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Abstract.

The main weeds and effectiveness of weed management practices used in dryland cotton

cropping systems were identified using information collected in a postal and a field survey in

southern Queensland and northern New South Wales. Forty-eight completed questionnaires

were returned, and 32 paddocks were monitored in early and late summer for weed species

and density. The main problem weeds were bladder ketmia (Hrbr:sous 171bnum), common

sowthistle (Sonchus o16raceus), barnyard grasses (Bobihoch/oa spp. ), liverseed grass

(Uroch/oapaniboides) and black bindweed (Fallq, Din convolvulus), butthe relative importance

of these differed with crops, fallows, and crop rotations. Pigweed (Portu/aca oleracea),

amaranths (A1naranthusspp. ), caltrops (77'1bu/us spp. ), and cowvine (!j70moea 10nchqphy//a)

were common summer weeds but not considered by growers as difficult to control. The weed

flora was diverse with 54 genera identified in the field survey. Control in rotational crops and

fallows depended largely on herbicides, particularly glyphosate in fallow and atrazine in

sorghum, although control was not consistently effective. Controlin dryland cotton involved

numerous combinations of selective herbicides, several non-selective herbicides, inter-row

cultivation and some manual chipping. Despite this, seeding residual weeds were found in

approximately three-quarters of the survey paddocks. Crops were nounally sown in widely

spaced rows, and few growers control weed survivors or late flushes in the rotational crops.

The approach of managing weed populations acrossthe whole cropping system needs wider

adoption to reduce the weed pressure in dryland cotton and the economic impact of weeds in

the long-tenn. Strategies that optimise herbicide perfomnance and minimise return of weed
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seed to the soil are needed. Infonnation from the survey provides direction and priorities for

research to improve weed management in this cropping system.

Introduction

Dryland (rain-grown) cotton has become an importantrotational crop in the lasttwo

decades in broad-acre cropping region in southern Queensland and northern NSW. Dryland

cotton can account for up to 20% of the total area sown to cotton in Australia, with the

remaining area grown under irrigation (Shaw 2002). The cropping system with dryland

cotton is complex, as it involves different rotational crops and variable length fallows, with

the amount of stored soil moisture being the most critical factor influencing the decision

whether to sow dryland cotton versus other crops (Marshall2002). Dryland cotton is grown

in the sub-tropic region that receives both summer and winter rainfall(Webb eta/, 1997) that

is characteristically variable, particularly during the critical growing season of summer crops

(Hammer and Muchow 1990, Ford and Forrester 2002).

Weed management is thus also complex, and needs to be flexible to respond to

changes in these farming systems (Charles 2002a). Weeds can be very competitive, as cotton

seedlings are often slow to emerge and grow slowly in the coolspring conditions. As well,

weeds emerge in the non-planted skip rows and utilise resources that would otherwise be

available for cotton plants later in the season. Weeds can be hosts for cotton insects and

diseases, and adversely affect harvesting and cotton lint quality. In general, weed

management in dryland cotton involves controlling weeds in previous fallows and rotational

crops, using selective herbicides, as well as inter-row cultivation, inter-row spraying of non-

selective herbicides with a shielded sprayer, and manual chipping. However, little

information is available on the effectiveness of these different management practices, the

economic impact of weeds, orthe important weed issues concerning this system. Charles

(1991) reported of a weed survey conducted in irrigated cotton , which was grown mostly as

mono-culture or in simple crop rotations. The weeds, management techniques and issues are

likely to differ between the irrigated and dryland cropping systems.

Several previoussurveys documented the weed flora and weed management practices

in the grain cropping systems of sub-tropical Australia. Martin eta/. (1988) surveyed the

weeds and management practices used in wheat in northern NSW. Later, Felton eta1 (1994)

surveyed the impact offallow practices on weed flora in summer fallow and sorghum in the
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same region. Gavin eta1 (1999) monitored changes in weed species, density and

effectiveness of controlpractices in wheat paddocks of a wheat-sorghum rotation in northern

NSW and southern Queensland over 2 years, Widderick eta1 (1999) conducted a postal

survey on distribution and management practices for controlofcommon sowthistle (Sonchus

o16raceusL. ) across the sub-tropical grain region. These field and postal surveys were

followed by an extensive postal survey on the distribution, density and economic impact of

weeds in winter crops across Australia, which included northern NSW and southern

Queensland (Alemseged eta/. 2001, lones eta1 2003). The authors validated the postal

survey data by following it with a limited field survey (lones era/. 2000).

This paper reports on the results from a postal and field survey of weeds, management

practices and their effectiveness in rotations with dryland cotton. A second paper focuses on

the economic impact of weeds in this system. The information is used to provide direction

and priorities for research needed to improve weed management and thus reduce the impact of

weeds in this important and relatively new component crop in an inherently complex farming

system.

