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Executive summary

A one-year scoping study determined and prioritised the important weed issues of cropping systems
with dryland cotton (DAQ, ,7C). The studywas commissioned and funded jointly by CRDC, Cotton
CRC, GRDC and Weeds CRC in 2001-02. After consulting widely with growers, the projectteam
produced a reportthat bench-marked the weed flora and management proofices used in dryland
cotton cropping systems. This report is published on the Cotton and Weeds CRC websites, and has
been summarised in various conference papers and a paper was published in the Australian Journal
of Experimental Agriculture. The main findings were that the weed flora was diverse, cropping systems
complex, and weeds had a majorfinancialand economical impact. Many of the common weeds were
riot controlled adequately or consistently in all parts of the rotation. Weed control was highly reliant on
glyphosate in follows and on atrezine in sorghum, but a diverse range of herbicides and mixes were
used in cotton. Few non-chemical control options were used, and residual weeds often resulted in
significantreplenishment of the seed-bank. The report highlighted that fleabane was an emerging
weed issue with the potential to become a major problem, which has eventuated since the scoping
study.

The current project(DAQ, 23C), also funded jointly by CRDC, Cotton CRC, GRDC and Weeds CRC,
focused on improved management of5 key summer weeds, bladder ketmia, sowthistle, fleabane,
barnyard grass and liverseed grass. The approach was to strategically manage these weeds, with a
particular emphasis on developing better control proofices forthe weak-links of the rotations, and
reducing replenishment of the soil seed-bank, which will reduce the economic impact of weeds in the
long-term. The projectteam has made substantial progress on studying the biology of these weeds,
devising specific controltactics fortleabane in wheat, sorghum and follows, better herbicide efficacy
for bladder ketmia, sowthistle, barnyard grass and liverseed grass in sorghum and fallows, and
manipulating sorghum agronomyforimproved competition against weeds.

Advances have been made in understanding the dormancy, germination requirements, emergence
patterns and persistence of the 5 keyweeds through the 3 long-term seed-bank experiments. These
weed species differed markedIy in their emergence patterns. Barnyard grass, fleabane, bladder
ketmia, and sowthistle emerged predominateIy from soil surface, while liverseed grass emerged
mainly from 5 cm burial depth. Liverseed grass emerged in one majorflush, whereas bladder ketmia
and barnyard grass showed staggered emergence throughout spring and summer, and sowlhistle
emerged allyearround. Percentage of weeds seed surviving in surface soil after 2 years was
negligible for sowlhistle, 2-5% for barnyard grass, liverseed grass and fleabane, but over 50% for
bladder ketmia. However, a higher percentage of viable seeds was found in deeper soil. These trials
will continue for additional 1-2 years.

The projectinvested a large effort into researching better management offIeabane, a difficult-to-
controlweed in dryland cropping systems with cotton. A number of very effective in-crop treatments
that achieved 95-100% controlwere identified, based on use of preplantfallow application of atrezine
prior to sorghum, and preplant chlorsulfuron or post-emergent metsulfuron mixes in wheat. These
residual herbicides provided good residual control of the following flushes for 4-8 months. In fallows,
timeliness of herbicide application and using mixes were erudal. Glyphosate control efficacy reduced
from 88% for weeds 5cm in diameter to 13% for weeds IOCm diameter or larger. Better weed control
was achieved with several herbicide mixtures, such as glyphosate mixed with Ally, 2.4-D, Toadon 750,
atrezine or Grazon DS. As well, double knockdown application of glyphosate followed by Sprayseed
or paraquat was highly effective and consistent. Management strategies will be published in a
brochure and websites, and distributed widely to agricultural consultants and growers. The strategies
are based strategic population management using combinations of knockdown and residual
herbicides, herbicide mixes, crop competition, and targeting smaller and more susceptible weeds.

Four field experiments identified a number of glyphosate-based treatments and alternatives for highly
effective control(95-100%) of sowthistle and bladder ketmia in fallows.

Techniques to improve controlofsummer grasses and bladder ketmia in sorghum were investigated.
The most effective treainients were atrezine applied pre-plantin late winter fallow incorporated with
rain and atrezine + metolachlor mechanicalIy incorporated at sowing. Atrezine alone at sowing was
riot consistent for grass control, particularly for high weed pressure situations. In contrast, most
atrazine-based treatments were successful for effective bladder ketmia control.



The residual effects of these atrazine based treatments are being eva ua ^ .
cotton into the 2003 central Queensland experiment showed that the er id g .
adverse affects on cotton emergence, growth and yield after one yearo .er i' pp'
in-depthstudieson cotton sensitivity to atrazineandotherresidualher id es p
the 2004 experiments in central and southern Queensland.

Seven field experiments investigated options to improve weed contro in so g
competition to suppressweed growth and seed production. This has impo an ' p '
term weed controlresulting from less replenishment of seed-bank. Resu s s ow

seed produdion by 30-40% compared with other cultivarsunderidentica growi g fj
spadng also had majorimpact on weed seed production, wit o more wee
double skip row configuration compared with tin row spacing. These resu ^
southern Queensland showed consistently that weed management can . e improye
choice of more competitive sorghum cultivar, narrow row spacing, and ig pan ' g

The projectteam, in collaboration with the University of New England, obtaineq fun ing ro
Weeds CRC for a PhD scholarship on "Momhologicaland molecularcharacterisa ion o y
grassspedeSi' '' Th'PhDtdwillcomplimentthisProied, contrlbuting
to development of better management packages for summer weeds in dryland cropping sys e

The team has been very active in delivering research results to growers, a yisers an
35 publications and presentations in refereed journals, international and na iona co
proceedings, grower magazines, field days and industry forums.

cotton.
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Seed emergence and persistence

Overall summary

Seed emergence
Each weed species showed distinct patterns of emergence after see uria :

. Barnyard grass had staggered patterns of emergence, mostly rom ini p ' g

. Liverseed grass emerged in one majorflush in inid spring

. Bladder ketmia had low level(<6%) but staggered patterns of emergence from ini spring
early autumn

. Sowthistle also showed staggered patternsofemergence, but emerge a y
major emergence from inid spring to summer.

. No fleabane emerged from the pots with heary black soil.

Burial depths had significant effect on seed emergence (Table ,).
. Very limited emergence (<I%) occurred at 10 cm burial depth for 4 of the 5 weeds s u to ,

exceptforliverseed grass which had 16% emergence atto cm soil ep a e
burial
Barnyard grass predominateIy emerged from the soilsurface (0-2 cm)
Liverseed grass predominateIy emerging from 5 cm burial depth.
Bladder ketmia mostly emerged from 5 cm burial depth in the first year, bu more ^in g
occurred from the soil surface (0-2 cm)in the second year after burial due to a major
emergence of bladder ketmia (9%)in December 2004
Sow!histe predominateIy emerged from soil surface with virtually no emergence a or
cm burial depth.
Four of the 5 weeds studied mostly emerged in the first year after seed rains, wi yery '
emergence in the second year. The exception was bladder ketmia, whic a a mai
emergence from the soil surface in the second year.
among the five weeds, liverseed grass showed the highest level of emergence, o owe
barnyard grass, bladder ketmia and sowthistle (Table I).
soiltypeshadSign""' d both2003and2004trlals). Amajoremergence
(5%) occurred in late June 2005 in the pots with light soil collected from Kindon, due to goo
rainfallin June 2005 (84 min).

Table ,. Accumulated % emergence at three soil depths after 26 months o uria in a
Emergence (%)Burial depth

Bladder(cm)
ketmia

12.00-2
6.45
0.610

.

.

.

.

.

.

.

Barnyard
rass

21.7

3.9

0.7

Liverseed grass

36.4

75.4

16.0

Sowlhistle

16.1

0.3

0.1

Fleabane

o

o

o



Seed persistence
. Soil burial depths had significant effects of seed persistence (viability) for 4 of the 5 weeds

studied exceptthe barnyard grass, which remained similar viability (5-7%) across the three
burial depths after 18 months of burial(Table 2). For liverseed grass, bladder ketmia, fleabane
and sowthistle, seeds buried at deeper soillayer(, O cm) had greater persistence, when
compared to the 0-2 cm burial depth.

. Barnyard grass seed viability declined steadily in the first 4 months after burial(from winter to
inid spring) and a sharp decline between inid spring and early summer, irrespective to the
burial depths. In the second year after burial(from winter to inid spring), the viability was then
further decreased to 5-7% after 18 months of burial. Overall, barnyard grass lost most of its
viability in the first year after burial(40-67%) and 8-35% viability was further lostin the second
year after seed burial, depending on the burial depths.

. Liverseed grass seed viability declined rapidly during the first 6 months of burial(from winter
to spring), especially at soil burial depths 0-2 on and 5 on, possibly due to a major
emergence in October 2003. In the second year after burial(from winter to spring), the viability
was further decreased to 2-29% at 18 months of burial. Overallliverseed grass lost most of its
viability in the first year after burial(33-90%) and 0-38% viability was further lostin the second
year after seed burial, depending on the burial depths.

. Bladder kern, ia was the most persistentweed among the five weeds studied. At, 8 months of
burial, there were still 53-69% viable seeds in the soil. Slow but steady decline of viabinty is
the characteristics of bladder ketmia. Seed viability was about 71% at 12 months of burial,
regardless of the soil burial depths. However, there was a significant drop in seed viability in
the second year between winter and spring, decreasing from 71% to 53% when buried at soil
surface (0-2 cm), due to a major emergence in December 2004. Overall, bladder ketmia lost
28-30% viability in the first year and 3-18% in the second year after seed burial, depending on
the burial depths.

. Sowthistle seed viabinty dedined rapidly in the first year after burial, from the initial 94%
viability to 3.8% at 12 months of burial at 0-2 on. The results were very similarto previous
studies by MichaelWidderick.

. Fleabane seed persistence was assessed based on the actual emergence counts by a
glasshouse germination bioassay. Fleabane seeds can remain viable after 24 months of
burial. Overall, fleabane grass seemed to lose most of its viability in the first year after burial
(65-75%), depending on the burial depths. There was no further decline in viabinty in the
second year after burial, regardless of burial depths.

Table 2. Seed viability (% of buried seeds) at three burial depths at the specified exhumation periods;
fleabane data are based on germination and riot seed counts.

Burial depth Original
(cm) viability

Weeds

Barnyard grass
Barnyard grass
Barnyard grass
Liverseed grass
Liverseed grass
Liverseed grass
Bladder ketmia

Bladder ketmia

Bladder ketmia

Fleabane

Fleabane

Fleabane

Sowthistle

0-2

5

10

0-2

5

10

0-2

5

10

0-2

5

10

80

80

80

100

too

100

100

100

100

80

80

80

94

6 month

10

21

37

23

4

70

79

75

75

0.2

0.7

o

na

Persistence (%)

12 month

13

25

40

24

10

67

71

70

72

5

10

15

4

18 month

5

7

5

2

13

29

53

67

69

5

3

na

24 month

riot yet
not yet
riot yet

riot yet
riot yet

riot yet

riot yet
riot yet
riot yet

5

12

16

na



Seed persistence and emergence studies (Soy

Alms

To studythe impacts of seed burial depths on seed persistence an g
summer weeds under field conditions, and to collect seed persistence an e g
for simulation modelling of seed-bank dynamics.

Brief methods

SeedersistenCe th(EasternIn-ground pot trials were conducted at ODPl&F Research St^tion, Kingsthorpe. (
Downs near Toowoomba) on a hearytextured ventsol(self-mulching black earth) soi.

Seeds of bladder ketmia, liverseed, barnyard grass, fleabane, and so is e
February and March 2003, dried outdoors, and stored in the dark in a cold room (10 ' ) prior
Three hundred and fifty seeds of each from bladder ketmia, liverseed. , Ieabane an so Is
540seedsofbamyardgrasswereburiedatdepthsof0-2.5and IOCminin-group p , p ,
in June 2003. All pots were placed in the field and the soillevelin the pot was in^in
in the field. The trial was riotirrigated, but rainfallwas measured throug ou e ri

The trial was a randomised complete block design with 5 weed species, 3. soil burial ep ( -., ,
10 on), 7 exhumation periods (2, 4, 6, 12, 18, 24, 36 months), and 3 replicates. Only one uria co
(0-2 cm) and two exhumation periods were used for sowlhistle (2 and 12 months), ina. in y o c
our previous studies. During the trial period, all emerged seedlings in po
removed or sprayed outwith Roundup@ (,. 6 Uha).

Buried weed seeds were extracted at the scheduled exhumation perlo s. e e
counted and 40 extracted seeds from each weed species and each replica e were g
dishes in a growth incubatorfortwoweeksat25'C under 24 hrs light. Petri is eswe g
completely randomised design with three replicates.

Daily germinatio""' dsowihjstie)that failed to germinate weredissectedand
subjected to tetrazolium viability test. Seeds stained in red are classiie as
Bladderketmiaseedsweresubjectedtoaseedcoatcuttingtechnique. ee y
embryo was slightly cut (a tiny hole) to allow the absorption of w^ter and the success u ge
afterwards. The extracted seeds were thus classified as germinable (non-dorman), ori!a
viable, ordead. The total viable seedsconsistofboth germinableand dorman see o
seeds overtime is used to illustrate seed persistence.

Fleabane seeds were so tiny that it is impossible to recover the seeds by the a oveme
extraction method, andthereforefleabaneseedsweretreatedindividua y. ga g
bioassaywas used instead.

Therespectivesoillayerscontainingthefleabaneseedswerecarefullyco ece .p,
evenly spread the soilinto a tray (30 x 40 cm) and placed it in ^ glasshouse. Automa to trig
system was used to maintain soilmoisture at near field capacity. Similarly, t e r^yswe g
acornpletelyrandomiseddesignwiththreereplicates. Emerged fleabanesee i g .y
regularly counted and removed for a period of 6 months. The soilin the tray was regu ary
to encourage new emergence. The trays were maintained until no fun er emerg^
6 months). The total number of emerged fleabane seedlings was used as an indicator o ea
seed persistence in the soil.

Darling

ats were used to monitorthe patterns of emergence overthree years a
burial on 8th June 2003.



The emerged seedlings of the five weeds were counted regularly for a period of 36 months. Daily
temperatures at the three burial depths and soil moisture data were also recorded by an on-site
weather station.

Daily rainfall(Figure I) and soiltemperatures were recorded.
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Results

Barn ard mssemer ence

The emergence ' ', ', h oilsurtace (0.2cm). At 26 monthsofburlal(up to August
2005), 22% barnyard grass emerged from the 0-2 cm burial depth, 4fo from 5 cm buna ep
and 0.7% from the 10 cm bunaldepth (Figure 2).

amy g. b o3, Nvember03, December03andJanuary04.
These flushes of emergence correlated wellwith the amount of rainfallreceive u ' g
eriod, such as90mm, 141 min and 140mminOctober, December 2003, an anuary ,

respectively (Figure ,). Although there was only 19 mm of rainfallin November O , goo
rainfallin October especially at the end of the month, triggered the prolonge emerge
barnyard grass in early November, with very limited emergence 0000rred in ini an
November 03.

Very limited emergence (<0.5%) continued in February and March, altho^gh the amoun p
rainfallreceived in February and March 2004 was 76 mm and 77 min, whic s ou p
sumdent soil moisture for barnyard seeds to emerge. These results indicated Iha amya
grass seeds might have experienced induced dormancy.
In the second year after the burial, barnyard grass had a major emergence (3 fo)from the
on burial depth in December 04 and very limited emergence (<0.5fo)in January and
February. No further emergence was recorded after February (up to August 05 when t is
report was written).
After seed rains, most of the buried seeds at 0-2 cm soil depth emerged in t e rs Yea. .
(, 8.4%), and only 3.6% emergence in the second year, possibly due to the loss of via iity.

Barn ard rassseed ersistence

Soil burial depths had significant effects on seed persistence of bamyar grass un g
year after burial, with higher % viable seeds in the deeper soillayers (Figure 3). However, e
imparts of burial depths on seed persistence diminished in the second year after burial(at
months of burial), where less than 10% viable seeds were present at allthe three burial
depths.
Seed viability dedined steadily in the first 4 months after burial(June tp October)followed y a
sharp decline between October and December, irrespective to the burial depths. amyar
grass seeds persisted well between early summer(December 03) and early winter(June ),
with little loss in seed viability during these months. The viability was then further decrease o
5-7%all8monthsofburial. ..
Barnyard grass lost most of its viability in the first year after seed burial. Seed via^nity
decreased from the initial 80% to 13, 25, and 40% at 0-2 cm, 5 cm and 10 cm burial ep a
12 months after burial, respectively. A further 8-35% viability was lostin the second year a er
seed burial, depending on the burial depths.
The dedine of seed viability in the first 6 months of burial might be due to the prolonged
emergence at the 0-2 and 5 cm burial depth (Figure 2). Predation, decay and f^tal. .
germination due to dry condition after germination might also contrlbute to e via ii y
the shallow soillayers.
A rapid dedine of seed viability was also evident at 10 on burial depth, although very jini g
emergence occurred at this burial depth (Figure 3). The loss of seed viability at deeper soil
layer might be mainly due to seed mortality (decay).

.
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Figure 2. Barnyard grass emergence at three soil burial depths over 26 months. The rainfall data for
the corresponding months were also presented (Seeds were buried on 8'' June 2003).
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Figure 3. Barnyard grass seed persistence at three soil burial depths over 18 months after burial
(Seeds were buried on 8th June 2003).
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Liverseed ressemer ence

Burial depths had significant effects of liverseed grass emergence, wi pre o.
emergencefromthesoilburialdepth at5cm. After 26 monthsofburial, o ive g
emerged from the 0-2 cm burial depth, 75% from 5 cm burial depth, and o rom
bonal depth (Figure 4).
After the seed burial, liverseed grass showed a characteristicemergence pa em q j
flush from allthree burial depths in mid-spring, with 72 fo emerged at the 5 cm uria p
October 03, and21%and 3% emerged at the 0-2 cm and 10 cm burial ep s, resp y.
Then there was another significantflush of emergence in the early summer!December ) a
the 0-2 cm and 10 cm burial depths, with 10% and 13% emergence respectively.
After seed rains, most of the buried seeds at 5 cm soil depth emerged in the first year( 0),
and only I% emergence in the second year.

Liverseed rass ersistence

Persistence (viability) of liverseed grass seeds in the soilwas also significantly influence y
the burial depths (Figure 5). Seeds buried at deeper soillayer(, O pin)remained higher
percentage of viability. After ,8 months of burial, there were 29 fo viable see s rein^ini g
the 10 cm burial depth, while only 2% and 13% when buried at 0-2 cm and 5 cm soi ep s,
respedively.
Seed viability dedined rapidly during the first 6 months of burial, regardless of the uria
depths, from the initial, 00% viability (fresh seeds) to 23% at 0-2 cm, 4fo at 5cm and 79 fo at
10 cm. The significant drop in seed viability at 0-2 cm and 5 cm burial depths was possi y
due to the large emergence flush in October 03 (Figure 4).
Seed viability loss was less dramaticwhen buried atto cm depth, showing a ren o s y
decline. The loss of seed viability at this burial depth might be a combination of emergence,
fatalgermination, seedmortalityandpredation. ..
Liverseed grass lost most of its viability in the first year after seed burial. Seed via byity
decreased from the initial 100% to 24, 10, and 67% at 0-2 cm, 5 cm and 10 cm uria ep
after 12 months of burial, respectively. A further 22-38% viabilitywas lostin the secon year
after seed burial at the burial depths of 0-2 and 10 cm. There was no further loss in viability a
the 5 cm burial depth.
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Figure 4. Liverseed grass emergence at three soil burial depths over 26 months (Seeds were buried
on 8th June 2003).
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Figure 5. Liverseed grass seed persistence at three soil burial depths over 18 months after burial
(Seeds were buried on 8th June 2003).
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Bladder ketmia emer ence

Burial depths had significant effects of bladder ketmia emergence, wit pre omi
emergence from the soil surface (0-2 cm). After 26 months of burial, 12 fo bladder ketmia
emerged from the 0-2 cm burial depth, 6% from 5 cm burial depth, and o om
bunal depth (Figure 6).
Bladder ketmia emerged mainly from the 5cm burial depth in the first year a e. r un
percentage of emergence was 3%, 6% and 0.5% forthe 0-2, 5 and 10 cm buda ep ,
respectively.
However, a majorfiush of bladder ketmia (9%) emerged at the bunaldeptj of 0-2 cm in
December 04, resulting in the change of bladder ketmia emerged predominan y
bunaldepth to from the surtace 0-2 cm after 26 months of burial(up to August 2005).
After the burial in June 2003, bladder ketmia showed staggered patterns o emerge
inid spring to summer(from October 03 through to February 04). Bladder ketmia. emerge
again in the summer period of December 04, January 05 and February 05, pea ing a
December.

