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The objective was to find out whether any 
of them could be used to control the exotic 
species whilst allowing the native species 
to survive and increase. To be successful, 
a herbicide would have to have some 
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Summary 
The exotic annuals Avena fatlla, Villpia 
myrtros, Erodium botrys, Hypochaeris 
glabra and Pentaschistis airoides are ma­
jor invaders of Acacia acuminata-Euca­
lyptus loxephleba woodland. Two small 
plot experiments tested herbicides at two 
sites in 1990 for their control of exotic 
species without destroying the native 
species and were assessed at the end of 
the 1990 and 1991 growing seasons. The 
herbicides used were Assure~, Fusilade~, 
Fusilade plus Simatoxl!l, OU5toll, Round­
u p~, Sertin l1l and Surflanl!l. Only Oust 
gave good control of exotic dicots and 
monocots at both sites. There were some 
carryover effects in 1991 at site 1 where 
A. fatun was significantly lower on all 
herbicide treatments than on controls. 
Oust at 300 g ha·1 gave the best second 
year control of this species and of V. 
myuros but also eliminated native 
Crassula species. Nevertheless, in 1991 
plots sprayed with both rates of Surflan, 
Oust and Roundup in 1990 had twice the 
cover of native species in control plots. 

A further selection of herbicides were 
compared at another site in 1991. The 
herbicides were Assure, Atrazineoll, 

Fusilade, Goaloll, Oust, Sertin, Simatox 
and Sprayseed~. ]n the year of spraying, 
Goal came closest to the desired outcome 
of reducing exotic species without detri­
ment to native species but it would have 
to be combined with a pre-emergence 
application of Simatox to eliminate the 
grass P. airoides and the dicot H. glabra. 
In 1992, there were no differences be­
tween any treatments and control plots 
in the proportions of exotic and native 
species. There were some differences in 
the composition of the native species. 

It is concluded that herbicides can be 
used to eliminated certain exotic annual 
species with little damage to native her­
baceous species. However, because of 
soil seed banks, application in just one 
year may not provide much carryover ef­
fect and so not allow native species to in­
crease. 

Introduction 
There is growing interest in trying to re­
store plant species diversity in remnant 
woodlands in Austra lia. The central prob­
lem is the control or elimination of inva-

sive plants so that native species can be re­
established either from soil seed stores or 
by replanting. The causes of invasions and 
the approaches to their control have been 
discussed in detail by Hobbs and 
Humphries (1995) who paint out that 
invasibilty of ecosytems is usually linked 
to the level of disturbance, both physically 
and from changes in nutrient status, to a 
system. In the Western Australian 
w heatbelt, plant communities vary with 
soil type and Hobbs and Atkins (1988) 
demonstrated how the major communi­
ties responded to these two forms of dis­
turbance. The soils are inherently low in 
both major and minor elements. The de­
velopment of agriculture requires inputs 
of phosphorus in particular. Weed cover 
in native plant communities increases 
with increasing phosphorus in the soi l 
which comes from wind drift from farm­
land and by direct transfer when livestock 
are ab le to access remnants (Cale and 
Hobbs 1991, Hobbs and Atkins 1988). 

The Acacia awmirwta- Eucalyptus 
loxephleba woodlands in the south-west of 
Western Australia were favoured grazing 
areas from the early pastoral days of agri­
cultural development because of the rela­
tively abundant ground flora. The Dan­
berrin landform on which the woodland 
occurs has rock outcrops which make 
much of it unsuitable for agriculture. In 
the wheatbelt of Western Australia it is by 
far the most abundant remnant woodland 
and is of high conservation value, more 
especially for the species rich ground 
flora. However, many of the areas of this 
woodland are heavily invaded by aggres­
sive exotic annual species that crowd out 
the native species. Of 20 invaders re­
corded by Hobbsel al. (1993) in three rem­
nants of this type of woodland, the domi­
nants were the grasses A. fatua, V. myuros, 
Brim maxima and P. airoides, and the forbs 
E. balrys and H. glabra. 

In the short and medium term, herbi­
cides remain the only potential control 
mechanism in systems such as this where 
widespread control is needed, large areas 
are affected, and human population den­
sities are low (Hobbs and Humphries 
1995). In this study we examined the ef­
fects on both exotic and native species of a 
broad range of agricultural herbicides. 

carryover effect into the year following 
application, allowing space for the rede­
velopment of the native ground flora. 

