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Summary 

The effect of varying droplet size and 
spacing on the efficacy of 2,4-D iso
octyl ester in kerosene against varie
gated thistle (Silybum marianum (L.) 
J. Gaertn), boneseed (Chrysanthem
oides monilifera ssp. monilifera (L.) 
T. Norlindh), and Paterson's curse 
(Echium plantagineum L.) was ex
amined. Boneseed was more readily 
controlled by 2,4-D applied in droplets 
with diameters of 212 and 302 /lm than 
by droplets with diameters of 172 and 
461 /lm. Large droplets at bigh herbi
cide concentration caused severe local 
damage to the leaves. Variegated thistle 
did not respond to changes in llroplet 
size in the range 172 to 461 /lm. Pater
son's curse showed little response to 
droplet size in thi$ range although 
302 /lm droplets tended to produce 
more favourable results. 

Herbicide efficacy on boneseed in
creased as droplet spacing increased 
from 4.2 to 15 droplets cm" and then 
remained essentially constant up to 
complete cover. At least 10 droplets 
cm" produced better kills of varie
gated thistle than less dense deposits. 
Droplet spacing was not examined on 
Paterson's curse. 

Differences in kill of weeds could be 
measured with changing droplet sizes 
and spacing, but they were small com
pared to differences caused by changing 
dose rate. 

Introduction 

Plant response to varying droplet size 
of phenoxy herbicides has been ex
amined by many authors including 
Ennis and Williamson (1963), Vega and 
Obien (1963), Way (1969) and Hurtt, 
Vile and Reid (1969) who have shown 
that smaU droplets (in order of 100 /lm) 
produce a greater herbicidal effect than 
larger droplets (approximately 300 /lm) 
on a variety of plants. Conversely, 
Smith (1946) using similar droplet sizes 
found that larger droplets tended to be 
more effective than small droplets. 

The relationship between droplet size 
and droplet spacing of phenoxy herbi
cides on the leaf has only been con
sidered by Behrens (1957). He showed 
that size was less important than 
spacing using 2,4,5-T on mesquite, and 

concluded that at least 72 droplets per 
square inch (II cm") was necessary to 
maintain a high level of herbicidal 
effectiveness. 

Experiments are reported here, 
which examine herbicidal effect of a 
range of droplet sizes and droplet 
spacings on the efficacy of 2,4-D on 
variegated thistle (Silybum marianum 
(L.) J. Gaertn), boneseed (Chrysan
Ihemoides monili/ero (L.) T. Norlindh 
ssp. monili/ero) and Paterson's curse 
(Echium plan/agineum L.) under 
laboratory conditions. 

Methods and results 

All plants were grown from seed in sep
arate pots in the glasshouse in a friable 
potting mixture under conditions 
which produced healthy vigorous 
plants. Plants used in Experiment I 
were removed from the glasshouse for 
evaluation after spraying. Though the 
same procedure was followed for bone
seed in Experiment 2, variegated thistle 
was hardened in a shade house for two 
weeks before spraying, and returned to 
the shade house after spraying. 

Droplets were produced using a 
toothed 78 mm diameter disc (Micron 
Herbi) driven by a variable speed DC 
motor. Droplet size was varied byalter
ing the rotational speed of the disc 
which was mounted in a chamber fitted 
with baffles to remove the satellite 
droplet component «50 /lm) of the 
spray. Spacing of droplets on the plants 
was varied by changing the speed of the 
conveyor belt which carried plants be
neath the atomizer chamber. 

The herbicide, 2,4-dichlorophenoxy 
acetic acid (2,4-D) as the iso-octyl ester, 
was dissolved in deodorized kerosene 
which acted both as the solvent and 
carrier. No surfactant was added. The 
dye waxoline red was added to make 
the droplets visible and enable assess
ment of droplet spacing by counting on 
Kromekote paper. Preliminary tests 
showed that kerosene did not damage 
the leaves of the test plants at the rates 
and droplet sizes used. 

Droplet size was estimated by meas
uring crater diameters left in a magnes
ium oxide layer and applying a COrrec
tion factor of 0.85 (May, 1950). Droplet 
spacing (expressed as the number of 
droplets per unit area) was measured 
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by counting stains on Kromekote 
paper, 4 x 4 cm" , that had been 
placed flat on the conveyor and sprayed 
as the plants were sprayed ;(Table I). 

