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Methods 

Evaluation of herbicides for the control of common 
prickly pear (Opuntia stricta var. stricta) in Victoria 

In all trials treatments were arranged in 
randomized blocks with three replica
tions. High volume treatments were ap
plied to run-off using a Spraying Systems 
43LA va riable-jel hand-gun wilh a D5 
cone nozzle (wi thout swirl plate) attached 
via a portable line to a motorized pump 
operating at a pressure of 750 kPa . 

G.H. Pritchard 
Keith Turnbull Research Institute, Department of Conservation and Natural 
Resources, P.O. Box 48, Frankston, Victoria 3199, Australia. 

Summary 
Three trials were conducted with seven 
herbicides on common (or erect) prickly 
pear in north-east Victoria. High volume 
applications (approximalely 2000 L ha") 
with a hand-gun were used in all trials, 
and two trials also included low volume, 
high concentration sprays (approxi
malely 250 L ha") with either a gas-gun 
or a compression knapsack. The most ef
fective herbicides, when assessed 12 to 
18 months after application, were 
tridopyr and tridopyr plus picloram, 
both as low volume and high volume 
sprays, and low volume sprays of 
imazapyr and amitrole. MSMA was less 
effective while glyphosale and 
metsulfuron methyl gave little or no 
control. The low volume, high concen
tration sprays applied less herbicide per 
treated area than the more dilute high 
volume sprays, yet gave equivalent con
trol. The most cost effective treatments 
were low volume applications of 
Iriclopyr plus picloram al 0.5 kg + 0.17 
kg and 1.0 kg + 0.33 kg 100 L·' . One Irial 
compared the effect of including 
'Ulvapron' emulsified petroleum oil at 
2% v/v, and while the oil resulted in 
some increase in control, particularly 
with herbicides fonnulated as 
emulsifiable concentrates, the increases 
were not significant at P=O.OS. 

Introduction 
Common or erect prickly pear (Opllntin 
strictn var stricta) persists in scattered in
festations in many areas of northern Vic
toria. The largest infestations are in the 
Beechworth-Eldorado district of north
east Victoria, on hilly, wooded and often 
rocky country, which is relatively inacces
sible. Two bio logica l control agents, 
Cactoblastis moth and cochinea l insects, 
were first introduced into north east Vic
toria al Eldorado in 1956 bUI died out 
within three years (Parsons 1973). How
ever, following a re-release in 1984, the 
cochineal insect has persisted and recently 
has caused significant damage at some 
si tes. Even so, herbicide treatment to sup
plemenl this effect is likely 10 be neces
sary. 

Herbicides which have been used 
against prickly pear in the past are 2,4,S-T, 
a proprietary mixture of 2,4,5-T and 
picloram, and amilrale (Anon 1983). The 
first two, which were applied in diesel 

fuel, are no longer available. Triclopyr, as 
the butoxyethanol ester, applied in water 
al1.85 kg 100 L", was found to be effec
tive in a large number of trials in New 
Soulh Wales (Murphy 1984). Triclopyr 
has a label registration as a high volume 
spray for prickly pear al1.8 kg 100 L-' of 
waler ('Carlon 600' at 3 L 100 L-', equiva
lent to the earlier formulation 'Ga rlon 
480' al 3.8 L 100 L-'), and in New South 
Wales, al 0.8 kg 100 L" of diesel fuel. 
MSMA is registered for use against 
prickly pear in Soulh Australia as a high 
volume spray al2 kg 100 L-'. A need was 
seen to develop a treatment which used 
waler as Ihe spray diluenl, applied al 
lower spray volumes, to enable more 
cost-efficient control in less accessible ar
eas. 

Results are presented from three trials, 
which evaluated seven herbicides. They 
were applied in water, either as conven
tional high volume sprays, or as lower 
volume sprays at higher concentrations. 
One trial also examined the influence on 
herbicide performance of adding an 
emulsified petroleum spray oil. 

