PLANT SCIENCE TODAY
ISSN 2348-1900 (online)
Vol x(x): xx-xx

RESEARCH ARTICLE

https://doi.org/10.14719/pst.6037

HORIZON
e-Publishing Group {j.pG

Bio-efficacy of cow-urine-based neem, nochi and adhatoda
extracts against sucking pests and impact on natural enemies in

organicrice

K Ganesan?, Bacham Anilkumar*, M Suganthy, Sheela Venugopal’, V Manivannan?, RP Soundararajan?, M Murugan' & SV Sangeetha!

!Department of Agricultural Entomology, Tamil Nadu Agricultural University, Coimbatore 641 003, Tamil Nadu, India

2Department of Agronomy, Tamil Nadu Agricultural University, Coimbatore 641 003, Tamil Nadu, India

*Email: anilbacham6513@gmail.com

ARTICLE HISTORY
Received: 21 October 2024
Accepted: 27 December 2024
Available online

Version 1.0 : 29 January 2025

fitﬁ Check for updates

Additional information

Peer review: Publisher thanks Sectional Editor
and the other anonymous reviewers for their
contribution to the peer review of this work.

Reprints & permissions information is
available at https://horizonepublishing.com/
journals/index.php/PST/open_access_policy

Publisher’s Note: Horizon e-Publishing Group
remains neutral with regard to jurisdictional
claims in published maps and institutional
affiliations.

Indexing: Plant Science Today, published by
Horizon e-Publishing Group, is covered by
Scopus, Web of Science, BIOSIS Previews,
Clarivate Analytics, NAAS, UGC Care, etc

See https://horizonepublishing.com/journals/
index.php/PST/indexing_abstracting

Copyright: © The Author(s). This is an open-
access article distributed under the terms of
the Creative Commons Attribution License,
which permits unrestricted use, distribution
and reproduction in any medium, provided the
original author and source are credited
(https://creativecommons.org/licenses/
by/4.0/)

CITE THIS ARTICLE

Ganesan K, Anilkumar B, Suganthy M,
Venugopal S, Manivannan V, Soundararajan
RP, Murugan M, Sangeetha SV. Bio-efficacy
of cow-urine-based neem, nochi and
adhatoda extracts against sucking pests and
impact on natural enemies in organic rice.
Plant Science Today (Early Access).
https:/doi.org/10.14719/pst.6037

Abstract

To overcome the adverse effects of synthetic pesticides in rice, organic farming by
utilizing botanicals is a viable alternative. The bio-efficacy of cow-urine-based
extracts of neem (Azadirachta indica), nochi (Vitex nigundo) and adhatoda
(Adhatoda vasica) was studied. The experiments targeted major sucking insect
pests, brown plant hopper (BPH) and green leaf hopper (GLH), in wetland paddy
fields, Tamil Nadu Agricultural University, Coimbatore, during Rabi 2023. The
results showed that the cow-urine-based extracts of neem, nochi and adhathoda
(NNA) leaves @15 % were most effective against BPH and GLH with 70.23 and
72.48 percent reduction over control (PROC), which was on par with NNA leaf
extract @10 % and the PROC were 67.13 and 68.18, respectively. Individual 10 %
leaf extracts of Neem, Nochi and Adhatoda recorded lower PROC values against
BPH (53.68 %, 55.40 % and 53.68 %) and GLH (52.68 %, 55.75 % and 53.02 %)
compared to the combined NNA extract at 15 % and 10 %. The neem, nochi and
adhatoda (NNA) leaf extract @ 15 % has a moderate impact on beneficial
arthropods, expressed as percent impact over control (PIOC) for natural enemies
like spiders (27.70), coccinellids (32.99), rove beetles (10.88), mirid bugs (19.95)
and ground beetles (43.99). Foliar application of NNA leaf extract at 10 % resulted
in lower PIOC values (26.28 %, 31.33 %, 10.14 %, 18.74 % and 39.86 %,
respectively, for spiders, coccinellids, rove beetles, mirid bugs and ground
beetles), indicating its relative safety for beneficial arthropods. The eco-friendly,
cost-effective and residue-free nature of the cow-urine-based neem, nochi and
adhatoda leaf extract can be easily incorporated into the Integrated Pest
Management programmes in the organic rice production system.

Keywords

Bio-efficacy testing; Cow-urine based botanicals; Integrated pest management;
Organic rice production; Sucking insect pests,

Introduction

Rice (Oryza sativa L.) is a primary food crop for more than half the world's
population. Globally, the crop is cultivated in 166.31 million hectares, producing
523.9 million tonnes. Asia contributes nearly 90 percent of the world's total
production (1). India ranks first in rice cultivable area and second in production at
the global level. Rice contributes over 43 % of India's food grain production (2). The
production and productivity of rice is affected by various biotic and abiotic factors.
Insect pests are a significant biotic factor contributing to yield reduction. More than
100 species of insects attack rice crops and 20 cause economic damage (3). Among
them, brown planthopper (Nilaparvata lugens Stal) and green leafhopper
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(Nephotettix virescens Horvah) are considered as important
sucking pests in rice not only for yield reduction but also as a
vector for many viral diseases (4). Yield losses due to GLH and
BPH range from 25-90 % and 10-70 %, respectively (5-6).

