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Abstract

Lipaphis erysimi (Kaltenbach, 1843) (Hemiptera: Aphididae) damages
crucifers. Its control by botanical extracts is today an alternative to the
use of chemical pesticides. The objective of this study is to evaluate
the effects of leaf extracts of Azadirachta indica A. Juss. (Meliaceae)
and Carica papaya Linnaeus (Caricaceae) compared to those of the
chemical insecticide “Conquest Plus 388 EC” on L. erysimi’s parasitic
pressure on cabbage during the same period of two consecutive
years. The plots of cabbage were installed using randomized balanced
complete blocks. The parasitic pressure of L. erysimi on cabbage
varied with year. A. indica extract reduced parasitic pressure more
than C. papaya extract. Conquest Plus 388 EC was more effective in
reducing L. erysimi pressure. Although neem extract failed to reduce
parasitic pressure by L. erysimi as well as the chemical pesticide, the
use of neem leaf extract is an eco-friendly management method for
this aphid.
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Introduction

Total annual loss of agricultural production due to aphids
is approximately 1.2 X 10" tons. This represents about
2% of the losses caused by all insect pests (Alavo,
2000). Damage caused by insects varied from year to
year depending on the environment (vegetation,
surrounding crops and climatic conditions). Cabbage
Brassica oleracea L. (Brassicaceae) cultivation is an
important income generating activity for small scale

farmers providing quick cash income over short periods
and contributing to food security in West Africa (James
et al., 2010). However, production is constrained by a
range of insect pests damages (Mondédji, 2010). In
Togo, an important insect pest of Brassica crops is the
aphid preceded by the diamondback moth, Plutella
xylostella L. (Lepidoptera : Plutellidae) (Agboyi, 2009).
The aphid is mustard aphid or turnip aphid Lipaphis
erysimi (Kaltenbach, 1843) (Hemiptera: Aphididae)
(Mondédji et al, 2016). This aphid has several host
plants including crucifers like B. oleracea. The pest also
poses serious problems in Asian countries and the USA

174

Available onlin e at hitlp: /fresjournals. comfournals’agriculioral-s oen ce-res earch-youmalh irrd ‘




(Atwal and Dhaliwal, 2007; Biswas, 2008). Application of
synthetic insecticides remains the most common control
strategy against L. erysimi damage, even though this
practice causes health and environmental problems
(Toé et al., 2002; PAN-Africa, 2004; PAN-UK, 2005).
Cabbage vyield losses have been reported to exceed
30% despite frequent applications of synthetic
insecticides (Agboyi et al, 2013) mainly
organophosphates and pyrethroids (Mondédiji et al.,
2015; Agboyi et al., 2015).

Insecticidal properties of neem (Azadirachta indica A.
Juss., Meliaceae) have traditionally been used in cultural
practices for several thousand years (Philogéne et al.,
2003 ; Philogene et al., 2008). Neem compounds have
various effects ranging from repellency to toxicity against
a wide spectrum of insect pests including Orthoptera,
Lepidoptera, Coleoptera, Diptera and Hemiptera
(Schmutterer, 1990; Isman, 2006; Siddiqui et al., 2009;
Degri et al., 2013; Mondéd;ji et al., 2014; Shannag et al.,
2014). These biological properties are controlled by
different groups of compounds including limonoids and
particularly azadirachtin present in neem seeds and
considered the most active component responsible for
both antifeedant and insecticidal effects (Isman, 2006).
Neem-based insecticides have Ilow environmental
impact because of a rapid degradation in plants and soil
(Isman, 2006) and have small effects on beneficial
insects (Tang et al., 2002; Haseeb et al., 2004; Defago
et al.,, 2011). Aqueous seed extracts are traditionally
used in Malian cotton fields to fight Hemiptera pests and
vectored pathogens (Boursier et al., 2011). Despite two
fruition periods per year, their irregular availability limits
the use of seed-based preparations. Interestingly,
numerous active compounds including limonoids have
also been found in neem leaves (Siddiqui et al., 2000 ;
Afshan, 2002) whose extract was shown to exert
insecticidal effects (Brunherotto et al., 2010; Egwurube
et al., 2010).

