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PREFACE

This manual i§ intgnded to assist pesticide applicators prepare for//ﬁ
certification under the Michigan Pesticide Control Act of 1976.

The manual

was prepared by Drs. J. Brunner, A. L. Jones, and A. R. Putnam of Michigan

State University.

"

- A list of self=help questions and instructions for completing the guestions
are at the end of each section. If you encounter difficulties in using the
manual please consult your county agr icultural extemsion agent or representative

of the Michigan Department of Agriculture for assistance.
.

-

- I3

Some 5ugge§tions on stuaying the manuallare:

- , 1. Find a place and time for study where you will not be disturbed.

2. Read the entire manual thyough once to understand the scope and form of
presentation of the material.

- .3. Then study one sgction of the manual at a time. You may want to unﬁerline
important points in the mqpual or take’written notes as you study the section.

. 4. BAnswer, in writing, the self~help cquestions at the end of each section.
Instructions on how to use the self-help questions in your study are
. included with the questions. These questions are intended to aid you :Ln
iyour study and to help you evaluate your knowledge“eiﬁihe subject. as Such
‘ they are an important part of your study. s - ’

5. Reread the entire mahual once again when you have £Inished studying all of
its nlne sections. Review with care any sectlons that yOu feel you do not
fully understand. ]

This manual is intended to help you usé pesticides effectively and safely
when they-are needed.” We hope that you will review+it occ351onally to keep
the material fresh in your mind. - .

.
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\INTRODUCTION o %

+ Ii] . ‘ )
v . Michigan is {ﬁl leading; deciduous fruit producing state east of the

Rocky Mountaing. Itf volume of production and diversity of crops ranks’ii

among the top five states in ten important fruits:' apples, peaches, pears,
tart cherries,;sweet cherries, plums, grapes, blueberries, strawbef}ieé,,anﬂ—**

raspberries.
//s L 4 -
The annual. preduction of these crops during recent. years has returned more

than %jg million to producers, This does not include the value added through

storing, processing, packaging, and distribution. Approximately two-thirds of

Michigan's fruit tonnage is processed.: .- e

- / . -“' +* -

control of diseases, weeds, insects, and mites represents a major cost._

-

. item in the growing of each of these crops. Edr several of these crops, pest
control is the number one expense. Moreover, spray materials-~largely fungiciaes,
herbicides, insecticides, and miticides—account for over one-half of the total

spray costs. e .

o
f +

Pest management: The term "pest management" has become a familiar one to

fruit producers in recent years. Because of its popularity the term has been
overused and in some cases misused. Pest management has been equated on the -
one hand as a move to completely eliminate pesticides from agriculture and on
the other as merely a éhift to a more judicious Gée of the pesticides already
employed in agriculture. Both of these views of pest'managem;nt are wrong and
misleading. Pest management isS not merely a new technique of pest control but *
represents a hew philosophy of cgop protection streéhing the utilization of a

muitiplfcity of ¢ontrol or regulatory straﬁ@gies in a manner predicated by 3//

- thorouﬁh understanding of agricultural ecology. QSELE equate piological or
integrated g¢ontrol w%;h pest management, for while these tactics have begn
. successfqlly employed-in some prd@rams they are only a amall part of the o;erall .
. pest nganag‘ement philosophy 'f' ' . ‘

J

!
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. was‘coﬂsfagred a new pest. The detrimental effects of pesticides on the environ-

* .! ’ . r’t ’
“Following the discovery of organic pesticides in the late '1940'5, pest .

-coptrol "phllosophy" was one of. pest eradlcatlon frdm agrlcultural Crops.

Gogls of agriculturalists were to maximize yields and it was felt the best

mannex to accomplish this was td eliminate competition. §The occurrence of

pest organisms was autoMatlcally assoclated with potential damage and thus a

loss in yleld bsstlcldes (1nsect1c1des, fungicides, rodentltides, and herb-
"icides) were l;berally employed to eliminate pests. The inltral high degree of
effectlveness and low cost of pésticides discouraged attempts to set valnes on
the economics of pest control or investigate the effects of these practices on

L] w

nontardeg organisms both witlvin and outside agricultural areas.’ .

The panacea associated with pesticides and their use in agriculture was
soon shattered by thefappearance of problems very few had foreseen. Insect
resistance was one of the f irst signals that pesticides were not the final
ahswer. to drop proteckion as they weré once thought. Insect resistance is
discussed in another gection but basically involves the inabilitf of an insecticide
to contrdl an insecf it once easily controlled., The appearance of secondary pests
(organisms not previously considered of importance) has been associated with the '’
libgral and unscientific use of pesticides. 'I'hese organisms were 'previously ’ .
kept at low levels eitherx by natural enemies or because of competition wlth other
) ganlsms. aPestlcldes killed off natural enemies or the competlng organlsms

*dllowing the previously innocuous organism to.multiply and reach levels where it

/ \‘\ ./

-ment.outside of agricﬁlture have in recent years been demonstragéd and numerous
governmental regulatlons and bans have resulted. - all of these factors plns

_the increased cost of fuel and pestlcldes have stimulated 1nterests 1n nqw

v
. c

‘%pproachgs to crop-protectlon. ’ Co . -

w 3 T

3 v, -
-

Pest management is the crop protectlon philosophy which has emerged fronaﬂ?

search for alternatlve approaches to the exclusive use of pestlcldes. The goal ,’
of pest management is to employ a multlpllclty of control and regulatory '
.strategles.bassd on a thorough understandlng of agricultural ecology, and almed\\\_

at maintainify pests at acceptable levels. There are a number of differences

between pest Aanagement and previous crop P otection philosophies.

F3 - " ]




1. 'Pest management stresses ecological understanding, or an understanding
of the organisns within a cropping system and their interrelationships.
This outlock has necessitated a truly interdisciblinary approach to
problems in agriculture. By eventually understanding the relationships
between organisms and the factors which iqéluence their abundance many

scientists feel that most pests can be managed.

-

2., Living with acceptable 1eve1s of pests i agriculturai cr0psﬁis an if
important premise of pe&t management. ' Recent studies have shown that pest

. organisms present at low levels inflict such a Aow degree of damage that
it is not economically feasible'to‘ap b controls.' Thus, agricultural
producers are beginning to accept the idea that pests fhould he tolerated
up to a level where their -abundance eging to threaten the loss of a crop t

in excess of the cost required to cpntrol it.

3. The usech natural control agents {(pathogens, predators or parasi&gs) to
regulate pest populations at low levels has been successfully employed in
'a number of pest managemgnt programs. An example in Michigan is'the
successful encouragement oF preﬂator mites by the proper choice of pesticides
which in many cases result in total biological control of phytophagous mites
As.more gs 1earned about natural control agenEg and how to best take
advantage of tHeir presenceﬁ simflar types o?’programs will‘appear. .

4. Pest management preograms stress monitoring of agricultural crops to detect .
the presence and seasonal activity of pest organisms“\?Numerous sensitive
monipéring tﬂchniques have been developed in the past few years which permit

. extensive surveillance of pests with a minimum of effort.

Pest management today is in its infancy. Many so called pilot pest manage-

ment programs have heen considered ﬁrtmendous successes because they have led )
to the reduction of pest cofitrol costs by reducing pesticide usage Most of -
the saved pesticide usage, howeter, were sprays that had.preViously bqgﬁwapplied
that weré in reality unnecessary. The futur'e successes in pest management 'will
come from a better understanding of pest organisms, their relationship to crop
damage and _factors and technigques whigh influence their activity and abundance.

These sﬁccesses will take lgnger to ach1eve than those presently attributed to

pest management, but will be as or mote Substant;al in termg of econo&L: ahd . '

resource savings in agriculture. Rl ) e
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‘Pree Growth Stages’ and Timing of Control Measuresr - ; .

.' - ‘ 3 -

gtetoricafiy, the t&@ing of chemical treatmee%F for the control.of plantan
diseases and insect and mite pests has been based on thé stage of blossom bud
development in the spring. r Althou hbud d2ve10pment stages are ueed less
today than.;n prev1ou§ryears for tlmlng of pest1c1da1 apray treatments, growth
ﬁtagee are still commonly reﬁerre&_ o by fruit growers and various industry '
pgreonnel in their day-to-day dealings with fruit crops; Thugf a knoq&edge'of.' '
the key bud stages for the various firuit crops is.peeful to those who serve the

fruit industry in an advisqry capacilty or as suppliers of pestictges, fertilziers,

C W
ete. | : . . .

The followihg li;ting of the various growth stages in fruit trees was taken
from New York™s Food and Life Scienee Bulletin’ No. 58 by P, J. Chapman and
.Gertrude A. Catlin. This is an excellent reference publicagion and may be
ordered from the Ma}ling Room, 'Mew York State Agricultﬁral Experiment Station,

Geneva, N. Y,. 14456, / The cgst‘per copy is one dollar. Each growth stage %s_

illu$trated in the byIletin in gcolor. ,
. . . - .- »
‘ e - . _ .
A Apple growth stages: (1) dormant, (2) silver tip, (3). green tip, * .
(4) half-inch green, (5) tight cluster, (6} pink, ) bloom, (8} petai fall, and - ,

‘ ' t9) fruit set, . 1 “ .

4

LN

.Pgar growth stages: (1} dormant, (2J‘swollen bud, (3Y bud burst, (4) green
; * .
. cluster, (5) white bud, (6) blopm, (7) petal fall, and (8) fruit set. =, . - :

Lh

-~
w

Tart and sweel cherries g_pwth steg_s» (1) dormant, (2) swolien‘bud; P

™

' (3) bud burst, (4? white bud, (5) blocm, {6) petal fall, and (7) fruit set.
Peach érowth stages: (1) ‘dormant, {2) swollen bud, (3) half~inch green,
‘ (t in bud, (5) bloom, (&) petal fall, and (7) fruit set. ’ .

. Y . . T . ) .

. Plum. and pfune growth stages: (1) dormant, (2) swollen bud, (3) bud burst,

4) green cluster, (5) white bud, ) bloom, (7) petal fall,.and (8) £ruit set..

-

.

> . y ~

+

Definition of Key Growth Stage Names . f : -

The following definitions\apply to the t?irteen d;fferent growth stage names.:
. . Dorfant : 'Fruit buds relatively inactive. This is the overwintering stage\

. " i e — .

' d {applies to all fruits). L
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. . Silver tip: Applies only to apple. FPruit bud scales separatéd' '
. . .. . . »
at tip;‘'showing light gray tissue. k
‘ “swollen pud: Equivalent to-silver tip stage in apple. Fruit buds swollen,
L . .
- scales‘separaged to expose areas of lighter colored tissue.) Applies to all
‘f’: fruits except apple. . ! ) ' .-
L] ‘ .

. P Green_tip: Applies only to apple. Fruit bulls broken at tip, showing

-abaut 1/16 inch -2 mm) green. ] ) .

