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Summary 
The effect of type, rate and time of herbi
cide application, drainage, slashing and 
sowing improved pasture species on the 
control of Carex appressa was deter
mined at Bigga and Orange, New South 
Wales between 1990 and 1996. Results 
showed it was necessary to drain the area 
prior to treatment so that improved spe
cies, particularly legumes, could establish 
and survive. Glyphosate proved the most 
effective herbicide in killing vigorously 
growing C. appressa when applied at 0.9 
kg a.i. ha'l in January or February. Slash
ing with a forage harvester in early sum
mer removed C. appressa foliage and al
lowed pasture species to establish when 
sown late in the following winter. A two
s pray treatment was n ecessary: gly
phosate in January/February to kill C. 
appressa and glyphosate again in late 
winter to kill volunteer weeds. Sowing 
pasture species in late winter avoided pe
riods of waterlogging that occurred ear
lier in winter. Lotus pedwrculatlls, Trifo
lillm repens, Festuca arulldinacea and 
Plwiaris aquatica were the most success
ful species for tolerating short periods of 
waterlogging and competing with seed
ling regeneration of C. appressa. 

Introduction 

digestibili ty). Traditional methods used to 
control pas ture weeds have seldom 
proved sa tisfac tory with C. appressa 
(Shovelton e/ al. 1985). Repeated slashing 
and burning a re ineffective. Cultiva tion is 
the best method of con trol but is d ifficult 
to implement because of the genera lly 
water logged soil and the difficulty in 
ploughing out and brea king down the fi
brous leaves a nd large leaf bases of the 
plant. It has been shown that glyphosate 
wi ll ki ll the weed (Shovel ton el al. 1985, 
Campbell and Burbidge 1993) but there 
has been no d eta iled research into time 
and rate of applica tion . Spraying alone can 
be e ffective for removing isolated plan ts 
but infestations regenerate from seed in 
the soil. Thus a program of spraying and 
sow ing is necessa ry to permanently re
place the weed. In our study five experi
ments were set down between 1990 and 
1996 to ascertain the most effective time, 

rate and type of herbicide for kill ing the 
weed and the best method of establishing 
improved species to replace it. 

Material and methods 
Sites 
Experiments I , 3 and 5 were conducted at 
Orange NSW and Exper iments 2 and 4 at 
Bigga NSW. At both sites C. appressa grew 
in waterways which had water flow ing 
over the soil surface in winter and other 
wet periods. The respective soils were de
rived from basal t and granite and had pHs 
(Cael,) of 4.2 and 4.4 and exchangeable 
phosphorous levels of 3.7 and 13.9 ~g !>' 
(Bray No. 1). Although the plants at both 
sites were identified by the National Her
barium of NSW as C. appressn there were 
obvious visual d ifferences. For exa mple, 
the C. appressa plants from Bigga had thin 
leaves (4.2 mrn when Aattened) and leaf 
bases in large trunks that occupied up to 
40% ground cover and remained fo r up to 
five years after the p lants died. The C. 
appressa at Orange had broad leaves 
(7 mm) wi th sharp toothed edges that 
read ily cut unprotected flesh, no well de
fined leaf base trunks but it commonly oc
cupied 70% ground cover. C. appressa is 
reported to be 'w idespread and variable' 
by the Nationa l Herbarium of NSW. 

Experiments 
Herbicides were appl ied to 4 x 5 m plots in 
500 to 625 L water per hectare from a hand 
held pneumatic sprayer w ith a single noz
zle. A non-ionic surfactant (Turbo!!!) was 
added to all herbicides atO.5 L per hectare. 
Results were reco rded by visually estimat
ing g round cover of C. appressa at spray
ing, at various periods during and at the 
end of each experiment and are presented 
as the percentage reduction in ground 
cover over the term of the experiment. 