Neem and papaya (Carica papaya L. (Caricaceae))
from Southeast Asia and tropical America respectively
grow in many countries around the world including Togo
(Klu, 2008). The choice of neem was made based on
literature accounts but above all, on the habits of local
gardeners. The choice of papaya is based on the habits
of gardeners. In this scenario, botanical extracts based
on neem and papaya preparations could provide an
important new compound for L. erysimi management.

Because of insect damage variability and the
potential of neem and papaya leaf-based preparations to
control insect populations, our hypothesis was that these
extracts affected L. erysimi parasitic pressure on
cabbage during the same period of two consecutive
years.

The objective of this study was to evaluate the effects
of A. indica and C. papaya leaf extracts compared to
those of the chemical pesticide “Conquest Plus 388 EC”

on aphid parasitic pressure on cabbage during the same
period in two consecutive years. The indicators used to
evaluate extract effects were: infestation rate of cabbage
plants, the area of cabbage leaf covered (covering) by L.
erysimi and the yield of cabbage following treatment.

Materials and Methods

Materials and methods used (the study site,
experimental plot arrangement, botanical extracts and
chemical insecticide preparation and treatment of plots)
are identical to those used by Mondédiji et al. 2015.

Study site and experimental conditions

The study was carried out in Lomé (Southern Togo) with
a tropical Guinean climate marked by two rainy seasons
(April-duly and September-October) separated by two
dry seasons (August and November-March). Average
monthly temperatures range from 25 to 29 °C during the
year and average annual rainfall is around 932 mm.
Mean annual relative humidity is about 82% and
photoperiod is near 12 : 12 h LD.

Tests were conducted at an experimental station from
mid-July to mid-October in 2005, at the agropastoral
farm of the University of Lomé campus (6 ° 17N and 1 °
21'E). It was repeated from mid-July to mid-October in
2006. Mid-July to mid-October has short dry and short
rainy seasons in southern Togo. This site is dominated
by a man-made savanna with exotic plant species such
as A. indica, C. papaya, Hibiscus lunarifolius Willd.
(Malvaceae), Senna siamea (Lamarck) Irwin Barneby
(Fabaceae), Leucaena leucocephala (Lamarck) de Wit
(Mimosaceae), Manguifera indica Linnaeus
(Anacarciaceae) and annual and seasonal crops
(cassava, maize, cowpea, vegetables).

Experimental plot arrangement

A parcel of cabbage KK-Cross variety was installed
using randomized balanced complete blocks. Three
blocks (B1, B2 and B3) were made (Figure 1), each
composed of eight elementary plots: one untreated
elementary plot served as control (TO); one plot was
treated with the chemical insecticide Conquest Plus 388
EC (C.P.); three elementary plots treated with different
doses of neem leaf extract (N1, N2 and N3), and three
treated with different doses of papaya leaf extract (P1,
P2 and P3). In order to avoid contamination of an
elementary plot by a product that is not intended for it
during treatment, a distance of 1 m separated
elementary plots and a distance of 2 m separated
blocks. Each elementary plot (1.6 m x 6.8 m) contained
four lines of plants with 17 cabbage plants per line. The
spacing of the plants was 0.4 m on the lines and 0.4 m
between lines (Figure 2).
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Figure 1: Experimental plot arrangement

B: Block; TO: Untreated plot (Control); C.P.: plot treated with chemical insecticide (Conquest Plus 388 EC); N1: plot treated with low
dose of hydroethanolic neem leaf extract; N2: plot treated with medium dose of hydroethanolic neem leaf extract; N3: plot treated
with high dose of hydroethanolic neem leaf extract; P1: plot treated with low dose of hydroethanolic papaya leaf extract ; P2: plot

treated with medium dose of hydroethanolic papaya leaf extract ; P3: plot treated with high dose of hydroethanolic papaya leaf
extract.
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Figure 2: Arrangement of cabbage plants on plots (aligned points)

Preparation of botanical extracts

Fresh leaves of nheem or papaya plants were collected
on the domain of the University of Lomé. Extracts were
obtained by soaking 1 kg of crushed fresh leaves in 1.5 |
of 10% hydroethanol solution overnight at 25-30°C. After
maceration for 12 hours under ambient conditions, the
solution was filtered and the filtrate applied to the plots.

