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Introduction 
 
Researchers have gathered a large amount of information on the effectiveness of weed management practices that can be used to manage herbicide 
resistance in weeds.  Here, we distil results from selected field trials.  It is well known that the efficacy of many of these practices can vary, not just season to 
season, but paddock to paddock, and crop to crop.  The inclusion of multiple trials provide a guide to what can be expected when these practices are used, 
both in terms of what is typical and the range of possible results.   
 

Arrangement of the guide 
 
The guide is organised according to the sequence of weed management opportunities through a season.  The main focus is on annual ryegrass and wild 
radish – two important weeds that are found in many cropping regions of Australia.  Herbicide resistance in these two weeds is widespread.  The control 
treatments in this guide include many non-herbicidal options available to farmers to combat weeds. 
 
This guide does not document an exhaustive list of research for each weed control treatment.  It provides key results from selected studies so that readers 
can obtain a snapshot of the likely control achievable for each weed management practice.  For some weed control treatments, there has been extensive 
research conducted, while for other treatments (or weeds) there is limited data.  Many field studies examine different combinations of weed control treatments 
and the effects on weed seed or plant numbers.  It can be difficult to quantify the contributions to weed control of each individual treatment.  Here, we aim to 
simply present the weed control achieved from individual treatments.   
 
The main results presented are the weed control efficacies (% control) achieved for each study (listed in the left hand column of each sheet).  In some cases, 
there are direct crop yield effects applicable to the weed control treatment.  Important supporting notes are presented for each study.  In the right hand column 
there is reference number for each study (reference list provided at the end of the guide).  Most of the research documented in the guide is from Western 
Australia, with some research from other states included.  Nevertheless, for many weed control treatments, other issues such as timing may have a larger 
impact on weed control than the environment in which the weed control treatment is applied.       
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Further information 
 
A full reference list is included at the end of the guide.  Contact WAHRI for more information: 
WAHRI contact details: Telephone: 08 9380 7870, Fax: 08 9380 7834, Email: wahri@agric.uwa.edu.au, Website: http://wahri.agric.uwa.edu.au 
 
The Western Australian Herbicide Resistance Initiative (WAHRI) is a major Grains Research and Development Corporation (GRDC) strategic initiative.  
WAHRI conducts basic and applied research, development and extension on many aspects of herbicide resistance and its management in Australian 
cropping systems.  WAHRI is based in the North Wing of the Faculty of Natural and Agricultural Sciences, at the University of Western Australia (UWA). 
 

Compiled by Alister Draper, WAHRI, March 2003. 
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Interpreting control efficacies  
 
Control efficacy achieved from each study is presented as a percentage to provide a common basis for comparison between treatments and weeds.  A single 
figure or a range is given for each study.  Within each weed control treatment, studies are grouped depending on whether they relate to annual ryegrass or 
wild radish.  Within each weed group they are then grouped according to how the data is presented (eg. % less weeds in crop) and any differences in applying 
a weed control treatment (eg. winter/spring grazing separated from summer grazing). 
   
When comparing the efficacy of different control treatments, be aware that data is presented in many different formats.  This has implications when comparing 
the relative control achieved by different studies, different treatments and different weeds.  Control achieved for most treatments are presented as ‘% 
kill/removal/reduction of weed seed set’ (example 1, below) or ‘% less weeds in crop’ (example 3, below). 
 
The control efficacies are usually presented as a percentage reduction over an untreated control: 
 
Example 1  UNTREATED CONTROL   TREATMENT A 
  Yr 1, 50 ryegrass plants/m2 setting 1000 seeds/m2 Yr 1, 50 ryegrass plants/m2 setting 200 seeds/m2 

 
Result: 80% reduction of weed seed set. 
   
Other studies may have measured a percentage reduction in weed numbers the following year: 
 
Example 2  UNTREATED CONTROL   TREATMENT A 
  Yr 1, 50 ryegrass plants/m2   Yr 1, 50 ryegrass plants/m2  

  Yr 2, 500 ryegrass plants/m2   Yr 2, 100 ryegrass plants/m2  

 
Result: 80% less ryegrass in the following year’s crop.  This result can be approximated as 80% reduction of weed seed set, and as the above two examples 
have similar results, studies presenting data in the form of example 2 are also grouped with example 1 under ‘% kill/removal/reduction of weed seed set’. 
 
