Water: The Smallest Factor That
Makes the Greatest Difference

Fred Fishel
UF/IFAS Agronomy/Pesticide Information Office
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Outline

 Water quality parameters
— Suspended solids
— Dissolved minerals
— Temperature
— pH
 Water testing
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Water

 Water often comprises ninety-five percent (or more) of the
spray solution

 Water quality can affect pesticide performance

 Water quality parameters affect pesticide performance:
— pH
— Dissolved minerals
— Suspended solids
— Temperature
* Poor water quality
— Reduce solubility
— Decrease absorption
— Decrease half-life
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Pesticide Degradation

Mix up a load and spray till it’s gone, right?
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Pesticide Degradation

* Pesticides start to break down when they are in
water

— Water (hydrolysis)
— Light (photodecomposition)
— Microbes

* These processes can be fast or slow. It depends...
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Suspended Solids

Do you draw water from a pond or canal?

Sybmetsed applica
Photo by Vu}’mr
- Copyright 200 v. F
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Suspended Solids
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Suspended Solids

SPECIF
ceward L 70 MIXING Roundup Ultra Label , general

herbicide bps (flow-
ers, bulbs . . L _ S mercial,
residentia Clean sprayer parts immediately after using this product by thoroughly flushing with | 4ormant

establish water. ic areas.
Absorptiol yare. REDUCED RESULTS MAY OCCUR IF WATER CONTAINING SOIL IS USED, SUCH AS | Reward

Landscape in green
plant tiss{ VISIBLY MUDDY WATER OR WATER FROM PONDS AND DITCHES THAT IS NOT CLEAR. all spray
equipme her desir-
able plants during application, as injury may result. Application to muddy water may result in
reduced control. Minimize creating muddy water during application. Use of dirty or muddy water for
Reward Landscape and Aquatic Herbicide dilution may result in reduced herbicidal activity. Avoid
applying under conditions of high wind, water Tlow, or wave action.
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Dissolved Minerals

 Water hardness: a measurement of the total amount of
calcium and magnesium ions in water
 How hard is hard?
* There are different sets of standards
 World Health Organization
* US Geological Survey
* UF/IFAS Soil and Water Lab
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Dissolved Minerals

UF/IFAS Soil and Water Lab Hardness Scale

T

Interpretation Hardness (ppm) | Hardness (grains)

Yoli 0-17 0-1
Relatively soft 17 - 50 1-3
Moderately hard 50-120 3-7

Hard 120-170 7-10

Very hard >170 >10
TEAS Grains = ppm + 17
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Dissolved Minerals

CONCENTRATION OF HARDNESS AS CALCIUM CARBONATE,
IN MILLIGRAMS PER LITER

Bl 181-250 [ coroRICO

200 Miles 0 200 400 600 Miles

0 800 Miles S — e 0 100 Miles
0 200 400 600 Kilometers d

UF|

UNIVERSITY of FLORIDA




Dissolved Minerals

e Several herbicides (including 2,4-D, dicamba, and
glyphosate) have an overall negative charge
* These herbicides can be influenced by hard water cations

— Form precipitates
— Lower probability of passing through plant cuticle
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Dissolved Minerals

Glyphosate + Glyphosate +
Distilled water hard water
(Zero hardness)
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Hard-water Antagonism Study

* Greenhouse study at Michigan State University
* Sunflower used as indicator species

 14C-glyphosate absorption measured:
Alone

+ Ca
+ Ca + AMS

— Absorption measured at 0, 4, 24, 48 hours following
application

] ’ A = Thelen, K.D., et al. 1995. Weed Sci. 43:541-548.
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Hard-water Antagonism Study

Glyphosate absorption by sunflower after application (h)

Glyphosate® . 22.6 20.3
Glyphosate + Ca == 4.9 == 8.0
Glyphosate + Ca + AMS 21.9 28.5

Alsopropylamine formulation

1 ’ A = Thelen, K.D., et al. 1995. Weed Sci. 43:541-548.
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Dissolved Minerals

7 T
HO- C-CHy~NH- CHy~P-OH

Glyphosate OH

* Increasing Ca concentration decreases glyphosate activity
e Calcium will bind to the negatively charged glyphosate
* Glyphosate + calcium has no herbicidal activity
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Ca(NO,), — Glyphosate Study

