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PROJECT REPORT: Please provide a clear description for each of the following: 

Executive Summary (200 words maximum) 
A few paragraphs covering what was discovered, written in a manner that is easily understood and relevant to 
SA growers. A number of key dot points should be included which can be used in SAGIT communications. 
Trials assessing the efficacy of a reduced rate of paraquat in combination with, or replaced with, 
other products currently registered for use in crop topping in lentils and faba beans were undertaken. 
 Field trials demonstrated that while no alternative treatments were as effective as the current full

rate of paraquat, there were a few treatments that showed promising results, including Paraquat
250 at the reduced rate of 0.4 L/ha with a spike of Sharpen at 34 g/ha or Nonanoic acid 525
(Slasher) at 3.5 L/ha.

 There was no significant negative effect of any of the treatments on pod retention or crop yield.
 Treatments including Sharpen caused reduced lentil seed viability at the low rainfall site. Reduced

viability was not due to reduced seed weight.
 In lentils, Glyphosate 540 at 1 L/ha and Nonanoic acid 525 at 7 L/ha were not as effective at

reducing ryegrass seed. Little ryegrass was present in the faba bean sites, but what could be
tested showed no difference in seed set control between the standard rate of paraquat and all
other treatments.

 In pot trials the treatment of Paraquat 250 at 0.4 L/ha + Nonanoic acid 525 3.5 L/ha achieved total
ryegrass seed set control, matching the full rate of paraquat. The two paraquat alone treatments
at rates of 0.4 and 0.6 L/ha and the same paraquat treatments with the addition of Sharpen also
showed good levels of control.

Project objectives 
A concise statement of the aims of the project in outcome terms should be provided. 

The current use patterns of paraquat are under review by the APVMA, with a potential outcome 
being a reduction in the rate of paraquat allowable for desiccation of pulse crops. The proposed 
changes will have a significant impact on the options available for crop topping in pulse crops, such 
as lentils and faba beans. This project aimed to investigate the efficacy of potential alternate options 
for crop topping, without or in combination with a reduced rate of paraquat.  

Overall Performance 
A concise statement indicating the extent to which the project objectives were achieved, a list of personnel who 
participated in the Research Project including co-operators, and any difficulties encountered and the reasons for 
these difficulties. 

Overall, this project was successful in achieving its objectives and all KPIs were met. This project has 
delivered information that will be valuable to growers in assisting decision making around viable 
alternate options for crop topping if the current standard practice is lost due to the APVMA review.  
The project delivered more than initially proposed, with additional work to that in the original project 
proposal undertaken. AgXtra added undertook an additional 10 DAT brownout assessment in 
addition to the 3, 7 and 14 DAT assessment timings originally proposed. All but one of the treatments 
were assessed in the pot trial instead of the reduced number of treatments first proposed. Due to the 
finding of decreased lentil viability in three treatments at one of the field sites, additional 1000 seed 
weight assessment was undertaken. The project was also completed under budget.  

Project and trial planning was executed by Dr Jenna Malone and Professor Chris Preston from the 
University of Adelaide. 
Field trials were established and managed by AgXtra, namely Rajesh Barua. 
Pot trials were planned and executed by Dr Jenna Malone, with technical assistance from Tijana 
Petrovic who filled the Casual Research Officer (HEO 4/1 X 188 hours) position that this project funded. 
A seed counter belonging to the ARC Training Centre for Future Crops Development was borrowed 
for 1000 seed weight assessments. 



  
Due to the 2024 season being very dry, the amount of desiccation required to be achieved was 
reduced, which may in turn have resulted in less pressure on the treatments to perform well. 
Therefore, conclusions around their efficacy may not hold true in a season with high desiccation 
pressure. There was also some difficulty in finding appropriate trial sites that had ryegrass present in 
the short timeframe required. This meant that the effect of the treatments on ryegrass seed set could 
not be assessed as fully in the field trials as we would have liked. However, this was somewhat 
mitigated by having the pot trial focused on ryegrass seed set control to provide further data. 
 
 
KEY PERFORMANCE INDICATORS (KPI) 
Please indicate whether KPIs were achieved.  The KPIs must be the same as those stated in the Application 
for Funding and a brief explanation provided as to how they were achieved or why they were not achieved. 

KPI Achieved  If not achieved, please state 
reason. 

