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Studies on the bio-efficacy of cow-urine-based extracts of neem, nochi and adhatoda (NNA) leaves were
conducted against paddy yellow stem borer (YSB), ScirpophagaincertulasWalk.in Tamil Nadu Agricultural
University, Coimbatore during Rabi 2023. Cow urine-based extracts ofneem 10%, nochi 10%, and
adhatoda10%, NNA 5%, NNA 10%, NNA 15% were prepared and their efficacy were tested using NSKE 5%
as standard check. The field experiment with 15% NNA leaf extract confirms the highest percent reduction
over control (PROC) of 28.82 and 35.40, respectively for the dead hearts and white ears. The next effective
treatment was NNA 10% application with a PROC of 25.08 and 30.84, respectively for dead hearts and white
earsfollowed by NSKE 5% with a PROC of 23.57 and 28.05 for the first and second sprays, respectively.The
NNA leaf extract @15 and 10 per cent have moderate impact on natural enemies like spiders and coccinellids
and it indicates they are safer for beneficial arthropods. Due to eco-friendly nature of the neem, nochi and
adhatodaleaf extracts, in future the cow-urine based NNA leaf extract may be incorporated as one of the
plant protectionsinputs in the integrated management of stem borers under organic rice production system.
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ABSTRACT

Introduction
Rice (Oryza sativa L.) is the staple food for more

than 3.5 billion people in the world and predominantly
grown in Asian countries (Birla et al., 2017). Globally,
rice is being cultivated around166 million hectares with
the production of 524 million tonnes per annum. Asia
contributes nearly 90 per cent of the world’s total rice
production (Anon. 2023). India ranks first in area and
second in production of rice atglobal level. Rice contributes
more than 40 per cent of the India’s total food grain
production and requirement (Kumar et al., 2020). Rice
production is being achieved through intensive and
extensive cultivation with high yielding high input response
varieties. This resulted in increased insect pest damage
and yield loss (Fahad et al., 2019). Rice crop is infested
by more than 20 majorinsect pests, among them the

yellow stem borer (Scirpophagaincertulas Walk.), a
monophagous pest causing dead hearts and white ears,
respectively during vegetative and reproductive stages,
resulted in severe yield losses (Chatterjee and Mondal,
2014). The yield losses due to rice stem borers was up to
20% during early planted and 80% during late transplanted
rice (Litsinger et al., 2017).

A wider range of synthetic chemical pesticides are
being used for the management of stem borers in rice
crop. Continuous and indiscriminate use of these chemical
pesticides resulted in the development of resistance and
resurgence in addition to pesticide residues in food, feed,
and fodder (Arora et al., 2019). Organic method of rice
cultivationwith naturally available inputs is one of the ways
to solve these problems. Among different non-chemical
pest management inputs for rice stem borers, botanicals
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play a vital role due to their cost-effective, biodegradable
and environmentally friendly nature (Reddy and
Chowdhary, 2021).

Around 2500 botanical plant species from 235 families
have been identified with pesticidal properties around the
globe. In which abouit 350 plant species havebeen
identified withinsecticidal properties and 800 with feeding
deterrents and growth inhibiting properties (Yeswanth,
2021). Neem (Azadirachta indica L.) is considered a
universal botanical for insect pest management in organic
farming due to its wider range of properties like oviposition
deterrent, antifeedant, repellent, insect growth regulation
etc., against wide range of pests (Misra, 2014). Nochi
(Vitex negundo L.) contains bio-active compounds
likenegundoside and vitexin withpesticidal and pest-
repellent properties (Prasad, 2011). Adhatoda
(Adhatodavasica N.) contains potent compounds such
as vasicine, vasicinone and adhatodin with pesty repellent,
deterrent andpesticidal properties (Nandre et al., 2012).
Considering the importance of neem, nochi and adhatoda
in pest management a study was designed to determine
their relative efficacy against paddy stem borers in
organic rice production system.

Material and Methods
Preparation of extracts and treatments

Cow urine-based leaf extracts of neem, nochi and
adhatoda were prepared in the laboratory, Nammazhvar
Organic Farming Research Centre, Tamil Nadu
Agricultural University, Coimbatore. One kilo gram of
fresh leaves of neem / nochi / adhatoda was ground
separately with each two litres of fresh cow urine and
allowed for fermentation for 10 days with intermittent
stirring. This is considered as stock solution and used at
different concentrations for different treatments of the
field study as detailed below.

