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Objective: Find answers for often asked, but not well-investigated topics in grape disease management. 

1. Phytotoxicity 
a. One of the commonly used fungicides against downy mildew, phosphorous acid (e.g., 

Prophyt, Phostrol, etc.), is known to cause phytotoxicity when applied in higher than 
recommended rate. We conducted a series of greenhouse experiments to understand 
this potential issue. 

b. Re-checking the phosphorous acid’s phytotoxicity by rate. 
i. Chemical used: Phostrol 

ii. Rate tested: 2.92 L/ Ha (2.5 pints/acre), 4.09 L/ Ha (3.5 pints/acre), 5.26 L/ Ha 
(4.5 pints/acre), 5.85 L/ Ha (5.0 pints/acre) and 8.77 L/ Ha (7.5 pints/acre) 

iii. Applied to potted Chardonnay vines using a 1-gal hand sprayer 
iv. Three replications per run and two runs 

v.  
c. Will pH or Copper increase the risk of Prophyt phytotoxicity on grape? 

i. Prophyt can change the pH of water (adjust to pH 6.0) 



ii.  

iii.  
iv. Both water pH and addition of copper can increase the risk of phytotoxicity due 

to Prophyt. We will follow-up with more experiments to determine the cause of 
phytotoxicity in 2020-2021. 

2. Use of a systemic resistance inducer 
a. There are several products that help activate plants’ own defense system to fight 

against diseases, but very limited information is available with grapes. In the initial stage 
of research, I will determine the rate of a new product ASM (Actigard, Syngenta) for 
grape and conduct experiments to see if ASM can increase the efficacy of other 
fungicides. 

b. At first, we tested the rate of Actigard to determine whether it can cause phytotoxicity 
or not (common issue with other crops). We tested up to 200 ppm (75 ppm is the 
recommended rate), but we did not observe any visible symptoms. (plus, in a 
greenhouse, it seems to suppress powdery mildew.) 

c. Then we conducted a field experiment to determine its efficacy against multiple 
diseases. We found that Actigard can be effective against downy mildew. 

d.  



3. Chemical products to keep berries dry 
a. We continued the experiment at Zephaniah Farm Vineyard in 2019 to compare the 

effect of RG1960 vs RG1960 plus stylet oil to see whether the addition of the oil can help 
berries dry; however, due to very dry weather, we could not confirm the effect of the 
oil. 

4. Use of multiple modes of action to control ripe rot in the field 
a. Our previous research results indicated a single mode of action (of any fungicide) was 

not enough to successfully manage ripe rot. Thus, with the support of VWB, we started 
two field trials to examine combinations of modes of action group. Unfortunately, one 
of the selected materials (Aprovia) was compromised during the 2018 season, probably 
due to development of resistance. Therefore, we investigated the alternatives. In 2019, 
we focused on calcium (which shows to work well on apple bitter rot, that is caused by 
the same pathogens), and plant defense activator(s). Elemax and Brexel are two 
different formulations of calcium, Vacciplant is a plant defense activator, and Kendal is a 
foliar nutrient (but some studies suggest it is a plant defense activator as well). 

b. To make sure these soft materials are in effect, we applied every two weeks from May 
to September on Cabernet Sauvignon vines in AHS AREC. Visual assessment of diseases 
was made in 22 September 2019. However, we did not see the positive effect on ripe rot 
disease management. Kendal may suppress sour rot and Botrytis, but more data is 
needed. 

c.  
5. Effect of pH on fungicide application 

a. Water pH matters when it comes to insecticide application, but we have limited 
knowledge on many fungicides.  

b. I complied a listed of known water pH issue with pesticides used with grapes (attached). 
The list will be available on my blog soon. 

6. Revisiting sprayer calibration 
a. I complied a handbook on sprayer calibration (attached) and presented twice at Private 

Pesticide applicator license certification courses. The handout will be available on my 
blog soon. 

Problems and Delays: Unfortunately, alternative approaches on ripe rot management seemed be 
challenging. RG1960 experiment also needed to be repeated in 2020. Search continues. 



Plans and Dates:  More water pH and phosphorous acid experiments has been conducted in summer 
2020. 