After seed rains, only 3% buried seeds emerged in the first yearfrom the surface (0-2 cm),
while more emergence occurred in the second year(9%).

Bladderketmia ersistence

The impacts of burial depths on seed persistence were insignificant during e Irs y
burial. Seed viability was about 71% for allthe three burial depths. At 18 morit s o uria ,
there were still no differences in seed viability when buried at 5 and 10 on ^urial depths (67-
69%). However seed viabilitydropped from 71% to 53% when buried at soilsurface (0-2 cm),
due to a major emergence in December 04 (Figure 7).
Slow but steady decline of viability is the characteristics of bladder ketmi^. As well, blad er
ketmia was the most persistentweed among the five weeds studied. Bune see s on y
28-30% viability in the first year after seed burial, regardless of burial depths. A er mon
of burial, there were still 53-69% viable seeds in the soil.
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Figure 6. Bladder ketmia seed persistence at three soil burial depths over 18 months after burial
(Seeds were buried on 8th June 2003).
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Figure 7. Bladder ketmia emergence at three soil burial depths over 26 months (Seeds were buried
on 8th June 2003).
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Sowthistle emer ence

o Burial depths had significant effects of sowlhistle emergence, with predominan emerg
from the soil surtace (0-2 cm). After 26 months of burial, 16% burled sowlhistle seeds
emerged from soil surface and virtually no emergence occurred at or be ow cm
depth (Figure 8).
After the burial in early June 2003, there were staggered patterns of emergence a y
round, with a predominant emergence from inid spring to summer. A majorflush (6fo o e
buried seeds) occurred in inid spring October 2003, followed by a steady increase of
emergence between November 2003 and March 2004.
Itseemsthatsowthistle does riotrequire much rainfalltoemerge. Limited so is e e g
in July, August, September 2003, while the rainfallin these inpnthswas less t an in
None of the other studied weeds emerged in these months.
After seed rains, most of the buried seeds (0-2 cm) emerged in the first year(, 5 fo), and less
than I% emergence in the second year.

.

.

.

Sowlhistle ersistence

Only one burial depth (0-2 cm) and two exhumation periods were qsed for sownistle (2 an
12 months), mainly to confirm previous studies by MichaelWidderick (PhD thesis).
Sowlhistle seed viability dedined rapidly in the first year after burial. The viability ecease
from the initial 94% to 4% after 12 months of burial at 0-2 cm (Figure 9). The results were
very similarto previous studies by Michael Widderick (PhD thesis).
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Figure 8. Sowthistle emergence at three soil burial depths over 26 months (Seeds were buried on 8
June 2003).
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Figure 9. Sowthistle seed persistence at 0-2 cm burial depth over 12 months period after burial
(Seeds were buried on 8th June 2003).

o 4 86

Month after burial

10 12 14

16



Fleabane emer ence

. No fleabane emerged during the entire trial period when heavy black soilwas used (2003
trial). In March 2004 another in-ground pottrialwas conducted to compare the effects of soi
types on fleabane emergence. Preliminary results showed that soiltypes had signiicap
effects on fleabane emergence. Again no emergence was found in the heavy ac soi,
a major emergence (5%) occurred in late June 2005 in the pots with light soil. collected fi'pin
Kindon, due to good rainfallin June 2005 (84 mm). On-farm emergence monitoring is being
conducted to verify the patterns offIeabane emergence in the in-ground pottrials.

Fleabane ersistence

Viability of fleabane seeds was calculated as (the number of emerged seedlings in
glasshouse/350 seeds buried)*, 00.
Some fleabane seeds stillremained viable after 24 months of burial(Table 3).
Soil burial depths had significant effects on seed persistence offIeabane. Base on e.
from 24-month exhumation period, seeds buried at deeper soillayers retaine ig er
percentage of viability. Seed viability was 15% at the burial depth of 10 cm, 11 fo at 5cm an
5%0-2cm. "
Seed viability of fleabane declined rapidly in the first year after burial. The viability ecease
from the initial 80% to 5%, 10% and 15% all2 months of burial at 0-2 cm, 5cm an cm,
respectively. There was no further decline in viability in the second year a er u ,
regardless of burial depths.
When seeds were exhumed in winter months, a higher percentage offIeabane emerge in e
glasshouse. For example, at the exhumation periods of2, 12, and 24 months, seeds bune a
10 cm soil depth had about 31%, 15% and 16% fleabane emerged in the glasshouse,
respectively. Allthese three exhumation periods were in fact exhumed in winter, ei er ugus
(2 month) or in July 02 and 24 month). Note:the glasshouse germination bioassay forthe 24
month exhumation is stillin progress.
On the contrary, very low emergence was found when seed were exhume in ini. spri g
(October) and summer (December), such as the 4, 6 and 18 months of exhumation. The
results indicated that higher temperature at the time of exhumation might induce dormancy o
fleabane seeds.

Table 3. Emergence offIeabane (%)in the glasshouse after the specified exhumation period,
following burial of 350 seeds on 8 June 2003.

Emergence (%) after exhumation

12 month
8/6/2004

5.1

10.1

14.8

.

.

.

.

.

.

Burial

depth
(cm)

0-2

5

10

2 month
8/8/2003

0.4

18.1

30.7

4 month
8/10/200

I. I

14

0.7

6 month
8/12/2003

0.2

0.7

0.0

18 month
8/12/2004

I. O

4.9

3.2

24 month
8/6/2005

5.4

11.8

15.8



Management offIeabane in crop and fallow

Overall summary

Fleabane problems were initially noticed in late 1990s. This weed is now widespread and has become
one of the most difficult-to-control weeds in the northern grain regions. A DPI&F weeds survey in 2001
found that, while growers and agronomists rated fleabane as the 11 most common weed in fallows
and the 26th most common weed in crops, it was the second most important weed due to the dimculty
in control. For many growers, fallow weed control costs have doubled due to this weed alone. During
last five years, concerted industry efforts have been made to identify effective management solutions
for this weed, and a total of more than 180 herbicide treatments were tested on this weeds in both
winter and summer follows.

A national workshop on fleabane was held in February 2004 to collate and synthesise the research
data, develop best bet management options, and identify research priorities.

DPI&F research was done on weed controlin follows, wheat and sorghum, as wellas seed
emergence patterns and persistence in seed-bank, which was covered in earlier section.

Fleabane controlin winter fallow was conducted in 2003. Results showed that glyphosate alone was
not effective. Timeliness of herbicide application is crucial on fleabane control. Glyphosate control
efficacy reduced from 88% for weeds 5ern in diameter to 13% for weeds IOCm diameter or larger.
Better weed control was achieved with glyphosate mixed with metsulfuron-methyl, 2.40, Tordon 750,
atrazine or Grazon DS. Split applications of glyphosate followed by Sprayseed or paraquat were also
very effective. In a separate trial with residual herbiddes, it was found that atrezine and Primextra at
higher rate provided good residual controlin the following flushes.

Fleabane controlin wheat and sorghum was conducted in 2004. Preplantfallow spray of glyphosate +
Surpass followed by Sprayseed (double knockdown) was very effective on fleabane plants at different
growth stages, and was used to dean up the field priorto the treatments. In wheattrial, preplantfallow
spray of Glean at 2091ha provided excellent full season control offIeabane (>90%). Post-emergence
treatment of Ally was also effective 85%. Addition of Toadon 242 or follow-up application of 2.4-D
amine improved the control efficacy by 29% and 39%, respectively. After harvest treatment of two-way
mix (glyphosate + Surpass) or three-way mix (glyphosate + Surpass + Ally) was very effective to
controlweed survivors, although the latter achieved a better control.

In sorghum trial, preplant fallow spray of atrezine 4Uha was very effective in providing seasonal long
control. Preplant treatments of glyphosate 2Uha mixed with Surpass 3Uha or Dicamba IUha, or
glyphosate 2Uha followed by Sprayseed 1.5Uha provided effective control on fleabane. Control
efficacy was further improved by the follow-up application of atrezine at 2 or4Uha at planting.

Uncontrolled fleabane at a density of 14 plants/in caused 67% yield reduction in the untreated plots,
even though the mature fleabane plants were chipped at 2 months of planting. Ifthe fleabane plants
were kept uncontrolled for the whole season, sorghum plants would dry out due to the smothering
effects offIeabane.

Flaxleaffleabane is a problem weed in no-till farming systems, where effective controlrelies heavily on
suitable herbicide mixes. Overall, heroicidal effects have been very slow on fleabane, with symptoms
appears after one month of application. We observed that some herbicide treatments applied during
dry periods seem to persist inside plant and/or in the soil. Significant rainfalls on one hand adjvate the
herbicides; on the other hand, rainfalls might promote the uptake of the herbicides.

A system approach is needed to successfully manage this weed. Chemical and non-chemical control
options should be practiced in different components of the cropping systems. A number of
management options are now available for both fallow and in-crop weed control.
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Strategies based on workshop and recentresearch
Plan ahead
^ Paddocks infested with fleabane need a weed plan priorto spraying an p a '. g
^ Consider whatarethebestcroppingand planting options, roleofresi ua er ,

mixes, pre-harvest spray

Vigilance
^ Regularly scoutcropandfallowfornewseedlingflushesfrom earyau urnn p ' g

with stubble that hinder spray coverage

I reduced from 88%forweeds5cmindiametert013fofor
weeds IOCm diameter or larger

4. Follow-upappllcation 'h
^ Follow-up application with paraquat products is essential to contro sina wee

dead fleabane plants killed previously and survivors in fallow

Don't leave it uncontrolled over winter
I^ Plantsthatemerged in late autumn orearlywinterand growduring win ergan ry

appearance, butthese plants build up a strong tap rooting system during win er .
extremely difficultto controllaterin the season. The accumulated food reserves in e p
also ensure the successful re-sprouting after the above ground was desicca e

Fallow options
^ Glyphosate alone is riot effective although it can control a portion of very sina wee s
^ Moisture stressed weeds are very difficultto control
^ Effedive controlrelies on herbidde mixes, as no single herbicide achieves sa is ac ory

Most reliable are
o Double knockdown using Roundup CT (1.5-2L) + Surpass 0.5-3L)followed by

Sprayseed (2L), particularly for stressed weeds
o Roundup CT (,. 5-2L) + Surpass 0.5L) + Ally (5-7g)
o Roundup CT (,. 5-2L) + Surpass (,. 5-3L)
o Atrezine (4L) applied in inid-late winter to a clean fallow or after a knqckdown

application provides good residual controlfor up to 6 months preceding sorg urn,
provided ms applied within 2 weeks offo110wing fallow rain

Consider strategic cultivation particularly when weeds are larger and I or stresse

7. Wheatoptlons .. ,
^ Fleabane is highly susceptible to sulfonylurea herbicides. These residua s can in i i
cohorts of emergence
It is important to sow the crop into a weed-free paddock. This can be ac ieve y u i g
preplant fallow spray of glyphosate (2L) + surpass (3L), followed by Sprayseed (2L) (dou e
knockdown)to clean the paddock
Then followed by selective herbicides

o Preplant application of Glean (20g) provides 90% control over 8 months; or
o Early post-emergence of Ally (7g) + Tordon 242 (IL) or sequential. application. of

Ally (79) at early post emergence followed by 2.4-D amine (, L) at inid-late tillering
as late post-emergence application.

o Pre-harvest of 2.4-D amine 0.5L) after dough stage to controlweed survivors
o It is easier to control seedlings in crop than mature plants after harvest

8. Sorghumoptlons ..
^ Fleabane is highly susceptible to triazine herbicides. These residuals can in i i seve
cohorts of emergence
It is important to sow the crop into a weed-free paddock. This can be ac ieve y using
preplant fallow spray of glyphosate (2L) + surpass (3L), followed by Sprayseed (2L) (dou e
knockdown)to clean the paddock

I^ Then followed by selective herbicides
o Preplantfallow atrazine (4L) or Atrazine at 2 or 4L at planting.

I.

2.

5.

6.

^

^

I^

I^

I^
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9. Other crop options
I^ Cotton (to be researched)

o Combinations of diuron, fluometuron and prometryn followed by interrow
cultivation or chipping are thought as possible control options

I^ Chickpea (to be researched)
o Flame in fallow and Balance + simazine in crop are thought as possible control

options

10. Enhance crop competition
I^ Fleabane thrives in bare ground and in poorly competitive crops
I^ Growing competitive crops particularly winter cereals sown at the upper recommended

seeding rate and in rows less than 50cm
I^ Avoid using skip row or wide row planting configurations where fleabane is a problem.

Preventseed set

I^ One mature plant can produce over 100,000 seeds. Only a few plants would result in a
potential weed problem in following crop orfallow

I^ Seeds persist in soilfor more than 2 years
I^ Need to control survivors to prevent or minimise seed production
I^ Current research indicates that there is potential to use some herbicide treatments, such as

Amitrole T (2.5-5L), Ahazine (2L) + Starene (0.5L), and 2.4-D amine (1.5L), to stop seed
development, although the herbicidal effects on seed production needs further research.

National workshop on fleabane

A national workshop on fleabane was held in February 2004 to collate and synthesise the research
data, develop best bet management options, and identify research priorities. A summary from the
workshop is given below:

Why has fleabane become a problem in recent years?
The weed problem is thought to have resulted from recent changes in farming practices, as well as
growers and advisers riot recognising fleabane as a problem early enough. Specifically, weed growth
and abundance was thoughtto be favoured by:

. Greater adoption of zero tillage, as fleabane is much more of a problem in systems that do riot
use tillage

. Trend towards using glyphosate alone in fallows, which seems less effective than glyphosate
mixtures

. Reduction in use of group B herbicides in wheat, particularly chlorsulfuron, as fleabane seem
susceptible to these herbicides

. Introduction of skip rows in sorghum resulting in reduced crop competition against fleabane

. Several years of low winter rainfallresulting in poor winter crop stands and then followed by
favourable spring rains for weed germination

. Poor vegetation growth in non-crop areas due to the recent drought resulting in little
competition againstfleabane

. Weed controlnot specifically targeting fleabane.

Weed identification

There are alleast 3 species in Australia, as well as several varieties of one of the species. The main
species in the northern cropping region is thought to be mostly flax-leaf fleabane, but the relative
importance of the different species in our cropping areas, and whether this has any impact on
herbicide efficacy needs to be clarified.

Biology
Preliminary studies indicated that the seed emerged only from the surface 1-2cm of soil. Mechanisms
and distance of seed dispersal are riot known. The weed seemed to emerge throughoutthe year, but
peak emergence was during spring. Sustainable management offIeabane will need more information
on its biology, particularly requirements for seed germination, persistence and dispersal.
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Herbicidereslstance th
A preliminary study indicated that a population has developed resisanc, ^ o gyp
Goondiwindiregion. This is somewhat of a controversial issue, as some
become more dimci. 11tto control with glyphosate overtime, whereas others con. si ^
always been difficult to control with glyphosate alone. As a fleaban^ species i
glyphosate extensively in North America, the situation in the northern region nee
Options for non-chemical control
There is potential forthe strategic use of tillage to control mature and s resse w
useful in fallows and for inter-row cultivation in wide row crops SUG as song
Cultivation is riotlikelyto reduce subsequentfleabane emergence, unless e i ag p
thesoiltoburyseedbelow2cm. ..
Therewas a consistent message that fleabaneflourishes in bare fallow orin poo ycomp " p .
Growing more competitive crops, such aswintercereals, was seen as an impo p
weed management packages. Conversely, less competitive crops suc as c to p , ry
and sunflower should be avoided in paddocks heavily infested with fleabane.

Herbicide options fortsllows
In the last few years, over 180 herbicide treatments have been tested on fleabane in a o
region. In general, no herbicide gave consistent and fully effective control. Wee. size an g ' g
conditions had a majorinfiuence on herbicide performance. In particular, no e toi e
effective on mature stressed weeds especially in summer. So, ms very impo an o sp y
the seedling stage.

The most consistent controlofseedlings and young plants in the rosette sage as gyp
mixed with metsulftiron-methyland 2.4-D. Other possibletreatmentsareglyphosaemixe , -
at higher rates, Toadon 750, Dicamba, atrezine ,: 2.4-D, and Grazon DS. Glyphosate a one wa
effective, irrespective of rate, spray volume or adjuvant, exceptfor very smallseedlings ( cm).

Splitapplicationsogyp ' t Iumes.

When choosing the tank mixture with glyphosate, plant-back periods and crop ro a to
taken into consideration.

ThemOStpromisingfallowtreatmentsformatureweedswereglyphosatemixe wi ig , -
D or Amitrole, or metsulfuron + 2.4-D.

Systems approach
For known infestations offIeabane a strategic approach is needed to tackle t e pro em i
parts of the cropping system.

Firstly, choose crop rotations and planting configurations to maximise coinpe iion ag '
The suggestion is that rotations with winter cereals and sorghum allow forthe bes con ro op '
In the autumn fallow prior to a winter cereal, young flushes should be spraye wi gyp
Surpass ^ metsulfuron-methyl, or glyphosate + Surpass followed by Spraysee. or parequ
survivors. Early treatment with Flame is another possibility for residual controlin t e a ow.

Sow wheat or barley at upper recommended seeding rate plantin rows less t. an .cm, av ' ' g y
missed rows ifpossible. Apply a sulfonylurea herbidde in-crop, followed or mixe wi or
2.4-D. Late flushes in spring could be treated with a pre-harvest spraying of 2.4 a er e w
dough stage. Good in-crop control offIeabane is believed to greatly reduce e pro e
following fallow.

In the winter fallow priorto sorghum, flushes should be treated with glyphosate + Surpass, w to
be followed by Sprayseed or paraquat to control survivors. Early spring flus es cou
atrazine + 2.40 or atrezine + Sprayseed pre-plant sorghum, or atrezine + glyphosa e .a p^ ' g.
Later flushes in-crop should be treated with atrazine + Starene or atrezine + 2, - wi s i
sprayer or boom with droppers. The atrezine is likely to provide some residual con rq o s. ' g .
Due to fleabane's emergence pattern, the weed is likely to be more of a pro em in sp ' g-
sorghum grown in wide rows, and effective management options need to e pan
implemented.
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If chickpea is grown, fallow treatment with Flame and in-crop treatment with Balance + simazine are
thoughtto be reasonable options.

If dryland cotton is grown, treatment combinations of diuron, fluometuron and prometryn followed by
interrow cultivation or chipping are thought as possible control options.

When developing a management strategy, it is also important to take into account the risk for
development of herbicide resistance in fleabane and other weeds, particularly for resistance to Group
B herbicides and possibly Group M herbicides.