A Wide range of synthetic chemical pesticides is available
for the management of sucking pest complex in rice (7).
Continuous use of chemical pesticides leads to resistance
development and pest resurgence. Additionally, it results in
pesticide residues in food, feed and fodder. Organic rice farming
is one of the methods to overcome these problems and it
excludes the use of synthetic inputs. Botanicals are critical
among the different components of pest management in organic
rice due to their cost-effective, target-specific, biodegradable and
environmentally friendly nature (8).

Around 2500 plant species from 235 families have been
identified globally with pesticide properties (9). Of these, 350
species act as insecticidal agents and 800 are feeding deterrents
and insect growth inhibitors (9). Neem is considered a universal
botanical for pest management in organic farming due to the
presence of effective active compounds, including Azadirachtin,
Melantriol, Nimbinin, Nimbidin, Salanin, Nimbin, Nimbolin A and
Nimbolin B. These active principles exhibit various bioactivities
such as antifeedant, repellent, oviposition deterrent and insect
growth regulation (10). Nochi (Vitex nigundo), commonly known
as Vitex, contains active compounds such as vitexin and
negundoside with pesticide and pest-repellent properties (11).
Adhatoda (Adhatoda vasica) contains potent compounds such
as vasicine, vasicinone and adhatodin and they also exhibit
repellent and insecticidal properties (12-13). Given the
importance of neem, nochi and adhatoda in pest management,
this study aimed to evaluate their relative efficacy against BPH
and GLH in organic rice production systems.

Materials and Methods
Laboratory experiments

Cow urine-based leaf extracts were prepared in the laboratory,
Nammazhvar Organic Farming Research Centre, Tamil Nadu
Agricultural University, Coimbatore. One kilogram of neem
(Azadirachta indica L.), nochi (Vitex negundo L.), adhatoda
(Adhatoda vasica N.) leaves was ground with two litres of fresh
cow urine and fermented for 10 days with intermittent stirring.
The resulting mixture was used as a stock solution for further
experiments at varying concentrations of different treatments
(Table 1). Preliminary evaluation of the cow urine-based neem,
nochi and adhatoda extracts was conducted against BPH and
GLH in a pot culture experiment at the Department of Rice,
TNAU, Coimbatore. In the pot culture experiment, 15-day-old
seedlings were transplanted into small mud pots (two seedlings
per pot) and placed in plastic tubs containing water to simulate
field conditions. Herbal extracts at varying concentrations were
applied to the rice plants 15 days after transplanting (DAT) using
an Aspee mini sprayer and the plants were covered with Mylar
film cages. Mass-cultured nymphs of BPH and GLH were released
at a density of 10 nymphs per pot through a slit provided in the
cage. Observations on nymphal mortality, adult emergence and
first-generation nymphal emergence were recorded daily for up
to 15 days after spraying (DAS). reliminary evaluation of the cow
urine-based neem, nochi and adhatoda extracts was conducted
against BPH and GLH in a pot culture experiment at the
Department of Rice, TNAU, Coimbatore. In the pot culture
experiment, 15-day-old seedlings were transplanted into small
mud pots (two seedlings per pot) and placed in plastic tubs
containing water to simulate field conditions. Herbal extracts at
varying concentrations were applied to the rice plants 15 days
after transplanting (DAT) using an Aspee mini sprayer and the
plants were covered with Mylar film cages. Mass-cultured
nymphs of BPH and GLH were released at a density of 10 nymphs
per pot through a slit provided in the cage. Observations on
nymphal mortality, adult emergence and first-generation
nymphal emergence were recorded daily for up to 15 days after
spraying (DAS).

Table 1. Effect of cow-urine-based leaf extracts of neem, nochi and adhatoda on BPH and GLH under laboratory condition

Brown plant hopper (BPH)

Green leafhopper (GLH)

Treatment details myr{:mca(!’/o) emerlgle:lcte (%) Nympha;:;.mte rgence/ mglr{amliptl;az‘l’/o) emel%::lt:te (%) emel:'lg:r‘\ngaldult

T, - Neem leaf extract 10 % 60.33 40.67 129.66 63.33 36.67 204.33
(50.96)°b¢ (39.62)cde (11.37)f (52.73) (37.26)< (14.32)¢

. 53.33 46.33 147.66 70.67 29.33 179.66
T2 - Nochileaf extract 10 % (46.92)b (41.15)« (12.13)¢ (56.95)2 (31.33)¢ (13.42)’
50.67 49.33 168.66 60.66 39.34 215.33
Ta - Adhatoda leaf extract 10 % (45.13)c (44.03)cce (13.00)¢ (51.76)c (38.13)* (14.69)°
Ta- Neem + Nochi + Adhatoda 46.66 53.33 199.66 43.33 56.67 231.66
leaf extract 5 % (43.08)° (43.09)° (14.14) (41.16)¢ (48.83)° (15.23)