Materials and methods

Postal survey

A self-completion questionnaire was mailed to 286 growers of dryland cotton in

southern Queensland and northern NSW in September 2001. The survey form asked growers

to provide infonnation on their crop rotations with dryland cotton, soil types, the use and

frequency of nominated farming practices for weed control in each crop and fallow by

selecting a category of 'often used','sometimes used', or 'rarely or not used'. For each crop

and fallow, growers were asked to listthe five main weeds, herbicides used, control normally

achieved by selecting a category of 'very good','acceptable', or 'variable'. As well, they

were asked for information on their average crop yields, and losses from uncontrolled weeds

and contamination penalties. Information from each completed survey was entered into a

Microsoft Access database, from which queries were undertaken to collate and presentresults

in this paper. Data are presented as percentages of responses compared with the total number

of responses for each part of the questionnaire
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Grower interview and field survey

Ten of the postal survey respondents were chosen at random for interviewing and

monitoring weeds in their rotations with dryland cotton. Seven of the farms were in the

Darling Downs region of southern Queensland, and three were in northern New South Wales

between Goondiwindiand Narrabri.

The growers were asked individually for more infomnation on their crop agronomy

and weed managementstrategies. Then, 32 paddocks on these 10 farms were monitored for

weed diversity and density. The paddocks were either in fallow (19), cotton (9) or sorghum

(4), and weeds were rated in December 2001to give an indication of the weeds initially

infesting the crop or fallow, and in May 2002 to give an indication of the surviving residual

weeds.

Weeds were monitored in 20 transects, each loin x Im, in each paddock, which was

divided into 4 sections where 5 transects were made at random across each section. The

presence and density of each species were noted in each transect. The density of each species

was rated using the scale ofO to 3, where O = no plants/loin', I = I-9 plants/loin', 2 = 10-100

plants/loin , 3 = >100 plants/loin .

Results

Postal survey response

Forty-eight completed responses were received, representing a response rate of 17%.

Thirty-two respondents were from the Darling Downsregion, and 16 were from the

Goondiwindito Narrabri region. This distribution corresponds well with the portion of

dryland cotton growers in these 2 regions (Dowling 2000, 2001, 2002).

Crop rotations and soils

Twenty-eight crop and fallow sequences with dryland cotton were listed by the

growers. The most common rotation was cotton with winter cereal(Table I). Cotton was

rotated with either one wheat crop (28%), two wheat crops (17%), wheat followed by barley

(5%), orthree wheat crops(Iyo). The other common rotation was cotton with summer and

winter cereals. In this rotation, cotton was rotated with one wheat crop and one sorghum crop

(11%), or with wheat, barley and sorghum (4%). Other rotations were dryland cotton only, or

had various combinations of sorghum, maize, chickpea, inung bean, and peanut. Cotton was
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normally preceded by a fallow of approximately 12-18 months, and was followed with either

a winter crop after a very short or 12-month fallow, or a summer crop after an approximate 6-

month fallow. Consequently, cotton was grown once every 2-4 years in these rotations. Most

interviewed growers decided on their crop rotation based on optimismg soil water

conservation (909"0) and for better weed control(70%).

Practically all of this cropping system was grown on vertisolsoils, which have high

clay content(40-809"0) with a high capacity to store plant-available water (Webb eta/. 1997)

Table I. Categories of crop rotations nominated by dryland cotton growers in the postal survey, with data
presented at % of the 79 listed rotations, which had 28 different sequences of crops and follows. Most growers
nominated more than I rotation

Rotation category

Winter cereal only
Summer cereal + winter cereal

Winter cereal + pulse
Summer cereal only
Long fallow only
Summer cereal+ winter cereal+ pulse
Pulse onI

Crop agronomy

The interviewed growers sowed dryland cotton in Im rows either as a solid plant,

single skip (every third row was not planted), or double skip (every third and forth row were

not planted). Sowing rate of cotton varied from 4.5 to 11 kg/ha depending on row spacing.

The survey was conducted prior to the commercial release of Roundup Ready@ cotton

Sorghum was normally sown in Im rows either solid planting or single skip at 3-5 kg/ha.

Winter cereals were normally sown in 25 to 38cm rows at 40 kg/ha orless.

Crops grown with dryland cotton

Wheat, barley
Wheat, barley, sorghum
Wheat, barley, chickpea, inung bean, peanut
Sorghum, maize
None

Sorghum, maize, wheat, barley, chickpea, inung bean
Chick ea, inun bean

Fallow weeds

Growers were highly reliant on knockdown herbicides for fallow weed control, with

899'0 using these herbicides regularly in both summer and winter fallows (Table 2).

Cultivation was used by 23-28% of growers on a regular basis and another 34-51% on a less

regular basis. Spot spraying was used by more than halfofthe growers at times in summer

fallows, whereas residual herbicides and grazing were not commonly used.