* Greenhouse study at University of Tennessee

* Evaluated 4 specified levels (250, 500, 750, 1,000
ppm) of mix-water hardness using Ca(NO,), with
glyphosate

e Visual % control of 4 weed species evaluated
— Yellow nutsedge
— Pitted morningglory
— Broadleaf signalgrass
— Palmer amaranth

[ ] A & \jueller, et al. 2006. Weed Technol. 20:164-171.
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Ca(NO,), — Glyphosate Study

Y. nutsedge | P. morningglory | B. signalgrass | P. amaranth

Cation ppm | s % control (21 DAT) ----
None 0 (soft) 76 77 98 99
250 75 76 98 99

S 500 64 66 81 89
750 49 56 75 81

1,000 40 37 64 78

LSD 5 6 7 5

Study also compared 3 glyphosate salt formulations:
isopropylamine, diammonium, potassium: no differences

[ ] A & \jueller, et al. 2006. Weed Technol. 20:164-171.
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Cations and AMS With 2,4-D

* Greenhouse study at Purdue University

e 2,4-D + distilled water and.....

— + Calcium, Magnesium, Manganese, Zinc

— Comparisons made with or without addition of AMS
* Visual % control for several weed species.....

— Horseweed

— Redroot pigweed
— Common lambsquarters

] ’ A = Roskamp, J.M,, et al. 2013. Weed Techol. 27:72-77.
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Cations and AMS With 2,4-D

Cation solution Horseweed control (% | Difference (%)
- visual rating)

Deonized water + AMS
Deonized water
Calcium + AMS

Calcium

Magnesium + AMS

Magnesium
Manganese + AMS
Manganese
Zinc + AMS

Zinc

] ’ A = Roskamp, J.M,, et al. 2013. Weed Techol. 27:72-77.
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Cations and AMS With 2,4-D

Cation solution Redroot pigweed control (% - | Difference (%)
visual rating)

Deonized water + AMS
Deonized water
Calcium + AMS

Calcium

Magnesium + AMS

Magnesium
Manganese + AMS
Manganese
Zinc + AMS

Zinc

] ’ A = Roskamp, J.M,, et al. 2013. Weed Techol. 27:72-77.
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Dissolved Minerals

 The effects of hard water can be reversed with a water
conditioner - commonly ammonium sulfate

7.4 Ammonium Sulfate

The addition of 1 to 2 percent dry ammonium sulfate by weight or 8.5 to 17 pounds per

100 gallons of water may increase the performance of this product, particularly under
lard water conditions, drought conditions or when tank mixed with certain residua

herbicides, on annual and perennial weeds. The equivalent rate of ammonium sulfate in
a liquid formulation may also be used. Ensure that dry ammonium sulfate is completely
dissolved in the spray tank before adding herbicides. Thoroughly rinse the spray system

with clean water after use to reduce corrosion.
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Dissolved Minerals

Glyphosate Glyphosate
(No conditioner) (+ conditioner)

FIIFAS

UNIVERSITY of FLORIDA




Water Temperature Study

* Greenhouse study conducted at Purdue University
* Objectives:

— Determine if water temperature in the tank
Influenced postemergence herbicide
applications
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Water Temperature Study

 Postemergence herbicides:
— 2,4-D choline
— Glufosinate
— Mesotrione
— Glyphosate + dicamba

* Mixed postemergence herbicides into cold (41°F),
moderate (72°F), warm (102°F), and hot (133°F)
water

* Evaluated control of giant ragweed, horseweed,
Palmer amaranth, and pitted morningglory
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Water Temperature Study

- Water Temperature (°F)
Herbicides

2,4-D choline
Glufosinate
Mesotrione

Glyphosate +
dicamba

X = herbicide performance was reduced on some weed species
V = herbicide performance was not reduced at these temperatures
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Water Temperature Study

* Mixing certain herbicides with cold water (about
41°F) or very hot water (about 133°F) can impact
performance on specific weeds

