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Abstract

A field experiment was carried out to evaluate the efficacy of developed formulations of andrographolide (Formulation
A and Formulation B) against cowpea aphids, Aphis craccivora and predatory coccinellids, Coccinella transversalis on
cowpea during 2022- 2023 at the College of Agriculture, Vellayani. All concentrations (3, 5 and 7%) of both formulations
A and B demonstrated minimal aphid populations, comparable to the chemical checks (thiamethoxam 25 WG and
chlorantraniliprole 18.5% SC). Following the second spray, thiamethoxam 25 WG (90.44%) and chlorantraniliprole 18.5%
SC (87.73%) exhibited the highest efficacy, followed by 7% concentration of both formulations A (86.97%) and B (85.87%).
Additionally, both formulations A and B were found to be safer for predatory coccinellids, C. transversalis, compared to
chemical checks, demonstrating their potential as environmentally friendly alternatives in pest management.
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Cowpea (Vigna unguiculata) is an important legume
crop, well known for its adaptability to diverse agro-climatic
conditions and high protein content [1]. However, its
productivity is consistently challenged by a large number of
insect pests including aphids (Aphis craccivora Koch), spotted
pod borer (Maruca vitrata Fabricius), mealy bug (Ferrisia
virgata Cockerell), pod bug (Riptortus pedestris Fabricius),
thrips (Ayyaria chaetophora Karny), spotted red mite
(Tetranychus truncatus Ehara), pod borer (Lampides boeticus
Linnaeus), tobacco caterpillar (Spodoptera litura Fabricius),
and American serpentine leaf miner (Liriomyza trifolii
Burgess). Among these, A. craccivora Koch stands out as a,
prevalent and destructive pest across various regions of India,
causing yield losses of 20 to 40 per cent [2]. Cowpea (Vigna
unguiculata) is indeed a crucial legume crop known for its
adaptability to diverse agro-climatic conditions and high
protein content. However, its productivity faces significant
challenges due to various insect pests, among which Aphis
craccivora Koch, commonly known as the cowpea aphid, is
particularly notable for its prevalence and destructive impact in
many regions of India. The cowpea aphid infestation can cause
substantial yield losses, ranging from 20 to 40 percent. This pest
poses a significant threat to cowpea cultivation and requires
effective management strategies to mitigate its impact [3-4].

To address the challenges posed by Aphis craccivora and
other insect pests in cowpea cultivation, integrated pest

management (IPM) practices are commonly employed. These
practices involve a combination of cultural, biological, and
chemical control measures tailored to specific pest pressures
and environmental conditions. Cultural practices such as crop
rotation, intercropping, and maintaining proper plant density
can help reduce pest populations by disrupting their
reproductive cycles and reducing host plant availability.
Biological control methods, including the introduction of
natural enemies such as parasitoids, predators, and pathogens,
play a crucial role in suppressing aphid populations [5-6].
Additionally, the use of resistant or tolerant cowpea varieties
can offer effective protection against aphid infestations.
Breeding programs aimed at developing cowpea cultivars with
resistance or tolerance to Aphis craccivora can contribute
significantly to sustainable pest management efforts [7].

Chemical control measures, such as the judicious
application of insecticides, should be integrated into pest
management programs as a last resort and used selectively to
minimize negative impacts on beneficial organisms and the
environment. Furthermore, continuous monitoring of pest
populations, timely action thresholds, and regular scouting of
fields are essential components of effective pest management in
cowpea cultivation. By implementing comprehensive IPM
strategies, farmers can mitigate the damaging effects of Aphis
craccivora and other insect pests, thereby enhancing cowpea
productivity and ensuring food security [8-9].
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Conventional control measures predominantly rely on
synthetic insecticides. However, the environmental and health
impacts of synthetic insecticides have prompted a search for
sustainable alternatives. This has led to the exploration of
botanical pesticides derived from plant-based sources like
Andrographis paniculata (Burn. F.), commonly known as the
‘King of Bitter’. Recent studies have highlighted the
insecticidal potential of Andrographis paniculata, attributed to
its active constituent, andrographolide, a labdane diterpenoid
[10]. In light of these, the present study aims to assess the field
efficacy of andrographolide based formulations against cowpea
aphids, offering insights into potential of botanical pesticides as
eco-friendly alternatives for pest management. The shift
towards sustainable pest management strategies has prompted
research into botanical pesticides as alternatives to synthetic
insecticides. Andrographis paniculata, commonly known as the
'King of Bitter', has garnered attention due to its insecticidal
properties, primarily attributed to its active constituent,
andrographolide, a labdane diterpenoid [11-12].