Ts- Neem + Nochi + Adhatoda 70.66 29.66 107.33 76.66 23.33 158.33
leaf extract 10 % (56.78)° (30.99)¢f (10.38)" (61.11)° (28.88)f (12.60)1

Te- Neem + Nochi + Adhatoda 76.66 23.66 78.66 83.33 16.67 135.33
leaf extract 15 % (61.21)2 (26.07)f (8.89) (65.90)? (24.09)f (11.65)k

T, - Cow urine alone 10 % 26.66 73.33 294.33 33.33 66.67 254.33
(30.99)¢ (56.99)° (17.19)° (35.26) (54.73)P (15.96)°

Ts - Neem seed kernel extract 5 % 63.66 37.33 114.66 66.66 33.33 185.66
(standard check) (52.92)* (36.26)% (10.73)8 (54.73)2bc (35.26)cde (13.64)f

Ts - Control (untreated check) 6.66 93.33 379.66 13.33 86.67 289.66

SEd 1.338 1.432 4.246 1.023 0.913 4.400

CD (P=0.05) 2.812 3.009 8.921 2.169 1.918 9.244

*Figures in parentheses are arcsine transformation values
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Field experiment

A field experiment was conducted at wetland paddy fields
(11.002 °N latitude and 76.923 °E longitude), TNAU, Coimbatore
during Rabi 2023. The experimental field was laid out in a
Randomized Block Design (RBD) replicated thrice with a plot size
of 5m x4 m. Rice variety CO 55 was selected for the study. Seeds
were sown in the nursery and transplanted into the main field
using the System of Rice Intensification (SRI) with a 25 x 25 cm
spacing. Before transplanting, the green manure crop Sesbania
aculeate was raised in the main field and in-situ incorporation
was done at 50 % flowering 15 days before transplanting, The
organic rice production package developed by the TNAU was
followed throughout the cropping period.

Cow-urine-based neem, nochi and adhatoda extracts
were prepared separately, with one part of the leaves and two
parts of fresh cow urine. The mixture was fermented for 10 days
with intermittent stirring, filtered through a muslin cloth and
utilized in a study similar to the laboratory experiment.

Pre-treatment pest counts on BPH and GLH were
recorded from 10 randomly selected hills. Treatments were
applied at 40 and 60 DAT and post-treatment counts were
recorded at 1, 3, 5, 7, 10 and 15 DAS. Data were analyzed
statistically using the standard method (14). Treatment
variations were tested for significance using mean standard error
(SE) and critical difference (CD) at the 5 % significance level.

Results and Discussion

Effect of botanical extracts on brown planthoppers under
laboratory condition

The highest nymphal mortality of BPH (76.66 %) was observed
with NNA leaf extract applied at 15 %, followed by NNA extract at
10 % (70.66 %), which was on par with NSKE at 5 % (63.66 %).
NSKE at 5 % was comparable to neem leaf extract at 10 %, which
achieved a nymphal mortality of 60.33 %. The untreated control
recorded the lowest nymphal mortality (6.66 %). The higher BPH
mortality observed with NNA and NSKE extracts could be
attributed to their insecticidal properties and juvenile hormone
mimic activities inherent in neem, nochi and adhatoda. These
results showed high nymphal mortality of mustard aphids at
70.82 9%, 69.40 % and 55.81 % for neem, nochi and adhatoda leaf
extracts under laboratory conditions on mustard (15). The lowest
adult emergence (23.66 %) was recorded with NNA extract at 15
%, followed by NNA extract at 10 % (29.66 %), which was
comparable to NSKE at 5 % (37.33 %). The untreated control
recorded the highest adult emergence (93.33 %). The lowest first-
generation nymphal emergence per adult BPH (78.66) was
observed with NNA leaf extract at 15 %. This was followed by
NNA extract at 10 % and NSKE at 5 % (114.66). In contrast, the
untreated control recorded the highest nymphal emergence
(379.66 per adult; Table 1). These results showed similar
outcomes for BPH under pot culture experiments on rice (16).

Effect of botanical extracts on green leafhoppers under
laboratory condition

The highest GLH nymphal mortality (83.33 %) was observed with
NNA leaf extract at 15 %, followed by NNA extract at 10 % (76.66
%) and nochi leaf extract alone at 10 % (70.67 %), which was
comparable to NSKE at 5 % (66.66 %). The high mortality of the

3

GLH may be due to the key active principles present in neem,
nochi and adhatoda plant parts. The results follow the earlier
findings on the effect of neem, nochi and adhatoda (17-19). The
lowest adult emergence (16.67 %) was recorded with NNA leaf
extract at 15 %, followed by NNA at 10 % (23.33 %) and nochi leaf
extract at 10 % (29.33 %), which was comparable to NSKE at 5 %
(33.33 %) (Table 1). The lowest emergence of first-generation
nymphs per adult was observed with NNA extract at 15 %
(135.33), followed by NNA at 10 % (158.33) and NSKE at 5 %
(185.66). The untreated control recorded the highest emergence
(289.66). The reduced emergence in NNA leaf extracts might be
due to the combined effect of active principles in neem, nochi
and adhatods leaves. Vitex leaf extracts have previously been
reported to be effective against plant hoppers, resulting in higher
pupal mortality and reduced adult emergence (20, 21). NSKE 5 %
and Vitex leaf extracts were effective on the hopper population
(22).

