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PREFACE

During the past five years there has been a significant increase in the
application of agricultural chemicals through irrigation systems. This has
become known as chemigation. [t usually involves the application of either
pesticides or fertilizers. Chemigation is a high technology practice. It should
only be undertaken by a properly trained chemigation expert.

The manual entitled “Using Chemigation Safely and Effectively” was devel-
oped at the University of Nebraska-Lincoln. It is an excellent document, and
putlines the chemigation technology safety practices necessary to prevent
ground or surface water contamination. [t also provides instructions for the
calibration of center pivot irrigation systems for use In chemigation. Safety
precautions and calibration procedures are similar for traveler and solid-set
irrigation systems. The manual is not designed for use with trickle irrigation.

It is highly probably that within the next five years, chemigation standards
will be developed, approved and implemented by both our state and federal
governments. The regulation will most likely mandate a separate pesticide
applicator certification category for chemigation, and require specific chem-
igation system safety standards. There is also current discussion about
possible licensing of irrigation equipment used for chemigation.

Metham (N sodium methyldithiocarbamate) is currently the most
commonly used pesticide applied in Michigan through chemigation. This
procedure has been used successfully in potato production for control of
soil-borne fungi and nematodes. Most of the applications have been on
mineral soile. There is currently interest in using chemigation in strawberry,
muck vegetable and omamental production. Chemigation is likely to
increase in Michigan during the next five years. Chemigation can be risky to
the quality of our natural resources if it is not used properly. It is imperative
that all proper safety precautions be taken in all applications of agricultural
chemicals through imgation systems.

G, W, Bird
29 March 1988
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INTRODUCTION

Many agricultural producers are using irri-
gation systems to apply both water and agri-
cultural chemicals. This practice, commonly
called chemigation, can be defined as applica-
tion of an agricultural chemical by injecting it
into irrigation water. Chemicals being applied
include: fertilizers, herbicides, insecticides, fun-
gicides, nematicides, and growth regulators.

Just as there are benefits and nsks associated
with applving agricultural chemicals using con-
ventional (ground or aerial) methods, there are
benefits and risks associated with chemigation.
The most significant risk is potential contami-

nation of the irfigation water supply. Io min-
mize risks related to chemigation, an irmgation
system must be properly equipped and oper-
ated. Antipollution equipment must be added
to the system and procedures followed to ensure
operator and environmental safety as well as
desired results of the chemical application.

The purpose of this manual is to provide in-
formation needed to chemigate safely and ef-
fectively. It is intended only to supplement
pperator's manuals for irrigation and chemical
injection systems,




LAWS AND REGULATIONS

Both federal and state laws and regulations
affect the practice of chemigation. Laws, regu-
lations, court decisions and administrative rul-
ings pertaining to the use of agricultural
chemicals and chemigation are subject to con-
stant change. Accordingly, they will be dis-
cussed here only in general terms. To be certain
that you are in full compliance, check periodi-
cally with the regulatory agency in your state
that monitors use of agricultural chemicals.

Federal Laws and Regulations

Fedderal Insecticide, Fungicide and Rodenticide Act

All pesticide applications, including those
made through an :irrigatiun system, are subject
to provisions of the Federal [nsecticide, Fungi-
cide and Rodenticide Act (FIFRA) as amended
FIFRA provisions that will affect an applicator
include requirements to:

1, use pesticides anly as directed by the label;

2. be a certified pesticide applicator or be su-
pervised by a certified applicator if you plan
to purchase or use any pestiade classified
“For Restricted Use Omlv.” (To become cer-
tified, a pesticide applicator must demon-
strate his’her competence. For example, a
private applicator (i.e. a farmer) may be re-
quired to complete a training program and/
or successfully complete a worksheet/ex-
amination. A commercial {for-hire) appli-
cator must, at a minimum, successfully
complete written examinations and, de-
pending upon the state, may also be re-
quired to complete training programs. The
pesticide applicator training and certifica-
tion program and chemigation training are
totally separate requirements. Being a cer-
tified pesticide applicator does NOT exempt
a producer who plans to chemigate from
completing a required chemigation training
program. Similarly, a required chemigation
training program does not exempt a pro-
ducer whoe plans to use "Restricted” pes-
teides from the need to complete a pesticide
applicator training program. )

Pesticide Labels
The label of a pesticide (i.e. the document af-

[ ]

fixed to the pesticide container along with any
supplemental labeling that may be provided)
constitutes a legal document. [t has the same force
as federal law, Using any pesticide in a manner
inconsistent with its labeling is a viclation of
FIFRA and can result in legal actions being taken
against you. Before buying or using any pesticide,
therefore, it is important that you first read completely
and fully wederstand the product label.

FIFEA Exemipfions

In general, a producer may apply a pesticide
by any method not spE::il"i::an].-' orbidden by the
label, However, in its efforts to ensure environ-
mental safety, the L.5. Environmental Protec-
tion Agency (EPA) has adopted a policy
restricting the methods by which some pesti-
cides can be applied. Check the label of the prod-
uct you want to use to be certain that it may
legally be applied through an irrigation system.

site Eirup]- on which you wish to apply a
ﬂestidde must appear on the label. It is a vio-
tion of FIFRA to use a pesticide if the crop is
not listed on the label. A pesticide may be ap-
plied against any pest occurring on any crop,
animal or site specified on the label unless use
of the pesticide is limited only to those pests
specified on the labeling.

Applying more pesticide than the label spec-
ifies also violates FIFRA. To be certain that you
are using the proper rate, it will be necessary Lo
calibrate your chemigation system. Procedures

W g S T Rl T
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Fead the product label complately before applyving any
pesbicde.



far doing this are described in Chapter 3. It is
permissible, however, to apply a pesticide at any
dosage, concentration or frequency less than that
specified on the labeling,.

Federni Water Pollution Confrol Act

Amendments to the federal Water Pollution
Control Act generally provide authority to the
federal government only over surface waters. If
surface waters (streams, rivers, lakes, etc.) are
used as an irrigation water source, any pollutant
discharge (i.e. pesticides or fertilizers) incident
to chemigation operations may subject the vio-
lator to federal prosecution. In most states, reg-
ulation of pollutant discharges into ground water
is provided through state programs approved
under the Water Pollution Control Act.

Federal Safe Drinking Witer Act

There may be cases in which an irrigation well
is situated in close proximity to a municipal water
well. Any backflow of water and/or chemicals
that enters an aquifer which is, or could be, used
as a public drinking water source is a violation
of the federal Safe Drinking Water Act. Laws in
some states may prohibit chemical injections into
irrigation systems if the irrigation water is drawn
from a well within a given distance of a public
drinking water source. [f your irrigation system

is connected to a public drinking water source,
special Eiuajpment. such as a reduced-pressure
principle backflow prevention assembly, may be
required,

Fesource Consermation and Recovery Act

Disposal of pesticides or pesticide contami-
nated materials, such as containers and rinsate,
is subject, under some conditions, to the re-
aaij.;‘ements of the Resource Conservation and

very Act. Be sure to follow label directions
carefully in disposing of such materials.

State Laws and Regulations

Laws in several states impose a variety of re-
uirements such as specific antipollution safety
evices, registration of chemigation sites, post-

ing fields that are chemigated, and training and
licensing of producers who use chemigation. It
is vitally important, therefore, that producers
become familiar with provisions of ALL appli-
cable laws and regulations and local ordinances
befpre chemigating,

Because of varability between states, this sec-
tion of the manual will not address state laws.
A section on chemigation laws and regulations
in your state may have been added to this man-
ual. If so, study it carefully and be certain that you
are in full complinnce.



