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Herbicide application using unmanned aerial vehicle in groundnut
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ABSTRACT

Afield experiment was conducted during Rabi, 2024-25 at S.V. Agricultural College Farm, Tirupati campus of Acharya N.G.
Ranga Agricultural University, Andhra Pradesh to evaluate and compare the efficacy of pre- and post-emergence herbicides
applied through unmanned aerial vehicle (UAV) and knapsack sprayer for weed management in Rabi groundnut. Among
different weed management treatments tested, pre-emergence application (PE) of pendimethalin 1kg/ha with UAV at 50 L/
ha of spray fluid significantly reduced total weed density and biomass with higher weed control efficiency and resulted in
increased groundnut yield attributes and yield. It was statistically comparable with same herbicide application with
knapsack sprayer at 500 L/ha. The highest benefit-cost ratio was observed with pendimethalin 1.0 kg/ha PE with UAV
using 50 L/ha of spray fluid indicating that usage of unmanned aerial vehicle for herbicide spraying has potential as an
alternative to conventional knapsack sprayer for herbicide application in groundnut.
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Groundnut (Arachis hypogaea L.) is a vital crop
in India due to its nutritional, economic and ecological
significance. Despite its importance, groundnut
productivity is often constrained by several factors,
among which weed infestation remains as one of the
major yield limiting factor. The yield loss due to
weeds in groundnut was reported to be 30 to 80%
(Priya et al. 2013, Rao and Chauhan 2015, Kumari
2017). Groundnut is highly susceptible to weed
infestation because of its slow growth during initial
stages up to 40 days after sowing (DAS), short plant
stature and underground pod-bearing habit. Weeds
interfere with pegging, pod development and
harvesting of groundnut, besides competing for
essential growth resources. Therefore, effective
weed control is the foremost critical production
factor in groundnut cultivation (Choudhary et al.
2022). Ttraditionally, knapsack sprayers are widely
used in small holdings for herbicide application,
which requires high spray volumes of 500 L/ha,
making them less suitable for dryland situations due
to shortage of water in the water bodies for spraying.
In addition, it is time-consuming and physically
demanding, which limits their efficiency on larger
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farms and also poses significant health hazards to the
humans who are involved in spraying operations.

In this context, unmanned aerial vehicle (UAV)
or drones have emerged as a promising alternative for
pesticide and herbicide application in agriculture
(Gatkal et al. 2025). Drones are capable in navigating
challenging terrains and inaccessible zones ensuring
comprehensive coverage (Wang et al. 2020),
reducing application time by 99% (Ahmad et al.
2020) and reducing labour requirement by 85%
compared to manual method (Partel et al. 2021). UAV
spray was evaluated in summer cotton (Vimalraj et al.
2025) and direct-seeded rice (Karthickraja et al.
2024) to effectively manage the diverse weed flora
and enhance crop yield. However, the use of UAV for
herbicide application, especially in crops like
groundnut, is still in its nascent stage and their impact
on weed control remains largely unexplored.
Herbicidal applications in groundnut are still carried
out using knapsack sprayers, which demand high
spray volume of 500 L/ha, whereas UAVS operate
with significantly lower spray volume of 25 L/ha
(Jeevan et al. 2023). There is an urgent need for
scientific evaluation to establish standard operating
procedures for drone application of herbicides in
India. In this context, a field study was conducted to
evaluate the efficacy of pre- and post-emergence
herbicides application using drones in Rabi
groundnut.