* Monitor the temperature of water stored in
aboveground tanks
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Water pH

e pH
— Indicator of alkalinity or acidity
— Scale from O to 14
— Logarithmic concentration scale of:
* If H* = OH" :then pH is 7.0 or neutral
* If H* > OH : then pH is acidic
* If H* < OH" : then pH is alkaline (basic)
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Water pH

pH Value Substance
14.0 sodium hydroxide
12.6 bleach
11.5 ammonia
10.2 milk of magnesia
9.3 borax
8.4 baking soda
8.0 sea water
7.4 human blood
7.0 distilled water
6.8 tea
6.7 milk
6.0 atmospheric water
5.0 pickle juice
4.5 tomatoes
4.2 orange juice
4.0 wine and beer
2.8 vinegar
2.2 lemon juice
2.0 stomach acid
1.0 battery acid
0.0 hydrochloric acid



Water pH

e Scale is logarithmic; so:
— pH 5.0 is 10x more acidic than pH 6.0
— pH 4.0 is 100x more acidic than pH 6.0
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Water pH

 Some pesticides lose effectiveness when mixed
with alkaline water

 pH of 8 to 9 can greatly diminish or cause
complete loss of effectiveness

* Most common with some insecticides:
— Carbamates and organophosphates

* Few fungicides and herbicides susceptible
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Water pH

* “General rules:”

— Herbicides, insecticides, and fungicides perform best
in slightly acidic water, pH 4 - 6.5

— Pesticides such as some sulfonylurea herbicides
perform better in water that is slightly alkaline
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Water pH

e Most water sources in FL
derive from limestone
aquifers
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* Contain high levels of
carbonates — removes H*

EXPLANATION

[ Floridan aquifer
[ Biscayne aquifer

from water, thus increases |- ———

[ Shallow sand aquifer

(Includes various surficial aquifers locally
designated as aquifers in Pleistocene sand,
in the Tamiami Formation, nonartesian aquifer,
water-table aquifer, and the shallow aquifer)
0 10 20 30 40 50 MILES
(from Irwin and Healy, 1978) =
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Water pH

Half-life

Pesticide pH6 pHY7 pHS8 pH9
flumioxazin 24 h 15 min
captan 8 h 10 min 2 min
carbaryl 125 days 27 days 2-3 days 1-3 days
dimethoate 12 h 1h
disulfoton 32 h 7h
malathion 8 days 3 days 19 h
phosmet 1 day 4h (pH8.3) |1 min (pH 10)
trichlorfon 4 days 6 h 1h

Ul IEAS

UNIVERSITY of FLORIDA




Water pH

ET., (hours)

Flumioxazin concentration (pg L?)
pH 6

100
200 92
400 69 87

3800 68 81

ET., = effective time required to reduce hydrilla photosynthesis by 50%.
Mudge, C.R., et al. 2012. Weed Sci. 60:4-9.
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Water pH

— High pH Water
— = Medium pH Water
——= Low pH Water

Low 6.0-6.2 39.0
Medium 7.0-7.2 18.6
High >8.5 1.7
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Water pH

APPLICATION AND SPRAYER INFORMATION

Mixing Instructions
than 7, use an appropriate buffer to reduce pH to
desirable range.

* Fill clean spray tank 1/2 full of desired level with
water and add buffering agent if necessatry.

* Add the required amount of Clipper Herbicide to the
spray tank while agitating.

* Fill spray tank to desired level with water. Ensure
that Clipper Herbicide is thoroughly mixed hefore
making applications. Agitation should continue
until spray solution has been applied.

* Mix only the amount of spray solution that can be
applied the day of mixing. Apply Clipper Herbicide
within 12 hours of mixing.
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How long is too long to hold in the tank?

 “General rules:”

— A pH between 3.5 and 6 is satisfactory for most spraying
and short-term (12-24 hours) storage of most mixtures in
a spray tank. Not suitable for some sulfonylurea urea
herbicides.

— A pH between 6 and 7 is adequate for immediate spraying
for most pesticides. Do not leave the spray mixture in the
tank for more than 1 - 2 hours, to prevent loss of
effectiveness.

— Most products mixed in alkaline water should be sprayed
immediately.
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What is the best adjuvant to use?

* General rules — beware of these:
— Equal control at reduced herbicide rates
— Products that “reduce regrowth”
— Cocktails (spreader + sticker + compatibility + etc).
These are usually more costly and give little benefit.

—Anything that sounds too good to be true
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If you use an additive.....

ADDITIVES
When applying Clipper Herbicide to the foliage of
floating or emerged aquatic weeds, mix with an adju-

vant approved for use in aquatic sites. \Valent recom-
mends the use of a Chemical Producers and Distribu-

tors Association certified adjuvant. Mix Clipper Her-
bicide with a non-ionic surfactant containing at least

80% active ingredient. Follow adjuvant manufacturer’s
label rates. Mixing compatibility should be verified by
a Jar test before using.




