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Summary
Identical experiments were carried out in 
summer and similar experiments in win-
ter, in South Africa and Australia, to in-
vestigate the effects of two fl upropanate 
formulations (Frenock® and Taskforce®) 
on serrated tussock (Nassella trichotoma 
(Nees) Arech.). Results showed that both 
formulations were effective in killing the 
weed at relatively low rates (0.56 to 1.54 
kg a.i. ha-1) from summer and winter ap-
plications in both countries. At the lower 
rates applied the herbicides appeared 
more effective in South Africa than in 
Australia particularly from the winter 
application. The failure of the herbicides 
in one experiment set down in summer 
in South Africa was attributed to spray 
deposition on heavy seedhead cover with 
the seedheads being blown away before 
the herbicides could be washed to the 
soil by rain and taken up by the tussock 
roots.

Introduction
Serrated tussock has spread from its na-
tive South America to Australia and South 
Africa where it has become an important 
weed of native and introduced pastures 
(Campbell 1960, Campbell 1998, Campbell 
and Vere 1995, Wells 1976). In Australia in 
1997, serrated tussock infested 870 000 ha 
in New South Wales and 130 000 ha in Vic-
toria (Campbell 1998, Campbell and Vere 
1995). In South Africa in 1984, it infested 
approximately 70 000 ha in mountain 
grasslands, degraded lands, disturbed 
environments and overgrazed areas (Jou-
bert 1984). A conservative estimate of the 
present distribution in southern Africa in-
dicates that 150 000 ha could be infested 
(personal communication B.D. Viljoen) in 
eastern Cape, Karoo and the winter rain-
fall regions (Wells and De Beer 1987). The 
potential for further infestation is high 

because most of the summer and winter 
rainfall areas of the eastern and southern 
highlands (44 million ha, or 36% of South 
Africa) have a climate that favours ser-
rated tussock (Wells 1976). 

In Australia in the 1970s the herbicide 
fl upropanate (then named tetrapion) was 
shown to be superior to 2,2-DPA, the stand-
ard herbicide then used to kill the weed 
and to glyphosate which had recently be-
come available (Campbell and Gilmour 
1979, Campbell et al. 1979). Flupropanate 
killed serrated tussock at any time of the 
year, selectively removed it from a range 
of improved and native pastures and tree 
species and had residual effects that killed 
volunteer seedlings for one to three years 
after spraying (Campbell 1987, 1997, 2004, 
Campbell et al.1979, 2002). 

Research in South Africa has confi rmed 
that fl upropanate is superior to 2,2-DPA 
and glyphosate and will kill serrated tus-
sock throughout the year and restrict seed-
ling establishment for up to 23 months af-
ter spraying (I’Ons and Nel 1977, Viljoen 
1981, 1987a, 1987b, 1999, Viljoen and Eras-
mus 1996). 

From the 1970s to 1998 fl upropanate 
was widely used to help control the weed 
in Australia. However, in October 1998 fl u-
propanate was withdrawn from the mar-
ket because the only factory in the world 
making it (Daikin P/L in Japan) was dis-
mantled in accordance with the Montreal 
Agreement (Campbell 1999, 2001). Since 
then, other herbicides have been tested for 
their effectiveness in killing serrated tus-
sock (Campbell and Nicol 2001, Verbeek 
et al.1999). The only herbicide to have a 
signifi cant effect at reasonable cost was 
glyphosate, but, because it killed associ-
ated pasture and tree species, it was not 
considered an ideal replacement for fl u-
propanate (Campbell and Nicol 2001).

In South Africa, fl upropanate was in-
corporated into the tussock control cam-
paign in 1983 and was effectively used 
until its global discontinuation in 1998. 
Research to identify alternative effective 
herbicides thereafter has failed to fi nd a 
suitable replacement.

Thus new formulations of fl upropanate 
were sought to continue attempts to con-
trol the weed. In 2000 a new formulation, 
later named Taskforce®, became available. 
It was made by an improved chemical 
process to that used to make Frenock® (per-
sonal communication, W. Dobbie, Vee Dri 
Australia P/L) but the active ingredient, 
fl upropanate (sodium 2,2,3,3 tetrafl uoro-
propionate), remained the same. Initially 
the concentration of fl upropanate varied 
from 585 to 880 g L-1 but this was later 
standardized to 745 g L-1, the same as Fren-
ock, to facilitate registration. 