242

Indian Journal of Weed Science (2026) 58(2): 241-244

A field experiment was conducted during Rabi
2024-25 at dryland farm of ANGRAU-S.V.
Agricultural College, Tirupati, Andhra Pradesh. The
soil was sandy loam in texture, neutral in reaction,
low in organic carbon and available nitrogen, high in
available phosphorus and medium in available
potassium. Healthy and sound groundnut kernel of
test variety ‘Visishta’ were sown on 26 December
2024 at a spacing of 22.5 cm x 10 cm using a seed
rate of 140 kg/ha. The experiment was laid out in
randomized block design with eight weed
management treatments replicated thrice. The pre-
emergence application (PE) of pendimethalin 1.0 kg/
ha with unmanned aerial vehicle (UAV) using 25 and
50 L/ha of spray fluid and post-emergence application
(PoE) of imazethapyr + propaquizafop (ready-mix)
125 g/ha with UAV using 25 and 50 L/ha spray fluid,
application of above herbicides with conventional
knapsack sprayer using 500 L/ha spray fluid, hand
weeding twice at 20 and 40 days after sowing (DAS)
and unweeded check. The soils of the experimental
site was sandy loam in texture, neutral in soil reaction
(6.9), low in organic carbon(0.28%) and available
nitrogen (215 kg/ha), high in available phosphorus
(21 kg/ha) and medium in available potassium(250
kg/ha).The drone used for the experiment was
ANGRAU-Pushpak-03, which is a hexacopter
agricultural drone with a 12 L tank capacity developed
by Acharya N.G. Ranga Agricultural University for
aerial spraying of pesticides approved by DGCA. It is
pressure-based UAV with 4 flat-fan nozzles fitted
with nozzle model - 110015 VP and a swath width of
3 meters and nozzle discharge rate is 0.42 t0 0.45 L/m
operated by certified drone pilot. The UAV consisting
of 2 units of batteries each 16,000 mAH capacity.
Prior to herbicide application, UAV was calibrated to
ensure accurate and uniform delivery of the spray
fluid as per the treatments by measuring the droplet
size. A detailed geo-referenced map of the treatment
plots was developed to ensure accurate application of
spray fluid. The mean diameter of spray droplets in
UAV and Knapsack sprayer was 390.3 and 412.4
micrometers, respectively. The UAV was operated at
a constant height of 1 meter above the soil/crop
canopy with a flight speed of 5 m/s for 25 L/ha and
2.5 m/s for 50 L/ha of spray fluid to ensure uniform
coverage. For pre-emergence herbicide application,
weather conditions recorded were 77 % relative
humidity, 2.5 km/hr wind speed and 25.5 °C
temperature with soil moisture content at field
capacity. For post-emergence herbicide application,
the relative humidity, wind speed and temperature
were 73 %, 0.6 km/hr and 22.5 °C respectively.
Knapsack sprayer was fitted with standard flat fan

nozzle and was calibrated before PE and PoE
herbicide application by adjusting nozzle discharge
and walking speed. Pre-emergence herbicidal
application of pendimethalin was done at 1 DAS while
post-emergence herbicidal application of imazethapyr
+ propaquizafop (ready-mix) was done at 20 DAS.
Gross plot area for UAV and knapsack sprayer was
54 m x 14 m and 5.4 m x 4 m, respectively by
maintaining buffer zone of 2 m around the UAV plot.
Recommended fertilizer dose of 20 kg N, 40 kg P and
50 kg K/ha were applied through urea, single super
phosphate and muriate of potash, respectively to all
plots as basal while 10 kg of N was applied in form of
urea at 25 DAS as topdressing. The rest of the
package of practices was adopted as per Acharya
N.G. Ranga Agricultural University
recommendations. Unweeded check plots were
allowed to remain infested with weeds throughout the
crop duration. Category wise weed density and
biomass was recorded at harvest by using 0.25 m?
quadrant. The data on weed density and biomass was
subjected to square root transformation (yx+o05)
before statistical analysis. Weed control efficiency of
different weed management practices were
calculated based on the following formula.

DM . -DM

WCE = — S X100
C
where,
WCE = Weed control efficiency (%)
DMc¢ = Dry matter of weeds in the un-weeded check (control)
DM+ = Dry matter of weeds in the treatment imposed plot.