®ud burst: .Equivaleht to green tip stage in apple. Pruit buds broken at
N . ‘ ‘ ¥
tip, showing tips of blossom buds. B2pplies to pear, sweet and tart cherry, plum,

3

and prune. ¥ .

Half-inch green: Applies only to apple-and peach.' In apple, when about

1/2 inch (1 am) of leaf tissue is projecting from the fruit buds. In peach, when
» th?’leafbbpd occurring between a pair of fruit buds Has produced about 172
"ith (1 cm) of new gE?ﬁtpf* » . . y .. P !
Tight cluster: Applies only to apple. Blogéom buds mosti& éxﬁosed, tightly |
a

L]
I gtjouped, §tems short. .Lfﬁ#ﬁ‘r// . _ \ . PR

. ) - b . R
Pink: Applies only to apple and .peach. For apple, all blossom buds in :

. > ‘
cluster pink, stems fully pxtended. For peach, when the blossom shows a pink tip.

- +

White bud: Applies to ﬁear, sweet and, tart - cherry, plum, and'p_
Blossom buds white, separated in the clustey and,.stems .lengthened. )

" Blocm: Blossom buds open (appiies to all fruits).”
* .-

Petal fall: After about 75 percent of the petals have fallen (applie% to
EEE—— :

'a*l fruits) ., : : -

Vs J ' . . . . Q
Fruit set: A stage ranging from about four (cherry) to ten (peach) days

L] 4 .
after bloom when thg blossoms that have or have not set fruit, initially, are

. ciearly evident (appliea to all fruits).
) i
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: SELF-HELP QUESTICNS .
Now that you have studied thig 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 Ttext. Erase your answer and write in the correct answer if your first answer
\is wrong. Note that thése guestions are not ‘necessarily those that are used in the
certification examination. v '

[

1. qu'can secondary pests become: a problem through liberal and unscigntific ' *
use of pesticides? '

F

L) - i % -
¥ —g . > . ig ’ ) "
2.. List four important premises of pest management philosophy. -

[

\ *
. - .

4 N * -

-
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TAUSES OF FRUIT DISEASES

-

A

-

. Tree fruit diseases are caused by organisms which live and feed on
varibus plant parts. Most tree fruit diseases are caused by fungi, bacteria,
wmsoplasma, viruses, or nematodes. The fungal bacterial, and nematode
diseases are controlled prlmarlly by pesticides while the mycoplasma and virus

diseases are generally controlled by cultural meéetheds.
o L]

I3
- S . ¥

DISEASE CYCLES

Each orchard disease has a developmental battern or cfcle it passes throngh
during the year. Control chemicals and metgods are’ generally effective only at
certain times or stages in the disease cycle. If the disease pathogen is not
in a suSceptlble stage of development when control is.attempted, results will be

dlsappolntlng. Improper. timing of sprays is & commen reaspn for contrgq failures.

Disease developmental patterns or cycles are of two kinds: primary apd
secondary. Primary cycles are}thqse first ‘initiated by the pathogen after a
+ “7‘

period of seasonal inzctivity., In-Michigan, Primary cycles usually begin after
the winter rest or dormant period. Secohdary eycles are thﬁse ini;iated by

1nocu1um for the primary cycle, or other secondary o}cles. Thus ths—prtmary'
cycle usually occurs in spring or early summer while the secondary cycle occurs

throighout the snmmer. .

bDuring the time a pathogen is active apd causing disease, it passes )
" through three distincr stages, namely-the inoculqtion stage, the incubation stage,
and the infection stage. The 1engtb of each stage varies with the parhogen, the
envitpnmentﬁ,and the susceptibility of the plant. These stages occur during

"

both the primary and secondary cycle.




v

%_o

. - by '
the inoculum to the infection gourt. sThe inoculation stage.ends when the
no\

faces, stoma OF @ir pores in leaves, and blossom nhectaries. The inoculum is

+ ‘ ’ . 1

Inoculation Stage . s

Inoculation ¢onsists of the transfer of .the inoculum from the source of

inochluq is deposited in the iAfection court. Sources of inoculum include such

thangs as cankers, diseased fruit, or dead leaves that harbor the pathogen. &an

infection court 15 that part of the tree where the inoculum of the pathogen can:
establish itself. Examples of infection courts are wounds, leaf or fruit sur-

-

usually carried to the infection court by wind, rain, insects, and man. .

) \ .

Incubation Stage

-

Incubation is the period of gime,from'when the inoculum is deposited on the
susceptible tissue or infection court to when the pathogen is established in
the host plant. 'This is an iﬁportant step because it is during this.geried when
the pathogen must estébiisp itself, to the point that it can survive and develoP;
even during periods of unfavorable weather. Pathogens may penetrate the host .
cells directly or may penetrate through natﬁraf openings or wounded tissues.

-

Infection Stage “ . . o

G rd

‘ghe infection stage is the period from when the pathogen is éufficiengly' : 2,

. established in the host that it can survive and the stage extends through the ..

develepment of the

usually no visible

lesion. During the early stages of this-process there is

external evidence of infection.

The time between when the

host Begiﬁs re%ponding to the pathoéén io when the lesion first.agpears is

commonly ¢alled the latéent period of infection. The infection stage continues

until a lesion is no longer visible.
N ]

£

’ Examples of ‘Fruit bisease Cycles . 1

- . - ) )
Over 30 diseases occur periodically as a problem on tree fruits in Michigan. ° h
. t .
It is not possible to describe the life history of each Of these diseas€s in . \

this manual. However, a few examples‘ére provided to“stress the relationships X
between the life history and the use of conttol proi:’edufes.‘ For inEQrmation on

. - i
» .
.\

-~ . - - . . . ™
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diseases not descrlbed heré the follow1ng bulletlns may be consulted

. “D,}seases of)tee E‘rults in Mlch:l.gan " MicHigah Extene:.on Bulletin E-714 or , ;
H ’
_ “Dlseases of Tree Frults," Notth Central Regional Bullet;n Publlcatlon No. 45. J f
Lt M B 5 . " a' - . N o
- b . !
+ - - - i 'Jo
. :' : L S v [ ': .

APPLE. SCAB . *

+

) : Scab is caused by ‘the .fungus Venturia inaequalis. It occurs in most areas
/G .

of the world where apples are grown. It is less severe in gemidrid regions

v than in cool, humid areas with frequeot rainfall. The climate in the Midwest is

extremely favorable for scab.. Fortunately, successful control protedures have

been developed .and losses from soab can be prevented n

*

[

N

»
L3 -

Symptoms

Apple scab occurs on the leaves, petioles, blossoms, and fruit. The most

striking symptoms are on the leaves and fruit. e
s , e
. ' . Leaf infections usually appear first on the flower bud leaves. Lesions
develop prlmarlly on the undersurface qf the leaf, the side exposed when.the

, fruit buds rstaopex Once the entire leaf has uﬁfolded, both sides may be
infected.- ) .

+

+

. T -
Diseased leaves are pften distorted. Severe infection can also dwarf leaves
and cause defoliation. Trees sevirely defoliated two or three years in a row

are weakened and susceptible to Iow temperature damage.\

o

* T Le31ons develop as velvety brown to olive spots whlch turn black with age.

At flrst; the marglns {edges) of the lesion are feathery and indefinite, but

&

- later dlstlntt‘limlts are evldent . T 9 .

s . R
Fruit infections resemble leaf 1nfectlon when yOung but with age bacome
- s brown and -corky. EFarly scab infection results in uneven grovth of the fruit amd ~
- . cracking of the skin and flesh. Lesions ofteo develop around the blossom end
- of the fruit early in storage. These {esions are usually small,. varying in size

| from specks to Spots one-fourth inch in diameter, and are known as pinpoint scab.

- oo .
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bisease Cycle

-

, Primary cycle: The fungus overwinters.in leaves on the orchard floor.

In late fall and early sprlng, mlcroscoplc, black pimplelike structures, called . g
perithecia, are produced 'in these dead leaves. Within each perithecium are
ascl, each with eight ascospores. The ascospores produce!the first or primary *

infections to_the new growth.

&
i

Per1thec1a1 development is favored by alternating periods of wetness and '
dryness in late wlnter and early spr1ng~ ‘In years with good snow cover and no |
deep-seated frost., the fallen leaves are well protected and’ perithecxa mature

early. Ascospore productlon 5eg1ns during mild days in February. Spores -
develop gradually aat first, but much faster as tHEmtemperature increases to the

mid.GOs. Perithecial development is reduced and spore production delayed i; dry

springs. ‘

»

Normally, some perlthec1a have mature ascospores at the silver t1p stage of
bud development. when the leaves on the orchard floor become ‘wet,. spores are
forcib.nly ejected into the air. .Air currents carry them to the emerging tissues .
N Jﬁ;here infection takes Blace; Maximum spore discharge occurs‘within 30‘p1nutes of
h wettiny: complete disgharge requires'about two hours.l Maturation and discharge

™of ascosporés isually lasts five ‘to nine weeks.

L] . L)

- Germination begins as soon ag a spore lands on new, green_leaves or fryit,

I

PR <p{ev1dlng a film of moisture is present. The number of hours of wetting retjuired
for infectlon varies with prevalllng temperatures. Growers should record the
beginning of rainfall and average temperatures, and determlne the length of time

. it takes for infection to occur. For example, at an average temperature of 58° F,
primary infection will. occur 10 hours after the start of the rain. After 22 hours
of wetting,  the degree of infection will be severe. This 31mp1e calculation is

. ‘useful in deciding when fungrcﬂﬂe sprays are needed.

. ‘Lesions are not visible until several days after the fungus first infects th

leaf or frult. The average temperature after penetration is important for

Yetermining the.timerequired for lesion developﬁent. About 9 to 17 days age

requiréd from inoculation to the-appearance of tﬁe oliveigreen, velvety scab

lesions. Within the lesion are secrmda.ry spores (conidia) _fu:vr.per};hst:uat::i.l'ug;o the. .

disease in summer.
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Sécondg;y cycle: Secondary infections are initiated by tonidia produced -

in primary lesions, Since conidia may develop as soon as seven to nine days’
after infection, secondéiy infection, if not, controlled; ma} be initiated it~ o
L3 “w

sufficient wetting occurs during b100m - This is particularly true when ascogpores

quect the apichl, portions of sepaIs and leaves at the silver tip stage of bud .

L}
¥

deVelopment. P . Ve
' Conidial’ formatlon ig favored by high humldlty and moderate temperatures.
Wettlng is not requlred for spore formatlon f_Spores are disseminated b} splash-

ing rain and by wind. cConidia germinate and infection occurs under akout the

r .
same conditions as for ascospores. - . N " .

+ ¥

. Secondary infection to fruit can occur 1n the fall but not show up unt11 :
the ggult has been stored for several months., The disease can also bulld,up,on
the leaves. Since the fungus overwinters in these leaves, pbrithgcia may be
présent in quantity to start the new season even though a good spray program was .

followed the previous year.

