Ty , . DOCUBENT RESUME

ﬂ. .i;f i o ‘ i "
© ED 158 988 v B _ . . 'SE 024 683
AUTHOR " Exdmann, u. H.. And Others - ' ¢
TITLE .Safe, Effective Use of Pesticides, A Manual for
o Commercial Applicatoers: Field Crop Pest Control.
INSTITUTION Exten51on Service (DOA), Washington, D.C.; Michigan
) : State Univ., East Lan51ng Cooperative. Extension N
o, . Service, & ' ‘
HFREPORT NO - MSU- EB-E-1032-1A3 : '
PUB DATE R Apr 77
NOTE - 44p.; For related documents, see SE 024 681- -693 and
’ ED 152 516-517 ,
Ry, .
EDRS PRICE MF-$0.83 HC-$2. 06 Plus Postage.
DESCRIPTOﬂI *Agrlcultural Productlon'*Botany. *Certlflcatlon.
X Entomology.,*Instructlonal Materials; #*Pesticidesy
: . Post Secondary Education; *Safety; Weeds
-IDENTIFIERS Michigan; *Pest Control : (
ABSTRACT .

' This manual is intefded to a551st pest1c1de
applicators to meet the requirements for certification under the ¢
Michigan Pesticide Contvol Acﬂgbf 1976. The Frimary focus of this
publication is an field crop pedst control. The five sections *

presented ‘describe: (1) Field crop pests; (2) Usi g pe=t1c1des—fﬁ/
field crops; (3) Weed pests of fagld crops; (u4) Dﬁseag//control for
field crops; -and (5) Insect pests®of field crops.' A 1ist of self-help °
guest"ons»an% instructions for completing the questions are preéented

at thg end of each sectlon. (HM)

°

- -
¢ y i
Ve -
/ , . .
N~ % - | ’
AR
. ) ' / S
] . f'
. 5

L]

. » ’ -
******ﬂ*******************************************#********************

* ° Reproductions supplied by EDRS are the best that can be made *

iy grom the orlglnaf‘document. *
***********************************************************************




988

€D158

™ ) \ -~
) us o!';nw\z}n OF HEALTH, . / : N . .
N ) .
Lo, e e Field Crop Pest Control
o I - -

Lon -7 -
N Ll .

‘
D
. .
'

Y
EDUCAYION & WELFARE ° -*
NATIONAL'INSTVITUTE OF

!q\qcu;on

Tw

THE PERSON OR ORGANIZATION ORIGIN-
ATING IT POINTS OF VIEW OR OPINIONS
STATED DO NOY NECESSARILY REPRE-

SENTOFFICIAL NATIONAL INSTITUTEOQF ¢

- EDUCATION POSITION OR POLICY \ P ;{
| —_—— v/re
| A XV
1‘( ) 4
‘Extension Bulletin E-1032-1A3, Aprll 1977 '
COOPERATIVE EXTENSION SERVICE

MICHIGAN STATE UNIVERSITY ‘ ""‘":‘v 2, P

o~

'SAFE, EFFECTIVE USE OF PESTICIDES
. MANUAL‘FOR OMMERCIAL AP!’LICATORS




PREFACE

~

This\manual is intended to assist pesticide’applicators to meet the
requirements for certification:under the Michigan Pesticide Control Act, of - ,
1976. ,The manual was prepared by M. H. Erdmann, F. F. Laemmlen and o
R. F. Ruppel of Michigan State University. ’ .

\

each section. If you encounter difficulties-in using the
sult your county agrjcultural extens'ion agent or representative
re fo% assistance.

are at the e
manual, pleast
of the Michigan Department of/Agricul

A list of Zelf help questions and in'structions for completing the questions

s

1. Find a plac¥® and ime for study where you will not be disturbed
2. ' manual through once to understand the scope and form of

3. Then study one section of the manual at a time. You may want to underline
importane points in the manual or take written.notes as you study the section.

4. :Answer, in wrifing,the self- -help questions at the end of each section.

,/(.Jgstructlons on how to use-the self-help questions in your study are included

d with the questions. These questions are intended to aid you in your study
and to help you eva&hate your knowledge of  the subject. . As such, they are an
important part of your study. — * )

5." Reread the entire manual once again when you have finished studying all of
its nine seftions. Review with care any sectionms that you feel ‘you do not

fully understand.

-

This manual is<inténded to help you use pesticides effectively and safely
when they are needed. We hope that you will review it ocdasionally to keep the

material fresh in.your mind
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\\ﬁ’é? er half of. Michigan s farm income is derive from dairy and other lfvé—
:ortance among field crops,

stpc This makes feeds and forages of special i
// or n for- grain or silage, not surprisingly, is f1i st in acreage and valde among .
_czpps in the state. Hay (alfalfa, clover, grass s,‘and trefoil) is second to

r

ost widely planted crop in the
Ve

'state. Feed barley atteage is small, but important on some operations, ahdhwe

even have a few fields of speltz.- Sorghum, Sudan, and other grass forages “have

.corn, and oats, whilé lower in acreage, is the

has been increasing'in_the past
* g ’

never been'widely planted. "The use of'so{ghu

"

- . B v ¥ .
- few years, however, in some southern counties

\

Much of Mlchigan s crops, including fee grains and some hay, is sold off

t

the farmpf/Wheat isajaf,bigg§8t'of these cas crops. Soft white winter fwheat

is the type.most widel planted. Thexe is s me‘soft red winter wheat and even
a very small acreage of spring)wheat. Soybe ns in the southern'couﬁlies and dry '
beans (especially the familiar white navy bean) and sugarbeets in the Thumb and
Sag1naw Valley are very important to the stake 's economy. Malt’ng/harley, rye,

mint, popcorn, and cloverseed are, gfown as g ecial.\rops and thehb are scattered

|

, . | N

The diversity of the crops reflects the diversity of Michigan\s 'soils and
\

o

climates. Glaciers that once covered the stiate and left a bewildering/mosaic of

fields of buckwheat and sunfl&wers.

vary1ng depths. of variable soil materials behind as they retreated caused the
variability of our soi1s. Michigan is locat d in the center of the Nofth American
land mass. This gives us a highlyy changeabl c/ptinen al climatel The Great Lakes,
also relics of the gliciers, Ehatygurround us with thelr waters modifies the '
severity of the weather. Crops can be extended northward along theglakeSnin

.

Michigan. r o o




;‘éieldvcrops are'planted everywhere in the state. Most of the state's.
: agriculture, however, is located in the southern half of the lower peninsula.
This is also the axea of greatest population and industry. One‘pesult of this

has been that a majér share of our field crops, especially cash crops, a;e

s

produced by part time farmers whoalso work in industry. Further complications are
~ the’ important water resources and tourist-recreation industry in the state. The 'g

tourist industry, along with the general public, is very much concerned with

.\‘/

pollution;free'surroundings, and especially clean water. We must be;surg that

7our crop prote;%ion measures do not_contribute to pollution here in Michigan. BN

Michigan has about 6.5 million acres of field crops. 'These are produced on
,about 70,000 farms distributed over the state. The diwersity of crops, soils,
weather, and farm operations, together with the mixture of agriculture with
'population, industry, and tourism(makes pest control in our field crops complex.
We must protect our crops’from the pests. \Eu;, we must fit our control measures
to the specific operations and surroundings if we are to achieve the maxipum

.effectiveness with the maximum sathy. ‘ ) ¢ {A _\

I : ' : .

v

& B CROP PQOTECTI(”)N

-

_ There is also a diversity of pests that. can reduce yields and quality of our
field crops. Weeds, diseases, nematodes, birds, slugs, and insects all attack

-~
these ;&wps. These can be found in nearly all of our fields every year. Field

<

crops are usually vigoroﬁs enough to tolerate some damage from these-pests.
. o

‘Superficial damage or thepresence of the pests themselves/pn the crop can be
tolerated in field crops much more than in fruits or vegetables, for examples. The
pests are of importance only when they threaten to lower the yield or quality

enough to Justify ‘their control.

The point at which the numbers of a pest .are large enough to&be cons:dered
- a threat, is called the "economic level." - This level will change with eachape t\‘~~
and crop. It will also/changevwith ‘stage of crop growth weather, and with the_
'importance of the crop to the individuaa farm operation. 'The idea of crop -
protection is to keep the pest numbers below this economic level. ,We do not need
to eliminate all of the pests; just to keep them at less thah this damaging *
nuber. /“\\' AR | | v
] | J :
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/Some pests, especially insects and diseases can increase rapidly wyth *

weather that is favorable to them. We must stay constan®ly alert of the pests

if we are to control thembsatisfactorily. Io do this we must know: |,
: ' n

F’

e how to identify the.pests and their damage, .
e when they. need control; that is to /know the economic level f:B that pest;

e the stages of developmdht of the,pest most susceptible to control and the
. time of year pr stage of crop owth'théifthe susceptible pest stages occur

2

e the methods that are best for their control under these Specific circumstances.