T1 Neem leaf extract 10%
T2 Nochi leaf extract 10%
T3 Adhatoda leaf extract 10%
T4 Neem + Nochi + Adhatoda extract 5%
T5 Neem + Nochi + Adhatoda extract 10%
T6 Neem + Nochi + Adhatoda extract 15%
T7 Cow urine alone 10%
T8 Neem Seed Kernel Extract 5% (std. check)
T9 Untreated check (water spray)

Field studies
A field experiment was conducted at Wetland Paddy

Fields located 11.002oN latitude and 76.923oE longitude

in Tamil Nadu Agricultural University, Coimbatore during
the Rabi 2023. The field was laid out in Randomized
Block Design (RBD) and replicated thrice with a plot
size of 5m × 4m. Seeds of the rice variety CO 55 were
sown in the nursery and transplanted in the main field
under the system of rice intensification (SRI) with the
recommended plant spacing of 25×25 cm. Before
transplanting, the green manure Sesbania aculeate
(Willd) was raised in the main field, incorporated at 50%
flowering and 15 days before transplanting. Organic rice
production package developed by TNAU was followed
for supply of required nutrients to rice crop. Cow-urine
based neem, nochi and adhatoda leaf extracts prepared
was utilized for bio efficacy testing against stem borers.
Based on the economic threshold level for stem borers in
rice, the pre-treatment damage counts were taken in 10
randomly selected hills. Treatments were imposed at 40
and 75 DAT, the post-treatment count (vegetative stage)
and white ear (reproductive stage) were taken at 1, 3, 5,
7, 10 and 15 DAS. The dead heart and white ear percent
were computed by using the following formula:

Dead heart Per cent = × 100
Number of dead hearts in 10 randomly selected hills
Total number of tillers in 10 randomly selected hills

White ear Per cent = × 100
Number of white ears in 10 randomly selected hills

Total number of white ears in 10 randomly selected hills

Data were subjected to square root transformation
using methods suggested by Gomez and Gomez (1985)
with treatment variations tested for significance using
mean standard error (SE) and critical difference (CD) at
5% level of significance.

Results and Discussion
Effect of NNA leaf extracts against rice yellow stem
borer

The results on the bio-efficacy of different botanical
treatments against rice stem borer dead heart damage at
the vegetative stage of the rice crop isgiven in Table 1.
The dead hearts in pre-treatment count ranged from 10.16
to 11.75percent and non-significant with each other.
Thepost-treatmentdamage present at 1DAS was also not
significant. From 3 DAS onwards the dead hearts per
cent werestatistically significant. At 3 DAS, the dead
heart damage levels ranged from 9.10 to 11.16 per cent,
in which the application of NNA leaf extract at 15% was
most effective with the lowest dead hearts (9.10%)
followed by NNA leaf extract at 10 per cent(9.42 %)
andNSKE 5 per cent (9.63%). At 5 DAS, the damage
levels were in decreasing trend (7.81-11.86%) in all the
treatments except untreated control and cow urine 10
per cent.  At 7 DAS, the dead heartssymptoms were
further reduced and the lowest was in NNA leaf extract
@ 15% (6.71%) application followed by NNA 10%



(7.98%) and NSKE 5% (8.50%). After 10 DAS, the
dead heart symptomswere slowly increased irrespective
of treatments (8.67-12.42%). The results are in
accordance with the findings of Dougoud et al., (2019)
against Scirpophagaincertulas in rice crop.

 At 15 DAS, the dead heart damages due to rice
stem borerswasin the highest range of 10.91-14.34 per
cent with the lowest in NNA 15% application (10.91%)
and the highest in untreated control (14.36%). The mean
dead heart per cent damage in the post treatment counts
ranged from 8.87 to 12.12 per cent with the lowest in
NNA leaf extract 15% (8.87) followed by NNA 10%
(9.42) and NSKE 5% (9.77). The highest per cent
reduction over control (PROC) of 26.79 was registered
in NNA leaf extract applied at 15% followed by NNA
leaf extract 10% (22.27) and NSKE 5% (19.40). This
might be due to the ovicidal activity of cow urine-based
neem, nocih and adhatoda leaves extracts (Ahad et al.,
2012), the synergistic effect of botanical combinations
(Kumud Singh, 2018 and Amandeep et al., 2021).