The aim of these experiments was to 
compare Taskforce with the herbicide 
Frenock, that had been discontinued, by 
applying both at the same rates, by the 
same methods and at the same times of the 
year in South Africa and Australia. 

Materials and methods
Identical experiments were set down in 
summer and similar experiments in win-
ter, in the Cathcart district of the Eastern 
Cape Province in South Africa and in the 
north of the southern tablelands of New 
South Wales, Australia (i.e. near Tuena). A 
description of features of the sites is con-
tained in Table 1.

The summer treatments in South Africa 
and Australia compared fi ve rates (Table 
2) of Frenock the herbicide containing 745 
g L-1 fl upropanate, used prior to October 
1998 and fi ve rates (Table 2) of one of the 
fi rst formulations of the replacement Task-
force, containing 880 g L-1 fl upropanate. It 
was intended to apply both formulations 
at the same rates of active ingredient but 
as the percentage active ingredient of Task-
force was not established until after the tri-
als were set down this was not possible. 

Two experiments were set down in 
South Africa in summer 2000. In Trial 1 
herbicides were applied on 19 December 
to serrated tussock with 80% seedhead 
cover and in Trial 2 application on 20 De-
cember was to tussocks with 25% seed-
head cover. In Australia, one experiment 
was set down on 12 December 2000 where 
the same herbicides were applied as in 
South Africa, to serrated tussock with 30% 
seedhead cover. 

The winter treatments in South Africa 
(Trial 3 on 6 June 2001) were the same as 
the summer treatments but in Australia 
only three rates of Frenock were applied 
in winter on 13 July 2001 (Table 2). At both 
sites the serrated tussock had no seed-
heads. 

In South Africa the ground cover of 
serrated tussock on Trials 1, 2 and 3 was, 
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respectively, 80%, 52% and 57%. On Trial 
1 there was 20% bare ground with no as-
sociated species. Ground cover in Trials 2 
and 3 comprised, respectively, 23% and 
18% useful grasses (Themeda triandra and 
Eragrostis spp.), 16% and 14% broadleaved 
weeds and 9% and 11% bare ground. 

On the Australian site, the ground cov-
er of serrated tussock at spraying was 63%, 
useful grasses (Bothriochloa macra) 9%, 
broadleaved weeds 16% and bare ground 
12% (meaned for the two trials).

In all experiments in South Africa and 
Australia herbicides were applied in 500 
L ha-1 of water to 20 m2 plots arranged in 
three randomized blocks. In Australia, 
herbicides were applied by a hand-held 
pneumatic sprayer with a fl at fan nozzle 
and in South Africa by a knapsack sprayer 
with a D 4.0 fl at fan nozzle. 

Measurement of the effects of the herbi-
cides in Trials 2 and 3 in South Africa was 
made by counting the number of living 
tussocks per plot before spraying and at 
various intervals for two years after spray-
ing and then calculating the percentage 
reduction. In Trial 1 in South Africa the 
only measurement made was percentage 
brown out over two years. In Australia the 
percentage ground cover of serrated tus-
sock was recorded before spraying and at 
various intervals for two years after spray-
ing and then the percentage reduction was 
calculated.

Results in both countries were analysed 
by standard analysis of variance for rand-
omized block designs.

Results
With the exception of Trial 1 in South 
Africa, the effectiveness of fl upropanate 
herbicides in killing serrated tussock in 
summer and winter was similar in South 
Africa and Australia (Table 2).

Herbicides applied in Trial 1 in South 
Africa failed to kill any serrated tussock, 
their only effect two years after applica-
tion was to cause 43% to 48% brown-out 
on sprayed treatments compared to 38% 
on the control. These ineffective results 
were possibly due to the heavy cover of 
seedheads present at spraying. 

There was no difference (P <0.05) be-
tween the effectiveness of Frenock and 
Taskforce in summer or winter (Table 2) in 
either country. Apart from Trial 1 in South 
Africa, the low rates of fl upropanate ap-
peared slightly more effective in summer 
and winter in South Africa than in Aus-
tralia (Table 2). 