The crop was harvested on 17 April 2025. Net
returns were arrived by deducting the cost of
cultivation from gross returns for each treatment.
The hiring charges for UAV is Rs750/ha.

The predominant weed species observed were
Boerhavia erecta L. (45.0%), Cyperus rotundus L.
(15.0%), Celosia argentea L. (11.0%), Euphorbia
hirta L. (10.0%), Dactyloctenium aegyptium (L.)
Willd. (9.0%), Ageratum conyzoides L. (5.0%) and
other minor weeds (5.0%) in unweeded check plots
at harvest. All the weed management practices
significantly influenced the weed growth and yield of
Rabi groundnut. The lowest density and biomass of
weeds as well as higher weed control efficiency
(WCE) were recorded with hand weeding twice at 20
and 40 DAS which was significantly lower than rest
of the weed management treatments due to effective
removal of weeds by the laborers. Pendimethalin 1
kg/ha PE with UAV at 50 L/ha of spray fluid recorded
significantly lower weed density and biomass, which
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was however comparable with application of same
herbicide with knapsack sprayer at 500 L/ha of spray
fluid (Table 1). The improved weed control with
pendimethalin 1.0 kg/ha applied using UAV with 50 L/
ha of spray fluid can be attributed due to better spray
coverage and more effective deposition of the
herbicide per unit surface area of soil and
pendimethalin inhibited the mitotic activity by
disrupting microtubule assembly and ultimately led to
cessation of cell division in target weeds. These
results are in conformity with the findings of
Madhusree et al. (2024) in greengram. Additionally,
there was no significant difference in weed control
due to post-emergence herbicides application using
knapsack sprayer and UAV (Naveen et al. 2023).

Weed management treatments significantly
influenced yield attributes, yield and economics of
rabi groundnut (Table 2). The highest groundnut
yield attributes and yield was recorded with hand
weeding twice at 20 and 40 DAS, which was
significantly higher than rest of the weed
management treatments. Among two different
methods of herbicide application, pendimethalin 1.0
kg/ha using UAV at 50L/ha spray fluid recorded taller
plants, increased number of filled pods/plant and 100-
pod weight and higher groundnut pod yield. However,
it was statistically at par with application of the same
herbicide with knapsack sprayer at 500 L/ha of spray
fluid. Yield loss due to weeds in unweeded check was
41.71% compared to pendimethalin pre-emergence

application with UAV using 50 L/ha of spray fluid.

Table 1. Weed density, weed biomass and weed control efficiency at harvest as influenced by pre- and post-emergence
herbicides application using unmanned aerial vehicle (UAV) and knapsack sprayer in rabi groundnut

Weed density (no./m?) Weed biomass (g/m?) VX,/S)E
Weed management practices
Total Total
Grasses Sedges BLWs weeds Grasses Sedges BLWs weeds
Pre-emergence application (PE) of pendimethalin 1.0 kg/ha  2.67 6.77 4.34 8.42 1.59 7.10 2.69 7.70 61.16
with UAV at 25 L/ha spray fluid (6.67) (45.33) (18.33) (70.33) (2.02) (50.05) (6.73) (58.79)
Pendimethalin 1.0 kg/ha PE with UAV at 50 L/ha spray 2.27 5.96 3.76 7.34 1.37 6.52 2.23 6.95 68.33
fluid (4.67) (35.00) (13.67) (53.33) (1.37) (42.10) (4.47) (47.94)
Post-emergence application (PoE) propaquizafop + 3.08 5.43 11.52 13.06 1.79 5.64 6.70 8.89 48.10

imazethapyr 125 g/ha with UAV at 25 L/ha of spray (9.00) (29.00) (132.33) (170.33) (2.70) (31.36) (44.50) (78.56)
fluid
Propaquizafop + imazethapyr 125 g/ha PoE with UAV at 50  3.03 5.40 11.46 12.99 1.77 5.54 6.51 8.68 50.60

