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Effect of Azadirachta indica and Milletia
ferruginea extracts against Helicoverpa armigera
(Hubner) (Lepidoptera: Noctuidae) infestation
management in chickpea

Tarekegn Fite!?*, Tadele Tefera®, Mulugeta Negeri? and Tebekew Damte*

Abstract: Nowadays, Helicoverpa armigera (Hubner) (Lepidoptera: Noctuidae) is
becoming a serious insect pest of chickpea in Ethiopia and its management has faced
considerable challenges, to improve yields in many crops, in most parts of the world.
This experiment was initiated with the objective to evaluate the effectiveness of
Azadirachta indica and Milletia ferruginea extracts for the management of H. armigera
in chickpea from July to December during 2017 and 2018 cropping season under field
conditions. The results revealed that aqueous extracts of M. ferruginea and A. indica at
5% concentration either individually or in combinations at 2.5% concentration of each
were more effective in reducing per plant H. armigera larval populations, pod damage
with increased the subsequent yields during both cropping seasons as compared to
control plot. Comparing the net cost-benefit return of each treatment, during 2017
maximum CBR was from the M. ferruginea 5% treated plot and A. indica 5% treated
plots during the 2018 year. Thus, locally available botanical extracts would greatly
benefit the resource-poor farmers in chickpea production. Future research attentions
and considerations as a part of IPM tools, in pest management, are crucial.
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Helicoverpa armigera is becoming a serious
insect pest of chickpea in the world. It can cause
21 to 36% and almost 30% chickpea yield losses
in Ethiopia and India, respectively. Looking for
control methods, most farmers rely on synthetic
insecticides which could have an irreversible
side-effect to this planet. The demand for plant
derived insecticides is increasing to replace the
adverse effects. Therefore, the effectiveness of
seed extracts of Azadirachta indica and Milletia
ferruginea for the management of H. armigera in
chickpea under field conditions was evaluated
for 2 years. Application of an aqueous extract
of M. ferruginea and A. indica at 5% concentra-
tion individually or in combinations at 2.5% con-
centration of each was more effective in
reducing H. armigera larval populations and pod
damage with increased the yields during both
cropping seasons as compared to control plots.
During 2017, the maximum cost-benefit return
was from the M. ferruginea 5% and A. indica 5%
treated plots during the 2018 year.
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1. Introduction

Nowadays, Helicoverpa armigera (Hubner) (Lepidoptera: Noctuidae) management facing consider-
able challenges in many crops of the world (Li et al., 2018; Patil et al., 2017; Singh, Bisht, & Dutta,
2014). H. armigera, a highly polyphagous and cosmopolitan pest infesting many host plants
(Attique, Arif, Ahmed, & Mohyuddin, 2000; Pande, Sharma, & Ramkrishna, 2000; Pawar, 1998;
Sarwar, 2012), is a serious pest of chickpea (Cicer arietinum L.) (Fite, Tefera, Negeri, Damte, &
Sori, 2018; Patil et al., 2017; Sarwar, Ahmad, & Tofique, 2011). It can cause 21 to 36% crop yield
losses in Ethiopia (Geletu, Million, & Anbessa, 1996) and almost 30% chickpea yield losses in India
(Dinesh, Anusha, Bharu, & Dangi, 2017). The demand for crop production is high for an increasing
world population (Chichaybelu et al., 2018; Singh et al., 2014). Although several non-chemical
approaches, involving transgenic crops (Das et al., 2017; Singh et al., 2014, 2018), cultural (Jallow,
Cunningham, & Zalucki, 2004) and biological methods (Reddy & Manjunatha, 2003; Revathi,
Ravikumar, Kalaiselvi, Gomathi, & Uma, 2011), have been available as a part of integrated pest
management (IPM) approach but its management is largely based on synthetic insecticides. The
adaptability of insect pests to most of conventional insecticides is leading to economic yield losses
with increased negative side-effects to environment is a big challenge to the modern agriculture
(Ahmad, Bilal, Munir, & Russell, 2019; Bird, 2017; Li et al., 2018; Mironidis et al., 2013). Due to the
increasing side-effects of synthetic insecticides, there is increasing demand and interest for
botanical insecticides worldwide (Ali et al., 2017). H. armigera is recognized as a potential insect
pest for resistance development to a wide range of synthetic insecticides including Bt. in various
crops worldwide (Ahmad et al,, 2019; Alvi, Sayyed, Naeem, & Ali, 2012; Hussain, Muhammad,
Ghulam, & Muneer, 2015; Li et al,, 2018). In Ethiopia, farmers are facing serious challenges to
manage this resistant insect pest as most of the synthetic insecticides in chickpea have lost their
effectiveness under field conditions. Hence, in order to minimize the side effects of synthetic
chemicals, the use of naturally occurring botanical extracts as a part of IPM would be an alter-
native approach for successful management of H. armigera. Numerous studies have been con-
ducted on the use of botanical extracts, essential oils and isolated compounds (Isman, 2006; Koul,
2016; Ali et al., 2018; Younas et al.,, 2016; Junhirun et al., 2018) as promising insect pest manage-
ment tools. Many botanical products have been found to act as oviposition and feeding deterrents,
ovicidal, larvicidal agents against a diverse range of insect pests (Schmutter, 1990; Gebre-Amlak,
1999; Silva et al,, 2015; Ahmad et al, 2015). Additionally, they have no negative effects on
beneficial organisms under field conditions (Begg et al., 2017).