Bio-efficacy of botanical extracts against BPH under field
condition

The differences in the population of BPH recorded in the pre-
treatment count of the first spray were non-significant among
treatments ranging from 8.33 to 9.98 nos./hill. They indicated
that the initial BPH population across the experiment was
homogenous. Post-treatment, the BPH population decreased to
7 DAS but increased from 10 DAS onwards in all treatments
except untreated control (Table 2). The results are corroborated
by the researchers who found the persistent control of plant
hoppers up to 10 days post-treatment with botanical extracts in
rice crops (23). On the first day after spraying, the 15 % neem,
nochi and adhatoda leaf extract (NNA) recorded the lowest BPH
population of 5.05 nos./hill, followed by NNA 10 % (5.69 nos./hill),
which was similar to NSKE 5 % (5.56 nos./hill), compared to the
untreated control (8.62 nos./hill). At 3 DAS, the BPH population
among the treatments ranged from 8.33 to 8.96 compared to the
untreated check. The BPH population at 3 DAS was the lowest
(1.66 nos./hill) in NNA 15 %, followed by NNA 10 % (2.01nos./hill),
which was at par with 5 % NSKE (2.12 nos./hill) when compared
with the untreated control (8.73 nos./hill). At 5 DAS, the PROC
ranged from 22.89 to 82.23 among the treatments and the lowest
BPH population of 1.56 nos. / hill was registered in NNA 15 %,
which was on par with NNA 10 % (1.66 nos./hill) compared to the
untreated check (8.78 nos./hill). The PROC of mulberry mealybug
ranged from 67.81 % to 69.11 % due to Vitex leaf extract 10 %
application (24). The PROC for mealybug is 69.03 % for 5 % NSKE
application in mulberry (25).

At 7 DAS, the PROC for BPH ranged from 20.16 to 79.06
with the lowest BPH population of 1.68 nos./hill in NSKE 5 %
application, which was at par with NNA 15 % (1.87 nos./hill). The
subsequent best treatment was NNA 10 % with a BPH population
of 1.98 nos./hill. The highest BPH population of 8.93 nos./hill was
registered in the untreated control. At 10 DAS, the PROC ranged
from 19.46 to 75.24 %, with the lowest population of 2.29 nos./hill
in NNA 15 %, followed by NNA 10 % (2.47) and NSKE 5 % (2.89). At
15 DAS, the BPH reduction over control ranged from 11.86 % to
70.14 %. The lowest population of 2.92 nos./hill was registered in
NNA at 15 %, which was on par with NNA at 10 % (3.06 nos./hill)
compared to the control treatment (9.78 nos./hill). The mean
PROC for BPH was the highest (71.09 %) in neem, nochi and
adhatoda leaf extract 15 % spray treatment, followed by NNA at
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Table 2. Effect of cow-urine-based leaf extracts of neem, nochi and adhatoda against brown planthoppers in organic rice

Pooled Pooled

Treat- First spray Second spray mean Proc
ment et ml\s D:S D:S DZ\S Dll:)S Dllfs Mean PROC  PT D:\S DZS DiS DZ\S D]:S 01:5 Mean PROC
T (2222) (;ﬁgg) (g:ii) (igg) (iﬁ%) (2:82) (gji) 420 5012 (gﬁii) (ﬁg) (igg) (ﬂg) (iﬁgg) (33861;) (gﬁgg) 3.56 57.52 4.03  53.68
T: (gﬁi(l)) (Eg) é‘:%I) (i% é:%) (S;Zﬁ) 4.66 4.32 52.08 (gé% (éﬁg) (igszs) (fﬁgg) (fﬁgg) (igg) (igg) 343 5907 388 5540
LI (;Zg) (g:gg) ('30) (169 (islag) éﬁig) 451 5003 T8 (793) (1.98) (1.83) (1:89) (1o1) (210) 354 5776 403 5368
Ts (glgg) (;3:11) (gﬁ) (iiéi) (ilég) (igg) (gﬁgé) 457 49.29 (gﬁgg) (gﬁgg) (gﬁig) (gﬁgg) (%2) (3188) (Lz‘ﬁf%) 4.14 50.60 4.36  49.89
Ts (218% (gﬁig) 201 (iﬁgg) (iﬁgg) (ifg) (ifgg) 281 68.81 (gﬁgg) (31?%) (igg) (fﬁ?g) (fﬁgg) (ifgg) (ifgg) 290 6539 286  67.13
Te (22?2) (32(3)2) (i:ig) (iﬁfﬁ) (iﬁg) (iﬁé% (iﬁgi) 2:56 1162 (gﬁgé) (iﬁ) (ig% (iﬁg) (iﬁgg) (iég) (i?g) 262 68.74 259 70.23
T (gﬁig) (gﬁgg) 7.95 (gﬁg) (;Z% éz‘s‘% (gfgi) 783 13.16 (S;é% (312471) (gfgi) (gﬁ) (gﬁig) é;?% (2323) 576 3126 6.80  21.84
Ts (211(2)) éii% (iﬁg) 1.87 (iﬁi?) (ig?;) (%g) 2.98 66.96 (‘2‘:3% (212(1)) (igg) (iﬁ%) (iﬁg) (ﬂ?) (igg) 296 64.68 297 6586
T (gﬁgi) (gﬁgi) (gﬁgg) (gﬁgi) (gﬁgi) (gfig) 9.78 9.020.00 (gﬁgg) (gﬁgg) (gﬁég) (gﬁg?) (gﬁgg) (gﬁgi) (gﬁgé) 838 000 870  0.00
SEd NS 0.132 0.100 0.108 0.084 0.076 0.149 NS 0.196 0.089 0.092 0.114 0.070 0.080 - -