Example 3  UNTREATED CONTROL   TREATMENT B 
   500 ryegrass plants/m2 in-crop   300 ryegrass plants/m2 in-crop 
 
Result: 40% less weeds in-crop 
 
It is also important to realise that any one (or even multiple) control treatments may not reduce weed numbers on treated areas from one year to the next.  
While there may be a reduction in weed numbers between the treated and the untreated area (as presented in this guide), weed numbers may still increase 
on the treated area.  See the extension of example 1, below.  In this case, even though 80% seed set control is achieved, ryegrass plants increase from 50 to 
100 where treatment A is applied.   
 

  UNTREATED CONTROL      TREATMENT A (80% seed set control) 
   Yr 1, 50 ryegrass plants/m2 setting 1000 seeds/m2   Yr 1, 50 ryegrass plants/m2 setting 200 seeds/m2  
   Yr 2, 500 ryegrass plants/m2 in-crop     Yr 2, 100 ryegrass plants/m2 in-crop 
 
Read the notes and access the references to see what timings, herbicides, rates, crops or weed densities were used in the study and see how these and 
other factors result in different weed control levels. 
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Treatment & weed control Notes Ref. 
# 

   

Seed catching   

   
Annual ryegrass   

   
% kill/ removal of weed seed set  
   
73% Wongan Hills (WA).  73% less ryegrass in following crop.  Redekop system used. (16) 
   
60 to 80% Redekop system used. (16) 
   
66 to 67% Rutherglen (Vic).  Ryetek system used.  Lupin (67% efficacy) and wheat (66% efficacy) crops. (54) 
   
62% Hyden (WA).  62% less ryegrass in following crop than conventional harvesting with chaff spreading.  

Harvested 18 December with Redekop system. 
(5) 

   
60% Roseworthy (SA).  60% reduction in ryegrass seedbanks.  Average efficacy achieved over a number of 

seasons in pea, barley and wheat crops.  Ryetek system used. 
(44) 

   
38 to 52% Mingenew, Moora and Lake Varley (WA).  75% of ryegrass seed that entered harvester removed.  With 

no chaff cart 4% of ryegrass seed entering harvester removed.  With no chaff cart 2% of total ryegrass 
seed set removed.  Between 46 and 71% of total ryegrass seed production entered harvester (mid – late 
harvesting time). 

(56) 

   
Wild radish   

   
% removal of weed seed entering harvester  
   
95% Mingenew, Moora and Lake Varley (WA).  With no chaff cart 42% of wild radish seed entering harvester 

removed. 
(56) 
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Treatment & weed control Notes Ref. 
# 

   

Stubble burning   

   
Annual ryegrass   

   
% kill/ removal of weed seed set (crop stubbles)  
   
93 to 97%  Rutherglen (Vic).  93% mortality when 3 t/ha stubble present, 97% mortality when 9 t/ha stubble present.  

Wheat stubble (not grazed over summer).  Mortality of seed on soil surface.  Burnt on 18th April. 
(11) 

   
82% York (WA).  Wheat stubble burnt from a 3 t/ha crop.  Burnt on 15th April. (7) 
   
58% Auburn (SA).  Across all treatments.  58% reduction in ryegrass seedbanks. (28) 
   
40 to 64% (avg. 52%) Wongan Hills (WA).  Wheat stubble burnt.  Control measured as % reduction of in-crop ryegrass over 

unburnt areas within 1994 crop. 
(48) 

   
No significant reduction Roseworthy (SA).  Barley, wheat and pea stubble burnt.  No significant reduction in ryegrass seed 

densities in subsequent crops. 
(28) 

  
% kill/removal of weed seed set (crop stubble windrows)  
   
99% York (WA).  Wheat stubble windrows burnt from a 3 t/ha crop.  Burnt on 15th April. (7) 
   
54% Hyden (WA).  54% reduction in ryegrass in following year’s crop after stubble windrows burnt. 2.8 t/ha 

wheat crop with 380 ryegrass plants/m2 at harvest.  Harvested 18 December and residue concentrated 
into 2 metre windrows. 

(5) 

   
0 to 78% Eradu (WA).  No ryegrass control when stubble windrows burnt into the wind.  78% ryegrass control 

when windrows burnt with the wind.  Stubble burnt 28 April, Temp 28 degrees C, 5 to 10 knot wind.  
Stubble concentrated into 500 mm wide windrows. 

