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Summary 
A lohll of 53 weed species was recorded in H 

survey of six regions in winter 1977. 111e 
intercorrelations of regions were analysed 
by a factor analysis using frequency of oc
currencc,.wcrage density over all fields and 
a\'erage densit)' in fields in which the spe
cies was present. The distribution of regions 
showed a continuum associated with the re
gionnl annual rainfall. Apart from the 
semj·urid northe rn Mallee, the diversity of 
the regional weed floras, based upon 
Siml)SOn 'S evenness index, also showed it 

broad relationship with annual rainfall . 
The frequency of occurrence of some 

cummon weed species, e.g. Arctotheca calen
dula, Polygonum spp. and Ruma spp. 
formed a continuum. The exception being 
L()/ium ngidwlI which had rather high fre
quency in all six regions. Generally, the 
common weeds of the semi arid northern 
Mnllee were not found frequently in other 
regions.The findings are brietly considered 
in relation to those agronomic fa ctors of the 
regions that were thought to be related to 
annual rainfall. 

Introduction 
The weed fl ora of ara ble land consists of 
pioneer species that origina te from di s
turbed habit ats such as river and lake banks, 
sea shores, sa nd dune systems, hill and 
mountain sides and forests (Stre ibig 1988). 
Whilst many weed species a re limited in 
the ir indigenous distribut ion, some have 
now ga ined a foothold on a rable land world
wide, because agriculture removes vari ations 
in so il fertility and othe r environmental fac
tors (Holm, Plucknell , Pancho and Her
berger 1977). In northe rn Europe, for ex
ample, the weed nora consists of 50% nat ive 
and 50% int roduced species, some of which 
have been natura lised fo r millenia (Srre ibig 
1988). 

Most weeds in Victorian cereals have 
been introduced from Europe, temperate 
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Asia and America over the past 200 years 
and may not yet have reached the ir fina l dis
tribution; very few weeds originate from the 
native flora (Amor 1984, G roves 1986, Medd 
1987, Parsons 1973, Veilhuis and AlTIo r 
1983). As pointed out by KIoot (1987), the 
composit ion of the a lien weed nora of Aus
tra (ja is a result of historical, environment al 
and manageria l factors and thus the changes 
that wi ll be detected must necessarily origi
nate by t he same forces. 

As weed communities on arable land, like 
any othe r plant community, are affected by 
the environment and by frequent distur
bance due to human activity (Amor and de 
l ong 1983, Amor and Kloot 1987), distinct 
weed communit ies a re often difficult to de
fi ne. Based on the 1977 weed survey of Vic
tori an cereal crops (Well s and Lyons 1979), 
P.K. Gullan and GJ . Wells (Unpublished 
report and Personal communicat ions) iden
tified seven weed co mmunir-ies throughout 
the state. Although these formed part of a 
continuous gradient , they were geographi
ca lly di stinct and could to a ce rtain extent be 
linked with n1i nfa ll. It was concluded thnt 
the four communities in high rainfa ll areas 
would eventua lly combine in only one com
munity when the major weed species reach 
thei r fina l dist ribut ion. The rela tively young 
agricult ura l hislOry of A ust ra lia, for example 

the Victorian Malice was fi rst fa rmed 

Wimmcra 
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about 90 years ago, makes it even more di ffi
cult to dist inguish distinct weed communit ies 
as most species have yet to reach thei r fi nal 
distribution. 

Goodall (1954) was the fi rst [ 0 att empt to 
use multivariate ana lysis to quanti fy vegeta
tion changes in relation to environmental 
factors. He used factor ana lysis to dist in
gu ish virgin scrub vegeta tion types in the 
Victorian Malice. Since this work , the de
script ion of plant communjt ies in te rms of 
environmenta l gradients has often been 
su mmarised by similar analyses (Kershaw 
1973, Pie lou 1984). Factor ana lysis takes 
advan tage of the intercorrelation of a set of 
variables to reduce a mult idimensional 
'space' into hopefully two or three dimen
sions which contain the majority of the bio
logical informat ion (Cooley and Lohnes 
1971), Although factor analysis is based on 
sta tistica l assu mptions it is a hypothesis-gen
e rating rat her than a hypothesis-testing 
method. It has a lso been used to quant ify the 
re lationship between the longevity of agri
cultural crops and the associated weed nora 
(Haas and Streibig 1982, Streibig 1979). 

The purpose of this study was to defi ne 
the environmenta l condit ions govern ing the 
composition of the weed vegetation in Vic
torian crops as surveyed in 1977 (Wells and 
Lyons (979). 