Table. Known potential effect of water ph on pesticides used in grape production (Nita 2019) 

Product Active ingredient Optimum pH Half Life / Time until 50% Hydrolysis** 

Insecticides/Miticides     

Admire Imidacloprid 7.5 Greater than 31 days at ph 5 - 9 

Agri-Mek Avermectin   Stable at pH 5 - 9 

Ambush Permethrin 7 Stable at pH 6 - 8 

Apollo clofentezine   pH 7 = 34 hrs; pH 9.2 = 4.8 hrs 

Assail acetamiprid 5 - 6 Unstable at pH below 4 and above 7 

Avaunt indoxacarb   Stable for 3 days at pH 5 - 10 

Carzol formetanate hydrochloride 5 Not stable in alkaline water; use within 4 hrs of mixing 

Cygon/Lagon dimethoate 5 pH 4 = 20 hrs; pH 6 = 12 hrs; pH 9 =48 min 

Cymbush cypermethrin   pH 9 = 39 hrs 

Diazinon phosphorothioate 7 pH 5 = 2 wks; pH 7 = 10 wks; pH 8 = 3 wks; pH 9 = 29 days 

Dipel/Foray b. thuringiensis 6 Unstable at pH above 8 

Dylox trichlorfon   pH 6 = 3.7 days; pH 7 = 6.5 hrs; pH 8 = 63 min 

Endosulfan endosulfan   70% loss after 7 days at pH 7.3 - 8 

Furadan carbofuran   pH 6 = 8 days; pH 9 = 78 hrs 

Guthion azinphos-methyl   pH 5 = 17 days; pH 7 = 10 days; pH 9 = 12 hrs 

Imidan phosmet 5 pH 5 = 7 days; pH 7 < 12 hrs; pH 8 = 4 hrs 

Kelthane dicofol 5.5 pH 5 = 20 days; pH 7 = 5 days; pH 9 = 1hr 

Lannate methomyl   Stable at pH below 7  

Lorsban chlorpyrifos   pH 5 = 63 days; pH 7 = 35 days; pH 8 = 1.5 days 

Malathion dimethyl dithiophosphate 5 pH 6 = 8 days; pH 7 = 3 days; pH 8 = 19 hrs; pH 9 = 5 hrs 

Matador lambda-cyhalothrin 6.5 Stable at pH 5 - 9 

Mavrik tau-fluvalinate   pH 6 = 30 days; pH 9 = 1 - 2 days 

Mitac amitraz 5 pH 5 = 35 hrs; pH 7 = 15 hrs; pH 9 = 1.5 hrs 

Omite propargite   Effectiveness reduced at pH above 7 

Orthene acephate   pH 5 = 55 days; pH 7 = 17 days; pH 9 = 3 days 

Pounce permethrin 6 pH 5.7 to 7.7 is optimal 

Pyramite pyridaben   Stable at pH 4 - 9 

Sevin XLR carbaryl 7 pH 6 = 100 days; pH 7 = 24 days; pH 8 = 2.5 days; pH 9 = 1 day 

SpinTor spinosad 6 Stable at pH 5 -7; pH 9 = 200 days 

Thiodan endosulfan 6.5 70% loss after 7 days at pH 7.3 to 8 

Zolone phosalone 6 Stable at pH 5 -7; pH 9 = 9 days 

Fungicides       

Aliette fosetyl-al 6 Stable at pH 4.0 to 8.0 

Benlate benomyl   pH 5 = 80 hrs; pH 6 = 7 hrs; pH 7 = 1 hr; pH 9 = 45 min 

Bravo chlorothalonil 7 Stable over a wide range of pH values 

Captan captan 5 pH 5 = 32 hrs; pH 7 = 8 hrs; pH 8 = 10 min 

Dithane mancozeb 6 pH 5 = 20 days; pH 7 = 17 hrs; pH 9 = 34 hrs 

Rally myclobutanil   Not affected by pH 

Ridomil mefenoxam   pH 5 - 9 = more than 4 weeks 

Rovral iprodione   Chemical breakdown could take place at high pH 

Orbit propiconazole   Stable at pH 5 - 9 



Product Active ingredient Optimum pH Half Life / Time until 50% Hydrolysis** 

Herbicides       

Banvel dicamba   Stable at pH 5 - 6 

Fusilade fluazifop-p   pH 4.5 = 455 days; pH 7 = 147 days; pH 9 = 17 days 

Ignite glufosinate-ammonium 5.5   

Gramoxone paraquat   Not stable at pH above 7 

Poast sethoxydim 7 Stable at pH 4.0 to 10 

Princep simazine   pH 4.5 = 20 days; pH 5 = 96 days; pH 9 = 24 days 

Prowl pendimethalin   Stable over a wide range of pH values 

Roundup glyphosate 5 - 6   

Touchdown glyphosate 5 - 6   

Treflan triflularin   Very stable over a wide range of pH values 

Weedar 2,4-d   Stable at pH 4.5 to 7 

 