. FIRE BLIGHT OF PEAR AND APPLE .
Fire blight, caused by the bacterium Erwinia amyZovora, is the major disease
problem faced by pear growers. Blight is';Tso a problem on %usceptible.apple
varieties. The disease capses an annual loss of blossoms and fruit, but its
most serious effect is retiyceds future production due to destruction of branches

* . ¥

and scaffold limbs. ) . . .

-

Szmgtoms '

infected bloss watel*soaked and dark green-aé the bacteria invade

the succulent tisg@es. within a few days, the enﬁige'fruiting spur may be
invaded. 1Infect

dark brown on apple. Tbé disease usuélly méves into the leaves through the

! y -
tissues wilt and turn dark brown to black on pear, brown to

-

petiole, resulting in discoloration of the midvein first, followed shortly by a

darkening of the lateral veins and surrounding tissue.

' %’_
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Infected,&erminals'wilt from the tip and often dgvelop a crook or bend
at the growing point. At first, the tissuee are water~soaked and dark gr‘gZen,v
. later turn brown to}black.' The disease somet;mes ‘progresses into the shoot
from its bﬁse, blighting the lower tlssues and girdling the parts above.’
Infected leaves and frult often per51st 1nto winter as a yeminder of the prev1ous )
summer's activity.. ’ ¥ '

- Fbl;owlng 1nfectlon, blight -can move long distances thhln the 11v1ng
txesne and kill an entlre tree in one season. .Bark of 1nvaded branches and
scaffold llmbs As darker than normal. When the outer bark is peeled away, the
inner tissues are water- soaked with reddlsh streaks when first invadedy later
the tissues are brown. When development slows down, the margins become sunken
and soq;efmas-cracked, forming a canker. The presence oflreddening helps to

distinguisﬁ {jre blight cankers from low temperature damage to bark.

w

Under certain conditions, apple and pear fruit develop a brown to black'
decay from bllght. The rotted areas remain firm but the fruit eventually shrivels

into mummies- and per51sts on the tree.
- .

buring wet, humid FEather: Bligﬁsed tissues ofPen extrude a milky, sticky
liquid or poze containing the bacteria. These droplets are produced in areas
where the'bacteria are actively multiplying. The ooze turns brown upon exposjre
to air. - Appearance of ooze on the surface of diseased blossoms, terminals,

‘or wood is the most obvious characteristic of blight.

Disease Cycle . ' AN

. »

Bacteria overwinter at the margins of cankers on branches. Survival is most
likely to occur in cankers with indefinite margins located on large braggﬁes. The:
pmoportion of these "holdover cankers" is, hlghest following mild winters. Ooze

containing the bacteria begins to appear on the surface of the cankers when the [

trees are”in the prebloom stage of development. Bacteria must move from over- \
wintering cankers to exposed flowers before primary infection can occur._ This

is accomplished .through the action of splashing rain ang by flies and other 1nsects

1
+

which visjt ‘both the bacterial ooze and the blossoms.

~ . -

Only a small portion of t@e blossoms are infected in this manner,
‘particularly if care. has been taken “to eliminate'overwintering cankers before
growth be.gins. Eventua‘lly, however, a honeybee visits a diseased blossor& and
picks up pollen or nectar contaminated with bacteria. onge this occurs, spread

LT ' ) ) N ] t
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. ‘ can be rap:l.d and infection gevere’ Secondary infections also occur fyom '
splashlng rain.

“ ) ' . >
- J ClJ.mat:Lc condltloﬁs are J.mportant in determmmg amount of spread
and severity of blossom blight. Temperatures betweex‘l 65°F and 86°F favor
pnfectlon At the opt:.mum temperature of 76 F blossoms begin to show bl:.ght»
‘in four to fwe days.‘ At lower temperatures, symptom development takes much = '

. &

, . longer. 4° ‘ . ‘ “}, '

~

Although bacter:.a mvade the flower arily thﬁoug‘h' natural openings,

wounds are importantm the J.nfect:.on of temin,ai"s‘hoots, leaves, and frait.

Water sprouts and shoots may be inogulafed d:l.rectly by piercing insects, primarily

aphlds and-~leafhoppers, or indi through the feeding wounds left by these '

rom hails es are- frequently invxaded by blight bacteria,. leading

. L . .
to severe disease outbreaks., Any .fresh wound can serve as an infection point,

-

but wounds become less spscept:.ble with age. Uhder“prolongfed periods of wetnédss - .
and high humid:l.ty, {nfectlon of lea;ves, shoots, and fru:.t through natural openmgs

may occur.

' BROWN ROT OF STONE FRUITS
. ’ 1 . L. - . z ) -
Brown,rot is a destructive f"ungus disease of apricot, peach, nectarine,

plum,* and 'cherry throughout the Midwest. The disease reduces yields in the °

orchard by infecting blossoms, twigs, and fruits. After harvest, fruit decay poses

a constant threat. In seasons with climatic conditions favorable for infection,

entire crc;ps may be lost, almost overnight. : ¢

+

There are 'two brown rots of stone fruit crops. BAmerican brown rot is-caused -
by the fungus Monilinia frueticola and occurs throughout the Midwest. European ey
" brown rot, caused by M. lara, occurs primarily on tart cherry in Michigan and ~/

_ Wisconsin. The Eu:opean fungus is geherally a blossom and spur blightér, not a
/ frul.t rotter.

. Brown rot' attacks blossoms, spurs, shoots, and fru:.t. Symptoms may develop

. . on a few or all} of these plant parts durmg the growing season. Infected

- blossoms w:l.lt, urn brown, and persist into summer. The fungus of American’brown

-~
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fnto the spur, partlcularly on. aprlcot. peach, and nectar‘nes. 1qf;equen y on

blig ﬁ?% spurg on

twigs to the branch below, small cankers are formed.
may girdle the branth or twig and cause the terminal

-Gummosis may accompany the bllghtlng of spurs and fo

Succulent shoots are sometimes blighted- Ey dikect
L] ﬁ“
Fruit decay is worst on mature fruit althougly i

!

ey expand, dankers

jrowth to wither and die.

mation of cankersg. ?

ififec i?n near their tip.

ture fruit may dewvelop

the disease under certain conditions. At firsts g sm llt circular, light brown

spot develops on the surface ofsthe fruit The fise se expands répidly under

favorahae condltlons, destrbylng the entire frujt i

nay fall to the ground or persist as sunmies orff th
71 v -

a few hours. :Rotted fruit

tree

Under wet, humid‘conditions, aqh-gray tu:fs £ fungus growth develop over the

surface of the lesions. These structures, ca

sporadochia, produce conidia

or spores important in spread of the -distasef’ pearance of the fungus on a

- ,;,_“

arlse from mummles on the ground Formatjionfof the apothecial stage is most

important for American BEown rot The sgxu stage.of the European form is rare.

Moisture is,required for apothecial dev op ent. Development is also-Favored“by

temperatures of 63°F to 5B°F‘

carried by wind to the blossoms where fhey! infect,

3

summer and do not contribute directly to inféction at harvest.

-

¥

. ¢ )
apothecia. Upon wetting, the ascospords ate forcibly ejected into the air and

*

Infeétioh may also arise from conldié produced on the surface of mﬁmmies and
] - ’ =

cankers i{n the tree. Sp?es are carri q‘}!;y ind or splashings rain to susceptible

tissies. Relative humid
production. P

ty of 85 perc.ﬁi or hidher is necessary for conidial

Apothecia diéintegrat@ by early

.

o




" earliest fungicides used in commercial fruit “production, Many of these early

nsweet cherries. In a 2-6~100 Bordeaux, for example, the first figuxe of the

fjfcrmula is copper sulfate in pounds, the second figure is spray lime in pounds.

H b
LY s .
. 7. " +
y o . . . .

.23

.
- -

..' .
.
In summer, brown rot acﬁiylty is réduced but activity 1ncreases as the

frult start to mature. Infected'blossoms and green friit are .the main source

. N

of conidia for’ 1nfect1ng fruit at hafvest. fnfectlon may occur dlrectly

‘through the cutlcle or through naturql ‘openings in the frult. WOunded fruit are

infected much more readily than un?oundeq fruit. éince rotting and sPoi§“\ .
production, can occur in a few days, the:disease is able to build up rapidly, even
from low levels. ‘ . ‘T : .
Environmenr pléys an importdnt role in development of the disease. Warm,
wet, humid weather & particularly favorable for brown rot. The hours of wetting
necessary for bioss;E infection decre;se'from 18 hours at 50°F‘to 5 hours at
77°F. Iﬁfect}on rate decreases above BOOF,gnd'beIOw 55°F, but may continue at
temperatires as low as 40%F: Mature fruit debays in 36 to 48 hours under optimum .

decay conditions. o

AN

L]

-
¥

FRUIT PUNGICIDES AND BACTERICIDES o w .

Chemically, fungzczdes may ba.d;vzded,znto inorganic and organic types

The inorganic materials, such as sulfur, cbpper and mercury'cqmpounds, were the

compounds have new heen replaced by organlc fungicides, which are generally less

phytotoxlc and more effective than the 1norgan1c compounds - -
T he 11 - ’ . {.f,
. . ] L.}
s “INORGANIC FUNGICIDES C O *

-

Coppex Cumpounds'

Bordeaux mixture has been used for nearly 100 years for disease control.
Conszstzhg of soluble copper sulfate mixed with hydrated lime in wﬁzer, it is
-
used as ‘a“spray. The lime safeguards the mixture and improves control by sticking ¢

the copper onto the plant.

Bdrdeaux mlxture 13 sometimes used for the control of fire blight On apples

and pears, for peach leaf curlon peaches, and for brown rot blossom blight on

andﬁthe third figure 13 water in galloas Homemade Bordeaux is SuPerlor to
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prepared dry mixes. . . f

:

Bordeaux has many compatlblllty problems.” &gfore comblnlng with opher
In addition, Bordeaux is often somewhat phytotoxic to fruit and foliage when -
applied. under cool, slow drying conditions. Damage cog;iéts Qf\frult russetting

and sdme spottingaof-tender foliage. _ B

The "fixed" or "insoluble"” copPper compounds a}e sometimes used in place of

Bordeaux mixture for disease control.. There are several fixed copper products

available, containing either basic copper sulfate, basic copper chlor ides, copper

oxides, or various other formulations. At one time they were usagkextensively

for the control of cherry leaf spot but today their use on fruit

-
t {h "

Sulfur Compounds
- < -

) 5u1fﬁr was the first known fungicldeaanqais still used e nsively today for

the control of certain foliage and fruit ijseases. Sulfurs are known particularly

for their effectivenegs in controlling powdery mildews. ' They are useq as dusts’

or as séiays.. Although several formulations of sulfur exist, they fall inte

threg types: wettable sulfur,- sulfur paste, and llme-sulfur. The wettable -

sulfurs are the most common ;ypes used today.-

/
Lime~sulfur is used on apples primarily as an eradicant in the silver tip

4

to prepink periocd of pbud development for the.ccntrol.cf scab. It is available as
g liquid ég in dry Form. The liquid is the common formulation. Lime-sulfur is
af%o:uSed to some extent as a dormant Spray on peach for peach leaf gurl, on/

prune and plum for black ant and as a bloom’ spray on each of these crops for

pesticides, check.the compatibility chart and read the 1abe1 on the can carefully.

crops is limited.