V

51

15

8

8

8
8
2
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Table 2. Management practices used for weed control in summer and winter fallows as indicated by growers in
the postal survey. Data presented as % of the respondents, which were 48 for summer fallow, winter fallow, and
cotton, 3 I for sorghum, 39 for wheat, and 11 for chickpea. Several growers did not complete all questions on
management practices. The late herbicide application was termed 'Late selective herbicide application to control
escapes or late flushes'

Management practice

Knockdown herbicides
Cultivation

Residual herbicides

Spot spraying
Grazing

Pre-emergent herbicides
Higher seeding rates
Post-emergentlierbicides
Late herbicide

application
Inter-row cultivation

Shielded spraying
Chipping
Pre-harvest desiccation

Often
used

Sometimes
used

89
28
11

6

o

SUInmerl:^/low
11

34

28

47

11

Dryl?ridcot/on
15

7

28

28

Pre-emergent herbicides
Higher seeding rates
Post-emergent herbicides
Late herbicide

application
Inter-row cultivation

Shielded spraying
Chipping
Pre-harvest desiccation

Rarely
or not

used

76

7

61
20

Often used

o

36

51

28
62

52

72

28
61

Sometime
s used

89
23
11

6

o

26

15

52
22

Wheat

26
28

28

23

9
70

11

35

W/h!err?mow

9
51

17

30

11

Solghum
19
16
39
29

18
13

56

15

Glyphosate alone and glyphosate mixes accounted forthe large majority (92-94%) of

the herbicide treatments applied to weeds in fallows (Table 3). The most common mix in

both fallows was glyphosate with 2, 4-D (17%). Also in summer follows, glyphosate was

Inixed with fluroxypyr, metsulfuron-methyl, atrazine, and to a lesser extenttriclopyr,

tribenuron-methyl, MCPA, and dicamba, whereas it was Inixed with metsulfuron-methyl,

dicainba, tribenuron-methyl, and to a lesser extent MCPA and oxyflurofen in winter fallows.

Several herbicides, which were not mixed with glyphosate, were applied infrequently, such as

metsulfuron-methyl, fluroxypyr, paraquat + diquat, and dicamba in summer fallows, and 2, 4-

D, dicamba, and piclorain + 2, 4-D in winter fallows

Rarely
or not

used

68
10
45

16

20
7

20

11

3

3

o
5

o

21

60
40
62

26

13

o
39

54

46

15

54

o

o
15

3

23

35

13

39

Chibkyea
18
36
36

9

13

65

16

45

73

o

36

18

74

69
64

72

48
42

71

16

9

o

9
55
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Table 3. Herbicides used in fallows and main crops, as indicated by the postal survey respondents, which were
48 for summer fallow, winter fallow, and cotton, 31 for sorghum, 39 for wheat, and 11 for chickpea. Data
presented as % of the total number of herbicide treatments listed, which was 177, 168, 146, 104, 121, and 34 for
summer follows, winter follows, cotton, sorghum, wheat and chickpea respectively.

Fallow or cro

Summer fallow

Herbicide

Glyphosate
Glyphosate + 2.4-D
Glyphosate + fluroxypyr
Glyphosate + metsulfiiron-methyl
Glyphosate + atinzine
Other mixes with glyphosate
Other herbicides

Glyphosate
Glyphosate + 2.4-D
Glyphosate + metsulfuron-methyl
Glyphosate + dicamba
Glyphosate + tribenuron-methyl
Other mixes with glyphosate
2.4-D amine
Other herbicides

Glyphosate (shielded sprayer)
Fluometuron + prometryn
Fluometuron + prometryn + pendimethalin
Fluometuron + prometryn + glyphosate
Fluometuron + prometryn + diuron
Fluometuron + prometryn + diuron + pendimethalin
Fluometuron + prometryn + tnnuralin
Pendimethalin

Pyrlthiobac
Diuron + prometryn
Diuron

Glyphosate + metolachlor
Glyphosate + fluroxypyr
Other mixes with glyphosate
Other herbicides
Atrazine

Atrezine + fluroxypyr
Atinzine + metolachlor

Atinzine + picloram + 2.4-D
Fluroxypyr
Metolachlor

Metolachlor + fluroxypyr
Picloram + 2.4-D
Metsulfuron-methyl + MCPA
Metsulfuron-methyl
Metsulfuron-methyl+ thifensulfuron
Metsulfuron-methyl+ MCPA + Picloram
MCPA + picloram
MCPA

MCPA + fluroxypyr
Clodinafop
Fenoxaprop
2.4-D
Dicamba

Other herbicides

Haloxyfop
Simazine

Simazine + isoxaflutole

Siinazine+prometryn isoxaflutole
Simazine + jinazethapyr
Glyphosate with shielded sprayer
Other herbicides

Winter fallow

Cotton

Sorghum

%

55
17

8

3
2

9

6

54

17

8

6

3

4

4

4

26

17

8

6

3

3

3

4

3

3

3

3

3
2

13

37

24

14

4

8

7

4

2

18

10

7

4

14

9

7

12

6

5

3

5

24

15

12

12

9

12

16

Wheat

Chickpea
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The InOSt common weeds in suminer fallows, as nominated by growers, were grasses,

bladder ketmia (Hibi:5'0us tr'Ibnuin L. ), common sowthistle, caltrop ( Tribu/us spp. ), liverseed

grass (61'00h/oapaniboidesP. Beauv. ), burrs (Xanthitiin spp. ) and barnyard grass