Some of the smallest droplets 
(172 /lm) appear to have been lost as 
the deposition rate should have been 
much higher. This may have been due 
to the poor collection efficiency of the 
flat surface. 

Table 1 Droplet diameter and 
spacing (number cm") 

Droplet size 
C}lm) 

461.4 
375.0 
302.6 
172.4 

(8.34)' 
(3.45) 
(3.89) 
(2.99) 

Number of 
droplets em-! 

13 .65 
23.62 
72.57 
68.89 

(2.16) 
(4.34) 
(9.85) 

(10.53) 

I 95'1. confidence limits are shown in parenlheses. 

Experiment 1 Paterson's curse, bone
seed and variegated thistle were sprayed 
with a range of concentrations of 2,4-D 
with the droplet diameters and spacings 
shown in Table J. While droplet size 
was varied, the amount of herbicide 
applied per unit area was kept constant 
at.each droplet size. Thus, the spacing 
of droplets varied with each change in 
size. Because collection efficiency ap
peared to vary with droplet size on flat · 
collectots (Table I), the actual amount 
of herbicide retained by the plants may 
also have varied. Each replicate con
sisted of eight plants and the dimen
sions of the plants at the time of spray
ing are shown in Table 2. 

Five weeks after spraying, the plants 
were cut off at ground level, dead plant 
material was removed and live material 
was weighed. Fresh weights are shown 
in Table 3. 

Boneseed tended to be most effect
ively controlled by 302 /lm droplets. 
(Table 3). Larger droplets at high con- . 
centration only caused severe local ' 
damage to the leaf where they de
posited. Paterson's curse showed a 
similar response at the lower concen
trations (Table 3); however, large drop
lets were not disadvantaged as with 
boneseed. Variegated thistle was effect
ively controlled by most treatments, 
although larger droplets were slightly 
disadvantaged at 2.5010 concentration. 

Experiment 2 Boneseed and varie
gated thistle were treated with 2,4-D 
sprays of different droplet sizes applied 
at different droplet spacings. Concen
tration of the herbicide was varied in 
an attempt to apply the same amount 
of herbicide per unit area at each drop
let spacing. Three dose rates of herbi
cide were used in the proportions 1:2:4. 
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Table 2 Mean parameters of plants just prior to spraying 

Species X(em)' Y(em)' Height Number of 
(em) leaves 

variegated thistle 21.2 12.2 8.5 5.5 
950/0 confidence limits ± 1.38 ± 1.42 ±0.61 ±0.28 

boneseed 12.9 11.1 7.5 10.4 
95 % confidence limits ±0.61 ±0.74 ±0.38 ±0.54 

Paterson's curse 17.1 14.2 5.6 10.1 
95070 confidence limits ± 1.36 ± 1.05 ±0.70 ± 0.43 

I The major (X) and minor (Y) diameters o f the area covered by the plants (plan view) are given. 

Table 3 Effect of droplet size and concentration on plant fresh weight (g) 5 weeks 
after spraying 

Herbicide 
concentration (a.i.) 

boneseed 
2.5'1. 
5.0% 

10.0% 
20.0% 

LSD (p = 0.05) 

Paterson's curse 
0.25% 
0.5% 
1.0% 
1.5% 

LSD (P = 0.05) 

variegated thistle 
1.5% 
2.0% 
2.5% 
5.0% 

LSD (P = 0.05) 

172 I'm 

6.28 
3.75 
1.97 
3.20 

3.04 

5.02 
5.66 
6.25 
0.66 

3.32 

0.92 
0.25 
0.88 
0.15 

1.71 

Mean fresh weight 

Droplet size 

302 I'm 375 I'm 

4.33 
1.51 
0.71 
0.37 

4.81 
5.44 
2.38 
0.40 

0.92 
0.45 
0.29 
0.00 

3.46 
5.08 
1.79 
1.24 

7.74 
1.20 
4.90 
0.39 

0.70 
0.67 
1.53 
0.10 

5.33 
4.29 
4.45 
2.26 

8.74 
3.26 
2.72 
0.00 

1.03 
1.09 
1.88 
0.28 

Weight of unsprayed controls not included in analysis: bo nesc:cd 9.63 g, Paterson's curse 8. 19 g, variegated thistle 
4.44 g. 