Treatments were assessed visually for 
percent control, an estimate which incor
poraled Ihe degree of kill and the health 
of surviving plants and any regrowth. The 
results were analysed by analysis of vari· 
ance. Where necessary, data was trans
formed prior to analysis to standardize 
the variances. 

Trial 1 
The prickly pear was growing under par
tial shade in State forest east of Eldorado 
and was moslly 30 to 45 em high with 
some plants to 90 cm high. Some plants 
were fruiting. Plot size was 4 x 4 m. The 
soil was a shallow granitic loam, which at 
application was moist below the top 5 cm. 
AI application on 5 October 1988, the tem
perature was 19"C and the relative humid
ity 50%. There was no rainfall in the 24 
hours before or after application. All treat
ments were applied as high volume 
sprays, al an average of 2015 L ha", but 
spray volume varied with plant size and 
density belween 1770 and 2600 L ha·'. The 
five herbicides evaluated, and their spray 
concentrations, are listed in Table 1. Con
trol was assessed on 21 March 1989 (5 
months afler application) and on 4 April 
1990 (18 months afler application). 

Table 1. Visual estimate of control of common prickly pear 5 and 18 months 
after high volume application of herbicides in October 1989 in Trial 1. 

Herbicide Rale Control (%) 

(kg 100 L") 5 MAT' 18MAT 

Triclopyr' 1.34 95 a 83 ab 
Triclopyr + picloram l 0.075 + 0.D25 67b 72 b 
Triclopyr + picloram 0.15 + 0.05 67 b 85 ab 
Triclopyr + picloram 0.3 + 0.1 67b 95 a 
MSMA' 1.6 83 ab 75 b 
MSMA 2.0 75 ab 53 c 
MSMA 2.4 82 ab 77 b 
Metsulfuron methyl' 0.006 3c 7d 
Metsulfuron methyl 0.012 7c 15 d 
Metsulfuron melhyl 0.D!8 ]2 c !Od 
C lyphosale' 0.36 17 c 17 d 
C lyphosate 0.72 23 c 20d 

Within columns, means with the same letter in common are not Significantly different 
(P=0.05) according to Duncan's Mulliple Range Test. 
] MAT = months afte r treatment. 
2 As 'Carlon 480' (triclopyr 480 g L" present as butoxyethanol ester). 
3 As 'Crazon F.5: (triclopyr ]50 g L" present as butoxyelhanol eSler, plus picloram 

50 g L'] present as triisopropanoiamine salt) 
• As ' Daconale' (MSMA 800 g L·'). 
, As 'Brush-off' (metsulfuron methyl 600 g kg"). 'Pulse' o rganosilicone surfactant 

addedaIO.I% v/ v. 
, As 'Roundup' (glyphosale 360 g L·'). 'Pulse' organosilicone surfactant added al 

0.2%v/v. 



Trial 2 
The site was south-west of Eldorado on a 
lightly timbered hillside. The soil was a 
sha llow loam with rocky outcrops. The 
prickly pear was up to 1 m high, and 
mostly without fruit. Plot size was vari
able, with each plot consisting of either a 
sepa rate smaller clump or one half of a 
larger clump of prickly pear. At applica
tion on 22 March 1989, the temperature 
was 24-28' C and the relative humidity 
47-49%. The surface soil was dry. There 
was no rainfall in the 24 hours before or 
after application. The tria l compared high 
volume application, using the equipment 
described previously, and low volume, 
high concentration sprays applied with an 
'Ag-Murf' gas-powered spray gun (Toth 
and Smith 1984). The gas-gun was set to 
apply 42 mL per 'shot' (the maximum 
output obtainable with the particular unit 
used) through a Spraying Systems 8002 
flat fan nozzle. The high volume treatments 
used an average of 5.2 L plor', a spray 
volume of approximately 2000 L ha·'. The 
low volume treatments, applied to just 
wet the plants, used an average o f 
550 mL (13 'shots') plor', a spray volume 
of approximately 250 L ha-' . A gas gun 
projects spray only a short distance, so to 
ensure adequate coverage of plants it was 
used on plots which were often smaller in 
size than those sprayed with the high vol
ume treatments. The six herbicides evalu
ated, and their rates are listed in Table 2. 
Control was assessed on 3 April 1990 (12 
months after application) and on 2 Octo
ber 1990 (18 months after application). 