The major useful grass growing with 
serrated tussock in Australia, B. macra, was 
unaffected by the fl upropanate herbicides, 
its ground cover increasing from 9% to 
25% on the sprayed treatments and from 
5% to 6% on he control over two years. In 
South Africa the useful grasses T. triandra 
and Eragrostis spp. were also unaffected by 
fl upropanate. 

Discussion
With the exception of Trial 1 in South Afri-
ca, the results of the trials presented in this 
paper show, for the fi rst time, that old and 
new fl upropanate herbicides are equally 
effective in killing serrated tussock in 
South Africa and Australia. This suggests 
that the genetic make up of the popula-
tions of serrated tussock in both countries 
could be similar, at least in their response 
to flupropanate herbicides. Casonato 
(2004) showed that there was little vari-
ation in populations of serrated tussock 
from Australia, New Zealand and Argenti-
na. The results of the trials presented here 
indicate that the South African population 

could be similar to those investigated by 
Casonato (2004).

Earlier experiments in Australia have 
shown that the other formulations of 
Taskforce (585 and 700 g L-1), when ap-
plied at the same rates of active ingredi-
ents as Frenock, were equally as effective 
in killing mature serrated tussock (Camp-
bell 2002b) and in affecting the health and 
survival of seedlings of serrated tussock 
and introduced pasture species (Campbell 
2002a).

Time of spraying had little effect on the 
effectiveness of herbicides in South Africa 
but, at the lower rates, spraying in sum-
mer in Australia appeared more effective 

Table 1. Description of the experiment sites in South Africa and Australia.

Feature South Africa Australia

Location 27° 00’E, 32° 29’S 149° 19’E, 34° 04’S

Climate
annual rainfall (mm) 625 726
summer rainfall (mm) 195 180
winter rainfall (mm) 94 203
number of frosts year-1 95 30
snow frequent-light rare
Altitude (m) 1535 600

Soil
parent material ironstone slate
pH 5.0 4.9
fertility low low
rocks many many
Fertiliser history nil nil
Aspect facing NW facing NW
Slope (%) 30 25

Table 2. Effect of fl upropanate herbicides, applied in summer and winter, 
in killing serrated tussock in South Africa and Australia (% reduction 
after two years in: tussock numbers in South Africa and ground cover in 
Australia). 

Herbicide 
(a.i.)

Rate Summer Winter

L ha–1 kg a.i. 
ha–1

South Africa 
(Trial 2)

Australia South Africa 
(Trial 3)

Australia

Control 0 0 40 b* 0 c 47 b 0 c

Frenock® 0.75 0.56 97 a 96 b 100 a –
(745 g L-1) 1.00 0.75 100 a 96 b 100 a 79 b

1.25 0.94 100 a 99 a 100 a –
1.50 1.13 100 a 100 a 100 a 96 a
1.75 1.31 100 a 100 a 100 a –
2.00 1.50 – – – 99 a

Taskforce® 0.75 0.66 100 a 95 b 100 a –
(880 g L-1) 1.00 0.88 100 a 100 a 100 a –

1.25 1.10 100 a 99 a 100 a –
1.50 1.32 100 a 99 a 100 a –
1.75 1.54 100 a 100 a 100 a –

* Values in columns not followed by a common letter differ signifi cantly (P <0.05).
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than spraying in winter which agrees with 
previous research (Campbell et al. 1979). In 
Australia, it is accepted that fl upropanate 
is effective when applied at any time of the 
year but this pertains to the recommend-
ed rate of 1.5 kg a.i. ha-1 (Campbell 1990) 
which is higher than the low rates applied 
in these trials.

The ineffective results of fl upropanate 
in Trial 1 in South Africa can be explained 
by most of the herbicide being retained by 
the heavy seedhead cover and being lost 
from the trial by wind distribution of the 
seedheads before being washed to the soil 
and taken up by the roots of the weed. 

