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------------------------------ Materials and methods 

Silwet L-77 enhances rainfastness of glyphosate and 
metsulfuron-methyl when applied to gorse and Scotch 
broom 

John M. Balneaves Forest Research Institute, P.O. Box 31-011, Christchurch, 
New Zealand . 

Summary 
Glyphosate or metsulfuron-methyl 
with and without Silwet L-77 were ap
plied to potted gorse (Ul ex europaeus) 
and broom (Cytisus scoparius) plants, 
which were then subjected to simulated 
rainfall at intervals ranging from 2 min 
(0) to 24 hours after spraying. In the ab
sence of Silwet L-77 rainfall reduced the 
effectiveness of both gIyphosate and 
metsulfuron-methyl. Silwet L-77, espe
cially at rates of 0.5%, aided rain
fas tness of glyphosate, and at 0.1% 
aided rainfastness of mets ulfuron
methyl. 
Key words: Glyphosa te, metsulfuron
methyl, Silwet L-77 Surfactant, rainfast
ness of herbicides. 

Introduction 
Im proved "rainfastness" of herbicides is 
essential in New Zea land forest opera
tions as rapid changes in weather can 
ca use unex pected rain within hours of 
spraying. Failure to contro l weeds ad
equately crea tes difficulties for tree plant
ing, and the eventual dense understorey 
of competing weed vegetation increases 
costs and can reduce crop productivity 
and profitability (Zabkiewicz and 
Balneaves ] 984, Ba lneaves and Christie 
19GG, Balneaves 1989). Forest Research In
stitute scientists ex plored the use of an 
organosilicone surfactant, Silwet L-77, to 
enhance the activity of glyphosate and 
metsulfuron-methyl herbicides used in 
forest operations to control gorse, Scotch 
broom, and other species (Zabkiewicz et 
a1. 1985, Davenhill and Preest 1986, 
Balneaves and Fredric ]988, Gaskin and 
Zabkiewicz 19GG, Stevens et a1. 19GG). 

and Lawrie (1990) noted that although 
organosilicone surfactant improved long
term glyphosa te activity on grasses, this 
was not clearly correlated with the time 
lag before rain after spraying. More work 
is needed to clarify the interaction of spe
cies, rain, herbicide, and surfactant. This 
paper reports three trials on gorse and 
broom to evaluate the effect of Silwet L-77 
in enhancing "rainfostness" of glyphosate 
and metsulfuron-methyl under condi
tions of simulated rainfall soon after 
spraying. 
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Gorse and broom seedlings were raised in 
6.5 litre pots in glasshouse and shade
house conditions before hardening-off 
and "normal" growth in the open until 
they were 18 months old. At this stage 
plants were on average 60 em tall . 

Cloudy weather (8/8) was chosen for 
the three trials, with relative humid ity 
above 60"10 during spraying and predicted 
for 48 h afterwards. Weather tended to be 
cool « 16"C) . 

Herbicide /surfactants were applied 
with a boom spray unit fitted with six 
730077 T-jet nozzles at a pressure of 275 
kPa . "Rain" was simulated by a Nylex 
Water Wave system (Balneaves and 
Fredric 19GG) operated at 386 kPa to pro
duce 1000 mm droplets. Water spray was 
directed upwards to 5 m SO that d roplets 
were near terminal velocity when they 
reached the foliage or ground. This gave a 
simulated rainfall of just over 2 mm h-I _ 

Over a 24 h period the equivalent of 50 
mm rainfa ll was applied to the plants at 
intervals of 0 (2 min.) 0.5, 1, 2,6, and 24 h 
after spraying. Six pots (replicates) of five 
plants were used. for each treatment. 