Trial 3 
The effect of 'Ulvapro n', an emulsified 
petroleum o il, on the performance of her
bicides in both high and low volume 
sprays was evaluated on a site adjacent to 
Tria l 2. The prickly pear was up to 1.5 m 
high, with fruit on some plants. Plots, of 
variable size, were formed from either a 
small clump or clumps of prickly pear or 
from part of a larger clump. Larger 
dumps, which would have been difficult 
to cover with the limited spray projection 
of the low volume equipment, were omy 
used for high volume treatments. The 
high volume treatments were applied as 
already described . The low volume, high 
concentration sprays were applied with a 
'Hudson X-Pert' knapsack-style compres
sion sprayer. Application was made 
through a Spraying Systems 11002 flat fan 
nozzle with the pressure regu lator set to 
300 kPa . High volume treatments used an 
average of 3.6 L plor', or approximately 
2000 L ha·', while the low volume treat
ments, applied to just wet the plants, used 
about 0.4 L plor', estimated to be approxi
mately 250 L ha-'. At application on 3 Oc
tober 1990, the temperature was 2J'C and 
the surface soil was dry. There was no 
rainfall in the 24 hours preceding o r fol-
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Table 2. Visual estimate of control of common prickly pear 12 and 18 
months after application of h erbicides in high and low volume sprays in 
March 1989 in Trial 2. 

Herbicide Rate Control (%) 

(kg 100 L"') 12 MAT' 18 MAT 

High volume application 
MSMA' 2.0 43 DE 40 FCH ghi 
MSMA 4.0 65 ABC 55 DEF efg 
Triclopyr' 0.96 85 A 87 ABab 
Triclopyr 1.82 73 ABC 68 BCDcde 

Low volume application 
MSMA' 2.0 30EF 22lHj 
MSMA 4.0 33 EF 25Hij 
MSMA 8.0 37 EF 37 FCH hij 
MSMA 20.0 57CD 60 CDE def 
Triclopyr' 1.2 68 ABC 75 ABC bcd 
Triclopyr 1.6 75 ABC 92A a 
Triclopyr + picloram' 0.25 + 0.08 60 BCD 80 AB abc 
Triclopyr + picloram 0.5 + 0.17 80AB 87 AB ab 
AmitroleS 0.63 8C 5lk 
Amitrole 1.25 17 FC 22lHj 
Amitrole 5.0 32 EF 47 EFC fgh 
Clyphosate' 3.6 28 EF 28CHij 

Within columns, means followed by the same letter are not significantly different (P = 
0.05 for upper case letters, P=O.lO for lowercase letters) according to Duncan's Multiple 
Range Test. 
I MAT = months after treatment. 
, As 'Daconate' (MSMA 800 g L-'). 
3 As 'Carlon 480' (triclopyr 480 g L-' present as butoxyethanol ester. 
• As 'Grazon F.5.' (triclopyr 150 g L·' present as butoxyethanol ester, plus picloram 

50 g L·I present as triisopropanolamine salt). 
5 As 'Amitrole-T' (amitrole 250 g L·' plus ammonium thiocyanate 220 g L-') . 'Pulse' 

organosilicone surfactant added at 0.2% v Iv. 
, As 'Clyphosate360' (glyphosate 360 g L"'). 'Pulse' o rganosilicone surfactant added at 

0.2% v/ v. 

lowing application. The six herbicides 
evaluated, and their rates are listed in Ta
ble 3. Control was assessed on 21 Novem
ber 1991, 13 months after application. 