Throughout the cropping system, it is important to closely monitor flushes to ensure treatment of
young seedlings to maximise herbicide effectiveness, particularly in early autumn to early spring.

Recommendations for future research

I. Survey of genetic variability
2. Monitorforglyphosate resistance
3. Better understanding of seed germination, persistence, and dispersal
4. Effectiveness of differentrates of Surpass mixed with glyphosate fortsllow weed control
5. Control options for flushes emerging at different crop stages
6. Role of residual herbicides in fallow and crops
7. Role of split application for controlling survivors
8. Roleofadjuvants

New information gathered after the workshop
Biology
Fleabane is a promC seed producer with an average of 110,000 seeds/plant produced. The viability of
these weeds can be up to 80%. Fleabane seeds germinate in a wide range of temperature regimes,
ranging from 5' to 35 'C, with a maximum of 20'C. Germination was greatly stimulated under light
(Tan, 2004). These seeds do riotrequire dormancy. Therefore any significant rain events can trigger a
sequential emergence flushes and result in the simultaneous presence offIeabane at various growth
stages. In such instances, plant maturity may range from very small seedlings to large mature plants,
thereby making the timely application of herbicides difficult.

Fleabane is more common on lighter soils. It emerges predominantly over spring/summer, continuing
into autumn. Although very limited emergence occurs in mid-winter, young autumn or early-winter
seedlings actively grow during winter despite cold and dry conditions. SurprisingIy, while there doesn t
appear to be much growth above ground, root growth progresses extremely well. Roots grow as
deeply as 35cm into the soil to absorb available water. The building of such a strong rooting system
during winter provides sufficient food reserve for rapid growth during following spring. These over
wintered fleabane plants are therefore very difficult to control.

The tiny fleabane seed with a pappus attached can be easily dispersed by wind. The low settling
velocity also contributes to its high dispersal ability. Regehr and Bazzaz (1979) reported that seeds of
Canadian fleabane could be dispersed up to 122 in by wind. The light-weighted seeds are floating on
water surface, resulting in a long distance transport by surface run-off, and by the waters movement in
irrigation channels and waterways. As well, new infestations were thought to be from introduction of
seed in contract headers.

Herbicide tolerance/resistance

Overseas research has confirmed the evolution of biotypes of Conyza species resistantto a number of
herbicides across different groups (Heap, 2005). Biotypes of C. bonariensis have evolved resistance
to ALS inhibitors (Group B, chlorsulftiron), photosystem 11inhibitors (Group C, atrezine and simazine),
and bipyridiliums (Group L, diquat and paraquat), and EPSP synthase inhibitor(Group M, glyphosate).
Flaxleaf Fleabane (C. bonariensis) has been found to tolerate very high level of glyphosate in the
northern grains region. Ineffestive controlwas reported even with 8Uha of Roundup CT (3600g at ha' )
(0'Mare, 2004) or 5L of Roundup Powermax (2700 g ai ha')(Fing, 2004). Further research is needed
to clarify this herbicide resistance development in the northern region.
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Controlin winter fallowwith knockdown herbicides (2003)

Alms titlonationTo identify the best herbicide mixture treatment for fleabane controlatthe large rose e o .g
growth stage (> 10 cm across) in winter fallow; and to determine the effect o ea
herbicide efficacy.

Briefmethods dtlThis trial was conducted at Kindon, Western Downs Queensland. e ale g ..
infestation offIeabane of about90 plants/in . Seventeenwinterfallow reamen fj
herbicide mixtures were selected, with 12 glyphosate-based treatmens a. n -gy
t, ,atm^nts. (Table, ). '''g ' 17thJ I 2003and 13treatmentsata rosette stage > 10 cm
(late treatment) on 7th August 2003. The inalwas arranged in a randomised. coinpee ^c ^
with three replicates, and three untreated plots within each replicate. The p o size w
Herbicides were applied at spray volume of 70Uha exceptforthe Spraysee rea me ,
to 100Uha.

based on the % biomass redudion (visual rating) relative to theControl efficacy was assessed
controls after 9 weeks after treatments.

The 2003 rainfall data (mm) on Kindon Farm was tabled below:

Feb

90

Results
. Timeliness of application is a key factorforthe success. Glyphosate appie o y g .

seedlings of less than 8 cm provided 88% control, while only 13fo o con ro was
when applied toweed plants of more than IOCm in diameter(Table I)

. Sprayseed orparaquatalonewas noteffedive in fleabane conro, even g y
applied early. Recovery is common in Sprayseed or paraquattreatments.

. Double-knockdown with glyphosate followed by Sprayseed was very e ecive, wi .
control.

. Addition of several mixing partners to glyphosate significantly improved gyp OSa e
efficacy to more than 90%.
The three nori-glyphosate mixes, 2.4-D Ester + Amitrole T, Surpass +Amitrole T, an .urpass
+Ally, also achieved over 90% of control. These mixes can provide altema ive so u i
rotate with glyphosate, thereby minimising the risk of evolving glyphosate resis ance.

Summary ..,.,.Glyphosate, Sprayseed or paraquat alone was ineffective. Timeliness o e id e pp'
mudal on fleabane control. Glyphosate control efficacy reduced from 88fo for we. s cm in
to 13% for weeds loom diameter or larger. Better weed control was achieved with gyp OSa e
with Ally, 2.4-D, Toadon 750, atrazine or Grazon DS. Split applications of glyphosate owe y
S re eed or paraquatwas also very effective.

Mar

78

Apr
71

May
25

.

Jun

42

Jul

27

Aug
12

Sep
o

Oct

28
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Controlin winter fallow with residual herbicides (2003)

Aims

The aim of this experiment was to evaluate the full season control efficacy of residual herbicides
mixing with glyphosate on fleabane prior to sorghum crop.

Briefmethods

This trial was conducted at Kindon, Western Downs Queensland. The site had a good natural
infestation of fleabane of about too plants/in . Seven treatments of residual herbicides mixed with
glyphosate were studied (Table 2). Allthese treatments were applied to fleabane seedlings on 17th
July 2003 when weeds were at a rosette stage of < 8cm across. The trial was arranged in a
randomised complete block design with three replicates, and three untreated plots within each
replicate. The plot size was 40 in'. Herbiddes were applied at spray volume of 70Uha.

Control efficacy was assessed based on the % biomass reduction (visual rating) relative to the
controls at 3, 6, 9, and 17 weeks after treatments, while the assessment at 21 weeks after treatment
was based on weed density.

The 2003 rainfall data (min) on Kindon Farm was tabled below:

Feb

90

Results

Mar

78

. Heroicidal effects were slow for allthe treatments. At 3 weeks after treatments, the herbicide
mixtures only achieved 43 to 75% control(Table 2).
Control efficacy gradually increased overtime, peaked at 9 weeks of treatment and then
decreased.

At 9 weeks after application, the six glyphosate-based residual herbicide mixtures achieved
more than 90% of control, compared with only 85% controlwith glyphosate alone.
Continuous monitoring of the trial site showed that the glyphosate 1.5L + Atrazine 4Uha and
glyphosate 1.5L + Primextra 3.2Uha were the only two treatment showing long-term residual
control. These two treatments achieved more than 80% of control even at 21 weeks after
treatments.

.

.

Apr
71

.

May
25

Summary
Addition of residual herbidde to glyphosate improved control by 6-12%. Ati'azine and Prime
higher rate provided good residual contrd in the following flushes.

Jun

42

Jul

27
Aug
12

Sep
o

Oct

28

at
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Fleabane controlin wheat and following summer fallow (2004)

Alms d'fllhTo identify the best management optionsfora fullseason controloffleab. ane in wh^^ an in . ' g
fallow. Management optionswerecombinationsofknockdownandresiua erii , ,
and crop competition.

Briefmethods , Id.This trial was conducted on a private property Awanui' near Cecil Plain, Daring ow,
The site had a high and even population offIeabane, with an average o pan
was barley. Split plot design was used with wheat densities as the main. plot (70 pan s
plants/in') and six treatments as subplots (Table 3). The trial was arranged. in a randomise. coinp e e
block design with three replicates, and with one untreated plot in each rep ica e. e p
in .

Two applications of double knockdown (glyphosate + Surpass followed by Spray^eed) were pe orme
to clean up the field priortothetreatments. Wheatcv. Baxterwas planted on , uy g
50 kg/ha in order to achieve wheat population of 70 plants and 100 plantslm ,. respectively, a er
(40 kg/ha) and urea at 60 kg/ha were applied at planting. After planting, irrigation was applie ue o
the long dry winter season.

After wheat harvest, each plot was equally divided, with one half (20 in )trea!ed with two-way mix
glyphosate at 2L + Surpass at 3.0 LA'Ia, and the other half with three-way mix o g yp
Surpass at 3.0 L + Ally 7g/ha.

Herbicide treatments were applied at spray volume of 55Uha. Glean (20g/ha) was applied as prep an
fallow spray, and Ally (7g/ha) applied as post emergent application after planting.
Control efficacy was assessed based on the % biomass reduction (visual rating) relative to the con ro
after 3, 6 and 9 weeks after treatments.

The 2004/05 rainfalldata (mm) on Awanui Farm was tabled below:

Nov-04Sep-04
5316

Apr04
25

Results

. The dry winter weather resulted in poor wheat growth. It was therefore no possi
determine the effects of wheat density on fleabane emergence.

. Rainfall events in late August and early September triggered the emergence o ea a
higher plant population was found on 16/09/04 than on 24/08/04.

. Significant weed mortality was evidenced in untreated plots. Peak emergence was
early September, coinciding wellwith the rainfallin last August and early ep em er.

. Emergence declined after September although there were 75m1, 53ml and 19 in o rain a
October, November, and December, respectively.

. In the extremely dry winter season of 2004, preplantfallow spray with ean a g
provided full season (8 months) control offIeabane (>90%)(Table 3).

o There were no advantages of follow-up applications of Tordon 242 1.0Uha (early POS-
emergence) or 2.4-D amine 1.5L/ha (pre-harvest)in the Glean treated plots.

. Early post emergence treatments of Ally at 7g/ha also achieved good contro on ea ,
although it was slightly less effective than Glean treatments. The three Ally rea mens
provided an average of 85% controlafter one month of application. mon
application, the control efficacy of Ally alone decreased to only 57fo.

. Addition of Toadon 242 1.0Uha, or Ally (early post) followed by 2.4- D amine (1.0Uha) (late
post) marked Iy improved the control efficacy by 29% and 39%, respectively.

. After wheat harvest three-waymix of glyphosate + Surpass + Ally was more e ecive
mature fleabane plants than the two-way-mix of Glyphosate + Surpass. For exampe,
three-way mix achieved 99% of controlin the previously untreated plots (#7), while only 70 o
was achieved with the two-way mix.

. 2,4-D amine (,. 5Uha) appeared to have detrimental effects on fleabane seed development.

Aug-04
13.2

Oct-04

75

Dec-04

190

Feb-05

12
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Summary
Preplantlallow spray of glyphosate + Surpass fallowed by Sprayseed (double in down) was very
effective on fleabane plants at different growth stages. Preplant fallow spray of Glean at 2091ha
provided excellentfull season control offIeabane (>90%)in wheat. Post-emergence tr'earnienlofAlly
was also effective, achieving 85% control. Addition of Toadon 242 or follow-up application of 2.40
amine improved the controleflicacy by 29% and 39%, respectively.

In comparing with Ally, preplant application Glean significantly suppressed the fleabane onergence,
providing advantages of better early growth of crop. Good crop stands could have greatimpads on
fleabane growth since fleabane is poorly competitive.

After harvest treatment of two-way mix (glyphosate + Surpass) or three-way rnix (glyphosate +
Surpass + Ally) was very effective to controlweed survivors, although better controlwas achieved with
theftiree-way ix

26



Fleabane controlin winter fallow leading to sorghum (2004-05)

Alms flldhTo identify the best management options for a full season control of fleab^ne in win 91 a ow
sorghum. Management options were combinations of knockdown and resi ua fj
mixes.

Briefmethods , Id.This inalwasconducled on a private property"Awanui" nearCecilPlain, Daring ow ,
The site had a high and even population of fleabane, with an average o p
applications0 00 .' ' t, s enherbicidetreatments(Table6)wereevaluated. The
trial was arranged in a randomised complete block design with three repicaes,
untreated plotin each replicate. The plot size was 40 in .

Sorghum cv MR Buster was planted at 2.9kg/ha on 28 October 2004 to ac ieve a PPP
60,000 plants/ha. StarterZwasapplied at 40kg/ha as basal fertiliser. Herbicides were appi p y
volume of 55Uha. Mature fleabane plants in untreated plots and the preplant at!azine (2L) p o s were
chipped at 2 months after sorghum planting to preventthe massive seed pro u ion on
Control efficacy was assessed based on the % biomass reduction (visual rating) relative to t e con ro
at 3, 6 and 9 weeks after the preplant atrazine application on 27 August 2004.

The 2004/05 rainfall data (min) on Awanui Farm was tabled below:

Sep-04
16

Apr04
25

Results

. Significant weed mortality was evidenced in untreated plots. Peak emergence was ou
early September, coinciding wellwith the rainfallin last August and early Septem er.

. Emergence declined afterseptemberalthoughtherewere 75m1, 53mland in o rain
October, November, and December, respectively.

. In the extremely dry winter season of 2004, preplantfallow spray of Atrazine (4Uha). applied 2
months prior to planting provided 6 months control(Table 4). The control efficacy increased
overtime from 72% in September 2004 to 100% in February 2005.

. Preplant Atrezine at 2Uha was less effective with less than 80fo contro. e o ow- p
treatment of Atrezine + Starene did not significantly improve control due to the recovery o
treated fleabane plants.
Preplanttreatments of glyphosate 2L mixed with Surpass 3Uha or Dicamba IUha applie one
month prior to planting also provided effective control on fleabane (92:95fo. control when
assessed at planting. Dicamba was more effective than Surpass when mixing wit g yp OSa e.
Glyphosate + Dicamba achieved 90% control, while the three treatments of gyp OSa e
Surpass only provided an average of 78% control.
Follow-up applicationswith atrezine at2 or4L increased controloffieabane by ..
Double knockdown of glyphosate followed by sprayseed again showed effective con ro .
Sorghum plants in untreated plots were significantly smothered by vigorous growth o eq ane
plants, resulting in 67% yield reduction, even though the mature fleabane plants were c ipp
at 2 months after planting.

Aug-04
13.2

.

Oct-04

75

.

.

.

Nov-04

53

Summary ..
Preplant fallow spray of atrezine at 4tha was very effective in providing seasonal long con ro.
Preplanttreatrients of glyphosate 2Uha mixed with Surpass 3Uha or Dicamba Icha, or g yp OSa e
2Uha followed by Sprayseed 1.5L/ha also provided effective control on fleabane. Contro e ICacywas
further improved by the follow-up application of airazine at 2 or4Uha at planting.
Uncontrolled fleabane at a density of 14 plants/in caused 67% yield reduction in the untreated plots,
even though the mature fleabane plants were chipped at 2 months after planting. I e ea ne p
were kept uncontrolled for the whole season, sorghum plants would dry out due to e sino e i g
effeds offIeabane.

Dec-04

190

Feb-05

12
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Table I. Post emergence treatments offIeabane in winter fallow at Kindon. Early treatments were
applied to weeds at a rosette stage < 8cm in diameter and late treatments at a rosette stage > to on.

Visual ratingTiming of
' controlA Iication

47Early
53Early
88Early
13Late

96Early/late
93Late

90Late

94Late

97Late

93Late

99Late

98Late

96Late

96Late

98Late

94Late

95Late

Herbicide

Sprayseed 250

Paraquat 250

RoundupCT

Roundup CT

RoundupCT

RoundupCT

RoundupCT

RoundupCT

RoundupCT

Roundup CT

RoundupCT

RoundupCT

Roundup CT

RoundupCT
2.4-D Ester 800

Surpass 300

Surpass 300

Mixed with

Sprayseed 250
Amitrole T

Ally
2.4-D Ester 800

Surpass 300

Ally + Surpass 300
Toadon 750

GBzon DS

Dicamba

Garlon 600

Amitrole T

Amitrole T

Ally

Application Rate
Product/ha

2.4 L

1.3 L

1.5 La

1.5 L

1.5 L + 2.4 L

1.5 L + 2.5 L

1.5L+79
1.5 L + 700 inL

1.5 L + 3.33 L

1.5L+79+ 1.67L
1.5L+ I L

1.5 L + 750 inL

1.5 L + 2009
1.5 L + 120 inL

700 inL + 2.5 L

3.33 L + 2.5 L

3.33 L + 7 g

Table 2. Residual herbicide treatments offIeabane in winter fallow at Kindon

Herbicide

RoundupCT

RoundupCT

Roundup CT

RoundupCT

RoundupCT

Roundup CT

RoundupCT

Mixed with

Atezine 600

Atrezine 600

Primexlra

Dual Gold

Goal CT

Diuron 9000F

Application Rate
(Product/ha)

1.5L+2L

15L+4L

1.5 L + 3.2 L

1.5L+2L

15 L + 250 inL

1.5L+ 14kg
1.5 L

3weeks

53

75

65

53

43

57

47

6weeks

80

88

87

72

77

82

68

Visual rating (% control)

9weeks

93

97

95

91

93

o

85

17weeks

68

90

90

63

57

58

67

21 weeks

39

82

84

18

47

50

34
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Table3. Fleabanecontrolinwheatandfollowingsummerfallow. Pre-plan reame p
2515/04;early post-em 1619/04;latepost-em24/9104;pre-harvest 28/10/04;postharves )

Weed density doin )

In^my Ireainient
(product!re)

Untreated

Glean 209 (preplant)
Glean 20g (preplant) + 240
amine 1.5L (preharvest)
Glean 209 (preplant) +
Toadon 242 1.0L (early post-
em)
Ally to early (postem)
Ally7g + Toadon 242 1.0 L

At sowing
(24/08/05)

13.2

10

I. 8

(early postem)
Ally 79 (early postem) + 2.40
amine 1.0 L late

Early
postem
16/09/05

49.8

1.2

2.5

Table 4. Fleabane controlin winter fallow and following sorghum.
pre-plant 2419/04; sowing 27/10/04; early post-em 18/11/04.

Weed density (, Om ) plus control visual rating (%)in bracketsTreatment(product/ha)
Pre-harvestEarly postAt sowing Early post

7/2/051/12/0427/10/04 19/11/04
Chipped139 (0)833(0) (0)
O (100)15 (93)(90)143 (92)

O (100)I (100)(99)133 (94)

Pre-
harvest

27/10/05

15.2

1.0

3.0

t-em

I .O

17.3

10.7

12.2

Untreated

Atrezine 4L in fallow

Glyphosate 2L + Surpass 3L
(preplant);
Atrezine 4L at planting
Glyphosate 2L + Sprayseed
1.5L as ^ (preplant);
Atrezine 4L at planting
Ahazine 2L in fallow;
Atrezine 2L + Starene 0.5L
early post-em
Glyphosate 2L + Surpass 3L
(preplant);
Atrezine 2L at planting
Glyphosate 2L + Dicamba
500 1.0L (preplant);
Atrazine 2L at planting
Glyphosate 2L + Surpass 3L

re Iant ;

Post-
harvest
1/12/05

12.6

0.6

1.0

Post harvest treatment
(pro^CVha)

Glyphosate2L+ Glyphosate2L+
2.4-03L 2.4-03L+Ally7g

Mid-summer fallow (7102/2005)

0.7

26.2

21.8

22.2

1.3

3.3

2.3

I. 8

Pre-plant
1619/04

1270

350

1347

3.8

0.6

0.1

I. 8

5.4

2.5

08

0.1

0.6

0.7

0.1

1230

0.1

00

0.0

Fallow treatments applied 2718/04;

290

150 (97)

630

0.0

0.1

0.1

0.0

267 (67)

777

137 (92)

840

(100)

87 (95)

(40)

280 (93)

(99)

2 (100)

(100)

56 (63)

(88)

3 (100)

O (100)

Chipped (68)

2 (100)

18 (93)

0.2 (96)

O (100)

0.4 (93)
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Management of summer broadleafweeds in fallow

Overallsummary

Stressful conditions had substantial impacts on herbicide performance on weeds in fallow.

