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Summary   Kochia has been eradicated in Western 
Australia as a result of a dedicated eradication program 
that began in 1992. The last sightings were in March 
2000. In general, kochia responded rapidly to eradica-
tion treatments (which comprised herbicides, grazing, 
burning or mechanical removal) and was eliminated 
from most sites after one or two years of treatment; 
however, plants continued to be found for up to seven 
years at a few sites. Most infestations were small (<10 
ha) and of low density, but a few were >50 ha, the 
largest being 140 ha and 1000 ha in extent. There was 
no correlation between size of infestation and time to 
achieve eradication.
Keywords    Kochia,  Bassia scoparia,  eradication, 
 database.

INTRODUCTION
Kochia (Bassia scoparia (L.) A.J.Scott) is a large, 
fast-growing annual weed of cereal crops and pas-
tures, especially in regions with warm climates. It 
is also grown as a salt-tolerant forage plant (Dodd 
and Moore 1993). It was introduced deliberately into 
Western Australia (WA) in May 1990 as a forage plant 
and for revegetation of salt-affected land, but it soon 
began to spread from introduction sites. Eradication 
of kochia began in early 1992, less than one year after 
it had begun to spread and naturalise, and nearly two 
years after its deliberate introduction. Four years of 
national funding for the eradication program began 
in March 1993. The various control techniques used 
against kochia were herbicides, crash grazing (sheep, 
at high stocking rates), grubbing (physical removal) 
(Dodd and Moore 1993) and burning. Progress with 
the eradication program has been described in Dodd 
and Moore (1993), Dodd (1996) and Dodd and Ran-
dall (2002). 

MATERIALS AND METHODS
Biosecurity offi cers from the Western Australian De-
partment of Agriculture have run fi eld operations for 
the kochia eradication program since 1992. All visits to 
infestations are recorded in the Field Reporting System 
(FRS) database, which now contains over 2000 records 
for this eradication program. 

For each infestation, the database contains in-
formation on the site type (e.g. farm or reserve), 
geographical location, landholder’s name, date of the 
visit, and presence or absence of the weed. The area 
and density of the infestation are also recorded, the 
extent being the gross area over which plants were 
distributed and which was surveyed at each inspec-
tion, sensu Panetta and Timmins (2004). The density 
classes were low (plants >3 m apart), medium (0.5–3 
m apart) and high (<0.5 m apart). 

A population of kochia was considered to have 
been eradicated if no plants were found for three 
successive years of inspection, although Dodd and 
Randall (2002) recommended a fi ve year kochia-free 
period to account for prolonged seed survival. In 
some cases, inspections ceased after sites had been 
weed-free for three years. All sites were inspected 
again between January and April 2004 to check their 
kochia-free status.

Inspection records were analysed. Measures rel-
evant to the kochia eradication program were derived 
from the database, specifi cally: 
• period over which kochia plants were observed 

(i.e. difference between fi rst and last dates of 
sighting); 

• the kochia-free period (years since last seen); 
and 

• the maximum extent of each infestation. 

RESULTS
Is kochia now eradicated in WA?   The FRS data-
base lists 81 sites at which kochia had been recorded. 
Kochia is now considered to have been eradicated 
in Western Australia, because no plants have been 
observed at any of the infestation sites for three or 
more years. 

Time taken to achieve eradication   For a weed 
such as kochia that reproduces by seed, eradication 
is achieved when no viable seeds remain in the seed 
bank. The time taken to exhaust the seed bank was not 
measured in this program. However, the period over 
which live kochia plants were observed provided a 
rough measure of progress towards eradication. 
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The various control measures imposed on in-
festations at the start of the program proved to be 
effective. At fi fty-two percent of infestations, plants 
were observed only during the fi rst 12 months of 
the eradication program (Table 1). It is assumed that 
eradication was achieved quickly at these sites, since 
little or no replenishment of the seed bank would have 
occurred. 

At a small number of infestations, plants were 
found over four years or more, the longest period being 
>7 years (85.5 months) (Table 1).

Year kochia was last seen   Kochia plants were 
eliminated quickly from most infestations during the 
eradication program, as a consequence of the frequent 
inspection and treatment of infested sites, and the de-
ployment of effective control measures. It was last seen 
in or before 1994 at 80% of sites (Table 2). No kochia 
plants have been seen since March 2000 when small 
numbers were found on three farms.