Field trial of crop topping options established  Yes ☒  No ☐  

Pot trial testing efficacy on ryegrass 
established Yes ☒  No ☐  

Seed viability and germination testing 
completed Yes ☒  No ☐  

 Yes ☐  No ☐  

 Yes ☐  No ☐  

 Yes ☐  No ☐  

 Yes ☐  No ☐  

 Yes ☐  No ☐  

 
  



  
TECHNICAL INFORMATION (Not to exceed three pages) 
Provide sufficient data and short clear statements of outcomes. 
 

Methodology 
Four field trials, two each in lentils and faba beans, at higher and lower rainfall sites, were 
established in October 2024. Prior to harvest, 11 herbicide treatments (Table 1) were applied using a 
CO2-pressurised, hand-held spray unit equipped with AM 110-01 flat fan nozzles (orange), with 50 
cm spacing. Plots were 10 m x 2 m, with 4 replica plots per treatment, arranged in a randomised 
complete block design. Brownout assessments were conducted 3, 7, 10, and 14 DAT, based on 
visual observations of the percentage of plants in the entire plot that had turned brown. Pod drop was 
also assessed at 14 DAT, as well as crop yield. Any ryegrass present 14 DAT was collected, as well 
as a lentil or faba bean seed sample retained from each plot, to test viability. 
In addition to the field trial, a pot trial was conduct at the University of Adelaide, Waite Campus, 
focused on application timing and efficacy of ryegrass seed set control. Ryegrass plants were grown 
in pots and at early flowering and post flowing timings, crop-topping treatments were applied. 
Fourteen days after treatment, ryegrass heads were collected, to replicate the post crop-topping 
harvest timing in field. Any seeds present were cleaned and sown into pots and the number of seeds 
that germinated was used to determine viability. 
 

Results  
Crop desiccation 
Based on a comparison of the percentage of desiccation achieved 14 DAT, the treatment that was 
most effective as an alternative to the full rate of paraquat was Paraquat at 0.4 L/ha + Nonanoic acid 
at 3.5 L/ha (Treatment 10). The treatment of Paraquat at 0.4 L/ha + Sharpen at 34 g/ha (Treatment 
4) had similar efficacy, however, the percentage desiccation achieved was not consistently higher 
than that of Paraquat at 0.4 L/ha alone across all sites. The same spikes with Paraquat at 0.6 L/ha 
were also effective. A spike with Sledge at 0.2 L/ha was less effective than the other treatments, as 
were both glyphosate treatments and a spike with a lower rate of Nonanoic acid or Nonanoic acid 
alone (Table 1). A pictorial representation of the most effective treatments compared to the full rate of 
paraquat and the untreated control is shown in Figure 1. Assessment of desiccation at 3, 7 and 10 
DAT showed that some treatments achieved desiccation faster than other treatments (data not 
shown) however, the results present here focus on the final amount of desiccation achieved.  
No statistically significant difference was found in the amount of pod drop or crop yield for any of the 
treatment (Table 2).  
 
Table 1 – Percentage of desiccation achieved 14 days after treatment (DAT) based on visual assessments of 
brownout. Values are the average of 4 replica plots. 

Treatment 

% Desiccation 14 DAT 
Low rainfall High rainfall 

Faba 
bean 

Lentil Faba 
bean 

Lentil 

1 Paraquat 250 at 0.8 L/ha 94 a 98 a 90 a 100 a 
2 Paraquat 250 at 0.4 L/ha 83 cde 89 bcd 85 ab 95 ab 
3 Paraquat 250 at 0.4 L/ha + Sledge at 0.2 L/ha  89 ab 81 efg 84 bc 94 abc 
4 Paraquat 250 at 0.4 L/ha + Sharpen at 34 g/ha  91 ab 81 efg 78 d 98 ab 
5 Paraquat 250 at 0.6 L/ha 90 ab 9 6ab 86 ab 97 ab 
6 Paraquat 250 at 0.6 L/ha + Sharpen at 34 g/ha  89 ab 83 def 85 ab 93 bc 
7 Glyphosate 540 at 1 L/ha 81 de 83 def 83 bcd 83 d 
8 Glyphosate 540 at 1 L/ha + Sharpen at 34 g/ha  86 bcd 75 g 88 ab 96 ab 
9 Nonanoic acid 525 at 7 L/ha 88 bc 76 fg 90 a 88 cd 
10 Paraquat 250 at 0.4 L/ha + Nonanoic acid 525 at 3.5 L/ha 89 ab 90 bc 88 ab 96 ab 
11 Paraquat 250 at 0.4 L/ha + Nonanoic acid 525 at 1.75 L/ha 85 b-e 87 cde 86 ab 94 abc 
12 Untreated control 80 e 59 h 79 cd 71 e 

Means followed by same letter do not significantly differ (P=0.05, LSD) 
Sledge and Sharpen treatments also included 1% Hasten 
 
 



  

 
Figure 1 – The lentil crop at the high rainfall site 14 DAT. Representative images of the most effective 

treatments displayed against the untreated control. 
 
