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[bookmark: _Hlk506802633]Improving annual ryegrass control with glyphosate: interactions between water quality, water rate and adjuvants, Narromine 2021.
Trial code:		GAWE07221
Season/year:		Autumn, 2021
Location:		Narromine
Trial partners:		Richard Tink and Matthew Shephard
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Key findings
The highest number of surviving ARG were where a high rate of bore water was used.
Better results were achieved with bore water when it was ameliorated with SOA and where the water rate was reduced.  
Adding LI700 did not improve control.
Where reverse osmosis was used on bore water, the surviving weed numbers were no different from where rainwater was used.
Background
Water quality can impact herbicide efficacy via several pathways such as pH, hard water, bicarbonates and colloids to name a few. Hard water is defined as being high in dissolved minerals, largely calcium and magnesium. Growers generally have limited on-farm water sources and access to quality water for spraying can be finite. Poor water quality can sometimes be managed using wetters and adjuvants, other options include installation of large water tanks for rainfall collection and the use of reverse osmosis machines.
The impact of poor quality water on spray efficacy is not well documented, due to the vast range of water sources used. Spray opportunities in the optimal window are narrowing due to such factors as spray drift concerns, increasing farm size, labour shortages etc. This can result in spraying under sub optimal conditions. The herbicide efficacy using poor quality water may be part reason for increasing reports of spray failures.    
Control of glyphosate resistant annual ryegrass (ARG) can be rate responsive and weeds with weak glyphosate resistance mechanisms can often be killed with higher label rates[footnoteRef:1]. Increasing glyphosate rates may lead to more effective control by “counteracting poor application, improving control of older plants, stressed plants or overcoming reduced efficacy caused by using poor quality water or treating plants covered by dust. Higher label rates can also improve glyphosate activity of plants exposed to high temperatures such as in early autumn or late spring”.  [1:  https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-papers/2015/02/optimising-the-impact-of-glyphosate] 

[bookmark: _Int_yZQBrmpo]Herbicide resistance surveys conducted by Grain Orana Alliance (GOA) have shown increasing resistance. It is well established that ARG is rate responsive to glyphosate. The use of poor quality water on resistant populations may also further impair glyphosate efficacy.  
Glyphosate is generally poorly absorbed by the plant with many commercially available glyphosate formulations adding surfactants or adjuvants to improve product performance. These additives aid in droplet retention and absorption by the plant. Despite the inclusion of these surfactants commercially, additional of other surfactants is common. Wetter TX is most commonly recommended on various glyphosate product labels suggesting improvement in ARG control under specific circumstances (i.e. Roundup Ultra®Max recommendation to add in late winter and spring). However, there are also a range of alternate surfactants available.
Aim	
This trial will investigate
· Effect of poor quality water on the efficacy of glyphosate on ARG.
Whether increasing the water rate changes efficacy.
· Whether wetter or additives can improve poor quality water.
Whether increasing the chemical rate can overcome poor water quality.
· Whether poor quality water ameliorated by reverse osmosis improves performance.
Methods	
The trial site was selected as it had suspected annual ARG resistance to glyphosate, and a visible ARG population (refer Appendix, Figure 2).
· Small plot, randomised complete block design trial, with 4 replicates.
· Treatments were applied using an ATV mounted boom. 
· All treatments were applied using the same nozzle and spray pressure set-up. 
Water rates: 50L/ha and 100L/ha. 
Results were analysed by ANOVA and results compared by using LSD method with a 95% confidence interval. Any references to differences between treatments should be assumed to be statistically different unless otherwise stated.
[bookmark: _Ref434415861]Table 1. Trial site details
	Establishment date
	Autumn, 2017

	Soil type
	Red clay loam

	Previous crop
	Wheat

	ARG resistance status
	Detailed in appendix- suspected resistance



[bookmark: _Ref420072180]Table 2. Treatment list. 
	Water source
	Adjuvant
	Water rate
	Glyphosate rate

