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Abstract

Field studies were conducted on the application of Leucaena leucocephala leaf extracts as an alternative 
to carbofuran a synthetic nematicide, while possible residues of carbofuran in tomato fruits were 
also analysed. Acetone, methanol and petroleum ether fractions of the leaves of L. leucocephala were 
applied at 200 mg/mL in variants of 100 mL, 150 mL and 200 mL to a naturally nematode infested 
field. Comparison was made with carbofuran a  synthetic insecticide and nematicide. Samples of 
tomato fruits from carbofuran treated and untreated beds were extracted with ethyl acetate for 
residual pesticide analysis to ascertain the exceedance of the maximum residue limit (MRL). Results 
revealed that pesticide residue was significantly (p = 0.05) higher in plots treated with carbofuran 
compared with standard MRL for carbofuran in tomatoes. Crude extracts of L.  leucocephala were 
as effective as carbofuran, while the fraction was however significantly better in producing higher 
numbers of fruits and reduced nematode population in root and soil of tomato plants.

Keywords: Meloidogyne incognita, environmental pollution, Leucaena leucocephala, carbofuran, 
chromatography, tomato, pesticide residue

INTRODUCTION
Pest and diseases are a  significant threat to 

agricultural crop production due to the losses they 
cause to a  wide range of crops. The pest attack 
results in decreased yield, reduction in quality of 
crops and loss of income (Atolani and Fabiyi, 2020). 
There is the need for farmers to combat pests and 
disease causing organisms so as to protect their 
valuable crops and thus increase yield (Fabiyi et al., 
2018). Plant parasitic nematodes are one of the 
major causes of economic loss to crops worldwide 
particularly in tomato fields (Stirling and Pattison, 
2008; Fabiyi, 2018). The use of pesticides then came 
into play especially when crop failure is imminent; 
they provide immediate solution in agricultural 

fields. As farmers focus on protecting their valuable 
crops, little did they know that they are constantly 
exposed to pesticide poisoning (Abhilash et  al., 
2009). Hazards of pesticide vary with the extent 
of human exposure; moderate hazards include 
blurred vision, skin diseases, flu and headache. 
Severe human health hazards encompass 
blindness, paralysis and death (Min et  al., 2006). 
The use of nematicides though significantly brought 
down nematode populations on farm fields below 
economic threshold level, other farm practices 
such as use of farm yard manure, incorporation 
and application of plant materials were reported 
as being slow and less effective (Daramola  et  al., 
2013). Carbofuran (2,3-dihydro-2,2-dimethyl-benzofuran-
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7-yl-N-methylcarbamate) is a  common insecticide/
nematicide used in nematode control. It is toxic 
and not environmentally friendly due to its high 
solubility in water (700 ppm), consequently, it has 
the potential to contaminate lakes, streams, and 
groundwater (Nicosia et  al., 1991; Fabiyi et  al., 
2012). Carbofuran is metabolized via oxidation to 
3-hydroxycarbofuran and 3-ketocarbofuran; it also 
undergoes hydrolysis under alkaline conditions (US 
EPA, 1990). Several metabolites have been obtained 
in animal studies which include carbofuranphenol, 
3-hydrocarbofuran-7-phenol, N-hydroxymethyl 
carbofuran, 3-ketocarbofuran, and 3-ketocarbofuran 
phenol (Eisler, 1985). Carbofuran though banned in 
developed countries is still available to farmers for 
use in Nigeria. It is the sole nematicide obtainable 
and with its dual function as an insecticide the 
regularity of use is strikingly disturbing (Fabiyi 
et al., 2020a). This has instinctively heightened the 
contamination level of crops and soil. In view of 
the environmental pollution caused by application 
of carbofuran there is the need to investigate other 
alternatives such as eco-friendly bio pesticides 
(Fabiyi et al., 2020b; Fabiyi, et al., 2020c). The effect 
of Leucaena leucocephala fractions and extracts on 
M.  incognita population in tomato plants on the 
field compared with carbofuran was investigated 
in this study. Furthermore, the study evaluated 
possible carbofuran residue in tomato fruits to 
appraise the residue level after harvest and affirm 
if this transcends the maximum residue limit (MRL) 
legal standard expected in correct application 
of pesticides which corresponds to the normal 
practice in agriculture. Leucaena leucocephala 
belongs to the family Leguminosae (Oakes, 1968; 
Chen and Wang, 2010). The various parts have 
been found to be medicinal including antihelmintic 
and control of stomach diseases (Ademola et  al., 
2005; Syamsudin and Partomuan, 2010), while the 
seed gum is used as a binder in tablet formulations 
(Deodhar et al., 1998).