Mainly, Azadirachta indica A. Juss has, substantially, been used in pest management world-
wide since years (Hussain et al.,, 2015). Also, the seed extract of Milletia ferruginea has been
observed to be effective in controlling many insect pests such as Callasobruchus chinensis
(Mulatu, 2007), Sitophilus zeamais (Jembere, 2002), Busseola fusca (Fuller) (Tilahun, Azerefegn,
& Reddy, 2009), Zebrotes subfaciatus (Habeeb, 2010) and mosquito larvae (Asegid, Abede, Mudi,
Melaku, & Taye, 2007). Tremendous research is undergoing to evaluate the efficacy of various
plant extracts against agricultural insect pests (Zanuncio et al., 2016). However, most of these
researches have investigated the effectiveness of these plant-derived insecticides under labora-
tory conditions. Botanicals are inexpensive and readily available tools for insect pest manage-
ment and are eco-friendly. Furthermore, poor farmers in developing countries cannot afford to
use synthetic insecticides due to higher financial costs. Moreover, lack of updated information
on botanical extracts for proper development of IPM strategies in chickpea is crucial to improve
the livelihoods of Ethiopian farmers. It is obvious that there is a need to develop biological
alternatives for eco-friendly and sustainable H. armigera management strategies. Therefore, the
objective of this study was to evaluate the effectiveness of seed extracts of A. indica
and M. ferruginea for the management of H. armigera in chickpea under field conditions.
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2. Materials and methods

2.1. Site description

A field experiment was conducted on chickpea under field conditions at Minjar-Shenkora district of
Ambhara Regional State for two consecutive years, from July to December during 2017 and 2018
cropping season. The district was among the major chickpea producing area and H. armigera is
reqular pest of this crop at that area. Moreover, this criterion allows a good infestation level to test
the management options. The district is part of the temperate, cool sub-humid highlands of
midland areas at 08°54.703' N latitude and 039°26.940'E longitude with 10 years annual rainfall
between 162 (the lowest) to 1028 mm (the highest) and 20°C (maximum) and 7.3°C (minimum)
annual temperatures (Getu, Zemede, & Ensermu, 2015).

2.2. Field experiments

The field was thoroughly ploughed to remove all the previous crop residuals and weeds for better crop
growth in July. Habru (Kabuli chickpea type) was selected for preference by farmers. Seeds were sown
at 5 cm depth of soil with spacing between rows and plants were 30 cm and 10 cm, respectively, on
a plot area of 3*2 m. The spacing between plots and blocks was 1 m and 1.5 m, respectively. All
agricultural practices were done as practiced by farmers in that particular location. Fertilizers have
not been used for this experiment. Plot weeding was done twice after 30 and 40 days of sowing.