Table 2 – Amount of pod drop per m2 14 DAT and average crop yield in ton per ha. Values are the average of 4 
replica plots.   

Treat 

Pod drop per m2 14 DAT Yield ton/ha 
Low rainfall High rainfall Low rainfall High rainfall 

Faba 
bean 

Lentil Faba 
bean 

Lentil Faba 
bean 

Lentil Faba 
bean 

Lentil 

1 0.3 12 1.0 30 0.24 0.74 1.59 3.02 
2 0 11 0.3 16 0.25 0.74 1.34 2.90 
3 0 8 0.5 25 0.26 0.75 1.43 2.78 
4 0 11 0.3 22 0.25 0.81 1.31 3.04 
5 0.3 11 0.3 26 0.19 0.87 1.35 2.87 
6 0 7 0.5 22 0.19 0.74 1.41 2.94 
7 0 7 1.0 15 0.27 0.77 1.50 2.85 
8 0.5 8 0.3 30 0.24 0.69 1.45 2.91 
9 0 11 0.3 16 0.30 0.80 1.52 2.80 
10 0 10 0.5 15 0.22 0.80 1.48 2.87 
11 0 6 0.3 29 0.23 0.67 1.41 2.65 
12 0 6g 0.5 28 0.27 0.75 1.49 3.23 

 
Crop seed viability 
No significant difference was found in the viability of the faba bean seed with any of the treatments at 
either the high and low rainfall sites (Table 3). However, a significant difference was found in lentil 
seed viability with treatment at both sites. At the low rainfall site, Treatments 4, 6 and 8 had 
significantly reduced germination, with 48%, 56% and 37% germination respectively, compared to a 
germination rate of over 90% in all other treatments. The addition of Sharpen is common to all three 
of these treatments and suggests this herbicide may have a negative effect on seed viability. There 
were also significant differences detected in the high rainfall site, however, the treatments with 
differences were not consistent with that at the low rainfall site, and the differences were also 
smaller, with only a difference of 5% in the rate of germination across all treatments. The effect on 
germination at the low rainfall site could be due to a difference in the growth stage of the lentils at the 
two sites when treatments were applied. As poor seed quality can be associated with smaller seed 
size, average seed weights were investigated for the low rainfall lentil site, to determine whether 
Treatments 4, 6 and 8 had had an effect on seed weight. While a significant difference was found, 
the same treatments did not group together , and the average 100 seed weights for each treatment 
did not differ that greatly between treatments (Table 3).   

 
Table 3 – Percentage of germination of lentils and faba beans, and 1000 seed weight of lentils from the low 
rainfall site. Germination values are the average of 4 replica pots of 20 lentil seeds and 15 faba bean seeds per 
plot, with 4 replica plots per treatment. Seed weight is the average weight of 3 replica counts of 1000 seeds 
from each of 4 replica plots per treatment. 
 
 
 
 
 
 



  

Treatment 

% Germination  LR lentil 
1000 
seed 

weight 
(g) 

High rainfall Low rainfall 

Lentil Bean Lentil Bean 
1 96.7 ab 83.3 95.8 c 92.8 47.7 ab 
2 97.5 ab 88.9 96.3 c 88.9 48.6 abc 
3 98.3 ab 87.2 92.9 c 92.2 48.2 ab 
4 94.2 a 91.1 48.3 ab 91.7 48 ab 
5 97.9 ab 91.1 94.6 c 93.9 47.9 ab 
6 97.5 ab 90.0 55.8 b 93.3 48.5 abc 
7 99.2 b 86.1 90.8 c 87.8 49.7 c 
8 95.8 ab 90.6 37.1 a 94.4 47.4 a 
9 98.8 b 93.3 95.8 c 92.2 49.1 bc 
10 98.3 ab 90.6 95.8 c 94.4 48.5 abc 
11 97.9 ab 91.1 95.8 c 89.4 48.8 bc 
12 96.7 ab 91.7 93.8 c 92.2 49 bc 

P value 0.022 >0.05 <0.001 >0.05 <0.001 
Means followed by same letter do not significantly differ (P=0.05, LSD) 