Materials and methods 

Sites and treatments 
In the spring of 1989, a number of wood­
land remnants were surveyed for compo­
sition of the ground flora, and two sites 
that differed in herbaceous composition 
were selected (Table 1) that covered the 
range of exotic species found and the lev­
els of weed invasion. Site 1 had a compara­
tive ly low level of weed invasion and site 
2 was heavily invaded by annua l weed 
species. The exotic annual grasses were 
dominated by A. fatun at both s ites, with 
small amounts of V. myuros and other spe­
cies. E. botnjs and H. gIabra were the major 
exotic forbs in site 2. 

At each site 28 plots of 2.5 x 4.0 metres 
were marked out within which a section 
2.0 x 3.5 m was sprayed. Details of a ll her­
bicides used in the two experiments are 
given in Table 2. In 1990 seven herbicides 
treatments (Table 3) were chosen partly on 
the basis of thei r known effects on the 
main target species but also to allow the 
effects on native species of control of only 
exotic grasses or both grasses and forbs to 
be assessed. Each herbicide was applied at 
two rates and at two different dates that 
coincided with stages 13 (three leaf stage) 
and 21 (main shoot and one tiller stage) of 
the Zadock's scale in the development of 
A. fatun. Two replicates of each treatment 
were randomized throughout each site 

Herbicides were mixed with wate r and 
a wetting agent added. They were applied 
with a knapsack spray at a rate of 200 L 
ha-' on 15 May and 26 June 1990. 

In 1991, a third site was used which was 
similar in initial composition to site 1. The 
plot size and methods of application were 
the same as in 1990. There were three rep­
licates of treatments (8 herbicides each at 
two rates plus a control) randomized 
within the site. The treatments included 
both pre- and post-emergence herbicides 
and chemicals that controlled just g rasses 

Table 1. Summary of the botanical 
composition in sites 1 and 2 in the 
spring of 1989, the year before 
treatments were applied. Values are 
the percentage cover. 

Component Site 1 Site 2 

Exotic annual grasses 47.3 34.1 
Exotic annual forbs 9.1 61.3 
Native perennial grasses 26.9 4.0 
Native herbaceous forbs 25.7 0.6 
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Table 2. Details of chemicals used and the rates of application. 

Trade name of chemical Active compound Rates of application of chemical Target group of exotics 

Assure quiza lofop-P 0.5 and 0.75 L ha-t post-emergence grasses 
(88.6 g L" ethyl ester) 

Atrazine atrazine (800 g L" ) 1.5 and 3.0 kg ha" pre-emergence forbs and grasses 
Fusilade fuazifop (212 g L"') 0.5 and 1.0 L ha" post-emergence grasses 
Simatox + Fusilade simazine + fuazifop both 0.5 and 1.0 L ha" pre- and forbs and grasses 

pos t-emergence 
Goal oxyfluorfen (240 g L") 2.0 and 4.0 L ha-' post-emergence forbs and grasses 
Oust suHometuron 200 and 300 g ha" post-emergence forbs and grasses 

(750 g kg"' methyl ester) 
Roundup glyphosphate (360 g L" ) 0.8 and 1.2 L ha-1 post-emergence forbs and grasses 
Simatox simazine (900 g kg") 0.5 and 1.0 L ha-\ pre emergence forbs and grasses 
Sertin sethoxydim (189 g L"') 0.5 and 1.0 L ha-t post-emergence grasses 
Sprayseed paraquat (135 g L" dichloride) 1.0 and 2.0 L ha -\ post emergence forbs and grasses 

+ diquat (115 g L"' dibromide 
monohydrate) 

Surflan oryzalin (500 g L") 4.0 and 6.8 L ha-\ post-emergence forbs and grasses 

Table 3. Summary of results for site 1 in year of spraying (1990) and in 1991. Values are percentage of grou nd cover 
at the end of the growing season. 

