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SUMMARY
Laboratory and field studies were conducted to evaluate the efficacy of methanol and 
aqueous extracts of Chromolaena odorata leaves and Citrus sinensis rind in the 
management of insect pests of pepper. Phytochemical analysis and contact toxicity test 
of the extracts were carried out using standard methodology. Phytochemical analysis 
of both solvent extracts revealed the presence of flavonoids, tannins, saponins, 
alkaloids, steroids, terpenes, cardiac glycosides, and anthraquinones. Within the 72 
hours of application, methanol and aqueous extracts of Chromolaena and orange rind 
recorded high mortality (> 50%) on the test insects relative to the control in the 
laboratory; and also lowered the occurrence and severity of the insect pests in the field. 
The extracts of both plants gave higher agronomic and yield values on treated plants 
than the control. However, the methanol extract of orange rind recorded significantly 
(P>0.05) highest values of these parameters when compared to other extract 
treatments used in the study. Fruit damage (over 60%) by the insects was significantly 
higher in control plants. Methanol and aqueous extracts of Chromolaena and Citrus 
rind should be included as a sustainable component of integrated pest management in 
pepper production. 

Keywords:  Biopesticides, Orange Rind, Chromolaena, Phytochemical Analysis, Steroids, 
Insecticidal Activity, Pepper.

Pepper (Capsicum annuum L.) is an annual 
or perennial plant in the Solanaceae family 
() that originated from Central and South 
America (). The crop is grown for its edible 
fruits, mostly consumed as spice and 
characterized by pungent and special 
flavour. 

 

 such as 

Pepper is rich in amino acids, 
minerals such as calcium, iron, magnesium, 
and potassium, as well as vitamins A, B, C, 
and E, which are essential for healthy 
human growth and development (, ).  It also 
contains phytochemical compounds such 
as phenolics and flavonoids that are 
important antioxidants that prevent 
degenerative and chronic diseases

cancer, diabetes, cardiovascular diseases, 
and anemia (, ).  Globally, the demand for 
pepper and its products is on the rise due to 
its nutritive and medicinal value (, ). 
However, its cultivation is hampered by 
both biotic (such as diseases and insect pest 
infestations) and environmental constraints 
from nursery to field throughout its lifespan 
resulting in significant reductions in 
marketable fruit yield ().  A number of these 
insect pests that hamper pepper production 
include whitefly (Bemisia tabaci 
Gennadius), aphid (Aphis gossypii Glover 
and Myzus persicae Sulzer), variegated 
grasshopper (Zonocerus variegatus L.), 
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potato beetle (Leptinotarsa decemlineata 
Say), leaf-miner (Lyriomyza spp), and 
thrips (Thrips tabaci Lindeman). These 
insect pests cause direct damage to pepper 
fruits, while some are vectors of many 
diseases (, , ).    
In the management of insect pests on 
pepper, most farmers in Nigeria use 
conventional insecticides due to their 
effectiveness against a wide range of insect 
pests and ease of application (, ). However, 
the problems of environmental pollution, 
accumulation of toxic residues beyond 
permissible tolerance in produce, 
secondary pest outbreaks, the evolution of 
resistance, and the resurgence of treated 
pest populations (, , ) have necessitated the 
need for environment-friendly alternatives. 
A lot of botanicals have been studied 
against diverse insect pests these days 
because they are easy to apply,  
biodegradable, reduce environmental 
contaminations, and help maintain the 
biological diversity of organisms in the 
ecosystem (). These studies have shown that 
many botanicals have antibacterial, 
insecticidal, repelling, and ovicidal effects 
on insect pests which makes them important 
natural chemicals (,  , , ). Extracts of Citrus 
sinensis and Chromolaena odorata have 
been reported to contain bioactive 
compounds singly or synergistically which 
can mediate different biological activities 
on insects (, ). This study, therefore, 
evaluated the efficacy of methanolic and 
aqueous extracts of Citrus sinensis and 
Chromolaena odorata in controlling insect 
pests of pepper. 