In some regions of New South Wales 
(NSW) and Victoria Carex appressa R.Br. 
(tussock sedge), a na ti ve perennia l, has 
spread from swamps and waterways and 
replaced native and improved pastures on 
creek Aats and adjacent hill country (Fig
ure 1). As infestations increase in density, 
natural dra inage is blocked , ex tending 
water logged areas, thus facilitating the 
spread of the weed . A heavy infestation 
can substantially red uce animal produc
tion because the weed physica lly domi
na tes the pas ture, is unpalatable to 
sheep a nd cattle and of low feed va lue 
(green leaves have 7% crude protein, 47% 
acid detergent fib re and 48% dry matter 

Figure 1. Carex appressa invading hill country pastures (foreground and 
background) adjacent to an infested waterway (in valley) near Bigga NSW . 
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Table 1. Effect of type and rate of 
herbicide on reduction in ground 
cover of C. appressa between 
spraying on 1 April 1993 and 
measurement on 24 February 1994. 

Herbicide and rate Red uction in ground 
(kg aj ha-') cover (%) 

Glyphosate 
1.8 91 a 
1.35 87 ab 
0.9 75 be 

2,2-DPA 
22.4 85 ab 
11 .2 73 c 

Imazapyr 
0.5 81 abc 
0.3 39 d 

Flupropanate 
3.0 31 d 
1.5 14 e 

Sethoxydim 
0.6 5 fg 
0.2 13 ef 

C1ethodim 
0.5 5 fg 
0.2 Og 

Fluazifop 
0.4 2g 
0.2 Og 

Quiz.lofop 
0.2 Og 
0.1 Og 

Control Og 

Means followed by a common letter do 
not differ significantly at P=0.05. 

[n Experiments 4 and 5 where pasture 
species were sown after spraying, seed 
and fertilizer were hand broadcast on the 
soil surface. All seed was treated with 
permethrin to reduce losses due to ants 
(Campbell and Gilmour 1979) and legume 
seed was inoculated and lime pelleted. For 
the first two years of each sown experi
ment superphosphate with 0.02% molyb
denum trioxide was applied at 200 kg ha" 
and for each following year single super
phosphate was applied at 100 kg ha·' . 

Experiment 1. Two rates of fl upropanate, 
2,2-DPA, quizalofop, fiuazifop, c1ethodim, 
sethoxydim and imazapyr and three rates 
of glyphosate (Table 1) were applied to C. 
appressa at Orange on 1 April 1993. An 
unsprayed control was also included. At 
spraying, the leaves of C. appressa had not 
been damaged by frost and plants were 
growing vigorously in response to 91 mm 
of rain in the preceding four weeks. Re
sults were recorded by visual estimates of 
the percentage ground cover of C appressa 
at spraying on 1 Apri l 1993 and at the end 
of the experiment on 24 February 1994 . 
The experiment had a randomized block 
design with four replications. 

Experiment 2_ Glyphosate was applied at 
four rates (Table 2) to C. appressa in each 
season of the year, i.e. on 22 November 
1990, and 29 January, 24 April and 18 
June 1991 at Bigga. An unsprayed control 
was also included. C appressa was grow
ing vigorously at each time of spraying 
except January 1991 w hen it was 85% 
browned out due to three dry months 

Table 2. Effect of applyin g g lyphosate in each season of the year on reduction 
in ground cover (%) of C appressa between spraying and measurement on 23 
June 1992. 

Rate of glyphosate Time of spraying 
(kg aj_ ha") November 1990 January 1991 April 1991 June 1991 

(Spring) (Summer) (Autumn) (Winter) 

1.35 98 a 36 fg 69 bc 59 od 
1.01 97 a 48 def 56 od 42 efg 
0.67 92 a 34 fg 53 de 26 g 
0.34 76 b 32 g 46 def 22 g 
0 o h Oh Oh Oh 

Means followed by a common letter do not differ significantly at P=O.05. 

Table 3. Percentage reduction in ground cover of C appressa due to 
application of glyphosate between late spring 1993 a;'d early autumn 1994 
and percentage increase in ground cover on the control. Results recorded on 
23 February 1996. 