 
Ryegrass seed set control 
For ryegrass from the field trial, viability was determined by the average percentage of seeds that 
germinated from 50 seeds from each of the 4 replica plots per treatment in each trial. The faba bean 
high rainfall site had very low ryegrass numbers, and ryegrass was only able to be collected from half 
the plots and with a reduced number of seeds able to be tested for many of the plots where ryegrass 
was obtained. The lack of replication and low numbers made this data unreliable and was therefore 
not included in the analysis. The low rainfall faba bean site also had small ryegrass numbers and 
while ryegrass was obtained from all plots, some plots had a reduced number of seed tested for 
some plots. A very low germination rate was detected for all treatments and there was no statistical 
significance between any of the treatments (Table 4). 
For lentils, a higher and more varied germination rate was seen for a number of treatments at each 
site, with some treatments having a higher germination rate than the standard 0.8L paraquat 
treatment (Treatment 1). At the low rainfall site, treatment 7 was found to have a significantly higher 
rate of germination than the standard rate of paraquat, suggesting that the glyphosate alone 
treatment (Glyphosate 1 L/ha) was not as effective at reducing ryegrass seed set. The glyphosate 
alone treatment was also found to have the highest rate of germination at the high rainfall site, at 
28%. Treatment 9, Nonanoic acid at 7 L/ha, also had significantly higher germination than the 
standard paraquat treatment, suggesting that this treatment may also be less effective at controlling 
ryegrass seed set.  
 
For the pot trial, ryegrass viability was determined by germinating all seed produced by 4 plants per 
pot of 4 replicate pots for each treatment and expressing the germination as a percentage of the 
control (Table 4). In the trial where ryegrass was treated at early flowering, the untreated control 
plants did not produce any viable seed, so the percentage of germination in the treatments compared 
to the control could not be determined. This was likely due to ryegrass heads being harvested 14 
DAT to replicate harvest time in the field trial and the seed was still immature. In the later treatment 
timing, the standard paraquat treatment achieved complete seed set control of ryegrass. This was 
also achieved by Treatment 10, Paraquat at 0.4 L/ha + Nonanoic acid 3.5 L/ha.  The two paraquat 
alone treatments at rates of 0.4 and 0.6 L/ha (Treatments 2 and 5) also showed a large reduction in 
germination to 14% and 3% respectively, as well as the same paraquat treatments with the addition 
of Sharpen (Treatments 4 and 6) which reduced germination to 5% and 1% respectively. All other 
treatments on average showed only a 50% reduction in germination with Treatment 3 40%, 
Treatment 7 56%, Treatment 8 41% and Treatment 9 62%.  
 
Table 4 – Percentage of germination of ryegrass from the field trial sites and the pot trial. Germination values 
for the field trial are the average of 50 seeds from each of 4 replica plots per treatment and for the pot trial are 
all seed produced by 4 plants per pot of 4 replica pots for each treatment expressed as a percentage of the 
control 



  
 

  % Germination  
Treatment Lentils Beans Pot trial 

  High rain 
Low 
rain 

Low 
rain Late 

1 5 ab 4 a 1 0 
2 7 abc 8 ab 3 14 
3 1 a 9 ab 2 40 
4 10 abc 4 a 2 5 
5 4 ab 4 a 0 3 
6 9 abc 4 a 2 1 
7 28 d 17 b 2 56 
8 18 bcd 6 ab 4 41 
9 23 cd 6 ab 4 62 

10 5 ab 2 a 7 0 
11 7 abc 4 a 4  - 
12 16 abcd 8 ab 6 100 

P value <0.01 0.011 >0.05 >0.05 
Means followed by same letter do not significantly differ (P=0.05, LSD) 
Treatment 11 was not included in the pot trial 
 
 
CONCLUSIONS REACHED &/OR DISCOVERIES MADE (Not to exceed one page) 
Please provide concise statement of any conclusions reached &/or discoveries made. 

 

 
The field trials compared the crop topping efficacy of 11 herbicide treatments across four field sites in 
lentils and faba beans, supplemented by a pot trial on ryegrass seed set control. Paraquat at 0.4 L/ha 
combined with Nonanoic acid at 3.5 L/ha was the most effective alternative to the full rate of paraquat 
(0.8L/ha) for crop desiccation, achieving similar levels of brownout without impacting yield or pod 
drop. Paraquat 0.4 L/ha + Sharpen at 34 g/ha performed similarly in some cases, but its efficacy was 
less consistent. Glyphosate-based treatments and lower rates of Nonanoic acid were less effective. 
 