(37) 

   
% kill/removal of weed seed set (pasture residues)  
   
77 to 88% Devenish (Vic).  77 to 88% mortality of ryegrass seed on soil surface when ungrazed pasture residues 

burnt.  High ryegrass densities involved (high dry matter – hot burn).  No additional ryegrass control from 
burning pasture that was grazed and spraytopped (lack of dry matter). 

(11) 
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Treatment & weed control Notes Ref. 
# 

   

Tickle cultivation   

   
Annual ryegrass   

   
% less weeds in crop  
   
24 to 54% Wongan Hills (WA).  When seeded at normal time, tickled plots had 24% less ryegrass.  When seeded 

late tickled plots had 54% less ryegrass.  71% less ryegrass in late seeded tickled plots than normal 
seeded untickled plots.  Sandy loam soil.  3.75 times more ryegrass emerged pre seeding.  Tickle depth 
2-2.5 cm using a scarifier fitted with 4 cm points.  

(20) 

   
13 to 64% Results from 7 field studies over 3 seasons. (17) 
   
19 to 46% See notes from ref (9) in ‘tickle cultivation, annual ryegrass, % increase in emergence’ section.  All 

treatments apart from the prickle harrow had significantly less ryegrass in-crop than the untickled area.  
The % reduction ranged from 19% less (triple disc) to 46% less (fullcut + prickle).  No significant 
differences in pre-seeding emergence. 

(9) 

   
No significant reduction Wongan Hills (WA).  Trial conducted in 1993. (48) 
   
% increase in weed emergence  
   
30 to 43% Avondale and Newdegate (WA).  30 to 43% increase in emergence after opening rains. (41) 
   
No significant differences Mingenew (WA).  Non-wetting sand.  Tickle conducted using a cultitrash cultivator with discs set for 1 cm 

depth. 
(30) 

   
No significant differences Merredin (WA).  No significant differences in ryegrass emergence prior to seeding.  Treatments included 

no tickle and a tickle with 6 different implements: prickle harrow, triple disc, inverted T + prickle, fullcut + 
prickle, Harrington knife + prickle, Harrington knife.  Tickle carried out on 17th April and pre-seeding 
counts on 1st June.  Implement travelled at a speed of 8.5 km/h at a depth of 1-2 cm.  Low rainfall during 
April (2.6 mm), May (38.2 mm) and June (10.6 mm) of 2001. 

(9) 
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Treatment & weed control Notes Ref. 
# 

   

Tickle cultivation   

   
Wild radish   

   
% less weeds in crop  
   
66% Merredin (WA).  Stimulated 160 wild radish seedlings/m2 three weeks after tickle.  2.5 wild radish 

seedlings/m2 in untickled plots.  Duplex sandy loam soil.  Tickle depth 2-2.5 cm using a scarifier fitted 
with 4 cm points. 

(22) 

   
0 to 52% Rutherglen (Vic).  52% less when scarified to 3 cm and later direct drilled compared to direct drill with no 

prior scarification.  52% at site 1.  At site 2 no significant differences. 
(12) 

   
% increase in weed emergence  
   
84% less emergence Wagga Wagga (NSW).  Control treatment direct drilled (5 cm disturbance).  Prior scarification (5cm 

disturbance) before direct drilling reduced emergence by 84%.  Disc ploughing (7 to 10 cm disturbance) 
and mouldboard ploughing (10 to 15 cm disturbance) reduced emergence by 72% and 60% respectively. 

(33) 
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Treatment & weed control Notes Ref. 
# 

   

High crop seeding rates   

   
Annual ryegrass   

   
% reduction in weed seed set  
   
80% 80% less ryegrass seed production when wheat density increased from 90 to 280 plants/m2.  Screenings 

and grain protein unaffected by increasing wheat density. 
(17) 

   
47% Merredin (WA).  47% reduction in ryegrass seed heads when wheat seed rate increased from 50 to 150 

kg/ha.  Sandy loam duplex soil.  Average ryegrass density of 364 seedlings/m2 established 4 weeks after 
seeding. 

(21) 

   
43% Merredin (WA).  43% less ryegrass seed production when wheat seed rate increased from 50 to 100 

kg/ha.  100 to 117 ryegrass plants/m2 in crop. 
(14) 

   
30 to 50% Merredin (WA).  50% reduction in ryegrass seed heads when wheat seed rate increased from 60 to 120 

kg/ha.  40% reduction in ryegrass seed heads when barley seed rate increased from 60 to 120 kg/ha.  30 
to 40% reduction in ryegrass seed heads when field pea seed rate increased from 100 to 150 kg/ha.  
1999: wheat with 170 to 240 ryegrass plants/m2 in crop.  2000: barley with 20 to 140 ryegrass plants/m2 
in crop.  2001: field peas with 13 to 147 ryegrass plants/m2 in crop. 