MATERIALS AND METHODS 
The study was conducted at the National 
Hor t i cu l tu ra l  Resea rch  In s t i t u t e  

o 
(NIHORT), Ibadan, Nigeria (Latitude 7

o
25'N and Longitude 3  52'E, 210 m above 
the sea level). The site is located in the 

rainforest zone of Southwestern Nigeria 
with an annual rainfall of 1821.88 mm. The 
site is characterized by a bimodal rainfall 
pattern that peaked in June and September 
with a dry spell in August.
Insect culture:
Preliminary studies carried out earlier on 
the pepper field highlighted six major insect 
pests: Mealybug (Ferrisia virgata C), 
variegated grasshopper (Zonocerus 
variegatus L), Aphids (Aphis gossypii G,), 
whitefly (Bemisia tabaci G.), flea beetle 
(Podagrica spp L.) and green stink bug 
(Nezara viridula L,). Each of the insect was 
collected from field infested pepper plants 
into separate collection bottles and 
introduced into 6 weeks pepper plants in 
different wooden cages measuring (65 cm × 
65 cm × 70 cm) in the laboratory. The insect 
culture was maintained under ambient 

o o temperature 25 C - 28 C and relative 
humidity 75 - 90%. At 10 days after 
introduction (when oviposition would have 
taken place), the insects were removed and 
subsequent emerged adults were used for 
the study. 
Plant collection and preparation
Fresh leaves of Chromolaena odorata and 
Citrus sinensis rind were collected and air-
dried in the laboratory at room temperature 
(27± 2ºC). The materials were later ground 
into powder using a blender. From the 
powder obtained, 100 g of each was taken 
and added to 1000 ml methanol or distilled 
water (10% w/v) in separate containers. 
They were allowed to stay for 24 hours after 
which the extract was carefully decanted 
into collection bottles (). The methanol 
extracts were later left for 24 hours to 
evaporate the solvents while the aqueous 

°extracts were dried in a water bath at 40 C. 
The slurry obtained after solvent 
evaporation was used for the experiments. 
Phytochemical analysis
The  ex t rac t s  were  sub jec ted  to  
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phytochemical studies using standard 
procedures as described by Chang et al., (), 
Brunner (), Harborne, (), and El-Olemy et 
al. ().
Contact toxicity of extracts by topical 
application in the laboratory
A 10% concentration of the slurry in 10 ml 
of distilled water for each plant extract was 
maintained. One drop of Teepol was added 
as a surfactant. Contact toxicity by topical 
application was carried out on five unsexed 
adults of each insect which were obtained 
from the laboratory culture and placed 
individually in Petri dishes lined with filter 
paper. The Petri dishes were then placed in 
the refrigerator for 2 minutes to reduce the 
movement of the insect. Each plant extract 
(1 ml) was applied separately to the dorsal 
surface of the thorax of each insect with a 
micro applicator. Five treatments per plant 
extract (methanol and aqueous) as well as 
cypermethrin and water (as control) with 
three replicates were maintained. The set-
up was arranged in a Completely 
Randomised Design (CRD) on a flat surface 
in the laboratory. Mortality of the insects 
was observed at 72 hours after treatment by 
probing with a blunt object. Insects were 
considered dead when they did not respond 
to three probing. Percentage insect 
mortality was calculated using the formula 
according to Baba-Tierto Niber ().
Mortality (%) =      
Number of dead insects   × 100      
 Total number of insects  
On the field
The pepper seeds were raised in sterilized 
soil in trays in the nursery and later 
transplanted to the field at 6 weeks after 

2
planting (WAP).  Field area of 145 m  and 
plot size of 2 m x 1 m with a 1 m border was 
used while pepper plants were spaced at 0.5 
m x 0.5 m apart and laid out in a randomized 
complete block design (RCBD) with three 

replicates. The treatments used were: CTR 
– Control (distilled water), CHR  – 1

Chromolaena aqueous extract (1 ml extract 
slurry 10 ml distilled water) (10% vol/vol), 
CHR  – Chromolaena methanol extract (1 2

ml extract: 10 ml methanol) (10% vol/vol), 
OR  – Orange rind aqueous extract (1 ml 1

