the method described by Sofowara 
[20], the phytochemical screening of the extract 
was carried out. The presence of various 
secondary metabolite was screened for and 
recorded. 

 
2.5 Preparation of Extracts 

Concentrations  
 
Different concentration of Tamarind leaf and 
Citrus peels were then prepared by serial dilution 
method as follows: 

 
Stock solution: 100mg/ml 

 
I. 0.8ml of stock solution added to 0.2ml of 

distilled water: 
0.8ml of stock solution + 0.2ml of distilled 
water = 80mg/ml 

II. 0.6ml of stock solution added to 0.4ml of 
distilled water: 
0.6ml of stock solution + 0.4ml of distilled 
water = 60mg/ml 

III. 0.4ml of stock solution added to 0.6ml of 
distilled water: 
0.4ml of stock solution + 0.6ml of distilled 
water = 40mg/ml 

IV. 0.2ml of stock solution added to 0.8ml of 
distilled water: 
0.2ml of stock solution + 0.8ml of distilled 
water = 20mg/ml 

 
2.6 The Nematicidal Test 
 
The nematicidal test were conducted in vitro 
using the freshly prepared extracts of Tamarind 
indica leaf and Citrus sinensis peels on freshly 
extracted nematodes. The extraction of 
nematodes and preparation of fresh extracts of 
Tamarind leaf and Citrus peels were done 
concurrently to ensure the use of fresh extracts 
and very active second stage larvae (juveniles). 
1ml of each concentration of the extract was 
added to 1 ml of homogenized suspension of 
root knot nematodes extract and examined at 
intervals of 6, 12, 18, 24, 30, 36, 42 and 48 hours 
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for live and immobilized nematodes using a 
microscope. 
 
The number of immobilized juveniles were 
counted and expressed as percentage of 
mortality and recorded. The immobilized 
juveniles were then transferred to the distilled 
water for 24 hours to ascertain whether or not 
they regain mobility. The nematode suspension 
to which no extract was added served as control. 
The test was repeated 5 times for each 
concentration of both fresh Tamarindus indica 
leaf and Citrus sinensis peels extract and 
average number of dead nematodes per 
concentration were determined and recorded. 
 

2.7 Statistical Analysis 
 

All data were presented as Mean ± SEM. 
Analysis of statistics was conducted applying a 
two-way analysis of variance (ANOVA). All 
results at P < 0.05 were held statistically 
significant. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Phytochemical Screening 
 

Table 1 shows that Tamarindus indica leaf 
extracts contains Flavanoids, Alkaloids, Tannins, 
Steroids, Phenols and Cardioglycosides, while 
Citrus sinensis leaf extracts contain various 
secondary metabolites including Flavanoids, 
Alkaloids, Saponins, Tannins, Phenols and 
Resins. 
 

3.2 Nematicidal Effect of the Leaf Extract 
of Tamarindus indica on Root Knot 
Nematodes 

 

The result revealed a significant increase (P < 
0.05) in the mortality of the nematode at the 

different exposure time, when compared to the 
control. As the time of exposure increases, the 
mortality Rate increases too.  
 

3.3 Nematicidal Effect of the Leaf Extract 
of Citrus sinensis on Root Knot 
Nematodes 

 
The result of the nematicidal effect of C. sinensis 
also revealed a significant increase (P < 0.05) in 
the mortality of the treated nematode when 
compared to the control group. As the time of 
exposure increases, the mortality Rate 
increases; with 48 hours exposed-              
nematodes having the highest mortality and 6 
hours exposed nematodes having the least 
mortality.  
 

3.4 Nematicidal Effect of the Leaf Extract 
of Tamarindus indica as Compared 
to the Peel Extract of Citrus sinensis 

 
Results showed that both T. indica and C. 
sinensis possess nematicidal abilities at different 
concentration over a period of time of exposure. 
However, it also shows that Tamarindus indica 
has more effect on Root-knot nematodes 
compared to Citrus sinensis, with an average 
percentage difference of 10.09 over a 48hours 
period as seen in Fig. 3. 
 

The root knot nematode causes a lot of damages 
to crops of economic importance and have been 
controlled over the years with synthetic 
nematicides which may cause environmental 
pollution; hence, the need for a better alternative 
which is eco-friendlier [21]. The result of this 
study shows that the extracts of T. indica and C. 
sinensis could be employed as nematicides to 
control the root-knot nematodes.  