-~ )

Information on pests and“their control is available from the variety of
sources; books, maga21nes and even pesticide company brochures. Your County
Agricultural Extension Agent can help you both by supplying literature as well %\
@s by identifyingandadvisingson the control of ‘the. pests. Experience is still
the best teacher The pests are usually always present 1n<small numbers in our
fields and need control during - some years in our own- orfin nearby fields Time -
spent to actually see the pest and various meansuof controlling it in the field
is a good inves&ment. ' T P 'f\ LS . o=

. J&e need this knowledge of the pest to enable us to: obtain good control v.Of
vequal 1mportance is our need to keep informed of the pests in our own fields
what they are where they are, aad whether they need control or not. Alerts of
the general threataaf/pests can be received from the County Agricultural Extension
'Agents Pests, and especially weeds, rarely. threaten every field in an area. We
must check oug own fields regularly for the peStﬁu this 1s the. only way that we _
'Will kpow if they threaten our own fields. A good prdctice is to check for the ™ '«
lpests every time that you go through yoﬁ?\figﬁds. Remember that crop protection .
mean's preventing damage. We mist stay alert’ ﬁb the pests that damage " ‘our crops <

and corftrol them before the damage is done. - » w , '

. .v L
3 M N ’ . »
3 v

> * . . . 'E
METHODS OF CROP PRQ;I‘ECTION o '
. .ote
There is no s1nglebe3tmethod for pr tecting crops from pests. That is
especially true with the diversity of crops,, pests, and all that we have in )

-

Michigan. C.op protection should be cons1dered an integral part of the oyerall

g
farm operatJ%p This is<9bvious for weed control in. field crops but is also

true for all of the other pests. Crop protection methods have been divided in |

g . Pl
7’ T ,
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to classes, such as biological qr chemical control:i and we will so discuzs
them here. Pest control specialist recently have been integrating these
separate'methods,with overall farm opelations into a total program for «crop
protection. This "pest managefient' approach has been started here in Michigan, and

. you will hear more about it as the work progresses. B L

While we do not think of them as such, legal controls contribute to the
protection of our crops. Quarantines that prevent ‘the introduction of new pests

are, especially important. We become awane_of their importance, however, only wﬁen

(BN

some foreign pests, such as the cereal leaf beetle or alfalfa weevil, slip through

. e )
to plague us. Seed certification programs that assure us of seed free of~diseases,“
" such as bacterial. blight of'beans, also contribute to clean fields’ Pesticide "

gegulations such as those forbiding the use of volatile weed killers near

. sensitive crops also help in keeping our crops safe. 5
r . - . L - N

There are a variety of cultural controls, usually si/ple good farming practices,
Ny

\

\that aid in suppressing pests. Good drainage, land leveling, ‘}ed fertilization,
and ‘planting that will give vigorous plants'%hat can tolerate~some Best damaé\\as
well as give us.increased yields.: Sound rdtation of crops can also reduce or even

.eluminate some pests. A fbur year rotationsof sugarbeets w1th othér cleaﬁ~~ .

culkivated crops will reduce the problem with sugarbeet cyst nematode, for example.

Some farm opera ions are altered specifically to control pests. The most Y
obvious of bhese is Z:%tivation to control weeds in our fields. The planting of‘ /
that after the Hessian fly- free date'(that is, after the flies cease ‘activity ’/
in the fall) practicaIly eliminates the Hessian fly as a pasf’ Have you thought/”
;of drying grains for. storage as L dhst control measure” It is. Drying- gra1ns
prevents growth of molds and reduces the dangers’ of insect attack Cutting of
alfalfa in the early flowering stage 1§ practiced as a means "of reducipg alfalfa,

§ . . .
we=vi1 losses on many farms. o 't. ' . ‘mmm,n T /-

> ; . /
Many pests survive or hide in plant debris, weedy spots, ‘or trash and other N

places and serveags Tseed™ populations for these pests.{Sapitation, keeping the
area clean is a goed means of reducing such peské Stored.grain insects are

no1orious for increasing in trash, old stocks of grain, or even bags of old seed
/and then infesting the new grain broyght to the storjfe area. Weedy margins of .

Efields or weed patches’in the fteld are sources of weged pests and can harbor
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plant'diseases or insects. Stalk rots d{ corn’ are carried over winter on

-

—

' stubble left in the field. In all of these cases and many more, reasonable =

sanitation can reduce our problems with the pests.

‘Not all varieties oﬁba crop are equally susceptible to damage hy pests. The
‘use of less susceptible, or rESistant& varieties is’ an excellent means of reducing
pest damage. The recent outbreak of squthern corn leaf blight was brought about
by an intensive planting of susceptible corns, and was controlled by neturning

to more resistant hybrids. Resistant varieties fox many plant diseases have been

. developed and _diseasé contrGl in many field ctops is based on their use., - 'f

diseases) can Eol

Resistance to some insects, while not as common as for diseases ig ‘also known.

Most of our better corn hybrids have resistance to the first gener tion:Furopean
e

corn, borer built into them, for example. It makes 'good sense to use sistant,

0

rather than a susceptible, variety wheneverApractical Your seedsman or County

Agricultural Extension Agent can_help you pick resistant varieties for your use.

' Pests are st ngly influenced by the weather, dJther organisms, and ~other
e‘ements in their” rroundings./ The pest can increase rapidly when the conditions
are right ‘and barel survive under adverse conditions. Moisture is needed before
spores of some fungus diseases are released, [for example, and a dry spell at the
Acritical time for spore release can cqyse a complete co%trol of \the disease caused
by the fungus. ﬂztural enemies of ﬁ;%ect pests. (the:;ipredato 5, parasites, and )

keep the insects at less than d ng mimbers. These

!

! ,_—/7
environmental, or natural, c ntrols are nok manipulated by man) but they are
extremely 1mpor ‘ant in det ining . the severlty of our gests. ; ) ' T\Y\\

LAY

v While we camnot control the weather, we can manipulate the organisms in our

) ; > . ~ ~ _, : .
, fields to ‘increase their Q£fi€iency in crop protection. Thid is called bickgical k

control and is. important with insect pests. Wasp-{ike parasites of e alfalf
Al

\weevil and cereal leaf beetle have_been brought ' from Europe, the homeland of\ he

pests and released here in Michigan The, parasites have es

lishﬁd themselvps
nagigg, :should reducelthese pests to v

on-damaging levels in

.and, with?care i

the near future. ;will-see more use “of biological ntrols as_the pestfmanage—
'protection-is developed . ) B e

X4

ment approach to cro
s ¥

Legal, cultural natural, and %iologicaiyrontrols and thb use of resistant

varieties® and sanitation practices should begbur first lrne of defbnse against
7 .

pests, It simply makes good sense to\make use of these confrol measures to reduce .

. s, ) : - K .
s S Y *T‘ : C ~ ,< . . | .-
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'pest“problems with _,ttle additional costs %é effort. Their u:f, alone or in

combination, will depend on Bur special situation. We should onsider them as ;"ﬁ

carefully as we d our other farm operatibns ahd’/pke them ‘a pﬂrt of our routine

practices wlkere they will fit \ R : . ‘

Chemical controls . the use of pesticides to protect our crops, is our

\final aﬂternative for crop perection The_use of pesticides is~being roundly' ]
criticized as endangering man and his .environment. There is a base for part of
this c;iticlsm and regulations,_such as that requiring certification of all users
of ghe_mhre,hazardous pésticides, are being tightened to reduce the haaards '
associated with pesticide use. Pestici;es'are‘readily adaptable to many %ituationsﬁ
Ppredictable in their results, and often the only control measure known for many

pests Weeds can be controlled by cul{ivation rather than weed killers, for example

but the costs in laborandmachinery ma

~

e cult1vationﬂpractically unthinkable in
many crops. ‘ : . o B f' . ' .
Pesticides are widely dged,gb field crops They are of great benefit, but (
thei use must be well planned and carefully done for. complete effectiveness and
safe?y The p01nts to consider in plannlng for protection, of f1eld crops are %“’Lf
outlined im—this manual. The d1scussion is of a general nature and no. attempt is-
made to cover the many spec1al si uations cgused by our, diverse conditlons You 4 (
. ark urged to analyze your own,s ecial bperaj:on surroundings{ and pe§ts and

select the progrhm that will be most sat1sfacfory for you, S ‘ ST
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] " SELF-HELP QUESTIONS ' . 7 ..% .. SRR
/‘ N . " ] S . “' " o e . ,'h - A, o »

Now that you have studied this section, answer the following questions.’ 1

Write the swers .with pencil without referring. back to ‘the’ text. When you -are
satisfiec(a:th your written answers, ‘see if they are correct. by checking them with .-

~ the text Erase your answer and write in- the covrect answer if. your first ™ .
answer is wrong. Note that'these que tions are hot necessarily those that -are
used in the certification examinatiqn.' v : . 2 it

o P . -
J . 4’7 . . K . . ' . ' _ j.v"., :;,'/ . )‘ -. 3 - l.
1. What afe some of_Michigan}s'princip e-field crops?’ -~ % =
' o J‘»,: . . ’ ‘) ‘
2. Why are Michigan's soils so variable £

3. How does the tourist industry affect pest control in field/crops?

5., What are. some sources of 1n£ormation on pests’ and their cOntrol9
. I's "J’ o s
5 1“‘ N ,/ . .7 »
v . , E .
. ) e ¢ % -
' S vTe v E S
. 6. How can we know what pésts threaten ‘our own fields7f'“" ‘
) T S R } T e
’ 3 P TR :
) i . . . '.;‘ 4 . ‘_»‘v o » - ) . ) ' "f ~ ! ] ‘ . . . ",‘ ‘ ) ‘)-‘.'v
-7. - Name some types of legal controls of'jﬁftsti . 'i'h ) - . E
“ <1 a : S . } Ry '
8. Ngge)some cultural controls forﬂideldrcrop pests. Y ' » e
PR : o 'f . . . \ - . -
-~ \ - , - . - . . L ~
9. How can sanitation redyce pest problems? 4 - ? ‘ T .
’ 2 i . ) . ' v~ . . . . - / R P
. T . J . -, . . _
. " P - . -~ ' AN -
10. Where can’ you obtagn information on varieties of crops thdt are resistant
to pegts? - : L ¢ .
. A - . _
) ad s \,
v T s )-/,,/
. - - - '\11 "~ w R
R | . -
Q )
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11. ,'.Wha't"ié ﬁie'_épt;‘b’y, biological control? -
; T .
L e e

12. “Why are chemicals used'to ‘control pgé'ts?,
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U- T USING PESTICIDES IN FIELD CROPS : ‘ o

.. . ,
Selectingfthe Pesticide

The first step in chemical control is alwq@s to identify the pest When_
‘the pest is known, the next ‘step is to select the pesticide to be used in its

- control. Pesticides are often highly selective. A pesticide may be excellent
for controlling one pest, .but may be ineffectual”agains n a second, closely
related pest. Be sure of the exact identification}/aﬁd%::Z: be sure that the

pesticide you choose will control that pest.