  



Canopy sprayer calibration worksheet 
 

Mizuho Nita, PhD. 
AHS Jr. Agricultural Research and Extension Center 

School of Plant and Environmental Sciences 
Virginia Polytechnic Institute and State University 

 
Nita24@vt.edu (grapepathology.blogspot.com) 

 
(DRAFT: adapted from “Effective Vineyard Spraying” by Dr. Andrew Landers)) 

 
Last update: 12/17/2019 
 
The purpose of this worksheet is to provide a guidance to properly calibrate canopy sprayers 
for vineyards. In order to meet many different configurations, not all items discussed here 
might be applicable to your specific sprayer. 
 
This is still a working document. Please send your feedback to me so that I can improve it. 

 
Preparation: What you will need. 

• a stopwatch 
• a 50-m measuring tape or measuring wheel  
• two stakes or flags 

• Or you can use an app for tractor speed estimation 
• graduated cylinders (large-mouth, 1,000-mL capacity with raised graduations) 

• Or you can use a flow meter 
• lengths of hose to direct output into collection vessel 
• a reliable, spare oil-filled pressure gauge 
• a calculator 
• a pen and hard-covered notebook 
• a proven calibration formula and technique 

 
  

mailto:Nita24@vt.edu


Stage 1: Sprayer Checklist 
 
Mechanical integrity 
• Is attachment to the tractor secure? 
• Is the chassis and structure free of cracks and rust?  
• Are the wheels and tires in good condition?   
• Are guards, including PTO shaft guard, secure and undamaged?  

Hydraulic system 
• Are they free from leaks under pressure? 
• Are the hoses and connections worn or cracked? 

Pneumatic system 
• Is the system free from leaks when working under operation pressures? 

Electrical system 
• Is the wiring undamaged, and are all connections properly insulated? 
• Do all the lights work properly? 

Sprayer tank 
• Are tank/chassis fasteners secure? 
• Free from leaks? 
• Does the lid fit securely and free from leaks? 
• Is the contents gauge clearly legible? 

Chemical induction (eductor/inducer) system 
• Are the system and controls working properly? 
• Is it free from leaks under pressure? 
• Are all labels appropriate and readable? 
• Is the rinse system and container wash system working properly? 

Spray lines and filters 
• Are they free from leaks under pressure? 
• No hoses and connectors worn or cracked? 
• Are all valves and filters in good condition? 

Controls and valves 
• Are the master on/off switches working correctly? 
• Are left and right section switches (if you have one) functioning? 
• Can you read the pressure gauges easily? 
• Are all labels appropriate and legible? 
• Is the pressure adjustment stable? 
• Pressure gauge reading zero?  

Nozzles 
• Are all fitting in good condition? 
• Are all nozzles correctly oriented? 
• Are all check valves working properly? 
• Is the spray/distribution pattern visually correct? 

 
 
 



Stage 2: Calculations 
Tractor speed 

1. Check the tractor (sprayer) speed. Rather than relying on your speedometer, you 
probably want to actually measure it. 

a. You can measure 100-200 ft distance, make the start and end of it with flags, and 
measure the time (in second) your tractor takes to travel the measured distance. 
Then you can estimate miles per hour (MPH) as: 

 

𝑀𝑃𝐻 =  
𝑓𝑡.  𝑡𝑟𝑎𝑣𝑒𝑙𝑒𝑑

𝑆𝑒𝑐𝑜𝑛𝑑𝑠 𝑡𝑟𝑎𝑣𝑒𝑙𝑒𝑑
 × 

60

88
 

 
e.g. (200 ft/39 sec) x (60/88) = 3.5 MPH 

b. OR you use a smartphone app to estimate MPH, if you wish. 
 