 
Table 1. Phytochemical constituents of Tamarindus indica leaf and Citrus sinensis peels 

extracts 
 

Phytochemicals Tamarindus indica Citrus sinensis 
Flavanoids + + 
Alkaloids + + 
Saponins - + 
Tanins + + 
Steroids + - 
Cardioglycosides +++ - 
Phenols + + 
Resins - + 

Key: + = Present 
-  = Absent 

+++ = Highly Present 



 

Fig. 1. Mean percentage mortality of nematode juveniles exposed to varying concentrations of 
Tamarindus indica 

 

 

Fig. 2. Mean percentage mortality of nematode juveniles exposed to varying concentrations of 
Citrus sinensis 

 

Fig. 3. Showing the (Average) nematicidal
nematode over a 48 hours period at different concentrations

(Data are represented as mean 
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Mean percentage mortality of nematode juveniles exposed to varying concentrations of 
Tamarindus indica at different time of exposure 

 

Mean percentage mortality of nematode juveniles exposed to varying concentrations of 
Citrus sinensis at different time of exposure 

 

Fig. 3. Showing the (Average) nematicidal effect of the two plants’ extracts on root
nematode over a 48 hours period at different concentrations 

(Data are represented as mean + SEM of two (2) independent variables at P<0.05)
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The results revealed that T. indica leaf extract 
had nematocidal activities on the root-knot 
nematodes. The percentage mortality increased 
with concentration and time exposed to the 
extracts as shown in Fig. 1, with 100mg/ml and 
48hours being the highest concentration and 
time of exposure respectively. This result agrees 
with that of Bello et al. [22] who studied the 
Inhibitory effect of T indica on egg hatch mortality 
of Meloidogyne incognita and found out that the 
extract significantly inhibited the egg hatch and 
larvae of the nematode. Similar trend was 
observed for C. sinensis; percentage mortality 
was highest at 48hours time of exposure with a 
concentration of 100mg/ml. The results as shown 
in Fig. 2 also revealed that the death decreased 
with decrease in concentration and time of 
exposure. This result also supports that of 
Abolusoro and Olabiyi [23] who confirmed that 
the peel extract of C. sinensis reduces the 
multiplication rate of root-knot nematode, hence, 
reduction in consequent root damage of tomato. 
Extracts from several plants have shown certain 
level of inhibitory effects against nematodes and 
this result can be attributed to the phytochemical 
constituents of the extracts [24]. The extracts of 
T. indica and C. sinensis contained Flavonoids, 
Alkaloids, Saponins, Tannins, Steroids, Cardio 
glycosides, Phenols, and Resins. Alkaloids, 
glycosides, and phenolics amongst others have 
shown to possess nematicidal effects and they 
have been extracted and used as an alternative 
source of nematicides [25]. These 
phytochemicals can be assayed upon and the 
bioactive components be used for developing 
compounds that can be used to control 
nematode parasite.  
 
Although, it was revealed that the different 
concentration of both treatments increased the 
mortality of the nematodes, the mortality wasn’t 
dose-dependent all through. T. indica exposed 
nematode only showed a dose-dependency in 6, 
18, 24, 42, and 48-hour exposed nematodes with 
100mg/ml and 20mg/ml the having the highest 
and lowest mortality, respectively. Also, 6, 12, 
18, 24, 30, and 42-hour C. sinensis treated 
nematodes revealed a dose-dependent increase 
in mortality with 100mg/ml having the highest 
mortality, while 20mg/ml having the lowest. So, it 
is evident that the effect of the extracts is based 
on not only the exposure time but also the 
concentration used. T. indica might be 
considered a better nematicide than C. sinensis 
because the result of former showed more 
mortality in the 48-hour exposure period. 
Nevertheless, both extracts could be used 

independently or simultaneously, to control the 
nematode parasite.  
 

4. CONCLUSION   
 

In conclusion, T. indica leaf and C. sinensis peel 
extract could be used as a source of cheap and 
effective nematicides of root-knot nematodes. In 
addition, the extracts of the test’s plants may be 
useful for root-knot nematode control which will 
be an economical and environmentally safe 
option. There is increasing hope for a bright 
future in identifying botanicals as bio-pesticides 
which will reduce or replace the dependence on 
chemical pesticides used presently which are 
usually expensive and non-environmentally 
friendly. However, further study on identification 
of active compounds of these plant extracts is 
needed to classify their nematicidal efficacy, 
especially on M. incognita. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Wonang DL, Okechalu OB, Agaba OA. In 
Vitro studies on the nematicidal properties 
of rice straw extract. Nigerian Journal of 
Botany. 2006;19(1):117-120. 

2. Williamson VM, Gleason CA. Plant-
nematode interactions. Current Opinion in 
Plant Biology. 2003;6(4):327–333. 

3. Abad P, Gouzy J, Aury J, Castagnone-
Sereno P, Danchin E, Deleury E, Perfus-
Barbeoch L, Anthouard V, Artiguenave F, 
Blok V, Caillaud MC, Coutinho PM, Dasilva 
C, De Luca F, Deau F, Esquibet M, Flutre 
T, Goldstone JV, Hamamouch N, Hewezi 
T, Jaillon O, Jubin C, Leonetti P, Magliano 
M, Maier TR, Markov GV, McVeigh P, 
Pesole G, Poulain J, Robinson-Rechavi M. 
Genome sequence of the metazoan plant-
parasitic nematode, Meloidogyne 
incognita. National Biotechnology. 
2008;26(8):909–915. 

4. Danchin EGJ, Rosso MN, Vieira P, De 
Almeida-Engler J, Coutinho PM, Henrissat 
B, Abad P. Multiple lateral gene transfers 
and duplications have promoted plant 
parasitism ability in nematodes. 
Proceedings of the National Academy of 
Science USA. 2010;07(41):17651–1765. 