Recent studies have highlighted the insecticidal potential
of andrographolide derived from A. paniculata against various
insect pests, including cowpea aphids (Aphis craccivora Koch)
[13-14]. This natural compound offers promise as an eco-
friendly alternative for pest management in agricultural
settings. The present study aims to assess the field efficacy of
formulations containing andrographolide against cowpea
aphids [15-16]. By evaluating the performance of these
botanical pesticides under real-world conditions, the study
seeks to provide valuable insights into their potential as
sustainable pest management tools for cowpea cultivation [17].
Field trials will be conducted to evaluate the effectiveness of
andrographolide-based formulations in controlling cowpea
aphid populations and reducing crop damage [18]. Parameters
such as aphid population dynamics, crop yield, and plant health
will be monitored and compared with conventional insecticide
treatments to assess the relative efficacy of botanical pesticides
[19-20].

The study will explore the broader ecological and socio-
economic implications of adopting botanical pesticides in
cowpea production. Considerations such as environmental
impact, human health risks, cost-effectiveness, and farmer
acceptance will be addressed to provide a comprehensive
evaluation of the feasibility and practicality of integrating
botanical pesticides into pest management strategies. Overall,
the findings of this study are expected to contribute valuable
information to the ongoing efforts to develop sustainable and
environmentally friendly solutions for pest control in
agriculture. By harnessing the insecticidal potential of plant-
based compounds like andrographolide, researchers aim to
promote a more holistic and ecologically sound approach to
pest management while ensuring food security and
environmental sustainability.

MATERIALS AND METHODS

The field experiment was conducted at the college of
Agriculture, Vellayani during 2022-2023. It was laid in
randomized block design with 9 treatments including untreated
control and replicated thrice. Plot sizes of 2 x 3 m? were
prepared with 16 plants per plot at a spacing of 30 x 45cm.
Cowpea variety Vellayani Jyothika was raised and trailed, and
each plot was separated by a gap of 0.50 m to reduce the drift
of sprays. Treatments including 3,5 and 7% of botanical
formulations A and B, chemical checks, Thiamethoxam 25%
WG and Chlorantraniliprole 18.5% SC and untreated control
were  tested, whereas Formulation A  represents,

Andrographolide solution (70%) + Neem oil (20%) + Triton x
100 (10%) and Formulation B represents, Andrographolide
solution (70%) + Pungam oil (20%) + Triton x 100 (10%). A
total of two applications were given during the crop growth
period. The pest incidence was recorded one day before
spraying as pre-treatment count and on one, three, five, seven
and fourteen days after spraying as post-treatment count. The
A. craccivora population were counted on 10 tagged plants of
each plot, the number of aphids from each plant was assessed
from 30cm of the terminal twig with the unopened and two
opened leaves, and the mean number was recorded [21]. The
percentage reduction over control expressed as % field efficacy
was calculated using Henderson and Tilton’s formula [22] as
given below. The statistical analysis of variance (ANOVA)
using GRAPES software and the treatment differences were
compared [23].