(51) 

   
26 to 41% Merredin (WA).  26 to 41% reduction in ryegrass seed heads when wheat seeding rate increased from 50 

kg/ha to 100 kg/ha.  Greatest (41%) benefit at 90mm row spacing.  26 to 27% reductions at 180 and 270 
mm spacings.  Minimum tillage system with Harrington knife points.  In the absence of selective 
herbicides. 

(31) 

   
13 to 49% Newdegate (WA).  40% reduction in ryegrass seed production when wheat seed rate increased from 50 

kg/ha to 100 kg/ha.  49% reduction when oats seed rate increased from 50 kg/ha to 100 kg/ha.  13% 
reduction when canola seed rate increased from 2.5 kg/ha to 5 kg/ha.  420 ryegrass plants/m2 in-crop.  
No in-crop grass selective herbicides applied. 

(42) 
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Treatment & weed control Notes Ref. 
# 

   

High crop seeding rates    

   
Wild radish   

   
% reduction in weed seed set   
   
33 to 35% Goomalling and Avondale (WA).  Wild radish seed set reductions of 33% at Goomalling and 35% at 

Avondale when wheat seed rate increased from 60 kg/ha to 180 kg/ha.  No significant differences in seed 
set at either site from increasing seed rate from 60 kg/ha to 120 kg/ha.  Goomalling 8.4 to 12.2 wild 
radish plants/m2 in crop.  Avondale 30.1 to 43.2 wild radish plants/m2 in crop. 

(55) 

   
Yield Effects   

   
28% higher wheat yield when seeding rate increased 
from 50 kg to 150 kg/ha 

See notes for ref (20) in high crop seeding rates, % reduction of weed seed set section. (21) 

   
Wheat sown at 120 kg/ha was significantly higher 
yielding than wheat sown at 30 kg/ha or 60 kg/ha 

Mingenew (WA).  Non-wetting sandplain soil.  Grasses mainly confined to header rows running across all 
plots. 

(38) 

   
12.9% and 32% higher wheat yield when seeding rate 
increased from 60 kg/ha to 180 kg/ha at Goomalling and 
Avondale respectively 

Goomalling and Avondale (WA).  See notes for ref (53) in high crop seeding rates, wild radish, % 
reduction in seed set section. 

(55) 
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Treatment & weed control Notes Ref. 
# 

   

Delay seeding   

   
Annual ryegrass   

   
% less weeds in crop  
   
71% Roseworthy (SA).  71% less ryegrass in-crop following a three-week delay in seeding.  Also 55% 

reduction in ryegrass seedbanks.  Summary of experiments averaged across all treatments. 
(44) 

   
37% Wongan Hills (WA). 37% reduction in ryegrass density in-crop following a 20-day delay in seeding.  

When delay combined with earlier autumn tickle: 71% less ryegrass than normal seeded untickled areas 
and 62% less ryegrass than normal seeded tickled areas.  Sandy loam soil.  Ryegrass in-crop densities: 
normal seeding 639/m2.  Late seeding 400/m2.   Normal seeding and tickle 486/m2, late seeding and 
tickle 184/m2.  Normal seeding: 31 May, Late seeding: 20 June.  Wheat variety: Eradu. 

(20) 

   
11 to 32% Dowerin (WA).  11 to 32% less in-crop ryegrass following a 13 to 15 day seeding delay.  11% at site 1b 

(loam soil); 32% at site 1a (non-wetting sand). 
(49) 

   
11 to 30%  11 to 30% less in-crop ryegrass following each week’s delay in seeding.  Median response 20%. (17) 
   
Wild radish   

   
% less weeds in crop  
   
No significant difference (1985)   
59% (1986) 

Meckering and Goomalling (WA).  No significant difference in in-crop wild radish following a 32-day 
seeding delay.  59% reduction in in-crop wild radish following a 21 day seeding delay.  No difference in 
1985 (Meckering) – atypical dry year.  59% reduction in 1986 (Goomalling).  Differences determined by 
the sum of the first two cohorts (the majority of emergence) in each year for early and late seedings. 