Preparation of chemical insecticide

The chemical insecticide was prepared by diluting 2 ml
of Conquest Plus 388 EC in water to obtain 1500 ml of
solution. Conquest Plus 388 EC is a ternary insecticide
composed of 72 g/l Cypermethrin, 300 g/l Triazophos
and 16 g/l Acetamiprid.

Treatment of plots

Treatments were done using an OSATU STAR 16
AGRO model with a maintained pressure backpack
sprayer. Treatments of elementary plots were done
once a week during six weeks (6 applications in total).
The dose of chemical insecticide applied was 0.6 | of
Emulsifiable Concentrate per hectare (or 460 I/ha of
solution). Three doses of neem leaf extract (N1: 300
I’/ha, N2: 600 I/ha and N3: 900 I/ha) and papaya leaf
extract (P1: 300 I/ha, P2 : 600 I/ha and P3: 900 I/ha)
were applied (Table 1). The control plots were
untreated.

Table 1: Doses of extracts and synthetic pesticides applied

Treatment Phytosanitary products used Doses (I/ha)
TO Untreated 0

CP Conquest Plus 460

N1 or P1 Hydroethanolic neem or papaya (Low dose) 300

N2 or P2 Hydroethanolic neem or papaya (Medium dose) 600

N3 or P3 Hydroethanolic neem or papaya (High dose) 900

Cabbage plant observation for treatment effect
evaluation

Observation was made the day after each application of
treatment in different cabbage plots (every seven days).
But treatment effect evaluation was done at the

beginning of cabbage leaf imbrication (after three
applications of treatment). The evaluation of a treatment
effect was based on 30 plants in the middle of each
elementary plot to avoid the bias associated with the
edge effect.
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Evaluation of treatment effect on infestation rate of
cabbage plants by L. erysimi

A cabbage aphid-bearing plant was considered infested
and was counted. The number of cabbage plants
infested per plot for each treatment is given as a
percentage.

Evaluation of treatment effects on the surface of
cabbage covered by L. erysimi

The aphid covering was made by randomly selecting the
2" or 3" leaf from the apex of the plant. The lower and
upper surfaces of the leaves were examined. The total
area or surface (St) of the leaf and the surface occupied
(So) by aphids were determined. The results were
expressed in terms of covering (C).

C :ﬁxlOO
St

Intervals were defined to determine the degree of
attack of L. erysimi for each treatment. If:

- C <5%, species is rare

- 5% < C <25%, species is common

- 25% < C <50%, species is fairly abundant
- 50% =< C <75%, species is abundant

- C 2 75%, species is very abundant.

Evaluation of the effect of treatment on the yield of
cabbage head

120 -

The yield data were obtained by weighing the harvested
cabbage from the useful surfaces (area containing the
plants observed in the middle) of the elementary plots.
The results obtained were estimated per hectare.

Statistical analysis

Statistical analysis was performed using SPSS version
20.0. The comparisons of means were done using
analysis of variance (ANOVA) followed by the Student
Newman Keuls (SNK) comparison tests when ANOVA
was significant at the 5% level.