Seed viability testing revealed that, while faba bean seed quality was unaffected by any treatment, 
lentil seed viability at the low rainfall site was significantly reduced when Sharpen was included in 
treatments (Treatments 4, 6, and 8). This suggests that Sharpen may negatively affect lentil seed 
development when applied at a sensitive growth stage. 
 
Ryegrass seed set control was variable. In the field, glyphosate alone and high-rate Nonanoic acid 
were consistently less effective than paraquat treatments. In the pot trial at late flowering, full-rate 
paraquat and Paraquat + Nonanoic acid 3.5 L/ha achieved complete control of ryegrass seed set, 
with some reduced-rate paraquat treatments also performing strongly. Other treatments generally 
reduced germination by only ~50%. 
 
These trials have provided growers with potential options for effective alternate crop topping options 
if faced with the need to use reduced rates of paraquat in the future. While two treatments stood out 
as being viable alternate options to achieve effective crop desiccation, taking into consideration the 
seed viability results, Paraquat at 0.4 L/ha combined with Nonanoic acid at 3.5 L/ha emerged as the 
best alternative option. 
 
 
INTELLECTUAL PROPERTY 
Please provide concise statement of any intellectual property generated and potential for commercialisation.  



  
This study provided new information about the efficacy of paraquat mixtures for crop topping. No 
intellectual property capable of commercialisation was generated. 

 
APPLICATION / COMMUNICATION OF RESULTS 
A concise statement describing activities undertaken to communicate the results of the project to the grains 
industry.  This should include: 

• Main findings of the project in a dot point form suitable for use in communications to farmers; 
• A statement of potential industry impact 
• Publications and extension articles delivered as part of the project; and, 
• Suggested path to market for the results including barriers to adoption. 

Note that SAGIT may directly extend information from Final reports to growers.  If applicable, attach a list of 
published material. 
 
Main Findings: 
Crop desiccation 
 A low rate of paraquat with the addition of Nonanoic acid at 3.5 L/ha matched the full rate of 

paraquat for final brownout at 14 DAT. The addition of Sharpen to the low rate also matched 
efficacy, but results were inconsistent across sites. 

 Treatments including Sledge, glyphosate and low rates of Nonanoic acid were less effective. 
 No significant differences in pod drop or yield between treatments were found 

Seed viability 
 No effect on faba bean seed viability across all treatments. 
 Lentil seed viability was significantly reduced at the low rainfall site when Sharpen was included 

in the treatments. 
Ryegrass seed set control 
 Paraquat-based treatments provided the best seed set control, with the exception of paraquat 

plus Sledge.   
 The addition of Nonanoic acid at 3.5 L/ha to the low rate of paraquat (0.4L) achieved 100% seed 

set control. The addition of Sharpen was also highly effective. 
 
Potential industry impact 
These trials have provided growers with potential options for effective alternate crop topping options 
if faced with the need to use reduced rates of paraquat in the future. 
 
Publications and extension articles delivered as part of the project: 
 SAGIT media release - SAGIT funds research into paraquat ahead of proposed restrictions. Oct 

21 2024. 
 ABC Country hour interview. Oct 22, 2024. 
 Trial results presented at Hart ‘Getting the crop in’ seminar, March 12th 2025. 
 Stock Journal article - Preliminary results in from paraquat alternative trials. March 19, 2025. 
 Follow up interview with ABC country hour planned, likely when the APVMA outcome is released 

 
 
POSSIBLE FUTURE WORK 
Provide possible future directions for the research arising from the project including potential for further work 
and partnerships. 
 

This scoping project identified some promising candidates for alternative crop topping treatments. 
Repeat trials focusing on these treatments and their performance in other locations and under 
differing crop pressure would be beneficial for validation. 
 
While not reported here due to being kept separated as demonstration treatment and not integrated 
and randomised into the trial design, a new product was also included in these trials. This product 
also showed promise as a highly effective alternative for crop topping. Results from this trial have 
contributed to the potential for registration of this product in this space, and further trials on its 
efficacy and comparison to the other alternatives identified here would be beneficial.   



  
 
As well as crop topping, a reduction in the allowable rate of paraquat will also have a significant 
impact on the efficacy of current double knock practices for pre-sowing weed control. Investigation 
into the efficacy of some of the treatments and products that showed promise in this project as 
alternative pre-sowing weed control options would be valuable to growers.  
 
 
 
  