FACTORS IN DECIDING TO CHEMIGATE

As already noted, selecting a pesticide with a
label that allows application through an irriga-
tion system is the first and most critical consid-
eraHon in making a decision to chemigate.
However, several additional factors also should
be considered.

Irrigation Sustem Location

Location of an irrigation svstem in proximity
to ocoupied buildings or dwellings, surface water
sources, neighboring crops and roadways must
be carefully considered. Persons, wild and do-
mestic animal life and other nontarget sites must
nat be endangered. Some states may have es-
tablished minimum distances between chemi-
gation sites and certain structures. Regulations
in some states may prohibit chemigation if the
application site is immediately adjacent to a res-
ir_||:|.='_ntLaI area. Restrictions also may apply if wells
used for chemigation are in close proximity to
municipal water supply wells. Check with local
regulatory agences about such restrictions be-
fore chemigating,.

Soil Type

Soils can differ considerably over relatively
short distances. Therefore, it is not uncommon
to find different types of soils within a single
field. The rate at which water and/or agricultural
chemicalis) enters the soil {infiltration rate) dif-
fers according to soil type. It follows that vari-

Soil survey maps are wseful fools in making decision b
chemigate.

Lineven water distribution may be attmbutable fo terrain
vanations.

ations in soil type will influence imgaton system
management and chemigation operations.

For example, coarse-textured sandy soils have
high infiltration rates. Assuming that other fac-
tors are equal {e.g. ﬁfL:lﬁl:. compaction], there is
less potential for runoft on coarse-textured soils
than on fine-textured soils. On the other hand,
chemigating with excessive amounts of irriga-
tion water could result in leaching the chemi-
cal{s) below the crop root zone. Where fine-
textured soils (those with high clay content) are
to be chemigated, the situation is reversed. The
potential for deep percolation of water/chemi-
cal(s) is decreased, but the potential for runoff
increases.

Consult soil survey maps published by the
Soil Conservation Service tor specific soil char-
acteristics. S0il Conservation Service and Co-
operative Extension Service personnel can
provide assistance with irmgation management.

Topagraphy

Topography of the field can substantially af-
fect uniformity of application through an irri-
gation system 1ac¥ing properly regulated
sprinklers. Variations in terrain along the length
of the irrigation system will cause ditferences in
pressure at various nozzle outlets. This results
in uneven water distnbution, especially with low
pressure systems. Uneven water distribution can
be corrected by using pressure regulators on each
individual sprinkler. [f distribution variances are



Problems resuliing from spray dnft can be reduced by
manitonng wind

not corrected, your irrigation system may be un-
suitable for chemigating,

Irrigation System Characteristics

Physical characteristics of an irrigation system
can affect the capacity for applying agricultural
chemicals. All irrigation systems can be used to
apply fertilizers or pesticddes that must be in-
corporated into soll, However, only a sprinkler
system can be used where foliar application is
needed. System characteristics have a direct ef-
fect on overall efficiency of the chemical appli-
cation. Any system used to chemigate must have
the appropriate injection equipment and anti-
pollution safety devices installed, and the entire
system must be in good working order.

Drift and Rumoff Potenbial

Dirift and runoff are two leading causes of in-
advertent losses from chemical applications. En-
vironmental conditions durjngkuppllmriurb type
of sprinklers installed on sprinkler systems, type
and formulation of chemical being applied, and
climatic conditions following irrigation are fac-
tors affecting magnitude of chemical losses.

—Drift. When water emerges as spray from
a sprinkler nozzle, part of it may evaporate within
the wetted area. Part is intercepted by vegetation
and/or soil and part may be carried by wind
outside the treated area where it is deposited on
a variety of nontarget sites (vegetation, soil,
water, structures, etc.). Wind can quickly create
a potentially hazardous drift problem. A pro-
ducer is responsible for monitoring the weather
when chemigating. If the wind is strong enough
to cause anv off-target application, shut down
vour system.

—Runoft. Runoff can potentially occur
whenever the irrigation system is applving water
at a rate greater than the soil intake rate (the rate
at which water enters the soil). The ccourmence
of runoff depends not only on the irrigation svs-
temn application rate and soil intake rate, but is
influenced by factors such as the field slope, soil
surface roughness, and the presence of & crop
canopy or residue. Chemigation runoff that
leaves the field being treated is a potential haz-
ard to ground and surface water supplies, live-
stock, adjacent crops and wildlife.

Relatively high application rates are charac-
teristic of the outer portion of center pivot irri-
gation systems, especially those operating at low
pressures. Depending upon the type of chemical
being applied and soil characteristics, the amount
of water being used to apply the chemical may
need to be adjusted to prevent runoff,

In general, sprinkler systems selected to pre-
vent runoff of water under normal operation will
be satisfactory for chemical applications

Calibration

Accurate calibration of the application system
is critical. Unless the system is calibrated, there
is no way to determine whether the amount of
chemical applied is too much, too little, or—by
chance—ijust right. Overapplication is need-
lessly expensive and if you are a{gph‘ing a pes-
ticide, you could be prosecuted for misuse of a
pesticide. Underapplication frequently does not
provide the effect needed. See the section on
Calibration Procedures for additional informa-
bon.

Chemical applications 10 any nontarget site subjects pro-
ducers (o prosecution,



IRRIGATION 5YSTEMS

The three basic types of irrigation systems are:
* sprnkler

* surface

* drip or trickle

Sprinkler Systems

Sprinkler systems are the most commonly used
and are best suited for chemigation. The sprin-
kler systems include:

= ceniber pivok

* sglf-propelled linear or lateral move

= solid set

* hand move lateral

= gide roll lateral

* tow-line lateral

* traveling bi

This man%:algwg??m mainly on procedures
tor center pivot sprinkler systems.

Center pivot and self-propelled linear systems are
the best spﬂ.nklercizstems for chemigation.
Properly designed, calibrated and operated, they
provide a high degree of uniformity in water and
chemical application.

Center pivots have a high instantaneous rate
of water application near the outer portions of
the circle. If the infiltration rate of the soil is
exceeded, runoff of chemical-water solution may
occur. Therefore, the center pivot sprirlklerg:»acka
age should be selected to minimize runofl po-
tential. Work with the irrigation system dealer

_and/or Soil Conservation Service and Coopera-

“tive Extension Service personnel to select a
sprinkler to match the field being irri-
gated. In many situations, the quantity of irri-
gation water applied will be small encugh that
runoff may not be a major concern. The amount
of water applied by a center pivot during one
irrigation is determined by the irrigation pump-
ing rate and the revolution time of the center
pivot system. The minimum irtigation amount
will be applied when the system is operated at
the maximum rotation speed. Consult your sys-
tern aperator’s manual l‘Er specific system infor-
mation.

Solid set, hand move, and side roll lines are ex-
amples of stationary systems. These systems dif-
fer from self-propelled types in that they are set

on a given area of the field and do not move
during irrigation. The greatest limitation with
stationary systems is distortion of the water dis-
tribution by wind. Chemicals should not be ap-
plied through these systems if wind causes the
spray to drift to nontarget areas.

Traveling gun systems may be acceptable for
chemigating when operated in low wind con-
ditions. In general, characteristically poor ap-
plication uniformity and susceptability to wind
drift limits their suitability for chemigating.

Surface Systems

Surface or gravity flow {furrow and flood) tr-
rigation systems have limited potential for
chemigation since they cannot be used for foliar
applications, Surface systems generally provide
poor uniformity of distribution since thev may
not sufficiently wet the soil on ndge tops of hill
or bed-planted crops. This may be important if
uniform distribution of a herbicide is needed.