2.3. Preparations of the plant extracts

Mature and healthy A. indica seeds were collected from Dire Dhawa areaq, Ethiopia in 2017. The
pulp of the seeds was removed, cleaned and shade dried after removing seed coat from the dried
seeds. Then, the kernel was powdered using micro plant grinding machines (Jianjin Taisite
Instrument Co., Ltd, AU6114-03). The seeds of M. ferruginea were collected from Dilla town
(Southern Nations, Nationalities and Peoples (SNNP) region), Ethiopia, in the same year. The seed
powder was obtained as explained above.

An aqueous extract from each of the prepared powders was prepared as using Jain and
Bhargava (2007); briefly, the aqueous extracts of both A. indica and M. ferruginea seeds were
extracted as per the formula illustrated below, and 5% concentration of aqueous was prepared by
mixing 5 kg of either A. indica or M. ferruginea powder in 100 | of water to spray 1 ha, left for 24
h and stirred periodically to mix the contents well, then filtered through doubled muslin cloth.
Then, the amounts of both botanicals required for the experimental plot were estimated based
upon this procedure. Then, filtrate was used for field spray.

Alcoholic seed extracts of A. indicawere prepared as follows; the seed kernel powder (100 g)
of A. indica was mixed with 100 ml of absolute ethanol (97%). Then, the solution was stirred
repeatedly with a magnetic stirrer for 2 h to facilitate thorough mixing and filtered through
a doubled muslin cloth, after which the alcohol was evaporated using a rotary evaporator at 20°C
for 1 h (Hashemi & Hossain, 2016). The obtained crude extract was stored under dark area until
required for field application. Then, all of the solutions were sprayed on to the respective experi-
mental plots by using 1 | capacity concentrations used which were prepared as the following

equation:
C= V‘V/ x 100

where C = percent concentration of botanicals, W = weight of solute (Botanicals), V = Volume of
solution (volume of botanical + volume of solvent (water)).

2.4. Treatments and experimental design

Aqueous extracts of A. indica and M. ferruginea seeds at two concentration levels (5% and 2.5%) and
combined, alcoholic extract of A. indica, standard check (deltamethrin 25% EC at 250 mL/ha) and
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Table 1. Treatment details used for the experiments

Treatments/treatment combinations Plant Doses/concentrations
parts used

A. indica seed 5% (w/v)
Alcoholic A. indica seed 1L/hac
Aqueous M. ferruginea seed 5% (w/v)
Aqueous A. indica seed 2.5 % (w/v)
Aqueous M. ferruginea seed 2.5 % (w/v)
Aqueous M. ferruginea + aqueous A. indica seed 2.5 % (w/v), 2.5 % (w/v)
Check (Deltamethrin 25% EC) 250 mL/ha
Control Water

untreated control (water) were used (Table 1) under Randomized complete block design (RCBD) with
three replications during both 2017 and 2018 cropping seasons.

2.5. Treatment application

The treatments were applied at 15-day intervals two times (at 5:00 pm) with the designed
concentrations of each treatment at the economic threshold level of larvae (one larva/meter
row). The economic threshold level of larvae was based on the assessments made on larval counts
prior to treatment applications. The first treatment was applied after the first larval infestation and
damage symptom was noted after 60 days of sowing based on assessment result. Two sprays
were applied from 61 days after sowing. Pre- and post-spray larval count was noted.

2.6. Sampling

2.6.1. Larval population (number of larvae per plant)
Larval population was counted (at 8:00 pm) starting from the time of half flowering, 60 days after
sowing from 20 randomly selected plants from the central four rows per plot, excluding two border
rows, one from each side. Sampling of larvae was counted 1 day before spray and at one, three
and 7 days’ after spray (DAS) for the two application rounds. The number of damaged pods was
counted at the seventh day of the last spray before drying and harvesting. Then, the collected data
were converted to percentage data as follows:

Total number of damaged pods

[v) —
Damaged pods(%) = Total number of pods of the plant x 100

The crop was harvested from each plot separately for the 2 years. At the end of the experiment,
after harvesting, the yield from each experimental plot was weighed using a digital balance. The
mean yield obtained from each plot was converted into kg ha™ to check the effectiveness of the
applied treatments. The cost of the different treatments and gross income was estimated on the
basis of the inputs and products of that time market price. Benefit-cost ratio was calculated for all
treatments (Wakil, Ashfag, Ghazanfar, Afzal, & Riasat, 2009) (from cost of cultivation and plant
protections) applied in field experiment as follows:

B Net return
~ gross cost for production

where CB is cost benefit from the treatments.
3. Data analysis

Prior to subjecting the data to ANOVA, all the data were checked for normality using Shapiro-Wilk’s
test (Shapiro & Wilk, 1965). All data analyses were performed using R (version 3.5.2) statistical
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software packages (R Development Core Team, 2018). Statistical significance differences among
the means were analyzed using LSD test at p < 0 .05 for mean separations.

4. Results

4.1. Population of H. armigera

In 2017 cropping season, larval population was significantly differed after the treatment applica-
tion on 1%t day (df = 7, 16; f = 12.83; p < 0.05), 3" days (df = 7, 16; f = 5.90; p < 0.05) and 7" days
(df = 7, 16; f = 2.88; p < 0.05) after the first treatment application. Similarly, it was significantly
differed during the second treatment applications on 1% day (df = 7, 16; f = 37.76; p < 0.05), 3"
days (df = 7, 16; f = 17.38; p < 0.05) and 7th days (df = 7, 16; f = 8.67; p < 0.05) of post-treatment
applications (Table 2). The average larval population per plant in A. indica 2.5% + M. ferruginea
2.5% treated plot was 1 for the 1%t treatment and 2 for the 2" round treatment applications;
implying that reduction of larval infestation by 23.09% and 50% at 7 ATA, respectively. Likewise,
A. indica 5% treated plots were 1 and 2.33 larval infestations per plant which corresponds to 25%
and 63.48% infestation reduction recorded at 7 ATA after the first and second treatment applica-
tions, respectively. Relative to treated plots and pre-treatment larval population, the infestation
was increased over time in the control plot, in which the infestation was increased by 156% during
the first treatment application and 113.48% for the second treatment application in 2017 cropping
season.

In the same way, in the 2018 cropping season, reduction in the larval population after the
treatment (both aqueous and alcoholic extracts) spray application was more evident relative to
both cropping seasons. Larval population was significantly differed after the treatment application
on 1%t day (df = 7, 16; f = 12.49; p < 0.05), 3" days (df = 7, 16; f = 9.13; p < 0.05) and 7*" days (df = 7,
16; f = 3.18; p < 0.05) after the first treatment application. Also, it significantly differed during
the second treatment applications on 1 day before treatment application (df = 7, 16; f = 1.99;
p < 0.05) and 1% day (df = 7, 16; f = 17.29; p < 0.05), 3" days (df = 7, 16; f = 7.29; p < 0.05) and
7 days (df = 7, 16; f = 23.1; p < 0.05) of post-treatment applications (Table 3).

4.2. Pod damage
During both cropping seasons, the pod damage caused by H. armigera larvae was significantly
differed (df = 7, 16; f = 14.44; p < 0.05) and (df = 7, 16; f = 16.33; p < 0.05), respectively (Figure 1).

In comparison to the control plot, the lowest pod damage was observed in the treatment
applied plots with botanical extracts (Figure 1). Implying that, the maximum pod damage was
recorded from the control plot and minimum was from a plot treated with A. indica
2.5% + M. ferruginea 2.5%, this value is comparable with the most of botanically treated plots.
Interestingly, in both cropping years, the maximum pod damage was recorded from control plots
(Figure 1).