(EChii70ch/o8 spp. ), as well as thornapples(Damraspp. ), cowvine (!nomoea10nchqphyl/a

I. M. Black) and pigweed (Form/aca oleraceaL. )(Table 4). Many growers did riotspecify the

names of theirsummer grasses, but it is likely that most were referring to barnyard and/or

liverseed grass. These grasses were by farthe most common weeds of summer fallows with

82% of growerslisting them astheirmain weeds. Minor weeds of summer fallows were

amaranths (Amaranthusspp. ), bellvine (!j70inoeap/objt, R. Br. ), black bindweed (Fallqpj^

convolvulusA. Love), castor oilweed (Ribihus cornmuni:s, L. ), caustic weed (Chainaesyce

drummondi70. C. Hassall), devil's claw (Martyni;Iannua L. ), fleabanes (Conyza spp. ), hairy

wandering Jew (Coinine/lira bongha/ensi3. L. ), Johnson grass (Song/?urnha/c;DensePers. ),

melons(Cucuini:sspp. and Glint//us spp. ), mintweed (Salw;, reflexa Homem. ), polymeria

(Polymen}ipus/1/8R. Br. ), potato weed (Gallhsogaparvi770raCav. ), rhynchosia (Rhynchosi:,

inIhi7naDC. ), sesbania pea (Sesban/}? cannab/haPers. ), small-flowered mallow (Ma/in

parvifloraL. ), thistles (possibly SIIybum Inari}, num Gaertn. and/or Cirsitim vulgareTen. ),

turnip weed (Rapi^mum rugosumAll. ), wild oats(Avenaspp. ), wild gooseberry (Physalis.

mrhi7naL. ), and yabila grass(Painbum queens/andibuinDomin).

In winter follows, wild oats, common sowthistle, black bindweed and turnip weed

were by farthe most common weeds, with halformore of the growers nominating these

weeds(Table 4). Paradoxa grass (PhalanS'paradoxaL. ), wireweed (Polygonuinavibu/areL. )

thistles and mustards (SJIS. y, inbritim spp. ) were also common but to a lesser extent. Minor

weeds of winter follows were African turnip weed (Sri$yinbri'urn thenungi70. E. Schulz),

bladder ketmia, caltrop, cowvine, deadnettle (Lainitim amplexibau/eL. ), fleabane, melons,

New Zealand spinach (7617agonr;, tetr'agon/bides Kiritze), potato weed, prickly lettuce

(Laciuca sen'/b/a L. ), ryegrass (Lo/^^in ri^'Iduin L. ), small-flowered mallow, vetches ( 1'7bi^?

spp. ), and wild radish (Raphanusraphani^mumL. ).

The majority of growers believed that they achieved very good control of wild oats

and paradoxa grass in winter fallow, but less achieved equivalent control for liverseed and

barnyard grass in summer fallow (Table 4). The broadleaved weeds, not controlled wellby

many growers were bladder ketmia, black bindweed, and common sowthistle in both fallows.
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Table 4. The most common weeds infesting follows and main crops, together with the overallcontrol of these
weeds achieved with herbicides. Data presented as % orthe growers recording each weed as one their five Inain
weeds, and % of these growers nominating one of three control category. 48 growers nominated weeds for
summer fallow, winter fallow, and cotton, 31 for sorghum, 39 for wheat, and 11 for chickpea. Several growers
listed weeds but did not nominate a controlcategory.

Fallow

crop

Summer

or Weedspecies

Grasses

Bladder ketmia (Hibi:scusinbnuni)
Common sowthistle (Sonc/, us o1erace
Caltrops (nibu/us spp. )
Liverseed grass(Uroch/oapanrboides)
Burrs(Xanthitimspp. )
Barnyard grasses (EChinoc/Ifoa spp. )
Thornapples (Dafura spp. )
Cow vine(foomoea lone/100hy//a)
Pigweed (Portu/aca oleracea)
Wild oats (Avena spp. )
Common sowthistle (Sonc/insolemceus)
Black bindweed (Fallopia convolvulus)
Turnip weed (Rapi3trum rugosum)
Paradoxa grass(Pha/artspamdoxa)
Wireweed (Polygonum avibu/are)
Thistles

Mustard or wild turnip
Bladder ketmia (Hibiscus inbnum)
Caltrops (nibu/us spp. )
Burrs (Xanthitim spp. )
Grasses

Liverseed grass(Uroch/oapamboides)
Amaranths(Amaranthusspp. )
Barnyard grasses (Fellihoch/oa spp. )
Common sowthistle (Sonchuso/eraceus)
Thornapples(Damraspp. )
Cowvine (bornoea lonehqohy/h)
Pigweed (Ponu/aca oleracea)
Bladder ketmia (Hibi:scus inbnum)
Caltrops (nibu/us spp. )
Grasses