Hypoclmeris glabra T ata I exotic Forbs T ata I exotic grasses Native Forbs Native grasses 

Treatment 1990 1991 1990 1991 1990 1991 1990 1991 1990 1991 

Assure R1 4.6 be 3.7 9.8 b 5.8 18.4 b 18.4 b 6.9 b 12.7 10.5 be 2.1 
R2 6.8c 4.6 8.9b 7.5 8.9 ab 12.8 ab 9.6 be 16.6 15.9 c 2.2 

Fusilade R1 5.4 be 6.6 6.2 ab 10.7 3.1 a 11.2 ab 10.1 bc 17.6 10.4 be 3.7 
R2 4.8 bc 4.8 7.8 b 7.5 7.4 ab 10.2 ab 5.0 b 14.6 12.2 c 1.8 

Fusilade + R1 3.1 b 6.9 5.0 ab 13.6 5.8 ab 14.7 b 3.4 ab 18.6 1.3ab 2.0 
Simazine R2 6.9bc 5.6 7.7b 7.1 11.3 b 15.8 b 11 .6 b 17.1 16.3 cd 1.5 
Oust R1 0.6 a 3.1 2.1 ab 9.3 7.9 ab 15.5 b 0.2 a 20.3 17.3 d 4.1 

R2 0.0 a 6.0 0.0 a 11 .1 S.Oab 9.7b 0.1 a 21.5 8.0b 3.8 
Roundup R1 0.2 a 3.8 0.2 a 8.1 3.3 a 16.1 be 0.2 a 24.1 0.1 a 1.7 

R2 0.3 a 3.3 1.0 a 4.7 4.6ab 14.9 b 0.3a 25.3 0.4 a 2.0 
Sertin R1 2.7 ab 4.3 8.0 b 12.1 9.8ab 20.3 c 9.5 c 18.3 14.5 c 5.0 

R2 3.9 b 4.1 4.4 ab 9.0 10.0 ab 13.6 ab 7.8 b 20.2 7.2ab 1.6 
Surflan R1 4.0 b 9.0 6.2 ab 11.6 8.8 ab 9.5 a 6.4 b 23.5 30.6 e 1.0 

R2 1.4 ab 7.4 4.6 ab 17.2 8.6ab 9.6 a 5.1 b 25.7 1LObc 5.0 
Control 4.1 b 2.6 5.8 ab 4.8 31.9 c 14.8 b 7.6 bc lOA 7.9b 0.9 

F values 
Chemical 2.971f1t 1.50 6.95· ... • 1.71 4.41··· 2.15" 6.77·"" 1.62 4.21"*· 1.38 
Application time 3.60 5.96" 1.55 9.03* ... 4.25>1- 0.00 8.19 .... 1.27" 4.25" 0.11 
Interaction 1.55 2.77 .... 1.06 LSI" 1.07 1.03 1.93" 1.28 1.07 1.40 

Values in a column with no letter in common differ significantly at P<O.05 or more. II- p<O.OS, .... P<O.Ol, ..... P<O.OO1. 

or both grasses and forbs. The post-emer­
gence treatments were applied at two dif­
ferent times that coincided with the same 
Zadock's scale stages for A. fatua as in 
1990. Pre-emergence applications were 
done on 7 May and post emergence appli­
cations on 13 and 25 June. 

Estimation of botanical composition 
Two quadrats of 0.25 m2 were chosen at 
random within each plot and visual esti­
mates made of the percentage of bare 
ground. Then the composition o f the veg­
etation was estimated species by species 
with a minimum value o f 5% being used. 
Because of the range of species many 
did not contribute 5% and functional 
groups based on life forms were then used 
viz. exotic annual grasses, exotic forbs, 
native grasses, native herbaceous forbs. 
Estimates were made in the late spring of 

the year of application and the subsequent 
year. 

Data analysis 
Analysis of variance was done an the an­
gular transformed values of the percent­
ages. The analyses compared time of ap­
plication and chemical treatments as fac­
tors (rates of e?ch chemical were consid­
ered as different treatments) . 

Results 
There were very few s tatistically signifi­
cant time of application effects or treat­
ment x time of application effects. Thus 
the data are presented as 14 herbicide 
treatments and a control in 1990, and 16 
herbicide treatments and a control in 1991. 
Where time of application or the interac­
tion term was significant this is mentioned 
in the text. 