Materials and methods 
A tota l of 1,382 cereal fie lds were surveyed 
in 1977 by Wells and Lyons (Wells and 
Lyons 1979) when the crops were approxi
mately <.It the three-leaf stage, before herbi
cides were applied. Pre-emergence herbi
cides were not widely used at that time ex
cept for some a reas in the Wimmera. Wheat 
was growing in 70% of fie lds surveyed, ba r
ley in 14% and oats in 16%. A total of 53 
weed species were recorded and thei r fre-
quency o f occurrence, average densi ty (m-2) 
over al l surveyed fields and ave rage density 
(m-2) only-in those fields where the species 
occurred were ca lculated within each of six 
agri cultural regions of Victoria (See Table 1 

in Wells and Lyons, 1979). The re· 
gions are shown in Fig. I. 

bourne, Victoria 3002, Australia Figure J. The statistical division of Victoria (From Wells and Lyons 1979) 
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Figure 2. Faclor pattern or intercorrelation or weed density 
over all fields. M :::; Northern Mallee; W :::; Wimmera; 
L = Loddon·Campaspe; GN = Goulburn·North Eastern; 
S = South Western·Centrdl Highlands; G = East Gippsland. 
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Figure 3. Factor pattern or intercorrelation or weed density 
over fields in which the species were present. Symbols as in 
Fig. 2. 

The fie lds were aU in normal agricultural production and may have 
received pre-emergence herbicides. A detai led description of the 
SlIrvey methods employed and the distribution of fields within Victo
ria is given by Wells and Lyons (1979). 

Before being subjected 10 a factor analysis, the frequ ency of occur
rence was ar-scin transformed whilst the two measurements of densi
tics were log-transformed La ensure approximately normal distribu
tions of va ri ables. 

For all three factor ana lyses, using a Varimax rotation method, 
two factors were re tained. As pointed out elsewhere (Streibig 1979), 
the factors a re extracted on the basis of the observed covariation of 
variables and arc as such , arbitra ry factors. Th c..,), can be 'explained' 
subjectively by linking them to the experimenters' knowledge of 
underlyi ng ecological factors. 

T o assess the diversity of the weed nora within regions, Simpson's 
evenness index (Hill 1973) was calculated, using the average density 
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Figure 4. Relationship between Factor 2 loadings or regions 
rrom Fig. 2 and the range or annual rainrall within regions 
(Regression based on average rainfall and range of rainfall 
based on isohyet. From Lee 1982). Symbols as in Fig. 2. 
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Figure S. Relationship between Factor 2 loadings or regioos 
from Fig. 3 and lhe range or annual rainrall within regions. 
Symbols as in Fig. 2. 

of species over fields in which the species occurred, according to the 
formula, 

E; ~p .. /S 

where PI denotes the proportion of density of the ith species in rela
lion to the total density of aU species in a region whilst, S is the tOlal 
number of species recorded in a region. The Simpson's evenness in-
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Table 1 Intercorrelations between regions of average density 
oC S3 weed species (log-transCormed). Density based on all 
fields 

---- - 5 Regions 2 3 4 5 

--M 1. Northern MaUee 
2. Wimmcra 
3. Loddon-Ca mpaspe 
4. Goulburn N. Easlern 
5. S. W. Centra l H ighlands 

0.59 
0.39 
0.19 
0.12 
-0.03 

0.76 
0.66 
0.5 1 
0.42 

0.76 
0.59 
0.46 

0.69 
0.61 0.61 

- ---------GN 
6. East Gippsland 

----- ----- -L 0·2 
-- - -- w 
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Table 2. Intercorrelations between regions of averdge density 
oC S3 weed species (log-trdnsCormed) . Density based on ly on 
fields in which the species occur. 

Regions 1 2 3 4 5 

l. Northern Malice 

Annual rainfall (mm) 
2. Wimmcra 0.1 5 
3. Loddon-Campaspc 0.20 0.58 

Figure 6. Relationship between Simpson's evenness index 
a nd the range oC a nnua l rainCall within regions (Mallee 
omitted). Symbols as in Fig. 2. 

4. Goulburn N. Eastern 0.24 0.46 0.62 

dex can take va lues between 0 and 1. If the 
density is the same for each species the even
ness index E would be un ity. 

The relat ionShip of frequency of occur
rence of some weed species and Iheir factor 
scores based on density was also assessed by 
sorting the species according to their fre
quencies grea ter than 25% within regions. 

Results and discussion 
The inte rcorrelations between regions were 
genera lly positive (Tables 1-2). As rrequency 
of occurrence gave the same results as aver
age density for all fie lds they will not be 
shown. The lowest inle rcorre lations were 
found for the East Gippsland and Northe rn 
MaUee regions. The inte rcorrelat ions based 
on the average density in fields whe re the 
species occurred (Table 2) were generally 
lower than densit ies calculated fo r all fields 
(Table 1). The two first factors ext racted 
from T able 1 accounted for 80% of the tota l 
variation in data whilst the two first fact ors 
extracted from Table 2 accounted for 68%. 