Per cent field effi =1 (Ta X Cb) X 100
er centiie e lcaCy = Tb Ca

Where;

Ta = population in the treated plot after spray

Tb = population in the treated plot before spray
Ca = population in the control plot after spray and
Cb = population in the control plot before spray

RESULTS AND DISCUSSION

The data on the efficacy of treatments after first spray on
the aphid population is detailed in (Table 1). Notably, complete
population suppression was observed in 7% concentration of
formulation B by 5 days after spraying (DAS), comparable to
thiamethoxam 25% WG and chlorantraniliprole 18.5% SC and
this trend persisted up to 7 DAS. The mean population of aphids
at 7% concentration of formulation B and A recorded the lowest
aphid counts (2.25 and 2.58 aphids/plant), comparable to
chemical checks, followed by 5% formulations of B and A (3.09
and 3.85 aphids/plant, respectively). Similarly, following the
second spray of treatments, the mean population of aphids at
thiamethoxam 25% WG recorded the lowest population (1.84
aphids/plant), followed by chlorantraniliprole 18.5% SC and
7% concentration of formulation B (2.73 and 3.25 aphids/plant,
respectively) (Table 2). The overall per cent reduction in aphid
population was recorded maximum in thiamethoxam (90.44%),
followed by chlorantraniliprole 18.5% SC (87.73%) and 7%
concentration of formulations A and B (86.97 and 85.37%) (Fig
1). These findings highlight the potential of formulations A and
B as effective biopesticides for controlling cowpea aphids.

100.00 90.44

90.00 86.97 85.37 85.87 87.73

83.50
78.21
20.00 76.78
70.00
60.00
50.00
40.00
30.00
20.00
10.00
0.00
0.00
T1T T2 T3 T4 15 T6 T7 T8 19

Treatments

Per cent reduction over control

m Overall per cent reduction of aphids over control

Fig 1 Overall per cent reduction of aphids population over control
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Table 1 Effect of formulations A and B on the population of Aphis craccivora at different intervals after first spray

*Mean population of A. craccivora /plant

Treatments Precount 1 Has 3DAS 5DAS 7DAS 14DAS Or:]’gg?]”

3% of formulation A 8.50 6.00 3.44 2.70 267 17.59 6.49
(2.90) @540  (L98)° (1.79)° (L77)° @25¢  (2.47)

5% of formulation A 8.41 211 1,00 0.70 0.70 14.76 3.85
(2.89) (160  (L17)° (1.07) (L.07) BO1)°  (L79)%e

7% of formulation A 8.66 117 0.33 0.33 0.00 10.38 258
2.94) (129  (0.88)° (0.88)? (0.71)? (330  (L50)®

3% of formulation B 8.52 477 2.02 1.43 1.33 17.56 5.62
(2.92) 228  (L80)° (1.37)° (1.37)° 4250  (2.24)*

5% of formulation B 9.18 1.67 0.33 0.33 0.33 12.45 3.00
(3.03)  (L47)*  (0.88)° (0.88)° (1.05)? (359  (L60)®

7% of formulation B 8.19 0.33 0.33 0.00 0.00 9.89 2.25
(2.86) (0.88)F  (0.88)° (0.71)° (0.71)? (3227 (L37)°

Chlorantraniliprole 185% SC  9.06 0.83 0.33 0.00 0.00 9.90 2.41
289)  (L12*®  (0.88) (0.71)? (0.71)? (323  (L45)®

Thiamethoxam 25% WG 50  7.77 0.33 0.00 0.00 0.00 9.66 2.00
(2.78) (0.88)F  (0.71)° (0.71)? (0.71)? 319 (L24)°

Control 8.03 11.48 25.96 60.62 65.59 88.77 53.20
(2.83) 346 (5.87) (7.82)¢ (8.11)¢ 945 (7.09)¢

SE (m) 0.25 0.14 0.18 0.12 0.15 0.08 0.27

CD (0.05) NS 0.40 0.54 0.37 0.44 0.23 0.79

*Mean of three replications,
DAS — Days after spraying,
Figures in parentheses are values after square root transformation

Table 2 Effect of formulations A and B on the population of Aphis craccivora at different intervals after second spray

*Mean population of Aphis craccivora /plant

Treatments Precount 1 has 3DAS 5DAS 7DAS 14DAS Or:]’g;?]”