MATERIALS AND METHODS

Collection and Preparation of Plant Materials 
Leucaena leucocephala leaves were collected from 

the mother tree at Idi-ayunre village in Ibadan 
area of Oyo state Nigeria. The materials were air 
dried under ambient conditions and were divided 
into four equal parts of 1650 grams individually. 
Each portion was extracted with petroleum ether, 
methanol, and acetone separately. The extracts 
were decanted and filtered after five days of 
cold extraction and they were coded LCNL/Pet, 
LCNL/Me2CO and LCNL/MeOH, which represents 
Leucaena leucocephala petroleum ether, acetone and 
methanol extracts. LCNL/frcn are chromatographic 
fractions from methanol extract, while LCNL/ODR 
represents the plant material that was incorporated 
directly into the soil.

Fractionation
A part of the methanol extract (LCNL/MeOH) was 

subjected to fractionation in a column packed with 
silica gel 60 (80–200 mesh) serving as the stationary 
phase and n-hexane (alone), n-hexane/ethyl acetate 
(ratio 1 : 1), ethyl acetate/n-hexane (ratio 2 : 1), 
ethyl acetate/n-hexane (ratio 3 : 1) and finally ethyl 
acetate (alone) as the eluting solvent. This procedure 
afforded seventeen fractions some of which were 
pure enough for spectroscopic analysis.

Spectroscopic Measurements
Proton Nuclear Magnetic Resonance (1H NMR) 

was recorded on Bruker AMX 400. Chemical shifts 
are in ppm which is relative to TMS as internal 
standard while coupling constants are in Hz. Buck 
500M spectrophotometer with KBr pellets was used 
for the Infra-red analysis. Gas Chromatography-Mass 
Spectroscopy was carried out with Agilent 7890A 
GC/MS equipped with a  Quadrupole Mass Spectra 
Detector and an Auto-sampler.

Initial/Final Nematode Population Count
Soil samples were taken from the field at planting, 

a month after inoculation, a month after treatment 
application and finally at harvest using systemic 
sampling method, in order to identify the native 
nematode genera in the soil and their population. 
Twenty soil cores were taken from each bed (10 cm 
diameter and 25 cm deep) using a  soil auger of 
1.9 cm diameter. The samples were thoroughly 
mixed to form a bulk sample for each bed and were 
sealed in polythene bags with proper labels. In the 
laboratory 250 mL of each bulk sample was used 
for nematode population count and identification. 
Extraction of nematodes was done using the 
Whitehead and Hemming (1965) tray method 
of nematode extraction. The resulting nematode 
suspension was transferred into a  500 mL beaker 
and left to settle for 3  hours, water in the beaker 
was later reduced by siphoning (Caveness, 1975). 
Remaining nematode suspension was transferred 
into the Doncaster (1962) counting dish for 
identification and counting of the different genera 
and species. The identification of plant parasitic 
nematode was done using the key of Mai and Lyon 
(1975) and was however supported with the crop 
protection compendium nematode key (CABI, 2001).

Inoculum Culture
Heavily galled roots of Celosia argentea infected 

with Meloidogyne incognita was obtained from 
National Horticultural Research Institute Ibadan 
Nigeria (NIHORT). The inoculums were multiplied 
in a  pot culture of Celosia argentea cv TLV8 in 
the screenhouse of the Faculty of Agriculture, 
University of Ilorin, Ilorin, Nigeria. Eggs were later 
obtained from these roots of C. argentea using 0.6% 
sodium hypochlorite solution in 600 mL beaker 
(Hussey and Barker, 1973). The egg suspension was 
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poured via a  stack of 73, 56 and 25 µm aperture 
mesh (Fabiyi et  al., 2020a). Eggs retained on the 
25 µm mesh were gently washed under stream tap 
water, transferred in to a  beaker and was left to 
hatch into juveniles in the laboratory. Hatched eggs 
were separated from the juvenile using the pie-pan 
method, juveniles were counted with the Doncaster 
(1962), counting dish under the stereo microscope 
at 100× magnification, one ml was standardised to 
contain approximately 450 juveniles.