Results 

Trial 1 
Five months after applicat ion, triclopyr 
was showing the greatest effect. Treated 
plants had collapsed and were consider
ably dehydrated and discoloured, but the 
centre of the cladodes were sti ll alive. No 
regrowth was present. Treatments with
triclopyr plus piclo ram had caused less 
dehydration than triclopyr and there was 
more green ti ssue, but there was no 
regrowth. No differences between rates 
were apparent. With MSMA treatments, 
the original c1adodes were desiccated or 
dead, but there was healthy new growth 
present. Clyphosate had browned the 
outer surface of c1adodes and some were 
partially withered, but few were dead . 
The only effect from metsulfuron methyl, 
at any rate, was the withering of the mar
gins of some cladodes. 

Eighteen months after application, the 
best treatments were triclopyr plus 
picloram at 0.3 kg + 0.1 kg and 0.15 kg + 

0.05 kg 100 L-' and triclopyr at 1.34 kg 100 
L-', which gave 95,85 and 83 percent con
trol respectively (Table 1) . While control 
given by the slow-acting triclopyr plus 
picloram treatments had improved since 
the earlier assessment, that given by 
triclopyron its own had declined over the 
same period . With bo th herbicides the 
cladodes present at application were 
dead, but there was some regrowth from 
basal stems. The lowest rate o f triclopyr 
plus picloram, 0.D75 kg + 0.Q25 kg 100 L"', 
was Significantly poorer than the higher 
rates. MSMA at 1.6 to 2.4 kg 100 L"' gave 
slightly poorer control than the better 
treatments. Clyphosate at 0.72 kg 100 L ' 
and metsulfuron methyl at 0.Q18 kg 100 L"' 
gave almost no control. 

Trial 2 
One year after application no trea tment 
had completely killed all treated plants. 
The best of the high volume treatments 
was triclopyr at 0.96 kg 100 L-' (Table 2) . 
Most treated cladodes were withered or 
dead, but the base of o ld stems were still 
alive and there were some healthy new 
cladodes. Regrowth was less at this rate 
than with triclopyr at 1.82 kg 100 L·'. 
There was no obvious explanation fo r this 
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Table 3. Visual estimate of control of common prickly pear 13 months after 
application of herbicides with and without 'Ulvapron' spray oil in high 
and low volume sprays in October 1990 in Trial 3. 

Herbicide Rate Control (%) 13 MAT' 

(kg 100 L"') without with 2% v/v Mean 
Ulvapron Ulvapron 

High volume application 
MSMA' 4.0 58 73 66 (54.78) BC c 
Glyphosate' 0.72 50 40 45 (41.58) C cd 
Triclopyr' 0.96 89 96 93 (77.12) A ab 
Tridopyr + picloram 5 0.15 + 0.05 86 97 92 (76.63) A ab 

Low volume application 
MSMA' 40.0 87 83 85 (69.66) AB b 
Glyphosate' 7.2 27 50 38 (37.88) C d 
Amitrole6 10.0 96 79 88 (75.60) A ab 
Triclopyr' 1.6 77 97 87 (73.60) A ab 
Triclopyr 3.2 90 99 95 (80.93) A ab 
Triclopyr + picloram' 0.50 + 0.17 88 90 89 (74.81) A ab 
Triclopyr + picloram 1.0 + 0.33 96 92 94 (78.99) A ab 
Imazapyr' 0.42 48 48 (44.93) C cd 
Imazapyr 0.83 99 99 (87.29) A a 

Mean 76.31 81.61 
(65.39) (69.57) 

LSD (P=0.05) for transformed overall 
means Without/with Ulvapron (6.52) 

Means followed by the same letter are not significantly different (P = 0.05 for upper case 
letters, P=O.lO for lower case letters) according to Duncan's Multiple Range Test. Data 
was subjected to an arcsin...J transformation for analysis. Transformed means in paren
theses. 
I MAT = months after treatment. 
, As 'Rhone Poulenc MSMA' (MSMA 500 g L"') . BS 1000 surfactant included in spray at 

0.5% v/v. 
3 As 'Glyphosate 360' (glyphosa te 360 g L"'). 
• As 'Garlon 480' (triclopyr 480 g l" present as butoxyethanol ester). 
, As 'Grazon F.S.' (tric1opyr 150 g L-' present as butoxyethanol ester, plus picloram 