Results

Evaluation of treatment effect on the infestation rate
of cabbage plants by L. erysimi during the same
period of two consecutive years

Infestation rate of cabbage plants by L. erysimi varied
with year. It was lower in 2005 (4.44 to 37.78%) than in
2006 (6.67 to 100%). Similarly, treatment effect on the
infestation rate varied by year, except for the synthetic
insecticide (Conquest Plus 388 EC). Conquest Plus 388
EC was more effective in reducing infestation rate
(4.44% in 2005 and 6.67% in 2006) than the high dose
of neem extract (17.78 in 2005) followed by the other
treatments of neem and papaya (31.11 to 37.78% in
2005 and 100% in 2006), similar to the control (32.22%
in 2005 and 96.67% in 2006) (F @547 = 283,759, p =
0.000) (Figure 3).
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Figure 3: Average infestation rate of cabbage plants (X £ SD) by L. erysimi following treatment during the same period of two
consecutive years
Letters at the top of the columns indicate statistically significant differences (Fs, 47y =283.759; p = 0.000).
TO: Untreated plot (Control); C.P.: plot treated with chemical insecticide (Conquest Plus 388 EC); N1: plot treated with low dose of
hydroethanolic neem leaf extract; N2: plot treated with medium dose of hydroethanolic neem leaf extract; N3: plot treated with high
dose of hydroethanolic neem leaf extract; P1: plot treated with low dose of hydroethanolic papaya leaf extract ; P2: plot treated with
medium dose of hydroethanolic papaya leaf extract ; P3: plot treated with high dose of hydroethanolic papaya leaf extract.
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Evaluation of treatment effect on the covering of L.
erysimi population during the same period of two
consecutive years

Covering of L. erysimi also varied by year. It was lower
in 2005 than in 2006. In 2005, L. erysimi was identical
for all treatments with covering ranging from 10.39% to
23.93% (10.39% < C < 23.93%) except for the chemical
insecticide where the species was rare (C = 0.11%).
The same pattern was observed in 2006, within plots
treated with plant extracts except again for the chemical
insecticide where the species was rare (C = 0.15%). But
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in the second year, the species was abundant for other
treatments (56.77% < C < 67.75%). Thus treatment
effect on L. erysimi covering also varied with year
except for Conquest Plus 388 EC. In 2005, the effect of
Conquest Plus 388 EC was very significant, followed by
the effect of the three doses of neem, and by the three
doses of papaya (F (1547 = 168,239; P = 0.000). There
was no significant difference between treatments with
the three doses of papaya and the control. In 2006, only
the chemical insecticide was very effective followed by
medium and high doses of neem. But the papaya
extract did not have a significant effect, (Figure 4).
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Figure 4: Covering rate (X £ SD) of L. erysimi per plant following treatment during the same period of two consecutive years
Letters at the top of the columns indicate statistically significant differences (Fs, 47y = 168.239; p = 0.000).
TO: Untreated plot (Control); C.P.: plot treated with chemical insecticide (Conquest Plus 388 EC); N1: plot treated with low dose of
hydroethanolic neem leaf extract; N2: plot treated with medium dose of hydroethanolic neem leaf extract; N3: plot treated with high
dose of hydroethanolic neem leaf extract; P1: plot treated with low dose of hydroethanolic papaya leaf extract ; P2: plot treated with
medium dose of hydroethanolic papaya leaf extract ; P3: plot treated with high dose of hydroethanolic papaya leaf extract.

Evaluation of the effect of treatment on the yield of
cabbage during the same period of two consecutive
years

The mean vyield of cabbage also varied with year. The
effect of treatments on the yield of cabbage was greater
in 2005 (13.00 + 6.99 to 32.14 + 24.11 t/ha) than in 2006
(0.35 + 0.13 to 18.65 + 7.61 t/ha). However, the medium

dose of neem (32.14 £ 24.11 t/ha) and the low dose of
papaya (31.65 + 11.62 t/ha) in 2005 resulted in the best
yields. There was no significant difference in treatment
yields in 2006, but treatments were significantly different
especially from those of the control (0.35 £+ 0.13 t/ha).
The effect of treatments on cabbage vyield varied
significantly with year (F (15 47y = 3.855, p = 0.001)
(Figure 5).
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Figure 5: Yield of cabbage (X + SD) following treatment during the same period of two consecutive years
Letters at the top of the columns indicate statistically significant differences (Fs, 47 =3.855; p = 0.001).
TO: Untreated plot (Control); C.P.: plot treated with chemical insecticide (Conquest Plus 388 EC); N1: plot treated with low dose of
hydroethanolic neem leaf extract; N2: plot treated with medium dose of hydroethanolic neem leaf extract; N3: plot treated with high
dose of hydroethanolic neem leaf extract; P1: plot treated with low dose of hydroethanolic papaya leaf extract ; P2: plot treated with
medium dose of hydroethanolic papaya leaf extract ; P3: plot treated with high dose of hydroethanolic papaya leaf extract.