	
	
	L/ha
	gAI/ha glyphosate

	Bore - RO
	nil
	100
	285

	Bore water
	SOA
	100
	285

	Bore water
	SOA-LI700
	100
	285

	Bore water
	nil
	100
	285

	Bore water
	LI700
	100
	285

	Bore water
	nil
	50
	285

	Rainwater
	nil
	100
	285

	Rainwater
	SOA-LI700
	100
	285

	Rainwater
	SOA
	100
	285

	Rainwater
	nil
	50
	285

	Bore water
	nil
	100
	570

	Rainwater
	nil
	50
	570

	UTC
	nil
	UTC
	UTC

	lsd
	
	
	



Table 3. Application record
	First application
	Date applied
	14/04/2021
	Temp (°C)
	Wind (km/h)
	Wind Direction
	Humidity (%)

	
	Start time
	0715
	12
	3-6
	NE
	61.7

	
	Finish time
	0800
	Δt
	3.9
	% Cloud
	0

	
	Water rate (L/ha)
	50/100L
	Nozzle
	AIXR015
	Pressure
	3

	
	Equipment
	ATV
	Speed
	14/7K
	


Results 
Full results are detailed in the table in the appendix at the end of the document.
Water rate:
There was a significant effect of water rate. The effect was greatest where poor quality water was used, for example bore water at 100 L/h and the lower glyphosate rate of 285 gAI/ha.
There ~27 plants/m2 surviving ARG plants compared to ~9 plants/m2 where 50 L/ha bore water was used. 
Water quality
Where bore water was used at 100 L/ha at the lower glyphosate rate of 285 gAI/ha there were ~27 plants/m2 surviving ARG plants compared to 4 plants/m2 and 3 plants/m2 for reverse osmosis bore water and rainwater respectively. 
Adjuvants
Where SOA was added to bore water at the high water rate and lower glyphosate rate of 285 gAI/ha, ARG numbers were lower (~ 3 plants/m2 compared to ~27 plants/m2).
Glyphosate rate
The higher rate of glyphosate (570 gAI/ha) provided the best reductions in the ARG populations. Both treatments reduced the population to below 1 plant/m2, regardless of water quality. 
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[bookmark: _Ref420071123][bookmark: _Ref486425565]Figure 1. ARG counts after the application of various water sources, two glyphosate rates and water sources and a small selection of adjuvants. Assessed 34 days after initial application.
Discussion
Prior to the establishment of the trial, significant rainfall events in March (approximately 160 mm[footnoteRef:2]) ensured good weed germination. At the time of the initial application, there was a moderately high population of ARG with close to 100 plants/m2 in the untreated control (UTC). Plants were at an early tillering stage and not visibly stressed.  [2:  SILO Data Drill for Lat, Long: -32.45 147.90 (DECIMAL DEGREES), 32 27'S 147 54'E STANDARD, Queensland Government Department of Environment and Science] 