Forming the furrow or bed is important be-
cause it influences the rate of water Aow, the
amount of water applied, and uniformity. Fur-
row slicking or packing devices and bed forming
machines produce a smooth, firm, clod-free sur-
face that helps control the water application dur-
ing the first irrigation,

A water application of 2 to 2.5 inches is the
practical minimum for the first imgation with
most furrow or flood systems, A reuse pit to
collect tailwater is a requirement when using a
surface irrigation system for applying chemicals.
Tailwater must be collected and reapplied on the
same field or other craps for which the chemical
is registered.

Drip or Trickle Systems

Drip or tnckle irngation is frequent, slow ap-
plication of water to soils through emitters or
orifices located at selected points along water
delivery lines. Most emitters are placed on the
ground, but they can be bured or suspended
abave the ground. Emitters can be of many types.
The “dripper” s usually deliver 1 to 2 gal-
lons per hour. The “jet” types usually deliver
mare,



Fertilizers and herbicides that need to be ap-
plied to the soil surface and'or incorporated to
a certain depth below the surface are commonly
applied through drip irfgation systems. Rela-
tively little data has been compiled on the ef-
fectiveness of applying pesticides in this manner.

Most drip systems can apply water to only a
portion of the soil surface. The typical drip sys-
tem applies water at the soil surface although
some are installed below the s0il surface. Thus,
drip systems are not suitable for broadcast or
foliar applications

Because they uniformly distribute both water and chemicals, sprinkier Irmgation systems are best suited for chemigation.

7




EQUIPMENT

Equipment required to apply chemicals
through an irrigation system includes:

* a chemical supply tank with agitator

* an injection pump

* a calibration tube

« proper safety and antipollubion devices to
prevent potential contamination of the water
SOUICE

Supply Tank

The tank should be constructed of noncorro-
aive materials such as stainless steel, fiberglass,
nylon, or polyethylene, Iron, steel, copper, alu-
minum and brass should be avoided. Agitation
in the chemical tank is required when wettable
powders, dry flowables, flowables, tank mixes
or any other suspended formulations are used.
Hydraulic agitation may be sufficient for some
soluble chemicals, while mechanical agitation
may be necessary for other types of chemicals.
Refer to labels for specific instructions.

Some agricultural chemicals may be Hamma-
ble. In such cases, explosion-proof electric mo-
tors and winng must be used, a separation
distance maintained, or the chemical diluted.
Wiring must conform with all requirements
specified in the Natonal Electrical Code tor haz-
ardous area applications. Check chemical labels
for specific requirements.

[njection Pump

The chemical injection pump is the heart of

Traller mounted chemical tank permits use at multiple in-
jection sites,

Low maintenance and ease of adjustment are among ad-
vandages of diaphragm pump

any chemigation system. Within the minimum
to maximum pump operating range, a delivery
accuracy of plus or minus one percent is desir-
able. The pump should be easily adjusted for
different injection rates and mechanically rug-
ged with the internal and external components
being of acceptable noncorrosive materials. A
variety of injection pumps is available. The main
types, based on operating principle, are:

* diaphragm

* piston

= venbur (vacum)

The injection pump capacity should be con-
sistent with application rates of the chemicals
that will be applied by chemigation. Chemical
application rates can range from 1 pliacre for
some insecticides to more than 30 gallacre for
liquid fertilizer solutions. Conseguently, pump
injection rates may need to range from as low
as 2 gal'hr to more than 400 gal'he. No single
pump can do all jobs. Most pumps are graduated
in units or percentages which represent the
amount of liquid pumped at a particular sething,
However, these settings may be less than exact.
Avoid operating a pump at its maximum outpul
or near its minimum output. Such usage can
damage the pump and/or result in inaccurate
pumping rates, Piston pumps in particular lose
suction capabilities proportionally as stroke
length of the piston is reduced for pumping
smaller amounts. 1t is most efficient and consis-
tent to operate within the broad middle capaci-
ties of each pump
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A properdy equipped chemigation system includes the equipment and antipellution and safety devices depicted in this

dingram

Disphragm pumps — Dhaphragm pumps have
been used in the chemical industry for many
years but have only been actively marketed for
chemigation during the last few vears. Although
most diaphragm pumps are more expensive than
piston or venturi units, they have several dis-
tinct advantages over other injection units.

= They have a small number of moving com-
ponents.

« A very limited area of the components is
exposed to the chemical being injected. This
greatly reduces the potential for corrosion,
wear and leakage compared to piston pumps.
Consequently, this greatly reduces potential
maintenance costs and the potential for the
human and environmental safety risks
caused by leaks.

» The design of diaphragm pumps makes it
easy to adjust the injection rate while the
pump is operating. For most of these pumps,
the injection rate is changed by Simﬂq}l turn-
ing a micrometer-type adjustment knob.

In general, diaphragm types are the best all-
around pumps to wse for injecting chemicals
through irrigation systems.

Piston pumps — The earliest available and ac-
tively marketed injection equipment for agri-
cultural chemicals were piston pumps. Both
single and dual piston units are available in a
wide range of capacities. These types of pumps
commonly have two distinct disadvantages for
chemigation:

* Piston pumps are subject to accelerated wear
of piston seals. Related to this is potential for
increaged human and environmental safety
risks from resultant leakage and increased
maintenance costs,

* Calibration of most piston pumps is relatively
time consuming. Altering the injection rate
requires that the pump be stopped and the
stroke length adjusted mechanically. The
pump is then restarted and the injection rate
checked. Several repetitions of this cvcle nor-
mally are needed to accurately calibrate a pis-



ton pump. Some newer piston type pumps
can be adjusted while operating
Piston pumps are most commenly used to ap-
ply fertilizers where relatively high injection rates
are needed.

Vemfrors sinits — Wenluri chemical impection units
or “pumps’”’ operate by generating a differential
pressure or vacuum across a venturi device. This
draws the chemical into the irrigation system.
The differental pressure is controlled by either:

» a pressure-reducing valve installed in the
main line of the irrigation system in parallel
with the venturi injection device; or
a small auxiliary pump (i.e. centrifugal) in-
stalled in series with the venturi device with
both the auxiliary pump and the venturi de-
vice connected in parallel with the irngation
system mainline.

The primary advantage of ventun injection
units is their relatively low cost, A major dis-
advantage of venturi units is the dependence of
chemical injection rate upon the available dif-
ferential pressure. Since the rate of chemical in-
pection is directly dependent upon the difterential

pressure, any variation in the differential pres-
sure from the calibrated pressure will signifi-
cantly alter the rate of chemical injection.
Waration in flow rate can cawse the pressure to
vary. Thus, obtaining accurate and consistent

& calibration tube is essential for measuning output of i
jection System.
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Removable vacuum relief valve semves as a porl b0 inspec-
Hian check valve.

rates of chemical injection with a venturi device
may be difficult.

Calibration Tube

A calibration tube should be located in the line
between the supply tank and the chemical in-
jection pump. It i5 used to measure cutput of
the injection unit during calibration process. It
should be clear, resistant to breakage, and grad-
uated in units of volume (pints, ounces, milli-
liters, etc.). To properly calibrate an injection
system, it is necessary to monitor chemical in-
jection at least five minutes. Therefore, calibra-
tion tubes must be large enough to hold enough
chemical to be injected over that time.

Antipollution'Safety Devrces

Irrigation line check valve and vacuum relief
valve — Check and vacuum relief valves (back-
flow prevention devices) are required in irriga-
tion pipelines. They keep the chemical-water
mixture from draining or siphoning back into
the water supply. Both of these valves are to be
located between the irrigation pump discharge
and the location at which the chemical is injected
into the irrigation pipeline. The vacuum relief
valve is narmally placed between the check valve
and the irrigation pump discharge into the ir-
rigation pipeline,

The check valve must have a positive closing
action and water-tight seal, and be easy to repair



and maintain, [t should be installed with fittings
that allow for easy removal for maintenance and
repair, The vacuum relief valve allows air into
the pipeline when the water flow stops, pre-
venting a vacuum that could cause siphoning.
[t is important to inspect these valves before each
chemigation operation. Be sure that the back-
flow prevenbon device used meets the reguire-
ments of the applicable regulatory agencies.