Determine target output per nozzle 
 

1. Fill in the table below: 
 

Measurement Unit Example Your record 

Measured sprayer 
speed 

MPH 3.5  

Recommended 
application volume 

GPA 50  

Pressure psi 100  

Row width feet 9  

Nozzle type n/a Teejet D6 w/ D23 
(core) 

 

Number of nozzles per 
side 

n/a 5  

 
2. Calculate the required nozzle output based on your numbers. 

 

𝑡𝑜𝑡𝑎𝑙 
𝐺𝑎𝑙𝑙𝑜𝑛𝑠

𝑚𝑖𝑛𝑢𝑡𝑒
(𝐺𝑃𝑀) =

𝐺𝑃𝐴 ×  𝑀𝑃𝐻 ×  𝑅𝑜𝑤 𝑤𝑖𝑑𝑡ℎ (𝑓𝑡)

495
 

 
(based on the example above…) 

 

𝑡𝑜𝑡𝑎𝑙 𝐺𝑃𝑀 =
50 𝐺𝑃𝐴 ×  3.5 𝑀𝑃𝐻 ×  9 𝑅𝑜𝑤 𝑤𝑖𝑑𝑡ℎ (𝑓𝑡)

495
 =

1575

495
 = 3.18 

 

𝐺𝑃𝑀 𝑝𝑒𝑟 𝑠𝑖𝑑𝑒 =
3.18

2
= 1.59 

(continue) 
 



(continued) 
 

𝐺𝑃𝑀 𝑝𝑒𝑟 𝑛𝑜𝑧𝑧𝑙𝑒 =
1.59

5
= 0.318 

(Converting to fluid ounces) 

0.318 𝐺𝑃𝑀 𝑥 128 
𝑓𝑙 𝑜𝑢𝑛𝑐𝑒𝑠

𝑔𝑎𝑙𝑙𝑜𝑛
= 40.7 𝑓𝑙 𝑜𝑧. 𝑝𝑒𝑟 𝑚𝑖𝑛 

 
Space for your calculation 
 

𝑡𝑜𝑡𝑎𝑙 
𝐺𝑎𝑙𝑙𝑜𝑛𝑠

𝑚𝑖𝑛𝑢𝑡𝑒
(𝐺𝑃𝑀) =

𝐺𝑃𝐴 ×  𝑀𝑃𝐻 ×  𝑅𝑜𝑤 𝑤𝑖𝑑𝑡ℎ (𝑓𝑡)

495
 

 
GPM per side: 
 
GPM per nozzle: 
 
Fl oz per min: 
  



Stage 3: Take measurements 
1. Fill the tank with clean water 
2. Apply the tractor break 
3. Run the tractor engine to provide TPO speed of 540 rpm 
4. Operate the sprayer 

a. Check that each nozzle shut-off valve is working. 
b. Check that the agitation system is functioning properly. 
c. Search for and correct any leaks 

5. Set the correct pressure at the gauge 
a. Temporarily install a second oil-filled gauge in-line beside the main pressure 

gauge. 
b. Place the pressure gauge on the nozzle fitting farthest away from the pump and 

turn the sprayer on.  If pressure is lower at the nozzle than specified, increase 
pressure at the regulator. 

c. Record pressures: 
 

  Pressure at nozzle  ___________________psi 
 
  Pressure at sprayer gauge ___________________psi 
 

6. Connect a horse + a jug (or other way to collect water) to each nozzle 
a. Collect water for 1 minute 
b. Record the amount of water for each nozzle 
c. Alternatively, you can use a flow meter (obtainable from Gemplers, Spraying 

Systems, Amazon, etc.) attached to individual nozzles   
 

 

1
2

3

4

5

6

7
8

Nozzle GPM

1

2

3

4

5

6

7

8

Subtotal 
Right

1
2

3

4

5

6

7
8

Nozzle GPM

1

2

3

4

5

6

7

8

Subtotal 
Left

Total sprayer GPM



7. Check the water output for each nozzle 
a. If the outputs are within 5% error, adjust pressure or speed 
b. If the outputs are over 10% error, change nozzles 
c. If more than 20% of nozzles need replacing, replace all the nozzles on the 

sprayer. 
 
