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Summary   The recent introduction of specific spray 
recommendations for the application of tank mixes 
containing 2,4-D selective herbicides has caused con-
cern for many growers in the northern Australian grain 
region. The concern was that the control of small grass 
weeds in fallow situations could be compromised by 
the use of coarse droplets.

Field experiments conducted in Emerald, Queens-
land investigated the effects of water volume (L ha-1) 
and droplet spectrum (as per ASAE S-572 specifica-
tions) on herbicide efficacy for small broadleaf and 
grass weeds in fallow situations. The results from three 
trials showed that coarse to extremely coarse droplet 
spectra produced excellent levels of control of both 
the broadleaf and grass weeds targeted, provided water 
volumes were at or above 60 L ha-1.
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INTRODUCTION
Tank mixing of the non selective herbicide glyphosate 
and formulations of the selective herbicide 2,4-D has 
become the industry standard for fallow weed control 
in zero and minimum tillage systems across the north-
ern grain region. A recent regional survey of herbicide 
usage reported that on average, 22 fallow sprays were 
applied over a five year period; and these were pre-
dominately glyphosate based treatments applied either 
alone or tank mixed with 2,4-D or metsulfuron-methyl 
(Walker et al. 2004). 

Due to widespread issues of sensitive crop damage 
from spray drift, spray quality recommendations as 
amendments to 2,4-D product labels were introduced 
by the Australian Pesticides and Veterinary Medi-
cines Authority (APVMA) in November 2005. These 
recommendations mandate the use of coarse to very 
coarse droplets when applying 2,4-D formulations in 
any registered situation or crop. This has concerned 
many growers and agronomists since best practice 
had focused on targeting grass weeds with medium 
droplet spectra. Hence, the question and concern for 
many – will grass weed control during the fallow be 
comprised with the use of coarser droplet spectra? 

This paper reports the results of trials recently 
conducted to quantify the impact of droplet spectra 
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and water volume on herbicide efficacy for weed 
control in fallows. 

MATERIALS AND METHODS
Field experiments were conducted in central Queens-
land at the Emerald Research Station to investigate the 
effects of water volume (L ha-1) and droplet spectrum 
(as per ASAE S-572 specifications) on glyphosate ef-
ficacy for small broadleaf and grass weeds in fallows. 
Lethal and sub-lethal herbicide doses were applied 
in water volumes of 40 and 60 L ha-1. The nozzles 
used to produce desired droplet spectra were: TeeJet 
XR110015 (fine spectrum), TeeJet DG80015 (medium 
spectrum), Hardi Minidrift-015 (coarse spectrum), 
TeeJet AI110015 (very coarse spectrum) and Yamaho 
25 (extremely coarse spectrum).

Three randomised complete block design experi-
ments, each with four replicates, have been conducted 
to date. At the time of herbicide application all target 
weeds were actively growing. Specific details for each 
experiment are outlined below.

Experiment 1   Implemented on the 8th July 2005 
and targeted mungbean (Vigna radiata (L.) Wilczek 
var. Emerald) seedlings at the 2–4 leaf stage. The 
applied sub-lethal and lethal doses of glyphosate 
(Roundup CT®) were 351 g and 585 g a.i. ha-1 respec-
tively. Weather conditions during treatment application 
ranged from 11.9–20.7°C, 96–63% relative humidity, 
with slight wind of 3.5–4.2 km h-1. 

Experiment 2   Implemented on the 17th October 
2005 and targeted Japanese millet seedlings at the 
3–5 leaf stage. The sub-lethal and lethal doses of 
glyphosate (Roundup CT) applied were 169 g and 338 
g a.i. ha-1 respectively. Japanese millet (Echinochloa 
esculenta (A.Braun) H.Scholtz) was used to mimic 
Echinochloa spp., which is a common grass weed in 
central Queensland. The weather during treatment ap-
plication ranged from 25.1–27.2°C, 69–51% relative 
humidity, and winds of 4.9–6.3 km h-1. 

Experiment 3   Implemented on the 17th October 
2005 and targeted Japanese millet and Awa millet (Pan-
icum miliaceum L.) seedlings at the smaller growth 
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stage of 2–3 leaf stage. The sub-lethal and lethal doses 
of glyphosate (Roundup CT) applied were 45 g and 
225 g a.i. ha-1 respectively. Weather during treatment 
application ranged from 25.1–28.9°C, 79–52% relative 
humidity, and winds of 3.3– 6.3 km h-1. 

Data collected   Visual assessments of each trial were 
conducted as whole plot subjective ratings using a 
percentage (%) control scoring system (100 = total 
weed control, 0 = no effect on weeds) at approximately 
21 days after treatment (DAT). Data were subjected to 
analysis of variance and least significant differences 
(LSD) were calculated to compare treatment means 
when the F tests were significant.