Inspection port — An inapection port should
be located between the irrigation pump and the
mainline check valve to permit visual inspection
of the check valve for leaks. This inspection
should be made before each chemigation oper-
ation, In many cases, the vacuum relief valve
connection can serve as the inspection port.

Low pressure drain — An automatic low pres-
sure drain ghould be placed on the bottom side
and lowest paint of the irrigation pipeline. The
preferred location of this drain is between the
irrigation pump and the mainline check valve.
If this location is not accessible, this valve must,
in all instances, be located on the irrigation pipe-
line before the point of chemical injection. The
flow from the drain should be discharged at least
20 feet from the water source using a hose or
pipe. Water from the hose or pipe should not be
allowed to pool or flow toward the water source.
In the event that the mainline check valve leaks
slowly, this drain will ensure that the solution
will drain away from, rather than into, the well
or other water source.

One-way interlocking — A one-way interlock
must be installed between the irrigation pump
and chemical injection pump lo ensure that it
the irmgation pump stops, the chemical injection
pump also will stop. This prevents pumping
chemical from the supply tank into the imgation
pipeline after water stops flowing.

On systems with an engine-driven irrigation
pump, the chemnical injecHon pump can be belted
to the drive shaft or an accessory pulley of the
engine. Other alternatives include operating the
imjection equipment from the engine electrical
system (12 v), or an electrical generator driven
by the pumping plant power unit. These types
of installations are directly interlocked so that
the injection device operates only when the ir-
rigation pumping plant is operating.

On systems with an electric motor-driven ir-
rigation pump, a separate, small electric motor
is usually needed to power the chemical injec-
tion pump. The electrical controls for the two
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electric motors must be interlocked so both mo-
tors will stop when the electnic motor on the
irrigation pump stops. All wiring should con-
form to the National Electric Code

In addition, it is recommended that an inter-
lock also be provided to shut off the irfigation
system and pumping plant if the injection unit
stops or malfunctions, This allows the operator
to know where chemical application stops if the
chemical injection unit stops. The interlock can
be done electrically or with the use of a flow
sensor on the discharge side of the chemical in-
jecton device, When there 5 no flow in the in-
jection line, the irrigation system or pumping
plant would be shut down.

Chemical injection line check valve — A check
valve in the chemical imjection line 15 necessary
to stop the flow of water from the irrigation sys-
temn into the chemical supply tank. If this check
valve were omitted and the injection pump
stopped, migation water could flow back through
the chemical line into the chemical supply tank,
overflowing the tank and causing a spill around
the irrigation well. This check valve should have
a minimum opening (cracking) pressure of 10
psi and be constructed of chemically resistant
materialz. With the 10 psi munimum opening
pressure, this check valve should also prevent
gravity flow from the chemical supply tank into
the irrigation pipeline after an unexpected shut-
down,

Solenoid valve — A normally closed solenowd

A flow sensor an the chemical injection line can shut diown
the imigation system and pumping plant If chemical flow
stops



valve can be electrically interlocked with the en-
gine or motor driving the miectnrlﬁmp. This
valve, locabed on the inlet side of the injection
pump, provides a positive shutoff of chemical
flow in the injection line. The chemical cannot
flow if the chemical pump is stnrped and the
valve closes, Since this valve will be subjected
to concentrated chemical, it must be compatible
with the chemicals being injected. The valve
should be inspected often to assure that it is
performing satisfactornly.

Because of the relatively limited use of nor-
mally-closed solenoid valves on agricultural
chemical injection systems, they may not be
readily available.

Chemical suction line strainer — A strainer
an the inlet end of the chemical suction line is
necessary to prevent clogging of the injection
pump, check valve, or other equipment. The
mesh size of this strainer will be dependent on
the type of chemical being injected. For most
chemicals, a 30-mesh screen will be used,

Fresh water faucet — [t also is recommended
that a fresh water faucet be mmstalled between
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the irrigation well pump outlet and the mainline
check valve, If for any reason this is not possible,
the faucet should be installed wpstream from the
chemical injection point, The faucet is intended
solely as a source of water for cleanup and rins-
ing empty chemical containers. It should never
be used as a port for injecting any agricultural
chemical, nor should it be used as a source of
drinking water during the chemigation process.

All equipment and accessories, including
hoses, seals, gaskets, etc., that come in contact
with chemical mixtures must be resistant to all
formulations of agricultural chemicals being ap-
plied, including emulsifiers, solvents, and other
carriers in addition to the active ingredient.

The equipment described above will, in most
cases, provide an acceptable level of protection
against contamination of the irrigation water
source. [n cases where the imigation water source
is a potable water supply system, different an-
ipollution protection equipment may be re-
guired. Many states have adopted specific
regulations and specifications for antipollution
equipment. Check with the appropriate regu-
latory agency for specific requirements.



CALIBRATION PROCEDURES

Equipment calibration is extremely important
in chemigation. Untl you calibrate, it is impos-
sible to determine the amount of chemical being
applied. Apply too little, and you may not
achieve the desired results; apply too much, and
you waste money and potentally damage the
crop and environment. The objective is to apply
the desired amount of chemical; i.e. equal to or
less than the amount specified on the product
label.

Calibrating chemigation equipment is rela-
tively simple, but requires time, equipment and
accurate calculabions. Always calibrate the irn-
gation system and injection pump yourself rather
than relying on data furnished by the manufac-
turer, The manufacturer's suggestions can elim-
inate the need for much trial and error, but you
stll need to determine the exact irrigation waler
output and injection pump setting. This is be-
cause conditions at your worksite will not be the
same as at the factory.

Measuring Equipment

Measuring equipment includes: a stop watch,
a steel measuring tape {preferably at least 100
ft), a pocket caleulator, and marking or plot flags
large enough to be seen easily at a distance,

Calibration Eguipment

Specific calibration equipment includes a clear
cylinder, gfaduatecl in units of volume. This is
necessary to measure the output of the injection

Tape, stopwstch, calculator and flags are needed in the
callbration process,
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pump. In order to properly calibrate and mon-
ttor the application process, the cylinder, or cal-
ibration tube, should be clear, resistant to
breakage, and large enough to hold a volume
sufficient for a minimum of 5 minutes injection.
The calibration tube is locabed in line between
the injecton pump and the supply tank.

Although not nearly as accurate as a calibra-
tion tube, a pressure reliefregulating valve also
can be used for calibration. This valve can be
used for “rough” calibrations of pump output
by installing it on the end of the injection/me-
tering pump output hose, setting the pressure
E?uaJ to the irrigation line pressure at the point
of injection and directing the output volume into
a measuring can for a specific time period. This
method is superior to open discharge pump'mﬁ
into a catch basin because pressure is maintaine
against the pump.

Calibration imvobves five basic steps:

1. determine the area in acres to be irngated

2. determine the amount of material desired

per acre

3. determine the total amount of matenal re-

uired (step 1 x step 2)

bermine the time (in hours) that injection
will take place

5. determine the injection rate in gallons per

hour (step 3 + step 4)

The injection equipment and safety devices
required for applying chemicals through all tvpes
of irrigation gystems are similar, as are the cal-
ibrating procedures.

4.