(P:Co'?os) NS 0.279 0.213 0.228 0.179 0.163 0.316 NS 0.415 0.188 0.195 0.241 0.148 0.170 - ;

T: - Neem leaf extract 10 %, T, - Nochi leaf extract 10 %, Ts - Adhatoda leaf extract 10 %, T4 - Neem + Nochi + Adhatoda leaf extract 5 %, Ts - Neem + Nochi + Adhatoda leaf
extract 10 %, T¢- Neem + Nochi + Adhatoda leaf extract 15 %, T - Cow urine alone 10 %, Ts- Neem seed kernel extract 5 % (standard check), T9 - Control (untreated check),
*Figures in parentheses are square root transformation values, PT - Pre-treatment, DAT - Days after treatment, PROC - Percent reduction over control

10 % (68.35 %) and NSKE at 5 % application (64.93). Among
individual plant leaf extracts, the PROC was more (53.03 %) in
adhatoda leaf extract applied at 10 % followed by 10 % nochi leaf
extract (52.08) and neem leaf extract at 10 % (50.12 %). The cow's
urine registered the lowest PROC at 13.16 %. The nymphal
mortality of plant hopper was 73.87 and 74.77 percent,
respectively, for neem and nochi leaf extracts.

In the second spray, the overall BPH population was less
in all the treatments when compared to the first spray. In the pre-
treatment count, the BPH population ranged from 4.62 to 8.89
nos./hill. In contrast, the range of PROC for BPH in post-
treatment counts was 25.65-60.02, 28.08-62.68, 36.29-70.42,
34.16-75.92, 32.02-72.51 and 30.77-70.26 for 1,3, 5,7, 10 and 15
DAS, respectively. At 1 DAS, the lowest BPH population of 3.21
nos./hill was recorded in NNA leaf extract at 15 % spray, which
was on par with NSKE at 5 % application (3.91 nos./hill). The
subsequent best treatment at 1 DAS was NNA at 10 % (4.02 nos./
hill), which was also on par with nochi leaf extract at 10 %
application (4.07 nos./hill). At 3 DAS, the same trend as 1 DAS was
observed with the lowest BPH population (3.03 nos./hill) in NNA
leaf extract 15 % spray. At 5 DAS, the lowest BPH number of 2.47/
hill was observed in NNA at 15 % application, followed by NNA 10
% (2.63), which was at par with NSKE 5 % spray (2.67). 10 and 15
% concentrations of botanical extracts resulted in better control
of BPH than lower concentrations (27).

At 7 DAS, the BPH population in NNA is 15 %, NNA 10 %
and NSKE 5 % are on par with each other and their respective
values were 2.03, 2.08 and 2.12 nos./hill. At 10 DAS, the BPH
number was the lowest (2.37 nos./hill) in NNA leaf extract at 15
%, followed by NNA at 10 % (2.65 nos./hill) and NSKE at 5 %
spray (2.78 nos./hill). At 15 DAS, the same trend was observed as
that of 10 DAS. The PROC for the second spray was higher (68.74
%) in neem, nochi and adhatoda leaf extract at 15 % application,
followed by NNA at 10 % spray (65.39 %) and NSKE at 5% as a
foliar spray (64.68 %). The pooled PROC of two sprays was also

higher (70.23 %) in neem, nochi and adhatoda leaf extract 15 %
spray followed by neem, nochi and adhatoda leaf extract 10 %
application (67.13 %) and NSKE at 5 % (65.86 %). The combined
effect of nochi leaf and adhatoda leaf extracts was better against
BPH when compared to the neem-based extract alone (28).

