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Introduction

Diclofop-methyl is labeled for use in wheat and barley to control many grassy species, e.g., the genus Avena.
Efforts should be made to use diclofop-methyl correctly, allowing the reduced doses to be applied. The response
of herbicides to spray volume is different. After determining a suitable spray volume for a foliage-applied
herbicide, the next step is to adjust it. The spray volume can be adjusted by two methods: the change in
application speed or nozzle size. If less spray volume is necessary to apply an herbicide, it is needed to increase
application speed. It causes the spray droplets to be more bounced or shattered from the leaf surface, causing the
herbicide not to achieve optimal efficacy. Therefore, selecting a smaller orifice nozzle is much more applicable,
of course, if the spray drift is controlled. The surface tension of water, which is used to spray herbicides, can be
slightly reduced after adding the formulation of herbicides. Therefore, the relatively high surface tension of the
spray solution poses three main problems. First, the spray droplets can easily be bounced off the leaf surface.
Second, those remaining on the leaf surface after impact have a relatively spherical shape. Third, the crystalline
wax in the cuticles, is considered an essential barrier to penetrating herbicides into the leaf tissues. It is well-
established that the three main issues mentioned above can be addressed by selecting a suitable surfactant to add
to the spray solution. This addition enables optimal efficacy of the herbicide. Consequently, numerous previous
studies have highlighted the superiority of trisiloxane surfactants over non-silicone surfactants in enhancing
herbicidal activity. This study aims to assess whether the effect of spray volume, adjusted by changing nozzle
size, on the herbicidal activity of diclofop-methyl could be influenced by two types of trisiloxane surfactants —
one with super wetting properties and the other with non-super wetting properties.

Materials and Methods

A greenhouse trial was performed as a dose-response relationship at the Bu-Ali Sina University, Hamedan,
Iran. The experiment was designed as a four-factor completely randomized design. The first factor was the dose
of diclofop-methyl (llloxan® EC 36%) including 0, 112.5, 225, 450, 900 (labeled dose), and 1350 g ha. The
second factor was spray volume, including 60, 120, 240, and 480 L ha, which were adjusted using 1100075,
110015, 11003, and 11006 flat fan nozzle, respectively. The third factor was two types of trisiloxane surfactants,
Break-Thru® S 233 having a non-super wetting property and Break-Thru® S 240 having a super wetting
property. Both are non-ionic surfactants and manufactured by Evonik company in Germany. They formed their
critical micelle concentration (CMC) at 0.1% v v! at which the surface tension of distilled water (72.1 mN m)
containing Break-Thru® S 233 and Break-Thru® S 240 was measured to be 24.1 and 22.6 mN m, respectively.
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The fourth factor was surfactant concentration, including 0, 0.0125, 0.025, 0.05, 0.1, 0.2, 0.4, and 0.8% v v (a
range from % to 8 CMC, respectively). A compressor sprayer was used to apply the treatments at 300 kPa spray
pressure. A nonlinear regression analysis was conducted to analyze the ‘drc” using the software R.

Results and Discussion

A 40% increase in the EDso value occurred with increasing the spray volumes from 60 to 480 L ha (536.4
and 865.1 g ha?, respectively), indicating a negative relationship between diclofop-methyl activity and spray
volume. Adding Break-Thru® S 233 at 0.025% v v'! to 60, 120, 240, and 480 L ha spray volumes caused a 1.16,
3.31, 2.04, and 2.13-fold decrease in the EDsp value compared with no surfactant at their corresponding spray
volumes, respectively. While, adding Break-Thru® S 240 at 0.025% v v to 60, 120, 240, and 480 L ha* spray
volumes caused a 1.39, 1.32, 1.34, and 1.19-fold decrease in the EDso value compared with no surfactant at their
corresponding spray volumes, respectively. A decrease in the ED50, attributed to the addition of surfactants,
signifies an enhanced activity of diclofop-methyl against sterile oat. This improvement may stem from a
reduction in the surface tension of the spray solution, resulting in an expanded retention and/or spreading area of
the spray droplets on the leaf surface. This, in turn, facilitates increased penetration of the herbicide into the leaf
tissue. These findings indicate that Break-Thru® S 233 works better when added at low concentration to a low-
volume spray solution, while Break-Thru® S 240 works better when added at high concentration to a low-volume
spray solution. It can be attributed to the difference in the wetting property of surfactants. The natural
relationship between diclofop-methyl activity and spray volume at higher concentrations of Break-Thru® S 233
may be related to its phytotoxic effect, resulting in an antagonism effect on diclofop-methyl activity against
sterile oat. In the case of Break-Thru® S 240, the relationship mode between diclofop-methyl activity and spray
volume was not affected by surfactant concentration indicating the lack of phytotoxic effect by this surfactant.