(40) 

   
Yield Effects   

   
Wheat yield losses involved (WA).  15 to 35 kg/ha/day 
after optimum sowing time 

Results from wheat variety x sowing time experiments since mid 1980s.  Yield losses in absence of 
weeds.  Northern and Eastern wheatbelt 30 – 35 kg/ha/day after optimum sowing time (usually late May 
to Early June).  Central wheatbelt 20 – 30 kg/ha/day (optimum period usually early to late May).  
Southern wheatbelt 15 – 25 kg/ha/day (optimum period usually early May).  South coast 15 kg/ha/day 
(optimum period usually early May). 

(2) 

   
Wheat yields 20% lower to 10% higher  Wheat yield from delayed seeding 10% higher when no selective herbicides applied.  20% lower yield 

from delayed seeding when selective herbicides applied.  See notes ref (19) in delay seeding, annual 
ryegrass, % less weeds in crop section. 

(20) 
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Treatment & weed control Notes Ref. 
# 

   

Crop suppression of weed seed production 
 

   
Annual ryegrass   

   
% less weed seeds produced in one crop vs another  
   
Compared to a pea crop, ryegrass produced 75% less 
and 86% less seeds in a wheat or barley crop 
respectively 

SA.  (44) 

   
Ryegrass produced 50% less seeds in a cereal crop 
than in a canola crop 

Newdegate (WA).  At lowest seeding rates of 2.5 kg/ha for canola and 50 kg/ha for cereals.  Ryegrass 
density 420 plants/m2.  No selective herbicides applied.  TT canola 

(42) 

   
Ryegrass produced on average 19% less seeds in 
barley crops than in wheat crops 

Merredin, Wongan Hills, Mount Barker (WA).  Variable results: Merredin 1995, 19% more seeds in 
barley; Merredin 1996 light land, 44% more seeds in barley; Merredin 1996 heavy land, 59% less seeds 
in barley; Wongan Hills 1996 heavy land, 48% less seeds in barley, Wongan Hills 1996 light land, 54% 
less seeds in barley; Mount Barker 1996 heavy land, 17% less seeds in barley. 

(14) 

   
Wild radish   

   
% less weed seeds produced in one crop vs another  
   
Compared to a lupin crop, wild radish produced 46% 
less and 52% less pods in a wheat or barley crop 
respectively 

Goomalling (WA).  Radish pods/m2 – lupins 10220, wheat 5565, barley 4873.  No selective herbicides 
applied. 
 

(55) 
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Treatment & weed control Notes Ref. 
# 

   

Grazing   

   
Annual ryegrass   

   
% reduction in weed seed set (winter/spring grazing)  
   
88 to 96% Newdegate and Katanning (WA).  Two trials with 88% and 96% control respectively.  88 to 96% reduction 

in ryegrass seed set achieved from heavy grazing over normal grazing.  As the % reduction was 
measured relative to normal grazing and not an ungrazed control, the actual % control from heavy 
grazing is slightly greater than 88% and 96%. 

(41) 

   
Approximately 80% Rutherglen (Vic).  Approximately 80% reduction in ryegrass densities achieved from heavy grazing.  High 

stocking rates used, approximately 15 sheep/ha. 
(45) 

   
0 to 93% Merredin (WA).  Stocked at 12 DSE/ha for 8 weeks in spring.  Efficacies: no ryegrass control in snail 

medic plot, 28% control in Santiago burr medic plot, 93% control in Casbah biserrula plot.  Casbah 
biserrula less palatable than other pasture legume species – therefore a higher grazing preference for 
ryegrass. 

(47) 

   
approximately 16 to 38%  Wongan Hills (WA).  16 to 38% (approximate) reduction in ryegrass seed set achieved from strategic 

grazing and constant grazing respectively.  Constant grazing involved a stocking rate of 5 DSE/ha from 
August until December.  The strategic grazing regime involved two 2-week ‘crash’ grazings at 20 DSE/ha 
– one in the middle of August finishing immediately prior to ryegrass booting at the start of September; 
and another at the end of September finishing immediately prior to legume seed set. 