50 g l" present as trtisopropanolamine salt). 
, As' Amitrole-T' (amitrole 250 g L" plus ammonium thiocyanate 220 g L·') . 
, As 'Arsenal' (imazapyr 250 g L"'). 

difference, which was still apparent at the 
18 month assessment. By then, triclopyr 
at 0.96 kg 100 L-' was giving 87 percent 
control, compared with 68 percent control 
at the higher rate. The best of the low vol
ume treatments were triclopyr at 1,6 kg 
100 L-' and triclopyr plus piclo ram at 0.5 + 
0.17 kg 100 l" . There was no regrowth 
from the triclopyr plus picloram treat
ment and very little from triclopyr. By 18 
months after application, these treatments 
were giving 92 and 87 percent control re
spectively. The triclopyr low volume ap
plication of 1.6 kg 100 L" would have ap
plied (in approximately 250 L of spray ha" ) 
about 4 kg ha-' o f triclopyr. It gave results 
equivalent to that obtained with a high vol
ume application, which at 0.96 kg 100 L-' in 
about 2000 L of spray ha-', was a triclopyr 
rate of 19.2 kg ha-' . 

Both high vo lume and low vo lume 
treatments with MSMA withered or killed 
sprayed cladodes, but by one year after 
application there was considerable 
healthy regrowth from the basal sterns. The 
low volume application at 20 kg 100 l", 
which it is estimated applied MSMA at 

50 kg ha-', gave comparable results to the 
high volume application at 4 kg per 100 L-', 
which applied MSMA at approximately 
80 kg ha·'. However higher rates than 
used in this trial would be necessa ry for 
satisfactory control. Low volume applica
tions with amitrole gave inadequate con
trol with no rate used killing all plants, al
though control increased with increasing 
rate. One year after application some of 
the regrowth was chlorotiC, and there was 
some improvement in the level of control 
by 18 months after application, but the 
highest rate evaluated, amitrole at 5 kg 
100 L -', only gave 47 percent control. 
Glyphosate, applied in a low volume 
spray, at 3.6 kg 100 L" had desiccated or 
killed many cladodes by one year after 
application, but the basal stems were no t 
dead and there was healthy new growth . 
Control was only 28 percent and there 
was no change over the next s ix months. 

By 32 months after application (results 
not presented), no t all plots could be as
sessed because a number of the plot mark
ers had been lost. Control did not appear 
to have declined with any treatment, and 

glyphosate, amitrole at 5 kg 100 L-' and 
MSMA at20 kg 100 L-' appeared to be giv
ing better control than 14 months previ
ously . However, this may have been due 
to attack by cochineal insects. 

Trial 3 
When assessed 13 months after applica
tion, large differences in control between 
replicates of several treatments resulted in 
a Coefficient of Variation of 20 percent 
and a Lea st Significant Difference be
tween treatm ent means at P=O.OS which 
was equal to 33 percent of the overall trial 
mean. Two extreme examples were I 
amitrole at 10 kg 100 L-' plus 'Ulvapron', 
which gave 99 percent control on two 
plo ts and 40 percent on the third, and 
triclo pyr at 1.6 kg 100 L", which gave 40, 
90, and ]00 percent control in the three 
replicates. High volume applica tions of 
MSMA and triclo pyr plus picloram also 
resulted in considerable within-treatment 
variation. This variation made the detec-
tion of Significant differences between 
treatment means less likely. A factorial 
analysis indicated that the interaction be-
tween 'Ulvapron' and herbicide was not 
significant (P=0.69), and that oniy the 
main-effect for herbicides was significant. 
Table 3 includes the mean control for each 
herbicide across both ' Ulvapron' (with 
and wi thout) conditions. Altho ugh 
'Ulvapron' spray oil appeared to improve 
the results wi th some herbicides, the 
main-effect of 'U lvapron' was not signifi-
cant (P=0.21) . It could be expected that 
'Ulvapron' would be more effective with 
triclopyr and triclopyr plus picloram, 
which are formulated as o il -soluble 
emulsifiable concentrates, rather than 
with the water soluble formu lations of 
MSMA, glyphosa te and amitro le. When 
the results o f the triclopyr and triclopyr 
plus picloram trea tments were ana lysed 
separately, the F value for the main-effect 
of 'Ulvapron' was Significant at P=O.067. 