1990 treatments 
Site 1. The major exotic dicot at this site, 
H. glabra, was significantly reduced or 
eliminated by Oust and Roundup in 1990 
(Table 3). Total exotic forbs were signifi­
cantly lower on plots sprayed with the 
higher rate of Oust and bo th rates of 
Roundup than on control plots and plots 
sprayed with other herbicides. Total ex­
otic grasses were lower on all sprayed 
plots than on control plots, with little dif­
ference between the herbicides in level of 
control achieved. The control plots aver­
aged 32% exotic grasses and treated plots 
from 3-18%. There were no differences in 
control of exotics with time of application. 
However, for E. botrys the lower rate of 
Oust was more effective when sprayed at 
the earlier date. 

Native herbaceous forbs were almost 
totally eliminated by Oust and Roundup. 
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Figure 1. Relationship between cover of exotics at site 1 in 1990 and cover of natives in 1991. Values are means of 
each treatment. 
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This group was unaffected by the other 
herbicides. The native grasses were most 
affected by Roundup. On most other treat­
ments the cover of native grasses was ei­
ther similar to that on control plots or was 
signi ficantly higher. 

More detailed separation of species 
was done in 1991 than in 1990. There were 
sma ll but statistica lly s ignificant differ­
ences (P<O.OI ) in the cover of the follow­
ing species due to treatment in 1990: the 
exotics A. fatua and V. myuros and the na­
tive species Stipa tricllOphylla, Podo/epis 
spp., Helipterum Itya/ospermum, Waitzia 
acuminata and Waitzia aureum. The most 
significant differences were that Surflan 
treated plots had significantly less exotic 
grasses than control plots (9.5% cf. 14.8%). 
Plots sprayed early in 1990 had less V. 
myuros in 1991. The differences in indi­
vidual native species varied with the her­
bicide treatments. However, the main ef­
fect was that total native species cover was 
significantly higher on some treated plots 
than on controls (P<O.OI). Not all herbi­
cides produced a significant increase in 
native species. The control plots had 
11.3% cover of na tives in 1991. Those 
sprayed in 1990 with Surflan had 27.6%, 
those sprayed with Roundup 26.5% and 
those sprayed wi th Oust 24.8%. Overall, 
the higher the cove r of exotics in 1990, 
the lower the cover of natives in 1991 (Fig­
ure I). 

Site Z. The exotic forbs E. bolrys and H. gla· 
bra were only reduced or eliminated by 
Oust at both rates of application and by 
Roundup at the higher rate (Table 4). 
Surflan gave no control of either exotic 
forbs or exotic grasses. The interactions 
that were significant were due to some 

herbicides giving some control with early 
applica tion and others with late ap­
plica tion. Total exotic grasses were 
significantly lower on plots sprayed with 
the higher rate of Assure, and both rates of 
Fusilade, the Simatox-Fusilade mixture, 
Oust, Roundup and Serhn than on control 
plots. Exotic grasses were s ignificantly 
lower with the later applications (4.8% 
vs. 11.9%). The re was too little cover of 
native species to show any effects of treat­
ments. 

In 1991, there were some carryover ef­
fects. Plots sprayed ea rly in 1990 had less 
H.gI.bra in 1991 (5.8vs. 9.1%). The signifi­
cant interactions were due to some herbi­
cide treatments showing lower contents of 
exotics w ith early spraying, whilst others 
did not. No clear pattern was apparent. 
The cover of native species in 1991 re­
mained a mere 1 %. 

1991 treatmellts 
The results for s ite 3 are given in Table 5. 
In the year of application all herbicide 
treatments s ignificantly reduced the cover 
of A. fat lta from 28.8% on control plots to 
0- 10.3% on trea ted plots. Atrazine and 
Oust gave the greatest control of this spe­
cies and overall of all exotic grasses. P. 
airoides was controlled by most herbicides 
but not by Sprayseed. The lower rates of 
Sprayseed and Fusilade gave more effec­
tive control of exotic grasses when applied 
at the later date, but this was not the case 
for other herbicide treatments. 

The exotic forbs were unaffected by the 
herbicides Fusilade, Assure and Sertin. Of 
the rest, Atrazine, Goal and Oust gave 
similar levels of control and were equally 
effective at low and high rates. Sima tax 
was only effective at the high rate of 

application. Sprayseed was more effective 
in contro lling H. glnhrn when applied late 
whereas Goal gave better control of exotic 
grasses when applied early. 