—

. Your County Agricultural Extens1on Agent or pestﬂﬂide dealer can advise you
on the pest 8 identiflcation and avdilable pesticides for its control. The label
of the pesticide that you will use should be checked, however, to be sure that
the specific{pesticide is registered for use against that specific pest in the

specific crop that you will need

'“f The 1abel W1ll also give the amount of th@ pesticide and the time and
W the pesticide can be applied These points should be followed

number of times ¢t

exactly to avoid uﬂ Q-osing with resulting poor control, overdoéing with the chance

' of leaving an excess residue on the crop, or applying at a time when the pesticide

is ineffective ‘or damaging to the crop. ' 3

The precautions given on the label should also'be carefully readl They will

give you instructions on any danger of injuring.the crop, pPhytotoxicity, and how

it can be avoided. They will also indicate mixtures with: other chemicals or

pesticides that are effective (compatible) and mixtures that should be- avoided
‘Somgp\esticddes will Yeave a residue (or ' 'carryover") in the soil. that could
injure subsequent crops. The label instructions will indicate the crops tyat can

be safely planted if danger of soil residue exists

The diversity;of agriculture in Michigan puts‘some~constraints on the

pesticides that canbe employed.‘ You should consider the‘rotation practice in

R 13
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—_— _
the field to' be sprayed and the surroundings of the field before selecting the

pesticide. - Highly toxic mater1ak§1Pust be avoided in areas near homes where
people could bé exposed to them. Pers1stent materials that cpuld contaminate our
waters or leave residues in the soil that could interfere with later’ crops should
"be avoidednwhenfvertpossible. Honeybees are very important as ppllinators of

Pesticides should be used with special care to, avoid endangering

Michigan's crops

our honeybees.
N , : : : . ' *

b =

Equipment and Application ot i .

The formulation of the pesticide used and the type ofﬂapplication_will
determine the equ1pment needed for application Not ‘all formulations can be mixedu
w1th water for spraying. Be sure that the formulation'that‘you buy. is the proper
‘one for your use. Check the instructions on the label _to be sure that you have

the proper equipmen& for the spdcific use intended.

There are segeral common ty es of applications used in field crops:

e Seed b%eatment——pesticiaes applied to the seed to'protect thé seed or seedling

from pests. : - . : L s
R o
e In-furrow applications—pesticides applied as a narrow row into the soil

through a hollow shank.

e Barid application—pesticides applied only over the row leaving some space L

between the rowswuntreated.

o Diredted_application——pesticides applied only to one area of the crop;

this is done to avoid injuring the crop'or to concentrate the pesticide on

the area infested by.the pest.
; Spot applications——pesticides applied only ‘to areas of the field infested hy'
the pest. o | » - P 4
e Broadcast applications—Qpesticides applied to cover the entire field.

Coverage, the density’and distribution of the pesticide after application,

is very important in pest control. Coarse granules thatlleave\large spaces

=8
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between them are adequate for céptrol of ‘some insects, such as cutworms,.that
_move extensively Full coverage that leaves nearly an un1nterrupted Gover of
pesticide .may be needeéd for other pestsy Coverage wi\h sprays is determined by
droplet size and the amount of finished spray applied pe: acre.” Fine droplets
applied at high rates will give the most complete coverage, while coarse droplets
‘at lowlrates will giVe morelscattered:coverage.' The pesticide'must be applied to
the proper place to control the pest Drops, exten91ons hanging down from’ the
boom to place the nozzles to the side of the°plants, may be needed to assure coverage

of the underside: of the leaves for the control of certain pests.

il

One of the most important factors in the effective use of pest1cide€ gs
accurate calibratlon——determining the amount of spray material applied per acve.
% -

A range of 15- to 60 gallons per acre at a pressu of 20 to 60 pounds per square
the boom height and nozzle -

»

ingh is satisfactory for most field crops. Adju
spacing-so that thespray is applied where_it should be. For broadcast spraying
;;}Aé 80 gegree nozzles,'the nozzles are placed about 18 to 20 inches:apart on

boom - and 18 to 20 inches from the sprayed surface A good way to calibrate-a

’

'sprayer is to

o‘Fill'thevspray tank with water only. . .
® Spray“avmeasured area, in a'field if possible, at a fixed tractorrspeed ’

and pressure—gauge setting. Be sure to allow for partial coverage if bands - jﬁ/ﬁ

'are used. . - * .

. . ! . y
(

I

) Megsuremthe amount of . water needed to refill the tank.

e Divide this amount by thé fraction of an acre sprayed to get the gaﬂlons

L

applied’per acre. | : Lo ’
e Mix the amount of chemical desired per acre with water to give this 'much . .
' ' v - s
* spray material. -,,. W
\/

For example, if ten gallons were applied on one- fourth acre, the volume of
_spray materfal applied would be 40 gallons per acte, Check the actual gallonage
applied frequently as ,you spray to be sure of your calibration. If you change
the tractor speed or pressure setting, nozzle size or number of nozzles the
amount of liquid applied per acre will be different and’ recalibratlon will be

" ¢

necessary.

[

ey
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The pesticides are co?monly applied at §everal different times im fié~d
crops:, s o _ o - R
. -,'1 o T . ." R
] Seed treatment——applied before planting as slurries or. dust or’ applied { e

Foa <«

‘at plantlng as planter—box treatments. f@' ‘ - s L

~

L

] Pre—plant application——applied‘to the soil before planting,)prerplant

applicatlons may require incorporation into the soil before planting or be . ,

simply left on the soil sur;ace.

B ;
¢ .Planting application——applying/ﬁo the soil at planting time, planting
A
. time pesticides may require some iné9rporation or covering following
application,-or simply be left on w e $urface of the’soil
\

® Pre-emergence appﬂlcations——applylng to the soil after plantingibum before

the seedlings have emerged from the soil.

o_yost—emergenCe'(or foliage9 plication——applying to the plants or

.as directed sprays around the plants after they have emerged

s

' The optlmum tqme to apply the pesticides will depend on the(Pest, the" crop,
and the weather. Many pests are susceptible only at certain stages of. their
development., ‘Many fungal d1seases can .be controilled, for example, only as their
spores are germinating. .This means that the funi&cide must. be on the,leaf before
the spore\arrives. Similarly, boring insects must be killed before they reach the
security from contact with .the insecticide within the stalk or 1eaf Be ‘sure
Ehat you understand the life cycles -of the -pest and know when the mpst susceptgble
, Stages will be present so that you can properly time your application. Timing can

4

be critical for the control of many pests. o0 L

Weather .can affect'the pesticide, the’pest, and the cr0p.' Some weed killers
are effective eonly if soil moisture is sufficiently. high to allow weed seed

germination shortly after the herbicide 1s applied - Cool weather can ‘reduce

the activ1ty of insects and, _thusf their conﬁact with insecticides.”_The

presence oﬁ free water as’ dew or ain s needed for the germination of some
disease Sp, res. Heat and high moisture .can cause volatization or decomposition of
csome‘pestigiggs and high winds:can cause poor coverage or drift of the pestici%e

iout .of the field.a_rour knowledge of the/factors influencing the effectiveness

of;the pesticide should be wused in determining when -they should be applied. }

*

)

S~ ']-E;
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C i AR cf the safety pfecautions used W pesticides should also be Qgéd with -

’gield crop pesticides. The large acreage involved the wide distribution of

.0

LA

field crops, and their common use as animal feeds presents sgme special problems

,.with their safety. v

The use of pest1cides in fiefﬁ\éfepg}islnot as intensive as in fruit or .

vegetable crops. Nearly all field crops are treated at least once "with pesticides
| (predominately with weed killers), ‘however. The. large area in field crops means

that a large volume of pesticides are used and a large segment-of our agricultural

and, is exposed 6 pesticides. Field crops are' also grown everywhere in the state,»(

]

i

including the forest—recreational areas-in the north and the highly populated_
area‘of the south. We have a dgverse‘agriculture interspersed with housing - -

;developments, industry, and’forests.ljlhese points makp the threat of hazard and
pollution from pesticides very'great~if»they-are'not used safel§ by everyone. We
can reduce the hazards from pesticides:by using every care in tneir application.
The best rule to follow is: Do not apply the pesticide if there is any qqgstion

-~

as to its safety to man or the env1ronment.