The best trea tments were low volume 
sprays of imazapyr at 0.83 kg 100 L", 
triclopyr plus piclo ram at 1 kg + 0.33 kg 
100 L-', and triclopyr a t 3.2 kg 100 L-', and 
high volume sprays of triclopyr at 0.96 kg 
100 L" and triclo pyr plus piclora m at 
0.15 kg + 0.05 kg 100 L-'. However, low 
volume sprays of triclopyr plus picloram 
at 0.5 kg + 0.17 kg 100 L-', triclo pyr at 
1.6 kg 100 L", amitrole at 10 kg 100 L-' , and 
MSMA at 40 kg 100 L" were no t signifi
cantly poorer (P=0.05). 

The estimated spray volumes for high 
and low volume applica tions were 20CXJ 
and 250 L ha-' respectively. Thus the 
trido pyr high volume treatment, which 
overall (wi th and without ' Ulvapron') 
gave 93 percent controt was a rate of ap
proximately 19.2 kg ha-', while the two 
tridopyr low volume treatments were 
rates of about 4 and 8 kg ha" respectively 
and gave means o f 87 and 95 percent 



Table 4. Summary of control and costs of selected high and low volume 
treatments. 
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rates up to 0.72 kg 100 L"' and as a low 
volume spray at 7.2 kg 100 L-' did not give 
adequate control. Metsulfuron methyl, 
applied in high volume sprays at rates up 
to 18 g ('Brush-off 30 g) 100 L-" in Trial 1 
was ineffective. 

Herbicide Rate Spray vol. Control Range (%) Cost of spra y 
(kg 100 L") (L ha") 12-18 MAT' ($ treated ha-') 

Triclopyr + picloram 0.5 + 0.17 
Triclopyr + pic10ram 1.0 + 0.33 
Triclopyr 1.6 
Triclopyr 3.2 
Amitrole 10.0 
MSMA 40.0 
Imazapyr 0.83 
Triclopyr 0.96 
Triclopyr + picloram 0.15 + a-os 
Triclopyr + picloram 0.3 + 0.1 

I MAT::: months after treatment. 
2 n = number o f trials. 

250 
250 
250 
250 
250 
250 
250 

2000 
2000 
2000 

control respectively. Low volume treat
ments of triclopyr plus picloram also ap' 
plied much lower rates ha" than the high 
volume treatments with the same herbi
cides. However with MSMA the low vol· 
ume treatments, which tended to give bet
ter control than the high volume applica
tions, were applied at higher rates (100 kg 
ha" compared with 80 kg ha-' for the high 
volume treatments). With glyphosate, a 
rate of 18 kg ha·1 in a low volume applica
tion was no better than 14.4 kg ha-' ap
plied in a high volume. 

Discussion 
The herbicides which gave best control of 
prickly pear in these trials were triclopyr 
and triclopyr plus picloram. Amitroleas a 
low volume application at 10 kg 100 L" 
was excellent in one trial, and imazapyr, 
which was included in only one trial was 
also excellent asa low volume application 
at 0.83 kg (3.33 L 'Arsena l') 100 L-', and 
warrants further eva luation. It has re
sidual soil activity and affects woody 
plants so its safety to trees and other de· 
sirable species, which are like ly to have 
roots in treated soil, would have to be as
sessed. 