In the summer fallow, sowthistle plants were severely moisture stressed. Under these conditions, only
two treatments, Roundup Max all. 35 Uha and Roundup Max (1.1Uha) + Grazon (0.4 Uha), achieved
effective control of sowthistle (98%), whereas the other 15 treatments gave only 46-85% control.

In contrast, alithe glyphosate based treatments effectiveIy controlled sowthistle (91-100%) in the
winter fallow when weeds were riot under stressed. Sprayseed was also highly effedive on sowlhistle
when applied at a higher water volume, indicating its usefulness as an alternative to glyphosate.

In the summer fallow following a wheat crop, preplant fallow spray of Glean (2091ha) and post-
emergent application of Ally (791ha) in wheat markedIy inhibited sowthistle emergence in the fallow
after receiving good rainfall following wheat harvest. Under these good soil moisture conditions,
application of glyphosate (2L) + Surpass (3L) + Ally (79) after wheat harvest was more effective on
sowthistle than glyphosate (2L) + Surpass (3L). Bladder ketmia was controlled effectiveIy with the two-
way mix and addition of Ally only marginalIy improved control.
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Improving summer weeds control(common sowthistle)in summer and winter
fallours (SQ 2003) - a jointtrial with DAQ527

Alms h'tlfllows, toidentifyTo identify the best herbicide treatments for the control of common sowthistle in a ows,
viable alternative to Group M herbicides and to minimise seed set of wee escapes.

Brief methods
One summer fallow trial was conducted on-farm approximately 25 in sou w
myestem Downs). The site had an average of9 plants/in of young sowlhistle seedlings.

The site had an average of 8The winter field trial was located at Billa Billa, north of Goondiwindi.
plants/in .

The treatments were applied at weed growth stage of seedlings up tq 3cm in diameter (eary), a
some also were applied at weed growth stage of greater than 3 cm diameter(late). g gyp o
based herbicide used in summer trial was Roundup Max (a. i. 510 g/L glyphosate) and in win er ria
was Roundup CT (a. i. 450 g/L glyphosate). A double-knock treatment of glypho^ate (Roun up . an
CT) followed by a Paraquat + Diquat(Sprayseed) application was included specifically as an op ion
better weed controlin the case of weed escapes from the glyphosate treatmen .

Seventeen herbidde treatments were evaluated in the summer trial(Table ,) and 18 tre^tinery s in e
winter trial(Table 2). The two trials were arranged in a randomised complete block design wi re
replicates, and with three untreated plots induded in each replicate.
Forthe summer trial, alltreatments were applied at a spray volume of 60 a o a po
The early treatments were applied on 12 March 2003. Conditions at spraying were ry a p
were moisture stressed. No rain fellunti18 days after herbicide application. ae rea ..
applied on 20 March 2003. Conditions were dry with the top 10 cm of soi ry an p '.'. y
moisturestressed. Approximately 25 mm of rain was received the nig aer '
applications.

Forthe winter trial, treatments of Sprayseed and Grainoxone were applied ^t an ou pu p
and the remaining treatments were applied at 60 LA'Ia to a plot size of 30 in . A nori-ionic su
(Chemwet 1000) was added to several treatments to improve efficacy. The early treatmen s .were
applied on 23July2003andthelatetreatmentswereappliedon IAugus p y' g fj
for early and late treatments were both dry. The soil surface was dry, but see ings were n
stressed.

In bothtrials, the efficacy of the treatmentswasvisuallyassessed to wees '
application based on the biomass reduction.

Destructive biomass samples were taken 35-42 days alertreatment(DAT)(2^-24 April 2003) or e
summer experiment and 33-42 DAT (3 September 2003) forthe winter experiment. Control. efjcacy
was assessed based on the % reduction in weed biomass relative to the contro , measure wi
centre 5 in of each plot.

Results
. In the summer fallowtrial, themOSteffectivetreatmentswere RoundupMaxat aan

Roundup Max 0.1Uha) + Groann (0.4 Uha) applied late which achieved ^8fo (Table I).
Roundup Max applied at lower rates (0.48 or 0.67Uha), either alone or in mixture, was not
effective (47-84%).
Fifteen out of the seventeen treatments did riot achieve satisfactory control(46-84fo), possi^Iy
due to the unfavourable climatic and soil conditions at time of spraying. Ally or Starene app re
alone orwith Roundup Max achieved poor sowthistle control(46 - 65fo).
Sprayseed did riot provide adequate control of sowthistle (68-83%). However the. Group
alternative may be a beneficial toolin Group M herbidde resistance avoidance if app ie un er
an optimal environment.
In the winter fallow trial(Table 2), most treatments effectiveIy controlled sowthistle (91:100 fo),
with the exceptions of Ally (7 g/ha) and Grainoxone (0.5Uha) alone treatments achie. ving only
73-79% control. Roundup CT (0.8-,. 6L) and Sprayseed (1.6-2.4L) applied alone achieved 91-

.

.

.
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99% biomass reduction. Roundup CT mixed with suitable Group I partners, such as Surpass,
Cadence orGesaprim. achieved 97-99% biomass reduction. Double knockdown (Roundup CT
followed by Sprayseed) was very chestive (, 00%).

Summary
ntialimpacts on herbidde performance. In the summer trial, sowrriisUeStressful conditions had SII

plants were severely netsture stressed. Only two treatinents, Roundup Max at 1.35 una and
Roundup Max 0.1Uha) + Grazon (0.4 una), achieved effective controlon sowlhistle (98%). The other
15 treatrnents gave nly46-85% control.
However in the winter lainow trial when weeds were riot under stressed, allthe glyphosate based and
Sprayseed toaiments effectiveIy controlled sowlhistie (91-100%).
Sprayseed alone applied to young and healthy weeds, or as a double knock treatrnent, has the
potential as alternative to g!yphosate alone.
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Table ,. Biomass reduction (%) of common sowthistle treated with different herbicide rea men
summer fallow. Sowthistle was sampled 35-43 DAT. Early treatments were app ie
diameter and late treatments were applied toweeds > 3cm diameter.

SowlhistleApplication timingRate (ProducVha)Treatments
47Early0.48 LRoundup Max
84Early0.67 LRoundupMax
98Late1.35 LRoundup Max
75Early1.2 LTonchdown
68Early0.8 LSprayseed
80Early16 LSpray seed
83Late2.4 LSpray seed
63Early048L+ 59Roundup Max +Ally
58Early0.67 + 5 gRoundup Max+ Ally
73Early0.48 L + 115 gRoundup Max + Cadence
69Early0.48 L+ 25 gRoundup Max+ Express
98Late1.1 L + 0.4 LRoundup Max + Grazon
65Early0.67 L + 0.5 LRoundup Max+ Starene
66Early0.67 L + 0.66 LRoundup Max+ Surpass
63Double-knock0.67 + 1.6 LRoundup Max + Sprayseed
46Early5gAlly
51Early0.5 LStarene

Table 2. Biomass reduction (%) of common sowlhistle treated with different herbigide treatmen s in
winter fallow. Biomass samples were taken 3342 DAT. Early treatments were app ie o wee
diameter and late treatments were applied toweeds > 3cm diameter.

SowlhistleApplication timingRate ona)
95Early0.8 L
91Late0.8 L
98Early1.6L
98Late1.6 L
98Early1.6L
99Late24 L
tooEarly0.8 L + 7 g
100Late1.6L+7g
97Early0.6 L + 115 g
96Early1.6 L + 25 g
97Early0.8 L + 3.6 L
93Early0.8 L + 75 inL
100Late1.2 L + 0.4 L
95Early0.8 L+ I L
99Early0.8L+ 1.2L
100Double-knock0.8 L + 2.4 L
73Early79
79Early0.5 L

Treatments

RoundupCT

RoundupCT

RoundupCT

RoundupCT

Spray seed

Sprayseed
Roundup CT + Ally

Roundup CT+ Ally

RoundupCT+ Cadence

Roundup CT + Express

Roundup CT + Gesaprim
RoundupCT + Goal
Roundup CT + Grazon
Roundup CT+ Starene

Roundup CT + Surpass

Roundup CT + Sprayseed
Ally
Grainoxone
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Summer weed control in wheatleading to summer fallow (2004)

Aims

To identify the best herbicide treatment for long term effective control of sowthistle and bladder ketmia
in wheat while minimising seed set of weed escapes, and to evaluate two key treatments for summer
weed controlin the following fallow directly after the wheat.

Brief methods

This trial was conducted on a private property "Awanui" near the Cecil Plain, South-west Queensland.
Previous crop was barley. The trial consisted of Part Itreatments in wheat and Part " treaiments in
summer fallows.

Part I: Treatments in wheat
^- th

Wheat cv. Baxter was purchased from Queensland Farmers Warehouse and planted on the 20 of
July at 35kg/ ha and 50 kg/ha in order to achieve wheat population of 70 plants and 100 plants/in ,
respectively. Starter Z (40Kg/ha) and Urea at 60 kg/ha were applied at planting. After the planting,
irrigation was conducted due to the long dry winter season in 2004. Two applications of double
knockdown (Glyphosate + Surpass followed by Sprayseed) were performed to clean up the field prior
to the treatments.

Split plot design was used in this trial with wheat densities as the main plot (70 plants and too
plants/in') and seven treatments (induding the control) as subplots. The trial was arranged in a
randomised complete block design with three replicates.

Herbicide treatments were applied in plots (20 x 2 in') using a hand-push sprayer. Spray volume was
set to 55Uha. Control efficacy was assessed based on the % biomass reduction relative to the control
after 21, 42 and 64 days after treatments.

Part 11: Summer fallow treatments

Two key summer fallow treaiments were applied after wheat harvest. Each plot (40 in ) was equally
divided, with one half (20 in') treated with glyphosate at 2L + Surpass at 3.0 Uha, and the other half
with glyphosate at 2L + Surpass at 3.0 L + Ally 791ha.

Wheat growing season in 2004 was very dry, with a total of, 47 mm of rainfall between wheat planting
and harvest. The dry winter weather resulted in poor wheat stand, even though good crop emergence
was obtained by jingation. The initially designed wheat population effects (100 plants/in and 70
plants/in') was riot established. The data from these two densities were therefore combined.

Results
Sowlhistle control

. In the extremely dry winter season of 2004, pre-planting fallow spray of Glean at 2091ha
provided good control of sowlhistle (93%) (Table 3). Pre-planting fallow spray of Glean
followed by either Toadon 242 (, L) as early post emergent application or by 2.40 amine
(1.5L) as pre-harvest application marginalIy improved sowthistle control(98%).
Early post emergence treatment of Ally (7g/ha) alone orfollowed by 2.4-D amine (,. OUha) as
late post emergent application did riot achieve satisfactory control(71-82%). However, Ally
(7g/ha) mixing with Toadon 242 0.0Uha) were effective on sowlhistle (96%).
After wheat harvest 0112/04), a total of 190 min of rainfall was received in December. This
significant rainfall triggered the emergence of sowthistle. In the originally untreated plots,
sowthistle density was about 2 plants/loin at harvest and increased to 51 plants/loin when
assessed at 2 months after harvest, even though these originally untreated plots were sprayed
with glyphosate (2L) + Surpass (3L).
There were marked residual effects of both Glean and Ally on sowthistle emergence even
after 9 months of Glean and 5 months of Ally applications. Glean or Ally treated plots followed
by two way mix of glyphosate (2L) + Surpass (3L) right after wheat harvest resulted in
emerged sowthistle seedlings between 9 and 20 plants/, Om , while the originally untreated
plots followed by the two way mix had a population of sowlhistle of 52 plants/loin . Good
rainfallin December could have assisted the activation of residual herbicides.
Three way mix of glyphosate (2L) + Surpass (3L) + Ally (79) after harvest were more effective
than the two way mix, resulting in sowthistle population of 4-10 plants/, Om , which were
significantly less than in plots treated with two way mix. For example, the originally untreated

.

.

.
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plots followed by the two way mix had a population of sowlhistle of 52 plants I^.,
was only 9 planV, Om' when treated by the three way mix. Ifthe 52 plan s in is
control, the three way mix achieved 81-93% control of sowlhistle. e gop
December could possibly incorporate Ally of the three way mix, resu ing in
pressure in the summer follow.

Bladderketmiacontrol o
. Pre-planting fallow spray of Glean at 2091ha provided good controlofbladder ketmia ( ,)

Crable 4). Pre-planting fallow spray of Glean followed by either Toadop 242 (,^) as eary P
emergent application or by 2.40 amine (,. 5L) as pre-harvest application did no improv
control of bladder ketmia (97-99%).

. Ally based treatments were generally less effective (82-92%)than the Glean treatmen s (
100%).
Early post emergence treatment of Ally (7g/ha)followed by 2.4- D amine (1.0Uha) as late POS
emergent application achieved 92% control of this weed. Howeyer, .Ally (7g/ha! alone or
mixing with Toadon 242 (1.0Uha) as early post emergent application were slightly ess
chestive on bladder ketmia (81-82%).
The 190 min of rainfallin December after wheat harvest should encourage the emergence
bladder ketmia. However, allthe plots were either sprayed with the two- or three- way i
after harvest. It showed that afterharvest application of glyphosate (2L) + ^urpass (3 ) or
glyphosate (2L) + Surpass (3L) + Ally (7g) was very effective on any ^urvivors q a e
ketmia at the end of wheat growing season, resulting in bladder ketmia popua ion o
plants/, Om ,

. Addition of Ally to glyphosate (2L) + Surpass (3L) only marginalIy improved control of bla er

Summary ""In the extremely dry winter season of 2004, Glean based treatments were very e edive in con r .' g
omitiistle and bladder kerniia. Pre-planting fallow spray of Glean (2091ha) alone, or followed y e' er
Toadon 242 (, L) as early post emergent application or by 2.40 amine (,. 5L) as pre- arves
application achieved 93-98% controlofsonlhistle and controlof97-, 00% on bladder e. a.
Early. postemBrg" .. ith T adon 242 0.0Uha)improved controlon cowlhistle (96%).

inilarly, Amylollowed by 2.40 amine (,. Ocha) as late post emergent application improved con o on
bladderketmia(92%), AllAfter-harvest appl' tion of glyphosate (2L) + Surpass (3L) orglyp^psate (2L) + Surpass ( ) y
(7, ) wasveryefoCtiVq" ''y hal, rbidderketrnja, wasmorOeffeCtjvO cowlhjsjle

.

.

ketmia.
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Table 3. Summa of sowthistle controlin wheat. Pre- Iantin treatments were applied 25/05/04, early
post-emergence treatments 16/09/04, late post-emergence treatments 24/09/04, pre-harvest
treatment 28/10/04 and post harvest fallow treatments 02/12/04.

In-crop treatment

Glean 209 (preplant)

Glean 209 (preplant) + 240 amine 1.5L (pre-
harvest)
Glean 20g (preplant) + Toadon 242 1.0L (early
post-em)
Ally 79 early (postem)

Ally 79 + Toadon 242 ID L (early post-em)

Ally 79 (early post-em) + 2.4-D amine 1.0 L
(late post-em)
Untreated

Table 4. Summa of bladder ketmia controlin wheat. Pre-planting treatments were applied 25/05/04,
early post-emergence treatments 16/09/04, late post-emergence treatments 24/09/04, pre-harvest
treatment 28/10/04 and post harvest fallow treatments 02/12/04.

Weed density (, Om )
Post harvest treatment

Glyphosate2L +Glyphosate 2L +
2.4-D 3L + Ally 792.4-D 3L

Mid-summer fallow
07/02/05

Pre-harvest
01/12/04

0.1

0.0

Incrop treatment

Weed density 00m )
Post harvest treatment

Glyphosate 2L +Glyphosate 2L +
2.4-D 3L + Ally 792.4-D 3L

Mid-summer fallow
07/02/05

Glean 209 (preplant)

Glean 209 (preplant) + 240 amine
1.5L (pre-harvest)
Glean 209 (preplant) + Toadon 242
1.0L (early postem)
Ally 79 early (post-em)

Ally 79 + Toadon 242 1.0 L (early
post-em)
Ally 79 (early post-em) + 2.4-D
amine 1.0 L (late post-em)
Untreated

00

0.5

0.1

0.3

20.0

9.4

1.9

15.4

13.1

8.9

13.8

7.4

4.3

51.6

Preharvest
01/12/04

0.0

0.1

9.7

7.3

5.6

3.7

0.3

8.6

I. 7

I. 7

0.7

0.2

0.6

9.3

0.6

0.2

I .,

0.8

00

0.0

1.5

0.1

0.2

0.3

0.2

0.6
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Management of summer grasses and broadleafweeds
in sorghum

Overall summary
Threetrialson improving atrezine efficacy wereconducted in both SQ and e .ee
2005. The main findings of the three trials are summarised below. More de ais are i
reported attached.

Bladder ketmla and other broadleaves
. Bladder ketmia and other broadleaves were controlled effectiveIy. (88-109 fo). with a range o

atrazine treatments either alone at 4Uha (pre-planting or at-planting) orjn mixtures at .-
2.5Uha. In one trial(So 03-04), control efficacy on bladder ketmia was improved margina y
by mechanical incorporation at planting.

Liverseed grass
. Liverseed grass was consistently controlled well(89-100%) with airazine (2.5L! + Dual Go

0-2L). As there was good rain incorporation in both years in SQ trials, mechanical
incorporation of atrezine + Dual Gold at planting did riotimprove control. However, i jini
rain after herbicide application is likely, mechanical incorporation should be corrie ou
improve efficacy.
Atrezine alone was riot effective on liverseed grass even at 4Uha and with mec anica
incorporation, particularly with high weed pressure in wet seasons (SQ 03.04).
Split application of atrezine + (atrazine + Starene), or post emergent applications of atrazine
mixes were also ineffective on liverseed grass control.

Barnyard grass and othersummer grasses
. Pre-plant atrezine (4L) alone was effective on summer grasses when. good rainfall was

received after application (90%). Mechanical incorporation at sowing improved control up to
100%, likely due to the cultivation controlling newly germinating weeds from t e sowing rai
(CQ data).
At-planting treatments of atrezine (2.5L) + Dual Gold (1-2L) were the most effective on
barnyard grass and other summer grasses as long as good rainfallincorporation was o ai
after application in alitrials. However, if limited rain after herbicide application is likely,
mechanical incorporation should be coined outto improve efficacy. At-planting treatmen o
atrazine (2.5L) + Dual Gold (2L) withoutrain or mechanical incorporation only achieved 54-
78% control on summer grasses (Co). Mechanical incorporation increased control to 100 fo
At-planting atrezine (4L)treatment with mechanical incorporation (Co) achieved 100 fo cootro
on grasses. This might be compounded with cultivation effects on germinating weed see ings
and very limited new emergence after application due to the dry conditions. However, a -
planting atrazine (4L) withoutrain and mechanical incorporation was ineffective 07 fo), due to
no rain incorporation of atrezine after sowing.
At-planting atrezine (4L) alone was less effective on barnyard grass in ^Q 03.04 t!iai(^7.76 fo)
than in SQ 04-05 trial(89-100%) despite both trials receiving good rain incorpor^tion within 2
weeks of spraying. The difference is possibly due to the greater weed pressure in the SQ
04 trial. Higher amount of rainfallin 03-04 sorghum growing season (527 min, Table I) might
dilute, degrade or Ieach outthe atrezine of the system, thereby resulting in poorresi ua
control. Soil cultivation during planting might also dilute the atrazine into a deeper soil ayer.
As well, the wet season in 03-04 favoured more barr^liard grass emergences. For examp e, ,
the barnyard grass population averaged 32 plants/in in So 03-04 compared with 13 p an s in
in SQ 04-05 during first assessment, and 16 and 8 planVm respectively during second
assessment. In both SQ trials mechanical incorporation reduced control efficacy on barnya!
grass by 19% in 03-04 (wet year) and try^ in 04-05 telatively dry year). This is likely tq using
both harrows and cultivating tines that may have diluted the concentration of the herbici e.
Split application of atrazine + (atrazine + Starene), or post emergent applications of atrazine
mixes + Starene, and atrazine + Bromicide 200 were ineffective on barnyard grass and of er

Incorporation and timing of atrezine application
. Overall, weed controlin sorghum using atrezine can be enhanced by the inclusion o a

mechanical shallow soil disturbance at sowing for both pre-plant and at-planting application.