Measurements of dense stands of ser-
rated tussock have recorded 11 000 to 
20 000 seedheads m-2 (Healy 1945, Taylor 
1987). As seedheads grow 0.5 m long there 
would have been suffi cient bulk to retain 
the 50 mL of spray applied per square me-
tre in this trial. 

Flupropanate enters the plant via the 
roots after sprayed deposits have been 
washed off above ground tissue to the soil 
by rain. In Trial 1 in South Africa no rain 
fell in the two weeks after spraying, during 
which time the seedheads, plus herbicide, 
were blown off the trial by wind. It ap-
pears that a small amount of fl upropanate 
was taken up by the tussocks via the 20% 
bare ground on the site but this was only 
suffi cient to cause a slight brown-out of 
foliage and not kill any tussocks. 

In Trial 2 in South Africa the ground 
cover of seedheads was only 25% and thus 
suffi cient fl upropanate was deposited on 
the tussock leaves, other plant tissue and 
bare ground between the tussocks to be 
washed into the soil after the two dry 
weeks after spraying and kill the weed. 

A similar situation occurred in the sum-
mer trial in Australia where a 30% seed-
head cover did not restrict the effi cacy of 
fl upropanate. As no rain fell in the 24 days 
after spraying it can be argued that the 
fl upropanate on the seedheads was lost 
when they were blown away but suffi cient 
fl upropanate was deposited on the bare 
ground and plant material other than the 
seedheads to effectively kill the tussock.

In an earlier experiment on the same 
site in Australia, fl upropanate (0.94 kg a.i. 
ha-1) applied to serrated tussock with 30% 
ground cover of seedheads on 26 Novem-
ber 1999 gave 99% reduction in ground 
cover of the weed, again indicating that a 
light cover of seedheads does not reduce 
the effectiveness of fl upropanate, despite 
12 dry days after spraying (Campbell 
unpublished data). However, it appears 
prudent to avoid spraying serrated tus-
sock with a heavy cover of seedheads un-
til accurate data to the contrary becomes 
available. 

Useful grasses growing in association 
with serrated tussock (T. triandra and Era-
grostis spp. in South Africa and B. macra in 
Australia) were unharmed by the rates of 

fl upropanate applied in the trials. Practical 
experience in Australia over many years 
has shown that T. triandra and B. macra 
will tolerate rates of fl upropanate up to 
2.25 kg a.i. ha-1 (unpublished data M. H. 
Campbell) and research has shown that 
Eragrostis curvula will be seriously affected 
by this rate but will tolerate lower rates 
(Campbell et al. 1985, 1987). One of the ma-
jor advantages of fl upropanate herbicides 
is their ability to selectively remove serrat-
ed tussock from the above native grasses 
as well as from introduced species such as 
Phalaris aquatica, Dactylis glomerata, Pen-
nisetum clandestinum and Festuca arundina-
cea (Campbell 1997, Campbell and Ridings 
1988, Campbell et al. 1987, 2002). For ex-
ample, fl upropanate applied from 0.19 to 
1.12 kg a.i. ha-1 to an 18 month-old pasture 
had no deleterious effects on P. aquatica, 
D. glomerata and F. arundinacea (Campbell 
1997, Campbell et al. 2002). 

From the results of the trials presented 
here it is clear that serrated tussock can 
be killed effectively in South Africa and 
Australia by the new formulation of fl u-
propanate, Taskforce. Other new formu-
lations now on the market should have 
similar results at equal rates of active in-
gredient. However, no matter what for-
mulation of fl upropanate is used the prin-
ciples of control remain unchanged in that 
the weed must be replaced by useful spe-
cies after spraying or selectively removed 
from tolerant useful species (Campbell 
1990, 2003). 
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First report of the pendimethalin injury to cotton

Khalid P. Akhtar, M.A. Haq, F.F. Jamil, I.A. Khan, M. Hussain, A.I. Khan and 
M.K.R. Khan, Nuclear Institute for Agriculture and Biology (NIAB), PO Box 
128, Faisalabad, Pakistan.