5. Hussain MA, Mukhtar T, Kayani MZ. 
Assessment of the damage caused by 
Meloidogyne incognita on Okra 
(Abelmoschus esculentus). The Journal of 



 
 
 
 

Jacob et al.; IJPR, 7(4): 15-21, 2021; Article no.IJPR.71632 
 
 

 
21 

 

Animal and Plant Sciences. 2011;21:857-
861. 

6. Khan A, Shaukat SS, Siddqui IA. A survey 
of nematode of promegranate orchards in 
Baklochistan province. Pakistan Journal of 
Nematology; 2005. 

7. Kayani MZ, Mukhtar T, Hussain MA, 
Haque MI. Infestation assessment of root-
knot nematodes (Meloidogyne spp.) 
associated with cucumber in the Pothowar 
region of Pakistan. Crop Protection. 
2013;47:49-54.  

8. Gupta DC, Verma KK. Studies on 
avoidable losses in mung bean 
(Vignaradiata) due to root-knot nematode, 
meloidogyne javanica and its control under 
field conditions. Indian Journal of 
Nematology. 1990;20(2):148-151. 

9. Adesiyan SO, Caveness FE, Adeniji MO, 
Fawole B. Nematode pest of tropical crops, 
heiemann educational books Nig. LTD. 
2009;1-35 

10. Perry RN, Moens N. Introduction to plant-
parasitic nematodes: Modes of parasitism. 
In: Jones J, Gheysen G, Fenoll C, editors 
(2011). Genomics and molecular genetics 
of plant-nematode interactions. Dordrecht, 
the Netherlands: Springer. 2011;3–20. 

11. Kerry BR. Principles and practices of 
nematode control in crops academic press, 
Harcourt Brace Jovanich Publishers. 
2010;413-415. 

12. National research council. Tamarind lost 
crops of Africa. Volume. III: Fruits. Lost 
Crops of Africa. Washington, DC: National 
Academic Press; 2008. 

13. Spice pages: Tamarind (Tamarindus 
indica). J Essential Oil Res. 2004;16:318. 
Available:http://www.uni-
graz.at/katzer/engl/tama-ind.html.  

14. Marjorie MC. Plant products as 
antimicrobial agents. Clinical Microbiology 
Revised. 1999;12:564–582.  

15. Bibitha B, Jisha VK, Salitha CV, Mohans 
Valsa AK. Anti-bacterial activity of different 
plant extracts short communication. Indian 
Journal of Microbiology. 2002;42:361– 
363. 

16. Doughari JH. Antimicrobial activity of 
Tamarindus indica. Tropical Journal of 
Pharmacology Research. 2006;5(2):597–
603. 

17. Anna Lisa Piccinelli, Milagros Garcia 
Mesa, Dulce Maria Armenteros, Mario 
Antonia. Journal of Agricultural and Food 
Chemistry. 2008;56(5):1574-1581.  

18. Yakov Pachepsky, Daniel R Shelton, Jean 
ET Mclain, Jitendra Patel, Robert E 
Mandrell. Irrigation water as a source of 
microorganisms in produce: A review. 
Advances in Agronomy. 2011;113:75-141. 

19. Sasser JN. Root-knot nematodes: A global 
menace to crop production. Plant 
Diseases. 1989;64(1):36-41. 

20. Sofowara A. Medicinal plants and 
traditional medicine in Africa. 2nd edition. 
Spectrum Books Ltd, Sunshine House, 
Ibadan, Nigeria. 1993;191-289. 

21. Ismail M, Fayyaz S, Kowsar A, Javed S, Ali 
I, Ali S, Hussain F, Ali H. Evaluation of 
nematicidal effects of some medicinal plant 
extracts against root-knot nematodes 
(Meloidogyne incognita). Italian Journal of 
Agronomy. 2020;15-1475. 

22. Bello LY, Chindo PS, Oyewale RO, 
Mamud AY, Oluwatosin O. Inhibitory effect 
of Tamarindus indica and Carica papaya 
on egg hatch larva mortality of 
Meloidogyne incognita, archives of 
phytopathology and plant protection. 
2014;47(15):1788-1796. 
DOI:10.1080/03235408.2013.858424 

23. Abolusoro, Olabiyi E. Evaluaion of sweet 
orange peel aqueous extract (citrus 
sinensis) as root-knot nematode 
suppressant. Agro-science; 2011. 9. 
10.4314/as. v9i3.65751 

24. Parihar K, Rehman B, Siddiqui MA. 
Nematicidal potential of aqueous extracts 
of botanicals on Meloidogyne incognita in 
vitro. Current Nematology, Allahabad. 
2011;22(1):55-61. 

25. Khalil MS. Bright future with nematicidal 
phytochemicals. Biology and Medicine. 
2014;6(2):1. 
DOI:10.4172/0974-8369.1000E104  

 

© 2021 Jacob et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.  
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle4.com/review-history/71632 