The recent problem with PBB has made us acutely,aware of the real damage
that contamination of livestock feed can do. {Thewgreatest‘care must be taken in

:selecting the pesticide, in applying the proper amount and in allowing sufficient

y
: pesticide and be especially sure\\f/it will be. applied wherever’l}vestock feed

: could be eXposed T S . é? L
' s : . . - =

imefbetween application “and harvest to avoid any possibillty of excessive esidues~;
‘ of the pesticides in our feeds. Be sure to read the label before applying :&

i
[
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"Now that you have studied this section, &nswer the following guestions . '{‘
" Write the answers with pencil without referring back to” the text. When you are
‘.satisfied with your written answers, see 1if -they are correct by checking theni *
with the text. Erase your answer and write in the correct answer if your first
. answer. is wrong: -‘Note that these-questions are not necessarily those that are

 d

used in the certification examination - v S - S

~l. What is the fifst step in the dhemicaI’control of .a pest?

2. What does phytotoxicity mean" F ) . b
. = i o ) . v . Y ,g .( . | . W c..‘ ]
3: - What is meant'by a directed sprdy of a pesticide? \33 S
e PR : o o

4. . What determiﬁes'the coverage obtained with a spray of pesticide?

o PR Q." \> . : . e
“?‘ ~ : L . ) N ;

.

s ) o . o -
5. What is meant by calibration? : , - - , -
z o ;

6. What is meant by a pre-emergence application?
Y . . .
Why;ié an. understanding of the life cycle of a pest important in its control?

N
S o //’ . -
. E ) . . e
e R L : L 1
8. How.cad we, as applicators, reduce the hazards of pesticides?
- - ’- " .
L .
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Why Contrpl Weeds’

\ . . . N | ' . - . X f
’ . : "t “
W?EQS REDUCE FIELD CROP YIELDS by competing for water, nutrients and)light {T~,

'Some' weeds release toxins that inhibit crop: growth, and others may Harbor insects

diseases, or nemato%: that attack crops. Weeds may inteerre with harvesting

operations, and in‘s instances, contamination with weed eeds or other plant

parts}an render a crOp unfit for market. It is obvious tha profitable crop

et

" production depends on effective Weed‘%ontrol

v . a2

?You should never attempt to establish a field crop in a field that is badly
infested with perennial weeds ‘such as quackgrass, yellow nutsedge, or Canada

thistle. Herbicides and tillage should be used to control the%e pests at least-

(.

. one year in advance. P : - S

&sually, effective weed control in field crops requires ac mbinathi?;ﬁ?‘
managegent techniques. You may need to usg/a combination of - dif erent herbicides.

or alternative methods. . In some cases, minimizing tillage can ef ectively reduce

weed populations. .Growing the same crop ,year a;ter year, and using the same weed

'of crops, herbicide or tillag '

‘you see. a small infestation o

-live in the soil for many years.

control techniques will encdurage the development of problem weeds \Rotation s
thods- can help solve this problem. WheneVer

blem’ pereniial weed invading a ield, it should

be eradicated»immediately.' Wherever possible’, weeds should ‘be prevented from

producing 3eed. Ome pPlant can produ e %housands of seeds, and thesge 'seeds will

Je
Al

[
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.Types of Weed Pests: ™7 .. )
S - . N

o

Wgeds may be ClaSSifled according to the1r 1ife cycles, hab&ts of growth

{ ¢ Vo
- .or, general appearance of ihelr leaves and stems. . L : -

& ’g Annual,weeds .arte plants which c mpletqmtheir life cycle erm seed tb seed

-

. in. one year. %f\:hey germinate in the spring, gro\h mature, and produce seed Q:
' v

ﬂ * 4 .
Examples are large crabgrass and- #édroot pigweed Plants thatégegminate in-late

s that summer’ they r% called summer jannuals., . , !

sumggr, veTW1nter*\and produce seed- the next spring are called winter annuals.

;Examples of winter annuals are,common chickweed and shepher¢spurse. SRR T

Annual weeds reproduce primarilf/hy seed. Single plants of some'speciesv
. . , : 4 :
mdy produce hundteds of thousands of seeds per year. Only a ‘small percentage of
tﬁese seeds germinate the next season but ‘many more seeds can remain y;aﬁffiin

(Ehe soil for a perlod of several years.' Annual weeds should be contrhlled when

hey are §/\ll and whenever poss1ble, seed production should be prevented.

~ v - b
' Biennials are plants which complete their life cycle in two yea&s.

hey
typically have a juvenile sgége the first seaSon*aﬁa‘tﬁ€n~produce a seed' st
/*bhé;second year. Examples of biennials are white‘cockle and wild carrot.

. &Eerennials are pf@nts which live for more than two Seasons. They are -
often groﬁped into two categories accord1ng to their reproductive mechanlsms.
1) ”Slmple" perennials reproduce primarily by seed and may possess thick fleéhy }

roots capable of regenerating a. plant however, unless they are mechan1cally

y cut or disturb they do not generally reproduce from ro

s. :Pligtaln
and common dandelion are examples of . this group. j:a fﬁi
(2) "Creep1ng perennials are those which commonly reprodugce, from creeping
ﬁyegetative organs. These may be aboveground (stolons) underground.
(rhizomes) rootstocks das in quackgraSs and field bindweed. T?erennialS'
such as nutsedge and Jerusalem artgkwoke also reproduce ‘by tubers |

o

' (undenground'swollen"stems) wherea ild gar1ic can reprod lce by bulbs

in the soil and small bulblets produced on top of . the plan .

" .
B .l?

‘ . Creeping perennials and those possessing tubers are the most difficult
N\perennial weeds, to control Cultivation and: other me%?anical means of coPtrol
can result in 1ncreased populations due to. propagation by thesiiﬁEhftative organs.‘

.
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Mo;e details on perennia1 weeds including'color pictures and descriptions pf

ca @ W

40 _common species are available in Extensibn Bulletin 791. . . ,

Weeds. may also be desfgnatedkas broadleaved5specigs or grasses. This

’

iéJusually done because herbic1des are often toxic tb one type ‘and not the other.

Weed3 which have succulent sEems are. caIled herbaceous weeds. .Those with hard

stems that resgnble vines, trees’pr shrubs are\clasgified as woody plants. Poison_
/’ivy, Virginia creeper, and dewberries are. examples ‘ykwoody perennial weeds. ‘

R
; -

’Principles of herbibide usd:\ Herbicide are used eithetr on the’foliage of

- we&?s or through the soil to kill germinating weed seeds. Some chemicals have

both foliar and soil actiuity. o ;'yg .
, ., ’ £
L W og
' Foliage Applications s } v
These treatments are made to leaves éf growing'plants,_usually as liquid . /;
. sprays. They kill plants by two methods—contact or translocation. ’,&f’ T
B o : A ’ 'Y 2 .

3

Contact treatment k%lls onlyithe plant”parts actually contacted by-the-

herbicide. However, the noncontacted parts (i e., roots) may die because they.

are deprived of the 1eavgs. Adequate distrib\tion of the herbicide over the . .

foliage is essenti;TQ' SelectiV1ty may depend upon arrangement and angle o eawes,
;differential wetting, 1ocation of growing points, or!upon spray placement. Contact
4 herbicides are most useful to cogtrol seedlings. An example of<n§zzelective o

— coritact herbicide raquat. . .

;o

Sl
R 4
. E

«  “Translocation kills the entire plant because the herbicide moves within the

plant. &or example, when applied to the 1eaves the herbicide is tradslocated« to

the roots. It may also move from older leaves to young growing points. Theref re,.

herbicides of this typ re used on perennial plants as well asaannuals. For

example,:2,4 -D is

transloga ed herbicide that&\s widely used to kill emerged

may be explained'if ‘th ‘e factors’are krown. i , ;

.-
. +
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~ - - Proper application' “Raté& and concéntratio o

. Although uniform distribution of" systemic typb

, éer unit area of’dry welight IS'EPtalned in seedling stage In perennials “the <,

. . o "“\- . — -19,:_ . " * :~ o s t;
A - ; B - el
L : . : ) & 4 . . (

5 ” .
» . . . . N

herbicides are important K

v . - .

and therefore uniform application and proper cﬁoic gallonage is necessary

&

ioidea i¢ riot as critical
’-(

a
as for soil applicatiBhs, too high ‘a rate cam caqpe decreased long-tferm kill

Uniformity of concentration and delivery rate is essential tberefbre, correct
nozzles, sprayer speed, agitation pressure and dilution are important ' '
. P | .

-’ . .~
- . .-

+ . .

: Interception by leaves: Leaf angle, degree J¥ hairiness expansion} and

leaf'area—dry wef\ht ratiO'i fluence response. In annuals,<§£eate§J:concentration

<

‘\ﬁeatest ratio occurs later so reatment should be delayed until considerable
row@hrhas'developed A canopy‘pflleaves ch be a deterrent to effective control

or’ a safeguard against injury. Wetting conditions will affect: interception by -

'-changing leaf orientation and redﬂcing leaf area.

~ A . . ct

2

Jzyﬂe contact wi the leaf has been made. Type of leaf surface such as waxy
oatigg, pubestence, arfd ﬁbughness affect retention. Retention can be increased

t
bf use of wetting agents and other materials that Iower surface tension, nonpolar -

> [
o

formulations (esters) and low spray volumes. , .
. 7 : S
'_ Rainfall Wlll cause run—off if it occurs shgrtly after or dﬁring application

With many herbiCides, one to two hours aftegkapplic\fion without rain will allgw*
for penetrat{bnﬁ Herbicides also volatilize from leaf surfaces when exposedA/d/

high temperaturey. - ' L

-

-

'%bsorption _ This phenomenon varies with each herbicfﬁe formulation, plant
species, and environmental factor. . Thickness of the cutiéle (Waxy coating) has‘
a.direct relationship Uniform leaf cpverage is essential for maximum penetration
Penetraeion may be both an active and a passive process High humidity, high
soil moisture and conditiOns that favor rapid;growth increase abs/rption

\

Stdmata that dre open may be an avenue of entry for volatile herbicides and those'

i
of low surface tension. oot e

- b
- TranslocaEion . Downward movement is through the phloem (living tissue) and

é

4\\Retention' eping spray droplets on the leaf is an important consideratiof -

-

e
is favored by production -of assimilatory material and grthh processes. _HerbiCides.

tend to move to regions of activity such as buds, young leaves, seed, storage
of N

> ) ' 4 . N » ‘ \
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organs and\meris ematic,areas.\ Excessive application rates or-eontaet ,ﬁ_//J e

*Bngury reduce translocatiop and are factérs to cpnsider in herbicide 00mbination.