Native grasses were not Significa ntly 
reduced by any herbicide trea tment. How· 
ever, native herbaceous forbs were elimi­
nated by Atrazine and Oust and reduced 
by Sima tax, Goal and Sp rayseed. Some 
species were more affected than o thers. 
Forexample Crnssula spp. were eliminated 
by Atrazine, Sima tax, Goal and Oust but 
Podolepis spp. were unaffected by Goa l. 
When total cover of na tives is considered, 
the cover was s ignificantly higher than on 
control plots, on a ll pl ots sprayed with 
Sertin and Assure, and significantly lower 
on plots sprayed with Atrazine, Sima tax, 
Goal, Oust and Sprayseed (P<O.OO1). 

There we re some carryover effects of 
treatments applied in 1991 on the compo­
sition in spring 1992. There was less V. 
myuros in plots sprayed early with any 
herbicide than in plots sp rayed late All 
plo ts had a similar cover of exotic forbs. 
The native grass Sf ipa trichophylla was af­
fected in different ways by different herbi­
cides. It was absent from plots sprayed 
early with Oust and those spra yed late 
with Serlin . The species averaged 17% in 
plo ts sprayed early with Fusilade but only 
3% in plots sprayed late. The native an­
nual forb Crassu la spp. were absent in 1992 
only from plots sprayed in 1991 with Goal 
but overall content of native and exotic 
species were very similar on all plots. 

Discussion 

Responses in the year of application 
Two aspects need to be considered. The 
firs t is the effectiveness of the herbicides 
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Table 4. Su mmary of results for site 2 in the year of treatment (1990) and in 1991. Values are percentage of ground 

cover at the end of the growing season. 

Erodium bot!1s Hypochaeris glabra Total exotic forbs Total exotic grasses Total native species 

Treatment 1990 1991 1990 1991 1990 1991 1990 1991 1990 1991 

Assure R1 16.8 be 14.9 ab 12.8 e 4.1 a 31.1 d 29.0 ab 10.1 be 14.0b 1.3 0.8 
R2 17.3 be 11.1 a 12.7 e 8.2 b 30.1 cd 23.0 a 6.6ab 14.0 b 2.1 0.7 

Fusilade Rl 21.4 e 25.4 be 10.5 be 8.8 b 32.6d 30.7 b 6.5 ab 11.4 ab 2.1 0.0 
R2 10.0 b 19.4 b 6.9 b 14.8 e 16.8 be 36.0b 9.3 be 17.0b 0.8 0.3 

Fusilade+ Rl 17.6 be 18.4 b 7.8 be 5.3 ab 25.3e 25.2 ab 1.3 a 11.4 ab 1.5 0.3 
Simazine R2 23.ge 21.5 be 4.4ab 8.0b 28.ge 24.7 ab 3.1 ab 7.3 ab 1.1 0.7 
Oust Rl 5.0 ab 11.1 a 0.0 a 6.4 ab 5.1 ab 24.9 ab 2.1 a 14.5 b 0.9 0.2 

R2 0.3 a 23.3 be 0.0 a 4.4 a 0.3 a 29.0 ab 0.3 a 8.5 ab 0.3 0.0 
Roundup Rl 20.8e 13.9 ab 0.9 a 7.6ab 21.7 e 23.0 a 6.0 ab 10.8 ab 1.6 0.9 

R2 6.3 ab 19.4 b 3.6 ab 8.8b 9.9 ab 30.7b 5.3ab 13.5 b 0.9 0.6 
Serhn Rl 20.6e 26.5 e 13.0e 6.1 ab 37.4 d 36.0b 5.1 ab 6.5 a 1.5 0.0 

R2 40.8 d 17.0 be 8.9 be 6.6 ab 49.8 e 25.1 ab 6.6 ab 5.8 a 0.5 0.2 
Surflan Rl 7.4ab 19.1 b 5.0 ab 5.6 ab 12.6 b 24.7 ab 25.3 d 5.3 a 1.6 0.1 

R2 13.3 b 14.7 ab 6.6 b 8.5 b 22.3e 24.9 ab 15.6 e 13.8 b 2.1 1.3 
Control 17.6 ab 14.8 ab 9.4 be 8.1 b 27.7e 24.0 ab 15.4 e 11.7 ab 0.9 1.1 