Calibrating the Center Proot
Irrigntion/Chemigntion System

The calibration process is based on the given
measurements of the irrigation system (length,
end gun wetting area, etc.), some common
mathematical constants and conversions, and the
desired rate of chemical injection. The following
calculations must be made: A) area imgated, B)
amount of chemical required, C) travel speed,
D) revolution time, and E) chemical application
rate. The following example will illustrate the
procedure.

A) Area irrigated: '

The area irrigated must be calculated with
one of several possible formulas. The de-
gree of difficulty in making this calculation

epends on the configuration of the field.
The simplest case would be a complete cir-



cle without intermittent end guns or corner
watering svstems. The calculation is:

Area of the circle in acres =
w X
43,560 sq. ft. per acre

where r = the wetted radius (length of pivot

plus effective throw of end gunj and
m o= 3.1416.

Assume r = 1300 ft.:

Area = 3.1416 = (1300 = F300) = 122 acres
43,5600

The area irrigated becomes increasingly more
complex with partial circles, circles with inter-
mittent end guns and other configurations. Cal-
culations determining the area of some irregular
field configurations appear in Appendix A. In
many situations, it may be wise to leave the end
gun off because the water pattern is easily dis-
torted by wind. If an end gun shut off fils, it
maj?o result in an off-target application.

I Amount of chemical required;

Chemical Bequired =
Acres irrigated ® chemical application rate

Assume 1 gt. chemical 18 required/acre:

122 acres * 1 gt. chemical'acre = 122 qts.
(30,5 gallons) needed to treat the enbire Aeld,

) Travel speed:

For moving systems, travel speed is one
of the most important measurements.
When calculating the irrigation system
speed, the systemn should be running “wet”
and at the speed and pressure that will be
used while chemigating, Always recali-
brate when changing speed settings. Avoid
determining pivot speed at one percentage
setting and mathematically calculating the
pivot speeds for other settings. other than
to pbtain a "rough” figure. Using a stop
watch, the proportion of one minute that
the end tower is actually moving can be
checked against the percentage timer in the
pivot control panel.

Two measurements, time and distance,
are reguired to calculate the rotational speed
of the pivot. They can be taken in several
ways:

1) record the time necessary for the outer

14

pivot tower to travel a premeasured dis-
tance {usually a minimum of 30 ft.)

2] measure the distance traveled by the
outer pivot tower in a preselected time
{usually a minimum of 10 minutes).

The end result of either method is rotational
speed in [Uminute. Be aware that a measure-
ment error of only a few feet or a few minutes
can create a significant error in the entire cali-
bration process. [f the percentage timer is sel al
less than 100% when determining pivot speed,
make sure the start and stop measuremenlts are
taken at the same points in the move/stop cycle.
(This i3 not a concern with some ol hydraulic
pivots where the end tower moves continu-
ously.) If the terrain is rolling, check rotational
speed at several locations in the field and cal-
culate the average value, It may also be wise to
verify rotational speed several times throughout
the season to account for differences in wheel
track resistances due to cover, soil compaction,
track depth, etc.

Assume the measured distance per 10 min-
utes = 65 1.

63 ft

= /5 f 1
10 min e

Trave] speed =

) Revolution e
Circumference of the last wheel track and
rotational speed of pivot are the bwo mea-
surements needed to calculate revolution
time. Circumference is calculated by the
formula:

Circumference = 2 % 7 ¥ 1

Where 1 the distance in feet from the pivot
point to outer wheel track and

Where 7w = 3.1416.
Assume ¢ o= 1280 ft
Circumference = 2 x 3.1416 x 1280 = 3042 it

Even though the owner's manual accompanying
the irrigation system might list the system length,
the length required for this calculation is from
the pivot point to last wheel track (it does not
include the overhang). It is a good idea to cor-
rﬂ"tl{' measure this distance once and perma-
nently record it in the control panel.

Revolution time is caleulated by dividing the
circumference in feet by rate of travel in feet per
minute.



Revolution time = circumference (feet)

Travel Speed ( ft'min b
Then:
PR - 1 . |
Revolution Hme = &5 fomin

= 1257 min. per mev.
To convert the revolution time to hours, divide
the above answer by &0,

EXAMPLE:

1357 min — 90 4 hours per revolution
fid minhe
E) Chemical application rabe:

The application rate is the amount of for-
mulated material needed to treat the field
(Step B) divided by the revolution time in
hours (Step D).

Chemical application rate
[gallons per hour (gphll =

total material n d lons)
hrs/revolution
EXAMPLE:
Chemical application rate = 30.5 gal
20.6 hrs
= 1.48 gph

Determining these amounts in gph is nee-
essary because most commercially available
pumps are rated in gph. Knowing the in-
jection pump capacity in relation to the de-
ivery rate needed can help you establish
an initial pump setting. However, be aware
that bock output values of pumps are nor-
mally measured at the factory based on a
drive shaft speed of 1725 rpm. Any vari-
ance in this shaft speed will alter the pum

output. When the injection pump is belt
driven from the engine drive shatt, a tach-
ometer is helpful. Pump wear will alsoe alter
output. Fine tuning should be accom-
plished using a calibration tube placed on
the suction side of the injection pump.
Chemicals vary in viscosity and density.
Always make the final calibration with the
material to be injected and at the opera-
tional pressure of the irrigation system. If
the volume is small, as with an insecticide,
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and the calibration tube is measured in
milliliters or ounces, gph can be converted
to milliliters/minute by multiplying gph x
63.07 or can be converted to ounces/minute
by multiplying gph x 2.133.

1. If calibration tube is in milliliters, 1.48
gph x 63.07 = 93 mi/minute.

2. If calibration tube is in ounces, 1.48 gph
® 1.133 = 3 czs/minute.

This amount of chemical, in ml'min or ozs
min, is the working factor to calibrate the
injection pump. Using the calibration tube,
make coarse adjustments on one minute
time checks. Make a final check over an
extended time period {at least 5 minutes).

For an initial injection pump setting, the
desired injection rate is divided by the pump
capacity o give a percent setting,

EXAMPILE:

Required injection rate is 1.48 gph and
pump is rated at 4 gph max.
Injection rate, % of capacity =

148 gph ¢ 100 = 37%
4.00 gph e

Thus 37% is the suggested frst sething for the
initial calibration attempl.

Calitrating a Shatumary Sprivkier Syshem

Salid set, hand lines, and wheel lines are ex-
amples of stationary irfigation svstems that can
be used for applying agricultural chemicals.

An advantage of the stationary system i5 being
able to inject the chemical anvtime during the
irrigation process. A herbicide may be injected
midway through the irrigation process to allow
additional water to be applied for incorporation.
A foliar insectiade, in contrast, will usually be
applied near the end of the irrigation ta limit the
amount of water that is applied following the
insecticide application to reduce wash off.

The following is one way to calibrate a sta-
tionary sprinkler system.

1. Determine the acres to be irrigated in one
set. Multiply the lateral spacing along the
main line by the length of the lateral and
divide by 43,560 (square feet per acre). It
more than one lateral is being operated
simultaneously, also multiply by the num-
ber of laterals.



Jed

EXAMPLE:
10 laterals 800 feet long spaced 40 feet apart
Area irrigated =

BOD x 40 x 10 _
1560 7.3 acres

. Determine the amount of formulated

chemical needed per acre {(consult prod-
uct label),

EXAMPLE:

4 pounds of wettable powder herbicide
per acre

. Determine the total amount of chemical

needed {Step 1 ® Step 2).