9% of formulation A 35.21 2114 13.93 8.15 767 22.37 14.65
(5.975 (465°  (3.80)¢ (2.92)¢ (2.83)¢ @478  (3.81)°

596 of formulation A 16.55 6.56 3.70 2.50 2.33 10.62 5.14
410  (265°  (2.04)° (L.70)° (1.66)° 333)F (220

o5 of formulation A 14.49 5.10 1.85 0.93 0.67 10.07 3.72
G747 (231 (LA (L15)® (1.05)2be (3257 (L89)*

595 of formulation B 30.67 15.74 9.92 7.41 7.27 21.08 12.28
(G58)° (4030  (3.22) (2.79)¢ @2.77)¢ (464"  (3.50)¢

596 of formulation B 16.16 6.37 3.30 2.00 1.60 10.00 465
400  (259°  (L91)™ (156 (1.36)t G247 (217)*

ot of formulation B 11.31 4.07 1.33 0.73 0.33 9.79 3.25
(34000 (213  (L29)%  (1.08)® (0.88) G217 (L74)%

Chlorantraniliprole 18.5% SC  11.19 2.50 1.33 0.33 0.33 9.17 2.73
30 ml ha't 3427 (L72®  (L10)® (0.88)? (0.88) @11 (L60)®

Thiamethoxam 25% WG 50  10.12 1.00 0.00 0.00 0.00 8.19 1.84
ga.ihal 3267  (L17)F  (0.71)° (0.71)? (0.71)? 294  (L26)
Control 97.32 93.78 93.33 120.00 131.33 14133 115.96
987 (970  (9.68) (10.97)¢ (11.47)°  (11.86)°  (10.75)¢

SE (m) 0.37 0.21 0.22 0.18 0.21 0.27 0.20

CD (0.05) 0.10 0.62 0.65 0.53 0.64 0.80 0.57

*Mean of three replications,
DAS — Days after spraying,
Figures in parentheses are values after square root transformation

The mean population of coccinellids following the first  spray, the 3% formulations of both A (1.99 coccinellids / plant)
and second spray is summarized in (Table 3). The highest and B (2.09 coccinellids / plant) were statistically on par.
coccinellid population was observed in the untreated control Conversely, the lowest population of coccinellids was observed
(1.63 and 2.85 coccinellids/plant, respectively), followed by in the chemical checks, with thiamethoxam 25% WG (0.05 and
various concentrations of formulations A and B. Formulations ~ 0.05 coccinellids / plant) and chlorantraniliprole 18.5% SC
A and B at various concentrations recorded significantly higher ~ (0.27 and 0.29 coccinellids / plant) exhibiting significantly
populations of natural enemies compared to the thiamethoxam lower counts. Overall, these results suggest that
25% WG and chlorantraniliprole 18.5% SC. After the first  andrographolide-based formulations offer a safer alternative to
spray, 3, 5 and 7% concentrations of formulations Aand Bwere  chemical insecticides in terms of their impact on predatory
statistically comparable to each other, while after the second coccinellids.
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Table 3 Effect of formulations A and B on the population of Coccinella transversalis at different intervals after the first and
second spray

*Coccinella transversalis / plant at different intervals

* Coccinella transversalis / plant at different intervals

Treatments after first spray after second spray

1DAS 3DAS 5DAS 7DAS 14DAS Mean 1DAS 3DAS G5DAS 7DAS 14DAS Mean

3% of formulation A 0.47 053 0.70 1.00 2.00 0.94 1.83 1.80 1.90 1.97 2.43 1.99
(0.98)° (1.02)° (1.09)° (1.22)° (1.58)* (1.18)° (1.53)° (1.52)° (1.55)° (1.57)¢ (1L.71)> (1.58)°

5% of formulation A 0.40 0.47  0.60 0.90 1.70 0.81 1.43 1.40 1.47 1.87 2.00 1.63
(0.95)° (0.98) (1.05)° (1.18)° (1.48)¢ (1L.13)° (1.39)° (1.38)° (1.40)° (1.54)° (1.58)° (1.46)°