F values 
Chemical 5.25 ....... 1.91' 4.43**'" 2.11' 8.29* .... 1.96' 4.77 ...... 2.36' 0.43 0.31 
Application time 0.14 2.31 0.29 18.35""" 0.53 7.70· ... 20.98 .. · .. 0.82 0.11 0.21 
Interaction 2.20 2.89"" 2.79*" 1.22 2.19' 2.24- 1.64 2.14' 0.09 0.15 

Values with no letter in common differ s ignifican tly at P<O.OS o r more . "" P<O.OS, "'''' P<O.10, ...... * P<O.OOl . 

in controlling the target group of exotic 
species and the second is the effects on the 
native species. Site 2 was dominated by 
exotic Forbs which were only effectively 
controlled by Oust at both rates of appl i­
cation and by Roundup at the higher rate. 
Surflan gave no control. In 1991 the exotic 
forbs at site 3 were controlled by Goal, 
Oust and Sprayseed a t bo th rates of appli­
cation and by Simatox at the higher rate. 
There were virtually no native herbaceous 
forbs at site 2. At site 1 in 1990, control of 
exotic Forbs was accompanied byelimina­
tion of native forbs. At site 3 in 1991, the 
result was the same. However, reduction 
in exotic grasses led to an increase in na­
tive and exotic forbs at site 3. 

In general, both dual target herbicides 
and those that only control grasses were 
equally effective in controlling exotic 
grasses in sites 1 and 2 in 1990. The excep­
tion was Surflan. In 1991 at si te 3, there 
were two exceptions viz. the lower rates 
of Simazine and of Sprayseed . Roundup 
was the only herbicide to kill the native 
grasses in the year of application at site 1; 
other herbicides resulted in levels of na­
tive grasses similar to, or higher than, 
those in control plots. In 1991 at site 3, na­
tive grasses made up only a sma ll percent­
age of the ground cover so that effects of 
herbicides could not be assessed . 

The conclusion must be that grass kill­
ing herbicides can give sufficient control 
of exotic grasses in these woodlands to al­
Iowan overall increase in cover of native 
species. The advantage from this is that 
seed production of the natives is also in­
creased w hich may benefit their competi­
tive situation in the following year. How­
ever, this is offse t by an increase in exotic 

forbs. Control of the exotic forbs is a t the 
expense of the native Forbs as well. 

Responses in the year after herbicide 
applicatiol1 
Loss of a year's seed production by annual 
species as a consequence of herbicide 
treatment w ill have different effects in dif­
ferent species on their future contribution 
to the annual ground cover. Species in 
which seed dormancy is short lived, such 
as many of the grasses, should be reduced 
in abundance in the subsequent year 
(Barrett et al. 1973). Species in which some 
seed remains dormant for severa l years 
may not change in abundance, Little is 
known about seed dormancy characteris­
tics in the native species in these wood­
lands. Of the major exotic species, E. botrys 
has a high seed dormancy (Arnold and 
Anderson 1987) whilst H. glabra and V. 
myuros have low dormancy as was dem­
onstrated by Arnold e/ al. (1970) and by 
Barrett el al. (1973). 

Exotic species 
A potential p roblem with examining bo­
tanka l composition on small plots is the 
possibility of w.ind borne seed moving be­
tween plots. This will be a particular p rob­
lem with species like H. glabra which is 
dispersed entirely by wind . It showed up 
in both sites 1 and 2 where despite some 
herbicides giving control in 1990, all plots 
had similar levels in ]991. However, it 
was not the case for other exotic forb spe­
cies for which there were carryover ef­
fects. At both sites 1 and 2, early applica­
tion in 1990 resulted in lower total exotic 
forb content in 1991 across those herbi­
cide treatments that affected forbs. This 

resulted in the large interaction term in the 
analyses of variance seen in Tables 2 and 
3. However, this interaction was not 
found at si te3. As is discussed later, this is 
one of several differences in response be­
tween sites 1 and 3 which were of similar 
initial composition, 

There were some small carryover ef­
fects on exotic grass cover of the vegeta­
tion. Surflan treated plots at site 1 and 
Sertin treated plots at site 2 had less grass 
than other plots. With Surflan this result 
does not re flect a lower grass (and thus 
seed production) content in 1990 but prob­
ably some residual herbicide in the soil af­
fecting germina tion in 1990 (Surflan is a 
germination inhibiting herbicide when 
used pre-emergence). With Atrazine, Oust 
and the high ra te of Sertin a t site 3 the 
carryover effect was most likely a conse­
quence of suppression of seed production 
in the year of applica tion. 