(8) 

   
% removal of weed seed set (summer grazing)  
   
20% Bakers Hill and Perth (WA).  20% reduction in ryegrass seedbank (summer grazing of ryegrass/subclover 

pasture).  20% reduction over ungrazed areas.  
(18) 
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Treatment & weed control Notes Ref. 
# 

   

Spraytopping   

   
Annual ryegrass   

   
% reduction in weed seed set  
   
99.3 to 99.9% Naracoorte (SA).  100 gai/ha Paraquat (400 mL/ha Gramoxone) applied at peak flowering of ryegrass. (25) 
   
92% Katanning (WA).  360 mL/ha of Glyphosate 450 applied when ryegrass flowering. (53) 
   
85% 85% reduction in ryegrass plant density.  Paraquat used. (10) 
   
Approximately 82% See notes ref (8) in ‘grazing, % reduction of weed seed set’ section.  82% reduction from spraytopping on 

areas that weren’t grazed.  Paraquat applied at 600 mL/ha before ryegrass soft dough.  Higher efficacy 
where grazed.  Approximately 85% reduction in seed set on areas that were subjected to constant 
grazing and spraytopping compared to constant grazing only.  Approximately 95% reduction in seed set 
on areas that were subjected to strategic ‘crash’ grazing and spraytopping compared to strategic ‘crash’ 
grazing only. 

(8) 

   
64 to 76% Mingenew (WA).  400 mL/ha Gramoxone applied on 3 October.  Cadiz/sub-clover pasture. (36) 
   
29 to 80% (average 60%) 4 trial sites at Merredin, Wongan Hills, Avondale and Newdegate (WA).  Average efficacy achieved 60%.  

Gramoxone applied at 550 mL/ha when all seed heads fully emerged. 
(41) 

   
35 to 93% (median 60%) 35 to 93% reduction (median 60%) in ryegrass densities in following wheat crops after spraytopping.  

Data from 6 trials in WA. 
(17) 

   
48% Katanning (WA).  48% less ryegrass plants on spraytopped plots.  Mean ryegrass numbers over 1994 to 

1997. 
(52) 
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Treatment & weed control Notes Ref. 
# 

   

Croptopping   

   
Annual ryegrass    

   
% reduction in weed seed set  
   
70.9 to 99.8% Goomalling (WA).  3 treatment times.  T1: most advanced ryegrass seed heads flowering.  T2: ryegrass 

seed filling, seed green.  T3: most advanced ryegrass seed filled and changing from green to yellow.  
Efficacies: Paraquat T1 99.6%, Glyphosate T1 99.8%, Paraquat T2 99%, Glyphosate T2 99.2%, 
Paraquat T3 99.7%, Glyphosate T3 70.9%. 

(1) 

   
7 to 98% Coorow & Mingenew (WA).  Trials conducted on 5 different properties.  Gramoxone at 800 mL/ha applied 

to all treatments.  Ryegrass development and resultant control for each trial: late flower/milky dough (90 
to 95%), milky to soft dough (96%), milky to soft dough (98%), firm dough (7%), hard dough (52%). 

(35) 

   
82 to 85% Merredin (WA).  Field peas croptopped.  82 to 85% less ryegrass in following year. (51) 
   
64 to 97% SA.  1 L/ha paraquat applied at milk stage of ryegrass seed development.  600 mL/ha Glyphosate at this 

time was not as effective – only resulting in 14 to 76% control. 
(29) 

   
77 to 82% Lake Grace (WA).  77 to 82% less ryegrass in following year.  Field peas croptopped.  T1: ryegrass at 

medium milk.  T2: ryegrass at early dough.  Efficacies: 500 mL/ha paraquat at T1 82%, 800 mL/ha 
paraquat at T1 79%, 500 mL/ha paraquat at T2 75%, 800 mL/ha paraquat at T2 77%. 

(32) 

   
79% SA.  79% reduction in ryegrass seedbanks.  Peas croptopped with paraquat.  Averaged across years and 

treatments. 
(44) 

   
67% Wongan Hills (WA).  When 1 L/ha Gramoxone applied when ryegrass at soft to firm dough.  Control 

ranged from 92% at late flowering to milky dough to 29% at hard dough.  
(15) 
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Treatment & weed control Notes Ref. 
# 

   

Croptopping   

   
Wild radish   

   
% reduction in weed seed set   
   
3.5 to 64% (1997)    
51 to 97%  (1998) 