The bore water used in this trial was known to be low quality and the grower had suspected it was affecting the herbicide efficacy, instaling a reverse osmosis filter. Filtered and unfiltered water from this bore was tested as was the rainwater (results are in the annex). The unfiltered bore water had high Electrical Conductivity (a measurement of salinity), high bicarbonate levels, high water hardness and very high total dissolved ions (it also had elevated levels of sodium, chloride, calcium and magnesium). Of these, remediation of hard water, typically with SOA, is recommended when using glyphosate products.  
For most treatments the reduction in ARG populations was in the range of what might be considered a commercially viable application, i.e., where greater than 90% plant reduction has been achieved.  
The 2 treatments that resulted in the highest number of surviving ARG were where a high rate of bore water was used. It is often hypothesised that bore water (or low-quality water) can impact herbicide efficacy, these results support that theory. Adding SOA to the bore water helped ameliorate the poor quality of the water. Adding LI700 did not improve control, and in this experiment resulted in more survivors. Using the same filtered water significantly reduced the numbers of surviving ARG plants. Reducing the water rate reduced the number of survivors when using the unfiltered bore water, however still had more survivors than all other treatments. Using lower water rates did not make a significant difference to the efficacy when using rainwater. 
Adding more glyphosate to the bore water also reduced the number of surviving ARG and had a better result than where the bore water was ameliorated with SOA (and where the water rate was reduced).  
Resistance testing did show high levels of resistance at the lower rates (80% survivors where Roundup Ultra®MAX was applied at 0.5 L/ha) however this was not necessarily reflected in the paddock where very few survivors were observed. 
This trial was conducted under conditions that would generally be considered ideal for paddock spraying. It was conducted early in the morning, in cool temperatures when plants were unstressed and actively growing. Under conditions that are less than ideal (heat, plant stress, wind, etc), the issues highlighted in this trial with poor quality water might be magnified.   
Conclusion
Know the glyphosate resistance status of ARG populations to determine rates required for acceptable control. 
Growers should test water intended for spraying for quality. If the water is hard, it may be ameliorated by the addition of SOA however increasing the glyphosate rate may provide a better outcome. 
Reducing the spray water volume may also improve the level of control, but it is recommended to either ameliorate the water and/or increase the glyphosate rate. Filtering water via reverse osmosis is an option and may be an economic alternative to the use of SOA or other adjuvants.
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Appendix –
Figure 2- Resistance ratings of the ARG population.
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Ryegrass counts 30 days after treatment application
	Water source
	Adjuvant
	Water rate
	Glyphosate rate
	ARG counts
	LSD

	
	
	L/ha
	gAI/ha glyphosate
	Plants/m2
	

	Bore - RO
	nil
	100
	285
	4.1
	e

	Bore water
	SOA
	100
	285
	2.6
	e

	Bore water
	SOA-LI700
	100
	285
	3.5
	e

	Bore water
	nil
	100
	285
	27.3
	c

	Bore water
	LI700
	100
	285
	49.5
	b

	Bore water
	nil
	50
	285
	8.9
	d

	Rainwater
	nil
	100
	285
	3.3
	e

	Rainwater
	SOA-LI700
	100
	285
	3.6
	e

	Rainwater
	SOA
	100
	285
	3.9
	e

	Rainwater
	nil
	50
	285
	1.6
	ef

	Bore water
	nil
	100
	570
	0.3
	fg

	Rainwater
	nil
	50
	570
	0.0
	g

	UTC
	nil
	UTC
	UTC
	117.1
	a

	lsd
	
	
	
	0.9
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Table 1: Results as determined by resistance testing 3 weeks after treatment. Data recorded as % survival (% of
plants surviving) as compared to untreated plants. 100% refers to all plants surviving and 0% refers to death.

Data is the mean of 2 replicate pots per herbicide rate. Included in the test was a susceptible (S) biotype and
resistant biotypes. Data for the S and R biotypes is not shown.
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Resistance-rating: RRR- indicates plants tested  RR - indicates medium-level R-indicates low-level but S- indicates no detection of
have strong resistance resistance detectable resistance resistance
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SUMMARY REPORT