Glyphosate Reduction in ground cover (%) from spraying 
(kg a.i. ha") Nov 1993 Dec 1993 Jan 1994 Feb 1994 Mar 1994 

1.80 79 bc 78 bc 94 a 96 a 93 a 
1.35 61 def 71 cd 96 a 92 a 92 a 
0.90 54 ef 57 ef 92a 89 ab 67 cde 

Control +14 g 

Means followed by a common letter do not differ significantly at P=O.05. 

before spraying in w hich only 64 mm of 
rain was received. Results were recorded 
by visual estimates of percentage ground 
cover of C appressa at spraying and at the 
end of the experiment on 23 June 1992. The 
experiment had a randomized block de
sign blocked for time of spraying wi th 
four replications. 

Experiment 3. Glyphosate was applied at 
three rates (Table 3) to C. appressa at Or
ange on 12 November and 10 December 
1993 and 18 January, 18 February and 14 
March 1994. An unsprayed control was 
also included . C. appressa was growing 
vigorously at each time of spraying due to 
139 mID of rain in October 1993 and 85, 34, 
11 , 138 and 137 mID in the following five 
months. Results were recorded by visual 
estimates of percentage reduction in 
ground cover of C. appressa between 
spraying and final measurement on 23 
February 1996. The experiment had a 
randomized block design with four repli
cations. 

Experiment 4. Glyphosate at va rious rates 
and timings was applied to C. appressn 
prior to surface-sowing pasture species at 
Bigga in 1990. A two-spray treatment con
sisted of g lyphosate application on 13 
March 1990 at 0.9,1.35 and 1.8 kg a.i. ha-' 
fo llowed by another application on 8 May 
1990 at 0.7 kg a.i. ha-'. In a one-spray treat
ment glyphosate was applied at 0.9, 1.35 
and 1.8 kg aj. ha" on 8 May 1990. An 
unsprayed control was also included. All 
treatments were surface-sown with seed 
of Trifolium sllbterraneum cv. Karrida le, 
Trifolium repells cv. Haifa, Dactylis glomerata 
cv. Currie and Plialaris aquatica cvs. Aus
tralian commercial and Sirosa at, respec
tively 3, 0.3, 1.0, 1.5 and 1.5 kg ha" on 14 
May 1990. The establishment of pasture 
species was measured on 24 September 
1990 and control of C. appressa and ground 
cover of pasture species recorded on 15 
September 1994 (Tables 4 and 5). The ex
periment had a randomized block design, 
blocked for spray treatment with four rep
lications. 

Experiment 5. The effects of three slashing 
treatments (nil, summer [15 December 
1994], autumn [13 April 1995]) x four her
bicide treatments (nil, summer (7 Febru
ary 1995], winter [22 August 1995] and 
summer and winter [7 February and 22 
August 1995]) were recorded on the estab
lishment of surface-sown pasture species 
and control of C. appressa at Orange be
tween 1994 and 1996. The slashing treat
ments were applied with a forage har
vester to remove large amounts of C. 
appressa foliage from the plots and pro
vide bare ground for pasture establish
ment. The summer herbicide treatment 
was applied to kill C. appressa and the win
ter treatment to kill volunteer weeds 
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(mainly HolcliS lanatlls L. and Al1th
DX(lIIth u11l odoratum L.). Glyphosate was 
applied at 1.8 kg aj. ha-I where treatments 
were sprayed once and at 1.8 and 0.9 kg 
a.i . ha-1 on treatments sprayed twice. At 
spraying on 7 February 1995 the un
slashed plants were 1 m high with 25% of 
their foliage dead; the slashed plants had 
green leaves 25 em high. At spraying on 22 
August 1995 the foliage of both the slashed 
and unslashed plants was 70% dead due to 
frosting. A drain was constructed on 23 
January 1995 in an endeavour to prevent 
surface water flowing across the experi
ment in winter. The seed mixture was 
hand broadcast on 22 August 1995.lt con
s isted of T. 5ubterraneum cv. Leura, T. 
repens cv. Haifa, Lotus pedUl1cu/atlls CV. 