Native species 
There were no carryover effects on native 
herbaceous forbs or grasses a t site 3. At 
si te I , native herbaceous forbs and total 
native species did vary with the treatment 
the previous yea r. These difference were 
examined. As figure 1 shows, the higher 
the tota l exotic cover in 1990, the lower the 
native cover in 1991, Why this re lationship 
existed at one site but not the other is hard 
to explain. It may relate to seasons and / or 
sites_ At site I , control plots decreased in 
cover of exotics from 37.7% in 1990 to 
19.6% in 1991 whereas at site 3 there was 
59.5% in 1991 falling marginally to 48.6% 
in 1992. However, native cover on control 
plots decreased from 15.5% to 11 ,3% at site 
1 but increased markedly at site 3 from 
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Table 5. S ummary of results for site 3 in 1991and 1992. Values are percentage ground cover a t the end of the 

growing season. 

Treatment Avella Pentaschistis Hypochaeris Podolepis CrassuJa Exotic Exotic Native Native 
fatuQ airoides glabra spp. spp. forbs g rasses forbs grasses 

1991 1992 1991 1992 1991 1992 1991 1992 1991 1992 1991 1992 1991 1992 1991 1992 1991 1992 

Atrazine R1 0.4a 2.5. 0.0. 7.0 1.7ab 7.9 1.3a 11 .8 O.Oa 4.8.b 2.8a 16.9 0.4. 14.6a 1.3. 31.6 O.Oa 7.4 
R2 O.la 2.5a O.Oa 8.0 O.Oa 5.8 O.Oa 3.6 O.Oa 2.6ab 0.2a 14.2 O.Oa 19.3a 0.4a 19.6 0.4a 18.4 

Simazine Rl 20.Se 2.1a O.Oa 6.8 7.3b 3.5 13.1b 9.3 O.Oa 3.5ab 22.7bc 15.3 21.3b 16.la 16.5b 31.7 2.6ab 11.5 
R2 2.1ab 7.0b O.Oa 3.1 O.Oa 2.0 3.7ab 11.2 O.Oa 5.1ab 3.8a 11.9 2.1a 16.8a 6.4ab 24.6 2.7ab 22.1 

Coal Rl 0.3a 3.7ab 3.7b 13.3 3.9ab 2.0 8.9ab 16.7 O.Oa O.Oa 4.3a 10.3 5.0a 21.3ab 9.0ab 23.4 0.2a 10.1 
R2 O.3a 3.7ab 7.7b 7.7 2.6ab 9.6 5.3ab 5.9 O.Oa O.Oa 4.5a 15.8 8.Ba 17.3a 7.6ab 25.5 1.8ab 11.0 

Oust Rl 1.9ab 2.5a O.Oa 11.0 0.4a 2.2 O.Oa 5.2 O.Oa 4.5ab 5.5a 15.3 1.9a 20.9ab 2.0a 23.8 2.0ab 17.2 
R2 0.6ab 2.la O.Oa 10.5 O.Oa 3.3 O.Oa 8.6 O.Oa 4. l ab 0.3a 10.2 0.8a l B.3a 1.3a 24.1 l.3ab 11.2 

Sprayseed Rl 10.3b 6.2b 5.4b 10.9 l.7ab B.4 LOa 9.1 1.5ab 4.Bab 9.7a 20.B 20.5b 30.7b B.Bab 33.0 O.4a 8.8 
R2 2.5ab 3.9ab 6.7b 5.9 2.0ab 4.9 0.6a B.9 1.7ab 3.7ab 4.4a 14.5 lO.7ab 24.2ab 4.Sa 28.7 1.9ab 16.4 

Fusilade Rl 3.7ab 3.9ab 2.6.b 7.0 14.1c 2.0 17.Bbc 11.5 1.1ab 7.9b 24.4bc 13.3 9.0a 24.6.b 21.1bc 29.3 1.1ab 15.3 
R2 O.Oa 3.3ab 0.4a 5.2 17.1c 2.0 13.9b 11 .4 1.6ab 4.6ab 31.3c 9.1 7.0a 24.2ab 22.5bc 28.4 5.3b 11.1 