Summary
There are various physiological disorders 
that commonly affect cotton crops in-
cluding nutrient defi ciencies, phytotox-
icity from pesticides, and environmental 
effects. Several herbicides used on cot-
ton are capable of chemical injury when 
applied contrary to label instructions or 
under certain environmental conditions. 
Spray tank contamination can be a prob-
lem when farmers apply insecticides 
to crops with herbicide-contaminated 
sprayers and cotton is very sensitive 
to tank contamination. Pendimethalin 
(33% w/w) is a pre-emergent, preplant-
incorporated or early post-emergence, 
directed dinitroaniline herbicide com-
monly used in Pakistan. This is the fi rst 
report of injury on cotton in Pakistan 
from pendimethalin. This injury was the 
result of spraying cotton with the insec-
ticide methamedophos (50% w/w) using 
a pendimethalin-contaminated sprayer. 
Severe distortion, puckering of leaves, 
elongation of bracts and lobes of leaves, 
decrease in lamina expansion, strapping 
of veins and elongation of leaf petioles 
were observed as characteristic symp-
toms of the injury.

Keywords: Gossypium hirsutum, 
herbicide, insecticide, phytotoxicity, 
pendimethalin, methamedophos.

Introduction
Crop yield and quality depends on effec-
tive application of agricultural chemicals. 
Proper selection, use and maintenance 
of sprayers can save money, improve the 
performance of the agrichemicals used 
and protect the environment (Johnson et 
al. 2005). The phytotoxic effects of small 
concentrations of herbicides occurring as 
soil residues, spray drift or spray tank con-
tamination on non-target crop species are 
well documented (Hemphill and Mont-
gomery 1981, Derksen 1989, Moyer et al. 
1990, Friesen and Wall 1991, Al-Khatib et 
al. 1993, Eberlein and Guttieri 1994, Wall 
1994a, 1994b, 1995). Spray tank contami-
nation can be a problem when farmers 
apply insecticides to crops with herbicide-
contaminated sprayers. Serious crop in-
jury can result from small amounts of her-
bicides remaining in the sprayer system. 
Crop injury from sprayer contamination 
can occur up to several months after us-
ing the sprayer if it has not been cleaned 

properly. Injury from sprayer contamina-
tion can affect crop growth and develop-
ment for several weeks after application 
and in severe cases can reduce crop yields. 
With the increased emphasis on custom 
application of herbicides, post-emergence 
weed control and use of herbicides that 
are active at low application rates, proper 
cleaning and maintenance of sprayers will 
be increasingly necessary to avoid injury 
to non-target crop species (Johnson et al. 
2005).

Observations
Cotton (Gossypium hirsutum L.) is a fi bre 
crop intensively cultivated in tropical and 
subtropical regions of the world. In Sep-
tember 2002 a farmer’s cotton fi eld was 
visited near Faisalabad (Pakistan) as a 
part of the routine program of farm visits. 
The farm has a previous history of cotton 
production. A patch of cotton containing 
several varieties was observed to have 
foliar distortion similar to damage result-
ing from the misapplication of herbicides. 
This distortion was present only on one 
side of the fi eld. The same varieties oc-
curring in other areas of the fi eld did not 
exhibit similar symptoms. The symptoms 
observed were somewhat similar to the 
injury caused by phenoxy-type herbicides 
such as 2,4-D and 2,4-DB (Kirkpatrick and 
Rothrock 2001). Symptoms included mis-
shapen leaves with severe distortion and 
puckering, elongation of bracts and lobes 
of leaves, decrease in lamina expansion, 
strapping of veins and elongation of leaf 
petioles (Figures 1, 2). However, during 
discussions the farmer claimed that he has 
not used either 2,4-D or 2,4-DB. He be-
lieved that he had used only recommend-
ed insecticides at recommended rates with 
this sprayer. During July 2003 another 
farmer encountered the same problem. 
His farm was located 70–80 km away from 
the fi rst farm. Symptoms were restricted 
to the area where the spraying had started 
and were absent in the remainder of the 
fi eld. This farmer realized that he applied 
pendimethalin while preparing land for 
a cabbage crop and the next day used the 
same sprayer for insecticide applications 
on cotton. The pendimethalin-damaged 
area of the fi eld was treated identically 
to the rest of the fi eld for the duration of 
the growing season. Two to four weeks 
after the initial symptoms developed the 