extract: 10 ml distilled water) (10% 
vol/vol), OR  – Orange rind methanol 2

extract (1 ml extract: 10 ml methanol) (10% 
vol/vol) and Cypermethrin (check)(1 ml 
cypermethrin: 100 ml distilled water) (1% 
vol/vol).
Treatment applications/Data collection
Three applications were made at 2 weeks 
after transplanting (WAT), 6 WAT, and 10 
WAT using a hand sprayer. The pepper 
plants were examined daily between 7 and 8 
a.m. when the insects were relatively 
inactive. Number of leaves produced, plant 
height, and stem diameter were measured 
on 5 tagged plants from 3 WAT once a week 
till fruiting. Insect count was done on 5 
randomly selected plants at 3 WAT, 5 WAT, 
7 WAT, 9 WAT, and 11 WAT. Yield-related 
data such as fruit length, width, and weight) 
were taken from 12 WAT, while marketable 
fruits were separated from unmarketable 
ones.
Statistical analysis
Data collected were subjected to Analysis 
of Variance (ANOVA), number of insects 
collected in the field experiment was 

transformed using square-root model √(X 

+ 0.5) before analysis of variance 
(ANOVA), agronomic parameters and yield 
data were subjected to one-way ANOVA at 
5% probability level. Significant means 
were separated using the Studentized 
Newman-Keuls test (SNK) with the SAS 
9.0 statistical package. 

RESULTS
Phytochemical analysis 
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As shown in Table 1, the methanol and 
aqueous extracts of Chromolaena odorata 
leaves (COL) and Citrus sinensis rind 
(CSR) were found to contain the following 
classes of compounds; flavonoids, tannins, 
saponins, alkaloids, steroids, terpenes, 
cardiac glycosides, and anthraquinones. In 
addition, the methanol extracts of both COL 
and CSR had more of these secondary 
metabolites as compared to the aqueous 
extracts. Flavonoids and terpenes were 
found to be in large quantities in both 
extracts as compared to the other 
compounds. 
Contact toxicity
Insect mortality ranged from 51.85% - 
92.47% within 72 hours of application 
(Table 2). The methanol and aqueous 
extracts of Chromolaena leaves and orange 
rind recorded high mortality (< 50%) on the 
test insects relative to the control.  The 
methanol extracts of orange rind recorded 
significantly higher mortality in all the test 
insects. No significant difference was 
observed in the degree of mortality caused 
by both the methanol extract of orange rind 
(OR2) and the check insecticide 
(Cypermethrin- CYP). Amongst the 
treatments, the lowest insect mortality was 
recorded in the aqueous extracts of C. 
odorata leaves while no mortality was 
recorded in the control treatment 
throughout the application period in the 
study.
On the field
Variegated grasshoppers and whitefly were 
observed on the pepper plants at 2 WAT, 
mealy bugs and aphids at 3 WAT while the 
flea beetles and green stink bugs were 
observed at the onset of the flowers (5 
WAT).
The occurrence of whitefly, mealy bug, flea 
beetle, and stink bug was not significant 
relative to that of variegated grasshoppers 
and aphids which were on the field from the 

onset to the time of harvest. Amongst the 
extracts, pepper plants treated with 
methanol extracts of orange rind recorded 
lower incidence and mild severity of 
grasshopper and aphids, this was closely 
followed by methanol extract of orange rind 
while pepper plants treated with 
Chromolaena aqueous extract recorded the 
highest insect occurrence and severe 
infestation. No insect infestation was 
recorded on plants  t rea ted  wi th  
cypermethrin which was the check used in 
the study. However, the control plants 
recorded the highest occurrence and severe 
infestation of grasshoppers and aphids.
Significantly higher number of leaves, plant 
height, and stem diameter were observed in 
pepper plants treated with methanol 
extracts of orange rind relative to other 
extract treatments. This was however not 
statistically different from what was 
obtained in pepper plants treated with 
cypermethrin. The control pepper plants 
recorded the lowest of these characters 
(Table 4).
Number of fruit and fruit weight was 
significantly higher in pepper plants treated 
with methanol extracts of orange rind than 
the other plant extracts and the control 
while having no significant difference from 
those treated with the synthetic insecticide 
(cypermethrin) (Table 5). Also, damage on 
the fruits by the insects was significantly 
higher in control plots (over 60%); while 
the pepper plants treated with methanol 
extract of orange rind recorded the lowest 
damage (8%) of all the plant extracts.