Thornapples(Dafumspp. )
Liverseed grass(Uroc/,/oapamboides
Amaranths(Amaranthusspp. )
Barnyard grasses (EChihoc/710a spp. )
Cowvine (lyoinoea 10nc/, only/^)
Burrs(Xanthitimspp. )
Pigweed (Pollu/aca o1emcea)
Turnip weed (Rapistruin rugosum)
Common sowthistle (Sonc/Juso/enneeus)
Black bindweed (Falloprh convolvulus)
Wild oats(Avena spp. )
Paradoxa grass(PIia/?firpamdoxa)
Wireweed (Polygonumavibu/are)
Mustards (SI^yinbritin, spp. )
NZ spinach (ratingonin reiragonibides)
Wild oats (Avena spp. )
Turnip weed (Rapi3trun?rugosum)
Common sowthistle (Sonc/ms o1eraceus)
Black bindweed (Fallopia convolvulus)
Paradoxa rass(PIia/arts amdoxa)

Winter

Cotton

Grower

%

38

35

31

25

23

23

21

19

17

15

71

65

52

48

21

17

17

15

46

33

27

23
21

21

17

15

10

10

10

45

35

29

23

23

19

16

13

13

13

79

59

62

44

28

28

13

10

82

55

55

36

27

Ve

Control category

00d

83

35

53

75

55

73

60

67

75

71

88

58

40

74

100

75

63

100

27

38

38

55

30

70

38

43

40

60

60

50

45
22

71

43

86

o

100

50

75

84

57

33

71

55

64

60

75

67

50

33

25

100

Sorghum

ACce table

o

29

20
17

36

9

20

22

13

29

6

23

24

9

o

o

25

o

27

25

23

9

20

10

25

43

40

10

o

21

36

78

14

14

o

40

o

25

o

6

30

38

12

27

18

o

o

22

17

50

50

o

Variable

6

24

o

o

o

o

10

o

o

o

3

13

24

4

o

13

13

o

30

31

23

18

20

o

13

14

o

10

10
14

9

o

o

29

o

20

o

o

25

3

4

21

12

9

18

o

o

11

17

o

o

o

Wheat

Chickpea
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Weeds in dryland cotton and sorghum

The majority of dryland cotton growers used a mix of weed control practices, such as

pre- and post-emergent herbicides, non-selective herbicides applied with a shielded sprayer

between the rows, pre-harvest desiccation, interrow cultivation, and to a lesser extent

chipping (Table 2). Very few growers sowed cotton at higher than district average seeding

rates. In sorghum, they used less inter-row cultivation, shielded spraying and chipping.

The most common herbicides used in dryland cotton (Table 3) were glyphosate

applied with a shielded sprayer (269-'0) and fluometuron + prometryn applied alone or mixed

with pendimethalin, glyphosate, or diuron (40%). The other herbicide treatments listed were

diquat + paraquat, diuron, fluazifop, fluroxypyr, haloxyfop, metolachlor, oxyflurofen,

pendimethalin, pyrithiobac, trifluralin, triclopyr, and various mixes of these herbicides.

Atrazine, alone or mixed, accounted for 79% of the herbicides used in sorghum (Table

3). Fluroxypyr, metolachlor and picloram + 2, 4-D were the other herbicides nominated.

The weed spectrum was very similar in cotton and sorghum (Table 4). The most

common weeds were bladder ketmia, caltrop, unspecified grasses, liverseed grass and

barnyard grass. The burrs were less common in sorghum than cotton, and thornapple was

more common in sorghum than cotton. Other weeds that were listed to a lesser extent were

bellvine, black bindweed, black pigweed (7)'innthemapoim/acastr'urn L. ), castor oil weed,

devil's claw, fleabanes, Johnson grass, melons, mintweed, mustards, paradoxa grass, potato

weed, rhynchosia, sesbania pea, summer grass (Digitan}? o111}?rib!Koeler), minip weed, vetches

and wild gooseberry.

The majority of growers did not achieve very good controlofmany common weeds of

both crops, particularly for bladder ketmia in cotton, and liverseed and barnyard grass in both

crops (Table 4). However, amaranths, cowvine and pigweed were controlled generally better

than the other common weeds.

Weeds in wheat and chickpea

Weed control in wheatrelied mostly on post-emergent herbicides, with other chemical

and non-chemical options used either irregularly orrarely by many growers (Table 2). In

comparison, chickpea growers used more pre-emergent herbicides and pre-harvest

desiccation, buttended to use less post-emergent herbicides.
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The majority of wheat growers(69%) applied metsulfuron-methyl, MCPA or mixes

with MCPA and/or metsulfuron-methyl(Table 3). Eighteen procent used the graininicides,
clodinafop or fenoxaprop. Other herbicides were 2,4-D, dicamba, and mixes with picloram,
thifensulfuron, fluroxypyr, and chlorsulfuron. Chickpea growers used mainly the graininicide
haloxypyr(24%), simazine or mixes with simazine (48%). Others applied glyphosate between
rows with a shielded sprayer.