EXAMPLE:
Total chemicals = 7.3 acres ® 4 pounds
per acre = 29.2 pounds

. Determine the amount of water to be ap-

plied during the application. Follow rec-
ommendations on chemical product label,

EXAMPLE:

Herbicide label recommends that 1.0 acre-
inch of water be applied and that the her-
bicide be injected during the first half of
the irrigation period

. Determine the rate of water application by

the irrigation system. Attach a short piece
of hose to the nozzle outlet(s) of one sprin-
kler, start the irrigation system, and mea-
sure flow for 1 minute. Repeat this
procedure at several sprinklers along the
lateral and determine the average sprin-
lder flow rate. Given the sprinkler flow rate
in gallons per minute and the sprinkler
spacing, the water application rate in inches
per hour can be determined from appli-
cation rate tables or with the following
equation;

Water application rate, inches/hour =
96.3 = sp_m
5 % 5,
where: gpm = discharge from sprinkler,
gallons per minute
5, = spacing of sprinklers on lat-
eral, teet
5. = spacing of lateral on main,

fect
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EXAMPLE:
sprinkler flow = 4 gallons per minute
sprinkler spacing = 40 ft = 40 ft

water application rate, inches‘hour =

9.3 x 4 gpm _ i
Vi — -

Another method to determine water applica-
tion rate is to determine the sprinkler nozzle(s)
size (usually stamped on the nozzle) and dis-
charge pressure, then consult the sprinkler man-
ufacturer's application rate table, Adjust the
length {time) of the irrgation to apply the amount
of water necessary for proper c fsemica] appii-
cation.

f. Determine time to ircigate, Divide the gross
amount of water to be applied by the rate of
water application (Step 5).

Gross irrigation amount =

Met irmgation amount
Irrigation application efficiency

Irrigation time =

Gross irrigation amount
Water application rate

EXAMPLE:
Irrigation application efficiency = B0% (as-
sumed]
Met irrigation = 1.0 in

Gross irrigation amount =

1.0 im .
oot = 1.25in
0.5

[n_iglah'n:n time =
B B | ¥ S
0.24 in'hr

7. Fill the solution tank with the chemical to
be applied or chemical-water solution. Start
the tank agitator if needed.

EXAMPLE:

Add 30 gallons of water (approximately 1
gallon water for each pound of wettable
powder) to solution start agitator, and
add 29.2 pounds of formulated herbicide.
Add more water to bring total volume to
3 gallons.



& Determine the imjection rate by dividing
the total gallons in the tank (Step 7) by the
time (hours) required to apply the chem-
ical.

Assume that chemical will be applied for
2 hours during the mid portion of the ir-
rigation time.

EXAMPLE:
Injection rate =

20 mallons _
_EEE 25 gallons per hour

9. Calibrate the delivery rate of the injection
pump to make certain the rate is cormect.

10. If chemical solution is to be applied
throughout or during the last part of the
irrigation, allow the irrigation system to
operate for sufficient time after the injec-
tion to completely flush the chemical from
the system. The time required will nor-
mally be a minimum of five minutes and
may be as long as 15 to 20 minutes.

Calibrating a Surface Irrigation System

The following steps illustrate one method for
making the calibration calculations for a surface
irrgation system. A furrow irrigation system is
used in the example.

1. Determine the acres to be irrigated in cne
sBL.

EXAMPLE:

100 rows on 30-inch (2.5 feet) spacing that
are 1,000 feet long

Area irrigated =
100 = 2.5 » 1.000 _
m 5.7 acres

2. Determine the amount of formulated her-
bicide needed per acre (consult product la-
bel).

EXAMFPLE:
2 quarts of herbicide per acre

3. Determine the total amount of herbicide
needed (Step 1 % Step 2).

EXAMPLE:
Total chemical =

5.7 acres ® 2 guarts per acre = 11.4 quartaw

4. Partially fill the solution tank with water.
leaving room to add the herbicide. Start the
agitator and add the herbicide to the tank

EXAMPLE:

Add 25 gallons of water to the solution tank,
start agitator, and add 11.4 quarts of her-
bicide. Add more water to bring total vol-
ume up to 40 gallons, Undiluted liquid
herbicide also can be injected into an irri-
gation system.

5. Determine the time reguired for the irr-
gation. This time will be dependent on the
irrigation pumping rate and the character-
istics of the field being irrigated.

Asgsume 4 hours will be required to apply
1.5 inches of water

6. Determine the injection rate by dividing the
total gallons in the tank (Step 4) by the num-
ber of hours required for irmgation {Step 5).

EXAMPLE:

R = 40 gallons _ 1 anh
Injection rate Chous EP

7. Calibrate the delivery rate of the injection
pump to make certain the rate is correct. In
some cases, a constant head siphoning de-
vice can be used instead of an injection
pump to meter the herbicide into the water
SOUTCE.

Calibratirig @ Drip or Trickle System

To calculate the amount of chemical to apply
per acre through a drip system, the lateral move-
ment of water from the emitter must be mea-
sured. But, because the pattern of water
movement is often irregular, it is difficult to cal-
culate the area irrigated.

A more workable method Is to apply solutions
of a known chemical concentration for a definite
period of tme. The amount of chemical in so-
lution is expressed in parts per million (ppm).
For deep rooted perennial crops, for example,
herbicide solutions of 20 to 100 ppm applied tor
2 to 4 hours have controlled weeds selectively,
For selective weed control in annual row crops,
concentrations usually are lower.

To calibrate a drip irrigation system and in-
jection pump (assume that a 20 ppm solution
applied for 4 hours will be needed to control
weeds), do the following:

1. Determine how many gallons of water are



being delivered per hour per acre by the
drip system. Collect the water from 10 ran-
domly selected emitters for a given period.
If a short time period is used, accurate vol-
ume measurements must be made since the
amount of water will be small. Calculate the
average flow per emitter and convert to the
flow rate per hour per emittér. The amount
of water delivered per acre can then be cal-
culated by multiplying the number of emit-
ters/acre by the flow rate.

EXAMPLE:

Average flow for 10 randomly selected emit-
ters was 2 ounces per minute. 2 ounces x
6} minutes = 120 ounces per hour ar about
1 gallon per hour. If there are 1,000 emitters
per acre and each emitter delivers 1 gallon
per hour, the system delivers approxi-
mately 1,000 gallons per hour/acre.

. Determine the weight of the water applied.
Each gallon of water weighs 8.33 pounds.
Multiply the number of gallons delivered
per hour per acre by the drip system (Step
1) by the weight of one gallon of water (8.33
pounds).

EXAMPLE:
1,000 gal/hrs/acre = 8.33 Ibigal
= 8,330 Ib/hriacre

Multiply the weight of the water applied
per hour by the number of hours the system
FLUNS.

EXAMPLE:
#,330 Ibvhrfacre = 4 hrs
= 33,320 Ib/acre of water in 4 hriacre

. Determine the pounds of active herbicide
required. A 20 ]:é{am solution equals 20
pounds of herbicade per 1,000,000 pounds
of water. Multiply the ppm required by the
total weight of the water applied during the
irrigation pericd and then divide by
1,000,000,
=

EXAMPLE:

20 = 33,320
1,000,000

= (.66 pound of active herbicide per acre
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4. Determine the amount of formulated her-

cide required.

EXAMPLE 1:

Herbicide is formulated as 2 pounds active
ingredient per gallon.

(.66 pound

= .33 (1/3) gallon per acre

2 pounds/gallon

EXAMPLE 2:

Herbicide is formulated as a 50% wettable
powder,

0.66 pound

hien = 1.32 pounds per 4 hours

. Partially fill the solution tank with water,

leaving room to add the herbicide. Start the
agitator and add the herbicide to the tank.

EXAMPLE:
Add 15 ns of water, start agitator, and
then add 1/3 gallon (from example 1 in step
4) of herbicide per acre irrgated at one time.
Add more water to bring total volume to
20 gallons.