Back conversion to obtain Gallons per acre 

𝐺𝑃𝐴 =  
𝑇𝑜𝑡𝑎𝑙 𝐺𝑃𝑀 𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑒𝑑 ×  495

𝑀𝐻𝑃 ×  𝑅𝑜𝑤 𝑤𝑖𝑑𝑡ℎ (𝑓𝑡)
 

Based on the example above: 

𝐺𝑃𝐴 =  
𝑇𝑜𝑡𝑎𝑙 𝐺𝑃𝑀 𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑒𝑑 ×  495

𝑀𝐻𝑃 ×  𝑅𝑜𝑤 𝑤𝑖𝑑𝑡ℎ (𝑓𝑡)
 

 

𝐺𝑃𝐴 =  
3.18 𝐺𝑃𝑀 ×  495

3.5 𝑀𝐻𝑃 ×  9 𝑅𝑜𝑤 𝑤𝑖𝑑𝑡ℎ (𝑓𝑡)
=  

1574

31.5
 = 50 
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09-039  Six Elements of Effective Spraying in Orchards and Vineyards 
09-037w How Weather Conditions Affect Spray Applications 
 
Another good resource from Canada. 
Sprayers101.com 
  



 
Overall Benefit for Virginia Wine Industry:  
This series of research items have a general goal, which is a proper use of pesticide. Although it is rare 
that a single event of phytotoxicity affects the yield significantly, by knowing the information, it will 
minimize the risk of a larger damage, and will also help to reduce the time that required by growers and 
the extension group to figure out what happened.  

Plant defense activators, such as ASM will have potentially a great economic impact since 
chemical companies are spending millions of dollars to produce their products. If we are able to reduce 
the risk of fungicide resistance development, it will also help us directly since we can use the same 
materials for more years to come. The benefit will be particularly true for newer fungicides which tend 
to be more expensive yet prone to be susceptible to fungicide resistance development. It is important to 
document that ASM seems to have efficacy against grape downy mildew. 
 Ripe rot has become a widespread issue, not only among VA growers, but also in other regions 
in the US and world. I have been invited to talk about our research results in PA in 2019 and Japan in 
2018. Growers in VA reported up to 30% loss of crop from ripe rot, and many Japanese growers 
indicated ripe rot and downy mildew are two most economically significant diseases for them. Thus, the 
economic benefit from this research not only affect VA, but also have a global impact. Unfortunately, 
what we have tried in 2019 may not be the best materials; however, the information can reduce 
unnecessary applications of tested materials so that growers can save money. 
 
Publications and Activities Associated with Project:  
Nita, M., Nahiyan, A., and Lee, J. 2019. Wine Grape Field Trials (BioSafe, PlantAid, Helena, and protective 
shield) at Winchester, VA, 2019. Cumberland Shenandoah Fruit Workers Conference, Winchester, VA: 
12/05-12/07 (Abstract, Oral Presentation) 
 
Nita, M., Nahiyan, A., and Lee, J. 2019. The intensity of phytotoxicity on grape leaves by a mixture of 
copper and phosphorus acid depends on the copper formulation and water pH. Cumberland 
Shenandoah Fruit Workers Conference, Winchester, VA: 12/05-12/06 (Abstract, Oral Presentation) 
 
Nita, M., Nahiyan, A. and Lee, J. 2020. PlantAid and Actigard program trial for grape powdery and downy 
mildew at Winchester VA, 2019. Plant Disease Management Report. PF009. 
 
Nita, M., Nahiyan, A. and Lee, J. 2020. BioSafe program trial for grape powdery and downy mildew at 
Winchester VA, 2019. Plant Disease Management Report. On-line publication: PF008. 
 
Results from ASM trial was also presented as a part of research update at the VVA Winter Technical 
Meeting on Feb 2020. 
 
Future Work:  
We are continuing phytotoxicity trials with Prophyt, and ripe rot trial in summer 2020. I am planning to 
publish sprayer calibration and pH table as an Extension publication in 2020-21. 
 
Final Budget and Justification:  

Item Type Original Awarded Amount Final Amount Spent 

Personnel 13,000 12,304 



Fringe 975 918 

Travel 1,025 460 

Supplies & Materials 3,000 4,318 

Contractual [$0.00] [$0.00] 

Other [$0.00] [$0.00] 

Total $18000.00 $18000.00 

 
The final budget was very close to what we proposed/anticipated at the beginning. We did not use 
travel and wage to the full amount, and the difference was used for supplies. 
 
References: [List all references.] 
 
 
 

 