!
ih a few cases, herbiéldés ‘have recycled a pf&nb. .Movement out Tf the p&ant
! e

Al R

/EOOtS er excretieom of herbicides have been shown-under certain conditiops. Th1s

. / PR
widl reduce the amount availabls to the plant\and p1ant responses will be s

- - v LR

altered accerdingly, o » ct - ‘ , o D

-t + ) - I
A - _‘ -

Activatidn ‘and deactivation éome herbicides (2‘44DB) are‘activated by an -

enzyme system aften, entering ‘the plant (B- oxidation) while others (atrazine if
’corn) are’ deact1vated by being. ‘metabolized ot complexed with cell constituents -
such that they are not’ available to’ exert phytotox1c1ty The rate -or degree of
degradation is influenced by conditions affecting plant growth ive.; temperature;)

sunlight, soil moisture. ' - ' E . ® *

¢
. )
',. . ¢
4

‘ Accumulation “The rate of absorption and translocation”affect accumulation 4

Accumulation at the sites of . actiony geg\:aliyﬁgeristematic reglons, varies with

species and rate of- degradacnon at thes itesw.JEnv1ronmental factors that

influence metabolism and other mechanisms/at the site of action will 1nfernce

plant response. S . : ot . / 7; ;‘ N
* o . ‘&’.- .
a herbicide is at

. ‘» N ) * . .,
‘Cellular'sensitivity' Ulkf‘ate response of a plant to

" the cellular level. SuSceptibility varies during the season and with the season.
ge. Mature tissues or, those |’

Maturing plants q§velop varying 1evels of .toleran

of low metabolic act1v1ty will showﬁlittle response to a concentration that would

have beenin‘urious_at an earlier stage of growth. - ¥ cr/

Soilepplica

L . | . ) o 4.’. AQ . : 5 . \ . .’r

] 3

© These treatments are usuglly applied to the surface of the soil but may also

be incorporated into the s6il by cultivation 8r inJected below the soil surface.

.“

~ n

Timing of the application in relation to the growth stage 3£gthe weeds and’
crop is important The application may be. made preplant preeme“gence or . post—

.emergence as related to the growth stage of the cnop plant ‘v'w\gﬁ J*,

o N, S

TR kSurface moisture m;ft follow surface tfeatment for most soil—applied :“Tf'
3 :

herbicides to be effect e, “you will obtain best results when uhese her 1c1des

Lad Ainto. the soil by rainfaIl or. o?ﬁrhead 1rr1gation. e
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The tolerance oflvegetable crops to some soil—applied herbicides depends
i ~to pome extent on’ keeping the herbicide placed in the surface half- inch of soil.
1f. there is excess1ve\%gpching ‘& the- herbicide.into the termination zone, ¥

inJury can result. ‘For this reason, less herbicide should be used on coarse—

F
._,teﬁtured sandy soils that are dow in organic matter or clay content. It also /‘ _

va

ﬁakes less herbicide to cqntrol weeds on these soils becapse they are not readily

tied up. h 0 . R o _ B J/f\\\sxki\

. / T -
-£~ . Befare-uSi%g a herbicide, be familiar with its residual life in the soil.
I3

gome herbicides may persmét in the soil. for extended periods, which will influence

- Te

L}

other cropping plans the samevseason or ch next .Season.
3

Herbicide applications may be fuffher defined based on the area treated

‘ ~
Applications over ‘an entire area’of foliage or soil. are termed broadcast

Applications In contrast, applications in a strip along a row of plants aré\~

‘called band applications~ Sprays that are aimed at the base of plants and kept
off the foliage are called directed sprays. When 1oc11ized,weeds or clgmps,of

weeds are sprayed W1th a. hand sprayer this is termed spot spraying

x

Many factors may have an. effect on how we11 soil—applied herbicides move to.ﬁ
the site of action A knqwledge of these factors involved in the transfer of a
herbicide from applicator, through the soil and to - the plant is helpful in :

' obtaining more consistent responses or “in. explaining some of the variability

o
o_b <

X Proper application The use of the correcE rate of application s e3sential
\u!llbh

1all amounts are\necessary to inhibit plant growth ~However, sufficiently
J
high rates must be used’ to compensate for the. amount bound " .to the soil or
'"otherWise made unavailable for: uptake by the plants Rates must not bedof.the

magnitude to cause crop inJur% or soil reSidues.

_ Uniforgfity of distribution over the sprayed surface is important (\Nozzles
.;must have uniform delivery, a uniform spray Pattern even spacing and proper
siheight - give uniform coverage. Water volume is not im ortant if there is a

* constant concentratiOHMand uniform distribution. Constgpt pressure and- speed are

necessary Granulars present a greater problem in. obtadning uniformity

’ 'ﬂé ) '
- o - ; NP . ) \

Soil interception An even «uniform surface, free of clods, manure, plant -

5

1itter and other debris will: help insure a good -distribution pattern.. Spray K

1]

_droplets cover the upper surfaces of clods, but pot * beneath while granulars fall

in depressions. Granular formulations again present a greater problem on uneven

surfaces. .’ -
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Physical movement: Wind and water (excessive rainfall) cause run-off
4

. or movement‘frum.treated area. . Movement is to depressions, causing increased
-concentrations in these areas. Some leaching into the soil is necessary for
effective control Incorpofation into the;soil will benefit some'herbicides

. but distribution may be uneven or placement too deep. Band applications are

lost when untreated soilnis moved,in by the-cultivator.

Volatility Thiswis a major form of loss for certain herbicides. High
soil temperatures and air movement increases volatility losses. Damp or'wet
soil at time of application ‘can cause additional losses through water vapor dis—
ti}lation or by keeping the herbﬁcihe concentrated in the exposed surface layer.

as’ water moves to the surfacg. Incorporation reduces volatility losses.
/ P‘?) ) i ! '

Photodecomposition: Many herbicﬁdes are broken down by exposure to sunlight.

‘Losses occur when herbicides remain on the soil surface for extended periods.

_ Solubility: Movementfinto'the soil is related to solubility; therefore,

saltg will move more readily than wettable powders. Additional rainfall is o
- R - . . r

needed to get wettable powders dinto the ‘upper one—fourth%po'one—half inch of soil.

-

~ . : ,
Movement in soil: Water ‘transport provides for the“greatest amount'of

‘herbicide movement in the soil. This occu¥s primarily when there is sufficient
water to-exceed field capacity: Diffusion in soil water is important only in the
vicinity of roots. Piffusion in soil gasses plays a part if the herbicide is quite
volatile;wareatest movement is downward; however, some lateral and some upward

.

movement occurs.' Movement: varies greatly in-different soil types. .

Degradation: Breakdown of the chemical is by chemical and biological processes.
Temperature, aeratjon, pH and other soil factors will affect chemical processes

such as hydrolysis and oxidation., The degradation by micro- organ1sms is one of

the major meansfof herbicide'ldss.from soil.- Organisms may be specific fqt a’
‘particular herbicide and their numbers will increase when repeated. applications
are made. Conditiohs that favor growth of micro—organisms will speed- breakdown. " .
_ ) ' . . ”\/,/
Adsorption A great .deal of variability exists in the amount of - : -
herbicide "adsorbed by soil since soils vary in organic mA?ter and inorganic soil

colloids. Organic matter adsorbs more strongly and thereby greatly reduces the

o \‘, o : . 5 . 27 p e
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amount of chemical:gvailable and also'retards movement in soil. Randox’ (CDAA)

is'an exception in that it is more effective in high organic matter soils.

- . . v

Absorption:, This is the meang of entry into the plant and it is

favored by conditions that favor high transpiration rates. The amount of root’

system exposed is important since amount of‘herbicide‘absorbed is generally

proportional. A heavy plant population may reduce amount absorbed by.any one plant

on_of herbicide in SO!qﬂ\;L ~ : .

.. - Translocation: Upward movement is primarily in the xylem (nonliving tissue)

as well as-cOncentrat

and concentration is §n areas of most. rapid water loss. Rather high concentrations

-of herbicide.can be mov d since living tissue is not involved once the chemical

reaches the vascular system. '
»

“Activation and Deactivation: Some herbicides (2,4-DB, Sesone) require

: activation either in the soil or plant Other herbicides may be deactivated in the

plant by metabolism or modification. Active and inactive metabolites or complexes

may be formed. Selectivity may be obtained by these processes.