4.3. Yield and cost-benefit ratio

The yield of chickpea in treated plots differed significantly (df = 7, 16; F = 22.48; p < 0.05) in 2017
cropping season (Table 4). From the botanical extract treated plots, the maximum average yield
(2224.08 kg ha™') was recorded from aqueous extract of M. ferruginea 5% treated plot with CBR =
22.47, followed by A. indica alcoholic extraction (1896.41 kg ha™) and A. indica 2.5% + M. ferruginea
2.5% (1805 kg ha™) with CBR = 15.30 and minimum (793.37 kg ha™?) yield was achieved from control
treated plot (Table 4). Comparing the cost-benefit ratio (CBR) of each treatment, M. ferruginea 5%
treated plot was more profitable than the other treatments (Table 4). Similarly, in 2018 cropping year
the yield of chickpea differed significantly (df = 7, 16; F = 7.75; p < 0.05). A. indica alcoholic extracted
and/or A. indica 5% treated plots showed the maximum yield (1283.0-1233.6 kg/ha) with CBR =5.86
and 5.90, respectively, in comparison to the control plot generated the lowest yield (667.0 kg/ha)
(Table 5). Interestingly, in both copping seasons, maximum CBR was achieved by M. ferruginea and
A. indica at 5% treated plots.
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5. Discussion

The present research work revealed that the tested A. indica and M. ferruginea seeds were effective
against H. armigera by reducing larval infestations in chickpea under field conditions during both
years. Lower larval infestations were noticed when both botanical extracts were used at 5%
concentrations (aqueous) and also alcoholic extraction of A. indica. Previous study indicated that
seed extracts of A. indica and M. ferruginea treated plots exhibited a lower level of H. armigera
larval infestations (Lulie & Raja, 2012). Similarly, Rahman, Haque, Alam, Mahmudunnabi, and Dutta
(2014) also reported reduced H. armigera infestation over control with neem seed kernel extracts
in tomato crop under field conditions. In addition to larvicidal properties, most botanicals also have
various modes of action such as; repellent, deterrent to oviposition and/or feeding with unpleasant
odors or irritants and having adverse toxicity effects to insect pests (Chermenskaya, Stepanycheva,
Shchenikova, & Chakaeva, 2010; Zanuncio et al., 2016), making the hosts unpalatable. Moreover,
the efficacy of aqueous seed extracts of A. indica has been also reported against larvae of

Spodoptera frugiperda (Birhanu, Tefera, Wakgari, Ayalew, & Mendesil, 2019; Zuleta-Castro et al.,,
2017).

We noted that lower chickpea pod damage was recorded in plots treated with M. ferruginea and
A. indica at 5% concentration, A. indica alcoholic extraction and a combination of aqueous extract
of A. indica (2.5%) and M. ferruginea (2.5%) compared to control plot during both cropping seasons.
The lower pod damage in treated plots could be due to the lower larval infestations; therefore,
these botanicals were effective in reducing chickpea pod damage under field conditions.
Additionally, lower pod damage was noticed when A. indica (2.5%) and M. ferruginea (2.5%)
were combined together for applications. Combining botanicals with different modes of actions
have been reported to be more effective than using them singly which is in correspondence with
the previous reports of (Sharma et al.,, 2007; Younas, Waqas, Zaeema, Muhammad, & Sean, 2016).
Mode of actions and the mechanism of botanicals vary especially when they are combined
depending on the type of compound and ingredient contents (Esmaeili & Asgari, 2015) so that
maximum plant protection will be achieved by having synergic effect due to the multiple modes of
actions. For instance, rotenone is one of the dominant, among the three rotenoid compounds
(rotenone, deguelin and tephrosin) (Clark, 1943) found in Millettia seeds (Bekele, 1988; Dagne &
Bekele, 1990; Jembere, Namukobe, Benard, & Dagne, 2007) which might possess insecticidal
properties against the H. armigera in the present field experiments. In line with our results,

applying Neem Seed Kernel Extract (NSKE 5%) greatly reduced the pod borer population in
chickpea (Hussain et al., 2016).
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The seed extract of M. ferruginea has also been observed to be effective in controlling various
insect pests such as; Callasobruchus chinensis (Mulatu & Gabremedhin, 2000), Zebrotes subfaciatus
(Habeeb, 2010), adult termites (Jembere, Getahun, Negash, & Seyoum, 2006), H. armigera larvae
(Fite et al., 2018; Lulie & Raja, 2012) and Busseola fusca (Tilahun & Azerefegne, 2013), mosquito
larvae (Asegid et al., 2007), ticks (Choudhury, Shiferaw, & Hussen, 2015) and other insect pests
(Damte & Chichaybelu, 2002; Eyob, Azerefegne, Tameru, Temesgen, & Blomme, 2010).