A high volume application of triclopyr 
plus picloram at 0.15 kg plus 0.05 kg 100 
L" ('Grazon OS' a t 0.5 L 100 L-') was in
cluded in Trials I and 3, and one year af
ter application gave 85 to 97 percent con
trol. Application at double this rate in 
Trial 1 did not result in a significant im
provement incontro!. High vo lume appli
cations of triclopyr atO.96 kg ('Garlon 600' 
at 1.6 L) 100 L-' were included in Trials 2 
and 3 and gave 85 to 96 percent control. 
The registered label rate of 1.8 kg ha-' 
('Garlon 600' at 3 L ]00 L-'), which was 
used in Trial 1, did not improve on this 
result. 

Low volume applications of triclopyr 
and triclopyr plus picloram were equally 
as effective as applications in high volume 
sprays, although the low volume treat
ments applied conSiderably less herbicide 
per treated area . There was little differ-

87- 90 (n=2)' 170 
92- 96 (n=l) 340 
77-97 (n=2) 435 
90-99 (n=l) 870 
79-96 (n=l) 700 
83-$7 (n=l) 1690 

99 (n=l) 830 
87- 96 (n=2) 2080 
85- 97 (n=2) 410 

95 (n=l) 820 

ence between low volume rates of 
triclopyr at 1.6 kg and 3.2 kg 100 L-' 
(,Garlon 600' at 2.67 Land 5.33 L 100 L-'), 
both rates giv ing equivalent control to 
that given by a high volume application at 
0.96 kg 100 L-'. Triclopyr plus picloram at 
rates of 0.5 kg + 0.17 kg and 1.0 kg + 
0.33 kg 100 L-' ('Grazon OS' at 1.67 Land 
3.33 L 100 L-') gave 87 to 96 percent con
tro l in Tria ls 2 and 3. A rate of 0.25 kg + 
0.083 kg 100 L' in Trial 2 was only slightly 
less effective, giving 80 percent control 18 
months after treatment. 

There was an indication in Trial 3 that 
control might be improved by the addi
tion of 'Ulvapron' oil at 2% v lv, but trial 
variability prevented the increased control 
being significantly different at the usual 
significance level (P=0.05). Further evalu
ation of emulsified petro leum oils, par
ticularly with triclopyr and triclopyr plus 
picloram, could be worthwhile. The o il in 
the spray mix also improved spray mark· 
ing, with sprayed plants being obvious 
from their glossy appearance. 

Amitrole was only evaluated in low 
volume sprays. At 5 kg 100 L-' (20 L of 
product 100 L-') in Trial 2 it was not effec
tive, but at 10 kg 100 L-' in Trial 3 it gave 
up to 96 percent control. Adding 
'Ulvapron' spray oil did not enhance its 
performance. In situations, particularly in 
hot weather, where any vapour drift o f 
triclopyr could potentially cause damage 
to non-target species, this treatment 
would seem a sui table, altho ugh more 
costly, alternative to triciopyr or tridopyr 
plus picloram. 

MSMA, while affecting prickly pear, 
did not provide sufficient control with 
high volume sprays at rates up to 4 kg 
100 L-I in Trials 2 and 3, but low volum e 
sprays at 40 kg 100 L-' in Trial 3 were rea
sonably e ffective, averaging 85 percent 
control. Air temperatures at application in 
Trials] and 3 may not have been high 
enough fo r optimum performance of this 
herbicide, but the results in Trial 2, where 
temperatures were 24-28'C, were no bet
ter. Glyphosate as a high volume spray at 

Table 4 gives a comparison of the costs 
of the more effective treatments. Low vol
ume applications were less costly than the 
high volume applications. The most cost 
effective low volume (250 L spray ha") 
treatment, triclopyr plus picloram at 
0.5 kg + 0.17 kg 100 L-' ('Grazon OS' at 
1.67 L 100 L-') would cost $170 per treated 
ha . The least costly high volume (2000 L 
spray ha") treatment, triclopyr plus 
picloram at 0.15 kg + 0.05 kg per 100 L"' 
('Grazon OS' at 0.5 L 100 L-') would cost 
$410 per treated ha . 'Ulvapron' in the 
spray at 2% v Iv would add about $9 ha-' 
to the cost of a low volume spray and $74 
ha-' to the cost of a high volume spray. 
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