7% of formulation A 0.37 0.43  0.60 0.87 1.60 0.77 1.43 1.37 1.43 1.80 1.97 1.60
(0.93)° (0.97) (1L.05)° (L.17)° (1.45)¢ (L.11)° (1.39)° (L.37)¢ (1.39)° (1.53)° (1.57)° (L.45)°

3% of formulation B 0.47 050 0.73 1.03 2.10 0.97 1.90 1.90 2.00 2.10 2.53 2.09
(0.98)° (1.00)® (1.11)° (1.24)° (1.61)® (1.19)° (1.55)° (1.55)° (1.58)> (1.61)® (1L.74)> (1.61)°

5% of formulation B 0.47 0.50 0.67 0.90 177 0.86 1.50 1.47 1.53 1.97 2.07 1.71
(0.98)° (1.00)> (1.08)° (1.18)° (1.50)® (1.15)° (1.41)° (1.40)° (1.43)° (1.57)* (1.60)° (1.48)°

7% of formulation B 0.43 0.47  0.63 0.90 1.73 0.83 1.47 1.43 1.53 1.87 2.03 1.67
(0.97)° (0.98) (1.06)° (1.18)° (1.49)¢ (L.14)° (1L.40)° (1.39)% (1.43)° (1.54)° (1.59)° (L.47)°

Chlorantraniliprole 0.10 0.10 0.00 0.13 1.00 0.27 0.30 0.00 0.03 0.10 1.00 0.29
18.5% SC (0.77)° (0.77)° (0.71)° (0.80)° (1.22)¢ (0.86)° (0.89)¢ (0.71)¢ (0.73)¢ (0.77)¢ (1.22)¢ (0.87)¢

Thiamethoxam 25% 0.00 0.00 0.00 0.03 0.23 0.05 0.00 0.00 0.00 0.07 0.20 0.05
WG (0.71)° (0.71)° (0.71)° (0.73)° (0.85)" (0.74)¢ (0.71)¢ (0.71)* (0.71)¢ (0.75)¢ (0.83)°  (0.74)¢

Control 0.90 1.27 1,60 2.00 2.37 1.63 2.43 2.53 2.80 3.17 3.30 2.85
(1.18)% (1.33)* (1.45)* (1.58)* (1.69)* (1.45)* (1.71)® (1.74)* (1.82)* (1.91)* (1.95* (1.83)?

SE (m) 0.02 0.02 0.02 0.02 0.03 0.04 0.02 0.01 0.01 0.02 0.02 0.03

CD (0.05) 0.07 0.07  0.07 0.06 0.10 0.09 0.04 0.03 0.04 0.06 0.07 0.08

*Mean of three replications,
DAS — Days after spraying,
Figures in parentheses are values after square root transformation

Literature on formulations utilizing A. paniculata against
insect pests supports the present study findings. Bhavyasree
[24] demonstrated that a 5% concentration formulation
containing A. paniculata extract, pongamia oil, and Triton X-
100 (7:2:1) effectively controlled sucking pests of chilli,
performing on par with synthetic insecticides, thiamethoxam
25% WG and spiromesifen 22.9% SC and also revealed the
safety of formulations for natural enemies including coccinellid
beetles and spiders. Similarly, Raveendran [25] found that
neem-based oil formulation of A. paniculata at 6%
concentration effectively controlled the sucking pests of
cowpea, comparable to chemical check, thiamethoxam 25%
WG, while also demonstrating safety to natural enemies.
Moreover, previous studies on neem-based formulations
highlight the efficacy of botanical extracts in controlling aphid
populations. Chandrasekharan and Balasubramanian [26]
reported significant control over A. craccivora with TNAU
neem oil, resulting in a substantial reduction in their population.
Additionally, Egho [27] highlighted the aphidicidal activity of
neem seed kernel extract (NSKE) and neem oil, resulting in a
92% mortality of A. craccivora due to both contact toxicity and
antifeedant effects. Similar studies by Sreerag and Jayprakash
[28] demonstrated the effectiveness of neem oil-based
formulations against cowpea aphids and papaya mealybugs.