Table 4 Effect of dose rate, concentration, droplet size and spacing on rated kill 
of boneseed 6 weeks after treatment 

Concentration Conveyor Droplet size 
Dose rate of a .i. 

speed 
(cm sec·l ) 408 I'm 212 I'm 157 I'm 

X 40% 21.6 2.9(4.2) 2.5(11.3) 2.5(27.6) 
20"1. 10.8 3.5(6.5) 3.5(22.4) 3.6(50.9) 
10% 5.4 2.2(12.1) 1.6(32.7) 2.7(-) 
5% 2.7 2.5(15.5) 2.4(31.6) 3.4(-) 

2.5% 1.4 2.1(-) 2.2(-) 3.5(-) 
mean kill LSD 0.58 (P = 0.05) 2.64 2.44 3. 14 

2X 40% 10.8 3.2(6.5) 1.7(22.4) 2.9(50.9) 
20% 5.4 2.8(12.1) 2.3(32.7) 3.1(-) 
10% 2.7 1.2(15.5) 1.3(31.6) 0.6(-) 
5"1. 1.4 1.4(-) 1.9(-) 2.6(-) 

mean kill NS 2.15 1.80 2.30 

4X 40"1. 5.4 0.5(12.1) 0.7(32.7) 1.0(-) 
20"1. 2.7 2.0(15.5) 1.6(31.6) 2.6(- ) 
10"1. 1.4 1.1(-) 0.7(-) 0.3(-) 

mean kill NS 1.20 1.00 1.30 

Droplet spacing (number cm·2) is shown in parentheses and (-) indicates complete cover. 

Kill of boneseed and variegated thistle 
was assessed on the scale 4 = alive to 
o = dead. Thn replicates were included 
in each treatment. Treatments and 
results for boneseed are shown in 
Thble 4. 

Droplet size had an effect on kill with 
small droplets significantly (P = 0.05) 
worse than the medium size at the low 
herbicide dose. There were no signifi
cant differences at the higher dose rates. 

There were highly significant differ
ences in kill between each dose rate. 
The combined means for each rate were 
X-2.74, 2X- 2.0S, 4X-1.17 (LSD 
P = om, 0.47). A herbicide concen
tration of 20'1. gave a significantly 
(p = 0.05) worse kill of boneseed than 
other concentrations at the lowest dose 
rate, while a concentration of 10% was 
better than higher concentrations at the 
intermediate dose rate (Table 5). 

Table 5 Effect of concentrations of 
herbicide on kill of boneseed at three 
dose rates. (Data on spacing and drop
let size from Thble 4 has been com
bined.) 

Concentration 
Dose rate 

of a .i. X 2X 4X 

40% 2.6 2.6 0.7 
20% 3.6 2. 7 2.0 
10% 2.2 1.0 0.7 
5% 2.8 2.0 
2.5% 2.6 

LSD (p = 0.05) 0.74 1. 18 

There is a trend towards increasing 
damage to plants with increasing num
bers of 40SI'm droplets per unit area 
(Figure 1a). A droplet spacing of at 
least 10 to 15 cm" appears to be 
necessary for maximum damage to the 
plant. Smaller droplets did not show 
any trend with spacings probably be
cause numbers did not fall below 
II cm·'. 

Damage to variegated thistle did not 
respond to droplet size in this experi
ment. Ten replicates were included in 
each treatment (Table 6). There were 
significant differences in kill with each 
dose rate. The combined means were 
X-1.39, 2X- 0.S9 and _ 4X-0.4S 
(P = 0.05, LSD 0.46), while concen
tration 0 f herbicide had a significant 
effect at the highest and lowest dose 
rates. A concentration of 1.25% gave 
a significantly (P = 0.05) better kill at 
the low dose rate and a concentration 
of 10% gave a significantly worse 
(P = 0.05) kill at the high dose rate 
(Table 7). 
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Table 6 Effect of dose rate. concentration. droplet size and spacing on rated kill 
of variegated thistle 6 weeks after treatment 

Concentration Conveyor Droplet size 
Dose rate of a.L speed 

(em sec·l ) 408 I'm 2I2 l'm 157 I'm 

X 20% 21.6 2.4(4.2) 1.4(11.3) 2.2(27.6) 
10% 10.8 2.8(6.5) 1.4(22.4) 1.8(50.9) 