Discussion

Effects of extracts of neem and papaya leaves were
evaluated on the parasitic pressure of the sap sucker L.
erysimi on cabbage during the same period of two
consecutive years (2005 and 2006) in southern Togo. A
higher infestation rate of cabbage plants and a higher
covering rate (abundance) of aphids were observed in
2006 than in 2005. Biswas (2013) studied the
effectiveness of different doses of neem extract and a
synthetic organic insecticide on mustard aphid at an
experimental field during two consecutive years 2010-
2011 and 2011-2012 in Bangladesh. He reported that a
higher number of aphids was observed in 2012 than in
2011. Similar results were reported by Biswas (2008) in
the same country. At low infestation, the high dose of
neem extract is more effective than the other treatments
(2005) except the chemical insecticide. On the other
hand, botanical extracts had no effect on the rate of
infestation when the parasitic pressure is high (2006).
Neem extract reduced L. erysimi covering rate during
the trials. Only the chemical insecticide was very
effective followed by neem extract. In Bangladesh,
Biswas (2013) reported that different doses (25g/l, 50g/l,
75g/1) of neem leaf extract reduced by 63.16 to 72.55%
an aphid population numbering (78-100 aphids/plant)
before treatment of mustard. But the chemical
insecticide Malataf (Malathion 57EC) @ 2 ml/l caused
the highest reduction in aphid population (93.75%).

High parasitic pressure of L. erysimi reduced the
yield of cabbage heads. Bakhetia (1983) suggested that
infestations of turnip aphid eventually would affect
mustard seed yield and quality. We observed the same
on cabbage. Infestations by turnip aphid affected
cabbage yield and quality. When the parasitic pressure

of L. erysimi was high, cabbage plants were affected
and did not produce heads. Turnip aphid can attack
various parts/ stages of crucifers by sucking plant juices
and transmitting several kinds of viruses (Castle et al.,
1992). Yields obtained in 2005 were not significantly
different. This was due to variations in yield for the same
treatment of different blocks due to non-production of
cabbage head by some plants. Yields obtained in 2006
also were not significantly different except for the
control. The few cabbage heads obtained in 2006, were
small with lower quality than those obtained in 2005.
Indeed, in 2005, Conquest Plus 388 EC significantly
reduced aphid parasitic pressure in terms of infestation
rate (attacked plants) and covering, but did not produce
the best yield. In 2006, the highest cabbage head yield
(18.65 t/ha) was obtained with the chemical insecticide,
less than 6 t/ha for other treatments and less than 1 t/ha
for the control. The 2006 results corroborated those of
Biswas (2013) who obtained the highest mustard seed
yield of (1440 kg/ha) by using the chemical insecticide
Malataf @ 2ml/l to treat mustard plots, and untreated
plots produced a significantly lower seed yield (1150
kg/ha).

Conclusion

Neem extract in general and a high dose in particular
reduced infestation rate and abundance (covering) of
the insect. However, treatment effects were influenced
by parasitic pressure. It did not appear to have a direct
effect on cabbage yield regardless of the treatment
applied. The effectiveness of different doses of neem
and papaya leaf extracts revealed that the high dose of
neem leaf extract performed better than other doses of
neem extract and the three doses of papaya. Although
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neem extract failed to reduce cabbage plant infestation
by L. erysimi and aphid abundance as well as the
chemical insecticide, the use of neem leaf extract was
an eco-friendly management method of aphid and
produces the best cabbage yield.
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