The weed flora in wheat and chickpea was very similar, with both crops infested
mainly with turnip weed, common sowthistle, black bindweed and wild oats (Table 4). Other

weeds included paradoxa grass, wireweed, mustards and New Zealand spinach, and to a lesser
extent Mexican poppies (Allgemone spp. ), prickly lettuce, shepherd's purse (Capse//a bursa-
pas/onS. Medik. ), thistles, and wild radish. The least well-controlled weeds with herbicides

were black bindweed in both crops and common sowthistle in chickpea.

Field survey

In general, the field survey supported the findings of the postal survey in relation to
the main weeds and levelofcontrolachieved for weeds in the summer components of the
rotations.

Sixty-one weed species of 54 genera (Table 5), as well as 5 crops, volunteer barley,
cotton, sorghum, sunflower and wheat, were identified in the surveyed paddocks. Most
species were recorded in the initialsurvey, whereas 37 weed species were recorded at the Grid
of the season, which were classed asresidualweeds. The most common weed was bladder

ketmia, which infested 72% of the paddocks. Other common weeds were pigweed, common
sowthistle, dwarfamaranth (AmaranthusmacrocaijousBenth. ), barnyard grass(EChihoch/oa
cms-galfr'P. Beauv, ), caltrop (7)'Ibu/us ten'es!7119), cowvine, and liverseed grass, which were

found in 31-47% of the paddocks. Fleabane, which was not nominated as a main weed by
most growers, was found in 19% of the paddocks.

Bladder ketmia had the highest mean density rating of 0.81, when averaged across the
infested paddocks (Table 6). Barnyard grass and pigweed also had high mean densities,

which were 0.74 and 0.71 respectively. Some individual paddocks had very high ratings of
1.7-2.1 for these and other common weeds. The majority of the initially infested paddocks
had residual weeds at the Grid of the crop or fallow. For individualspecies, densities of the

residual weeds were generally 25-50% of the initially recorded levels, although some
paddocks had similar or higher densities, particularly common sowthistle (data not presented).
For the weed flora, density ratings of allresidual weeds were 0.1-I in 60% of the paddocks,
and 2-5 in 20% of the paddocks (data not presented).
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Table 5. Weeds found in the field survey or32 paddocks, 19 as summer follow, 9 with dryland cotton, 4 with sorghum. Fields were survey
early in fallow or crop (infested) and late in the season prior to crop harvest(residual). Data presented as number orpaddocks in which each
weed was detected in 20 x loin' quadrats. as well as total number or paddocks initially infested as ". orall paddocks.

Weed species

Bladder keimia (Hibi^cus Inbnuiii)
Pigweed (Forml"c" o1emcea)
Common sowthistle (Sonchusolemceus)
Dwarfamaranths (A17, amnthusn, acrocamu
Barnyard grass (EChinodrloa crus-8,111)
Caltrop (nib"/us relresin3)
Cow vine (lyomoea lone/, 00/1y/in)
Liverseed grass(Uroch/oapan, boldes)
Caustic weed (Chan, aesycedinn, rimndi7)
Boggabri weed (An, amnthusinitchelfr)
Australian bindweed (Convo/",/us
erubescens)
Fleabane (Conyza bonanbnsi3)
Burrgherkin (Cucumisangunb)
Malvasirum (Ma/vastrun, amenbanun, )
Yabila grass (Paintuin queensl?ridibun, )
Wild gooseberry (Playsa/13 mmin, a)
Emu foot(Cullen renax)
Native sensitive weed (Nqoiumhgmci7i3)
African turnip weed (SI:$ynibntin, Ihe//ungJ
Redshank (Amaranthus cn, coins)
Black bindweed (Fallq@fir collvolwi/vus)
Burr medic (Medibagopolyn, o1pha)
Polymeria (Polynienirpusi71")
Mintweed (Salvia felle, un)
Green amaranthus (An, amnthus vindi*)
Wild oats(Avenaspp. )
Spear thistle (Ci7sitriii rut;'are)
Cud weed (Offnioc/melapensy/vainba)
Panicums (Panibumspp. )
Swamp grass (Pasp8/IditimSpp. )
Turnip weed (Rapistmin rugosuir, )
Rhynchosia (Myrichos, a mrhinia)
Vigna ( Vie'rin fonceo/ata)
Featherlop Rhodes grass(Chlon3gay"na)
Thornapple (Darwin forox)
Stink grass (Fingrosti3 cryiirnensiS)
Red ninders grass (Isei7ema vagrhi770rurn)
Devil's claw (Martynib annua)
Wireweed (Polygonun, avibu/are)
Sesbania (Sesbanib carinabiim)
Cobbler's pegs (Bidenspi70sa)
Chenopodiums (Chenopodit, in, spp. )
Slender celery (Cib/o50em?urn /corophy//u
Button grass (Dacty/ociemtr, n indulai, s)
Digitaria (Dj^Irantr spp. )
Weeping lovegrass(Fingrosii3parvi770m)
Prickly lettuce (Lacmca semb/a)
Deadneitle (Lainitii, , an!rife, vitau/e)
Small flowered mallow (Ma/in parri770m)
Tree pear(Opui, rin 1110/1acantha)
Guinea grass (Panit'un, Inariint, 111)
Paradoxa grass (PIia/antspamdo. ra)
Docks (Run, e. TSPp. )
New Zealand spinach (Termgoi, in
Mragomb^^")
Black pigweed ( film, them"portul"cosiruii
Caltrop (spineless)( nibu/IISimbrococcus)
Blue bells ( 1147^^cribe, g, in spp. )
Noogoora burr (X?1,111rtiiii occidei, info)