DISCUSSION
Several research works have reported plants 
to contain different phytochemicals that 
help them fight against pests and diseases; 
this has also been validated by the results 
from this study. Though the use of chemical 
inputs in agriculture is inevitable to meet 
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Table 4: Agronomic characters of treated pepper plants on the field after insect infestation  
  
Treatment

 
Number of leaves

 
Plant height (cm)

 
Stem diameter (cm)

 
 

7 WAT

 
9 WAT

 
11 WAT

 
7 WAT

 
9 WAT

 
11 WAT

 
7 WAT

 
9 WAT

 
11 WAT

 CTR

 

16.3d

 

20.5e

 

43.16e

 

10.50d

 

12.7d

 

15.2d

 

0.5a

 

0.60b

 

1.00b

 
CYP

 

43.6a

 

52.15a

 

65.62a

 

25.60a

 

30.4a

 

38.7a

 

0.8a

 

1.20a

 

1.60a

 
CHR1

 

20.3d

 

25.1d

 

39.7d

 

13.10c

 

15.9c

 

20.8c

 

0.6a

 

0.90b

 

1.00b

 
OR1

 

29.50c

 

38.50c

 

51.13b

 

20.50b

 

23.2b

 

26.56b

 

0.6a

 

0.90b

 

1.11b

 

CHR2

 

25.65c

 

32.50c

 

42.35c

 

19.50b

 

22.8b

 

25.60b

 

0.7a

 

0.90b

 

1.10b

 

OR2

 

38.72b

 

48.26b

 

60.32a

 

21.80b

 

28.50a

 

32.2a

 

0.7a

 

0.90b

 

1.21b

 

Means in the same column with the same letter are

 

not significantly different (p > 0.05) Studentised Newman Keuls (SNK). 
CTR –

 

Control, CYP –

 

Cypermethrin:, CHR1 –

 

Chromolaena

 

aqueous, OR1 –

 

Orange rind aqueous extract:, CHR2 –

 

Chromelaena methanol extract,  OR2 –

 

Orange rind methanol extract. 

 

 

Table 5:  Efficacy of extracts on pepper yield and damage by insect pests  

Treatments
 
Number of fruit/plant

 
Average weight/fruit(g)

 
Damage fruit (%)

 CTR

       
12.65e

 
3.92d

 
60.58a

 CYP

       

35.48a

 

12.55a

 

1.85f

 
CHR1

       

18.60d

 

5.28c

 

28.67b

 
OR1

       

25.36b

 

8.15b

 

15.25d

 
CHR2

       

21.95c

 

7.95b

 

20.18c

 

OR2

       

32.56a

 

10.72a

 

8.76e

 

Means in the same column with the same letter are not significantly different (p > 0.05) Studentised Newman Keuls (SNK). 
CTR –

 

Control, CYP –

 

Cypermethrin:, CHR1 –

 

Chromolaena

 

aqueous,

 

OR1 –

 

Orange rind aqueous extract:, CHR2 –

 

Chromelaena methanol extract,  OR2 –

 

Orange rind methanol extract. 

 

the growing demand for food in the world, 
its arbitrary use can be reduced. Unlike 
synthetic pesticides, the biodegradability of 
the secondary metabolites contained in 
plant-based pesticides will reduce the 
incidence of pesticide residues and 
environmental pollution associated with 
synthetic pesticides. This study confirms 
the findings from earlier studies by Agaba 
and Fawole (); Agaba et al. ()

Gotmare and Gade (), who 
reported the presence of flavonoid, tannin, 
terpenoid, alkaloid and saponin in the plants 
studied. These compounds are naturally 
occurring, highly biodegradable; and have 
insecticidal properties (, ). The presence of 
these compounds in the plant extracts used 
in this study may have been responsible for 
the mortality of the experimental insects. 
This study showed that terpenes and 
flavonoids were the most abundant 
compounds in the orange rind and C. 
Odorata leaves used.  It has been reported 

; Uyi and 
Igbinoba (); 

that high dose of flavonoid alters the normal 
body functioning of insects (, ). Flavonoids 
protect plants against insect pests by 
influencing their behaviour, growth, and 
development (, ). Terpenes are known to act 
as irritants when applied either externally or 
consumed internally. 

 who also reported high 
amounts of terpenes in Citrus sinensis rind. 
Hence, the high amount of terpenes and 
flavonoids contained in the plant extracts 
studied may have contributed to the high 
rate of insect mortality obtained in this 
experiment. 
The high effectiveness of the botanical 
extract (methanol extract of orange rind) 
was comparable to that of Cypermethrin 
(when topically applied) as there was no 
significant difference between the degree of 
mortality caused by both, on the studied 
insects. Although, cypermethrin had a 
slightly higher effect on the insects' 