In second spraying, the pre-treatment stem borer
damage per cent as white ear symptom was higher (10.91
to 12.14%) than the pre-treatment counts as dead
heart(10.16 to 11.75) in first spray irrespective of the
treatments, which werenon-significant with each other
(Table 2). In post treatment count at one day after spraying
also the white ear symptom were non-significant with
each other.At 3 and 5 DAS, there was slight decrease in
white ear symptoms were observedand their respective
values were 8.43-13.34 and 7.25-13.72 per cent. One
week after spraying (7 DAS), the lowest white ear
damages were observed in all the treatments except
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untreated control. However, the lowest damage of 6.76%
was registered in NNA leaf extract 15 per cent followed
by NNA 10 per cent (7.65%) and NSKE 5 per cent
(8.41%) when compared to the untreated control
(13.93%). At 10 DAS, the damage levels were slightly
increased in all the treatments when compared to the 7
DAS counts. At 15 DAS, the stem borer damages were
moderately increased except control and cow urine alone
at 10% application. In post treatment counts, the mean
white ear damages ranged from 8.93 to 13.82 per cent
with the lowest (8.93%) in NNA 15% and the highest
(13.82%) in untreated control. The next best effective
treatment was NNA 10% treatment (9.56%) and NSKE
5% as foliar spray (9.94%). These results are in
agreement with the findings of Nishanthini and Kandibane
(2022) and Richa et al., (2017). The better efficacy of
NNA leaf extract also might be due to the synergetic
effect of neem, nochi and adhatoda leaves in the presence
of cow urine which contains uric acid, carbonic acid,
amino acids and enzymes (Dhama et al., 2005)

The PROC for white ears at flowering stage of the
rice was higher (6.03-35.40) irrespective of the treatments
when compared to the same pest damage at vegetative
stage as dead heartsymptoms (8.15-28.82). In second
spray, the highest PROC of 35.40 was observed in NNA
15% followed by NNA 10% (30.84) and NSKE 5%
(28.05). Mihale et al., (2009) also found the highest white
ears reduction of 49.00% when cow urine-basedexctracts
of neem, tobacco and eucalyptus leavesapplied @ 7500
ml//ha. The PROC for individual extracts as neem, nochi
and adhatoda leaves were lesser for white ears as that
oftheir performances in first spray as dead hearts. It shows
that the application of neem, nochi, and adhatoda leaf

Table 1: Effect of treatments on stem borer dead heart symptoms in organic rice.

Treat- Mean dead heart per cent at vegetative phase of the crop
ment PT 1 DAS 3 DAS 5 DAS 7 DAS 10 DAS 15 DAS Mean PROC

T1 11.75 (20.04) 10.08 (18.51) 9.82 (18.26) 9.74 (18.18) 9.04 (17.49) 10.27 (18.69) 10.93 (19.30) 9.98 17.67
T2 10.16 (18.58) 10.46 (18.86) 9.76 (18.20) 9.50 (17.95) 8.96 (17.41) 10.08 (18.51) 10.91 (19.28) 9.95 17.96
T3 10.29 (18.71) 10.13 (18.55) 10.05 (18.48) 9.85 (18.29) 9.21 (17.66) 10.41 (18.82) 10.98 (19.35) 10.11 16.64
T4 10.26 (18.68) 10.20 (18.62) 10.14 (18.56) 10.03 (18.46) 9.09 (17.54) 11.45 (19.77) 11.90 (20.17) 10.47 13.64
T5 10.83 (19.21) 10.24 (18.66) 9.42 (17.87) 8.17 (16.6) 6.98 (15.31) 9.17 (17.62) 10.51 (18.91) 9.08 25.08
T6 11.21 (19.56) 10.03 (18.46) 9.13 (17.58) 7.81 (16.22) 5.71 (13.82) 8.67 (17.12) 10.42 (18.83) 8.63 28.82
T7 10.35 (18.76) 10.28 (18.70) 10.25 (18.67) 10.56 (18.96) 10.43 (18.84) 11.93 (20.20) 13.35 (21.43) 11.13 8.15
T8 11.27 (19.61) 10.35 (18.76) 9.63 (18.07) 8.21 (16.65) 7.26 (15.63) 9.43 (17.88) 10.71 (19.1) 9.27 23.57
T9 10.58 (18.98) 10.82 (19.2) 11.16 (19.51) 11.86 (20.14) 12.12 (20.37) 12.42 (20.63) 14.35 (22.26) 12.12 0.00