The facto r patt e rn in Fig. 2 showed a gra
dient that reflected the diffe rences of the 
regional weed fl oras. The semi-arid North
ern Ma1lee region had high loadings on fac
tor 2 and low loadings on factor I, whereas 
the high rainfall regions of South Western 
Central Highlands and East G ippsland had 
high loadings on factor 1 and low loadings 
on factor 2. The Wimmera, Loddo n-Cam
paspe and Goulburn North Easte rn regions 
fo rmed a continuum between the regions of 
contrasting ra infa ll. If we wish to identify the 
factors in terms of environmental gradients, 
factor I could be ident ified as a 'wetness fac
tor' whilst factor 2 could be identified as a 
'dryness factor' . 

5. S. W. Centra l Highlands 0.12 0.37 0.37 0.63 
6. East G ippsland 

The factor ana lysis of the density based 
only on the fields in which the species were 
present (Fig. 3) separated the dry region of 
the Northern Malice from the high rainfall 
regions of East Gippsland and SOuth West
ern Central Highland even more in te rms of 
factor 2 loadings than did the analyses in 
Fig. 2. The reversal of signs of factor 2 is of 
course brought about by the structure of the 
inte rcorrelations in T ables 1 and 2. The dis
tribution of regions on the first factor in 
Fig. 3 ,however, was less clea r cut than in 
Fig. 2. 

The re lationships between factor 2 load
ings and annual ra infa ll within regions 
(Figs. 4-5) clea rly showed the link between 
factors and ra infa ll. Diffe rences in regional 
rainfaU are, however, confounded with nu
merous othe r less quantifiable growth and 
agricultura l characte ristics. For example, 
crop rotat ion, crop type, fertiliza tion, fa llow
ing practices, pasture management , number 
of years in cultivation, and he rbicide use, all 
form an integral part of the environment in 
which a weed flora develops. The pall crn of 
rainfall, not apparent from annu al rainfall 
totals, may also play a crucial role in the 
development of a weed flora. Also, because 
the agricultural history of some regions is 
rela tively young, the final distribution of im
portant weeds may not yet have been 
reached (Forcella 1985). 

Another way of summarising the regional 
weed communities is to calcu late a evenness 
index il lustrat ing the homogeneity of the 
flora within a region. This is in contrast to 
the facto r analyses describing the differences 
in the weed floras between regions. We have 
chosen Simpson's evenness index and re
lated it to the annual ra infall (Fig. 6) . Apart 

-0.13 0.26 0.11 0.36 0.47 

from the weed nora of the northern Malice 
the re existed a re lationship between even
ness of the weed nora and rainfa ll. Gener
a lly, the evenness of the weed flora increased 
with increasing rainfa ll The Northern Mal
Ice, however, was first opened up to agri cul
tural use 90 years ago, more recently than 
almost any other pa rt of Victoria, and this 
might have influenced the general diversity 
of the re lat ively young regional weed nora. 
Anothe r explanation could be that the par
ticula r envi ronment of the Northern Malice 
limits the invasion of new species. The even
ness of the semi-a rid Northern Mallee re
gion was closer to the high rainfa ll regions 
than it was to the drie r regions of Wimmcra 
and Loddon-Campaspe region. 

Table 3 shows some common weeds hav
ing a frequency of occurrence greater than 
25% and the ir factor scores based on factor 
2 in fig. 2. The frequency pattern clearly indi
cated a continuum in the distribut ion of the 
species. Thc only species commonly found in 
a ll regions was LoI;um ng;dum . The com
mon species in Northern Malice, Medicago 
spp., Bmss;ca tollmel m1;;, S;symbtium spp. 
and Lilhospmum llIl'(!IIse were not found 10 
any great extent in the other regions, and the 
same applied to Siellatia media , Cirs;um 
vulgatf!, FumOli a spp. Poa alluua, Cerast;um 
v;scosum , Polygollum cOllvolvu/us and Hy
poe/welis mdicata which were confi ned to 
the high rainfa ll region of East G ippSland. 
This cont inuum is also re fl ected by the fac
tor scores in Table 3, species common in the 
drie r regions, Northe rn Malice, Wimmera 
and Loddon-Ca mpaspe, had positive factor 
scores, whereas species more common in the 
higher ra infa ll regions of Goulburn-North 
Easte rn , South Western-Centra l Highlands 
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and East Gippsland generally had negative 
factor scores. 
In conclusion, even though the surveyed 
liclds have been in normal agricultural pro
duction, the composition of the weed flora 
still mirrors environmental di fferences in 
terms of rainfall between regions. 
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