1

\

-

hrown rot blosscm blight. Although the use of 11me sulfur was once quite prevalent,

it has generally been replaced by less phytotoxlc dr milder fuhg1c1des P

. R

Wettable sulfur aﬂa sulfur paste: Because of their convenience, the

wettable sulfur formulatioﬁs are generally used. RecommendationS are usually

hased on a 95 percené wettable sulfur formulation. Fo¥mulations containing less’
sulfur should be used at higher rates. Sulfur was onfe used extensively as a
protectant for scab, but it has generally beeg replaced by drganic materials of

the protective-eradicant type. ‘ % N

\
’ - v - - \ ‘
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sulfur is effectlve agalnst powdery mlldew and is used in combination
’ wlth scab fung1c1des for the contrbl of the disease on mildew susceptlble

apple varletles When sulfur 1£ used, superior oil g;ould not be used with or
near the sulfur applications because-th combination is phyteotoxic. A *

sulfur is used on all stone fruits, except apricots, to control brown rot. -
It is especially important in the bloom and early coVver sprays on peaches to

control not only brown rot, but also peach scab and powdery mildew.-
]
F

Mercury Compounds

-

Mercury, both inorganic and organic forms, was used extensively as a fruit
o
fungicide until recent years. Due to their possible contribution to mercury
contamination of the environment and their toxicity to humans and animals, .

mercury cbmpounds have been-sus ded for use as fungicides. Organic fungicides

"have essentially replaced the mercuries. ’ Y : .
wy ORGANIC FUNGICIDES
Benzene Compounds ' s

| There are several funqicidqs in%his chemical glass but most of them are

¢ reiatively specific in the diéeaseﬁ-they control or in how they may be used.

« Dinocap is specific for powdery mildew and is sold under the trade name of
Karathane or Mildex. Dichloran or, Botran prevents decdy of fruit crops caused by
Rhiszus,‘a commmon bread mold. It is used as a sPr;y or as a postharvest treat->

ment on certain fruits. Daconil or Bravo is a relatively new compound for use
,on'vegetables, but registration for use on cherries has been requﬁfte It

¥
differs from the other benzene compounds in belng effective against a spéctruﬂvff

foliage and fruit pathogens. s

.o
Dinocap (Karathane) (@initro ?apfyl phenyl crétonate) is a 25 percent

active wettable powder sold under the tr;de name Karathane: It 45 used primarily

for the control of poﬁaery mildew on susceﬁféble agple varieties. A liguid

formulation is also available. It is often used in the summer when high temp-

eratures make thefhse of sulfur gquestidnable on some varleties This mater1a1

may be comblned with other fungicidgs used for scab control but should not be

used with oil or liguid insecticides having an organic ‘solvent (kerosene or

#
~

xylene) base.

.
. .
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Botran {2, 6~ dJ.chlofo 4 roan111ne) is a 75 percent yel’lﬂw“: wettable.

"‘l

powder for use J.n sprayir .in the postharvest d':l.ps of st:one" fr,uu',,s »It has P

o
brown rot control ac‘t:.v;.ty and is parta.cularl‘y specﬁa.c in :.t o@é:f’ol of ., .

rhlzopus rot on frm.t' on peaches it J.S used- as a spray to pre"”went. brown rot

.J.nfeotlon and in a dip treatment for the fru:.t. It J.S not clea.red af th:.s time

»
for the dip treatment of other stone frults, but can be sprayed on sweet cherry
fruit wh:l.le sqrt:.n:;. . For appl:.catJ.on to ﬁeadhes .‘m postharvest sprays :.t ig
usually mlxed ru.th captan in a half-and-half mncture to mlna.mlze visible residue.”

. ¢
. &
PR TP .
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Benzimidazole' Compounds d ke ) I .
\ M - - .- . .

The benzimidazoles are systemic fung:.c:.des and inplude fuberidazole, v'.,

benomyl and thiabendazole (TBZ). These compounds ard in the early stages of
development c‘olrnnercially. The benzimldarates are prlmarlly effec‘tlve agamst the

L

¥

H
ascomycete fungl, a group that inclndes a large mmber of plal'it pathogens I .-

this group benomyl is the, most wldely used and 1s reg:.ster.ecl for éontro). for a -~

number of fhrua.t diseases. Benomyl appears to be active at gllghtlj,t iower rates .
L] i)

than thiabendazole. Because they are systematic they are’ effect:l.ve against .
internal pathogens and less subject to* weather:.ng. S "".‘ . "

E

There are also two closely related funglcike corrpounds whlcb are usua{y
considered within this class—thiophanate, also called 'I\o_psa.n oxr C@‘%obm, and*

thiophanate-methyl, also called Topsin M. The spectrum. of act:lq.y,j.tgy of these ' .

compounds resembles‘that of the beng:i'.midazole compounds, Recént evidence indicates

both benomyl and thlophanate-methyl breakx down into the sa:me fungltom.c.'ant, thus ,)

y

expla1n1ng the:.r similar blolo%lcai activitigs.

< - .
. ".." ‘ﬁ' “f

Benomxl (methyl-l (buty}carbamoyl)-.z -benzimidazole carbamate) is used for the

-

control of scab on apples, and powdery mildew, sooty blotch flyspeck and post--

harvest fruit rots caused by Botrytis (gray mold), Penicill:.um [blue mold of -
[

soft roth, and Glossporium (bull's-eye rot} on app and pears It is formulated

as a So’pércent wettable powder under the trade njme ‘B nlate on apple's) it is

I3
-
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. on.stope fruits, it is uged on peaches, nectarined, apricots, cherii:s,
e*f prunes, and plums for thfa;c’o,p'trol ‘of browp rot, powdery mildew, peach sc b,
"and cherry 1¢8¢ spot. It is not effectlée for control of'peaoh leaf* curl.
1 Benbmyl 15 particularly effeotlve for the contrel of brown rot. Sprays may'be
‘started at early bloom and continued as necessary through harvest. Benomyl .
.' may also be used as a postharvest dip or spray. It will not control frult rots

, '+ caused by Rh;aepus, sp or Alternaria 8p,

] o Beoause of prob}ems wlth fungicide tolerance, benomyl should not be used : /?/

", ‘ on an excluslv schedule ‘To aveoid tolerance, benomyl is often oomblned wlth

. | . . .
v _/\|" . o

" Thiabendazole, 2-(4~thiazolyl) benzimidazole, is used for oontfol of storage .

other fungloldes and applied, as a mixture. “

rots of apples and: pears. Thlabendazole is active agalnst Penicillium and
Botrytis (blue»mold and gray mold) but wll not control ro&s caused by Alternarza
andehzzopus. Dip, drench, or spray the harvested fruit with a suspension of

the fungicide.: Thiabendazole is compatible wath DPA, but not Stop-Beald.

. Carbamates ' - ] - )
__!,/‘ . Developmenz of the carbamate fungicides was a-major breakthrough in .
" fungicide chemistry. Because of thelr value to mankind 1n preserving food and
fiber, the discovery of the carbamate fungicides is ccmparable in importance to

the discovery of DDT as an insecticide. Thesé compounds are used throughout the

5

‘ world to control a varzety of dlseases on many trops. -+ . ' e

1

The carbamate fun91c1des are ?11 derivatives of dithiooarb' ic acid, an.

organic’ acid used in vulsanizing rubber. They are oldssisied into three groups.

» .4
]

-
"

1. The thiuram disulfides. These are,solﬂ under many trade names such as

. . Thiram, Arasan, Tersan, Thylate aﬁa are knaqwm by the commo _name of thiran.
On fruit crops’ they are usgd prlmarlly for ths control of tb apple rust

disease complex. ! - - .
. ) A .

.

Thiram, tetramethylthiuram disulfide, is fold under the|trade names
of Thylate and Thirawm. Thiram can be used for combined contxcl of scab

. . r
and apple rusts on varieties subject to fruit russet by ferbd
- .-“‘Ih ! : )

. - 2, F‘erba:ﬁ, ferric dimethyl dithiocarbamate, is formulated as'a 76 percent
ot niietetfmitalal . -,

c.wettable powder. 1It-.is usedros_a protectant from control of apple scas,

-

Q I ‘ ‘ - :2:3 . | ..
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n pear scab, cedar——apple rust, peach leaf curl, and brown rot. It is ' ’ .
b ’ nsed‘;n comblnatlon with wettable sulfur on plums, prunes, and sweet . i

".cherries for control of leaf spot. Eerbam can also.be used as a lead

—

arsenate safener where lime cannot be used for this purpose. In some
‘cases, yellow apple varieties have produced inferior finish when this material

is used. E . el
)

* 4

! _
34 The ethylene blédlthlocarbamates Nabam, zingb, and maneb are important .

s of thig Tlass. Maneb and ‘certain re}ﬁfed compounds are used

extensively for the control of séveral diseases on fruit crops. Like the

' dithiocarbamates, each of these chemicals contains a metal such as‘sodium,
-y

zing, iron, or m%rganese.

4
Maneb, manganese ethylefie bidithiocarbamates, causes injury on apple
. trees. Therefore, in all formulations reccmmended for use on apples, zinc

1s added: to the maneb teo prevent 1njury. ) *

Zinc-maneb (Manzate D. or Dithane M-22 Special) is an 80 percent dry,

wettable formulation of maneb containing zinc as a safener. This formulatlgn

is used for centrol of apple séab and cedar apple rust. . .

Mancozeb (Dithane M~4% and Manzate-200) is a coordination product of

maneb and zinc ion. It is 80 percent wettable powder.

+

These products are used for apple scab and’ rust control from green
tip through primary scgbkseason. They have excellent sticking proPerties.'

Y
\ These products are compatlble with most pesticides and can-he used in

g comblnatlons 31milar to ferbam. They are compatlble with 0il. They

\pannot be depended upon as a cor:ectlve for lead’ arsenlcal injury

i Polyram is sold as an 80 percent wettable powder and is a mixture of
5.2 parts by weight (83 9 percent) of aiginlatea of.(ethylenebie {dithio- .t
car. (

to)) zinc with 1 part by weight .1 percent) of ethylénebis -

ithiocarbamic acid), biolecular and trimoleCular cylic anhydrozulfides,
and disulfides. It is used in a protective schedule agalnst apple scab
and apple rust diseases and is used against fly speck and sooty blotch of

apple. Polyram has good retention and red;strlbutlon properties. I4 is a

mild eradlcant, approximately equlvalent to captan. . ‘

-
. +
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Polyram, like ferbam, is compatible with most pegticides and
L] . {-A-
can.be used 1n combinations. L
-

+

Dikar ig a coordinated product of zlnc ion and“manganese ethylene
bisdithiocarbamate, dinitro {l-methyl hepthl) pﬁenyléfotonate and certain
other dinitro phenols aigmgerlvatlves These are the acéive ingredients

¢ of Dlthane M-45 and Karathane. pikar has prov1ded combined control of
powd?ry mildew and apple scab on mildew susceptible varieties.when used’
routinely. for best ﬁildew control, the additidﬂ of a spread-sticker is

‘suggested.