Size and density of infestations   The sizes of kochia 
infestations recorded on the FRS database ranged from 
1 to 1000 ha. Many were less than 1 ha in extent, 
and refl ected the limited size of the sites in which the 
seeds were originally sown (Dodd and Moore 1993). 
It should be noted that infestations comprising single 
plants or small patches a few m2 in extent were re-
corded as 1 ha, since this is the smallest unit in FRS 
for recording areas. 

The majority of infestations covered less than 10 
ha and, within that size class, most were 5 ha or less in 
extent (Table 3). The two largest infestations recorded 
during the eradication program were 140 ha and 1000 
ha. The total area infested by kochia was 2281 ha (N.B. 
the total of 3277 ha reported in Dodd and Randall 
(2002) contained some inaccurate values).

Plant density was predominantly low. Over half 
the infestations were of low density, and remained 
at this level throughout eradication (Table 4). High-
density infestations were reported at only 11 sites 
(12.8%). 

No relationship (correlation coeffi cient = 0.090) 
was found between infestation size and the time taken 
to achieve eradication (as indicated by the time be-
tween fi rst and last sightings of kochia plants). The two 
largest infestations (140 ha and 1000 ha) required 56.0 
months (mo) and 14.5 mo, respectively, for eradication, 
whereas the infestation that took longest to eradicate 
(85.5 mo) had a maximum area of 3 ha (Figure 1).

DISCUSSION
This analysis of the database confi rms that kochia 
has been eradicated from Western Australia. All sites 

now meet the criterion of being kochia-free for three 
years and many have been free of the weed for more 
than fi ve years.

Table 1.   Time (months) over which kochia plants 
were observed.

Time (mo)
Infestations 

n (%) Time (mo)
Infestations 

n (%)

>1–12 42 (51.9) 49–60 5 (6.2)

13–24 18 (22.2) 61–72 1 (1.2)

25–36 9 (11.1) 73–84 2 (2.5)

37–48 2 (2.5) 85–96 2 (2.5)

Table 2.   Year kochia last seen.

Year Infestations Year Infestations

1992 8 1997 4

1993 37 1998 1

1994 20 1999 2

1995 2 2000 3

1996 4 – –

Table 3.   Size distribution of kochia infestations.

Size class (ha) Infestations Size class (ha) Infestations

1–10 56 81–90 –

11–20 8 91–100 2

21–30 2 101–110 1

31–40 3 111–120 –

41–50 4 121–130 –

51–60 – 131–140 1

61–70 1 >141 1*

71–80 2

* 1000 ha.

Table 4.   Kochia density classes during eradication.

Density class(es) Infestations n (%)

L 45 (55.6)

L,M 23 (28.4)

L,M,H 8 (9.9)

M 2 (2.5)

L,H 3 (3.7)

L = low, M = medium, H = high.
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In most cases, eradication was achieved quickly. 
After the second year of eradication efforts (i.e. by 
the end of 1994) 74% of sites remained free of kochia 
plants (Table 1) – any kochia seed bank that survived 
at those sites became exhausted without further seed-
ling emergence occurring. The majority of infestations 
were indeed eradicated during the course of the nation-
ally funded program (1993–97), although this could 
not be claimed then because of the three year kochia-
free period required to confi rm eradication.

Previous publications about this program (Dodd 
and Moore 1993, Dodd and Randall 2002, Groves 
and Panetta 2002) predicted that eradication would 
succeed, due to a combination of various biological 
attributes of the weed, and other aspects. These include 
early implementation of eradication measures under a 
well-resourced program, comprehensive knowledge of 
introduction sites, the plant’s ease of detection and the 
(fortuitous) containment of plants by fencing (Dodd 
and Randall 2002). These predictions are substanti-
ated by the speed and completeness of the eradication 
revealed by this analysis of the eradication database.