Council of Producers & Distributors of
Agrotechnology

* Voluntary adjuvant certification program

* Certified products meet benchmarks set by the
American Society for Testing and Materials

* Provides some assurance of product performance

If a product label includes a recommendation
for use in aquatic applications, then an
aquatic toxicity study is required



Council of Producers & Distributors of
Agrotechnology

INTACT

Drift Control & Foliar Retention Agent
and Deposition Aid

PRINCIPAL FUNCTIONING AGENTS NON-CROPLAND AND RIGHTS-OF-WAY. NOT FOR AQUATIC
Polyethylene glycol, choline chloride, guar gum 43.18% USE.

Constituents Ineffective as Spray Adjuvants 56.82%
100.00% USE RATES

All ingredients are approved for use under 40 CFR 180 0.5% v/v (4 pints) of Intact per 100 gallons of spray solution.

WA Reg. No. 9349-16001 MIXING
In the absence of specific mlxmg mstructlons found on the




Water Testing

Enviromental Water
Quality Lab
Analytical Research Lab
Extension Soil Testing Lab

UNIVERSITY of


http://soilslab.ifas.ufl.edu/

Water Testing

* Things to ask the lab concerning your water test:
— Do you test for pH and hardness?
— What will be the cost?

— How much water will you need to run the suite of
tests?

— Do you have guidelines or special containers for
collecting and transporting the water samples?
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Water Testing

NE ! | . 7 U;IIVERSITY af ‘ Y
L UF FLORIDA
| FAS

Analytical
Services

* Forms, boxes, instructions:
— Local county extension offices

Enviromen tal Water
Quality Lab
Analytical Research Lab ;
(L Extension Soil Testing Lab |
/ f i Livestock Waste Testing Lab

* Collect 1 pint of water in a
plastic bottle (no detergent
bottles)
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http://edis.ifas.ufl.edu/pdffiles/SS/SS18400.pdf

Water Testing

Set: E45005 Report Date: 08/24/2017

Parts per million ppm or mg/L Electrlc_a_l
_ - carbonates
LabNo ample Identification Calcium Hardness Manganese | Sodium | Chlonde quspende in
Ca mg/L Mn Na Cl Sollds meq/liter

E113982 Tap 1

e Total hardness = (ppm Cax2.5)+ (ppm Mg x 4.1)
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Water Testing

* Litmus paper:
— Cheap - $5.00/75 tests
— Can vary by as much as ¥2.0 points

)
' ydrion®

( apersE@B
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B
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Water Testing

* Test strips:

1. Dip one sto‘c‘EDURE:
TP in the Water for 5
, Bk {éonh motion TS seconds with, a gentle
© strip, shake once, briskly, to
— Cheap - $6.00/30 tests B
[ ] | .
o » and Total Har,
o g within 30 g d
— Can also vary

Total Hardness p
PM (mg/L
0 25 ( 950) Match 5=

* More elaborate and

expensive instruments
are available

SOFT
PPM (mg/L) Match 4»
0.5 1 2 4

HARD VERY HARD
10

| |
Low
Free Chlorine PPM (mg/L) Match 3
0 0.5 1 2

Low

Total Alkalinity PPM (mg/L) Match 2
0 40 80 120

6.2 6.8 7.2 ! 8.4

LOW OK
pH (pad nearest handle) Match 1=

US Patent # 5490194

LOW oK OK OK HIGH

Alkali
Acidic +MCL = Maximum Contaminant Level

safe.com
ROZBA-WWSCC  ©2008 Industrial Test Systems, Inc. WDV;Y‘:OSIC'I e
:NATERWORKS ™ is a trademark of Industrial Test Systems, Inc., R i
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Water Testing

* Meters:

— ExStik

* +0.01 accuracy
 Digital displays

* Battery-powered
* $99.99

L AS

UNIVERSITY of FLORIDA




Summary

e Pesticide performance can be affected by water
chemical and physical quality factors:
— Suspended solids
— Dissolved minerals (hardness)
— Extreme water temperatures
— pH

* Having your mix water tested is inexpensive
compared to the cost of poor pesticide efficacy
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