European red mite suppression has been obtained when applied on a
sea%onal schedule and where superior oil was used beforé’blooﬁ:H bikar
1s incompatible with 011 Good fruit finish has been obtained with bikar
_ex pt' workers in states other than Michigan have reportedﬁgoderate fruit

russet on McIntosh and Cortland where used at high spray concentrations.
. b ' " L

P géggé (zinc ethylene qisdithioca;bamate)’is sold as a 79 percent
*active wettahle powdér. It is used mainly for control of black knbot of
ﬁlums and prgnés. Where sooty blotch and fly speck are a problem on apples,
: zineb plus ciptan, are used starting at third cober ahd repéated every
10 to 14 days until 30‘day§ before harvesﬁ. . »

L4

Guanidine ngpounds' . . . ’,

. The main fuﬂéicjde in this class is dodine. It igs used for the control of
9 ' - :
foliage diseases of apples, cherries and strawberries. -

-~ . - = !

DPodine (n~dodeclyguanidine acetate) is an excellent fungicide for apple:
scab.and cherry leaf spot control. It is sold under the trade hame Cyprex
and is formulated as a 65 percent wettable powder. pust formplations. a?e also
available. Dodine 1s primarily used as a protectant agalnst apple scab, ‘but

also has eradicant properties. . . o~

]

Dodine is particularly effectiyve in reducfhg-secondary spread of scab where

it has been applied &t regulﬁr intervals. It will reduce the production of

L]

spores in established lesions and alse reduce spore germination.

- . .- L L]
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with dodine 31nce it reduces its’ effectrveness“ .

equivalent rates. ' ‘;E .

. -
-~
) ’ ) B .

Dodine lS commonly used wlth oil, E?t a phy31ca1 1ncompat1b111ty may

occur when a, hard water source is used. Purthermore, llme should not be fhised’

+

Dodine will -control cherry ledf spot an tart cherries. It is also used

. . L 3

on sweet cherries where brown rot is hot a problem.
- L. . * ‘ . -

Trichloromethylmercapto Compounds

&*

This group includes three ciogely relatgd fungicides—captan, folpet, and ]
Difoltan. -Captan was thé first to he deveIOp%d. It is used for the control
of » large number SE fungus disemses of»ruits. Folpet and Difoltan have
similar properties and are used where they ure more effective than Captan.
Difoltan is known for its ability tp r?sisq weathering and, thus, giveé extended

control’. N

L3

Captam (n-trichloromethylthio-4-cyclohexene~1, 2-dicarboximide)lis used
' [T . .
for control of apple scab, brown ro;,‘and cherry léaf spot. ' It is also fairly

-effective against several minor diseases including: black xot, Botr‘yt:.s . .

blossom-end rot, *Broocks fruit rot, bitter rot, sooty blotch, and flyspeck. It
will not control apple rust, powdery mildew-or fire blight. It_ls uSually
marketed as a wettablé powder formulatlon Several dust formulations and an #

f
80 percent wettable powder Eormulatlon are avallable and should be used at

T -
-

? ! N ! o~
; A
Thoughjpr%Farily.a protectant fungicide, captan will eradicate scab if used

within 18 Rours after the beginning of an infection‘beriod at avérage temperatures , -

"ggout 50°F. It should be applied at relatively 'short intervals during critical

scab periods, when growth is rapid, or when rains are frequent. .

Captan is, associated‘with good ﬁinish‘bn‘russetJSusceptible apple v;rieties -
11ke Golden Delicious. On Red Delfcibus, it uas caused asleaf'séotting'wheﬁ
used at full élxength early in the*season, especially when, used in combination
with sulfur . On other varieties, it may be combined with sulfur or with dinocap |,
for pcwdery mlldew control. It 1s 1ncompat1b1e with 011 and should not be used

-

1n comblnatlon wlth oil or. near 011 appllcatlons L.
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Antibiotics

On stone frult crops, captan is used for early season control of brbwn
:r:ot on, apr:.cots and ‘for combined control of brown rot and cherry leaf

sweet cherrles startlng at pqtaikzall
peaches for the control of bro ot

l’

t on

It also is used on prunes, p and

. D;folatan (cls-N~{I 1; 2, 2- tetrachloroethyl)th10)-4-cychlohq3gne-

2~ dlcarbdxlmlde} ig used on machine- hérvested tart cherries to control cherxy
%,
9eaf spot. It is formulated as an emulsrflable solutlon contining 4 pounds of

leolatan per gallon. On apples, Difolatan is used as a 31ngle application ‘at’

-

green tlps for apple scab. : i L.
- . . . ¥ ) -

Human skin sensitization has occurred in some instances where Difolatan

] - .
was used. Ohly a small percentage of the population is sensitive. ) A few farm

workers have developed a reactron to the product after exposure toaresldues of
leaves and frumt.

° pifolatan on the twigs, People who may come in contact with

it must be warned of the possibility of this allerglc reaction.

Guinones . -
. L . .
. R TS . .
Several quinones"hésgﬂbeen tested as fungicides but,only one, dichlone, has

M

. been developed for use commércially on fruit ctops. .Dichlone 13 used as a

follar and frult protectadt on fruit and certain other Crops.

Dichlone. (2, '3—dichloro-1 43naphthoquinone} is sold as a SO percent active

"wettable powder under the trade name Phygon. It is used for the control of appla/,/

It is ug/d/only

scab where it is generallf‘EUﬁEIhed with a protectant funglclde.

) frém bud-break through the flrst-cover pericd of apples. On stem fruats, it |is

used mainly for the control of brown rot blossom blight on Eeaches, plums Prunes,

tart cherries and sweqt chexxries. For this purpose, it is applied during the

" bloom periocd. o Cer .

. /
- . . .
. . x
. /
- w

/

Antibiotics are chemlcal substances produced by mlcrdorganlsms which are
toxlc to other microorganisms. Penicillin, prcduced by the fungus Penicillium
nota/ym, 13 an example of an antibiotic wmdely used in human medicine. Certain

others are used for control of plant dlseases«caused by elther bacteria or fungi.

. - i K A i L
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Streptomycin, an antibiotic produced by a soil microorganism. is used
for the control of bhacterial dlSéases: It is used against fire blight pn
ples and pears. It is very effective against the blossom blight phase of

this disease if sprays are wall timed and thorougn.
N LY

Postbloom 'sprays of streptomycin are approved on pears up to 30 days before

harvest. on apples 1p to 50 days beforelharvest.

»

-~

'Tetracécline antibiotics, similar to those used in veterinary medicine, are

active against several bactér idl plant pathogens. Since their spectrum of

activity resembles that of strepéohycin, the tetracyclines have not gained wide

usage. Today: there 1s renewed 1nterest in the tetracyclines hecause of their

'act1v1ty against mycopiasma {(the cause of aster yellows). X-didease of peach

LY

and cherry are related “yellow“ disealses. ®

- »

Cycloheximide is an antibiotic actfve\ggfinet fungi. It has been used on
tree fruit for the control of cherry leaf spoﬂ, and powdery mildews. 'Although it

was used extensively at one time, jt has generaliy been replaced, by synthetic

organic fungicides. ) » ’ t

» ]

FUNQICIDES, THE DISEASE CYCLE, AND CONTROL

" Much gces into the planning of an economical and’ ¢ffective .spray program.
A successful disease control scheduleznmstrhe‘baSed on knowledge of: (1) the
life history of the impcrtant dlseases likely to be encountered (2) the
characteristics of the varlous funglcldes and bacterlcldes avallable:and their
proper useﬁd (3)/ susceptl.b:.hty of the different kinds and varieties of .gzﬁut

-

to disease and spray injury.

= .

The following information relates the control of apple scab—&o the
charactaristics of the various fungicides. It iéxan example of how to put
together a control program and a similar approach should, be used with other

diseases. Flve general approaches are deg\fﬁ%ed hera. '

+ - T
-

Protectant Spray Programs {f ’
Protectant sprays are applied before infection occurs. They set up a

chemical barrier between the susceptible plant tissue and the germinating spore.

+ L
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The 'scab fungicides listed in the following gections may be ysed as protectants, R

although some ag¢t in other ways as well. }

. O . a : s 1

During primary infection, protectants are usually applied on a five to seven
day schedule. The frequency of application depends on éhe ability of the‘cdh- \\
pounds to resist the weathering action of rainfall and the rate of ﬁew growth ’
during this time. Generaily, compounds such as ferbam, glyodin, and sulfur, \
which only protect, are applied more frequengly than compounds that can act in \

other wd?é as well ' . e \

Eradlcant Spray Progxams - \

IR ' . - \

P ——
Eradlcant sprays "burn out" the fungus within certain periods of time after

infection begins. Eradicants ghould be used at their full recommended rate,

because at lower rates, their ability to eradicate is reduced or lost.™ The

number of hOurs a compound remains effective after the beginning of an infection

-

period is as follows: r ) .

. .. ' Rate/100 gal. Eradication from beginning \

; Fungicide . . dilute - . of infection period*
benomyl 50% Wpr 7 - . curative# .
captan 50% WP 2 1b. . . 18 to 24 hr. ’ -
dichlone 50% WP % 1b? © 36 to 48 hr.
~dichlone 50s WP % 1b. : 30 to 36 hr.
. dodine 65% % 1b. * 30 to 36 hr.
like sulfur 2 qal. . 60 to 72 hr. R
™ ‘Polygram 8Q% WP 2 1b. . 18 to 24-hr. " , S
; ferbam 76% WP 2 1b, ¢ ® . none .
+ glyodin 30% sol ) 2 pt. none )
_ sulfur £5% WP 5 1b. none

* G&owers should use beglnnéng of rain as the start of infection, Based on . Ot
av%rage temperature of 50°F to 60°F. at average temperatures lower than
S0 F, use higher eradicative time figures. - -

- - . ()

# Benomyl at 4 to 6 0z/100 gal or at 2 to 3 oz with superior oil will inhibit - 5
development ‘'of sensitive scab strains up to about 4 days after the beginning
-of the infection period. To maintain inhibition of lesions, continue benomyl
‘ applications for a few applications or alternate with dodine at % 1b/I00.gal.

