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Article Info ABSTRACT

Role of the angle between flat fans in dual flat fan nozzles on herbicide efficacy has not been
studied. In a pot experiment, six doses of imazethapyr were sprayed with three types of flat
fan nozzles, including standard, anti-drift, and air-induction, with 11 injection geometries,
including 1 single flat fan nozzle and 10 dual flat fan nozzles, on velvetleaf to estimate the
dose needed for 50% control (EDso). Spray coverage on water-sensitive papers installed at
Received: Apr. 8, 2026 three different positions, and also, chlorophyll fluorescence was measured. In one position of

. water-sensitive papers, spray coverage with single flat fan nozzles was standard > anti-drift >
Revised: May. 26, 2026 air-induction, indicating a more spray coverage with small droplets, leading to a further
Accepted: June. 4, 2026 decrease in the area between the Kautsky curve and the maximum chlorophyll fluorescence.

. . The EDso values for single flat fan nozzles were as standard < air-induction > anti-drift, with
Published online: Summer 2026 14 46, 15.03 and 19.84 g/ha, respectively. The number of flat fans affected imazethapyr
efficacy. The angle of the fans relative to the ground in dual flat fan nozzles was also
determined as a determining factor on imazethapyr efficacy. Based on the results, it is
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EXTENDED ABSTRACT

Introduction

Currently, herbicides are considered an important and essential tool in agrosystems, and a large part of
the increase in crop yield depends on them. One of the pillars of the rational use of herbicides is the selection
of appropriate application equipment. Nozzle technology has always been advancing. Dual flat fan nozzles
create two non-vertical injection, with an angle between flat fans. They may have symmetrical or asymmetrical
injection geometry. Dual flat fan nozzles have been showed better performance compared with single flat fan
nozzles on herbicide efficacy. However, it has been reported that performance of them are dependent on the
application timing of herbicide. In single flat fan nozzles, the correction of injection angle can lead to improved
spray coverage on weeds, leading to a better herbicide efficacy. Therefore, it is suggested as a simple solution
to optimizae the dosage of herbicide. However, despite the availability of dual flat fan nozzles, the effect of
the flat fans spray angle relative to the vertical direction on the ground on the spray coverage and herbicide
efficacy has not been investigated. In this study, it is assumed that the change in angle of the flat fans spray
relative to the vertical direction on the ground in dual flat fan nozzles can affect therbicide efficacy. Therefore,
this study was conducted with the aim of accepting or rejecting the above hypothesis and also the effect of
droplet size on the above hypothesis.

Methods

The experiment was conducted duriing the summer of 2024 in the Bu-Ali Sina University, Hamedan,
Iran. It was conducted as a factorial completely randomized design with three replications. The first factor was
the herbicide dose, including six doses of imazethapyr (0, 6.25, 12.5, 25, 50 and 100 g a.i. ha'), the second
factor was the nozzle type, including three types of flat fan nozzles (standard, anti-drift, and air-induction),
and the third factor was the injection geometry of nozzle, uding 1 single flat fan nozzle and 10 dual flat fans
nozzles. At the seven-leaf stage, spraying was carried out between 6-8 am. Immediately after spraying, spray
coverage on water-sensitive papers installed at three different positions was measured.
Moreover, chlorophyll fluorescence and dry weight was measured 3 and 28 days after spraying, respectively.

Results

The results showed that in two positions of water-sensitive papers, spray coverage with single flat fan
nozzles was as a standard > anti-drift > air-induction. This indicates a more spray coverage with small droplets,
leading to further decrease in the Area between the Katski curve and the maximum chlorophyll fluorescence.
No significant change was observed for F./F, among treatments. A positive correlation was observed between
the Area and F./Fn. However, the EDs values for single flat fan nozzles were as standard < air-induction >
anti-drift, with 14.46, 15.03 and 19.84 g ha, respectively, which is consistent with the data obtained from
sensitive papers. The number of flat fans affected imazethapyr efficacy. The angle of the fans spray relative to
the vertical direction on the ground in dual flat fan nozzles was also determined as a determining factor on
imazethapyr efficacy. Among standard dual flat fan nozzles, the lowest and highest EDs, was observed with
an angle between flat fans of 100° (a flat fan with 70° forward and another with 30° backward) and 40° (a flat
fan with 20° forward and another with 20° backward), respectively. Among anti-drift dual flat fan nozzles, the
lowest and highest EDso was observed with an angle between flat fans of 100° (a flat fan with 70° forward and
another with 30° backward) and 40° (a flat fan with 40° forward and another with 0° backward), respectively.
Among air-induction dual flat fan nozzles, the lowest and highest EDsy was observed with an angle between
flat fans of 40° (a flat fan with 30° forward and another with 10° backward) and 40° (a flat fan with 30° forward
and another with 10° backward), respectively.

Conclusion

Based on the results, it is recommended that anti-drift dual flat fan nozzles produceing coarse droplets
(350-450 microns) with a angle between flat fans of 100° (a flat fan with 70° forward and another with 30°
backward) and air-induction produceing extermly coarse droplets (450-550 microns) and 40° (a flat fan with
30° forward and another with 10° backward) are used to apply imazethapyr on velvetleaf.
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