S Ed NS NS 0.101 0.055 0.102 0.077 0.224 0.111 -
CD

NS NS 0.214 0.117 0.216 0.163 0.476 0.237 -(P=0.05)
T1 - Neem leaf extract 10%, T2 - Nochi leaf extract 10%, T3 - Adhatoda leaf extract   10%, T4 - Neem + Nochi + Adhatoda leaf extract 5%,

T5 - Neem + Nochi + Adhatoda leaf extract 10%, T6 - Neem + Nochi + Adhatoda leaf extract 15%, T7 - Cow urine alone 10%,
T8- Neem seed kernel extract 5% (standard check), T9 - Control (untreated check) PT - Pre-treatment, DAT - Days after treatment,

PROC - Percent reduction over control; *Figures in parentheses are Arcsine transformation values



extracts applied separately at 10% concentrations were
least effective against stem borers in organic rice.
Application of cow urine alone @ 10% was not effective
against rice stem borers. The results are in accordance
with the findings of Singh and Sarao (2022) and Ranjeeta
et al., (2014) stem borers in rice under field conditions.
Impact of NNA leaf extracts on natural enemies of
stem borers in organic rice

Impact on spiders
In first spray, the pre-treatment population of spiders

among the treatments were in the ranges from 1.51 to
1.96 per hill (Fig. 1). A minor decline in spider
populationwas observed during one week after spraying
and steady increase in their numbers were noticed during
second week. The per cent impact over control (PIOC)
of the treatments on spiders in the organic rice production
system indicates that they were safer and the POIC was
less than 30% irrespective of the treatments (16.88 to
27.08). Among them, the lowest PIOC of 16.88 was
registered with spraying of 10% cow urine alone followed

by neem, nochi and adhatoda leaf extract 5% (17.14)
and adhatoda leaf extract @ 10% spray (18.29) when
compared to the control treatmentand NSKE 5% (27.08).
In second spray, the PIOC ranges were more (19.36-
32.58) when compared to the PIOC in first spray.
However, the PIOC was lesser (19.36) in cow urine
sprayed at 10% followed by neem, nochi and adhatoda
leaf extract 5% (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). Joseph et al., (2010)who reported that
neem oil and NSKE were safe to spiders in rice field.
NSKE sprayed at 5% concentration showed the highest
pooled PIOC of 29.83. Chen et al., (2018) also found
that the NSKE 5% had impact of 10-20% against spiders
in rice ecosystem. Wakeli et al., (2013) also reported
that the neem products such as neem leaf extract (10%)
and NSKE (5%) were found to be quite safe for the
spiders. Vinothkumar (2014) found that application of

Table 2: Effect of treatments on stem borer white ear symptoms in organic rice.

Treat- Mean white ear per cent at reproductive phase of the crop
ment PT 1 DAS 3 DAS 5 DAS 7 DAS 10 DAS 15 DAS Mean PROC

T1 10.91 (19.28) 10.42 (18.83) 10.36 (18.77) 9.63 (18.07) 9.32 (17.77) 10.76 (19.14) 12.59 (20.78) 10.51 23.92
T2 11.72 (20.01) 11.24 (19.58) 10.69 (19.08) 10.03 (18.46) 9.47 (17.92) 10.91 (19.28) 12.75 (20.92) 10.85 21.49
T3 11.90 (20.17) 11.77 (20.06) 11.05 (19.41) 10.32 (18.73) 9.83 (18.27) 11.09 (19.45) 13.13 (21.24) 11.20 18.96
T4 11.93 (20.2) 11.57 (19.88) 11.42 (19.75) 10.92 (19.29) 10.16 (18.58) 11.37 (19.70) 13.45 (21.51) 11.48 16.91
T5 11.38 (19.71) 10.89 (19.26) 8.71 (17.16) 7.83 (16.24) 7.65 (16.05) 10.89 (19.26) 11.37 (19.70) 9.56 30.84
T6 10.95 (19.32) 10.20 (18.62) 8.43 (16.87) 7.25 (15.62) 6.76 (15.07) 10.43 (18.84) 10.49 (18.89) 8.93 35.40
T7 12.09 (20.34) 12.05 (20.31) 12.79 (20.95) 12.98 (21.11) 12.85 (21.00) 13.02 (21.15) 14.22 (22.15) 12.99 6.03
T8 11.76 (20.05) 10.27 (18.69) 9.97 (18.40) 8.49 (16.94) 8.41 (16.85) 11.15 (19.50) 11.36 (19.69) 9.94 28.05
T9 12.14 (20.39) 12.89 (21.04) 13.34 (21.42) 13.72 (21.74) 13.93 (21.91) 14.08 (22.03) 14.95 (22.74) 13.82 0.00