Conclusion

The current study revealed a negative relationship between diclofop-methyl efficacy and spray volume,
which was adjusted by nozzle size. Although this finding differs from a previous study in which spray volume
has been adjusted by application speed, they showed that the effect of spray volume on the herbicide’s efficacy
depends not only on herbicide but also on how it is adjusted. The smaller, more concentrated spray droplets are
necessary to get a better action of diclofop-methyl against sterile oat. However, the negative relationship
observed between diclofop-methyl efficacy and spray volume could also be observed with two types of
trisiloxane when they surfactants, were used at 0.0125 to 0.1 v v'1. While, when they were used at 0.2 to 0.8% v
v'1, the relationship mode changed from negative to neutral for Break-Thru® S 233, but it did not change for
Break-Thru® S 240. Moreover, Break-Thru® S 240 works better when added at high concentration to a low-
volume spray solution due to the danger of spray run-off, while Break-Thru® S 233 works better when added at
low concentration to a low-volume spray solution due to its phytotoxic effect.
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Figure 1- The fitted nonlinear-regression lines for the dry matter of sterile oat (g) over the doses of diclofop-methyl (g a.i. ha-
1) spraying with 60, 120, 240, and 480 L ha' spray volumes without surfactant.
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Table 1- The effective dose (ED50 (g/ha?) + standard error) values of diclofop-methyl against sterile oat when it was applied
with different spray volumes, surfactant types, and surfactant concentrations

Concentration Spray volume
(% v v?) (L hat)
ol 3l ge il "
oHy (S e

Surfactant

60 120 240 480

(5 0tw! glad + LS 45 0,5 Cuwss 9 EDso)

No surfactant

olon s 0 536.4 +52.8 619.2 £31.2 801.6 +49.2 865.1 +44.4
Break-Thru® S 233 0.0125 546.6 £ 19.2 624.0 £38.4 734.4 +46.8 828.0 £49.2
0.025 459.6 + 27.6 187.2+9.6 3925+229 405.6 + 15.6
0.05 378.0£25.2 157.2+£10.8 308.3+44.5 408.0 + 34.9
0.1 (CMC) 264.1+9.6 145.1+£4.8 169.2 +14.4 208.7 £12.0
0.2 280.8 £ 45.6 150.0 £19.2 180.0 +18.1 2255 +26.4
0.4 466.8 +44.4 448.8 £ 33.6 456.1 +50.4 387.6 £28.4
0.8 565.2 +30.1 586.9 + 46.7 591.3+61.2 662.4 +46.9
Break-Thru® S 240 0.0125 567.6 +32.4 580.8 +26.4 670.9 +40.7 885.6 +22.8
0.025 383.9+43.2 466.9 +58.7 597.6 £ 30.0 722.4 £69.5
0.05 184.8 +10.8 412.7 +36.0 495.3 +45.6 703.2+74.4
0.1 (CMC) 149.9£6.0 278.4£25.2 464.4 +16.8 711.5+44.0
0.2 148.8+7.1 236.4 +£16.8 457.2 +39.5 968.7 £ 60.1
0.4 157.2+8.4 292.6 £18.1 660.0 £57.6 976.8 £85.2
0.8 142.8 £8.8 307.2 £27.6 706.8 £82.7 1120.4 £71.3
(5,l5kl slas # 1S 55 4,5 cawes py EDoo)
No surfactant

Dao oty 0 815.3 £69.2 873.7+49.9 1378.7 £ 68.8 1366.8 +59.4

0L (9
Break-Thru® S 233 0.0125 792.5+23.6 829.2+21.0 1211.7 £55.3 1217.1+36.9
0.025 611.2 £35.1 303.4+£25.8 608.3 £24.7 697.6 £26.0
0.05 642.6 £43.5 264.1 £23.3 566.7 £ 61.0 738.4 £49.1
0.1 (CMC) 390.8+12.5 195.6 £15.1 321.4+£32.9 3785+34.1
0.2 476.0 £35.5 207.0 £23.7 349.2 £45.0 416.2 £ 34.3
0.4 605.0 £52.1 631.6 £25.3 570.0 £43.9 526.3+43.1
0.8 910.1 £50.2 843.5 +£65.0 868. 7+43.1 840.7 £60.3
Break-Thru® S 240 0.0125 839.1 £39.7 788.8 £41.2 1078.7 £60.1 13275+315
0.025 486.4 +50.4 731.6 £51.9 865.5 +43.7 1162.4 +83.1
0.05 303.6 £12.3 663.3 £38.5 866.5 + 37.2 1230.3+£83.1
0.1 (CMC) 216.0 £14.6 397.5+31.9 812.1+£41.0 12374 +71.2
0.2 259.0 £18.3 306.5+21.0 827.1+£62.6 1655.2 £+81.5
0.4 204.1+125 411.7 £34.5 818.4 +49.0 1278.6 +76.4
0.8 218.6 £15.0 426.7 +30.1 995.0 £70.5 1332.2+78.0
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The EDs and EDyy is a dose of diclofop-methyl (g h) causing 50 and 90% sterile oat control, respectively. The critical
micelle concentration is abbreviated to CMC. The spray volumes were adjusted using 1100075, 110015, 11003, and
11006 flat-fan nozzles, respectively.
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