glyphosate 

glyphosate 

Silwet L-77 has good wetting and 
spread ing characteristics on foliar su r
faces. It reduces liquid-leaf surface ten
sion to low values and is rapidly absorbed 
at the liquid-leaf interface (Anantha
padm anabhan and Goddard, in press). 
Using Silwet L-77 as a spray adjuvant 
therefore achieves high levels of stomatal 
infiltration o f herbicide ingredients 
(Stevens et a1., in press), which thus be
come rainfast. For example, gorse trea ted 
with a tank mix of glyphosate/Silwet L-
77/water showed severe desiccation and 
mortality, despite heavy rain falling 
within a half-hour of spraying, but gorse 
treated with glyphosate alone showed no 
effect (Balneaves 1986) . However, Clay 

Figure 1. Effects of rain-lag intervals on (a) height (em) of surviving gorse 
plants and (b) gorse mortality ("!o ) 12 months after spraying with 
gIyphosate 2.7 kg a.i. ha-1 and varying rates of Silwet L-77. 
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Trial 1: Table 1. Impact of gIyphosate ± Silwet L-77 at 0.5% an d rain-lag intervals 
Glyphosate' at 2.7 kg ha" was applied to on gorse and b room mortality and h eight of surviving plants 12 m on ths 
gorse with Silwet L-77 at rates of 0, 0.1 , after treatment. 
0.2, 0.3, and 05% v lv, made up with water .:::.=-=-===.::..------------------------
to give a spray volume of 300 Htres ha-I . 

Trial 2: 
Glyphosate (2.16 and 3.24 kg ha") with 
and without Silwet L-77 (05% v / v) was 
applied to gorse and broom plants in 
300 L spray volume per hectare to deter
mine if g lyphosate rate influenced. the ef
fect of rainfa ll on herbicide efficacy. 

Trial 3: 
Metsulfuron-methyl' (ISO g in 300 Iitres 
ha") with Silwet L-77 (0, 0.1, 0.3, or 05% 
v Iv) was applied to gorse and broom 
plants. 

Data were analysed using the SAS 
package [normality tes ting, analysis of 
variance, and multiple compa rison test of 
means (LSD)). 

Resul ts and d iscu ssion 

Trial 1 
Glyphosate used without surfactant 
achieved some mortality (10%) and re
duced height growth significantly only 
when simulated rainfall was withheld for 
24 h after spraying (Figure la,b). The ad
dition of Silwet L-77 improved glyphos
ate efficacy, increasing mortality and re
ducing plant height. Increasing time-lag 
between spraying and the onset of rain 
gave an increasing improvement in herbi
cide efficacy at all concentrations of 
surfactant (Figure l a,b). Glyphosate with 
Silwet L-77 at 05% v /v was significantly 
more effective than the other concentra
tions of surfactant, and achieved 55% 
mortality even at 0.5 h rain-free period . 
Glyphosate with Silwet L-77 at 0.2% (the 
then recom mended concentration) was 
less effective than glyphosa te with Silwet 
L-77 at 0.3% and much less effec tive than 
0.5% vv, suggesting that 0.5% should be 
the recom mended concen tration. 

Trial 2 
Control o f both weed species was im 
proved when Silwet L-77 was added to 
glyphosate (Table I ). Results were more 
consistent for gorse than for broom . The 
effect of glyphosa te without surfactant 
depended on the time lag before rain, and 
plant height decreased with increasing 
time-lag intervals between spray and rain 
for both gorse and broom. With the addi
tion of Silwet L-77 total gorse control was 
achieved irrespective of time -lag inter-

Footnote 
I In all cases Roundup (360 aj . L·I 

glyphosa te iso-propylamine sa lt) by 
Monsanto was used . 

, Escort (600 g aj . kg" metsulfuron
methyl ester) by Du Pont. 