Fallow

hiresled Residual

12

8

9

7

8

8

6

6

7

5

Collon

Infested Residual

7

6

9

2

4

3

3

3

2

4

8

6

5

4

3

3

4

2

2

2

4

3

6

5

2

5

2

4

3

2

3

3

3

2

2

2

2

2

2

Sorghum
Infested Residual

6

5

6

2

3

3

5

3

3

3

2

3

2

2

2

2

3

Total

(%
infosie

d

72

47

47

41

41

38

34

31

28

22

19

3

2

3

3

3

3

2

2

3

2

2

19

19

19

19

19

16

16

16

13

13

13

13

13

9

9

9

9

9

9

9

9

9

6

6

6

6

6

6

6

3

3

3

3

3

3

3

3

3

3

3

3

3

3
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Table 6. Density ratings of6 common weeds recorded in a field survey of 19 fallow, 9 dryland cotton, and 4
sorghum paddocks. Data are mean rating scores (20 quadrats per paddock) for each weed species, where I = <1
weed/in~, 2 = 1-10 weeds/in~, 3 = >10 weeds/in'. Weed densities were rated in the first I-2 months of the fallow
or crop

Paddock

Fallowa/Iercoiion

2

3

4

5

6

7

8

Fallowafter whea!

9

10

11

12

13

14

15

16

17

18

Fallowa/Iersoi:ghuni
19

Collon a/Ier/orig/allow
20

21

22

23

Collon aftersoi:ghuiii
24

25

Collona/Ier whenl

26

27

28

Sorghum
29

30

31

32

Bladder ketmia

170

0.55

165

130

1.45

0.70

pigweed

070

1.70

145

0.30

Common

sowthistle

1.90

1.25

0.75

0.30

0.15

0.25

090

1.30

Amarenihs

0.35

0.55

0.55

0.90

0.25

100

0.15

0.75

0.90

045

0.25

Barnyard grass

015

0.25

020

0.05

0.05

Mean

0.05

003

0.05

010

010

0.75

0.55

0.05

The initial densities of some weed species appeared to differ substantially between

paddocks with different cropping background. Bladder ketmia was more prevalent in fallow

paddocks following cotton than in fallow paddocks following wheat(Table 6). Allpaddocks

that had none or very low densities (rating <0.2) of bladder ketmia were in rotations that

included two wheat crops ortwo winter cereal crops plus a sorghum crop for each cotton

crop. Common sowthistle was found least in sorghum, cotton following sorghum, and fallow

after cotton, whereas barnyard grass was found most in sorghum, cotton following wheat, and

fallow following wheat. In contrast, amaranths were present in paddocks irrespective of the

previous cropping background.

085

0.55

100

0.20

0.95

0.05

Caltrop

0.15

0.10

040

1.15

0.30

0.05

010

0.55

0.90

0.45

005

0.81

0.50

0.25

010

0.40

060

1.45

210

2.00

0.10

0.15

0.15

0.80

0.71

0.45

010

170

015

010

0.05

0.05

0.55

0.80

0.05

024

0.15

010

0.55

0.05

039

0.05

0.05

0.25

0.20

0.05

110

1.15

0.74

0.10

018

265



Discussion

Growers nominated 42 different genera as the main weeds of their fallows and crops

grown in rotations involving dryland cotton, which consisted of 28 different crop and fallow

sequences, indicating the complexity of weed management in this system. Also, we identified

54 different genera in fallows, dryland cotton and sorghum during summer 2001/02. The

more common weeds identified in the field survey were very similar to those listed as main

weeds by the growers, apart from a few weeds such as fleabane. The main problem weeds in

the summer components of the rotations were bladder ketmia, common sowthistle, barnyard

grass, and liverseed grass. Common summer weeds that were not considered by growers as

difficult to controlincluded pigweed, amaranths, cowvine and caltrop. Black bindweed and

common sowthistle were the main problem winter weeds.