.

.

.

.

.

.

summer grasses
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In zero till situations, atrezine efficacy can be improved by applying it pre-plant priorto
following fallow rain or the planting rain provided it falls within approximately 2 weeks of
spraying. The rain incorporates the herbidde into the zone of germinating weeds where it is
most effective.

Applying atezine post-plant before crop emergence can often resultin perceived' failures
particularly if no follow-up rains occur. This is commonly experienced by growers in CQ.
Weeds emerging just prior to orwith the crop have taken advantage of the sowing soil
moisture and are already in the process of emerging when the atrezine is applied. If no rain is
received and or no mechanical incorporation undertaken, the atrezine band remains on the
soilsurlace and the weeds are able to emerge and grow through it.
Ifgrowers are riot prepared to apply atrezine pre-plant prior to sowing rains, or are riot
prepared to cultivate while sowing and are purely relying on post-plant pre-emergence
atrazine fortheirweed control, they then should delay planting for as long as pradicably
possible to allow weed emergence to occurjust prior to planting. In this scenario, glyphosate
or other nori-residual knockdown herbicide can be utilised. Post-plant atrezine can then be
utilised. However, ifno further in-crop rain is received, this application could be deemed a
waste of money and would serve only to provide herbicide residues that may resind future
cropping opportunities.

o These data show that the addition of Dual Gold to atrazine at planting with orwithout
incorporation (orfollow-up rain) provided much better grass controlthan atrazine applied
alone.

Sorghum yield reduction by summer weeds
. Uncontrolled weeds caused 8% yield reduction in the wet sorghum season of So 03-04

(527mm) and 34% reduction in relatively dry season of SQ 04-05 (370mm), indicating that
weeds might cause higher yield penalties in drier years due to the competition of limited soil
moisture. No yield loss was measured in the CQ trial(317mm).

.

.

.
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Table I. Rainfalldata at trialsites in CQ and SQ during sorghum growing seasons in an
(early post - early post emergence treatments;late post - late post emergence trea men s)

Date

000be

2

3

4

7

28

SQ2003-04

Rainfall(mm)

28

6.5

21

19

18

5.5

Sowing +
at-planting trls

30

ember

10

11

12

coember

5

6

7

13

14

19

23

J ring

Date

October

18

19

20

21

22

SQ2004-05

Rainfall(mm)

18

26

20

6

12.5

12

7

61

4

27

94

21

42

5

early post

late post

Date

Jantiary

5

8

9

10

11

12

28

November

3

4

7

9

10

12

18

22

23

coemb

17

Sowing +
at-planting ms

CO2004

Rainfall(min)

4

8

12

14

15

16

17

30

ebrua

3

4

16

17

reh

3

5

22

17

2

3

3

early post
31

2

I. 5

13

16

15

90.5

20

2.5

0.8

5.5

22.4

22.6

4.5

13.4

60715

16

17

20

25

28

29

29

30

31

February

3

4

3

7

8

9

10

13

23

29

Jantia

21

22

23

Februa

9

10

17

March

Total

40.6

6

cultivated inal area

6.8

harrowed malarea

pre-planttreatments
6

14.8

24.6

late post

3.5

20

13.5

5

2

22

5

41

37

2

2.5

I. 5

sorghum harvest

Total

10

17

26

26

March

9

11

17

April
26

28

29

May
25

22

68

Sowing +
at-planting ms

2

42

early post

528mm

18

4

2

18.5

10

late post

08

30 (jingated)

sorghum harvest
370mm

02

4.6

17.3

Nil

sorghum harvest

Total 317mm

39



Sorghum atrezine efficacy experiment(SQ 2003-04)

Aims

To improve in-crop weed controlin sorghum, particularly the reliability and efficacy of atrezine

Brief methods

This trial was conducted on-farm near Brookstead, Darling Downs in southern Queensland. The site
had a history of severe infestation of bladder ketmia and summer grass (liverseed grass and barnyard
grass). Previous crop was wheat. Ten herbicide treatments (Table 2) were evaluated. Originally,
additional atrazine pre-plant treatments were planned but not applied due to lateness of finding the
site. The trial was arranged in a randomised complete block design with three replicates, and with one
untreated plotin each replicate. The plot size was 36 in .

Sorghum cv MR Buster was planted at tin row spadng and at 2.9kg/ha on 30 October 2003 to
achieve a target population of 60,000 plants/ha. Starter Z was applied at 40kg/ha as basal fertiliser.
Herbiddes were applied at spray volume of 100Uha. Weeds in the weed-free plots were manually
chipped.

Soilincorporation at planting was achieved by using three additional planting/cultivating tines spaced
evenly at 25 cm apart in between the tin planting rows. As well, harrowing was followed after the
planting to complete the mechanical soilincorporation. The incorporation with the tines may have
diluted the atrezine concentration with deep mixing in the soil.

Timing of herbidde applications and rainfall events are listed in Table ,. It shows that the six at-
planting treatments (applied on 30th October 2003) received good rain incorporation in inid-November
overthree consecutive days. The three early post emergent applications (applied on 19 December
2003) and three late post eme;^ent applications (applied on 23 December 2003) also received good
rain incorporation in 8th and 10 January 2004.

First assessment on weed population was carried out at 7 weeks after planting (, 9 December 2003),
and second assessment at 14 weeks after planting (2'' February 2004). Control efficacy was
assessed based on the % reduction in weed population and biomass relative to the control, measured
in 3 x 0.5m' quadrats per plot. Trial was harvested on 05/03/2004. tatistics are still to be conducte .

Results

. Weed pressure was very high in this trial with an average of8, 49 and 12 plants/in for bladder
ketmia, barnyard grass and liverseed grass respectively (Table 2 and 3).

At 7 weeks after the at-planting treatments:
o Good rainfallincorporation (64mm) was received within two weeks after the at-

planting applications to adjvate the residual herbicides.
o Atrezine (4L) with incorporation at planting was most effective for bladder ketmia with

89% control. All other treatments gave only 46-59% control.
Atrezine (2.5L) +Dual Gold (2L) with incorporation achieved 95% control of barnyard
grass. All other treatments did riot achieve satisfactory control(<70%).
Atrezine (2.5L) + Dual Gold (2L) achieved 83 - 91% control on liverseed grass.
Mrazine alone at either 4L or 2.0L was ineffective on liverseed grass, indicating the
natural tolerance of this weed to atrazine.
Atrezine (4L) at planting did riot achieve satisfactory control on summer grasses
(<72%). Soilincorporation at-planting reduced the atrezine efficacy on both summer
grasses. Mechanical incorporation mighttriggerthe further emergence of these
grasses due to sufficientrainfall after planting 08mm, 26mm, and 20mm for 10 , 11 ,
and 12th November).

At 14 weeks after the at-planting treatments:
o Early post and late post emergenttreatments received good rainfallincorporation (31

min) with 20 days after application and there were no rain events between the early
post and late post applications.
Eight out of the ten treatments were highly effective in controlling bladder ketmia (96-
100%), based on reduction in weed biomass. The other two treatrnents, at-planting
atrazine (4L) withoutincorporation, and atrezine + Dual Gold withoutincorporation,

o

o

o

o
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only achieved 88% control. These results suggest the soilincorporation improv
control on bladder ketmia. Similarresults were obtained from Co trial on broa eaves
(Table6). LThe most effedive treatment on barnyard grass was atrezine (2.5L).+ Dual Gold (2 )
with incorporation achieving 97% control. Soilincorporation of atrezine (2. .5L) + D^a
Gold did riot greatly improve barnyard grass control(92 to 97%). At:planting. atrazine
(4L) did riot achieve satisfactory control on barnyard grass (< 76fo) me^peative to
incorporation (based on biomass data in Table 3). Again soilincorporation seems to
have reduced atrezine efficacy (57%).
No liverseed grass was evidentin any plot at this stage.
Overall, herbicide treatments achieved 57-96% redudion in bladder kernia population
and 45-93% reduction in biomass/plant. Similarly, reduction in barnyard grass
population ranged from O to 88% and in biomass/plantfrom 0.3 to 71 fo. The e e ive
control of herbicide treatments was a result of combined herbicidal effects on wee
population and biomass.

Competition from the sorghum crop significantly reduced weed population and gro^ .
(biomass). When no herbicides were applied, bladder ketmia population was 4.91m in
untreated plots (planted sorghum) and 471m in crop free plots, and biomass/plant was 4.1
and 20.2 g/plant, respectively. These results suggest that uncontrolled weeds in are
areas of the sorghum crop could contribute substantially to the seed replenish men o soi
seedbank.

Yield was slightly lower forthe weedy (3.7Vha) compared with weed-free plots (4.0Vha)(Tab e
2).

o

o

o

Summary
Bladder kerniia was effectiveIy controlled (88-100%) with a range of atrezine treatments either alone at
4tha(applied pre-planting or 'P'"'g ti. in d, ith^tozjne(2.5L)+DualGold(2L)
mespeCllVptOS""corn9 'L + ^ IG Id (2L)ines coliveOfSOilinCOrpOratiorl. Ahazinealone
was riot eflbctive on both grasses. Soilincorporation of atrezine (4L at planting)reduced control
efficacy on grasses, possibly due to stimulating additional emergence flush and/or u e e a rez
con nt^tion.
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Table 2. Atrazine controlefiicacy of bladder ketmia and sorghum yield (Mdean Farm, 2003-04). Planting treatments were applied 30/10/03, early post-
emergence treatments 19/12/03, and late post-emergence treatments 23/12/03. Assessments were 7 and 14 weeks after planting.

Treatrnent

Herbicide

Atranine

Atrazine

Atrezine + Dual Gold

Atezine + Dual Gold

Mrszine + (Atrezine + Starene)

Atezine + (Atezine + Starene)
Atrezine + Starene

Atezine + Starene

Atrezine + Bromicide 200

Atezine + BIOmicide 200

Untreated

Crop-free
Weed-free

Application

At planting, riot incorporated

At planting, soilincorporated

At planting, riotincorporated

At planting, soilincorporated

Split- at planting and early post

Split - at planting and late post

Post-emergent, early

Post-emergent, late

Post-emergent, early

Post-emergent, late

Rate
roducVha

4L

4L

2.5 + 2L

2.5 + 2L

20 + (2.0 + 05L)

2.0 + (2.0 + 05L)
2.5 + 0.5L

2.5 + 0.5L

2.5 + 0.75L

2.5 + 0.75L

1st assessment

09/12/03)
Density

44

0.9

3.6

3.3

3.6

4.0

21.6

7.3

8.0

10.2

8.2

Density

I. 6

0.7

I . I

0.3

0.4

1.0

2.1

0.2

0.7

0.9

4.9

47.0

2nd assessment

(02/02/04)
Biornass Control

Im %

2.4 88

0.5 98

2.5 88

0.2 99

0.7 97

02 99

0.6 97

0.1 ,00

0.6 97

0.6 97

19.9 o

949

Biomass
I Iant

1.6

0.7

2.2

06

16

0.2

0.3

0.4

0.9

0.7

4.08

20.2

Sorghum
yield

(Vha)

4.5

4.1

4.2

4.0

3.6

39

36

4.1

4.2

3.6

3.7

40
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Table 3. Atrezine control efficacy of barnyard (BG) and liverseed (LG) grasses (MCIean Farm, 2003-04). Planting treatrnents were applied 30/10/03, early
post-emergence treatments 19/12/03, and late post-emergence treatments 23/12/03. Assessments were 7 and 14 weeks after planting. Barnyard grasswas
the only grass present at the second assessment.

Treatrient

Herbicide

At planting, notincorporatedAtezine

At planting, soilincorporatedAtrezine

At planting, notincorporatedAtrezine + Dual Gold

At planting, soilincorporatedAtezine + Dual Gold

Atezine + (Atrazine + Starene) Split - at planting and early post

Atrezine + (Atrezine + Starane) Split - at planting and late post

Post-emergent, earlyAtrezine + Starene

Post-emergent, lateAtezine + Starane

Post-emergent, earlyAtezine + Bromicide200

Post-emergent, lateAtrezine + Bromicide200

Untreated

Crop-free

Application
Rate

(producVha)

4L

4L

25 + 2L

25 + 2L

20 + (2.0 + 0.5L)

2.0 + (20 + 0.5L)
2.5 + 0.5L

25 + 0.5L

2.5 + 0.75L

2.5 + 0.75L

1st assessment

09/12/03)

Density Urn2,
BG

13.8

42.0

14.7

2.4

22.7

34.4

31.3

19.3

33.1

25.6

489

LG

3.6

7.1

I .,

2.0

49

7.8

18.0

29.8

13.3

19.1

12.0

Density
urn2)
BG

7.8

11.3

2.9

I .9

7.6

19.3

21.6

8.9

16.1

13.4

15.7

15.7

2nd assessment

(02/02/04)
Biomass

(91m')
BG

5.1

9.1

17

07

5.6

18.4

23.4

77

17.3

18.1

21.2

125.5

Control

(%)
BG

76

57

92

97

74

13

o

64

18

15

o

Biomass

(91plant)
BG

0.7

0.8

0.6

04

0.7

1.0

I . I

0.9

I . I

1.3

1.35

80
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Sorghum atrezine efficacy experiment(SQ 2004-05)

Aims

To improve in-crop weed controlin sorghum, particularly the reliability and efficacy of atrazine and to
verify trial results obtained from 2003-2004

Brief methods

This trial was conducted on-farm near Brookstead, Darling Downs in southern Queensland. The site
has a history of severe infestation of summer grass (liverseed grass and barnyard grass). Previous
crop was wheat. Ten herbicide treatments (Table I) were evaluated. Originally, additional atrezine
pre-plant treatments were planned but not applied due to lateness of finding the site. The trial was
arranged in a randomised complete block design with three replicates, and with two untreated plots in
each replicate. The plot size was 36 in .

Sorghum cv MR Buster was planted at jin row spadng and at 2.9kg/ha on 28 October 2004 to
achieve a target population of 60,000 plants/ha. Starter Z was applied at 40kg/ha as basal fertiliser.
Herbiddes were applied at spray volume of 100Uha. Weeds in the weed-free plots were manually
chipped.

Soilincorporation at planting was achieved by using three additional planting/cultivating tines spaced
evenly at 25 cm apart in between the tin planting rows. As well, harrowing was followed after the
planting to complete the mechanical soilincorporation.

Timing of herbicide applications and rainfall events was listed in Table ,. It shows that eight at-
planting treatments (applied on 28th October 2004) received good rain incorporation in early
November. Three early post emergent applications (applied on 18 November 2004) and one late post
emergent application (applied on 1'' December 2003) also received good rain incorporation in early
December 2004.

First assessment on weed population was carried out at 5 weeks after planting (I December 2004),
and second assessment at 14 weeks after planting (4th February 2005). Control efficacy was assessed
based on the % reduction in weed population and biomass relative to the control, measured in 3 x
0.5m' quadrats per plot. Trial was harvested on I March 2005. tistics are stillto be conducte .

Results

. Weed pressure was less than in the previous So trial, with an average of I and 13 plants/in
for liverseed grass and barnyard grass respectively (Table 4 and Table 5).
At 5 weeks after the at-planting treatments:

o Alithe herbicide treatments (at-planting, early post or late post emergent) received
good rainfallincorporation (27 min, 33 min and 37 min, respectively) within one week
after application to activate the residual herbicides.

o All atrezine treatments were very effective on barnyard grass, achieving 89-100 fo
control.

Good liverseed grass control(85-100%) was achieved with the mix of atrezine (2.5L)
with Dual Gold (2L)irrespective of incorporation. Atrazine alone at either 4L or 2L was
ineffective on liverseed grass, indicating the natural tolerance of this weed to atrezine.
Soilincorporation reduced the efficacy atrazine (4L at-planting) on both barnyard
grass and liverseed grass. Mechanical incorporation mighttriggerthe further
emergence of these grasses due to sufficientrainfall after planting/atrazine application
(5mm, 22mm, and 17mm for 3", 4'', and 7th November 2004) and I ordiluted the
atrazine concentration.

o Split application of atrazine + (atrazine + Starene), or post emergent applications of
atrazine + Starene, and atrazine + Bromicide200 were ineffective on liverseed grass
control.

.

o

o

At 14 weeks after the at-planting treatments:
o Based on weed biomass data, allten treatments showed effective controlon barnyard

grass with 94-100%, apart from atrezine (4L) at planting with soilincorporation at 89%
control. Soilincorporation reduced the efficacy of at-planting atrazine (4L) on both
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grasses from too to 89% for barnyard grass (Table 4), and 97 to 78fo for liverseed
grass(Table5). ..
Atrezine mixed with Dual Gold with orwithout soilincorporation gave very e ec ive
controlofliverseedgrass(97.00%). ..

o Early post emergent applications of atrezine + Starene and atezine + romici e
were ineffective on liverseed grass.

Weeds caused 34% yield redustion in the untreated plots (2.5Vha) compared with weed-fr^e
plots (3.8 Vha). Yields from the treated plots ranged from 2.6 to 3.6 Vha expeptthe 2.4Vha in
the atrezine + Bromidde plots where poorliverseed grass controlwas obtaine .

Summary ..
Ahazine + DualGold achieved excelle controlon both grasses. Soilincqrporalion did norimprove
efficacy, possiyUe'g IthjltrazjnetreatmenlSineSpeCliVe
of rate and incorporatton under these seasonal conditions. Soilincorporation of atrezine (4L at.
planting)re^U '''ro ' cocy - 9 un ' t 'nfaii. Weed ulafionsof, .21iverseedplus, 0-
16 barnyard g ss Iants/in'caused ina'or 'eld reduction.

o
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Table 4. Atrezine control efficacy on barnyard grass and sorghum yield (Mdean Farm, 2004-05). Planting treatments were applied 28/10/04, and early post-
emergence treatments 18/11/04. Assessments were 5 and 14 weeks after planting.