. Determine injection rate by dividing the to-

tal gallons of solution in the tank (Step 5)
by the hours the drip system runs,

EXAMFPLE:
20 gallons

5 el 5 gallons per hour

, Calibrate the delivery rate of the injection

mp to make certain the rate is correct. [f
the herbicide moves rapidly in the soil, it
is desirable to inject it during the last 4 hours
of irrigation. If the herbicide does not move
readily in the soil, it should be injected ear-
lier in the irrigation.

. Allow the irrigation system to operate for

a sufficient time after the injection is fn-
ished to completely flush the herbicide from
the system. The time required will normally
be a minimum of 15 minutes and may be
as long as 30 minutes.



MANAGEMENT

All irrigation and injection equipment must
be kept in good working order. In addition, in-
structions on chemical labels must be followed
precisely. Most chemical accidents result from
careless practices or lack of knowledge about
safe handling of chemicals. Time spent taking
precautionary safety measures is an investment
in the health and safety of yourself, your family
and others, and in protecting the environment.
[t also helps assure that desired results are
achieved.

Equipment Matntemance amd [nspection

Proper equipment maintenance is necessary
to ensure safe distribution of chemicals, Con-
sequently all hoses, clamps and fittings must be
in good repair. Inspect them before each chem-
igation operation. All components that are in
contact with chemicals, from the supply tank to
the point of injection on the irrgation pipeline,
should be constructed of chemically resistant
materials.

Pericedically monitor the irrigation system and
chemical injection equipment to assure proper
operation, Before chemigating, inspect your
equipment to be certain that the following items
are functioning properly:

« the irrigation system main pipeline check
valve and vacuum relief valve

» the chemical injection line check valve

+ the irrigation system and pumping plant main
contral panel and the chemical injection
pump safety interlock

* the low pressure drain

» the injection system including the in-line
strainer

* the irrigation pump and power source

Rend and Comply With Product Label

If you plan to ags]y a pesticide, always read
the product label before starting to chemigate
and comply with all directions given. Be certain
that;

» the product is labelled for application by
chemigation;

» the crop on which you plan to apply the
pesticide is listed on the label;

» the rate at which the product is applied does

not exceed the quantities or {requency spec-
ified;

»all tems of safety clothing and equipment
specified are used;

« empty pesticide containers are triple rinsed
and disposed of as directed.

Mortiforing

During any chemical application, periodically
monitor the irmgation system and chemical in-
jection equipment to be certain that both are
operating properiy.

Plug First Nozzies on Center Pivots

To facilitate monitoring of the chemigation ap-
eration, the main control panel, water pump,
chemical supply tank, chemical injection pump
and the area around them must be kept free of
chemical contamination. Plugging the nozzle
outlets in the immediate area of this equipment
will significantly reduce the possibility of inad-
vertent exposure to chemical contamination.

Accidental Spills

In case of a chemical spill, regardless of size,
1} avoid personal contamination; 2) take action
to keep potential spill damage to a minimum.

Keep persons — particularly children — away
from spills. Avoid getting the chemical (espe-
cially iF]t ia @ pesticide) on your skin, clothing
or shoes,

Plugging neezles adjacent b pivod point hefps reduce pos-
sible chemical FEPOSUTE.



Confine the spill if possible. If it starts to
spread, dike it with soil or sand. Avoid letting
chemical flow away from the gpill site into any
surface waber source. Special precautions, such
as removing the contaminated soil may be nec-
essary to prevent ground water contamination.

Laws in some areas require that regulatory
officials be notified in the event of a spill. If water
contamination is suspected, notify state health
and water quality officials. These officials may
have suggestions and/or réquirements for as-
sisting in cleaning up a spill.

Nonfarget Application

End gun shutoffs that fail to function and un-
favorable weather conditions are among the
common sources of nontarget or off-target ap-
plications. End gun operations must be moni-
tored bo be certain that they do not operate over
roadways or across fence lines

Spray from continuous move frrigation sys-
tems can be carmed considerable distances by
wind. Drift can result in violations of the law for
misapplication of a pesticide and illegal pesticide
residues in or on a crop. It also can damage your
own nontarget crops or a neighbor's.

Wind variation also can have a detrimental
effect on semi-permanent sprinkler systems such
as wheel lines, hand lines, and zolid set lines,
To minimize problems associated with wind dnf,
these steps can be taken:

» avoid use when winds are great enough to
cause significant drift

» space the sprinklers and lines more closely
together, if possible

+ operate at night when winds are relatively
calm

Application fo Surface Wirter

Do not use chemigation on fields with per-
manent or ﬁE]‘.I'I.I.—FEI_Tnﬂ]‘I ent surface waler aréas,
Such application may adversely affect wildlife,
non-target plants and animals, or ground water

quality.

Runoff — Deep Percolabion

The irrigation system should be managed so
that runoff or deep percolation of the water-
chemical mixture does not occur. If runoff does
occur within the feld, precautions should be
taken to prevent runcff from leaving the field
when chemical is being applied. With a given
sprinkler package on a center pivot, reducing

e e

Wearing prescriped safety clothing and equipment reduces
aocident potential.

the application size by making a faster revolu-

tion will reduce the potential for runoff and deep
percolation. Good irfigation management prac-

tices must be used throughout the entire irri-
gation season to avoid movement of water below
the crop root zone and the potential for chemical
leaching,

Flushing Infection Equipment

To prevent accumulation of precipitates in the
injection equipment, flush the injection system
with clean water after use. [t is best to flush the
injection system while the jrrigation system is
operating so that the water used for cleaning
will be applied to the field where the chemiga-
tion application was made.

Flushing [rrigation System

After injection is completed, operate the irri-
gation pump for at least 10 minutes to flush the
irrigation system of any chemical. Some sys-
tems, especm[ly drip systems, may take | ‘onger
than 10 minutes to completely flush, If the ir-
rigation system was shut down automatically,
flush the system as quickly as possible after the
shutdown is discovered, and extend the flush-
ing period to a minimum of 30 minutes.

Protective Clothing and Equipntent

Because of the toxicity of many agricultural
chemicals, pesticides in particular, they are po-
tentially atangemus to people. Pesticide product
labels have “'signal” words that clearly indicate
the degree of toxicity — and the degree of risk
to the user — associated with that product. Pes-
Heides labeled CAUTION are slightly toxic; an



ounce to more than a pint, if taken orally, would
kill the average human adult. Those labeled
WARNING are moderately toxic; a teaspoonful
to a tablespoonful would be fatal to the average
adult. Pesticides labeled DAMGER include the
skull and crossbones symbol and are highly toxic;
a teaspoonful or less would be fatal.

There are three ways that chemicals can enter
the human body:

1. through the mouth {orally)
2. by absorption through the skin {dermally)
3. by breathing into the lungs (inhalation)

Along with the signal words, pesticide prod-
uct labels also include “route of entry state-
ments” and statements of specific actions a user
must take to avoid exposure.

The route of entry statements indicate the out-
come from product exposure. For example, a
pesticide label might read, “Poisonous if swal-
lowed, inhaled, or absorbed through the skin.
Rapidly absorbed through the skin and eves.”
This tells the user that this pesticide is a potential
hazard through all three routes of entry, and
that skin and eye contact are particularly haz-
ardous.

The specific action statements normally follow
the route of entry statements and indicate what
must be done to prevent poisoning accidents. In
the case of the pesticide mentioned abuve, the
statement might read, “Do not get in eyes, on
skin, or on clothing, Do not breathe spray mist.”

Regardless of their relative toxicity, all EEEH-
cides should be used carefully. Before handling,
mixing, loading, or applying any pesticide, read
label directions thoroughly. If the label calls for
use of protective clothing or equipment or bath,
comply fully with those directions.