Merredin (1997) and Avondale (1998) (WA).  3.5 to 64% reduction in viable wild radish seed from 
croptopping of barley (1997).  1997 Efficacies: 0.75 L/ha paraquat to O’Connor barley (3.5%); 0.75 L/ha 
paraquat to Unicorn barley (12%); 2 L/ha Basta to Unicorn Barley (29%); 1 L/ha Glyphosate to Unicorn 
barley (64%).  51 to 97% reduction in wild radish seed set from croptopping of barley (1998).  1 L/ha 
Glyphosate used in 1998.  1998 Efficacies: O’Connor (51%); Unicorn (97%).  1998 crop/weed 
development: Unicorn plots (croptopped 5th October) - Unicorn barley at early to soft dough and wild 
radish flowering with more than 30% of pods well developed.  O’Connor plots (croptopped 29th October) 
– O’Connor barley at soft dough stage and wild radish flowering with more than 60% of pods well 
developed.  Croptopping barley with these herbicides is unregistered. 

(23) 

   
43 to 95% Control measured as reduction in germination.  2 application timings.  Efficacies: 500 mL/ha Glyphosate 

(89% at T1, 43% at T2); 500 mL/ha Gramoxone (85% at T1, 77% at T2); 1500 mL/ha Reglone (95% at 
T1, 81% at T2). 

(13) 

   
49 to 62% (average 55%) Goomalling and York (WA).  Herbicides applied on 25th October (barley and canola) and 15th November 

(wheat and lupins).  Herbicides included Glyphosate, Gramoxone, Spray.Seed and Reglone at 1.5 L/ha 
and Liberty at 2 L/ha.  No prior in-crop selectives applied.  Some of these crop x herbicide applications 
are unregistered. 

(55) 

   
Yield Effects   

   
0 to 42% yield loss in barley In 1998.  See notes ref (22) in ‘Croptopping wild radish, % reduction in weed seed set’ section.  No yield 

loss in O’Connor.  42% yield loss in Unicorn. 
(23) 

   
8.3% yield reduction of unicorn barley Goomalling (WA).  500 mL/ha Glyphosate applied at milky to soft dough stage of barley.  No significant 

differences in yield when 750 mL/ha glyphosate applied at hard dough stage of barley.  Croptopping 
barley with glyphosate is unregistered. 

(3) 

   
0 to 10% yield loss in lupins Where 800 mL/ha Gramoxone applied at 80% leaf drop.  Review of many trials.  Expected yield loss 

increases to 15 to 25% when leaf drop at 5 to 10%.  No leaf drop, yield loss ranges from 40 to 100%. 
(34) 

   
No yield loss of lupins Lupins mature when herbicides applied (55) 
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Treatment & weed control Notes Ref. 
# 

   

Green/Brown manuring   

   
Annual ryegrass   

  
% reduction in weed seed set  
   
100% Mingenew (WA).  Lupins brown manured. (39) 
   
95 to 100% Merredin (WA).  Field peas green manured.  95 to 100% reduction in ryegrass densities in following year. (51) 
   
96.5% Yuna (WA).  96.5% reduction in ryegrass densities in year after green manure, green mulch, brown 

manure treatments.  Average of control from green mulching, green manuring and brown manuring. 
(27) 

   
92% Cunderdin (WA).  92% reduction in ryegrass densities in green or brown manured cadiz compared to 

untreated cadiz.  Mechanical topping of Cadiz serradella provided 88% seed set control. 
(46) 

   
89% Mingenew (WA).  89% reduction in ryegrass densities in year after brown manured lupins.  Lupins with 

approximately 300 ryegrass seed heads/m2 brown manured with glyphosate in 1998.  Following year 
aggregate germination 1433/m2 where harvested and 163/m2 where brown manured.  

(39) 

   
67% Lupins green manured.  67% reduction in ryegrass densities in following year. (17) 
   
55% Mingenew and Nabawa (WA).  55% reduction in ryegrass densities in year after hay-freezing.  1.5 L/ha 

Glyphosate 450 applied in September. 
(4) 

   
Wild radish   

   
% reduction in weed seed set  
   
100% Northern wheatbelt of WA.  Several seed set control treatments including green manuring, hay freezing 

with glyphosate, hay freezing then mowing, and green manuring then glyphosate. 
(6) 

   
Yield Effects   

   
20 to 22% wheat yield boost Mullewa (WA).  20% yield boost in wheat crop following green manured field peas or lathyrus.  Wheat on 

green manure treatments yielded an average of 22% higher than harvest controls in second year after 
green manuring.  Grain protein higher on manured treatments.  Control treatment harvested field peas.  
No significant differences in grain yield or protein between green manuring, brown manuring, or 
mulching.  Clay-loam soil. 