Accumulation:  There is a threshold concentration for phytotoxicity

Amount taken in must begreater than the amount degraded or elimiﬁnted Conditions

that affect absorption, translocation or "degradation will reduce the accumulation
of toxic cdncentrations. _ -

- U

Cellular sensitivity: Plant response is due to sensitivity to a certain

condzntration ‘of chemical. Species vary greatly in tissue structure. Environmental

cond¥tions and tissues maturity play an 1mportant role. Mature tissue ‘generally °

* shows less activity and older plants are-less 11ke1y to be killed

' ) -l— ’ . .8 ' '/ . ',
Preventing Herbicide Injury , : . c

Alt;ough herhicides offer an effective and-economicalvmeans offcontrol

cert%%n.risks are 1nhenent in their use. Plant injury is one of these risks. No

.plant is completely resistant to herbicide 1nJury, but - any plant tolerates certain

. dosages. Selectivity, or the ability of a herbicide to kill weedé without harming

plants may be partially lost 'under adverse environmental conditions Careless ~

" application can also result in injury to a customer's plants or those of a

neighbor Injury can range from complete’ destruction of plants to slight stunting

or discoloration Which often has no long-term- adverse effect. More detaiZs on

Ve .. 28

o e
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prevention and diagnosis of herbicide injury can be found in Extension Bulletin

809. o : L o « « . ~

R , /

Make sure spray equipment is designed and operated,prop_rly Faulty

'application equipment or improper use of equipment can lead ‘to overdosing which
causes crop injury or underdosing which gives poor weed control. Herbicide

sprayers are designed to apply chemicals uniformly over a given surface area.-
Application rates are determined by the speed,.pressure, nozzle size.and the N
‘amount of chemical added to the diluent (usually water). Nozzles designed ‘
specifically for herbicide application (flat fan or even‘spray).should_be‘used
rather than cone—type-nozzles used for other pesticides. Improper spacing of'

nozzles can cause overlapping and result in a banded injury pattern.

Equipment should be calibrated periodically to assure that the desired
gallonage is being delivered. When nozzles become_worﬂ (particularly by abrasive
wettable powders) the flowrate can increase and.result in overdosing or uneven

application.

i

Frequent checks on tractor speeds and ‘line pressure during application will

"

AN
'insure uniform application rates. Injury occurring on slopes could result from

overdosing if the sprayer were slowed down as it climbs the -hill. .o

A?roper agitation in the spray tank is essential if uniform distribution is
to be obtained ’ Failure of the agitation system can cause settling of -the spray

material, and overdosing may result in the areas that are first sprayed.

S

e

Cleaning weed control sprayers: ft is important to‘keep weed control

sprayers clean. This 1s especially true if you use them go spray more than one

~ crop or to apply fungic1des and imsecticides.

Do, not use a sprayer to apply either 1nsecticides or fung1c1des if the
.

sprayer has coritained 2,4-D type herbicides.

"When cleaning a sprayer, thoroughly -rinse the wholersprayer with water, inside"
and out, including boom, hoses and nozzles, both before and’ after cleaning
Partially fill the sprayer,with.water before you add' the cleaning agent. Keep*

'Ehé pump running so“that the cleaning solution will circulate throughout the

'sprayer. Do not leave corrosive clean1ng agents in the tank or spray System more

than two hours. -

<29
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-When you Bre.USing only pre-emergence sprays, a good g;nsing with &ater

- 1s enough. For other: spraying purposes, remove weed killers Erom sprayers

ERIC

Aruitoxt provided by Eic:

by adding 1 gallon of housePold ammonia or 5 pounds of sal: sodp to 100 gallons
of water. Allow this solution to stand in the sprayer for at least two hours.
Drain it out through the boom and nozzles, and rinse the sprayer with water.

Do not let spray soldtions staﬁd in ‘the tank overnight. Do not allow solution

to run into streams or other water sources.

~
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.SELF-HELP' QUESTIONS . =~ '~ >

o ‘ : X [ |
K C/ i . x'\

Now that you have. gstudied this section, answer the following questions.
Write the answers with pencil without referring back to the text. When you ‘are
satisfied with your written answers, see if they are- correct by checking them
with the text. Erase your answer and write in the correct answer if your first
answer is wrong. Note that these questions are not necessarily those that are
used in the certification examination. N
& o

7

- 1. Can minimizing ttllage effectively reduce weed populations in some cases?
- IR y - : _ _ .. :
2. Explain difference between

imple and“ereeping perennials.

-

. What can result from too high a hate of herbicide? i )

s e

6. List four factors influencing herbicide intetcebtion"by_leaveé.f .

o

»

7. .How can retention be increased? o - 1£’ R

. A ’
8. Does thickness of the‘cutic1e<affect absorption?

“ 9. Do translocated herbicides tehd to move to' the roots? ~ g

10. 'List three factors affecting'the.rate or degree of degradatien'of herbicides?

I
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11. Does

- N
-~ N
. 2 4 -
Does the rate of absorption affect accumulation? D
. ' . Lo " , B x . o - .
12, Does water volume affect proper application iéithere is .a constant. concen-
tfation and uniform distribution?

.
._ , >
13. What are band applications? [ e
14, 1Is some-leaching into the soil neceésary
" soil applied herbici
- 15.

or effective control when using
What is photodecomposition?

16, Doss any 1. hc

oo ' o 1y
Does any lateral movement of herbicides occur in the so0il?
] o . ! o ) - ' \ /,f
17. How does organic matter affect adéorption? ;7 p
Lo . - . - ’ ) .' : ’ \ \
S _ 7T . » ﬂ% '.
18. Can .some herbicides be deactivated in the plant? ‘ o
"'.'. ,' . ° . “ ) . . . ) . ." ! '
19;'.How do nature plants differ from young planté-in sensitivity to herbicides?
20.\'Whaf is herbicide selectivity? B}
Voo ) . : 7 .
\ | . %‘ /
\ . AR
A - Lo
‘\, ' r
. a
<. v
} . '
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- ‘DISEASE CONTROL FOR FIELD CROPS _
: () . ")«: [ BN
| Diseases_in field crops'are defined. here as these which are caused by 5
microorganisms classified in such broad groupings as fungi, bacteria, fnd viguses.
These multiply in the crop and cause losses in quality and- quannity. ‘The method
of control for each organism 1is determined by its cost,e se -of application,\and*)
effectivepess.’ One(n:more ‘methods of control may be used for a crop. ) ." , ot

Breeding crop varieties for resistance to important diseases is a common S

method of disease control. Most of the preliminary work 1is done in laboratories,
test plots, and by seed increasé organizations. The finished product is then sold_
a o,

3

- to -the grower.

ES

[

-

Chemica control¢is quicker and’ more’ flexible. " The chemicals used are most
icides, although an occasional bactericidedis available and ne

i frequently fu
“'viricides are cleared. for diseases of field c ops. Most fungicides cannot;genetrate
the plant skin. Their effectiveness depends on’ their abiliny to’ prévgnf the fungus
from entering the plant. A few fungicides are called systemics” because#hey can
penetrate the plant epidermis and inactiVate ths’fungus which is inside ‘the plant.

"

. W’Seed treatment is an impor#ant method of disease control with fungicides.
An effective fungicide intercepts the transfer of a fungus'from one crop to the N
next via the seed- tFungicides can be applied during seed treatment to protect the
young. seedling and reduce seed decay from organisms which are in the soil Seed
treafifent fungicides may be applied to the seed in 1iquid or dry férm The liquid
form ‘may be a true solution, wettable powder mixed with water or flowable form
applied with slurry treater. The dry or dust application is a mechanical mixing

or simply the dry fungicide is applied to the. seed 1in the drill box or planter box.

Dry methods can result_in imperfect control because- of ‘Incomplete coverage of the .

" seed. : ‘ ' : ‘ . S
. , / .
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Applying a fungicide to the growing plant by spraying oﬂ’other means,

.,.‘ >

_can’ reduce disease by preventing some of the fungi from entering. This method
requires selectingan effective fungicide and getting thorough coverage at the
Proper time Since there is new surface exposed duriné‘constant growth rep&at '
application is often necessary. This method is seldom used for field crops '

because it is not éﬁonomical when there is a low gross’ per acre except in special

circumsﬂhnces . .
C e : ,31,

Changing’ cultural#practices is a practical method of disease contfol.
f

Continuous Culture with the, same crop can result in a rapid buildup of’a disease

organism. Rotationawith other. crops slows down this buildup. The environment
can favor an organism and ‘hence result in more diseasé Poor drainage and soil
compaction favon certain soil borne fungi. Improving soil draihage along with

aeration and improving soil structure with proper tillage and organic matter can

N

'iﬁ:reduce injury from soil-borne fungi N ‘ ' ﬂ\

f§ Several diseases in field crops are selected to ilIhstrate types of diseasesg »

“.or met ods of. control for sdme of the more important dASeases found in Michigan.