Timing of eradicant schedules for primary apple scab is. based on .wetting
‘and prevailing air temperatufes (see Table 1). Fradicahts are applied after
the length of wetting is sufficient for infection to occur. Fo; examp}e, at
an average temperature of 5¢°F, primary infection will occur 10 ho?rs after the

. start of the rain. After 22 hours of wetting, the degree of infection will be

|‘ -
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Table 1. Approximate number of hours of wetting required for primary apple
scab infection at different air temperatures.*
1] . * b
" AVERAGE 5 . DEGREE OF INFECTION : n
TEMPERATURES,
“ r_Light . ‘ Mcderate !
oF ' hrs.® hrs,
: 78 . ‘ 13 - 17
- - 77 1. - 14
76 9k 12
63 to 75 9 - 12
62 9 12
61 . 9 13 ¢
T S gk 13 "J
59 1o 13 .
58 . 10 14 .
57 10 [‘\ 14
. - E nmn ‘ 15 ‘
. . 55 11 . €16 ’
5% 11% . 18
53 12 17 )
52 . 12 T £ .
51 13 18
. 50 . 14 19
. 49 ° 14% <20
. 48 * 115 3\ 20 2
47 . 17 23 .
46" 19 / 25 , *
. 45 h 20 . 27 -
44 . 22 30
43 ’ 25 34 |
. 42 p - 3 ; 40
. 33 to 41 : - - <,
* From W. D. Mills, Cornell Univer51ty. ’

The infection perlod ig’ éonsidered to start at(ige beginnlng of the rain. K

b
' Data incomplete at these temperatures. .
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will be s¢gtere. Belause the eradicant action for most fdngicides is 1imited

. toa f CUrs or days after infection, they must be applied soon after l .
conditions fon infection are satisfied. If a protectant fungicide 1s not applled o
befoLe or witn\P 9 hours after the beginning of the rain, chemicals with . g

+
eradicative properties must be used. P N

AS

L]

Protectant-Eradicatn Schedules ' -

Today, most fungicides used for apple scab control are active as protectants - ‘K
. 1 . ’
and as eradicante. When applied at the eradicant rate, they contrel infections
that may have occurred a few hours 1:mdays previous'and also protect exposed

4 ﬁ
tissues for several days after the e of application. These compounds are

K usually applied on a 5~ to 10-day interval, depending on the weather and tree
. growth.
N ’
v ! . '
- Single Application Technigque ’ -

A single spray ;e applied ar the green tip stage of bud-development and Ehrough
retention and redistribution protebrs new growth for Beveréi:weeks The onlf

. fungir:ide regis;tered for use in ;;his manner is Difolgtan/ It is used on apples
as a 51ngleuspray aﬁtfyed at the green tip stage of hud develoPment In this

program, start using other suitable fungicides ;n a regular program at pink or

at early petal fall, depending on the rate of fungicide applied at green tip.

4 . P 2 N

Tank Mixture Programs N

_ plying‘rwo or more fungicides simultaneously in the”same spray has been

_pr ticed for several years to achieve increagsed pro ction€9§\eradicant action’
r

against apple scab or to increase the‘r?hﬁe of diseases tha "are controlled.

T Occasionally, manufacturers will. sell fungicides in mixed fokm, therefy relieving

the grower of the job of mlxing éompounds on his own. ) »

Because of problems Wlth fungicide tolerance, there is 1ncreased interest in,

mixing fungicldes with different modes of action, thereby delaying or preventlng

*

the buildup '‘of tolerant Strains,

—y

-




TOLERMNCE T0 FRUIT FUNGICID
[4 .

-
.

Fungi have rarely developed tolerance to the fun ides used to control‘?

. thém under field conditions. However, recent experi e with some of the new

organic fungicides with selective action on fungi indithtes fungicide tolerance

can be a problem. o o

"

;

Tolerance problems on ﬁrult im Mlchlgan include ben -tolerant apple scab,

dod;ne-tolerant apple scab, benamyl tolerant brown rot, benamy14tolerant

cherxy leaf spot. Tolerance problems with apple scab appedf to be widbly'
- 4 - ¢ ‘

+ restricted in distributidn. Also, benomyl-tolerant apple sc is much more

: tolerant’EB?benomyl than dodine&tolerant scab is to dodine.

strains, the patterd of fungicide applicatlon has a marked effe
tolerance problems will vceur., ghgh and continuous selection Qre re, such as
from using one or clogely related fungicides repeatedly year after ygar, tends to
* enhénce the toierfnce population. Thus, ‘detectable populations of bekomyl-.
tolerant fungi have been found primarily where benomyl Qas used regula ly.for
‘about 3 years and dodine:tolerant apple scab-has beel’found where. dodin was used

foff&bout 10 years. . .o
: £ .

In order to reduce the éhergenoe of funglcide tolerance in the field, specific

ciagses of fyngicides should not be used exElpsively through the growing season

-or year after year.: o
L] L - . #
- . o _
Al : 3
" [}
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Y. SELF-HELP QUESTIONS

"1 -
LI
. * + Now that you have studied.this section, answer the following questions. Write \
© - the answers with pencil without referring back to the. text., When you are
satisfied with your wri I~ answers, see if they are coxrect 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. .

'

. !

1. Are control methods and chemicals usually effective during-all stages in a
+* disease cycle? . . . . "
& oA
t » . {/’"'__1/‘ "
2. What is a primary disease cycle? . .
~ . | .

- )

3. List at least three sources. of inoculum.

4. Wwhat is the incubation period? . .
. § -~
. 5. Is there usually vq.sible external evidence of infect\:l.on during the ea.rly stages
. of the infection process? _ b
S %o, ’ '

™ .. i . .

», . .
6. On what parts.of-the apple tree are symptoms of apple scab most apparent?

.
- Y

7. What type of weather favors perithecial development of the apple scab causal P
organism? '

8.* What is the most obvious characteristic of fire blight?

I : . ‘)
s ‘. . P ", T
9. Where do the bacteria that cause fireé blight overwinter?

¥ -
.t -

" ~10. Is brown rot of stcne fruits caused by a wirus, a fungus, or bacteria? ¢

4

- _ -
33 —75-BFoWN rot fruit decay worse on mature or immature fruit?:

] " u

-

le. what type of weather is favorable for brown rot?’

-

&
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13.

14.

150

16.

17.

18.
19.

20.

21.

22,

" 23.

24.

25.

26,

-List three factors to cons;der in planniqi a successful disease control

- a
P - 30 -

Under what conditions can Bordeéalx mix be phytotoxic to fruit and foliage?
L .

- .
. . . - - .. L 4
.

[
1 +

Why is lime sulfur not used as extensively as it orice was? »

[+

Can superior oil be safely ﬁsedfhith or near sulfur applications?

Why have-mercury compounds been suspended for use as fungicideé?
» .
J Y \ *

5 "

Are most henzene compounds'relatively sbecific in the diseases they control

or in how they may be used? ’
. x

Are the benzimidazoles systemic dr contact fungicides?

. £

ﬁhat i%s the primary use of the thiuram disulfides on fruit crops?

Po the dithiocarbamates and the ethylene bisdithiocarbamates all contain metals
such as zinc, sodium, iron, and manganesﬁ? . N

e

In what class of fuﬁgicides,is dedine?

Does Captan control applgﬂrust, powdery mildew, and fire blight?

At what growth stage or stages is dichlone used? A . )
S AN
What are antibiotics? - Ly T

.

"
- i

schedule.

When are protectant sprays épplied? . o




+
' -

ﬁhy must eradicant sprays bhe @Bed at the full recommended rate?

How often are prbtectant-eradicana compounds usually égplied?

f L

At what growth stage should a single application of difolatan be applied?

i
+

+

Will the use of closely rélated'f%ngicides repeatedly‘year after year reduce
the tolerance population?

1
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INSECT AND MITE PESTS

+
L S

+

Basic Facts of Insect and Mite Development _ ° .. ) T

This section is initiatj§>woth a discussion of 1nsect and mlte development
The dlscussion is intended to lead the reader through the b331cs\of insect and”
mite development. Concepts\prqsented may at first be_judged unnecessary to an
understanding of how and when to control insect and mite pests of fruit crops
but they are building blocks of knowledge that most be grasped if more complex

&
and critical concepts are to be mastered. ;> .

- - o

Ifsects and mites belong to a phylum of organisms referred to as arthropods.
Exaﬁples of common arthropods other than insects and miteg are crabs, spiders,
ticks, scorpions, and harvesyﬁen (daddy long-leésf//’i;l/arthropods grow #&nd ,

- - -

reproduce in a similar manner. 1In the follow;ng discusszon of 1nsect and mite

development, primarily insects will be used as examples and mite development may

' be considered similar unless otherwise indlzjtgd. N . T,
- . : 1
The life of an insect can be divided intd three stages; the egg stage, g",

serles of immature stages, and a sexually mature or adult stage.- All 1nsects
begin as eggs. The egg stage varies tremendously in ecolox, 51ze, shape, and
placement on or in the host plant. For example, the egygs of the codling moqh -t
are very small, flat, and laid s1ngly on leaves or apples; eggs of the redrbanded
leaf roller are also gmall and flat but are laid in clusters of’ from to to 70 .
eggs on the trunk and scaffold lzmbs (first generatzon) or on the foliage !
{second generation); and eggs of the white apple leafhopper are long. slender snd
laid singly beneath the bark of one to five year-old wood (overwintering eggsl
or in the tissue of leavés {summer generation); With‘the‘eéception of mites,

few chemical control measures are directed against the ég§ stagé. . .
T - . . '

-
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Develapment following the egg stage is a period eof growth characterized .

- by progression through a series of distinct stages. The skin of insects does ~ . .
not stretch and to accoﬁﬁiﬁ:te an 1ncrease in size, the insect must periodically
shed the old, smaIl skln replace 1t with a new larger one. The process of .
sheddlng the old skln and replacing it wlth a new one to allow continued growth
is referred to as mgltlng Most insects molt between three and six times while ‘
progressing from.the egg to the adult stage. “with ;ery fef exceptions, the mol?s
for a paréicular species follow a set seguence as to number, increase in size
and duration between gach molt. The insect between sugcessive molts is referred

——- t& as an instar. Instars are numbered sequentially from egg hatch to the adult

. stdge. For example, the first gtage following egg hatch of the strawberry aphid
is the first instar, following the first molt, it is the second instar, following

the next mqlt, it is the third instar, etc., untilsthe adult stage is reached.

\/ c / -’ ' '

The progre351on of insects from one instar to another is accompanied by . . (/;ﬂ

_ anatcmical and phy91olog1ca1 changes. Most obvious are changes in size and v
form associated with the different instars: The change which occurs during the

- L]
development of insects is termed metamorphosis. Insect development can. be.

classified as either gradual o? complete metamorphosis.
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Graduallmetamogphosis ig characterized by a series of immature stages

. referred to cdllectively as ‘nymphs. Successive nymbha,‘l instars appear similar
in body form thiyitiﬁg primarily an increase in size from one instar to the
next With the ékception of a smaller size, lack of wings ahdnreproductive '
organs, the nymphs closely resemble¥the. .adult stage. Characteristically,

nymphs are found near and feedlng on the same host plant as the adult.