Bio-efficacy of botanical extracts against GLH under field
condition

The GLH population in the pre-treatment count of the first spray
ranged from 4.66 to 5.67 nos./hill, statistically non-significant
with each other. In the post-treatment count, the population
levels showed a decreasing trend up to 5 DAS and an increasing
trend from 7 DAS. On the first day after treatment, the lowest
GLH population of 2.32 nos./hill was recorded in NNA leaf extract
at 15 % (2.32), followed by NNA extract at 10 % (2.67) and NSKE
at 10 % spray (1.96) when compared with the untreated control
(5.36). The same trend was observed at 3, 5,7, 10 and 15 DAS. At 3
DAS, the NNA at 15 % treated plants registered the lowest GLH
population of 1.33, followed by NNA at 10 % (1.66) and NSKE at 5
% (1.96) and the NSKE at 5 % was at par with nochi leaf extract at
10 % spray (1.99) and neem leaf extract at 10 % (2.01). At 5 DAS,
the GLH population was ever less in all the treatments except the
untreated check than the previous day counts (Table 3).

At 7 DAS, the GLH population slightly increased except for
T6 (0.66 nos./hill). At 10 DAS, the lowest GLH population of 1.67
nos./hill was recorded in NNA 15 %, which was at par with NNA
10 % (1.68) and NSKE 5 % (1.71) and the next best treatment was
neem leaf extract at 10 % (2.46). At 15 DAS count, the lowest GLH
count of 1.86 nos./hill was registered in NNA leaf extract 15 %
spray, followed by NNA at 10 % (1.96) and NSKE at 5 % spray
(2.15). The PROC was higher (69.88 %) in neem, nochi and
adhatoda leaf extract at 15 % spray, followed by NNA at 10 %
application (67.31) and NSKE at 5 % as a foliar spray (66.08 %).
This study followed researchers' findings in which a combination
of adathoda leaf extract and cow urine recorded 44.00 %
mortality of GLH nymphs in rice (29).
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Table 3. Effect of cow-urine-based leaf extracts of neem, nochi and adhatoda against green leafhoppers in organic rice

Treat- First spray Second spray Pooled Poole
ment et ml\s Df\s DiS Dz\s DAS DAs Mean PROC PT ml\s DiS DIS\S DZ\S Dl;\)s D]:S Mean PROC Mean dproc
T (gigi) (igg) (igzlz) (iigg) (igg) éﬁ?g) 5:33 2.58 55.57 (323471) (igg) (fﬁ?g) (igé) éﬁ‘?%) (%8) &;23) 269 5168 274 52.63
T: (‘z‘:gg) (iﬁgi) (iﬁgg) (i:ii) (ig) éﬁ% (iﬁgg) 242 58.29 éﬁgg) (igg) (ﬂé) (ifgg) (ﬁg) (iﬁ?ﬁ) (i?i) 261 5320 252 55.75
Ts (géé) (iﬁéi) (iég) (iiié) (iﬁgg) éﬁgg) é:g?) 2.52 56.66 éﬁﬂ) (igg) (iﬁg%) (if?% (iﬁgg) (iﬁgg) (ig% 2.82 49.37 267 53.02
Ta (g:ii) (‘zlﬁﬁ) &Z;) (ii%) (igg) (3i.192) éﬁ??) 2.88 50.31 (Lz‘ﬁﬁ) (gﬁgﬁ) &;Si) &:;8) ééi) (iég) (igg) 3.15 4339 3.02 46.88
Ts (52,::31(15) (ig% (i:ig) (823;) (ﬂg) (ifx?) (iﬁgg) 1.55 7109 ?2.3253 (31193) éﬁéi) (iﬁig) (iﬁig) (ﬂg) (ig% 2.05 63.26 180 68.18
Te (gfxg) (iﬁg% (iﬁgg) ((1):?3) ((1)28% (iﬁ%) (iﬁ?g) 147 7470 (iﬁg% &:25) (iﬁég) (ifﬁ) (iﬁgg) (12451?1) (ﬂg) 188 66.25 1.68 7248
T: (‘z‘g% (‘z‘jgé) (g:g;) (‘z‘:gg) (gsla) (‘211311;) (g:ii) 481 17.30 (gﬁig) (gfgg) é:ig) (2332) é:ﬁg, (gﬁﬂ) (33?3) 385 2314 438 232
Te (giﬁ) (ig% (igg) (iig) (igg) deé) (izlsg) 184 6836 (iﬁgg) &;éi) éﬁ%) (ﬂg) (iﬁgg) (iﬁgg) (iég) 2.21 6035 2.03 64.36
Ts (giii) o) (gﬁig) (gifé) o ooy (gﬁg% 581 000 330 535 335 ad) ) Gal) oz 557 000 569 0.00
SEd NS 0.053 0.084 0.037 0.090 0.071 0.077 NS 0.078 0.080 0.085 0.067 0.063 0.076 - - - -