Findings from this 
study agree with the findings of Simon-Oke 
and Akeju ()
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incidence and severity on the field. The 
comparable insecticidal action can also be 
seen from the yield obtained from pepper 
plants with these treatments as there was no 
significant difference in their yield. From 
the results, the methanol extract of 
Chromolaena had the highest concentration 
of all the secondary metabolites (except 
steroids) and these concentrations were 
significantly different from that of other 
treatments. This was closely followed by 
the methanol extract of orange rind which 
also had the highest concentration of 
steroids. The comparable effect of the 
orange rind methanol extract to the check 
insecticide may have resulted from the 
distinctly high steroid content contained in 
it.  Plant steroids play important functional 
roles as plant hormones in plant 
development (); and also, as insect 
deterrents and chemical barriers against 
pathogens ().  Soriano et al., () also 
suggested that phytoecdysteroids might be 
good candidates for the development of 
new and safer strategies for crop protection 
against insects. Steroids and cardiac 
glycosides have also been reported to have 
anti-inflammatory, sedative, insecticidal 
and cytotoxic activities. Loko et al, () 
reported that steroids (in addition to other 
phytoconstituents) contained in Khaya 
senegalensis leaf extract, was responsible 
for the mortality of Dinoderus porcellus. 

CONCLUSION
In conclusion, Methanol and aqueous 
extracts of C. Odorata leaves and orange 
rind confirm mortality upon contact with 
the test insect pests of pepper, although at 
varying degrees, with methanol extract of 
orange rind having higher contact efficacy. 
This study shows that methanol and 
aqueous extracts of Chromolaena odorata 
leaves and Citrus sinensis rind could be 

considered and included as a sustainable 
component of integrated pest management 
in pepper production. The incidence and 
severity of the test insects on the field were 
greatly reduced by cypermethrin and also 
significantly different from the rest of the 
treatments. This suggests that more work 
has to be done to develop biopesticides with 
comparable and even better efficacy in the 
eradication of field crop pests. This study 
forms the basis for further research in 
elucidating the individual and synergistic 
effects of compounds that are responsible 
for this comparable insecticidal action in 
the plants studied. It also accentuates the 
potential of identified biological waste 
materials in the environment.

LITERATURE CITED
1. Abubakar, R., Suleiman, M. and 

W a g i n i ,  N . H .  2 0 2 1 .  
Phytochemical and insecticidal 
properties of some botanical 
extracts against the lesser grain 
borer, Rhyzopertha dominica F. 
(Coleoptera:  Bostr ichidae) .  
Journal of Entomology and 
Zoology Studies, 9(2): 06-13. 

2. Acero, L.H. 2014. Dried Siam 
weed (Chromolaena odorata) as 
rice weevils (Sitophilus oryza) 
eradicant. International Journal of 
Chemical  Engineering and 
Applications, 5: 363-366

3. Agaba, T.A. and Fawole, B. 2014. 
Phytochemical constituents of 
S i a m  w e e d  ( C h ro m o l a e n a  
odorata) and African custard apple 
(Annona senegalensis). Int. J. Food 
Agric. Vet. Sci., 6(1): 35 – 42. 

4. Agaba, T. A., Fawole, B. and 
Claudius-Cole, A.O. 2015.  
S c r e e n i n g  o f  S i a m  w e e d  
(Chromolaena odorata) and 

92

 NIGERIAN JOURNAL OF PLANT PROTECTION 



African custard apple (Annona 
senegalensis) for nematicidal 
activity. Journal of Biology, 
Agriculture and Healthcare, 5(14): 
50 – 56. 

5. Agwu, E.J., Odo, G.E., Ekeh, F., 
Attamah, G.N., Uwagbae, M. 
and Eze, C., 2018. A survey of the 
insect pests and farmers' practices 
in the cropping of yellow pepper 
Capsicum annuum Linnaeus in 
Enugu State of Eastern Nigeria. 
African Journal of Agricultural 
Research, 13(15):742-752.