Similarly, research findings by Sujay et al. [29] support this
notion, indicating that pesticides of biological origin might be
relatively less harmful to natural enemies than conventional
chemical pesticides. These findings align with the efficacy and
safety observed in the current study, indicating the potential of
andrographolide-based formulations as alternatives to synthetic
insecticides for aphid management in cowpea. Formulations
containing Andrographis paniculata extracts, particularly
formulation B at 7% concentration, have significant potential
for controlling aphid populations in cowpea while maintaining
the populations of beneficial predators like coccinellids [30].
These formulations offer promising alternatives to conventional
synthetic insecticides, aligning with the broader trend toward
more sustainable pest management practices.

CONCLUSION

The study highlights the field efficacy of
andrographolide-based formulations in controlling cowpea
aphids while maintaining populations of predatory coccinellids,
suggesting their potential as eco-friendly alternatives to
synthetic insecticides. These findings highlight the importance
of botanicals in integrated pest management for sustainable
agriculture.

LITERATURE CITED

1. Kyei-Boahen S, Savala CEN, Chikoye D, Abaidoo R. 2017. Growth and yield responses of cowpea to inoculation and phosphorus
fertilization in different environments. Frontiers in Plant Science 8: 646.

2. Ganguli RN, Raychaudhuri DN. 1984. Studies on Aphis craccivora Koch (Aphididae: Homoptera)-a serious pest of legumes in

Tripura. Pesticides 18(11): 22-25.

3. Singh BB, Ajeighe HA, Tarawali SA, FernandezRivera S, Abubakar M. 2003. Improving the production and utilization of cowpea

as food and fodder. Field Crops Research 84: 169-177.

4. Boukar O, Belko N, Chamarthi S. 2018. Cowpea (Vigna unguiculata): Genetics. genomics and breeding. Plant Breeding 138:

415-424.

5. Langyintuo AS, Lowenberg-DeBoer J, Faye M. 2003. Cowpea supply and demand in West and central Africa. Field Crops

Research 82(2/3): 215-231.

6. Stoilova T, Pereira G. 2013. Assessment of the genetic diversity in a germplasm collection of cowpea (Vigna unguiculata (L.)
Walp.) using morphological traits. African Journal of Agricultural Research 8(2): 208-215.

592



7. Andersen MN, Ezin V, Tosse AGC, Chabi IB, Ahanchede A. 2021 Adaptation of cowpea (Vigna unguiculata (L.) Walp.) to

water deficit during vegetative and reproductive phases using physiological and agronomic characters. International Journal
of Agronomy 2021: 1687-8159.

8. Thiaw S, Hall AE, Parker DR. 1993. Varietal intercropping and the yields and stability of cowpea production in semiarid Senegal.

Field Crops Research 33: 217-233.

9. Alemu M, Asfaw M, Woldu Z, Fenta BA, Medvecky B. 2016. Cowpea (Vigna unguiculata (L.) Walp.) (Fabaceae) landrace

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

diversity in northern Ethiopia. International Journal of Biodiversity and Conservation 8(11): 297-309.

Xu M, Xu J, Hao M, Zhang K, Lv M, Xu H. 2019. Evaluation of andrographolide-based analogs derived from Andrographis
paniculata against Mythimna separata Walker and Tetranychus cinnabarinus Boisduval. Bioorg. Chem. 86: 28-33.

Velu K, Elumalai D, Hemalatha P, Babu M, Janaki A, Kaleena PK. 2015. Phytochemical screening and larvicidal activity of
peel extracts of Arachis hypogaea against chikungunya and malarial vectors. International Journal of Mosquito Research
2(1): 01-08.

Ngegba PM, Cui G, Khalid MZ, Zhong G. 2022. Use of botanical pesticides in agriculture as an alternative to synthetic
pesticides. Agriculture 12(5): 600.