(26) 

   
Wheat yields higher Wheat grain yields and protein were generally higher after Cadiz in all spring seed-set control treatments (46) 
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Treatment & weed control Notes Ref. 
# 

   

Driving down the seedbank – seedbank life 
 

   
Annual ryegrass   

   
Seedbank decline when seed set prevented (% per annum on treated area)  
   
68 to 90% Mingenew (WA).  3% of original ryegrass density present after 2 years of total seed set control.  68% in 

year 1 and 90% in year 2.  Aggregate emergence of 1491 in 1999, 473 in 2000, 45 in 2001.  Soil type: 
Non-wetting sand. 

(39) 

   
68 to 82% York (WA).  6% of original ryegrass density present after 2 years of total seed set control.  82% decline in 

year 1 and 68% decline in year 2.  High initial seedbank – aggregate emergence 3142 in 1997, 564 in 
1998, 183 in 1999.  Red/brown clay-loam soil. 

(49) 
 

   
70 to 80% Wongan Hills, Mt Barker and Mullewa (WA).  3 to 4 years of no seed set to 99% seedbank decline of 

ryegrass. 
(43) 

 
   
Wild radish   

   
Seedbank decline when seed set prevented (% per annum on treated area)  
   
25 to 75%   Wongan Hills, Mt Barker and Mullewa (WA).  3 to 10 years of no seed set to 99% seedbank decline of 

wild radish. 
(43) 

   
22% (avg.) Merredin (WA).  350 radish pod fragments introduced at start of 1997.  No seed set from 1997 to 2001.  

Variable % emergence (hence % seedbank decline) from year to year.  Emergence/m2: 225 (1997), 17.5 
(1998), 56 (1999), 10.5 (2000), 31.5 (2001).  In 2001, 9% of original seedbank (350) emerged.  After 5 
years of no seed set, 3% of the original seed bank unaccounted for, i.e. 97% of original seed bank 
emerged from 1997 – 2001. 

(24) 
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Treatment & weed control Notes Ref. 
# 

   

Hay-cutting   

   
Annual ryegrass   

   
% reduction in weed seed set  
   
84% Pasture cut for hay.  84% reduction in following wheat crop. (45) 
   
74% York (WA).  In year after haycutting, approximately 74% less ryegrass seedlings on hay-cut areas than 

harvested areas.  Harvested plots from 1996 had 3310 seedlings emerge in 1997.  Hay-cut plots from 
1996 had 860 seedlings emerge in 1997. 

(50) 
 

   
% reduction in weed seed set (with follow-up glyphosate application after haycutting)  
   
85 to 89% Merredin (WA).  85 to 89% reduction in ryegrass densities in following year. (51) 
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Treatment & weed control Notes Ref. 
# 

   

Swathing   

   
Wild radish   

   
% reduction/removal of weed seed set  
   
59% (1997)    
77 to 99.99% (1998) 
 
 

Merredin (1997) and Avondale (1998) (WA).  59% reduction in viable wild radish seed from swathing of 
unicorn barley (1997).  In 1997, when swathed only 38.1% of total seed production viable – untreated 
control 93.1% of total seed production viable (59% reduction).  77 to 99.99% estimated reduction of wild 
radish seed set from swathing of O’Connor and Unicorn barley (1998).  In 1998, barley swathed at the 
early to soft dough stage.  Wild radish at flowering to early pod development (in Unicorn plots) and 
flowering to well developed pods (in O’Connor plots).   

(23) 

   
14 to 63% Goomalling and York (WA).  Swathed on 25th October to lupins, barley and canola and wheat.  No prior 

in-crop selective herbicides applied.  Efficacies: wheat 14%, lupins 52%, barley 62%, canola 63%.  
(55) 

   
Yield Effects   

   
In 1998 O’Connor and Unicorn barley yields were 
reduced by 43% and 72% from swathing respectively 

See notes ref (22) in ‘swathing, % reduction/removal of weed seed set section’.  Lower yields attributed 
to smaller seed size (early swathing) and incomplete lifting of swathed plants by harvester. 

(23) 

   
No significant differences in lupin yields Erregulla (WA).  Three varieties of lupins swathed at three different times and direct harvested at two 

different times.  No significant yield differences between averages of swathed and direct harvested 
treatments.  Most ryegrass seed was at soft dough when swathing occurred – a good kill could be 
expected but was not measured. 

(19) 
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