S Ed NS NS 0.065 0.049 0.043 0.069 0.100 0.065 -
CD

NS NS 0.139 0.104 0.091 0.146 0.212 0.138 -(P=0.05)
T1 - Neem leaf extract 10%, T2 - Nochi leaf extract 10%, T3 - Adhatoda leaf extract   10%, T4 - Neem + Nochi + Adhatoda leaf extract 5%,

T5 - Neem + Nochi + Adhatoda leaf extract 10%, T6 - Neem + Nochi + Adhatoda leaf extract 15%, T7 - Cow urine alone 10%,
T8- Neem seed kernel extract 5% (standard check), T9 - Control (untreated check) PT - Pre-treatment, DAT - Days after treatment,

PROC - Percent reduction over control; *Figures in parentheses are Arcsine transformation values

Fig. 1: Impact of NNA leaf extracts on spiders in organic rice.
Fig. 2: Impact of NNA leaf extracts on coccinellid beetles in

organic rice.
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Eupatorium adinophorum 5%, neem oil 3% and NSKE
5% registered less than 12 per cent reduction in spider
population over untreated control under rice ecosystem.

Impact on coccinellid beetles
The mean population of coccinellid beetles in the first

spray ranged 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 @ 10%followed by neem, nochi and adhatoda
leaf extract @ 5% as foliar spray (12.33). The highest
PIOC of 20.46 was registered in NSKE 5% application.
In second spray, the coccinellid beetle population was
lesser when compared to first spray irrespective of the
treatments and the mean population ranges from 0.60 to
1.20 nos./hill. The PIOC of the second spray was higher
than the first spray which ranges from 15.34 to 49.51.
The overall pooled mean of coccinellid beetles ranged
from 1.08 to 1.57 nos. / hill, with the overall pooled PIOC
was 13.05 - 34.99.  The results showed that application
of NNA 15%, NNA 10% and NSKE 5% had moderate
effect and were safer to the coccinellid beetles. Rosaiah
(2001) recorded that coccinellids were most predominant
and there was no significant difference between population
when sprayed with botanicals on rice crop. Saini et al.,
(2013) observed maximum counts of coccinellid beetles
with Jatropha leaf extract 10% enriched with fermented
cow urine. Verma et al., (2021) found that NSKE showed
an impact on natural enemies with a reduction of 25-35
per cent in rice production system. The results are
corroborated with the findings of Nishanthini and
Kandibane (2022).

Conclusion
The study concluded that, the application of cow urine-

based extracts of neem, nochi and adhatoda leaves @
15% were moderately effective in controlling stem borer,
Scirpophagaincertulas during both vegetative and
reproductive phases of the rice crop. Foliar spraying of
neem, nochi and adhatoda leaf extract @ 10% also
showed itsmoderate effectand it was on par with standard
check treatment (NSKE 5%).  A gradual increase in the
efficacy of neem, nochi and adhatoda leaf extracts across
two consecutive sprays were observed which resulted in
detrimental effect of NNA extract on growth and
development of stem borers in addition to ovicidal property
due to presence of multiple bio-active compounds. In
future, cow urine-based NNA formulation will be
developed with the locally available neem, nochi and
adhatoda leaves that may be one of the best alternatives
for NSKE (standard check) and the same may be
recommended for borer pest managementnot only in

ricebut in other crops grown organically.
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