Treatrnent

Herbicide

Atrezine

Atranine

Atezine + Dual Gold

Atrezine + Dual Gold

Atrezine + Dual Gold

Atrezine + Dual Gold

Atezine + (Atezine + Starene)

Atrezine + (Atrezine + Starene)
Atrazine + Starene

Atrezine + Bromidde 200

Untreated (average)
Weed-free

Application

At planting, riot incorporated

At planting, soilincorporated

At planting. riot incorporated

At planting, soilincorporated

At planting, riot incorporated

At planting, soilincorporated

Split- at planting and early post

Split- at planting and late post

Post-emergent, early

Post-emergent, early

Rate
roducVha

4L

4L

2.5 + 2L

2.5 + 2L

2.5 + IL

2.5 + IL

2.0 + (2.0 + 0.5L)

2.0 + (2.0 + 0.5L)

(2.5 + 0.5L)

(2.5 + 0.75L)

1st assessment

(01/12/04)
Density

0.0

I . I

0.0

02

02

0.0

02

0.9

0.0

0.0

13.2

Density
Im

0.1

0.8

0.0

04

0.1

0.1

00

09

00

0.1

8.3

2nd assessment

(04/02/05)
Biomass Control

jin %

0.0 ,00

3.1 89

0.0 100

1.3 96

0.1 ,00

09 97

00 ,00

1.7 94

0.1 100

0.3 99

29.2 o

Biomass
I Iant

0.2

4.4

00

I. O

0.2

4.4

0.1

I . I

0.5

3.5

4.3

Sorghum
yield

(urn)

3.3

3.6

2.9

3.3

3.2

2.6

2.7

3.3

28

2.4

2.5

3.8
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Table 5. Atrezine control efficacy on liverseed grass and sorghum yield (MCIean Farm, 200405). Planting treatments were applied 28/10/04, early post-
emergence treatments 18/11/04, and late post emergence treatments 1/12/04. Assessments were 5 and 14weeks after planting.

Herbicide

Atrezine

Atezine

Atrezine + Dual Gold

Atrezine + Dual Gold

At18zine + Dual Gold

Atezine + Dual Gold

Atezine + (Atrezine + Starene)

Atrezine + (Atrezine + Starene)
Atrezine + Starene

Atrezine + Bromidde 200

Untreated

Weed-free

Application

At planting. riotincorporated

At planting, soilincorporated

At planting, riot incorporated

At planting, soilincorporated

At planting, riotincorporated

At planting, soilincorporated

Split- at planting and early post

Split - at planting and late post

Post-emergent, early

Post-emergent, early

Rate
roducl/ha

4L

4L

2.5 + 2L

2.5 + 2L

25+ IL

25+ IL

20 + (20 + 05L)

2.0 + (2.0 + 05L)

(25 + 0.5L)

(2.5 + 0.75L)

1st assessment

(01/12/04)
Derrsjty

0.4

I . I

00

0.0

00

02

04

0.9

2.2

3.3

14

Density
tin

0.1

0.6

0.0

0.1

00

00

0.3

0.2

I .,

22

I .7

2nd assessment

(04/02/05)
Biomass

Im

1.2

77

00

I .,

0.0

0.4

4.3

3.1

15.3

34.5

34.5

Control
%

96

78

100

97

100

99

88

91

56

o

o

Biomass
ant

4.8

13.6

0.0

2.9

0.2

5.8

14.6

13.6

14.2

14.5

21.0

Sorghum
yield

(inIa)

3.3

3.6

2.9

3.3

3.2

2.6

2.7

3.3

2.8

2.4

2.5

3.8
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Sorghum atrezine efficacy experiment(CQ 2004)

Aims

To improve in-crop weed controlin sorghum, particularly the reliability and efficacy of atrezine.

Brief methods
This trial was conducted on the Emerald DPI&F Research Station, central Queensland. The trail site
had both grasses and broadleaves. Grass included F1inders grass, sweet summer grass, Queensland
blue grass. Broadleaves included smatterings of boggabri, bladder ketmia, native jute and rhyncosia.
Twelve herbidde treatments (Table 6) were evaluated. The trial was arranged in a randomised
complete block design with three replicates, and with two untreated plots (weedy and weed-free) in
each replicate. Individual plot size was 30m .

The site was cultivated and harrowed before herbicide application and planting. Sorghum cv MR
Buster was planted on 10 February 2004 to achieve a target established population of 60,000
plants/ha. Starter Z (40kg/ha providing I kg Zn/ha) and urea 010kg/ha providing 50 kg N/ha) were
applied as basal fertiliser. Herbiddes were applied at spray volume of 79 Uha. Weeds in the weed-
free plots were manually chipped.

Timing of herbidde applications and rainfall events was listed in Table ,. It shows that two pre-
planting treatments (applied on 29th January 2004) received good rain incorporation in following two
days. The five at-planting toaiments (applied on 10th February 2004), and allthe postemergent
application did riotreceive good rain incorporation after spraying, although 30 min was conducted on
the 17th March. Mechanical incorporation was applied at time of sowing.

First assessment on weed population was carried out at 3 weeks after planting (3103/04), and second
assessment at 7 weeks after planting (3/13/04). Efficacy was assessed based on the visual % control
of weeds and actual biomass measurements. Trial was harvested on 25 May 2004. Data were
subjected to analysis of variance.

Results
.

.

Weed pressure was very low compared with the So trials.
At 3 weeks (3103/04) alerthe at-planting treatments (Table 6):

o All atezine treatments were very effective on broadleaves, achieving 90-100%
control, exceptthe early post application of atrazine + Bromicide 200 (65%). This
treatment was applied on 26/02/04 and was only 5 days before the visual
assessment.

o One of the pre-plant atrazine (4L)treatments was mechanicalIy incorporated at
planting.
Soilincorporation improved the efficacy of atrezine (4L pre-planting and at-planting)
and of atrazine + DualGold on both grasses and broadleaves. The newly emerging
weeds were most probably controlled by the mechanical incorporation and no further
emergence occurred due to the dry climatic conditions after planting (Table I). Only
59 min of rain was received after sorghum planting (between Feb and Jun).

o Split application of atrezine + (atrezine + Starene), or post emergent applications of
atrazine + Starene and atrezine + Bromicide 200 were ineffective on the grasses.

At 7 weeks (3/13/04) alerthe at-planting treatments (Table 6):
o All atrezine treatments were very effective on broadleaves, achieving 95-100%

control, exceptthe late post application of atrezine + Bromicide 200 (73%), possibly
due to very limited rainfall after the application (Table , ).
Pre-planting application of atrazine (4L, nori-incorporated) achieved 90% control on
grasses due to good rainfall after application in the following two days (40 mm), and
soilincorporation at planting improved its efficacy up to 100%.
Atrazine (4L at-planting) withoutincorporation was ineffedive on grasses (17%) due
to very limited rainfall after application. Similarly, at-planting application of atrezine +
Dual Gold withoutincorporation only achieved 78% control on grasses.

o

.

o

o
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All soilincorporated treatments improved control efficacy due to me anica
cultivation effects, and possibly controlling newly germinating see ings.
Again, splitaPP""9' +B "de200wereineffediveon
grass control.

Sorghum yield was riot significantly affected by any herbidde treatmen , possi y
weed pressure and the excellentweed control achieved.

Summary o1.1frielate
Iatrezitye .ea " ,Bry .. de200(73%), possibly duetoVerylimitedrainfallafterthe

most probably due to the ladc offonom-up rain to move the herbicide to the zone a or
grasses wereemergingfi'om. Soilincorpomtionimprovedcontrole cocy a ne p
and Iantlng) andofa zine+ ualGold.

o

o
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Table 6. Atrezine control efficacy on weeds and sorghum yield in Vha (Emerald, 2004). Pre-planting treatments were applied 29/01/04, at-planting treatments
10/02/04, early post-emergence treatments 26/02/04, and late post-emergence treatments 9103/04. Efficacy assessments (visual ratings %) were made 3 and
7 weeks after planting. Weed biomass combined for both grass and broad leaves was measured 10 weeks after planting.

Songhu
yield

(Vha)

Treatment

Herbicide

Atrezine

Atrezine

Atezine

Atrezine

Atezine + Dual Gold

Atrezine + Dual Gold

Atezine + (Atrazine + Starene)

Atrezine + (Atrazine + Starane)
Atezine + Starene

AtIazine + Starene

Atrazine + Bromicide 200

Atrezine + BIOmicide 200

Untreated

Weed-free

LSD (P=0.05)

Application

Pre-planting, riot incorporated
Pre-planting, soilincorporated at
planting
At planting, notincorporated

At planting, soilincorporated

At planting, riotincorporated

At planting, soilincorporated

Split- pre-planting and early post

Split - at planting and late post

Post-emergent, early

Post-emergent, late

Post-emergent, early

Post-emergent, late

Rate

(product/re)

4L

4L

I assessment

(3103/2004)

Rating (%)

Bineaves Grasses

9298

4L

4L

2.5 + 2L

2.5 + 2L

2.0 + (2.0 + 0.5L)

2.0 + (2.0 + 0.5L)

(2.5 + 0.5L)

(2.5 + 0.5L)

(2.5 + 0.75L)

(2.5 + 0.75L)

,00

2 assessment

(31/03/2004)

Rating (%)

Bineaves Grasses

98 90

98

,00

,00

100

,00

,00

90

o

65

o

o

,00

17

,00

57

100

72

47

77

o

17

o

o

,00

,00

100

,00

,00

100

,00

,00

98

95

73

o

3 assessment
(21/04/2004)

Biomass Control
(91m') (%)

100

17

,00

78

,00

63

63

65

38

33

55

o

00

0.0

9.5

10.3

00

2.5

0.0

2.9

6.8

2.2

13.5

15.3

6.3

9.8

,00

,00

o

100

74

,00

71

30

78

o

o

36

o

35

2.70

2,

2.55

2.72

2.53

2.73

2.66

2.67

2.59

2.78

2.89

2.89

2.67

2.86

2.68

4, 4.7 nS

50



Improving competitiveness in sorghum

Overall summary

Sorghumisan importantcropinrotationswheredrylandcottonisgrown. inceso!g g
during the summer, the benefitsand shortfalls of anyweed management regimewi a p
future cotton crops in the rotation. It is importanttherefore to ensure that wee manage.
sorghum is optimal to reduce the burden potentially faced in future cotton. W ie er toi
mainstay, better weed management can be achieved when the competitiveness o song
highest. Combining herbiddeswithcropcompetitionprovidesanintegrate approac ' g
weed seed set. The added benefiUvalue of crop competition takes some o e press
herbicides, covering when herbicides failorunder-perform. Manipulating agronomy ya ' g
spacing, crop density and cultivars can often improve the competitiveness of crops. n r^cen y ,
therehasbeenamovetowide-rowcroppingtechnologies, particularly irisorg urn, ogain g
in water limiting environmentsand seasons. The impactofthistechnologyonwee see ,
impact of weeds on crops in these situations is riotfully known, butthese impacts wi ave
effects in the farming system.

Rowspaclng d
Five sorghum trials have been conducted in dryland cotton production areas in sou em ue
(So) and central Queensland (CQ) since 2003. Alltrials examined the impact of sorghum row spacing
(I in solid, I in single skip and I in double skip) on weed growth and s^ed production, as we . as e
impact of uncontrolled weeds on the crop. Four of the trials (both So trials and 2.0fthe Cq t!ia s)
followed very similar protocols and utilised a common modelweed - Japanese ini e , o
barnyard grass, a major summer grass weed of both regions. The other CQ tria use Inu g
model broadleafweed. The SQ trials were conducted in moderate to high yielding environm
bothtrialsexperiencedveryfavourableseasons. TheCQtrialswereconducte in amo y' ' g
environment and the 3 seasons experienced were variable with 2003 being exce en ,
average, and 2005 started well but finished very dry.

Further details and specific results for individual trials are provided in the trial summary repo .
follow. Much of the data is yet to be statisticalIy analysed hence the significance o resu s wi
determined later. The results generated in the So trialswere consistent, while those in were
variable. However, there are some consistent outcomes across alltrials:

o Row configurations had marked impacts on weed growth and weed seed pro u ion.
. Double skip configurations generally had greater weed growth and inuc grea erwee

produdion per unit area than the narrower configurations.
. Weed growth and seed production in the middle of the rows was much greaterw en

compared to the areas close to the sorghum row, particularly forthe wider row con gura i
o So with the more favourable environment had the propensity to produce the greates wee

seed loads and biomass. Average weed seed production across alltrials an trea men ^
105 000 seeds/in'and biomass was 660 g/in , compared with grass weed see pro uc ion o
an average 9 000 seed/in and biomass average 250 g/in in Co.

. Weeds caused sorghum yield redudions of7 - 82% depending on region, the season an row
configuration.
Weed-free sorghum yields (across inals and treatments)ranged from 3.3 - 7.4 Vha (SQ), an
2.1 - 4.6 Vha (CQ), while weedy sorghum yields ranged from 2.7 - 5.4 Vha (So) and 0.5 - 2.2
Vha(CQ). ~
In So the average yield loss due to weeds across alltrials and treatments was 20 fo (range -
27%), while in Co the average yield loss was 49% tange 19 - 82%).
In favourable growing seasons, I in solid had the greatest potential to achieve ig es yie s
even under moderate to high weeds pressure.
When sorghum was sown at 60 000 plants/ha across allrow configurations, greates yie
reductions due to weeds occurred in the I in solid rows in alltrials for both regions, an eas
yield penalty occurred in double skip rows (4 out of the 5 trials). Greater. competition was
occurring under the solid row configuration and less under the double skip. Un er avoura
conditions double skip sorghum does notfully utilise the available resources in t e s ip rows.

.

.

.

.
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Good weed management from a cropping systems perspective becomes paremountwhen wide-row
configurations such as double skip are used. Under wide rows, uncontrolled weeds comparatively
produce less yield penalty but weed seed burdens can dramatically increase creating future weed
problems and costs in cotton and othersummer crops. Where favourable cropping conditions exist,
solid rows on I in spadng provide the best competition and potential yield, even though penalties due
to weeds may be greater.

So row spacing trials
Two sorghum trials on row spacing were conducted in southern Queensland overtwo growing
seasons (years) and consistentresultswere obtained. The combined results were outlined as:

. Row configurations had marked impacts on weed growth and weed seed production. Adoption
of wide row spacing such as double skip resulted in vigorous weed growth, thereby producing
more weed seeds for further infestation.

. Under wider row spacing, especially double skip, weed growth in the middle of the rows was
much better when compared to the areas close to the sorghum row.

. In a favourable sorghum growing season, I in solid had the greatest potential to achieve
higher yield even infested with weeds.

. However, weed caused the greatest yield reduction with the I in solid planting, i. e. 27% and
25% forthe 2003 and 2004 respectively. The least yield penalty was associated with double
skip despite of the higher yield loss 07%) due to higher weed populations in the second year
(2004).

Co row spacing trials
Three sorghum trials on row spacing were conducted in central Queensland overthree growing
seasons (years). Results across trials were variable but with some consistencies evident.

Row configurations had variable but also marked impacts on weed growth and weed seed
production. Generally, double skip configurations had greater weed growth and greater weed
seed production per unit area than the narrower configurations.

. Weed growth and seed production in the middle of the rows was much greater when
compared to the areas close to the sorghum row, particularly forthe wider row configurations.

. In good growing seasons, I in solid had the greatest potential to achieve highest yields even
under moderate to high weeds pressure. However, wider row configurations can achieve
similar yields if sowing rates are reduced.

. In very low yielding situations, single skip configurations are ideal.

. Weeds caused sorghum yield reductions of 19-82% depending on the season and row
configuration.
When sorghum was sown at 60 000 plants/ha across allrow configurations, greatest yield
reductions due to weeds occurred in the I in solid rows (allyears - 58, 33 and 81%) and least
yield penalty occurred in double skip rows (39% in 2003, 19% in 2004) and the single skip in
2005 (56%). When sorghum was sown at rates to produce the same number of plants per
metre of row across all configurations (2 trials only), yield loss due to weeds was greatest in
double skips rows (37% in 2004 and 82% in 2005).

Cultivar and seeding rate
Two sorghum coinvarcompetition trials were conduded in southern Queensland overtwo growing
seasons (years) and consistentresults were obtained. The combined results were outlined as:

. Sorghum coltivars varied in their competitiveness on growth (biomass). Competitive cultivars
such as MR Goldrush significantly reduced weed growth, resulting in less seeds/panicle, and
less seed production/in .

. Higher seedling rate resulted in less weed population, less seed production and associated

.

.

.

with less yield loss.
Yield loss caused by weed competition depended on sorghum cultivar, seeding rate and the
year. Less yield loss was associated with competitive cultivar(MR Goldrush), and/orwith a
higher seedling rate. Weeds caused 1-34% yield loss in 03-04 and 20-27% loss in 04-05,
although very similar amounts of rainfallwas received during the two sorghum growing

Differences in competitiveness of sorghum cultivars seems can riot be explained fully by early
growth vigour and tillering capabilities. Other factors, such as sorghum allelopathy might also

.

seasons.
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involve in weed suppression. Sorghum plants can produce and exude songo eone,
potent photosynthetic inhibitor.
Choice of competitive cultivar, narrow row spacing and higher recoinmen e p an i g
would have significantlong-term impacts in weed management.
The research demonstrated that manipulation of sorghum agronomy is a via e non-c
option to reduce the reliance on herbicides, to preventthe replenishment of new see s
soil seed-bank.
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Rowspacing experiment(SQ 2003-04)

Aims

To improve sorghum competitiveness on weeds via correct choice of row configuration and planting
density, to reduce the reliance on herbicide, to prevent the replenishment of new seeds to the soil
seed-bank (less survivors), and to reduce the impacts of weeds on crop yield.

Brief methods

The trial was conducted at QDPl&F Research Station, Kingsthorpe (Eastern Darling Downs near
Toowoomba) on a heary textured ventsol(self-mulching black earth) soil.

Commercial cultivar MR Buster was used. Treatments were listed in Table ,. The trial was arranged in
an embedded factorial design with 3 row spacings Urn row, single skip, double skip) x 2 populations
(same plant density of 9 plants/in row, and same sowing rate of 60000 plants/ha). Japanese millet(E.
crus-galli), as a mimicto barnyard grass, was used as a modelweed to infectthese 6 plots (as weedy
plots). Additionally, the trial embedded 3 row spacings Urn row, single skip, double skip) at same plant
density (60000 plants/ha) as weed free controls (no millet sowed). Three replications were used. The
plot size was 90 in'. Total amount of rainfall during the sorghum growing season was 375 min, with 18
mm in Nov-03,141 mm in Dec-03, 140 mm in Jan-04, and 76 min in Feb-04.

Table I. Nine treatments used in row spacing trial(SQ 2003-2004).

Population

Same rate/ha (SRH)
Same Plants/M SPM

Sorghum was planted on 5 November 2003 all in row spacing. The millet seeds were broadcasted
prior to sorghum planting and harrowed. Two irrigations were applied to assist the emergence of
sorghum and millet. No fertilisers were used due to a previous legume crop.

The following measurements were recorded: Sorghum population, tillers and yield; weed density and
biomass all" assessment(11th December 2003); and weed density, biomass, and seed production at
2'' assessment(29th January 2004). Positional sampling was conducted at the first weed assessment
for each weedy plot(Figure ,). The second weed assessment for each plotwas conducted based on
two I x jin quadrats on either site of the sorghum rows (Figure 2).

tatistic anal sis needs to be conducted

Solid
tin

X

X

Weedy plots
Row spacing

Singleskip Doubleskip
DSss

XX

XX

Solid
tin

X

Nori-weedy plots
Row spacing

Singleskip Doubleskip
DSss

XX
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Quadrat overalllm x tin
With 4 sections of 0.25 x tin

Double skip

Quadrat overall, .5m x tin
With 6 sections of 0.25 x tin

..

Figure I. Positional sampling all weed assessment
(, Ith of December 2003)

.

55



I in solid

Single skip

Double skip

Figure 2. Placement of quadrat(, x I in') at 2'' weed assessment
(29th January 2004).