Many growers used a range of selective and non-selective herbicides, non-chemical

tools and crop rotation to controlthese weeds in dryland cotton, which indicates that they are

implementing integrated weed management principles, at least in the short-term. However,

this strategy was not applied across the farming system, as most growers relied heavily on a

limited number of herbicides for weed control in the rotational crops. This is in contrast with

the findings of Streit (1996), who found that the majority of grain growers of the Darling

Downs practiced integrated weed management, although this was in the intensive double

cropping region of the inner Darling Downs with rotations of winter and summer cereals and

pulses but not dryland cotton.

The variation in the level of weed management inputs for dryland cotton compared

with other crops is shown in the differences in expenditure on weed control. Hoque eta/.

(2003) calculated using the data from the postal survey that growers spend on average

$220/ha for weed control in dryland cotton compared with $601ha for sorghum, $391ha for

chickpea and $201ha of wheat. They also spend $351ha on controlling weeds in each 6-month

fallow. Very few growers attempted to control weed survivors or late flushes in the rotational

crops. Despite this large expenditure, weeds continue to flourish in this cropping system.

This is evident by the number of residual weeds in the field survey and the low number of

growers achieving effective herbicidal control of their main weeds in the postal survey.

The approach to weed control needs to change from treating infestations to the

concept of managing weed populations across the whole cropping system, with the aim of

reducing the weed pressure in dryland cotton and thus reducing the economic impact of weeds

266



in the long-term. lones and Medd (1997, 2000) predicted that strategies minimizing return of

weed seed to the soil maximise profits. Apart from optimismg herbicide performance, other

tools need to be incorporated into the management strategy, such as greater crop competition,

and seed killtechniques to minimise seeding of weed survivors and replenishment of the

seed-bank. Walker era/. (2001, 2002) showed that control of wild oats and paradoxa grass

can be improved substantially with increased competition of winter cereals, and this needs to

be explored for sorghum in this environment. Medd et a/ (1995) and Cook et 81. (1999)

developed selective spray-topping technology for seed kill of wild oats, and similar

techniques may be applicable to surviving summer weeds. As well, the reasons for certain

rotations and crop or fallow situations that favour the prevalence of some weed species and

not others need to be understood, and possibly exploited.

Herbicide resistance is a major issue for Australian agriculture, although no resistant

weeds have been identified in cotton (Charles 2002b). Several weeds however, such as wild

oats, common sowthistle, black bindweed, turnip weed and liverseed grass have developed

resistance in wheat and sorghum in the same cropping region (Adkins et a1 1997). Weed

management plans in fanning systems involving dryland cotton need to take the potential for

herbicide resistance into account, particularly with the recent introduction of Roundup

Ready@ cotton into those systems.

Residual herbicides are often cost-effective weed control options. However, the need

to maintain flexibility in the cropping system restricts the use of some potentially useful

residual herbicides, particularly in fallows and rotational crops (Charles 2002a).

The main problem weeds in dryland cotton differed to those identified by Charles

(1991) in irrigated cotton. Bladder ketmia was the greatest problem weed identified in our

survey, whereas it was ranked as number six in the irrigated cotton survey. Liverseed grass,

common sowthistle and amaranths were problems in dryland but not in irrigated cotton,

whereas perennial weeds, such as C:yperus spp. , raspweed (Haloragi3. glauca Lindl. ) and

polymeria (Polymerin longi7b/1:1 Lindl. ), were major weeds of irrigated cotton but were not

identified in our survey.

The weed flora and their relative importance in summer fallow and sorghum in our

cropping system were similar to that recorded by Felton 61 a/, (1994) in the wheat-sorghum

cropping system of northern New South Wales. The main exceptions were the lesser
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importance of bladder ketmia and the absence of cowvine in the survey by Felton 61 a/.

(1994).

The main weeds in wheat were similar to those recorded in other surveys during the

last two decades (Martin at a/. 1988, Gayin at a/. 1999, Alemseged at a/. 2001). All found

wild oats, paradoxa grass, one or more Brassicaceae weeds, wireweed, and most had common

sowthistle and black bindweed. The main differences were the increasing importance of

common sowthistle over time, as found by Widderick eta/. (1999), and the absence of annual

ryegrass (Loft^in spp. ) in our survey compared to it being an important weed in the survey by

Alemseged et a1 (2001). Also, the relative importance of the Brassicaceae weeds differed

between the surveys. All example is wild turnip (Brassiba toumeibrti7 Gouan. ), which was

ranked as number two in the survey by Alemseged eta1 (2001), but was not mentioned as a

main weed in the others' This may be due to incorrect weed identification, as many of the

Brassicaceae weeds are commonly referred to as turnip weed or wild turnip.

Response rate to the postal survey was similar to that of other surveys (Alemseged 61

a/. 2001). The questionnaire requested detailed infonnation on many aspects of weed

management, and this may have contributed to the reduced response rate. However, sufficient

information was obtained from the postal and field surveys to benchmark the weed situation

in dryland cotton cropping system, and to identify and prioritise research needs for improved

weed management.
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