(P=%I.)05) NS 0.112 0.179 0.078 0.190 0.150 0.164 NS 0.165 0.170 0.180 0.143 0.133 0.162 - - - -

T: - Neem leaf extract 10 %, T, - Nochi leaf extract 10 %, T; - Adhatoda leaf extract 10 %, T, - Neem + Nochi + Adhatoda leaf extract 5 %, Ts - Neem + Nochi +
Adhatoda leaf extract 10 % , T¢- Neem + Nochi + Adhatoda leaf extract 15 %, T7 - Cow urine alone 10 %, Ts- Neem seed kernel extract 5 % (standard check), T9 -
Control (untreated check), *Figures in parentheses are square root transformation values, PT - Pre-treatment, DAT - Days after treatment, PROC - Percent

reduction over control

In the second spray, the GLH population in the pre-
treatment count ranged from 4.62 to 5.15 nos./hill. Whereas in
post-treatment counts, the range of PROC among different
treatments ranged between 15.08 - 54.34 %, 17.98 - 57.44 %,
27.62-66.39 %, 23.10 - 66.27 % and 21.79- 61.22 % at 1,3, 5, 7, 10
and 15 DAS, respectively. On the first day after spraying, the
lowest GLH population of 2.87 nos./hill was recorded in NNA leaf
extract at 15 % application, followed by NNA 10 % (3.13 nos./hill)
and NSKE at 5 % (5.23 nos./hill). At 3 DAS, the same trend was
observed at 1 DAS, but the GLH population was lower than the 1
DAS. The lowest GLH population of 2.13 was recorded in NNA at
15 % and the highest was with the untreated control (5.36 nos./
hill). At 5 DAS, a further decrease in the GLH population was
observed irrespective of treatments except the control plot. The
lowest GLH number of 1.69 was registered in NNA leaf extract at
15 % spray, followed by NNA at 10 % (1.83) and NSKE at 5 %
(1.93).

At 7 DAS, the GLH population trends were as that of the
earlier days counts, but the numbers further reduced with the
lowest (1.45) in NNA at 15 % followed by NNA at 10 % (1.66),
NSKE at 5 % (1.73) with the highest at the number at of 5.62 in
control. At 10 DAS, the increase in GLH population was registered
irrespective of the treatments except for untreated control. The
foliar spray of NNA leaf extract at 15 % recorded the lowest GLH
of 1.68, followed by NNA at 10 % (1.87) and NSKE at 5 % (2.13). At
15 DAS, a further slight increase in GLH population was observed
in all the treatments except untreated control. The highest mean
PROC of 62.45 % was registered in NNA leaf extract at 15 %
application, followed by NNA 10 % spray (60.56 %), NSKE 5 %
(59.71 %) and nochi leaf extract at 10 % foliar spray (55.63 %).
Nochi leaf extract demonstrated a notable reduction in the pest

population, with a percent reduction over control ranging
between 48.7 % to 91.5 % for GLH (29). The pooled PROC for GLH
was the highest (72.48 %) in the NNA 15 % spray, followed by
NNA 10 % (68.18 %) and NSKE 5 % (64.36 %).

Impact of botanicals on natural enemies in organic rice
production system

Impact on spiders: In the first spray, the pre-treatment
population of a spider among the treatments ranged from 1.51
to 1.96 per hill (Fig. 1). A minor decline in spider numbers was
observed one week after spraying and a steady increase in their
numbers was noticed during the second week. The percent
impact over control (PIOC) on spiders in the organic rice
production system was considered safe, remaining below 30 %
across all treatments, ranging from 16.88 to 27.08. The lowest
PIOC (16.88 %) was observed with 10 % cow urine spray,
followed by 5 % neem, nochi and adhatoda (NNA) leaf extract
(17.14 %) and 10 % adhatoda leaf extract (18.29 %), compared to
the control treatment. The cow urine alone treated plots
registered the highest PIOC of 27.08. In the second spray, the
PIOC ranges were more (19.36-32.58) when compared to the first
spray PIOC. The lowest PIOC in the second spray was observed
with 10 % cow urine spray (19.36 %), followed by 5 % NNA leaf
extract (19.43 %). The pooled mean PIOC was less (18.12) in
neem, nochi and adhatoda leaf extract 15 % application followed
by neem, nochi and adhatoda leaf extract 5 % spray (18.29) and
nochi leaf extract 10 % spray (22.46). The NSKE sprayed at 5 %
concentration showed the highest pooled PIOC of 29.83. NSKE
5% impacted 10-20 % against spiders in the rice ecosystem (30).
Neem products such as neem leaf extract (10 %) and NSKE (5 %)
were relatively safe for the spiders.
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Fig. 1. Impact of botanical extracts on spiders in organic rice.

Impact on coccinellid beetles : The mean population of
coccinellid beetles in the first spray ranges from 1.55 to 1.95 nos./
hill (Fig. 2). The beetle numbers at 7 and 15 DAS were in the range
between 1.43 - 1.86 and 1.67 - 2.16, respectively. The lowest PIOC
of 10.75 was recorded in spraying of cow urine alone at 10 %
(1.55), followed by neem, nochi and adhatoda leaf extract at 5 %
spray. The highest PIOC of 20.46 % was registered in the NSKE 5
% application. In the second spray, the coccinellid beetle
population was less than in the first spray, irrespective of the
treatments and the mean population ranged from 0.60 to 1.20
nos./hill. The PIOC of the second spray was higher than that of
the first spray, which ranged from 15.34 % to 49.51 %. The overall
pooled mean of coccinellid beetles ranges from 1.08 to 1.57.
Meanwhile, the overall pooled PIOC ranged from 13.05 % to
34.99 %. Neem seed kernel extract impacted natural enemies
with a 25-35 % reduction in rice production (32).
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Fig. 2. Impact of botanical extracts on coccinellids in organic rice.