RESULTS AND DISCUSSION
Results from the three experiments are presented in 
Table 1. A common trend occurring across experiments 
was that using lower water rates and extremely coarse 
droplets resulted in a reduction in efficacy (weed 
control). However, a significant (P = 0.10) three-way 
interaction occurred between water rate, herbicide rate 
and droplet spectrum in experiment 1 only. 

Experiment 1   Almost every combination of water 
rate, herbicide rate and nozzle droplet spectrum 

produced excellent levels of weed control (>90%). 
The two combinations of (a) 40 L ha-1 with sub lethal 
herbicide dose and extremely coarse spectrum and, 
(b) 40 L ha-1 with lethal herbicide dose and extremely 
coarse spectrum, were the only treatments that failed 
to provide 90% control of the target weed. It should be 
noted that these two treatments are the scenarios that 
produce the lowest level of coverage (droplets cm-2). 
The low water rate combined with the low numbers 
of large droplets produced by this nozzle (Yamaho 25) 
resulted in some of the target weeds receiving only a 
sub-lethal dose of herbicide or being missed altogether. 
It was also observed that for the lethal herbicide dose, 
the use of coarse droplets (produced by the Hardi 
Minidrift-015 nozzle) did not compromise the level 
of efficacy at either water volume examined. 

Experiment 2   Every combination of water rate, 
herbicide rate and nozzle droplet spectrum achieved 
greater than 90% control. Even treatments with the 
sub-lethal herbicide rate resulted in excellent control. 
These high levels of control can be attributed to the 
size of the target weed at the time of application. The 
application and retention of spray solution, even with 
extremely coarse droplets, is often better on slightly 
larger targets. At the 3–5 leaf stage the Japanese millet, 

Table 1.   The effects of water volume, herbicide dose and droplet spectrum on weed control at 21 DAT for 
three experiments in central Queensland.

Water volume
(L ha-1)

Herbicide 
dose

Droplet spectrum

Fine Medium Coarse V Coarse X Coarse

Weed control (%)

Experiment 1

40 sub lethal 98.7 98.1 95.1 na 81.1
lethal 100.0 99.2 99.0 na 89.5

60 sub lethal 99.7 99.3 98.4 na 96.6
lethal 99.8 99.6 99.6 na 98.1

LSD (P = 0.10) 1.9

Experiment 2

40 sub lethal 99.1 99.6 99.4 97.6 93.5
lethal 100.0 99.1 99.9 99.0 96.3

60 sub lethal 99.6 99.7 99.4 97.4 96.8
lethal 100.0 100.0 100.0 99.6 98.9

LSD (P = 0.10) ns

Experiment 3

40 sub lethal 80.0 83.9 66.2 70.8 33.9
lethal 99.7 100.0 96.5 96.2 86.2

60 sub lethal 59.6 68.1 48.9 71.4 37.3
lethal 99.7 99.2 98.6 98.1 91.5

LSD (P = 0.10) ns

ns = not significant, na = not available, V = very, X = extremely.
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although still quite upright in nature, had considerable 
leaf area for droplet capture. Again, it was observed 
that the use of coarse droplets did not compromise 
the level of efficacy at either water volume. The very 
coarse droplet spectra also produced excellent levels 
of control, with only a slight reduction in efficacy at 
the sub-lethal herbicide rate. The extremely coarse 
droplet spectra also provided similar levels of control, 
however as water rate decreased from 60 L ha-1 to 40 L 
ha-1, a corresponding reduction in efficacy occurred, 
particularly with the sub-lethal herbicide dose.

Experiment 3   The reduction in the sub-lethal 
herbicide dose (from 50% to 20% of the lethal rate) 
resulted in a marked decrease in the level of control 
across all sub-lethal herbicide treatments. The most 
effective treatment combination within the sub-lethal 
herbicide dose (for either water volume) provided only 
a reasonable level of plant suppression (83.9%, Table 
1) and very little seedling death. As the water volume 
decreased from 60 to 40 L ha-1, a corresponding 
reduction in efficacy at the lethal herbicide rate was 
observed. This efficacy reduction occurred across the 
coarse, very coarse and extremely coarse droplet spec-
tra, and like Experiment 2, this response is attributed 
to the size of the target weed. At the 2–3 leaf stage, 
the Japanese and Awa millet is considerably smaller, 

therefore the capture and retention of spray solution 
is much more difficult.

CONCLUSIONS
In most cases, the efficacy of lethal dose rates of 
glyphosate on small grass and broadleaf weeds in fal-
low situations is not compromised by the use of coarse 
to extremely coarse droplet spectra; provided the water 
volumes used do not fall below 60 L ha-1. These results 
should allay the concerns of growers in the northern 
grain region who use tank mixes of glyphosate and 
2,4-D to manage fallow weeds. 
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