Maku, Festllca anl11dinacea cv. Demeter, P. 
aquatica cvs. Australian commercial and 
Sirosa at, respectively, 2, 0.3, 4, 4, 2, 2 kg 
ha·l . Establishment of pastures species and 
control of C appressa were measured by 
visual estimation of ground cover on 16 
February 1996. The design of the experi
ment was a randomized block, blocked for 
slashing, with four replications. 

Figure 2. Application of glyphosate and pasture species controlled Carex 
appressa on sprayed treatments inside the fence at Bigga NSW (Experiment 4). 

Results 
Experiment 1. Of the eight herbicides ap
plied only glyphosate, 2,2-DPA and 
imazapyr reduced ground cover of C 
appressa by >BO% (Table 1). At the rates 
applied the other herbicides were ineffec
tive. Based on price, availability and re
sidual considerations, glyphosate was as
sessed as the most effective herbicide for 
killing C appressfl. 

Experiment 2. The effects of glyphosate on 
C nppressfl in spring were superior 
(p~0.05) to that in other seasons of the 
year (Table 2). As the results from the 

summer application had to be disregarded 
because of drought (64 mm of rain in the 
three months before spraying) it was con
cluded that glyphosate was most effective 
when applied in the warmer months of the 
year which provided the rationale for Ex
periment 3. 

Experiment 3. The lowest rate of 
glyphosate applied, 0.9 kg a.i. ha" , was 
rnosteffective in killing C appressn inJanu
ary and February (Table 3). The highest 
rate, 1.8 kg a.i. ha·l , was effective from 
January through March. No treatment 
gave 100% kill and thus spot spraying for 1 
or 2 years after the initial spraying will be 
necessary to completely remove mature 
plants. 

Table 4. Effect of treating C. appressa with one- or two-sprays of glyphosate in 
autumn 1990 on establishment of surface-sown pasture species measured on 
24 September 1990. 

Herbicide treatment Establishment (plants m') 

T. subterraneum T. repens D. glomerata P. aquatica 

Two-sprays (March and May 1990) 2.4 a 1.3 a 23.9 a 12.4 a 
One-spray (May 1990) 0.3 b 0.1 b 6.4 b 3.0 b 
Control Oc Oc 0.1 c 0.9 c 

Means in columns followed by a common letter do not differ significantly at P-O.OS. 

Experiment 4. Establishment of pasture 
species four months after sowing was 
higher (P~0 .05) on the two-spray than on 
the one-spray treatment (Table 4). Estab
lishment of legumes was Iowan both 
spray treatments whilst, on the unsprayed 
control, very few plants established. Four 
years later ground cover of pasture spe
cies was similar on the one and two-spray 
treatments but still low on the unsprayed 
control (Table 5). The P. aqllntica content 
was high on both spray treatments but 
that of D. glomerata and the legumes was 
low. Mature C appressa was almost elimi
nated on the two-spray treatment and 
substantially reduced on the one-spray 
treatment (Figure 2). Seedlings of C. 
nppressa resulted from regeneration be
tween 1991 and 1994. The initial infestation 
which established in 1990 died in the four 
dry months from November 1990 to Feb
ruary 1991 (B1.4 mm rainfall). 

Experiment 5. Establishment of legumes 
and grasses was highest (P~0.05) where C. 
appressa was slashed on 15 December 1994 
and sprayed in either August 1995 or Feb
ruary and August 1995 (Table 6). Slashing 
and removal of foliage in December 1994 
resulted in less dead C appressa litter on 
the soil surface than the other treatments 
(Table 6) which allowed seed of sown 

Table 5. Effect of treating c. appressa with one- or two-sprays of glyphosate in autumn 1990 on ground cover (%) of 
mature plants, seedlings and sown species, measured on 15 September 1994. 