Impact on rove beetles: The mean rove beetle population
ranges were 3.42-3.94 and 3.41-4.01 nos./hill, respectively, for the
first and second sprays (Fig. 3). The PIOC were much less in both
the sprays when compared to all other natural enemies of the
experimental field. For the first and second sprays, the PIOC
ranges were 3.08 %-8.51 % and 7.51 %-15.39 %. The pooled
mean of rove beetles/hill was more (3.97) in untreated control,
followed by cow urine alone at 1 % spray (3.74) and neem, nochi
and adhatoda leaf extract at 5 % application (3.65). The pooled
PIOC of the experiment ranges from 5.30 % to 11.95 %, which
was lower (5.30 %) in cow urine alone application, followed by
neem, nochi and adhatoda leaf extract at 5 % application (6.64
%) and adhatoda leaf extract at 10 % as a foliar spray (6.64 %).
The findings showed that the PIOC range of 13 % - 17 % for rove
beetles in rice (33).

6
41 14
4
12 _
3.9 g
=
Ess 10 &
= :
s 3.7 B3
k= 8 o
36 ‘ ' 5
= ®
g 6 &
=33 £
S =
£ 34 4 F
33 g
5 A
32
31 0
T1 T2 T3 T4 TS T6 17 T8 T9

Treatments

mmmm First Spray = Second Spray Pool of 2 Sprays

Fig. 3. Impact of botanical extracts on rove beetles in organic rice.

Impact on mirid bugs: The mirid bug population, which is an
exclusive predator of hoppers, were steady throughout the crop
period irrespective of the treatments and sprays (Fig. 4). The
mean population ranges were 2.34-348 and 2.47-3.11,
respectively, for the first and second sprays. The PIOC ranges for
the first and second sprays were 11.31 %-23.69 % and 10.87 %-
22.31 %, respectively. The overall pooled mean of mirid bugs was
lowest (2.41) in NSKE and highest (3.29) in the untreated control.
The pooled PIOC ranges from 11.09 % to 23.00 %, with the lowest
impact in cow urine alone at 10 % (11.09), followed by neem,
nochi and adhatoda leaf extract at 5 % application (14.28 %) and
adhatoda leaf extract alone at 10 % as foliar spray (16.06 %). A
combination of nochi and adhatoda leaf extracts showed
minimal adverse effects (10 % -20 %) for mirid bugs in rice (34).
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Fig. 4. Impact of botanical extracts on mirid bugs in organic rice.

Impact on ground beetles: The ground beetle population of the
experiment was less than 1.00 no./hill throughout the cropping
season, irrespective of the treatments. The mean population
ranges from 0.61-1.28 in the first spray and 0.51-0.95 in the
second spray (Fig. 5). The PIOC for the first spray was in the
ranges from 26.42 % to 50.67 %, which was lesser (26.42 %) in
cow urine alone at 10, followed by neem, nochi and adhatoda
leaf extracts applied at 5 % (35.90 %). Meanwhile, the PIOC for
the second spray ranges from 22.89 % to 45.95 %, with the
highest in cow urine at 10 % alone and the highest in the NSKE at
5 % as a foliar spray. The range of the pooled mean of ground
beetles was 0.56-1.11 and the pooled PIOC ranges were 24.65 %-
48.31 %. Hemantha et al. (35) also registered a minimal PIOC
range of 25 %-28 % for nochi and adhatoda leaf extracts on
ground beetles inrice.
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Fig. 5. Impact of botanical extracts on ground beetles in organic rice.
Conclusion

The present study demonstrated effective management of
Nilaparvata lugens and Nephotettix virescens through foliar
application of cow-urine-based extracts of neem, nochi and
adhatoda leaves at 10 % and 15 % concentrations. The results
revealed that cow urine-based extracts of neem, nochi and
adhathoda (NNA) leaves at 15 % concentration were the most
effective against BPH and GLH, achieving 70.23 % and 72.48 %
reduction over control (PROC), respectively. The efficacy of NNA
extracts was better than NSKE @ 5 % (standard check) under
laboratory and field conditions. A gradual increase in their
efficacy was observed across two consecutive sprays. This led to
detrimental effects on BPH's survival, growth, development,
reproduction and GLH, likely due to multiple active compounds
affecting various metabolic pathways. The use of cow urine in
herbal extraction is thought to enhance the solubility and
efficacy of phytochemicals, potentially resulting in more potent
therapeutic formulations. Using these eco-friendly botanical
extracts in pest management reduces the total cost of cultivation
and provides residue-free produce for consumers. In the near
future, there may be a chance for the development of cow urine
based on three-leaf botanical formulations with neem, nochi and
adhatoda. This botanical formulation could serve as a superior
alternative to NSKE for managing various sucking pests, not only
in rice but also in other crops cultivated under organic
production systems.
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