Field Experiment
Two rain fed trials were conducted at Aba- pannu 

area of Apata Ibadan, Oyo state Nigeria (7°23′47″N 
3°55′0″E/7.39639°N, with mean rainfall 1420.06 mm, 
relative humidity of 74.55% and temperature 
26.46℃/ 21.42 ℃ (maximum and minimum 
respectively), between September to December 
year 2016 and 2017. The experimental site had 
a  history of carbofuran usage of over five years. 
Experimental design was a  Randomized Complete 
Block Design with six treatments (LCNL/ Pet, 
LCNL/ Me2CO, LCNL/MeOH, LCNL/ frcn, LCNL/ ODR 
and CBFN) at four rates of application (0, 1, 2 and 3) 
and three replicates for each treatment (6 × 4 × 3). 
A total of seventy-two experimental beds were used 
in all and each bed was 4 m × 1 m. Two weeks old 
tomato seedlings (cv Roma) were transplanted on to 
the beds at a spacing of 50 cm in the row and 75 cm 
between the rows (Gudugi et  al., 2012). A  week 
after transplanting each plant was inoculated 
with approximately 450  juveniles of M.  incognita. 
The inoculated tomato plants were treated after 
two weeks with 100 mL, 150 mL and 200 mL of 
fractions and crude extract (from a  stock solution 
of 200 mg per mL) around the base of each plant 
(Fabiyi, 2019). The powdered plant material was 
applied at the rate of 50, 75 and 100 g as soil mix. 
The crude and the fractions were admixed with soil, 
while carbofuran was applied at the manufacturers 
recommended dosage. Tomato fruits were 
harvested as they ripen and overall cumulative 
harvest were recorded in terms of number and 
total weight of fruits per plant. The quality was also 
taken into account. Data collected was subjected 
to analysis of variance using GenStat  5.32 and 
separation of means done with Tukey's honest 
significant difference test (Fabiyi, 2020).

Residue Analysis
Four tomato fruits were randomly picked from 

each bed on the field, stored at 4 ℃ and were 
analysed in batches according to treatments. 
Fifty grams (50 g) of fresh tomato fruits were 
chopped and homogenized with 50 mL of ethyl 
acetate and 10 g of anhydrous sodium sulphate 
in an Erlenmeyer flask. The mixture was shaken 
in a  horizontal shaker for an hour after which it 
was filtered with Whatman's no 1 filter paper. The 
extract was decolourized with activated charcoal 

and the solvent was removed with suction pressure 
using a  vacuum pump. The dried extract was re-
dissolved in acetonitrile for final analysis using 
high performance liquid chromatography (HPLC).

High Performance Liquid Chromatography
The HPLC analyses were carried out on Shimadzu 

(Nexera MX) µBondapak C18 column at length 
100 nm, identity of 4.6 nm and a thickness of 7 µm 
respectively. The samples were injected at 10 µL- 1. 
The mobile phase consisted of acetonitrile and 
water in ratio 60 to 40 and the analyte was detected 
using diode array adjusted to 254 nm for absorption 
measurement at a  pump pressure of 15 mpa. The 
compounds were isocratically eluted at a flow rate 
of 5 mL.min-1 for the samples. The detector was 
connected to a computer for data processing.

RESULTS

Spectroscopy
Result of the GCMS analysis of the 

fraction revealed compounds which include 
benzofuranone (13.1%), 1-cyclohexylnonene 
(20.2%), pentadecanoic acid-14-methyl-methyl 
ester (11.5%), Cyclohexanecarboxylic acid, decyl 
ester (16.8%), 6,10,14-trimethyl-2-pentadecanone 
(8.5%), squalene (10.1%) and caffeic acid (9.1%) as 
the principal constituents and they constitute 89.3% 
of the total. NMR spectrum established the presence 
of an aldehyde at 9.14, 9.06 and methylene groups 
at 1.7 ppm. IR (KBr cm-1) indicates the presence of 
hydroxyl group (3321 and 1042 cm-1), a  carbonyl 
(1715 cm-1) and an aromatic ring (2990; 824 cm-1).

Field
The results of the effects of treatments on 

tomato plants under M. incognita infection is 
depicted in Figs  1–8. The organic solvent extracts 
of L.  leucocephala and carbofuran significantly 
(p  =  0.05) increased the vegetative growth of 
tomato, which translated into the higher yield 
observed in the treated tomato plants as opposed 
to the untreated plants. The mean number of fruits 
of plants treated with chromatographic fractions 
from L.  leucocephala (LCNL/frcn) was significantly 
(p  =  0.05) more than those obtained from acetone 
and methanol crude extracts (LCLN/Me2CO; 
LCNL/ MeOH), there was however no significant 
difference between carbofuran (CBFN) treated 
plants and the organic solvent extracts. The plant 
materials incorporated in to the soil as soil admix 
(LCNL/ODR) and petroleum spirit extract (LCNL/ Pet) 
were not as effective as all the other treatment 
(Fig.  1). The rate of application of the treatment 
materials is shown in Fig.  2, the highest level 
(level  3) produced more numbers of fruits against 
the untreated control plants (level 0). L. leucocephala 
fractions also produced significantly heavier fruits, 
carbofuran and the crude extracts remained at par, 
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  1: Effect of treatment on mean number of tomato fruits

            

         

  

2: Effect of level of application on mean number of tomato fruits

          

               

  

3: Effect treatment on mean weight of tomato fruits

          

             

  

4: Effect of level of application on mean weight of tomato fruits
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               5: Effect of treatments on mean pesticide residue in tomato fruits       