Souto AL, Sylvestre M, Toélke ED, Tavares JF, Barbosa-Filho JM, Cebrian-Torrejon G. 2021. Plant-derived pesticides as an
alternative to pest management and sustainable agricultural production: Prospects, applications and challenges. Molecules
26(16): 4835.

Miresmailli S, Isman MB. 2014. Botanical insecticides inspired by plant—herbivore chemical interactions. Trends Plant Sciences
19: 29-35.

Liao M, Xiao JJ, Zhou LJ, Yao X, Tang F, Hua RM, Cao HQ. 2017. Chemical composition, insecticidal and biochemical effects
of Melaleuca alternifolia essential oil on the Helicoverpa armigera. Journal of Applied Entomology 2017: 1-8.

Mishra RK, Bohra A, Kamaal N, Kumar K, Gandhi K, Sujayanand GK, Mishra M. 2018. Utilization of biopesticides as
sustainable solutions for management of pests in legume crops: Achievements and prospects. Egypt. Jr. Biol. Pest Control
28(1): 3.

Shabana YM, Abdalla ME, Shahin AA, El-Sawy MM, Draz IS, Youssif AW. 2017. Efficacy of plant extracts in controlling
wheat leaf rust disease caused by Puccinia triticina. Egypt. Jr. Basic Appl. Sciences 1: 67-73.

Khorshid MA, Hassan AF, Abd EI-Gawad M, Enab AK. 2015. Effect of some plants and pesticides on acetylcholinesterase. Am.
Jr. Food Technology 10: 93-99.

Singh D, Mehta SS, Neoliya NK, Shukla YN, Mishra M. 2003. New possible insect growth regulators from Catharanthus
roseus. Current Science 84: 1184-1186.

Khan S, Taning CNT, Bonneure E, Mangelinckx S, Smagghe G, Shah MM. 2017. Insecticidal activity of plant-derived extracts
against different economically important pest insects. Phytoparasitica 45: 113-124.

Thamilarasi N. 2016. Management of pests of cowpea and salad cucumber in polyhouse. M. Sc. (Agriculture) Thesis, Kerala
Agricultural University, Thrissur (India). pp 196.

Henderson CF, Tilton EW. 1955. Tests with acaricides against the brown wheat mite. Journal of Economic Entomology 48(2):
157-161.

Gopinath PP, Parsad R, Joseph B, Adarsh VS. 2020. GRAPES: General Rshiny Based Analysis Platform Empowered by
Statistics. http://www.kaugrapes.com/home.

Bhavyasree K. 2019. Qil based formulation of Andrographis paniculata (Burm.f.) Nees against sucking pests of chilli. M. Sc.
(Agriculture) Thesis, Kerala Agricultural University, Thrissur (India). pp 73.

Raveendran A. 2020. Oil based bio pesticide from Andrographis paniculata (Burm f.) Nees against sucking pests of cowpea. M.
Sc. (Agriculture) Thesis, Kerala Agricultural University, Thrissur. pp 70.

Chandrasekharan M, Balasubramanian G. 2002. Evaluation of plant products and insecticides against sucking pests of green
gram. Pestology 26(1): 48-50.

Egho EO. 2011. Evaluation of neem seed extract for the control of major field pests of cowpea (Vigna unguiculata (L. Walp)
under calendar and monitored sprays. Advances in Environmental Biology 2011: 61-67.

Sreerag RS, Jayaprakas CA. 2014. Management of two sucking pests using neem oil formulation. Jr. Biofertil. Biopesticides
6(1): 2155-6202.

Sujay YH, Giraddi RS, Udikeri SS. 2015. Efficacy of new molecules and botanicals against chilli pests. Madras Agric. Journal
102(10): 348-352.

Loureiro Damasceno JP, Silva da Rosa H, Silva de Aradjo L, Jacometti Cardoso Furtado NA. 2022. Andrographis paniculata
formulations: Impact on diterpene lactone oral bioavailability. Eur. Jr. Drug Metab. Pharmacokinet 47(1): 19-30.

593


http://www.kaugrapes.com/home