; B
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’ Complete metamorphosis , is characterized by two immature -forms (the larva and

pupa )’which appear as different from one anotﬁer‘as they do from\the"adﬁlt stage.

‘The larval stage (commonly referred to as worms, maggots, caterplllars or grubs’)
»

.is represented by a series of instars that, like nymphs, are similar in appear-

ance and primarily mcreasmg in 31ze while proyressing from one instar to the

.,

next. ,The number of larval :Lnstars :Ls constant for a spec’les The larvae are
‘ us'ual'ly found feeding on a different host, or at least a different part of the

’ ‘s'ame ihost than the adult. For examplé, the codling moth larvae fged internally
’ ~;,n the apple while the adult may take nectar or water from a w:.de variety of
. sources Figure 4 deplctsh some examples of’ common types of 1nsect larvae _

n : . .
L

+ -
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" . serious fruit pe%ts exhibit. complete metamorphosis; examples are given in

"+ rthe pupa is the final immar:qre\staage before the agult and is™the restil/{g
or inac.tive stage in 'which the changeg take place transforming a wormli);e o
caterpillar into a moth. The pupa may be found in :he_ same habitat as the larva”
{e.g., red-banded leéaf roller) or it may ‘be in an-entirf.\ly different hab:i;.tat

(e.g:'?, plu:? curcu‘lioi. In gener;].', the pupa is resistant to_harsh envir‘oﬁinentél
conditions and mgny‘ insects spend the wil';tér in this stage.' M_any of the moat'

3

the section on identificatiori.
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Temperature and Insect and Mite Development - .

‘The growth.and deVelopment of inseqts and mites, Lfké”311 cold-blood
organisms, are regulated by Eactors of their physical environment. whdle
environmental parameters as ra1n, humidity, photoperiod, wind, etc., effect
growth and development, témperature seems to be the most important. In generxal,

.

the higher the temperature, the more rapid the growth rate of the insect.

Provrded an adequate mitritional source [food) is avallable, the rate of
insect growth will be, regulated by temperature. Each stage of an 1nsect requires
S0 many heat units (referred to as degree days) to reach maturlty,and change A{molt}
into the next stage. Research has shown that there are temperatures below which

insect development ceases or procedes’‘at a very slow rate, -

In geheral as temperatures rise ab0ve*the lower developmental threshold,
insect growth resumes and the hlgher the temperature, the more rapidly growth
proceeds.- é& course;” there are upper temperature llmrfs which actually 1nhab1t
growth but these are not usually of ‘critical 1mportande, Thuq' an rnsect views
a day where the average temperature is 45°F much_dxfferently from one where the
average is 75°F. Jhn insect with a lower developmental threshold of S0°F would not
grow any in a five day perlod where average daily temperatures were. 45 F, while
it would grow considerably and may even change to another -stage in a flve day .
period where ﬁhmperatures averaged 75°F. This point is being emphasized to ‘
stress the rpportance of the effects of tempexrature on insects and its relationshlp
to chemlcal ‘control appllcatlons For years, fruit growers have essentially
followed a’ set > schedule of spraying follpwing petal fall. The interval between
sSprays usualiy being determined by'the effective residual life of the material
used ! ile this strateg¥ is safe 4t is wasteful expensive and unnecessary.

By knowi how temperaturé affects key pests, thé- fzrst occurrence and duration of

& critical stage against which controls are aimed can be adequately predlcted

»

Lower deveIopnental th:esholds have been determined for many insects and W
though they:differ from insect to insect and euén between stages of the same
insect, they usuaily fall hetween 40°Etﬁhd‘§99F. Upper developmental thresholds

(the temperature above which the growth rate hegins to decrease)qhave been

determined for some insects but are not usually as c¢ritical as lower thresholds.
Entomdlogists, utilizing their "knowledge of -the relationship between insect

. growth and temperature, have devised systems to p%t insect development in the
& .
4 e -
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field ang assist in monitoring insect activity and timing the ;pplic_ation_of .
chemical oontrol_grograms. By accumulating heat nnits, referred to as degree-
days, above the lower developmental threshold, criil:ical events in the life cycle
of an 1csect can be predicted with a h;gh degree of .accuracy.. a degree-dax is
defined as a day in which the average da:.ly temperature is one degree above the
lower developmental threshold. ‘There are a number of methods for determining

3

degree-days, but among tl“e easiest is. the averaging of daily high and low tempera-

4

' tures using a ‘standard h:.ghklow thermometer ‘ For examPle if the daily high
' 359—4'56 80+40
was 80 F and the low w F, the average daily temperatures would be === 60.
For an insect with a lower developmental threshold of SOOF there would be an %
accumulat:.on of 10 degree-days, determn.ned s:.‘ly be subtractmg the lowerx X

develdpmental threshold from the average daa.ly temperature -

Studya.nf insect populat:.ons in the f:.eld entomologa.sts have been able to
determ:.ne the number of accumulated degree—days required for the development of

various stages in the life cycles of certain insects. For example, the codling

- . ,moth adult emerges from ove’rwmtermg sites after an appro te accumulation of
. 250 - 20 degree~-days after January 1. Following emergence (detem:.ned by .
pheromone trap catches), it zfequ:.res ‘an accumulata.on of 243 - 2.‘L degree-days for
first egg hatch and 458 - 16 degree-days for 50 percent egg hatch of first .
t/ﬁeration‘ Other events Ain the life cycle of the codling foth are shown in
K Table 2. o . i . -
& - “ ¥ ) el
Table 2. "Relationship bdtween accumulated degree-~days and critical events
within the life history of the cadling moth. .
. * ‘ Ll
' ’a o Accumulated D° since Accumulated D°.after.
Critical Event January 1 . first adult emergence -
First adult emergence ) 248 . ‘0
First egg hatch o 491 243
Peak adully emergence 500 . 252 -
50% egg hate ~ <710 ‘ L 458 ‘
(1st generat:.o ) . -
50% egyg hatch 1550 o 1302 4
{2nd generatiogl) -~ :
' Peak adult emergence ? 1577 ) . . 1320
(2nd generation . .
* p° =vdegree-days- . ' _ ' .
P R
v Pt
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Life Histories

1

&

T As dlscussed above, insects progress through a definite succession of

developmental stages from the egg to adult,

One complete cycle from egg to

egg is referred to as a generation.

The number of generations per year of fruit

, through which it\progresses during a growing seascon taking inte account host

,their life stages.

insect pests varies from.l (plum curculio) to as many as 10 to 12 (European
red mite), Geﬁerally,«there éte a consistent number of generations within a

year; however, the number may vary considerably from year to year for insects .
and mites with :shc»rt;t g‘enératlon eycles, depending uapn the relative coolness or

warmness of the grcwlng Season.
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The lite history.of an insect can be defined as the sequence of stages

plant shifts dr migrations. Insects pass the winter in one particular stage -

spec;ally adapted to withstand harsh envzronmental conditloqs. The—overwintering—- —__

stﬁge varies and depending on the 1nsect, may be either the egy (T.g., fruit s
pupa

tree leaf roller or European red mite), larva (e.g., codling moth)?
@ L n
When temperatures warm .

(e.g., apple maggot) or adult (e.q., plum curculie).
in the spring, the insects resume development and progress sequentlatiy through

Life histories of insects are commonly represented as dlagrams.

L]
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AN
A knowledge of and the ability to, identiiy the stages. in the life history

of pest insects-beginning with the overwintering stage and progressing throughout
the growing season-—is of key importance to optimum insect control The primary
technique used currently to malntain insect pests at noneconomic levels is

chemical control {the use of insecticides or. miticides)’. If chémicals are to

have their gréatest effect, they must be applied and present throughout the
dnration of a susceptiple stage of the_pest. 2 knowledge of the life history of
key fruit insect pests {knowing what stages’are present ‘and when) is thus of

prime importance to the proper tiﬁing of cpemical controls.‘ 211 the life*histories
of fruit insect and mite pests cannot and should not be discussed here. Brief
éiscuSsions of tree fruit insect life histories are available in the Fruit

Pesticide Handbook (Bulletin E-154), .

Insect and Mite Identification

Many decisions concerning insect control are made_in the field following the
detection of an infestation. Contingent on making tne coryEBt choice of auail~'
able control measures is the correct identification of the insect causing the
problem. It is necessary that there be some procedure for the field identification
(or at least reduction in the.number of possibilities) of insects found in fruit '
crops The following discussion is not intended as a short course in taxonomy,
but only as a guide to familiarize you with. some basic principles which can
assigt in the field identification of insects. There are three classes of informa-
tion that may be considered about any insect in an attempt at making an identi-

fication: morphological, ecological and temporal.

Morphology refers to the form or shape, colox, size, etc., of an insect,
The first step in determining the identification of an insect is whether it

exhibits gradual or complete metamorphosis. This criterion-quickly divides the

"pests occurring on a’ crop into two camps and eliminates many possibilities. Next,

>

take note of the general body form. Once the insect is placed'in one of these
groupings, the possible choices can be further narrowed by taking note of
specific color, color patterns, size, other morphological characters specific

to certain pests or by referring to one of the other classes of information.
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General cliaracteristics of the body
forms of some common fruit insects
exhibiting gradual metamor phos is

-
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General characteristics of the body
formns of some common fruit insects
exhibitdng gradual tomplete
metamorphosis Y
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Congiderativn~of the &cology of indects will be restricted to a dis-

cussion of the crops on which a particular insect may be found, where on the
crop it Qccurs (follage, fruit., scaffold limbs) ., and what type of feeding or ,
other injury is produced; The simple consideration of the crop and a knowleaqe
of pesté likely to be found the;e eliminates many possibilities immediately.
Insects and m&fe§ mast likely to be found attacking various fruit crops ar:a.

-

indicated in the Fruit Pesticide Handbook (Extension Bulletin E-154),

The location on the crop where an insect is most likely found can provide

a valuable clue to its identity. Associating specific habitat preferences of key

life stage; of an insect is of great impokrtance. Such knowledge is also helpful
,

when monifbripg the presence of insects by conceqtrating searching activities

in those specific locations. -

To illustrate this point,'let us take the apple ctop and discuss the range
of pests which might Le found attacking the fruit and how the manner in which
these attacké differ assistfﬁn mak ing decisions ?s to which pest is involved.
The first decision would be to simply determine if the insect is feeding intern-
ally or externally. If feeding is internal, the pgsts wouldrprpbaﬁly be either
the ¢codling moth, lésser apple worm, or apple maggot. The codiing motg
ciaracteristically feeds in the apple core where the seeds, its favorlte food,
are found. -It.usually enters the apple frcm the calyx end.: The 1esser apple °
worm also feeds internally. It'seldom enters the core area where Eeeds are )
developing but restricts its feeding to the flesh around the core; The apple
maggot‘does not enter the core but tunnels aéound quite profusely in .the flegh of

the apple. = - - .
. - =Y

Most of the insects directlf attacking the apple e&xternally are leaf rollers,

that‘is, they characteristically fold leaves or attach 1eaves_togethe?§§r to the
. = . . R

fruit with silken webhing. 21l leaf rollers (red-banded'leaf roller, vblique-
banded leaf roller{ tufted apple bud moth, and variegated leaf roller)‘pften
attach a leaf to the side of the apple and feed beneath it. Though the leaf
rolilers seem to exploit the same habitat ang their behavior aﬁpears similar, they
¢can be d:.fferenﬁiated by the manner ip which they feed on the ap) le, For example,
the feeding of the red-banded leaf roller is usually deeper than the oblique-~
banded or fruit tree leaf rollers but usually does not appear to be ‘as extensive

as these two. The feeding of the tarnished plant hﬁa does not ggﬁerally show Up
L) . .