Treatment 
glyphosate 2.16 kg 

Rain -Silwet L-77 +Silwet L-77 
time-lag mort ht mort ht 
(hrs) (%) (cm) (%) (cm) 

Gorse 
o 
10. 
1 
2 
6 
24 

OnsA 120 a' 
0 110 ab 
0 110 ab 
0 90 b 
0 70c 
0 60c 

unsprayed control 
0 120 

Broom 
0 o ns 130a 
10. 0 130 a 
1 0 100 b 
2 0 100 b 
6 0 90c 
24 0 BOc 
unsprayed control 

0 140 

60 a 
100 b 
lOOb 
JOOb 
JOO b 
JOO b 

65a 
70a 
85 b 
75 ab 
95 c 

100 c 

A ns :; no Significant difference 

62 a 
Ob 
Ob 
Ob 
Ob 
Ob 

30a 
30 a 
25 ab 
20 b 
20 
Oc 

glyphosate 3.24 kg 
-Silwet L-77 +Silwet L-77 
mort ht mort ht 
('Vo) (cm) (%) (cm) 

o ns 90a lOOns Ons 
0 60 bc 100 0 
0 60bc 100 0 
a 60bc 100 0 
0 70b 100 0 
a SOc 100 0 

Ons 120 a 75 a 20 a 
0 90b 100 b Ob 
0 90b 100 b Ob 
0 90 b 90b 20a 
0 BO bc 100 b Ob 
0 70c 100 b Ob 

B Within species, column means sharing common postscripts are not significantly dif
ferent (P<0.05) 

Table 2_ Mortality and h eight of survivin g gorse and broom six m onths 
after application of m etsulfuron (150 g h a") and rain fall. 

Metsulfuron 
150g 

Rain 
time-lag mort ht 
(hrs) (%) (cm) 

Gorse 
0 30 bA 26 b 
1 35 bc 25 b 
2 40 c 22 bc 
6 55 d 21 be 
24 75 c 20c 
unsprayed contro l 

Oa 62 a 
Broom 
0 Oa 35 b 
1 40 b 22c 
2 60c J7 cd 
6 65 c J4 d 
24 BOd 12 d 
unsprayed control 

Oa 90a 

Trea tment 
Metsulfuron + Metsulfuron + 

0.1% v/v 0.3% v/ v 
Silwet L-77 Silwet L-77 

mort ht mort ht 
(%) (cm) (%) (cm) 

100 
100 
100 
100 
100 

100 
JOO 
JOO 
100 
100 

o 
o 
o 
o 
o 

o 
o 
o 
o 
o 

100 
100 
100 
JOO 
100 

100 
100 
JOO 
JOO 
100 

o 
o 
o 
o 
o 

o 
o 
o 
o 
o 

Metsulfuron + 
O.5%v/ v 

Silwet L-77 
mort ht 
(%) (cm) 

100 0 
100 0 
JOO 0 
100 0 
100 0 

100 0 
100 0 
100 0 
100 0 
JOO 0 

A Within species, column means sharing common postscripts are no t Significantly dif
ferent (P<0.05) 

vals, except for the lower concentration of 
glyphosa te (2.16 kg ha") and rain within 
zero time of spraying. A t the higher con
centration of glyphosate rain did not re
duce spray effica cy at this time interval. 

For broom rain affected the impact of 
the lower concentration of glyphosate, but 
mortality increased and height growth 

decreased linearly with increasing time 
lag before rain. A t the higher concentra
tion, results were more consistent, but 
rain within 2 min (0) of spraying reduced 
morta lity. 

, 
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Trial 3 
Without the addition of Silwet L-77, 
metsulfuron-methyl gave some control of 
both gorse and broom, but its impact was 
affected by the time-lag between spraying 
and onset of rain (Table 2). 

With the addition of Silwet L-77, total 
control was achieved for all treatments. 
Metsulfuron-methyl activity against gorse 
and broom was therefore greatly en
hanced by the use ofSilwet L-77, and rain
fan at the rate of 2 mm h·1 had no effect, 
even 2 min after spraying. 

Conclusions 
The effect of precipitation on herbicide 
performance will depend on the amount 
and intensity of precipitation, plant age, 
species, stage of growth, and environ
mental conditions (Caseley and Coupland 
1985). This study has shown that rain can 
have a marked influence on herbicide per
formance on 18-month-old gorse and 
broom, but that the addition of Silwet L-
77 will counteract the effect of rain on 
glyphosate and metsulfuron activity . 
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