4
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Results
. Row configurations had marked impacts on weed biomass and weed seed produdion ( a e

2). Sorghum planting at I in solid row spacing resulted in the leastweed growth an. e e
amount of weed seeds produced, while wide row spacing such as double s ip provi
additional open space for vigorous weed growth and resulted in abundan see p
replenishing soil seedbank for further infeststion.

. Increasing rowspadngfi'om solidtosingleskipincreasedweed biomassan s p
by approximately 50%.
Increasing row spacing from solid to double skip increased weed biomass an see
produdionbyapproximately, 00%. ..
Increasing plant population in row did riot appear to have any affect on coinpe jin .
Row configurations had marked impacts on sorghum yield (both weedy and weed free).
Sufficientrainfa11(375 mm) was received during the sorghum growing season of?003 an^
2004. Under these climatic conditions, I in solid produced the highest sorghum viel , w ie
double skip the least. These results showed that double skip did riot make full use o e
available soil moisture when there was a good rainfall season.
Weeds had marked impacts on sorghum yield. Weeds caused 7-27fo yield loss, depen .ing on
the row configuration used. Greatest yield reduction (27%) by weeds was in the I in solid
planting, due to the competition of limited soil moisture.

.

.

.

.

Summary
owconfigurations had marked jin on weed growth andweed seed production, nomasngweg

growth and seed produdion by 50% for single sk'p and 100fo for double skip. In a voura e growing
season with sufficientrainfall, double skip yielded the least among the hree planting con Igura 10n
tested. Weeds caused 7-27% yield reduction in sorghum. Less yield penaitywas associated with wi e
rows Ging duetoless corn tinon.

Table 2. Effects of row configurations on weed growth and sorghum yield (SQ 2003-04), based on 2nd
weed assessment, quadrats (, in') were placed close to the sorghum row (quadrats 3 & 4). Data were
the average of3 reps. SRH refers to same rate per hectare and SPM to same plant num ers per
metre row.

Spadng

IM

sS

DS

IM

ss

DS

Plant density

Rate/ha (SRH)
Rate/ha (SRH)
Rate/ha (SRH)
Plants/in (SPM)
Plants/in (SPM)
Plantslm (SPM)

Biomass

fu, in
933

1400

2008

1068

1678

2056

Weed

Seed produrtion
in

55897

100565

130840

79148

9718,

13326,

Sorghum yield (Vha)
9'0Weedy Weed

lossfree
27.07.4

22.95.4

6.73.3

5.4

4.1

3.1

4.8

3.7

2.7
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Row spacing experiment(SQ 2004-05)
Aims

To improve sorghum competitiveness on weeds via correct choice of row configuration and planting
density, to reduce the reliance on herbicide, to preventthe replenishment of new seeds to the soil
seed-bank (less survivors), and to reduce the impacts of weeds on crop yield.

Brief methods
The trial was conducted at QDPl&F Research Station, Wellcamp (Eastern Darling Downs near
Toowoomba) on a heary textured ventsol(self-mulching black earth) soil.

Commercial cultivar MR Busterwas used. The trial was arranged in a randomised complete block
design with 3 row spacings Urn row, single skip, double skip) ^ weeds. Japanese millet(E. Grus-gain),
as a mimic to barnyard grass, was used as a modelweed to infectweedy plots. Fourreplications were
used. The plot size was 90 in . Total amount of rainfallwas 377 min, with 29 mm in Oct-04, 107 mm in
Nov-04,112 mm in Dec-04, 78 min in Jan-05, 22 min in Feb-05, and 30 min in Mar-05.

Sorghum was planted at a target population of 60000 plantslha on 15 October 2004. The millet seeds
were manually broadcasted after sorghum planting and harrowed afterwards. Two irrigations were
applied to assist the emergence of sorghum and millet. However, millet did riot emerge well. At three
weeks after sorghum planting, millet was hand-sown again and followed by machinery planting at 25
cm apart between sorghum rows. No fertilisers were used due to a previous legume crop. Atrazine
(2.5L) + Starene (0.5L) was applied to control broad weeds in weed free plots. Grasses (mainly
liverseed grass)in the weed free plots were chipped manually.

The following measurements were recorded: weed density and biomass all assessmen^(, 5
December 2004); and weed density, biomass, and seed production at 2 assessment(11 February
2005). Positional sampling at the first weed assessment was the same as previously illustrated
(Figure I). The second weed assessment for I in solid and single skip was also the same as
previously illustrated (Figure 2). Two additional outer quadrats were used at the 2 assessment for
double skip treatments (Figure 3).

tatistic anal sis needs to be conducted

Double skip

2

Figure 3. Placement of quadrat(, x I in') at 2"' weed assessment for double skip
01tt' February 2005).

Quadrat .Ize: Im x tin
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Results
. Row configurations had marked impacts on weed biomass and weed seed prod}Ichon ( a . e

3). Wider row configurations resulted in higher weed biomass and see^ produdion. There is
also a slightincrease of weed height with increasing width of row spadng.

. Increasing rowspadngfi'omsolidtosingleskipincreasedweed biomass y o
produdion by 31%.

. Increasing rowspacingfi'om solidtodouble skip increased weed biomass y o a
production by 91%.
Wide row spacing provided open niches for weed growth between sorghum rows. ore
vigorous weed growth was found in the middle of the rows (outer)than in the inner areas cose
to the sorghum row. Forexample, millet heightwas 113 cm when sampled at 30 cm aw^y
from the sorghum row, while it was 127cm and 131 cm at the 90-cm and 150-cm samp ing
areas. As well, weed growth in the middle tended to have higher biomass, larger panic es, an
more seeds per panicle (data riot shown).
Row configurations had marked impacts on sorghum yield (both weedy and weed free)..
Lowest yield was achieved with the double skip planting Crable 4). In a favour^ble growing
season with sumdent rainfall(377 min), double skip did riot fully utilise the available soil
moisture for maximum yield return.
Weeds caused substantial yield reduction in sorghum (, 7-25%), depending on the row
configuration used. Less yield reduction by weeds in the double skip was confirmed in t is
study.

Summary
Row configurations had marked impacts on weed gramh d weed seed production, increasing wee
,ro, thandsgedprodUdion'y '' ' ' to d. themjddieofthesorghumrow planted at

'de row spacing. In a favourable growing season with sufficientrainfall, double skip yielded the eas
among the three planting configuration tested. Weeds caused 17-25fo yield reduction in song urn.
Less 'Id na wasa ociatedwith ' erows Ging.

Table 3. Effects of row confi!^orations on weed growth and sorghum yield (SQ 200405), based on 2nweed assessment, inner, in quadrat starts from the sorghum row (quadrats 3 & 4) and followed by
an outer quadrat(quadrats 5 & 6), data were the average of4 reps.

Millet height (cm)Seed productionSpacing
(awayfi'om sorghum row)(, 2)

150 cm90cm30cmouterInner

11070427
10992577
113854 134562 152631

.

.

.

Im solid

Single skip
Double skip

Table 4. Effects of row configurations on sorghum growth and yield.

Sorghum yield (Vha)
Weedfree

6.9

4.9

3.7

Biomass

(dW, g/in2,
inner

390

6.5

729

Spacing

outer

Im solid

Single skip
Double skip

Sorghum height
(on)
116

118

121

Weedy
5.2

3.8

3.1

125

127 131

% loss

25.0

214
16.5
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Rowspacing trial(CQ 2003)

Aims

To improve sorghum competitiveness on weeds via correct choice of row configuration and planting
density, to reduce the reliance on herbicide, to preventthe replenishment of new seeds to the soil
seed-bank (less survivors), and to reduce the impacts of weeds on crop yield.

Brief methods

The trial was conducted at QDPl&F Research Station, Emerald (Central Highlands) on a heary
textured vertosol(self-mulching black earth) soil.

Two commercial cultivars, MR Buster and MR32 were used. Treatments are listed in Table 5. The trial
was arranged in a'balanced factorial design with 3 row spacings Urn row, single skip, double skip)
utilising the same sowing rate to establish 60 000 plants/ha (in order to create 3 different sorghum
densities after row configuration is accounted for- 6, 9, and 12 plants/in row), with and without weeds.
Mungbean was used as the mimic broadleafweed and was planted just priorto the sorghum. Plot
size was 90 in'. Irrigation was used to plant and throughoutthe trial duration to ensure yield
development.

Table 5. Twelve treatments used in row spacing inal(CQ 2003).

Cultivar

MR Buster

MR32

Sorghum was planted on 18th February 2003 into a full profile. A inid sorghum growth stage irrigation
(50 min) was applied to ensure yield. Total in-crop rain between 18 February and 18 June was 76
mm. Weed-free plots were maintained using atrezine (3 Uha) and Roundup CT 0.5 Uha). Sorghum
plots were thinned to the desired populations/densities three weeks after emergence.

The following measurements were recorded: Sorghum yield (June) and weed biomass at 5 weeks
after crop planting. A sub-experiment within the main looked at positional(inner and outer in relation
to the sorghum row) weed biomass in sedions of treatment plots where distance between particular
rows was consistent at I in, hence only sorghum density differed (either 6, 9 or 12 plants per in of
row).

Solid
61m

X

X

Weedy plots
Row spacing (density)

Singleskip Doubleskip
121mgym

XX

XX

Results
. In the main experiment(Table 6), only row spacing produced significant differences in weed

biomass. Variety had no impact. Greatest weed biomass was recorded in the single skip and
solid row configurations, while the double skip rows produced least weed biomass.
Row configuration, weed condition and the interaction of these two factors significantly
impacted on sorghum yield. Variety, as well produced significant differences (data riot
presented), however no interactions with variety were recorded. Solid row configuration
produced the greatest yields.
Overall, weeds reduced sorghum yields by 52% (pooled for variety and row configuration).
Yield loss due to weeds ranged from 39 to 58% depending on row configuration, with greatest
reduction in the solid row configuration where competition was greatest forthe limited

Under weedy conditions there were no differences in sorghum yields between the row
configurations, even though weed biomass differed between the configurations.
In the sub-experiment(Table 7), sorghum density had no significant(P=0.09)impact on weed
biomass, although a trend was rioted. Position of weeds in relation to the row was highly
significant but no interaction between sorghum density and weed position occurred.

.

Nori-weedy plots
Row spacing (density)

Singleskip Doubleskip
121m91m

XX

XX

Solid
61m

X

X

.

.

.

resources.

.
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. Where the sorghum had 12 plants/in row, lessweedswere recorded compare o
sorghum plants/in.
Weed biomass was significantly reduced when closer to the sorghum row compare
position further out. This trend was rioted across all sorghum densities, in ica ing
contrlbuting to competition.

Summary "
. Row configurations had marked impacts on weed growth, surprisingIywith eas wee

in double skip (anomaly?).
Sorghum density within the row does have impacton weed biomass but riot significan y- e
higher the density, the lower the weed biomass.
Sorghum row itself has impact on weed biomass - less weed matter dose into e crop
Weeds caused 39 - 58% yield reduction in sorghum. Less yield penalty was associate wi
wide row spacing due to less competition.

. Under weed-freeconditions, solid rowconfigurationsout-yielded singleskipby , an
double ski b 59%, forthe same seeding rate per ha.

Table 6. Effect of row configurations on weed growth and sorghum yield (Co 2^03). Weed biomass
measured in 12 quadrats (0.3 in x 0.25 in), totalled and then exirapolated to I in . Sorghum yie
extrapolated to Vha. Data are averaged from 3 replicates and variety was poo e .

Sor hum 'eld un, a)Weed biomassRow spacing % loss duetoweedsweed-free(g/in')
584.64230Solid
573.79241Single skip 392.92174Double skip

0.5545LSD P=0.0

Table 7. Effect of sorghum density and weed position relative to the crop row on weed biomass
measured in the sub-experiment(CQ 2003). Weed biomass measured in quadrats 0.5 in x 0.25 in.
Positional biomass measured forthe inner 25 cm (from the row out to 25 cm) and the outer 25 cm (25
cm from the row out to 50 cm from the row). Data averaged from 3 replicates.

Weed biomass (g/in )
Sorghum density (plants/in row)

9

.

.

.

.

Position

Total

(irrespective of position)

weed
1.93
1.63
1.77

Inner 25 cm
Outer 25 cm

LSD P=0.05

12

272

180
364

339

253
426

6

331

262
401

Mean

231
397

54
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Rowspacing trial(CQ 2004)

Aims

To improve sorghum competitiveness on weeds via correct choice of row configuration and planting
density, to reduce the reliance on herbicide, to preventthe replenishment of new seeds to the soil
seed-bank (less survivors), and to reduce the impacts of weeds on crop yield.

Brief methods

The trial was conducted at QDPl&F Research Station, Emerald (Central Highlands) on a heary
textured vertosol(self-mulching black earth) soil.

Commercial cultivar MR Busterwas used. Treatments are listed in Table 8. The trial was arranged in
a factorial design with 3 row spacings Urn row, single skip, double skip) x 2 densities (same plant
density of6 plants/in row, and same sowing rate of 60000 plants/ha) x 2 weed conditions (weedy and
weed-free). Japanese millet(E. Grus-gain, a mimicto barnyard grass, was used as a modelweed in
the weedy plots. Three replications were used. The plot size was 90 in .

Table 8. Twelve treatments used in row spacing and density trial(CQ 2004).

Density

Same rate/ha (SRH)
Same Iantslm SPM

Sorghum was planted on a full soil water profile on 10 February 2004 on I in row spacing. The millet
seeds were broadcasted priorto sorghum planting and harrowed. Two lightirrigations were applied to
assist the emergence of the millet. Only 27 mm in-crop rain was received (between 10 February and
25th May) and most of this fell at end of arithesis. Starter Z was applied at planting at 30 kg/ha.

The following measurements were recorded: Sorghum population, tillers and yield; weed density and,
biomass (end of March or48 days after sorghum planting), and weed seed production (late April or 70
days after sorghum planting). Positional sampling (dose to the row and out from the row) was

Solid
tin

X

X

Weedy plots
Rowspadng

Singleskip Doubleskip
DSss

XX

XX

conducted forthe weed biomass and density.

Results
. Row configuration had variable impacts on weed biomass (Table 9), particularly that

measured closest to the row. Least biomass was measured in the single skip configuration
irrespective of the crop density factor. Where crop density was the same for seeding rate
(SRH), the solid rows recorded the greatest weed biomass close to the rows. Where density
within the row (SPM) was identical, the double skip configuration produced the most biomass
close to the row.

Outer weed biomass was much greater than the biomass closest to the rows, and double skip
row configuration had markedIy greater outer biomass than the single skip (, 7-33% greater)
Weed seed production close in to the sorghum row did riotfollow the same trends as the weed
biomass with respectto the impact of row configuration exceptthatthe effects were variable.
Where sowing rate per ha was identical(SRH), single skip rows produced the most weed
seed production and double skip had the least, although there was not much difference
between the three row configurations overall. However, where density within the row was
identical(SPM), double skip rows produced more than double the weed seed of the single
skip or solid rows.
Row configurations did riot appearto have much impact on sorghum yields within weedy or
weed-free situations. Season was considered ordinary and the rain at the end of arithesis

.

Solid
tin

X

X

Nori-weedy plots
Row spacing

Singleskip Doubleskip
DSSS

XX

XX

.

.

.

.

guaranteed some yield.
Weeds had marked impacts on sorghum yield causing between 19 and 37fo yield loss.
Greatest yield reduction (37%) was in the double skip rows planted at 6 plants/in row. Where
sowing rate per ha was identical(SRH), solid rows suffered greater yield loss due to weeds
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and double skips suffered the least.
CQ trial.

Summary
. Row configurations had variable impacts on weed ramh, but did have a majorimpa on

weed seed production. Increasing row spadng to single skip mereased weed see or u to
by an average of 180% and double skip by an average of 34 fo.

. Row configurations did riot appearto have much impadon sorghum yield either within weedy
orweed-free situations.
Weeds caused 19 7% yield reduction in sorghum. Less yield penaitywas associated with
wide row s Ging under identical sowing rates per ha, rid this was d e to less cornpe lion.

Table 9. Effects of row configurations on weed growth and sorghum yield (Co 2004). Weed
assessment quadrats (, in') were placed close to the sorghum row (inner) or out from the row (outer).
Data are the average of3 replicates. SRH refers to same rate per hectare (60 0001ha) and SPM to
same plant numbers per metre row (din).

Weed biomassDensity
(g/in')

outerInner

268
113
198
173
1.8
304

.

This latter trend is identical to what happened in the 2003

Row

configuration

Solid

Single skip
Double skip
Solid

Single skip
Double skip

SRH
SRH
SRH
SPM
SPM
SPM

Weedseed

(number/in2,

259
302

Inner

1,788
7526

37463
5228

40559
38528

261
347

weed
2.0
I. 9
2.2
2.0
I. 8
I. 7

Sorghum yield
(Vha)

weed-free
3.0
2.6
2.7
2.6
2.5
2.7

% loss
33
27
19

23
28
37
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Rowspacing trial(CQ 2005)

Aims

To improve sorghum competitiveness on weeds via correct choice of row configuration and planting
density, to reduce the reliance on herbicide, to preventthe replenishment of new seeds to the soil
seed-bank (less survivors), and to reduce the impacts of weeds on crop yield.

Briefmethods
The trial was conducted at QDPl&F Research Station, Emerald (Central Highlands) on a heary
textured vertosol(self-mulching black earth) soil.

Commercial cultivar MR Buster(Elite treated) was used. Treatments are listed in Table 10. The trial
was arranged in a factorial design with 3 row spacings (tin row, single skip, double skip) x 2 densities
(same plant density of6 plants/in row, and same sowing rate of 60000 plants/ha) x 2 weed conditions
(weedy and weed-free). Japanese millet(E. Grus-gallO, a mimicto barnyard grass, was used as a
model weed in the weedy plots. Three replications were used. The plot size was 90 in .

Table 10. Twelve treatments used in row spacing and density trial(CQ 2005).

Density

Same rate/ha (SRH)
Same Plants/M SPM

Sorghum was planted on a full soil water profile on 18 January 2005 on I in row spacing. The millet
seeds were broadcasted prior to sorghum planting and harrowed. A light irrigation was applied to
assist the emergence of the millet. A further irrigation (25 min) was applied inid growth stage of the
sorghum to ensure yield. Only 151 mm in-crop rain was received (between 18 January and 9 May),
with 90 mm of this falling in the week immediately after planting. The area was fertilised with 100
kg/ha urea priorto planting.

The following measurements were recorded: Sorghum population, tillers and yield; weed density an^
biomass at I'' assessment 01" December 2003); and weed biomass, and seed production at 2
assessment(29th January 2004). Positional sampling (dose to and outfrom the row) was conducted

Solid
tin

X

X

Weedy plots
Row spacing

Singleskip Doubleskip
DSss

XX

XX

at both assessments.

Results
. Again, row configuration had variable impacts on weed biomass (Table ,,), particularly that

measured closest to the row. Where crop density was the same for seeding rate (SRH), the
solid and single skip rows recorded the greatest weed biomass close in. Where density within
the row (SPM) was identical, the single and double skip configurations produced the most

Outer weed biomass was again much greater than the biomass closest to the rows, and
double skip row configuration had marked Iy greater outer biomass than the single skip (50 -
51% greater).
Weed seed production close in to the sorghum row did riotfollow the same trends as the weed
biomass with respectto the impact of row configuration exceptthatthe effects were variable.
Irrespective of the crop density factor, the solid row configurations produced the least weed
seed (approximately halfthe seed of the wider row treaiments). Where sowing rate per ha
was identical(SRH), single skip rows produced more weed seed than double skip rows; but
where density within the row was identical(SPM), seed production did riot vary much between
the two wider row configurations.
Outer weed seed production (wider rows only) was substantially greater than the areas closer
to the crop row. Forthe single skip rows seed production increased 120-130fo moving away
from the crop row, and in the double skip rows this increase was 280-500%. On average the
double skip rows had 65% more seed in the outer position than the single skip rows.