Panetta and Timmins (2004) point out that the 
kochia eradication program was exceptional in that 
it broke the ‘1000 ha rule’ whereby eradication was 
unlikely for infestations greater than this area. The 
total gross area infested by kochia actually exceeded 
2000 ha, but the success of eradication is due to the 
plant’s biological attributes and the other factors out-

lined above. The rapid elimination of plants (no plants 
found after 14.5 mo of eradication measures) from the 
largest individual infestation (1000 ha) is remarkable, 
but again illustrates that kochia was highly amenable 
to eradication. 

Infestation size alone did not determine the time 
required to eradicate kochia (Figure 1). Other factors 
infl uenced the speed of eradication. Infestation density 
may have some infl uence on the outcome; although 
high-density stands might be expected to be more 
diffi cult to eradicate, their conspicuous nature might 
actually elicit a more determined response by staff 
involved in the program. 

Other factors might, collectively, determine the 
‘eradication pressure’ applied to weed infestations, 
especially during a high-profi le program such as this. 
These include the thoroughness of the searches con-
ducted at each inspection, the frequency of inspections, 
level of ability/skills of searchers, and the choice or 
timing of control treatments. During the current pro-
gram there was evidence of differences in inspection 
activity, especially in the frequency and recurrence of 
site visits required to confi rm eradication. 

Variation associated with inspections could be 
reduced if the inspection activities were scheduled 
in advance, with fi eld staff prompted automatically 
about which sites to inspect, how and when. This ap-
proach would remove the human element and would 
ensure that best practice measures are followed during 
a priority activity such as a nationally funded weed 
eradication program like this. Scheduling software 
either exists or could be developed readily for this 
purpose. 

The records for kochia, contained in the FRS 
database, were found to contain a small number of 
errors that had remained undetected until they were 
scrutinised for this paper. Although the errors were 
relatively minor, they were often hard to interpret and 
correct, especially those for inspections made several 
years ago, or by offi cers who have since left. Ideally, 
the data in a database should be administered, checked 
and managed in order to maximise their value and 
integrity (Date 1990); however, few organisations have 
suffi cient resources for this. 

 
Lessons learned
1. National eradication program. The nationally 

funded kochia eradication program was the fi rst 
such program to target a weed (previous programs 
had dealt with pest and disease incursions). The 
existence of this process, with its principles for 
sharing costs between Commonwealth and States, 
allowed the eradication effort to start quickly and 
to be well resourced. 

Figure 1.   Infestation size (ha) and time required 
to achieve eradication (mo). The diagram omits 
the largest kochia infestation (1000 ha, 14.5 mo to 
eradicate).
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2. Prevention is better than cure. Despite the suc-
cess of the kochia eradication program, it would 
have been preferable if the plant had not been 
introduced in the fi rst place. It was introduced 
intentionally – and legally – at a time before cur-
rent Weed Risk Assessment procedures for plant 
introductions were in place (Dodd and Moore 
1993). The ensuing eradication program has cost 
in excess of $0.5m (estimated expenditure to mid 
2002 was $494,600 (Dodd and Randall 2002)). 
It is of concern that kochia is still promoted as a 
benefi cial plant for ‘biosalinity’ projects, and that 
its seeds can still be obtained easily via the internet 
(Dodd and Randall 2002), although it would now 
be illegal to import seed to Australia from such 
sources. 

3. Criterion for eradication. A weed eradication pro-
gram must have an agreed criterion for confi rming 
that eradication has occurred, e.g. three weed-free 
years following the last sighting, refl ecting knowl-
edge of seed persistence.

4. Follow-up inspection regime. Once the eradication 
criterion has been determined, it is essential to fol-
low a strict program of site inspections. Ideally, the 
inspections would be prompted automatically.

5. Kochia was exceptional. Many aspects of the ko-
chia eradication program were exceptional, and are 
unlikely to be repeated in future weed eradication 
programs.

6. Eradication feasibility. Despite its exceptional na-
ture, the kochia program nevertheless provides an 
example of a successful weed eradication program 
and substantiates the Panetta and Timmins (2004) 
approach to evaluating the feasibility of eradica-
tion for weed incursions.

7. Databases. In any signifi cant weed management 
operation, a database is an essential tool for 
tracking progress. In a weed eradication program 
with a clear performance target (i.e. the eventual 
eradication of the target weed), it is vital to be able 
to document operations and progress. Scheduling 
of operations and inspections could also be linked 
to the database. 
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