The effect of gum and nozzle type on reducing drift and improving haloxyfop-
R-methyl efficacy against spontaneous barley in unmanned aerial vehicle

spraying
Abstract

To investigate the effect of nozzle and gum type on spray quality, drift, and efficiency of haloxyfop-R-methyl when applied with
a drone (Agras MG-1P), a factorial experiment was conducted in a randomized complete block design with three replications at
the research field of Bu-Ali Sina University, Hamedan, Iran, in the fall of 2023, under weather conditions of 14-18°C air
temperature, 45-60% relative humidity, and wind speed of approximately 3 m/s. The first factor included gum type (with and
without guar and xanthan gums), the second factor included haloxyfop-R-methyl dose (0, 9.4, 18.9, 37.8, 56.7, and 75.6 g/ha), and
the third factor included flat fan nozzle type (standard, anti-drift, and air-induction). Moisture-sensitive papers were placed in the
center of the plot and 2 meters from the edge of the plot to assess spray coverage and droplet density, and weed control efficiency
was determined based on the reduction in dry biomass per plant. Data were analyzed using ANOVA, al ns were compared
using Tukey's test. In the center of the plot, the highest spray coverage (31.7%) was observed using anti-dr in the presence
of xanthan gum. However, the highest droplet density (41.3 drops/cm2) was observed using standar ence of gum.
However, the best spontaneous barley control efficiency was achieved by haloxyfop R-methyl using a i iNthe presence

spray coverage and density of droplets, contrary to expectations, it increased spo
discrepancy is related to the water retention potential of the droplets by the gums.
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control efficiency. This

effica“Av spraying

Introduction

Unmanned aerial vehicles (UAVS) are increasingly being used i otection due to their rapid operation, reduced
labor requirements, and ability to conduct precise, site-specific applicat pared to traditional ground-based sprayers, UAV
i “However, despite these advantages, challenges such
as spray drift, inadequate droplet deposition, and r icacy continue to limit the effectiveness of aerial spraying,
especially in ultra-low-volume application scenarid The quality ofygpray in UAV applications is significantly influenced by
several factors, including the type of nozzle used, f
Nozzle design plays a critical rgle in determining drop spray pattern, and the kinetic energy of droplets, all of
which affect spray coverage anh i ray additives, such as polymers and natural gums, can
alter the viscosity and surface tension Qf the solutio i i s the potential to enhance droplet stability and retention,
as well as to reduce drift. Haloxyfop- i i mergence herbicide commonly used to control grassy weeds in
both cereal and non-cere‘r elies heavily on uniform spray coverage and appropriate droplet
distribution. In UAV (unm applications, where spray volumes are generally low, herbicide performance is
particularly vulnerable to en¥#on such as drift and evaporation. Thus, optimizing application parameters is crucial
for ensuring effective weed control. Q& ing and air-induction nozzles are often recommended for aerial applications because
i reduce drift potential. However, using larger droplets may negatively impact target
coverage and the bio s of the herbicide. This creates a trade-off between reducing drift and maintaining spray
deposition efficiency.
on how the combination o type and gum additives affects spray characteristics, drift behavior, and herbicide efficacy in
field cond illi nowledge gap is vital for optimizing herbicide performance in ultra-low-volume UAV spraying
systems. To @ i , the present study was conducted to evaluate how different nozzle types and gum additives influence
spray coverage
UAV sprayer.
while minimizing o

fly also aimed to identify the most effective nozzle-gum combination that enhances herbicide performance
-target movement and environmental losses.

Materials and Methods

The experiment was conducted in autumn 2023 at the Research Farm of Bu-Ali Sina University in Hamedan, Iran (34°48' N,
48°31' E; elevation ~1800 m), a region with a cold semi-arid climate, mean annual precipitation of approximately 330 mm, and
mean annual temperature of about 11°C. The treatments were organized as a factorial experiment using a randomized complete
block design with three replications in field conditions. The experimental factors included: gum type at three levels: no gum, guar
gum, and xanthan gum (at a concentration of 2 g L™); herbicide dose at six levels: 0, 9.4, 18.9, 37.8, 56.7, and 75.6 g a.i. ha™; flat-
fan nozzle type at three levels: standard (HARDI 1SO F-015-110), anti-drift (HARDI 1SO LD-015-110), and air-induction (HARDI
ISO INJET-015-110) nozzles, each with a 110° spray angle, ISO 015 flow rate class, and a flow rate of 0.60 L min™" at 3 bar.
Spraying was conducted at the three- to four-leaf stage of spontaneous barley, under weather conditions of 14-18°C air temperature,
45-60% relative humidity, and wind speed of approximately 3 m s™'. Spray applications were conducted using an Agras MG-1P
drone (DJI, China) equipped with a boom carrying four nozzles, operated at a flight height of 3 m above ground level (AGL). Other