.

biomass close to the row.

Solid
jin

X

X

Non-weedy plots
Row spacing

Singleskip Doubleskip
DSss

XX

XX

.

.

.
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Row configurations had marked effeds on sorghum yields within both the wee y an
weed-freesituations. In the weedysituation, singleskiprowconfigurations ou .e y'
of both the solid and the double skip configurations irrespective of the crop density a or.
weedy scenario in this instance produced a verytough season forthe song urn.
Weeds had massive impacts on sorghum yield causing between 50 and 82fo yie OSs.
Greatest yield reductions (76 - 81%) were in the solid rows, and (75 - 82 fo) were in t e
double skip rows configurations, irrespective of the crop density factor.
In the weed-free situations, where sowing rate per ha was identical(SRH), highest yiel^ ( .
Vha) was recorded in the solid row configuration, and the least(2.1 Vha) wa^ recorded in . e
double skip rows. Where plant density within the row was identical(SPM), yields were ai y
consistent agoss the row configurations (range 2.8 to 3.2 Vha).

Summary
. Row configurations again had variable impacts on weed grown, bathad a trend o11ncreasing

weed seed production with an average of 100% increase for single skip and 60% or ou e
skip.
Weed seed production in large inter-row space was substantial with 355fo more se
produced in single skip and 650% in double skip compared between tin solid row spac ng.
Row configurations had large impact on sorghum yield, partict. nany in the weedy s' a on,
where single skip configurations don Ie the yields of the other configurations. tIn very low
yielding situations, single skip is best optionI.
Weeds caused 50-82% yield reduction in sorghum. Less yield penaitywas associated with
sing e skip rows irrespective of crop density factors.
In moderate to high yielding situations (weed-free), solid rows are ideal, .however similar yields
can be achieved on wider rows (sin to or double skip) vided the sowing rate is reduced.

Table 11. Effects of row configurations on weed growth and sorghum vielq (CQ 2005)(based on 2n
weed assessment, quadrats (, in') were placed dose to the sorghum row (inner) or outfi'om the row
(outer). Data are the average of3 replicates. SRH refers to same rate per hectare (60 0001ha) an
SPM to same plant numbers per metre row (61m).

Sorghum yieldWeedseedWeed biomassDensity
(number/in2, (Vha)(g/in')

weed-freeouterinnerouterInner
3.22 843172
2.75707 13353185
2.13502 20999138
3.22 642155
3.25063 '13/5188
2.85193 19644172

o

.

.

o

Row

configuration

solid

single skip
double skip
solid

single skip
double skip

SRH
SRH
SRH
SPM
SPM
SPM

323
484

3.0
469

weed
0.6
12
0.5
0.8
I. 6
0.5

% loss
81
56
76
75

50
82
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Cultivar experiment(2003-04 SQ)

Aims

To improve sorghum competitiveness on weeds via correct choice of cultivar and crop density, to
reduce the reliance on herbicide, to preventthe replenishment of new seeds to the soil seed-bank
(less survivors), and to reduce the impacts of weeds on crop yield.

Brief methods

The trial was conducted at QDPl&F Research Station, Kingsthorpe (Eastern Darling Downs near
Toowoomba) on a heary textured ventsol(self-mulching black earth) soil.

Six commercialsorghum cultivars were compared, induding Pioneer 85G83, Pioneer 86G87, Pioneer
Bonus MR, Pacific MR Bustsr, Pacific MR Goldrush, and Pacific MR43. The trial was arranged in an
embedded factorial design with the 6 cultivars x 3 plant populations (45000, 60000, and 75000
plants/ha). Japanese millet(E. Grus-gain), as a mimic to barnyard grass, was used as a modelweed to
infectthe weedy plots. Additionally, the trial embedded 2 sorghum cultivars (MR Buster and MR
Goldrush) x the 3 plant populations as weed free controls (no millet sowed). Three replications were
used. The plot size was 60 in'. Total amount of rainfallwas 375 mm, with 18 min in Nov-03, 141 min
in Dec-03, 140 mm in Jan-04, 76 min in Feb-04.

Sorghum was planted on 5 November 2003 at I in row spacing. The millet seeds were broadcasted
prior to sorghum planting and harrowed. Two irrigations were applied to assist the emergence of
sorghum and millet. No fertilisers were used due to a previous legume crop.

The following measurements were recorded: Sorghum population, tillers and yield; weed density and
biomass at 1'' assessment (I month after sowing); and weed density, biomass, and seed production
at 2'' assessment(at maturity). The first weed assessment for each plot was conducted based on two
inner quadrats (, x 0.25m, close to the sorghum row) and two outer quadrats (Ix 0.25m, awayfrom the
sorghum row). The second weed assessment for each plot was conducted based on two I x tin
quadrats across the sorghum rows.

Results
. There were no significant differences in competitiveness among sorghum cultivars on weed

population and growth (biomass/in2 and biomass/plant) at the I' weed assessment(, month
after^Ianting)(data riot shown).At 2" weed assessment(at maturity), sorghum cultivars differed significantly in their
competitiveness on weed population, biomass/in , and seed production. No significant
difference in biomass/plant was found among the cultivars (Table 12). among the cultivars
tested, MR Goldrush was the most competitive, resulting in the least weed population,
biomass/in', and seed production. MR Bonus was also very competitive, significantly inhibiting
millet growth (less biomass) and the amount of weed seeds produced at the end of the
season, although the weed population was riot affected by this cultivar.
Sorghum seeding rates had significant effects on weed density and seed production, with
higher seedling rate resulting in less weed population and less seed production (Table ,3). No
significant effects were found on weed biomass, although a trend of decreasing weed
biomass/in2 was found with increasing seeding rate. Seeding rates did riot affect weed
biomass/plant. Higher seeding rate also had yield advantage over lower seeding rate. For
example, sorghum planted at 7500 planVha yielded 23% more the yield achieved at the
seeding rate of 45,000 planVha.
Weeds caused significant yield loss of, -34% depending on sorghum cultivar and planting
density (Table ,4). The yield of competitive cultivar MR Goldrush was less affected by weeds
(, 0%), compared with MR Buster(18%). Sorghum yield penalty was the greatest when
planted allowest seedling rate (45,000 plants/ha), 22% and 34% for MR Buster and MR
Goldrush, respectively. Yield loss diminished sharply with increasing sorghum populations.
Obviously higher seeding rate of sorghum strongly suppressed weed growth and resulted in
less yield reduction. The average yield loss was 14% across the two cultivars and three
seeding rates.
No significantinteradions occurred between sorghum cultivars and seeding rates on weed
suppression and sorghum yield (Table 15).

.

.

.

.
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Summary dSorghum comars a seedi g rates did not have significanteflbds. on wee growth Ibo ass) ^n
density dimng the early growth stages (winiin one month after planting), but. did later in e growing
season, sorghUmCUiVarSVa d h dMRBonusweretilemOSl
cornpethiveamongtheslxcullivarstesled. Sorghum seeding rates significantyaffectedw epsity
and seed production. Higher seedling rate resulted in less weed population an e^s se p
Weeds caused 1-34% yield loss depending on sorghum cultivar and planting density. a cos wa
lesswilh competitive cultivar(MR Goldrush) and/or heri a higher seedling rate was used.
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Table 12. Different competitiveness among sorghum cultivars (based on 2nd weed assessment
05/02/04)

Cultivars

Pacific MR43

85G83

86G87

Bonus MR

MR Bustsr

MR Goldrush

Isdo. o5

Density
in

22.0

22.1

29.5

25.4

27.9

20.0

6.2

Table 13. Effects of seeding rates on weed growth (based on 2nd weed assessment, data were the
average of allthe six cultivars in the weedy plots)

Biomass

11N Im

846

955

1068

763

1086

754

267

Sorghum
seeding rate
xOOO/ha

45

60

75

Isdo. o5

Millet

Biomass

Iant

38

43

36

30

39

38

nS

Seed produdion
in

47299

50870

64203

40090

60892

39056

77470

Table 14. Sorghum yield loss due toweed competition

Seeding rate
xOOO/ha

45K

60K

75K

45K

60K

75K

Density
in

32.9

28.8

26.4

Pro. 055

Sorghum
cultivar

MR Buster

MR Buster

MR Buster

MR Goldrush

MR Goldrush

MR Goldrush

Sorghum
Population

xOOO/ha

59

57

61

61

78

58

nS

Biomass

fw in

1228

1098

958

nS

Millet

Biomass

Iant

37

38

36

nS

Yield

Vha

3.85

3.69

3.74

4.48

4.08

3.80

ns

Seed production
in

7,511

59291

50644

72353

Weed

3.26

4.03

4.93

2.86

3.87

4.66

Sorghum
yield
Vha

3.80

4.07

4.92

0.53

Yield Vha

Weedfree

4.95

4.89

5.07

3.68

3.93

4.96

Loss %

34.1

17.6

2.6

22.3

I. 3

6.2
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Table ,5.1nteraclions of cultivars and seeding rates on weed growth and sorg urn vie

Sorghum yield
(Vha)

Cultivar

Pacific MR43
Pacific MR43
Pacific MR43

85G83

85G83

85G83

86G87

86G87

86G87

Bonus MR

Bonus MR

Bonus MR

MR Buster

MR Buster

MR Buster

MR Goldrush
MR Goldrush

MR Goldrush

Isdo. @5

Seeding rate
(x 1000/ha)

45

60

75

45

60

75

45

60

75

45

60

75

45

60

75

45

60

75

Density
in

26.2

22.0

17.8

25.2

22.0

19.0

31.5

27.7

29.3

28.2

26.2

22.0

31.8

27.5

24.3

21.5

18.8

19.7

Millet

Biomass
in Im

1000

907

630

1002

10/9

844

1225

985

993

860

7.8

711

1163

1079

10/8

888

783

592

Seed produdion
in

5,877

46.97

43823

53884

56876

4,850

87208

56803

48598

53828

34266

32.78

69125

62406

5,145

4,635

39906

35627

3.29

3.81

4.45

3.19

3.80

4.07

3.58

3.27

4.37

4.01

3.96

5.46

3.26

4.03

4.93

2.86

3.87

4.66
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Cultivar experiment(2004-05 SQ)

Aims

To improve sorghum competitiveness on weeds via correct choice of cultivar and crop density,
to reduce the reliance on herbidde, to preventthe replenishment of new seeds to the soil seed-
bank (less survivors), and to reduce the impacts of weeds on crop yield.

. To confirm previous trial results obtained from 2003-2004

Brief methods
The trial was conducted at QDPl&F Research Station, Wellcamp (Eastern Darling Downs near
Toowoomba) on a heary textured ventsol(self-mulching black earth) soil.

Six commercial sorghum cultivars were compared, induding Pioneer 85G83, Pioneer 86G87, Pioneer
Bonus MR. Pacific MR Buster, Pacific MR Goldrush, and Pacific MR43. The trial was arranged in a full
factorial, randomised complete block design with 6 sorghum cultivars, 3 seeding rates (45000, 60000,
and 75000 plants/ha), with and without weeds (Japanese Millet). Three replications were used. The
plot size was 60 in'. Total amount of rainfallwas 377 mm, with 29mm in Oct-03, 107mm in Nov-03,
112 mm in Dec-03, 78 mm in Jan-04, 22 min in Feb-04, and 30 mm in Mar04.

Japanese millet(E. crus-gain), as a mimicto barnyard grass, was used as a modelweed to infectthe
weedy plots. Weed-free plots were used as controls relative to the specific cultivar and seeding rate.

Sorghum was planted on 10 October 2004 at I in row spacing. The millet seeds were initially
broadcasted prior to sorghum planting and harrowed. Two irrigations were applied to assist the
emergence of sorghum and millet. However, millet did not emerge well. At three weeks after sorghum
planting, millet was planted again at 25 cm apart into tin sorghum rows. No fertilisers were used due
to a previous legume crop. Atrazine (2.5L) + Starene (0.5L) was applied to control broad weeds in
weed free plots. Grasses (mainly liverseed grass)in the weed free plots were chipped manually.

The following measurements were recorded: Sorghum population, tillers, early growth rate bx
destructive sampling, and yield. Weed density was assessed at 2 months after sorghum sowing (I, ,
assessment). Weed density, biomass, and seed production were assessed at maturity (2
assessment). The two weed assessments for each plot were conducted based on two I x tin
quadrats across the sorghum rows.

tatistic anal sis needs to be conducted

Results

Sorghum cultivars did riot differ marked Iy in competitiveness on weed population (, and 2.
assessments), although cultivar MR Goldrush and Bonus MR had the lowest weed population
atcropmaturity(Table, 6). ..
At 2'' weed assessment(at maturity), sorghum cultivars differed in their competitiveness on
biomass/in' seed weighVhead, and seed production. No significant difference was found
among the cultivars on millet height and biomass/plant(Table 16). Among the cultivars tes;ed,
MR Goldrush was the most competitive, resulting in the least weed population, biomass/in ,
and seed production. MR Bonus was also very competitive, significantly inhibiting millet
growth (less biomass) and the amount of weed seeds produced at the end of the season.
These results further confirmed previous findings (03-04 trial).
The reduction in seed weighVpanide by MR Goldrush and Bonus MR was riot due to any
reduction on seed size of the weed, but due to substantial reduction in panide length and
seed numbers per panicle (data riot shown).
Sorghum seeding rates had significant?? effectsonweed growth, Higher seedling rate ,
resulted in less weed population, biomass, seed weight/panide, and less seed production/in
(Table 17). Seeding rates did riot affect weed biomass/plant.

. Sorghum yield loss (21%) at 75000 plantha was marginalIy lower than the loss (26%) at
45,000 planVha (Table 18).

. Table 19 lists the interactions occurred between sorghum cultivars and seeding rates on weed
suppression and sorghum yield (their significance needs to be tested).

.

.

.

.

.
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Weeds caused significant yield loss of 20-27% depending on sorghum cultivar(Table 20). e
yield of competitive cultivar MR Goldrush was the least affected by weeds (20 fo) among th^
six cultivars tested. The average yield loss was 24% across the six cultivars and ree see ing
rates.

Sorghum cultivars did not differed in early growth rate, root and shoot weights, p an eig ,
and tillers/plant. MR Goldrush had the highest number of tillers/ha (Table 21).

Summary
Sorghum coltivars and seeding rates did riot have significant effects on wee population, u i
influence weed biomass, seed weight/pa icle, and seed produdion when assessed at near ina un y.
MR Galdrush and MR Bonuswere the most competitive among the six cultivars test. ig er see ' g
rate resulted in lessweed population, less seed production and associated with less vie OSs. ..
Weeds caused 20-27% yield loss depending on sorghum cornvar. Yield loss was lesswi cornpe 'i
coltivars (MR Goldrush and MR Bonus). Sorghum cultivars did riot differed in early growth rate, root
and shoot weights, height, and tillerslplant, thereby riot accounting forthe differences in
competitiveness among sorghum cultivars. However, sorghum allelopathy might con ri u e o q
weed suppression. S. bicolorand other related Sorghum species produce songoleone, a. orig c ain
hydroquinone compound, which is exuded by Ilving root systems. Different sorghum cu 'vars eru g
varied amount of songoleone into the soil. This compound exhibits potent activity as a photosyn e 'c
inhibitor eston 2001.

Reference
Weston, L. A and Czamota, M. A. 2001. Activit and ersistence of sor o1eone a 10n -chain
h dro uinone roduced b So humbicolor. Journal of Crop Produdion, 4:363-377.



Table ,6. Different competitiveness among sorghum cultivars, based on assessment all4/02/04

Sorghum
cultivar

Pacific MR43

85G83

86G87

Bonus MR

MR Buster

MR Goldrush

Isdo. o5

Table 17. Effects of seeding rates on weed growth, based on assessment, data were the average of
allthe six cultivars in the weedy plots

Density (in2,

'21/2104) (, 4102/05)

90

94

94

90

94

92

Sorghum
seeding rate
(xOOO/ha)
45

60

75

Isdo. o5

Biomass

68

70

73

62

64

63

(dW 91m2,

Millet

Biomass

288

396

380

263

285

247

(91plant)

Density (in2,
(, 2/12/04) 04/02/05)

7299

6894

6084

Table ,8. Effeds of seeding rates on sorghum yield loss due to weed competition.

Sorghum yield (Vha)
Weed free

6.2

6.8

6.8

4.3

5.9

5.3

4.2

4.4

3.9

Millet

Seeding Rate
xOOO/ha

45

60

75

Isdo. o5

height
un

109

1/8

117

113

110

107

Seedwt

(g/
anicle
2.75

2.98

2.92

2.93

2.62

2.45

Biomass

(dW 91m2,
354

295

280

Seed

produdion
(, 2)

Millet

Biomass

(91plant)
5.0

4.3

4.7

62338

72895

776.7

56552

59.55

48403

Weed

4.6

5.1

5.4

Seedwt

(g/panicle)
3.01

2.73

2.58

Seed production
(, 2)

75576

57052

55852

Loss %

26.0

24.5

21.0

72



Table ,9.1nteradion of cultivars and seeding

Seeding rate
(x 1000/ha)

Cultivar

Pacific MR43

Pacific MR43
Pacific MR43

85G83

85G83

85G83

86G87

86G87

86G87

Bonus MR

BonusMR

Bonus MR

MR Buster

MR Buster

MR Buster

MR Goldrush
MR Goldrush
MR Goldrush

45

60

75

45

60

75

45

60

75

45

60

75

45

60

75

45

60

75

rates on weed growth and sorghum yield

Sorghum yield (Vha)
Weed Weedy %loss
free
6.41

6.96

6.98

6.40

6.96

6.78

5.89

6.58

6.23

6.22

6.81

7.04

5.79

6.64

6.63

6.47

6.68

7.15

Biomass

(dW 91m2,
348

292

223

4/1

442

333

425

307

409

308

235

245

334

249

272

298

245

198

Millet

Seed production
(, 2)

79993

58806

482.6

82678

62587

73420

88456

63547

80849

69370

52863

47423

74072

50811

52582

58888

53700

32622

Table 20. Effects of cultivars on sorghum yield loss due to weed competition

Sorghum yield (Vha)
Weed free

6.8

6.7

6.2

6.7

6.4

6.8

Sorghum
cultivar

MR43

MR85G83

MR86G87

MR Bonus

MR Buster

MR Goldrush

4.77

4.98

5.69

4.73

4.97

4.99

4.04

4.95

4.60

4.80

5.35

5.71

4.14

5.13

5.33

5.04

5.31

5.92

Table 2, . Growth characteristics of sorghum cultivars

13/12/04 13/12/04 14/02/05Daily growth rate/plant
PlantShootRootPlant Root Shoot

height weight weight weight weight height
I IantIant cman

124.529.74.64.1
133.127.65.63.8
126.529.06.23.7
131.030.56.03.6
121.231.87.53.6
126.026.24.83.8

25.5

28.4

18.5

26.1

28.6

26.4

31.3

24.8

26.1

22.8

21.4

18.9

28.6

22.8

19.5

22.1

20.4

17.2

Sorghum
cultivar

Weed

5.1

4.9

4.5

5.3

4.9

5.4

MR43

85G83

86G87

MR Bonus

MR Buster

MR Goldrush

0.3

0.4

0.4

04

0.5

0.3

2.0

I. 9

I. 9

2.1

2.1

1.8

Loss %

24.1

27.1

27.3

21.0

23.4

19.8

(/plant)

Tillers

14

1.7

1.9

2.1

2.4

2.0

(x
1000/ha)

99.7

127.2

156.3

143.1

175.2

180.8

73
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