L/ha of spray fluid (8.67) (28.67) (131.00) (168.33) (2.63) (30.24) (41.91) (74.77)
Pendimethalin 1.0 kg/ha PE with knapsack sprayer at 500 2.35 6.15 3.85 7.56 1.42 6.55 2.33 7.02 67.71
L/ha spray fluid (5.00) (37.33) (14.33) (56.67) (1.51) (42.45) (4.93) (48.88)
Propaquizafop + imazethapyr 125 g/ha PoE with knapsack 2.97 5.30 11.44 12.92 1.73 5.33 6.43 8.47 52.88
sprayer at 500 L/ha spray fluid (8.33) (27.67) (130.67) (166.67) (2.49) (27.91) (40.94) (71.33)
Hand weeding twice at 20 and 40 days after seeding 1.46 2.73 2.86 4.10 1.26 3.61 151 3.99 89.81
(1.67) (7.00) (7.67) (16.33) (1.10) (12.54) (1.79) (15.43)
Unweeded check 4.45 9.22 19.49 22.00 2.01 7.66 9.48 12.32 -
(19.33) (84.67) (380.00) (484.00) (3.56) (58.24) (89.58) (151.37)
LSD (p=0.05) 0.20 0.43 0.85 0.69 0.10 0.54 0.49 0.65 -

BLWs: Broad-leaved weeds WCE: Weed control efficiency

Table 2. Yield attributes, yield and economics of Rabi groundnut as influenced by pre- and post-emergence herbicides
application using unmanned aerial vehicle (UAV) and knapsack sprayer

Plant  No.of 100pod Pod Haulm Net
Weed management practices height  filled  weight vyield yield returns
(cm) pods/ plant  (g) (¥ha) (t/ha) (x 10%ha)

Benefit-
cost ratio

Pre-emergence ap_plication (PE) of pendimethalin 1 kg/ha with UAV at 25 0845 2247 12421 304 417 8041 230
L/ha spray fluid

Pendimethalin 1 kg/ha PE with UAV at 50 L/ha spray fluid 32.01 2440 13500 350 4.61 100.66 2.63

Post-emergence application (PoE) propaquizafop + imazethapyr 125 g/ha
with UAV at 25 L/ha of spray fluid 2378 1673 11098 257 370 58.19 1.95
Propaquizafop + imazethapyr 125 g/ha PoEwith UAV at 50 L/ha of spray 0457 1747 11267 2.67 3.75 61.90 1.99
fluid ' ' ' ' ' ' '
Pendimethalin 1 kg/ha PE with knapsack sprayer at 500 L/ha spray fluid  31.97  24.27 13365 3.34 457 94.03 2.55
Propaquizafop + imazethapyr 125 g/ha PoE with knapsack sprayer at 500 2490 18.00 11337 270 3.79 63.99 204

L/ha spray fluid
Hand weeding twice at 20 and 40 days after seeding 3523 29.66 14413 3.80 4.99 98.99 2.28
Unweeded check 21.00 12.80 98.65 204 312 37.64 1.65

LSD (p=0.05) 2.13 1.40 8.05 287 3.36 6.20 0.20
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The increased groundnut yield due to herbicide spray
either by UAV or knapsack sprayer can be attributed
due to weed-free environment during critical period
of crop weed competition and thereby increased the
development of groundnut pods as reported by
Madhusree et al. (2024) with UAV usage to spray
pendimethalin 50 L/ha of spray fluid in greengram and
by Chen et al. (2019) in wheat. The highest net return
was obtained with pendimethalin 1.0 kg/ha with UAV
at 50 L/ha of spray fluid, which was however
comparable to hand weeding twice at 20 and 40 DAS,
which in turn was comparable to spraying of same
herbicide with knapsack sprayer 500 L/ha of spray
fluid. The highest benefit-cost ratio was obtained
with UAV spray of pendimethalin 1.0 kg/ha using 50
L/ha spray fluid which was at par with application of
same herbicide with knapsack sprayer using 500L/ha
spray fluid. The highest weed density and biomass
with lower pod and haulm yield were recorded with
unweeded check due to heavy weed infestation.