spraying specifications included a spray volume of 29 L ha™, spray pressure of 3 bar, flight speed of 6 m s™', and an effective spray
width of 3 m. To evaluate spray deposition characteristics, water-sensitive papers (3 x 7 cm) were placed horizontally at the center
of each plot and at distances of 2, 4, and 8 m from the plot edge during application of the highest herbicide dose (75.6 g ha™). No
visible spots were observed on papers placed at 4 and 8 m; therefore, these were excluded from analysis. After application, the
papers were collected and scanned separately, and images were processed in Python to determine spray coverage percentage and
droplet density (droplets cm2). Weed control efficiency (WCE) was assessed based on the reduction in dry biomass per plant, four
weeks after treatment application. Dose—response curves were fitted using nonlinear regression to estimate ED50 and ED90 values.
Normality of data distribution was verified using the Shapiro—Wilk test prior to statistical analysis. Coverage and droplet density
data were analyzed as a factorial experiment in a completely randomized design, while herbicide efficacy data were analyzed as a
factorial experiment in a randomized complete block design. Means were compared using Tukey's test at the 5% probability level,
using R and Excel software.

Results and Discussion

Analysis of variance indicated that both spray coverage and droplet density were significantly infl
between nozzle type and gum additive. This means that the effect of each factor is dependent on the level
spray coverage (31 .72%) and droplet density (41.33 droplets cm™) were achieved with the low-dri

by the interaction

high viscosity additives may negatively impact spray uniformity. Overall, these resul
affects spray deposition patterns, while gum additives modify droplet behavior in a
analysis based on weed control efficiency revealed significant differences among vag

ffective dose

*7 and 7.78 g

a.i. ha™', respectively. The corresponding effectlve dose for 90% control (ED90) va gal !, indicating
|mproved herbicide efficiency and a reduced required dos iency (WCE) was also
significantly influenced by the interaction between nozzle t was attained using the

anti-drift nozzle coupled with guar gum. This combination prov etween droplet retention, spray coverage,
and drift reduction, leading to enhanced biological effectiveness of drift evaluations showed that drift-reducing
nozzle technologies effectively minimized off-target movement unde ying conditions. The absence of measurable drift
at 2 m and the extremely low deposition at 4 m co i th anti-drift and air-induction nozzles under ultra-

low-volume appllcatlon conditions

the same weed species under ground spraylng (9 23— . . ha™'; Aliverdi and Karami, 2020) and consistent with the superior
performance of anti-drift and air-induction nozzles es reported for UAV-applied sulfosulfuron against H.
spontaneum (Aliverdi and Ali i, . i -R-methyl efficacy more than xanthan gum across all
nozzle types, likely due to enhan
etal., 2022). Although gum addition rt plet density, it unexpectedly increased weed control efficiency,
indicating a negative relagignship betwee iti at each nozzle level. This is likely attributable to the prolonged
droplet evaporation time e opportunity for cuticular penetration and herbicide uptake, as
previously demonstrated f(‘ dina yl on winter wild oat (Khorshidvand et al., 2026). Consistent with this, the
correlation between spray coverag efficiency was weak and non-significant (r = 0.049, R2 = 0.002 for ED50; r = -

0.163, R2 = 0.02 hypothesis that factors beyond surface coverage—particularly droplet retention and
evaporation time—] role in herbicide efficacy than coverage alone

This study was conduc cation and growing season under variable wind speed, and the proposed evaporation-time
mechanism was not dlrect ed but inferred from prior findings. Water-sensitive paper, used here as a qualitative tool for

relative drif substitute for standardized quantitative drift assessment. Future studies should directly measure
droplet evap@ luate additional gums such as carboxymethyl cellulose, and repeat this work under varying wind
speeds, in ot using mass samplers or tracer methods (e.g., 1SO 22369) at extended distances (2040 m) for more
precise drift

Conclusions

The findings of this study highlight the significant impact of nozzle type and gum additives on spray quality, drift behavior,
and the effectiveness of herbicides in UAV spraying systems. Among the various treatments evaluated, the combination of a low-
drift nozzle and guar gum demonstrated the best overall performance. This combination was characterized by enhanced spray
coverage, adequate droplet density, reduced drift potential, lower ED50 and ED90 values, and a high weed control efficiency of
95%. While xanthan gum showed improvements in spray deposition under specific conditions, its interaction with air-induction
nozzles led to decreased spray coverage and droplet density. This indicates that the effectiveness of spray additives is highly
dependent on the design of the nozzle and the characteristics of droplet formation. Overall, the results suggest that guar gum can
effectively enhance the performance of haloxyfop-R-methyl in UAV-based herbicide applications while minimizing environmental
drift risks. Additionally, selecting appropriate nozzle types, especially low-drift nozzles, can significantly enhance spraying
precision and improve weed management efficiency in ultra-low-volume UAV application systems.
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