Herbicide treatment Ground cover (%) 

C. appressa 

Mature Seedlings Sown legumes P. aquntica D. glomerata Other species 

Two-sprays (March and May 1990) 1.6 a 14.9 a 10.4 a 36.9 a 1.1 a 35.1 b 
One-spray (May 1990) 10.0 b 12.2 a B.B a 45.2 a O.B a 23.0 c 
Control 36.9 c 4.0 b 2.1 b 9.B b 0.1 b 47.1 a 

Means in columns followed by a common letter do not differ significantly at P=O.OS. 



species to reach the soil surface and seed
lings to establish without being shaded. All 
herbicide treatments reduced (P=0.05) the 
ground cover of C. nppressa, the effect be
ing similar on slashed and unslashed 
plants. The August 1995 application of 
glyphosate was necessary to kill weeds 
other than C. appressa so that sown species 
could establish (Table 6). Ground cover of 
sow n perennia l grasses was low when 
measured in 1996 but large numbers of 
plants were present which have the poten
tial to respond to nitrogen input from the 
legumes and form a grass dominant pas
ture. 

Discussion 
Results from these experiments indicate 
that to control C. appressa on unploughed 
land it is necessary to drain the area prior 
to treatment, slash in early summer and 
remove foliage, spray in Janua ry or 
February and again in la te winte r and sow 
pasture species in late winter. 

Drainage proved necessary to allow im
proved species to establish. Experiment 4 
at Bigga was not drained which resulted in 
poor establishment and survival of leg
umes and D. gfomerata because of periods 
of water logging in win ter. In this experi
ment P. aqllatica established and survived 
well because it is relatively tole ran t to wa
ter logging. However in areas w here C. 
appressa is waterlogged throughout win
ter even P. aquatica will fai l to establish. 
Drainage in Experiment 5 a llowed leg
umes and grasses to establish and de
velop. However as it was not a well de
signed system waterlogging occurred for 
short periods in winter. To solve the drain
age problem design expertise should be 
employed . 

Slashing by forage harvester was neces
sary to remove the dense foliage of C. 
appressa and to provide bare ground for 
the estabHshment of improved species. In 
Experiment 5 establishment of all sown 
species was much higher on slashed than 
unslashed treatments. Burning could be a 
more practical method o f remov ing C. 
appressa foliage than slashing wi th a for
age harvester, but whatever method is 
used, foliage should be removed by early 
summer to allow sufficient time for C. 
appressa regrowth to occur so tha t green 
fo liage is present to take up glyphosate in 
the fo llowing January or February, the op
timum time for spraying. 

The most cost effective rate of 
glyphosate for killing C. appressa in Janu
a ry and February was 0.9 kg a.i. ha·t

• 

Higher rates were necessa ry before or af
ter this optimum period. Spraying should 
be undertaken when C. appressa is grow
ing vigorously as poor control resulted 
from spraying in dry conditions in Janu
ary 1991 in Experiment 2. Results from 
spraying prior to sowing indicated that 
glyphosa te shou ld be applied in two 
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Table 6. Effect of slashing with a forage harvester and herbicide trea tments 
applied in 1994/95 on establishment of surface-sown pastures and control of 
C. appressa measured on 16 February 1996. 

Trea tment Ground cover (%) 

Slashing Herbicide Sown Sown C. appressa Other Litter 
legumes grasses weeds 

Nil Nil Of 4 bc 78 a 7 f 10 cd 
Feb 95 6 f 3c 1 d 31 cde 57 b 
Aug 95 4 f 3c 1 d 31 cde 58 ab 
Feb + Aug 95 3 f 1 c 1d 20 el 74 a 

Dec 94 Nil 21 cde 5 bc 43 b 21 e 4d 
Feb 95 24 bcd 4 bc 1 d 63 a 3 d 
Aug95 57 a lOb 2d 27 de 3 d 
Feb + Aug 95 56 a 16 a 1 d 25 de 1 d 

Apr95 Nil 12 def 2c 44b 23 de 16 cd 
Feb 95 11 ef 4 bc 2d 55 ab 26 c 
Aug 95 25 bc 5 bc 10 c 36 cd 19 cd 
Feb + Aug95 34 b 5 bc 1 d 44 bc 16 cd 

Means in columns followed by a common letter do not differ significantly at P=O.OS. 