‘AT Loose smut in wheat is causéad by a fungus wigh related £ s attacking

either barley or spelt The fungus multiplies and produces blac spores ‘imv\ -
: {
. such abuhdance as t i;mpletely replace th grain in the head -At blossoming \1\
n

isperse to healthy flowegs- where each spore can germinate a

time, theSe,Spores
penetrate into the g wing embryo Here the fungus remains dormant until the

- healthy loohing seed iS~planted. ' The .fungus "reawakens" and spreads in the plant

—until it reaches the flower head where it again produces its mass of spores Most
fungicides applied to diseased seed would not penetrate ‘into the embryo to kill
the fungus. However a systemic fungicide like carboxin can penetrate the seed to ’

. . [4
inactivate the fungus thus rendering the. seed safe for plantin'

B. Loose smut in oats is- quité different from the above because the black
spores lodge on the outsigz-of the seed. Here the' fungus remains dormant unti]l -
the seed is plapted in sthe spring. Germination of spores is rapid and the young
oat plant is}invaded via the hypocotyl, followed by rapid advancement up ‘the plant
until the head is reached Here the seed is replacgd with a mass of fungus
speres.- During threshing, the enveloping sac is broken and the spores scattefed

to healthy grains. Being on the surface of the seed, this fungus is easier (fo
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control with fun icides.(gHowever, fungicides vary.in effectiveness and the |
local county agricultural\dgent should be contacted for the most recent recommenda-

L tidns. Several varieties of\oats have considerable field tolerance to loose smut
’ ’ ‘ . .o

- and could be planted. | o ,4 . ’

: C. Commercial corn seed is fairly freehof dise%se producing fungi. .;;i
ﬁeveﬁﬁheless, if this seed is planted in.,soil below 65° F. followed by cool wet '
wedather, then a number of fungi in the soil can attacﬁ/:ie seed and the young
seedling before emergence. A,protectant broad spectrum‘fungicide ig usually S
applied to the seed to reduce"seed rot and increase;emergence. As the young seed~-
ling grows from ‘the* v1cinity of the seed thére is less influence from the—seed

.fungic1de. : .o . ' ~

2

'D. Soybean seed is prone to invasion by a fungus which causes Phomopsis
seed rot. Wet weather: during délayed harvest permits rapid spread of this fungus
from the %eed pod intovthe séed coat. Several fungicides are marketed wh}ch are
, applied as'blos50ming beginls which.are said to reduce fungus invasion of the seed.
«In Michigan yiﬁld'increasas‘have not been’demonstrated, although better seed;
may result particularly in-south Michigan. A closely related fungus causes pod
/ and stem’ blight under much the same conditions _ If'there is premature senescence
+ in the field and wet weather is anticipated theén. the soybeans should be harvested

as sobn as possible.z o o

.

E. Phytophthora root rots in alfalfa and soybeans are caused by a fungus.

. The alfalfa strain causes the most damage in wet soils.’ Soil fumigation with a
fungicide is not practical so ‘soil drainage improvement might be. easier. Somev
commercial varieties are sold’as resistant but these have not been tested thoroughly
The variFty Iroquois has considerable tolerance. The Phytophthora in soybeans
does the most damage under the 'same wet soil conditions. The Phytophthora in
‘soybeans has developed seven difference races. Soybean seed sold in Michigan does 4

.‘not have resistance to more than one of these races. One or two long season

varieties have shown some field tolerance. Ih addition, several other soil-borne

fungi cause root rots. The farmer can try to reduce rpot rots~by improving soil
drainage, improving soil strucﬁhre practicing crop ré?ation,_and reducing the

spread of fungus on ipplements.. " S

‘9



F. Wheat Spindle Streak Mosaic is caused by a 'soil-borne virus.
Early spring yellowing of wheat is the first q\}dence of this virus disease.
Short yelfh

gﬁgreen dashes in the leaf may persist.as long as_the-weather is,
somewhat coll The virus is inxthﬁ soil and enters through e roots.‘ The

most practical method of control is to select a plant varieties which show some
¥

o

tolerance to this virus disease. \The new Tecumseh variety of winter soft white

wheat 1s one Variety adapted to\Michigan conditions. S : ‘ L

G. Bacterial Blight ofﬁBeans is a collective term used to describe the

symptoms of one to several bacteria—caused diseases.; The causal bacteria are
capried on and in the ‘bean seed from crop to crop. Individual infected seeds L
produce a diseased plant from'which surrounding plants may be infected by bacteria

' Spread on equipment or rain and wind. Blossoms and later pods become infected in
which . contaminated seed are produced. " The enly sure way to" proddte blight free"m
beans 1is to use certified seed which has beeif produced under dry disease~free f‘

' conditions. Streptomycin sulfate used as a seed treatment helps reduce the incidence
of 11ght by reducing external and internal seed infection “but it is not as certain

as blight—free certified seed E :f d'*'- ;‘r'- P K "Jw.\ﬁli:fgb

- Pooa .
‘-/ { . L s 2

H. . The sugarbeet cyst nematode (Hederodera schachtii) is a—major,

problem in a limited area of sugarbeet production in Michigan. °The adult female :
develops as she feeds on the surface of a root. When she matures she begins to
lay eggs which are retained inside her bodyzwhich literally becomes an "egg sac" )
or ‘cyst. The eggs remain dormant in the cyst between crops. When a hew crop is_
planted, substances produced by the plant root stimulate the eggs to hatc¢h. and-

the life cycle is completed. Crop rotation and the use of granular nematicides v
are the only economical method of cyst nematode control Trap crops have been
effecti ély used for cyst nematode control in other areas of the Ud!ted States.

A trapfzrop is one which provides the stimulus to cause egg hatching in the nematode,
but does not provide th proper nutrients to allow the nematode to complete its ;

Y

¢
development.% For the sug@rbeet cyst nematode, such crops include wheat, corn, and(/

A

\
Y '
B}

other grains, hence these 'crops are recommended as rotation crops, with sugarbeets.{

’ 1
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A ' SELF-HELP QUESTIONS
~ , B s .. ) ' N N . ‘. ' - " ‘? . )
L Now that you have studied this section, answer the following q estions.

Write the answers with pencil without referring- back to the text. en you are
satisfied with your written answers, see if they are correct by chbecking them X
with-the text.. Erase your answer and write in the corrgct answer if your first
answer is érong Note that these questions are not necessarily thpse that

. are used in the'certification examination. _ A

2

-

.is meant by a systemic fungicide? f - ON

2. .What ark some common methods of treating seeds with fuhgicidea(Z::::s_ o
2T '

3. How does rotation affect the buildup of plantvdiseaseaﬁ

4. Why must a systemic fungicide ‘be used as a seed treatment against*loose :','}
smut of wheat? L B . '
b . . . 1t ) . 4 :
s, 5:.*Where. are fthe spores of_loose_smqtmpf_dﬁts located*gﬁ_the seed? . " .-

’ it . vt s . i
LSRR . - @ . . P . . . vx . ':.. . c e ‘.

" 6. Are fungl that attack corn seed more damaging dupdng cool (less than 55°F.) ]

weather? ., . - : . s _ Lo

. » .

7. When should fungicidee be applied fqr control of/ Phomopsis seed rot of -soybeans?

-~

8. What can be done to reduce damage from thtoghtéraﬁrobt'rots? )
. o ) . . ' ) H .

.r

9. Are wheat varieties resistant to wheatdspiﬁdlé:;treak mosaic available in Michigi

. . o ;
- ’ ’ ’ N L
: <. . B

’

.Wypt is the best way of avoiding problems withlbacterial blight of beané?

11. ~Where‘are the eggs of the sugarbeet cyst nematode laid?

° . i . (v\l \
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‘ "INSECT PESTS OF FIELD' CROPS
¢ _

) . 3 m/ L |
There are a large number of species of i ects and mites: that can damage

Michigan s field crops. Only a few of them, however, appear in damaging numbers

1in some fields each year, and even fewer of them are pests in large acreages of
the state. While their damage is usually good from the standpolnt that it is

- usually scattered and small, we tend to ignore the insects and sometimes’ are

"

surprised by their outbreaks?\\ ' -~ S : - S
\\\/D e N !
Insect control must be aimed at protecting the crop from the damage of the

insects. This means that we must get to recognize the insects, ‘check our “fields
_for them regularly, and be prepared to. treat them if they threaten our cr0ps.
Descriptions of the pests and their dgmage and suggestions on_how to check your \

- fields for them’ are given in extension bulletins.; These are available from your

County Agricultural Extension Agent., Your extension agent can also help you

by )

-

identify insects and selegt a ébntrol program for your crops. T NS

Nearly all stages of all field crops are subject to insect attack : EXamples

. of pests that can attack the different stages and parts of- crops are given below. _f;
As noted, the’ insects are usually scattered- and sporadic in their appearance in e
damaging numbers. Their actual appearance is difficd!t to predict. They frequently//’
tend to be more abyndant under some cond1tlons than under others and these . : :
condi?iéns are noted for each insect. Their control dSBEst strongly on their

biologyi Some }mportant bioiogical features as théy effect control are also noted

1
L4
. ~

Seed . . T . : ) . s

‘ The seedcorn maggot is a sp1ndle—sha ed headless, legless worm that. attacks
seeds of corm, dry beans, and soybeans In the soil. The adult, an undistinguished
looking fly, 1is attrdcted to orgapic matter in the soil to lay its eggs. The
maggots that hatch from these eggﬁ—burrow into -the germinating seéd and weaken or
kill the seed or seedling. Crops. planted in soils high in organic.\affer (muck ysxf
solils or soils that have much=manure, stubble, or weeds plowed down in them) 4
shéuld be protected from the maggots. 'Seed: treatment with .an insecticide will .