Thus, pendimethalin 1.0 kg/ha PE applied with
UAV using 50 L/ha of spray fluid was found to be an
economically viable weed management option for
obtaining broad-spectrum weed control and
enhancing yield of rabi groundnut on sandy loam soil.

REFERENCES

Ahmad F, Qiu B, Dong X, MaJ, Huang X, Ahmed S and Chandio
FA. 2020. Effect of operational parameters of UAV sprayer
on spray deposition pattern in target and off-target zones
during outer field weed control application. Computers and
Electronics in Agriculture 172: 105350.

Chen Y, Qi H, Li G and Lan Y. 2019. Weed control effect of
unmanned aerial vehicle (UAV) application in wheat
field. International Journal of Precision Agricultural
Aviation 2(2): 25-31.

Choudhary VK, Dubey RP and Mishra JS. 2022. Weed

management in oilseed crops- a review. Indian Journal of
Weed Science 54(4): 411-420.

Gatkal NR, Nalawade SM, Bhanage GB, Sahni RK, Walunj AK,
Kadam PB and Ali M.2025. Review of UAVs for efficient
agrochemical spray application. International Journal of
Agricultural and Biological Engineering 18 (1): 1-9.

Jeevan N, Pazhanivelan S, Kumaraperumal R, Ragunath K,
Arthanari PM, Sritharan N, Karthikkumar A and
Manikandan S. 2023. Effect of different herbicide spray
volumes on weed control efficiency of a battery-operated
Unmanned aerial vehicle sprayer in transplanted rice (Oryza
sativa L.). Journal of Applied and Natural Science 15(3):
972-977.

Karthickraja A, Saravanane P, Poonguzhalan R. and Nadaradjan
S. 2024. Comparison of UAV and knapsack herbicide
application methods on weed spectrum, crop growth and
yield in dry direct-seeded rice. Indian Journal of Weed
Science 56(3): 307-311.

Kumari CP. 2017. Evaluation of frontline demonstrations on
weed management in groundnut. International Journal of
Economic Plants 4(4): 160-161.

Madhusree S, Ramesh T, Rathika S, Meena S and Raja K. 2024.
Drone based herbicide application in greengram (Vigna
radiata). Indian Journal of Agricultural Sciences 94(3):
329-332.

Naveen L, Spandana Bhatt P, Bhanu Rekha K and Ramprakash
T. 2023. Assessment of post emergence herbicide efficacy
for drone spraying in transplanted rice (Oryza sativa
L.). International Journal of Environment and Climate
Change. 13(10): 3281-3288.

Partel V, Costa L and Ampatzidis Y. 2021. Smart tree crop
sprayer utilizing sensor fusion and artificial
intelligence. Computers and Electronics in Agriculture 191:
106556.

Priya RS, Chinnusamy C, Manicka Sundaram P and Babu C.
2013. Areview on weed management in groundnut (Arachis
hypogea L.). International Journal of Agricultural Science
and Research 3:163-171.

Rao AN and Chauhan BS. 2015. Weeds and weed management
in India - A Review. In: Weed Science in the Asian Pacific
Region. Indian Society of Weed Science, Hyderabad, pp.
87-118.

Vimalraj P, Saravanane P, Poonguzhalan R and Coumaravel K.
2025. Effect of herbicide application by unmanned aerial
vehicle (UAV) on diverse weed flora, summer cotton
growth, yield and economics. Indian Journal of Weed Science
57(4): 475-478.

Wang G, Han Y, Li X, Andaloro J, Chen P, Hoffmann WC, Han
X, Chen S and Lan Y. 2020. Field evaluation of spray drift
and environmental impact using an agricultural unmanned
aerial vehicle (UAV) sprayer. Science of the Total
Environment 737: 139793.