6. Akinkunmi, O.Y, Fajinmi, 
O.B., Olajide-Taiwo, L.O, Effi, 
M.O, Adeniyi, H.A and Popoola, 
F.O. 2019. Management of pests 
and diseases of spice crops in home 
gardens in Nigeria. Proceedings of 
the 37th Annual Conference of 
Horticultural Society of Nigeria 
(Hortson) held at Rufus Giwa 
Polytechnic Owo, Ondo State, 
Nigeria. Pp.1148-1151.

7. Akinwumi, F.O. and 
Fesobi, M.E. 2010. Effect of some 
plant-based insecticides on 
thenutritive value of smoked 
catfish, Clarias gariepinus (Pisces: 
Clariidae). African Journal of Food 
Science, 4: 143-147.

8. Baba-Tierto, N. 1994. 
Ability of Powders and Slurries 
from Ten Plants Species to Protect 
Stored Grains from Attack 
Prostephanus truncatus (Horn) 
(Coleoptera: Bostrichidae) and 
Sitophilus oryzae L. (Coleoptera: 
Curculionidae). Journal of Stored 
Product Research. 30: 297-301. 

9. Bajguz, A. and Tretyn, A. 2003. 

The chemical structures and 
occurrence of brassinosteroids in 
p l a n t s .  B r a s s i n o s t e ro i d s .  
Bioactivity and Crop Productivity, 
Kluwer Academic Publishers, 
Dordrecht, pp.1-44.

10. Barceloux, D.G. 2009. Pepper and 
capsaicin (Capsicum and Piper 
species). Disease-a-month: DM, 
55(6): 380-390.

11. Brunner, J.H. 1984. Direct 
spectrophotometric determination 
of saponin. Analytical Chemistry, 
34: 1314- 1326.

12. Chang, C.C., Yang, M.H., Wen, 
H.M. and Chern, J.C. 2002. 
Estimation of total flavonoid 
content in propolis by two 
complementary colorimetric 
methods. Journal of food and drug 
analysis, 10(3).

13. Echezona, B.C. and Nganwuchu, 
O.G. 2006. Poultry manure 
application and varietal effects of 
chilli pepper (Capsicum species) 
on insect pests and diseases in a 
humid- tropical environment. 
Agro-Science 5(2):49-58.

14. El-Olemy, M.M., Al-Muhtadi, 
F.J. and Afifi, A.F.A. 1994. 
Experimental Phytochemistry: In., 
Oluwaniyi, O. O. and Ibiyemi, S.A. 
2007. Extractability of Thevetia 
peruviana glycosides with Alcohol 
mixture. African Journal of 
Biotechnology, 6(18), 2166-2170.

15. Fajinmi, O.B., OlajideTaiwo, F. 
B., Akinkunmi, O.Y., Popoola, 
F.O., Adeniyi, H.A., Effi, M.O., 
Olajide–Taiwo,  L.O.,  and 
N w a n a k a ,  C . E .  2 0 1 8 .  
Management of Pests and Diseases 

 

93  
 AKINKUNMI ET AL: EFFICACY OF CHROMOLAENA ODORATA (L) LEAF AND CITRUS SINENSIS (L)



of Fruit and Root Vegetables in 
Home Gardens in Nigeria.  

th
Proceedings of the 36  Annual 
Conference of Horticultural 
Society of Nigeria (Hortson), Lafia 

th nd
held 18  – 22  Nov. 2018 at the 
Faculty of Agriculture Shabu-Lafia 
C a m p u s ,  N a s a r a w a  S t a t e  
University, Keffi, Nasarawa State, 
Nigeria. Pp.674 -679.

16. Fountain, E.D. and Wratten, S.D. 
2013. Conservation biological 
control and biopesticides in 
Agricultural Reference Module in 
Earth Systems and Environmental 
Sciences Encyclopedia of Ecology 
(Second Edition), Journal of 
Elsevier, 1:377-381.

17. Gotmare, S. and Gade, J. 2018. 
Orange peel: A potential source of 
phytochemical  compounds .  
International Journal ChemTech 
Research, 11: 240-243.

18. H a r b o r n e ,  J . B .  1 9 7 3 .  
Phytochemical methods: A guide to 
modern techniques of plant 
analyses. Chapman and Hall, New 
York, pp: 18-215. 

19. Howard, L.R., Talcott, S.T., 
Brenes, C.H. and Villalon, B. 
2000. Changes in phytochemical 
and antioxidant activity of selected 
pepper cultivars (Capsicum spp) as 
influenced by maturity. Journal of 
agricultural and food chemistry, 
48(5): 1713-1720.