‘w

control the maggot very’ effectively. , ‘ - .

v:.’“, o 4 N‘.. . i 38
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« - Seedling Lo . . \&’ . - ' N

. Flea beetles are small, hard-shelled, veryvaotive insects th

’

chewing round hoIes through the leaves of many plants. When numerpus,  they can

'/' destroy thé ¢ edons of small sugarbeets and ruin stahds.: They are of special

.importance in corn-as they spread the bacteria that cause, Stewart B wilt T

‘disease. The adults overwinter near the crowns of grasses and f ed eaﬁly in the-

season on many crops. . They 1la their eggs in grasses and the 'rvae feed on the

*

roots of grasses. Flea beetle d hage is most common ndar grags iélds or in

.grassy areas of fields. These reas especially should be ch cked for the beetles

. Root .
» White grubs are large, thick white larvae with a dark\head and six small o
1%§S Just behind the head They are the yo of the common Mdy beetles or June )
_bugs. The beetles lay their eggs in grassy sod. The grubs that hatch :from these
eggs usually feed for three years on the roqts of the gra§ses. They will feed
on almost any crop that isilater planted in that field. Plow ‘furréws should be

o checked for the grubs when fitting sod, old pasture,- or other g{assy fields. fj\vl—\

-~
'_soil insecticide should be broadcast and disced- in to control ‘the grubs beforeﬁan
infested fielg is planted. =~ = - L - o 'i_ o S \\\\\
o - / . o ~ | . _ S | .
v Chewing-' R U ; . H\X . . v Lo
. . R
- The armyworm is’ a cylindrical caterpillar with a definite hea« “'aax small

_legs just behind the head, and ten. fleshy legs near the tear of the.EQé%ﬂb It is
usually dark in color with a promine%t light. stripe along each side of its body.J
* The armyworm is the larva of a drab colored moth. The moth lays its egg’ in
grasses small grains, corn, and occasionally other crops. 'There- are t§ree of more
generations per year. The first generation is the most damaglng to our\crops. L
The armyworm feeds by chewing at night- from the margins of thHe leaves. \It .
usually remains ‘at the bases of the plant during the day. It will feed on almost .,
: :any.crop, but it is most damaging in wheat and corn. We cannot predict ougbreaks .
-, of the‘armyWOrm. ”Heavy stands of grasses°or rye arerfavored areasbfor egg layingaf
and.these.are checked for.larvae starting.éarly,in'the season. Alerts op’the L&
presence of the-armyworms are sent to Count Agricultural Eatension Agents. B

. . : 4, . .

at - i . .
. T ] ¢ te [ . ’ )
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"> Growers should check their own graSSese wheat, aﬁd corn for the"pest when the.

aleft is given. Look for the sawdust—like droppings of the wornis and for- the

worms themselves near the bases of the,plants. The armyworm can be controlled by

ground or’ aerial applications of insecticides. It is extremely difficult to
control wher it is. large. Check.the fields frequently for this .pest. and apply

[0 n

o the insecticide when the small larvae are easily found in the field. : Loy
N 3 * . ) _~('_" . ._ PR _" ' :‘. " ,. " . - ' - ' -,‘ . B
;Mining - , : .- o ot . 'f‘. uf‘ VI e .'u L !
4 . : ¢ . » . i% o ) ve

o Ihe spinach leaf miner is atwhite,.spindle shaped headless and legless: :f. _“

.—maggot that causes 1ight colored blotchy mines in the leaves of. sugarbeets and
‘other crops. The adult mineris a fly that lays elongate white eggs in a | .
Semicircle on the underside of the leaves. The" maggots that hatch from these “eggs

»

'enter and feed between the upper and lower surfaces of the leaves. There are. ﬁ 'nﬁg”
several geperations per year with the firsty and rare1y the second, generation L
being a, pest in s?garbeets. The later generations attack home garden vegetables, f'l
and the miner is most common in’ SUgarbeet fields close to home sites. The e
:underside of sugarbeet leavesshould be checked for eggs starting early in the
season. A-spray of insecticide should be épplied in fields where the eggs are {.'.‘
‘common when the first small m1nes are seen . The miner will be protected from

-~ the spray .after the maggot has- entered the leaf .-The spray must be groperly timed

‘r

to be effective. S .‘:\

. v . \ s

Sycking -, .ﬂ’. S :
The potato leafhopper iswa small,’ pale green,_active insect that sucks the -

sdp from many plants. Itinjects a toxic sa11va into the plant that stunts the

plant and causes a cupping of the leaves and a discoloratlon of the 1eaf tips 1n"
‘ some plants. The leafhopper is killed.off by frost in the fall over most; of the,
qUnited States and survives onlycalong the warm Gulf coast. It is borne northwardy

by winds in thespring and arrivgs in Michigan by early June. There are several“" .
generations’ here each season and, the leafhopper can ‘be damaging to such field -
-cropseas alfalfa, clover, dry beans, and sugarbeets.' The ‘adult 1eafhoppers flyq
:reaﬂily and can move from a, hay field that is cut to adJacent fields. Fields
'should be checked for cupped diScolored‘leaves and for the leafhopper starting v

in late JUne. Be sure to check fields adgacent to -hay fields when the hay is cut.

. (3 Lo
- - v . a

.

@
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‘ The leafhopper is readily controlled with sprays of insecticides. Unfortunately,
e R .
leafhopper damage is frequently confused with drought symptoms Check for the
‘leafhoppers in poorly growing fields to sure that drought is the cause of the

) poor growth

The European cornbofer is a cylindrical caterpillar with a definite head
six small legs just behind its head, and ten fleshy legs near its rear. It is
1ight cream to pinkish in color and some larvae have dark spots scattered over
their bodies It is the larvae of the small moth that lays its round, flattened
eggs in overlapping 'shingles" on the undersurface of -the ‘leaves.  The larvae that

, hatch from the,eggs'feed for a short time‘on the. upper surfacekof the leaves and
then wedge themselveé into the whorl or base of the leaveSJand bore into the:stalk.
T\There are two generations per yearpand it is-a pest of'many crops. Both generations
can be damaging'in field corn. Fields should be checked for . the eggs on the

lower side and the characteristic speckling from feeding on the upper surfaces of ’
dorn leaves from the first generation starting in mid- June 'A spray or granule
’shoqld be applied when about three-quarters of the plants have eggs on them or
show early feeding injury. The lower sides of the leaves should be checked for
eggs of the second generation in August. A spray should_be applied to fields that
have about one "bgg mass perplant when the heads of the young larvae‘are visible -
as black spots in the eggs. Timing of the sprays for European cornborer control
is cr1t1cal as they must be controlled before they penetrate into the whorl leaf

sheath or stalk.
! :f " The tarnishedAplant bug is a medium sized, oval, active bug that sucks saps
from a wide range. of plants. It varies in color from green to nearly black. It
can. be identified by a light colored V—shaped mark in the center of its back ,It
ovenw}nters as the adult near the bases of plants and other protected places.’
There are several generations per year and it is a pest of many crops It increases
. early in the year in alfalfa and other hay fields and, like the potato leafhopper
. moves to adJacent fields when the hay 1s cut. It injects a toxic saliva into the
-pfants as it feeds This saliva can cause blasting of flowers, dropping of small
‘pods, and "dimpllng" (small -hard, black spots) on,the seeds of dry beans. Fields
of dry bcans; especlally those close to hay fields, should be checkeéd for the bugs

T - 41
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when the first flowers appear andﬁagain when the pods are small. A spray should
ub applied when the bugs are easily seen in the field. Damage from the l

tarnished plant bug is very insidious as it is. largely from'flOWers or pods that

“are lost and only the "dimpling of the seeds is actually seen. .

~-_

Stored’ Grain Insects V ) .
g .
Fielp crops are not safe from insects even after harvest. There‘are at least
37~ species of insects - ‘that attacks stored grains in Michigan. -Some' of them can

fly and are capable(sttarting an infestation in the field. . This s rare, however,

- and most of our infestations can be traced to ‘old grain, sacks of- old seed, spills
- and trash within the storage area. A thorough cleaning of the storage area before
' harvest will eliminate much of the threat of stored grain pests. A sanitary spray
of approved insecticide can be used to clear cracks and crevices of Ansects. The

needed repairs to the bin should be made to keep the new grain dry and free of .\
rats and birds. Most of our stored grain pests can 1ncrease only in t or, . \

broken graing. Very few of them can reproduce in dry, whole grain.' The new grain\
-should be thoroughly cleaned and dr1ed before being put into storage. A grain \
7 protectant (a solid insecticide) can be applied to the grain going into storage |
or a fumigant (a liquid or solid insecticide that changes to ‘a gas) applied after
the grain has gone into storage to protect them from. 1nsects. Good management that
will keep the grains clean and dry is essential to stored pest control The grain
should be checkad frequently for signs of the'pests. They should be recleaned:

and dried if necessary andsfumigated:if insects,appear during’ storage.

™ - -
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'SELF-HELP QUESTIONS

Toa

Now that you have studied this section, answer the following queséions.
Write the answeérs with pencil without referring back to the text.  When you are
satisfied with your written answers, gée if they are correct by Bhecking t
with the text. Erase your answer andgéite in the correct answer if your f?{st
" answer is wrong. Note that these questions .are not necessarily those that are
used in. the certification examination. ‘9-

1. What type of soil is most attractive to adult seedcorn maggots?

-

2. Where are fleé beetles most likely to be a problem?

When should fields be examined for white grubs?

Y -

ﬂ:' Why "is it important to apply insecticides for armyQOrm control when the -
worms “dre sma}é?

5, When should insg&t1c1des be applied for spinach leaf miner control?

b ——,
v

e ————— e

3. Where does the potato leafhopper overwinter?

7.  When should insecticides Be'apblied for European corn borer control?

o

8. How does,térnished'plant bug injuré drf beans?

¢ N L
. .

*®

9. What is i/érain protectant and when should.if beiapplied?

'
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This:information is férjéducational purposes only. Reference to commercial
products or trade némes does not imply diséripinatio or ind rsement by-—the
Cooperative Extension Service. Cooperative Extension Servide Programs are

open to all without regard to race, color, creed, or national origin. Issued

in furtherance-of cooperative extension work in agriculture and home ¢gonomics,
acts’ of May 8, and June 30, 1914, in cooperation with the U. S. Deparszént of’
Agriculture., Gordon E. Guyer, Director, Cooperative .Extension Service, Michigan
State University, E! Lansing, MI 48824 _ ‘ -
Extension Bulletin IP-600-4:77-St . - ' X

S g

’