The t}rj:e of protective clothing and :-:iu:ipment
needed depends on both the toxicity of the pes-
ticide and the type of formulation. Some labels
state that specific items of clothing, equipment,
and footwear must be used. [ném'i_h iltﬂmncehs,
the applicatoris | ¥ responsible for using the
usmﬂafeef appai-lfll-.u bﬂ'l.i:.l:!-?'l:‘i'l.t'f:r' no slateﬁ'lent
at all. In general, the more toxic the pesticide,
the greater the need to use protective clothing
and/or equipment.

When a pesticide label does not give specific
instructions regarding proper protective cloth-
ing, wear at least a long-sleeved shirt and long-
legged trousers, or coveralls that fully cover your
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arms and legs. Disposable coveralls are available
that provide adequate protection.

Shoes and socks also should be worn, Avoid
sandals, thongs, and cloth or canvas shoes.
Leather shoes are suitable with most pesticides.
However, since leather absorbs liquids, rubber
boots should be worn while working with highly
toxic pestiddes (signal word DANGER), and
when there will be prolonged exposure to any
pesticide spray.

When mixing and loading concentrates, es-
pecially those that are highly toxic, you should
also wear a neoprene liquid proof apron

Protection for vour head is also advisable and
in some cases is specifically required, In general,
a wide brimmed, easily cle hat that will keep

esticides away from the neck, eyes, mouth and
e is adequate. Avoid hats with cloth or leather
sweat bands as these will absorb pesticides. La-
bels that specify use of headgear are usuaily
found on highly toxic liquid concentrates. Wear
a waterproof hood or plastic hardhat with a plas-
tic sweatband when working with these pesti-
cides.

Pesticides can cause eye damage and are read-
ily absorbed through the eyes. Precautionary
statements on liquid pesticide labels having the
51 words WARNIMG and DAMNGER gener-
ally specify that eye protection be used. Use gog-
gles or a face shield whenever such a statement
is found on the label.

Gloves are also needed for handling pesti-
ddes. Unlined, liguid-proof necprene or rubber
gloves with tops that extend well up on the
forearm are best. Avoid lined gloves because the
lining can absorb the chemicals and is hard to
clean, In most cases, wear gloves under shirt
sleeves to prevent pesticide from leaking into
the glove.

Reentering Treated Areas

In general, fields that have been chemigated
with pesticide should not be reentered until spray
has dried. A spedfic waiting period may be spec-
ified on the container label of some products. In
such cases, applicators have a legal obligation to
prevent unau i entry into treated areas.
To discourage such unauthorized entry, appli-
cators may be required to post treated felds. The
U.5. Environmental Protection Agency (EPA)
may revise its label requirements to include more
restrictive provisions on posting chemigated
fields. In addition, some states have passed
chemigation laws containing posting provisions
that may be more rigid than those of EPA, Fail-



ure to properly post a chemigated field can result
in prosecution of the applicator. Betore chemi-
gating, therefore, carefully read the product la-
bel and comply with posting requirements that
may be specified. Check with the pesticide reg-
ulatory authorty in vour state to be certain that
vou are in compliance with applicable state laws
and regulations.

DripTrickle Procedures

Since clogging is by far the most commonly
encountered problem in drip irrigation, it is im-
portant that the chemicals applied do not clog
the system. To avoid clogging, the following
guidelines should be followed.

* The chemicals must be reasonably soluble.

* If more than one chemical is used in pre-
paring a stock solution, they rmust not oeact
with one another and form a precipitate (de-
posit}).

¢ The chemicals must not be harmbul to irm-
gation system components.

* The chemical injection point should be lo-
cated upstream of the filter so that any pre-
cipitates or impurities will be removed, Since
water sources and contents vary, it is rec-
ommended that a compatibility test be per-
tormed before injecting any chemical into a
drip irrigation system.



DETERMINE IRRIGATED ACREAGE

Formulas for calculating acreages In fields and 4, Area of a part circle
zegments are shown balow:
Area = (RIxT’ | x = R

1. Area of a square = L® (360)*

“L" Is the length In feet of one side of the if A = 1300 & ==270°"

T Area = (13007 x 3.14) x 270"
IfL = 2840° ¥ = 3,981,268 ft? 360"

L* = 2600 x 2640 L

Area = B 969,600 sq. ft.
Acres = 5,969,600 ft* = 180 acres

“43 560 ft. sq.
*One (1) Acre = 43,560 ft

Acres = 3,981,968 " — 94 41 acres
43,560 ¥

== = number of degrees, measured with a
protraclor

Acras = ”-;—
43,560 . =q.
e e e e

5. Area of a triangle
2. Area of a rectangular field. (&)

Area = HxL
Area = LixL: 2
Area = 2640 x 5280
R 00 It H = 1300 ft.
Acres = 13,939,200 sq. ft. = 320 acres % L = 1900 ft.
A= Area = (1300) (1900) — 1,235 0oo fi:
" i 2 Acres = 1,235,000 = 24
Li = 1,235,000 ft 43560
. “H" is tha same as system length and is equal
|'—'I_-¢—| to the “radius"
“L" is length of the base in the triangle
— —

MOTE: To calculate (estimate) the acreage included

in & very Irregularly shaped area irrigated by

3. Area of a circle a comer system, draw a straight line or a cir-
cular arc that will most nearly provide an

Area = R* xTr “average” boundary.

it R = 1300
A = 13007 x 3.14
= 5,308,291 75’%‘7%
Acres = 5.309,291 89, ft. _ 12188 acres
43,560 sq. 1L

On the following page you will find several

( 1 = 3.7416) typical examples incorporating the above
segment formulas into whole field average
calculalions,

Copwighl 1985

Vairmont Indusines, Inc,
Aeprnied by permEason
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PESTICIDE EMERGENCY
INFORMATION

(Please post in an appropriate place)

For any type of emergency involving a pesticide, the following
Emergency Information Centers should be contacted immediately for
assistance. This Cooperative Extension Service Bulletin is the latest
information available as of July (987, and replaces all previous listings

of similar information.

HUMAN PESTICIDE

POISONING

Eastern Half of Michigan
within the Detroit City proper

*(313) 745-5711

within the 313 area code

*(800) 462-6642

statewide

*(800) 572-1655

Poisan Control Canper
Chiidren's Hospital of Michigan
2900 Beoubien

Deetrait, M 4820/

Western Half of Michigan
within the Grand Rapids City proper
%(616) 774-7854

within the 616 area code

#(800) 442-4571

statewide

*(800) 632-2727

Blodgetr Repional Poison Center
Bladgett Memorial Medical Center
{ 340 Wealthy, 5.E.

Gramd Rapids, M) #6504

Upper Peninsula of Michigan
within the Marquette City proper
%(906) 225-3497

Upper Peninsula only
*(800) 562-9781

LILP. Poison Controd Center
Margueits General Hospliol
420 West Mogretic Street
Marquers, M1 45855

SPECIAL PESTICIDE
EMERGENCIES

Animal Poisoning
Your Persanal Veterinarian
( —) ?
and/or

Animal Health Diagneste Laboracory
Michigan Srate University

(517) 353-1683

Pesticide Fire
Local Fire Department
( ) -
and

Fire Marshal Division, Michigan State Police
{Lacal authorities will assist in contacting che State Fire Marshal)

Traffic Accident

Local Palice Department ar Sheriff's Department
( ) s

L

and
Motor Carrier Division, Michigan State Police

=

Environmental Pollution

Paollution Emergency Alerting System (PEAS)
Michigan Department of Matural Resources

*(800) 292-4706

Pesticide Use Incident

Pesticides & Plant Pest Management Division
Michigan Department of Agriculcure

(517) 373-1087

* Telephone Number Operated 14 Hours