20. Ileke K.D. 2014a. Insecticidal and 
toxicological studies on Alstonia 
boonei De Wild used as cowpea 
protectant against Collosobruchus 
m a c u l a t u s  ( F a b ) .  F e d e r a l  
University of Technology, Akure, 

Nigeria, 269.
21. Ileke, K.D. 2014b. Cheese wood, 

Alstonia boonei De Wild a 
botanical entomocides for the 
management of maize weevil, 
Sitophilus zeamais Motschulsky 
(Coleoptera: Curculionidae). Octa. 
Journal of Biosciences. 2(2): 64-
68.

23. Jarret, R.L., Barboza, G.E., da 
Costa Batista, F.R., Berke, T., 
Chou, Y.Y., Hulse-Kemp, A., 
Ochoa-Alejo, N., Tripodi, P., 
Veres, A., Garcia, C.C. and 
Csillery, G., 2019. Capsicum—An 
abbreviated compendium. Journal 
of the American Society for 
Horticultural Science, 144(1), 
pp.3-22.

24. Koche, D.K., Kokate, P.S., 
Suradkar, S.S., Bhadange, D.G. 
2012. Preliminary Phytochemistry 
and Antibacterial Activity of 
Ethanolic Extract of Ocimum 
grat iss imum  L.  Bioscience 
Discovery. 3(1):20-24. 

25. Loko, L.Y., Alagbe, O., Dannon, 
E.A., Datinon, B., Orobiyi, A., 
Thomas-Odjo, A., Dansi, A. and 
Tamò, M. 2017. Repellent effect 
and insecticidal activities of 
Bridelia ferruginea, Blighia 
sapida, and Khaya senegalensis 
leaves powders and extracts 

22. Ileke, K.D. and Olabimi, I.O. 
2019. Insecticidal activities of 
Chromolaena  odora ta  and  
Vernonia amygdalina leaf extracts 
against Anopheles gambiae  
[Diptera: Culicidae]. International 
Journal of Tropical Disease, 
2(1):1-7. 

94

 NIGERIAN JOURNAL OF PLANT PROTECTION 



against Dinoderus porcellus in 
infested dried yam chips. Psyche: A 
Journal of Entomology, 2017: 1-
18.

26. Mierziak, J., Kostyn, K. and 
Kulma, A. 2014. Flavonoids as 
important molecules of plant 
interactions with the environment. 
Molecules, 19(10): 16240-16265. 

27. Ngegba, P.M., Cui, G., Khalid, 
M.Z. and Zhong, G. 2022. Use of 
botanical pesticides in agriculture 
as an alternative to synthetic 
pesticides. Agriculture, 12(5), 
p.600.

28. Oboh, G., Ademosun, A.O, 
Olumuyiwa, T.A., Olasehinde,, 
T.A. Ademiluyi, A.O. and 
Adeyemo, A.C. 2017. Insecticidal 
activity of essential oil from orange 
peels (Citrus sinensis) against 
T r i b o l i u m  c o n f u s u m ,  
Callosobruchus maculatus and 
Sitophilus oryzae and its inhibitory 
effects on acetylcholinesterase and 
Na+/K+-ATPase  ac t iv i t i es .  
Phytoparasitica 45: 501–508.

29. Olawale, F., Olofinsan, K. and 
Iwaloye O. 2022. Biological 
activities of Chromolaena odorata: 
A mechanistic review. South 
African Journal of Botany. 144: 44-
57.

30. Pawar, S.S., Bharude, N.V., 
Sonone, S.S., Deshmukh, R.S., 
Raut, A.K. and Umarkar, A.R. 
2011. Chillies as food, spice and 
medicine: a perspective. Int. J. 
Pharm. Bio. Sci., 1(3): 311-8. 

31. Pitan, O.R., Kehinde, A.T., 
Osipitan, A.A., Ademolu, A.A. 
and Lawal, O.A. 2015. Laboratory 

evaluation of insecticidal activities 
of some botanicals against four 
insect pests of Honey bees (Apis 
mellifera  L.). International 
Journal of Applied Agricultural 
and Apicultural Research, 11(1-2): 
172-182. 