In response to lower larval population and pod damage, maximum yields were recorded from plots
treated with M. ferruginea 5%, alcoholic extraction of A. indica and combination treated plots during both
2017 and 2018. Similar results were reported by Lulie and Raja (2012); testing M. ferruginea and A. indica
against H. armigera under field condition. Tilahun and Azerefegne (2013) also reported that higher maize
yields were obtained from maize plots treated with aqueous crude seed extracts M. ferruginea 5%
against B. fusca; thus, M. ferruginea applied two to three times is recommended for the control of B. fusca
in maize, as effective dose under field conditions. A similar report also approves our result, in that
Millettia extract significantly reduced the number of surviving larvae and damage to maize compared
with the untreated plots even at the lower concentration (1 and 3%) tested (Tilahun & Azerefegne,
2013). Likewise, a seed extract of M. ferruginea was more effective than synthetic insecticides by causing
45-60% mortality on the Pachnoda interrupt (Oliver) within 24-48 h (Jembere et al., 2006). The effec-
tiveness of water extracts of M. ferruginea seed has been reported against many insect pests including
storage and field insect pests.

The effectiveness of treatments on the protection of the grain yield of chickpea plants was also
evaluated through the cost-benefit ratio. Cost-benefit ratio is an indicator of the relative economic
performance of the treatments (Aziz, Hasan, Ali, & Igbal, 2012). The differences in pod damage and
yields provide enough clues to rank the effectiveness of the treatments with regard to the
economic viability of each treatment. Comparing the net cost-benefit return of each treatment,
during 2017 maximum CBR was obtained from M. ferruginea 5% and A. indica 5% treated plots
during 2018. Thus, the use of these botanicals under field conditions as an alternative to synthetic
insecticide. It is economically profitable as plant-based pesticides reduce input cost being locally
available, with knowledge-based preparation, which makes them cheaper products compared to
synthetic pesticides. Shabozoi, Abro, Syed, and Awan (2011) also obtained a higher cost: benefit
ratio with application of a neem-based botanical extract compared to synthetic insecticides in
managing insect pests of pigeon pea. Similarly, higher cost-benefit ratio was observed for plots
sprayed with Chromolaena odorata (Asterales: Asteraceae) in comparison to other botanical
treated plots and synthetic insecticides against Plutella xylostella L. (Lepidoptera: Plutellidae),
a key pest of crucifers in cabbage (Amoabeng, Gurr, Gitau, & Stevenson, 2014). It was reported
that pesticidal extracts derived from plants and their use in Africa show that they are more cost-
beneficial for smallholder farmers than using synthetic pesticides because use of pesticidal plants
do have many advantages over other pest management tools such as reduced input costs,
improved yield, and effective use of labor (Amoabeng et al., 2014; Mkenda et al., 2015). Thus,
locally available M. ferruginea and A. indica extracts would greatly benefit the resource-poor
farmers and need further research attentions and considerations as a part of IPM tools in pest
management in chickpea.

6. Conclusion

In conclusion, based on two years' field result, we recommend that sprays of aqueous extractions
of M. ferruginea (5%), A. indica (5%) or alcoholic extraction of A. indica two times application at 15
days internal starting from the 61 days after planting were effective in reducing H. armigera
infestations and pod damages with increased yield. Moreover, maximum profits were obtained
from botanically treated plots, indicating that it is economically viable. M. ferruginea and A. indica
seed extracts could be a promising part of IPM program for small-scale chickpea farmers.
Therefore, future research should have to focus on mechanisms of their mode of action, ease of
product availability and repeat trials under different agro-ecological conditions.
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