MAURIE STREET Service Provider: Grain Orana Alliance Incorp

43 Plain Creek Road Advisor/Contact: Maurie Street

WONGARBON Phone: 0400 066201

NSW 2831 Purchase Order: MAURIE STREET
Sample No 030141091 030141089 030141090
Paddock Name HUANITA RAIN SHED TANK BORE SHED TANK BORE
Sample Name RAIN BORE REVERSE OSMOSIS
Sample Depth (cm) N/A N/A N/A
Sampling Date 28/05/2021 28/05/2021 28/05/2021
Test Code c1l c1l C1
Sample Type Water Water Water
Analyte Unit Result Result Result
Electrical Conductivity dS/m 0.02 2.20 0.02
pH 5.8 7.3 6.6
Chloride mg/L <15.00 480.00 <15.00
Sodium (Dissolved) mg/L <0.50 300.00 3.40
Salinity Class 1.00 3.00 1.00
Res. Sod. Carb. (RSC) meq/L 0.13 -4.30 0.23
Sodium Adsorption Ratio
(SAR) 0.14 5.60 0.97
Sodicity Class 0.00 1.00 0.00
Total Alkalinity mg CaCO3/L 8.90 330.00 14.00
Bicarbonate Alkalinity mg CaCO3/L 8.90 330.00 14.00
Carbonate Alkalinity meq/L 0.00 0.00 0.00
Carbonate Alkalinity mg CaCO3/L 0.00 0.00 0.00
Bicarbonate Alkalinity meq/L 0.18 6.60 0.28
Calcium Carbonate
Saturation Index -4.50 0.47 -3.50
Water Hardness mg CaCO3/L 2.50 550.00 2.30
Aluminium (Dissolved) mg/L <0.05 <0.05 <0.05
Boron (Dissolved) mg/L <0.03 0.06 <0.03
Calcium (Dissolved) mg/L 0.19 38.00 <0.10
Copper (Dissolved) mg/L 0.05 <0.01 0.04
Iron (Dissolved) mg/L 0.03 <0.01 <0.01
Magnesium (Dissolved) mg/L <0.50 110.00 <0.50

Nutrient Advantage Laboratory Service Call: 1800 803 453
Nutirent Advantage is trademark of Incitec Pivot Limited Lab.feedback@incitecpivot.com.au Incites Pivot Fertiisers

Incitec Pivot Limited - ABN 42 004 080 2648

X www.nutrientadvantage.com.au
8 South Road, Werribee VIC 3030
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SUMMARY REPORT

MAURIE STREET Service Provider: Grain Orana Alliance Incorp

43 Plain Creek Road Advisor/Contact: Maurie Street

WONGARBON Phone: 0400 066201

NSW 2831 Purchase Order: MAURIE STREET
Manganese (Dissolved) mg/L 0.01 0.07 <0.01
Ammonium Nitrogen mg/L <1.0 <1.0 <1.0
Nitrate Nitrogen mg/L <1.0 <1.0 <1.0
Phosphorus (Dissolved) mg/L <0.10 <0.10 <0.10
Potassium (Dissolved) mg/L <0.60 27.00 <0.60
Sulphur (Dissolved) mg/L 0.19 65.00 <0.10
Zinc (Dissolved) mg/L 0.57 <0.02 0.12
Total Dissolved lons mg/L 11.00 1,500.00 15.00

The results in this report pertain only to the sample submitted. Analyses performed on soil dried at 40°C and ground to 2mm or less, excluding moisture tests, or as
otherwise indicated. Analyses performed on plant dried at 70°C and ground to 1mm or less, excluding moisture tests, or as otherwise indicated. Water analyses performed
on an ‘as received’ basis. Analytical results reported by the laboratory as ‘less than’ the level of reporting, will be deemed by NA Pro as being equivalent to the level of

reporting for both calculation and interpretive purposes. This document shall not be reproduced except in full.

Disclaimer: Laboratory analyses and fertiliser recommendations are made in good faith, based on the best technical information available as at the date of this report.
Incitec Pivot Limited, its officers, employees, consultants, Agents and Dealers do not accept any liability whatsoever arising from or in connection with the analytical results,
interpretations and recommendations provided, and the client takes the analytical results, interpretations and recommendations on these terms. In respect of liability which

cannot be excluded by law, Incitec Pivot's liability is restricted to the re-supply of the laboratory analysis or the cost of having the analysis re-supplied.

Nutrient Advantage Laboratory Service Call: 1800 803 453
Nutirent Advantage is trademark of Incitec Pivot Limited Lab.feedback@incitecpivot.com.au

Incitec Pivot L\mlte(? - ABN 42 004 080 2648 www.nutrientadvantage.com.au
8 South Road, Werribee VIC 3030
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