32. Pundir, R., Rani, R., Tyagi, S. and 
Pundir, P. 2016. Advance review 
on nutritional phytochemical, 
p h a r m a c o l o g i c a l ,  a n d  
antimicrobial properties of chili. 
International Journal of Ayurveda 
and Pharma Research, 4(4):53-59.

33. Saleh, B.K., Omer, A. and 
Teweldemedhin, B.J.M.F.P.T. 
2018. Medicinal uses and health 
benefits of chili pepper (Capsicum 
spp.): a review. MOJ Food 
Processing and Technology, 6(4): 
325-328.

34. Segnou, J.,  Amougou, A.,  
Youmbi, E. and Njoya, J. 2013. 
Effect of chemical treatments on 
pests and diseases of pepper 
(Capsicum annuum L.). Greener 
Journal of Agricultural Science. 
3(1):12-20.

35. Shabana, Y.M., Abdalla, M.E., 
Shahin, A.A., El-Sawy, M.M., 
Draz, I.S., Youssif, A.W. 2017. 
Efficacy of plant extracts in 
controlling wheat leaf rust disease 
caused by Puccinia triticina. 
Egyptian Journal of Basic Applied 
Science, 1: 67–73.

36. Simon-Oke, I.A., and Akeju, A.V. 
2019. Laboratory evaluation of 
extract from peels and seeds of 
some Citrus species against 
A n o p h e l e s  m o s q u i t o e s  
(Diptera:Culicidae). Journal of 

95  
 AKINKUNMI ET AL: EFFICACY OF CHROMOLAENA ODORATA (L) LEAF AND CITRUS SINENSIS (L)



Mosquito Research, 9(1):1-8. 
37. Soriano, I.R., Riley, I.T., Potter, 

M.J. and Bowers, W.S. 2004. 
Phytoecdysteroids: a novel defence 
against plant parasitic nematodes. 
Journal of Chemical Ecology, 
30:1885-1899.

38. Tudi, M., Daniel Ruan, H., Wang, 
L., Lyu, J., Sadler, R., Connell, 
D., Chu, C. and Phung, D.T. 
2021. Agriculture development, 
pesticide application and its impact 
on the environment. International 
journal of environmental research 
and public health, 18(3): 1112.

39. Uyi, O.O. and Igbinoba, O.G. 
2016. Repellence and toxicological 
activity of the root powder of an 
invasive alien plant, Chromolaena 
odorata (L.) (Asteraceae) against 
Callosobruchus maculatus (Fab.) 
(Coleoptera: Chrysomelidae). 
Animal Research International, 13: 
2510-2517.

40. Valkonen, J.P., Keskitalo, M., 
Vasara, T., Pietilä, L. and 
Raman, K.V. 1996 .  Potato 
glycoalkaloids: a burden or a 
blessing? Critical reviews in plant 
sciences, 15(1): 1-20.  

41. Wahyuni, Y., Ballester, A.R., 
Sudarmonowati, E., Bino, R.J. 
and Bovy, A.G. 2013. Secondary 
metabolites of Capsicum species 
and their importance in the human 
diet. Journal of natural products, 
76(4): 783-793. 

42. War A.R., Paulraj M.G., Ahmad 
T., Buhroo A.A., Hussain B., 
Ignacimuthu S., Sharma H.C. 
2012. Mechanisms of plant defense 
against insect herbivores. Plant 
Signaling and Behaviour, 7: 
1306–1320. 

43. Zain, W.Z.W.M., Hamid, N.A., 
Nazihah, N., Izzah, N., Azaman, 
N., Ramli, N.W., Yamin, B. and 
Musa, S.A.N.C., 2022, July. 
Phytochemical screening, Total 
Phenolic and Flavonoid content of 
Jupiter variety leaves extract and 
their antioxidant and insecticidal 
activity. In IOP Conference Series: 
Earth and Environmental Science 
(Vol. 1059, No. 1, p. 012059). IOP 
Publishing. 

44. Zhani, K., Hermans, N., Ahmad, 
R. and Hannachi, C. 2013. 
Evaluation of salt tolerance (NaCl) 
in Tunisian chili pepper (Capsicum 
frutescens L.) on growth, mineral 
analysis, and solutes synthesis. 
Journal of Stress Physiology and 
Biochemistry, 9(1): 209-228. 

96

 NIGERIAN JOURNAL OF PLANT PROTECTION 