5% 5.4 0.7(12.1) 0.9(32.7) 2.4(-) 
2.5 % 2.7 1.6(15. 1 ) 0.9(31.6) 2.6(- ) 
1.25 % 1.4 0.1(- ) 0.3(-) 0.3(- ) 

mean kill NS 1.52 0.98 1.86 

2X 40% 21.6 0.4(4.2) 0.2(11.3) 1.3(27.6) 
20% 10.8 0.6(6 .5) 0.4(22.4) 1.3(50.9) 
10% 5.4 1.2(12. 1) 1.0(32.7) 1.3(- ) 
5% 2.7 0.8(15.5) 1.3(31.6) 0.5(-) 
2.5% 1.4 1.1(-) 0.5(- ) 1.5(- ) 

mean kill NS 0.82 0.68 1.18 

4X 40% 10.8 0.3(6.5) 0.0(22.4) 0.4(50.9) 
20% 5.4 0.7(12.1) 0.4(32.6) 0.2(- ) 
10% 2.7 0.7(15.5) 0.9(31.6) 0.9(-) 
5% 1.4 0.5(- ) 0.2(- ) 0.5(-) 

mean kill NS 0.55 0.38 0.50 

Droplet spacina (number c:m·1) is shown in parentheses and (- ) indicates complete cover. 
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Table 7 Effect of concenlration of 
herbicide on k ill of variegated thistle 
at three dose rates. (Dala on spacing 
and droplet size from Table 6 has been 
combined .) 

Dose rate 
Concentration 

of a.i. X 2X 4X 

40% 0.6 0.2 
20% 2.0 0.8 0.4 
10'1, 2.0 1.2 0.8 
5% 1.3 0.9 0.4 
2.5% 1.7 1.0 
1.25% 0.2 

LSD (P ~ 0.05) 1.12 NS 0.40 

There is a relationship between drop
let spacing of 408 I'm droplets and kill 
at the lowest dose rate (Figure Ib) 
which sugges ls that at least 10 droplets 
cm-2 is necessary for maximum effect. 
At higher dose rates any effect of drop
let spacing is masked. and with sma ller 
droplel diameters the number per unit 
area did not fall below 11 cm" so 
spacing effects were not evident. 

Dis c ussion 

These experiments wilh 2.4-0 formu
lated in kerosene have shown that there 
is some response to droplet size and 
spacing. Boneseed was mo re read ily 
conlrolled by 212 to 302 I'm droplets 
than by smaller or larger drop lets. This 
COnlrasts with Ennis and Williamson 
(1963) who showed that 2.4-0 was 
more effective in reducing the yield o f 
sugar beet when applied as app roxi
mately 100 I'm droplets than as 400 or 
500 }Jm droplets. Unfortunately. these 
aUlhors did nOt include droplets of 
intermediate diameters in thei r experi
ments. 

Behrens (1957) examined the effect of 
varyi ng droplet size and spacing on the 
COnlrol of mesquile seedlings from 2 to 
6 months old. using 2.4.5-T formulated 
in oi l. He demonstrated that droplet 
size was less important tha n spacing 
and concluded that a deposition rate of 
at leasl 72 droplels per square inch 
(11 cm") was necessary for maximum 
phytotoxic effect. This is in agreement 
with results obtained in Experimenl 2 
which showed that increased control 
was not obtained when deposits of 
more than 11 to IS droplets cm' were 
applied to boneseed. 

Variegated thistle showed lill ie re
sponse to changes in droplet size from 
172 to 461 I'm in Experiment I. Larger 
droplets were slightly disadvantaged 
(Tab le 3) which may be explained by 
localized damage 10 the leaf. An in-
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crease in concentration appears to have 
overcome this effect. However, there 
was response to droplet spacing tbat 
was similar to the work of Behrens 
(1957) in the second experiment. 

Paterson's curse showed minimal 
response to droplet size a lthough the 
302 I'm diameter drops tended to pro
duce more favourable results. Droplet 
spacing effects were not examined on 
this plant. 

The results of these experiments 
show that small differences in kill can 
be expected by changing droplet size 
and spacing. A positive response to size 
was found in boneseed but not varie
gated thistle while the response to 
droplet spacing was similar in both 
cases. This work a lso indicated that 
assumptions cannot be made on what 

is the 'optimum' droplet size for a parti
cular plant. It is suggested that to 
improve the efficiency of herbicide 
application it wi ll be necessary to 
understand the relationship of droplet 
size and spacing to herbicidal efficacy 
and the relationship between droplet 
size, capture of droplets by the target 
and optimum location of herbicide on 
the target. 
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