Seetin RI 1.4ab 5.2ab O.Oa 4.6 12.9bc 5.3 21.1 bc 11.1 0.2ab 3.1ab 48.8 d 18.4 6.4a 21.4ab 25.3bc 34.4 2.3ab 13.2 
R2 1.0ab 2.3a O.Oa 6.8 16.Se 2.9 17.6bc 12.8 0.5ab 4.8ab 34.6c 16.3 2.3a 19.4ab 27.7bc 42.6 5.4b 9.6 

Assure RI 3.2ab 3.2ab 0.4a 7.6 13.9c 0.6 21.4bc 9.0 2.lb 4.6ab 26.2bc 12.8 6.0a lB.4a 27.0bc 31.9 l.3ab 13.1 
R2 1.4ab 2.8ab 0.4a 5.3 11.9bc 5.8 26.9c 7.2 2.5b 5.5ab 29.3bc 19.1 5.5a 17.9a 35.2c 36.4 1.1ab 17.3 

Control 28.8c 7.7b 5.2b 5.0 1O.0bc 0.0 7.1ab 7.9 2.1b 4.0ab 21.8bc 25.3 37.7c 23.1ab 16.0b 25.3 2.0ab 10.2 

F va lues 
Chemical 9.43*--3.27 .... 7.53 ........ 1.87 28.89 ....... 1.57 15.22 .... ] .39 3.15 .. ' .... 3.15 .... 28.95 ...... 0.85 9.76 ..... 1.91 .. 14.26'''1.19 2.46 ..... 0.94 
Application 12.57· ... 0.66 1.93 1.19 5.83' 0.62 1.51 0.41 2.68 0.13 4.24' 0.07 2.71 1.02 1.21 0.61 0.01 0.00 
time 
Interaction 2.21· 1.51 3.29 ... ·1.38 3.00 ... ·1.16 0.77 1.03 0.53 0.69 3.31 ",u'l.OO 2.75"'" 1.41 1.02 0.81 0.98 1.31 

Values in a column that have no letter in common differ s ignificantlyat P<O.05 or more .... P<O.05, ...... P<O.Ol, ......... P<O.OO1. 

lB.O% to 35.5%. Thus itcould be that at site 
I the contro l of exotics fo r a year was 
needed to create space for an increase in 
cover of natives in the second year because 
of a site characteristic that supports only a 
low cover of herbaceous vegeta tion. By 
contrast, site 3 appears to sustain a much 
highe r herbaceous cover and, given good 
seasonal conditions in 1992 for native an­
nuals, it was possible to have an increase 
in native cover without the crea tion of 
space in the previous season; soi l seed 
stores must have been adequate to allow 
this. They were obviously not adequate at 
site 2 where there was no improvement in 
the very low level of native cover. Such 
si tes require re-seeding to enhance their 
conservation value. 

Substantiation of the overall findings of 
these small plot studies was obtained 
from the results of Hobbs et al . (1993) on 5 
ha plots. At sites 1 and 2, and at a third 
site, these plots were used in 1991 to com­
pare plant and animal responses to re­
moval of the herbaceous vegetation for a 
year by applying Sprayseed. At all three 
sites removing most of the exotics in 1991 
produced no h·igher levels of native cover 
in 1992. It is clear that weed control pro­
grams need to be followed by immediate 
reseeding or replanting of native species. 

The overall conclusion is that whilst 
herbicides can be used to control exotic 
annuals in the ground flora in these wood­
lands, there is little flow-on effect in the 
next year. The exotics have sufficient soil 
seed stores to sustain the loss of a year's 
seed supply and/or receive wind-borne 

supplements. For herbicides to be of va lue 
in conservation of the ground flora of 
these woodlands they would require two 
or more years of herbicide treatment but 
even then a favourable outcome would 
depend on the longevity of soil seed stores 
o f native species being greater than that of 
the exotic species. The coupling of herbi­
cide treatment followed by reseeding 
needs to be researched. This requires har­
vesting of seed of native species from un­
disturbed areas and the surface spreading 
of this seed. The disturbance ca used by 
cultivation is likely to favour the alien 
weed species. 
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