                   

          

  

6: Effect of treatments levels on mean pesticide residue in tomato fruits

                 

                 

  

7: Effect of treatments on mean nematode population

              

 
8: Effect of treatment levels on mean nematode population
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while the petroleum spirit extract had significantly 
lower fruit weight (Fig.  3). The highest dosage of 
treatment also recorded a higher mean fruit weight 
(Fig. 4). Mean pesticide residue in tomato plants is 
depicted in Fig. 5, the plots treated with carbofuran 
had the highest residue in the tomato fruits, while 
the bio-pesticide treated plants had significantly 
lower amount of residue remaining in the fruit after 
harvest. Nematode population was obviously low in 
the roots and soil of all the treated plants compared 
to the untreated control tomato plants, the highest 
level of treatment application was significantly 
(p  =  0.05) more effective than all the other levels 
(Figs. 6 and 7).

DISCUSSION
Medicinal plants are presently being studied as 

potential sources of bio-pesticides in the control 
of plant parasitic nematodes. The GCMS results 
of the constituents of L.  leucocephala corroborate 
the reports of Salem et  al. (2011). They reported 
the presence of benzofuranone and several 
fatty acids and their methyl esters. Rasmia et  al. 
(2014) identified caffeic acid in the aerial parts 
of L.  leucocephala. The presence of squalene was 
equally reported by Chung-Yi Chen and Yau- Der 
Wang (2010). The methanol (LCNL/ MeOH) 
and acetone (LCLN/Me2CO) extracts were not 
significantly different from carbofuran. Methanol 
extracts of L.  leucocephala was reported to show 
moderate nematicidal activity against the pine wood 
nematode Bursaphelenchus xylophilus (Mackeen 
et al., 1997). Ademola et al. (2005), investigated the 
anthelmintic effect of chromatographic fractions 
of L.  leucocephala (Lam.) de wit seed extract. The 
extracts killed infective larvae of H.  contortus of 
sheep in a  concentration-dependent manner. The 
fraction contains alkaloids, tannins and flavonoids. 
The most effective fraction however contains polar 
polyphenol compounds. The nematicidal effect of 
aqueous extract of leaves and roots of L. leucocephala 
was reported by Adekunle and Akinlua (2007). 
They observed reduction in nematode population, 
reduced galling and nematode reproduction rate. 

The activity observed was substantiated by the 
presence of secondary metabolites in the extract 
of L.  leucocephala. The nematicidal activity of 
quercertin a  phenolic compound isolated from 
L.  leucocephala was reiterated by Adekunle and 
Aderogba (2008). They reported a  high level of 
toxicity to M.  incognita eggs. 28% egg hatch was 
recorded over a  period of 14  days and 100% 
mortality in four days of exposure to 0.8% 
concentration of quercetin. Similarly, Oliveira et al. 
(2011) reported a 90% nematicidal effectiveness of 
the acetone and water extracts of the aerial parts 
of L.  leucocephala. The results in this study was 
substantiated by the documentations of previous 
investigations on L.  leucocephala. Application of 
fractions and extracts from the plant significantly 
reduced pesticide residue in tomato fruits albeit 
the erstwhile application of carbofuran on the 
experimental site. This signifies that carbofuran 
residue in soil was subdued by the extracts from 
the test plant and the absorption of residual 
carbofuran in soil by tomato plants vis-a-vis the 
fruits was lessened. The European union (E.U) in its 
regulation 2015/399 of 25th  February 2015 where 
Annexes II, III and V of Regulation (EC) No. 396/2005 
of European Parliament and Council was amended, 
regarding maximum residue level for carbofuran, 
carbosulfan and benfuracarb in fruiting vegetables 
(solanacea) where under in tomato, classified 
with code number 0231010 is allotted a  low MRL 
of 0.002 mg/ kg (Regulation, 2015). Be that as it 
may, the MRL set for carbofuran by the Japanese 
Food Chemical Research Foundation is 0.3 ppm 
(Manprakash, 2007). The EU MRL is much lower 
than the Japanese recommended value. The residue 
value of tomatoes treated with carbofuran in this 
research is exceedingly higher than standards, 
while the values from tomato fruits treated with 
extracts of L.  leucocephala are appreciably low 
relatively to 0.3 ppm. The treatment values of 
0.044 ug/g is also lower than the EU set value. The 
plants extracts depict higher safety margin than 
carbofuran. It is thus safer than carbofuran and 
could be employed for use in tomato cultivation.

CONCLUSION
The application of Leucaena leucocephala leaf extracts offer alternatives to synthetic pesticide which 
cause pollution in the environment and consequently reducing synthetic pesticide residues in fruits 
and vegetables as observed in this study.
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