opera tions, one in January/February to 
have maximum effect on C. appressa and 
the second in late winter, seven days be
fore sowing, to remove weeds that volun
teer after the lirst spraying (Campbell el.al. 
1981). The alternative would be one spray
ing after the autumn break but before 
frosts have red uced the vigour of C. 
appressa. However this method has the 
disadvantages that sowing would have to 
be undertaken early, e.g. March or April, 
w hich is unfavourable for surface-sown 
pasture species and spraying would be late 
which would reduce the effect of 
glyphosate on C. appressa. In these experi
ments herbicides were applied by a hand
held sprayer which s imulated the effect of 
a high volume boom spray. In practice it is 
difficult to use a boom spray because of 
the uneven surface presented by C. 
appressa. Aerial application is an alterna
tive method of applica tion (Ca mpbell et af. 
1996) that needs testing to .scertain its ef
fectiveness. 

In Experiment 5 pasture species were 
sown in August because periods of 
wa terlogging occurred earlier in win ter 
despite drainage of the si te. If an area can 
be d rained effectively then surface-sowing 
in late May would be preferable as this is 
the optimum time for aeria l sowing pas
ture species (Campbell 1963). 

The pasture species w hich established 
most effectiv.e ly in these experiments, and 
two others not reported here, were L. 
pedllllClifatlls, T. repens, P. aqllatica and F. 
arundinacea, all species adapted to wet con
ditions. T. subterraneum and D. gfomerata 
could only be considered if the a rea to be 
treated could be effectively dra ined . 

Pastures were spe lled from grazing for 
6-9 months after sowing to allow the im
proved species to establish and compete 
w ith C. appressa seedlings. Despite this 
some seed lings survived. These were 
grazed with the pasture w hen animals 

were adm itted and thus their deve lop
ment was retarded . To maximize this ef
fect the treated area should be grazed 
heavily for short periods after the initial 
6-9 month spell to ensure the C. appressa 
seedlings a re ea ten . For L. pedlmcufatlls to 
persist, rotat ional grazing at intervals 
longer than four weeks is necessary 
(Sheath 1980) and grazing should be 
avoided in la te summer and autumn to 
allow rhizome development (Wedder
burn and Lowther 1985). Grazing should 
only be permitted when the ground is firm 
beca use animals, pa rticularly ca ttle, make 
hoof indentations in soft wet ground 
which impede drai nage and red uce the 
growth and persistence of improved spe
cies and favour the spread of C. appressa. 

If sca tte red seedlings survive pas ture 
competition and g raz ing, spot sprayi ng 
with g lyphosa te would be necessa ry. 
However, widespread regeneration of C. 
appressa would necessitate a complete re
spraying. The optimum time for this 
would be in summer when P. aquatica is 
d ormant and C. nppressa grow ing actively 
(Ca mpbell and Ridings 1988). However, L. 
pedllncu[atus and T. repetJs may have to be 
resown following this treatment. A more 
selective alternative would be the use of a 
weed wiper to apply glyphosate to a 
grazed pasture to remove the less palat
able and thus ungrazed C. appressa. 

If the appropriate implements are avail
able and the area effectively drained, in
fested paddocks could be sprayed and 
ploughed before sowing. In such ci rcum
stances glyphosate could be applied in 
January / February and the area ploughed 
and sown 12-14 months later. This would 
allow the C. appressa foliage time to break 
down before sowing and reduce the bank 
of weed seeds in the soi l. An al ternative 
would be to burn in winter, spray the fol
lowing January / February, plough soon 
after and sow in April / Mayor August. 
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For direct drilling to be used it would be 
necessary to burn in winter, spray in late 
spring (to control Vulpia spp. other weeds, 
and C. appressa), spray again after the au
tUIIUl break in the following autumn to kill 
volunteer weeds and C. appressa seedlings 
and direct drill seven days later. 

Depending on conditions there are a 
number of spraying and sowing pro
grams that could be used to kill C. appressa 
and establish improved pastures by con
ventional cultivation, direct drilling or 
aerial techniques but, because the spread 
of the weed is related to poor drainage, an 
overall property program embracing tree 
planting in discharge areas to utilize some 
of the water and other relevant proce
dures should be initiated to solve the un
derlying causes of this problem. 
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