-




_‘ 44 -

until some time after it has occurred. The plant bug sucks juices from the .
apple and in so doing, kills some cells. As the apple grows, a depreeeion is.

left in an area where the feeding was done.

. . .o
A discussion of where and how each insect or'mite pest feeds upon a

particular crop cannot be conducted herei The important doneept to grasp is ' <

that by knowing where a particular pest is most likely to occur is a great aid
L/ in the field identification of insects and an invaluable assist in developiny

- a 3 *
monitoring programs as well.

Temporal considerations refer to the association of particular stages in the

growth and development of an insect or mite with certain periods of the grdhing
season. -A knowledge of an insect's life history and some experien in associat-
ing different growth stages with specific times during the growing Séason will
assist in the elimination of ppssibilities when an insect is detected. For
example, if a wvery small caterpillar iarva was found in an apple orchard about
petal £all, one could quickly eliminate as possibilities the obligue-banded leaf )
roller or fruit tree leaf roller since théy Would be nearly full grown Ry that _
time. The codling moth could also be eliminated since egg hatch had not as yet .
occurred. Thus, the remainlng ch01ces would be a few leaf roller species

{probably red-banded} or the green fruztworm which could be separated using

.

other criteria. .

. None of the three oategorles discussed above 1s 1ntended’io stand alone in
making field identifications of.insects (mltes) However taken together they
preV1de a way to organize one s’thlnklng and assist in eliminating many possibil-
ities after an insect is detected; thus prOViQiné a logically arrived at answer
in most situdtions. . S ‘ .

Agro-ecosystems are‘by'their very Nature much less diverse than natﬂral
occurring ecosystems and the apple orchard or strawberry field is no exception.
Chemicals used on ‘tree and small fruit crops are used to maximize production ard
in doing so, they eliminate many species that would occur on the crop 1n nature.
This in itself makes the {dentification of insect and mite pests of fruit crops
eas%pr by 51mply,e11m1nating many of the possibilitig¢s. .On occasioff, *however,

' insects other than those commonly considered pests are found maki;§4fie1d
identification difficult, if not impossible Before immediately appéiézg or

recommending a 1nsect1cide determlne the amount of damage being ca and then

if the 31tuat on permlts, contact a speclalist for assistance. alhe needless

+
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applioétion-of expensive insecticides to control an innocuous insect is a
tremendous waste of resourceé-and in fact, is technically illegalg Pesticides
can Iﬁﬁally be applied only to eontrd{aphose pests listed on the label—another
reason td have a good grasp of tbe principles of insect field identification.

-

Monitoring Insect Activity

* B

Monitoriné insect activity simply refers to the process of determining what
insects are present in the orchard and following their development by regufar
inspeeéions. Why 'monitor inseCt pests? with increased costs of insecticides,
miticides, labor and fuel, insect control is one aspect of a grower's production
program which can be altered to maxlmlze profits. By establishing monitoring
programs, pests present are Ldentlfled and control programs designed spec1f1ca11y
for g.hem.° Following the development of a pest through the season permits the
most vulnerable stage to be attacked very'precisely. Biclegical monitoring of

insects doesn't always mean reduced control costs, but this is certainly one of

T its goalsf As many or more sprays may be needed as in the past but they are only

applied if the pesé‘is present in numbers considered to be a threat to the crop.

cussed earlier, all insects are cold~blooded organisms and their
seagbnal development-is tied primarily tp the fluctuations of temperature.

ise, temperature patterns vary from year year, making it imgossible to
ciate the presence of a pest with a particulpr date or even a stage in the
devdlopment of the fruit tree. By following the development of a pest through

the Feason, the vulnerable stage may be precisely determined and_approprlate _
contiols g%plled This requires extra effort on the part of the grower, 'scout, or
profedsional fieldman. The following are some techniques and tools used for

biological monitoring of fruit insect pests.

t

Regular inspections: _ Inspection of overwintering sites or sites where a

pest ig likely to be found during the growing season is perhaps an underrated
monitoring method. Thls may require more effort and may not ‘be as specialized or
sensitive as other mom.tor:l.ng tech.n:l.ques but it is espec:.ally useful in detecting
the presknce of small, relatively immobile pests,.such as aphids, gcales, mites,

or pear psylla nymphs. gular inspections are the only piagtical means .of

detecting the presence of s ests, such as climbing cutworms, before they cause

damage. By simply marking sites where pests are located and returning at regular

intervals, stage changes can be obserted to aid.in the timing of control

- )

applications’ )
v ' : .

49




# . N , s

N . )
Regular inspections: Inspection of overwintering sites.or sites where .
- . ¥ ""‘\;-(7
a pest is likely to be found during the growing season is perhaps an underrated
monitoring méthod. TPhis may reguire more effort ehd may not be’ as specialized

or sensitivé as other monitoring technigues, but it is especially useful in

R L]
detecting the presence of small, relatively immobile pests, such as aphids, scales, ,
mites, or pear psylla nymphs. Regular inSpections-are the onl ctical means )
* -~

of detecting the presence(bf some pests, such -as climb;ng cutworms, before they
cause damage. By simply marking sites where‘gests are located and returning at
regular intervals, stage changes can he observed to aid in the timing control

applications. r
« x )

Leaf sampling and brushing: Another monitcring technique used specifically

to detect the presence and relative numbers of mite pests is ieaf sampling apd

brushing. 2 éEmple of leaves, usually 50 cr 100, is pickea from trees-throughout e

an orcﬁard. The leaves are then passed. through a mite-brushing machine where )

mites on the surface of the leaf are brushed onto a sticky plate. ' The mites ou

a predetermined area of the plate are counted and the average number of mites per

- leaf calculated. Th&technique is not only useful in detecting pest m:.tes but .
8

also reveals the pre ‘se of predator mites and is an importaht tool in integrated

. - ‘ ) ) T
mite control. . . , . *

-
.

Bait-lure trap: There‘are currently two trapping techniques used to monitor

the presence and seasonal activ:ty of fruit 1nsect pests. Bait-lure traps are
designed to monitor fruit f}ies whereas phercmone traps are des:gned to attract
_moth species whlch attack Eruit. The balt luré attracts adult fruit flies .
(cherry fruit flies, apple maggot, or blueberry maggot) through a combination of .
their attractive color and the odor given of/ by the balt_(usual}y.a mixture of :
protein hydrolasate and ammon ium acetate) The‘flies are trapped ih a sticky
substance coating the trap. ?thzﬁe cting them at regular ;ntervals tﬁeir
presence and relative activigy, or bundance “oan bHe’ judged. The - attractive

powers of these traps are not known, and if fly*popuratlons are low (as in moét
commexrcial orchards) the ability.of the trap to attract, and therefore detect .
, individuals is questionable. However, traps placed in abandoned orchards or .

commer cial orchards with annual problems are useful for this purpcse» *

- * . )
\ Y . " L iV )
v, & e - - . "
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' Pheromone traps: The other type of monitoring trap is the pheromone trap

. . {sex-lure). Pheromones are synthetic chemical substances, which imitate the
natural hormones for sex attraction in the .female of an' insect species. Plastic
. wicks or capsules with minute quantities of these attractants lure the males of

the insect involved. The interior of these specially designed -traps is ,

prgcoated with adhesive. Since each insect species_generally has ifs own sex
hormone, only a pure culture of the specific, insect mortitored is_collect.ed. This

feature makes insect detection and identification easier.

. I3

Pheromone traps offer,.ﬂew dimensions in near perfect/nrchard detection; .

emergence timing and monitoring of red-banded leaf rol-],é/r, codling moth, fruit

&
tree leaf roller, tufted apple bud moth, oriental fruit moth and others. Theg\/ .
traps might be used for no other purpose than to determfine insect presence or

absence in an orchard. They may lead to an eventual systems approach to asses

insect populations, emergence trends, and economic damage thresholds. They .
- - * -

eliminate much of the previous guesswork im spray timing For many of the mdwe

troublesome fruit insects. -
L L

* @ -

These traps are supplemental reinfor cements and not replacettlents for other .

L]

. commonly used insect monitoring_ procedures. They can help you ‘obetter know your ¥

Cm

insects: which' ones-are present, and when to ‘or notf fight them., , e

ERIC / ' | '
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% INSECTICIDES AND MITICIDES )
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The following discussion.centers around general characteristics and{
properties of insectigdes and miticldes tnmmonly uteé’in,nichigan's fruit growing
‘industry. an awareness of the class of chemicals to which a product belongs,
formulatiens available, residual activity, and the spectrum of pests controlled
or ﬁaybe moré important, the spectrum of pests not controlled) is necessary if

> proper and optlmum use of the chemical tools is to be achieved. The 1ist of

chemicals dlscussed is no ntended to 1nclude Aall products available for use on

fruit crops since this list is expected to change with timg. wWhat is important
is the type of information presented and as new products make their way into .
chemical control programs of the future, similar types of information should be

mistered for these compounds. '
. Y . . N ' .
Carzol is a carbamate miticide/insecticide registered for use on apples and
pears. It can provide residual mite control of up to 30 days from'single

applicationa.' Although most effective for controlling imnature and adult forms
L

of European red and two+spotted mites, it does Prevent the hatching of mite €ggs

. present at tlme of ngaylng. It is especially efficient against organophosphate- -
resistant mites and also controls those resistant to other types of pesticides.
Carzol effectively controls the white apple leafhopper if applled when young

nymphs are present.
LS . v - -
Formulated as a complefely water-soluble powder, containing 92 percent
formetanate hydrochloxlde, t dissolves rapidly in water to leave an invisible-
e ——— »
crop ‘residue. - orroct dosage rates and thorough tree coverage are important,
smnce Cdrngl_primarlly kills the active stages of qltes. ’Ropoat applications

ghould be made as needed or whenever mite infestations appear.

The product is not stable in glkaline water. I¥ts spray mixture must be .

‘-frcshly ﬁrepared jast beforo application. It is compatible with many orchard
spray materials, modorately toxiqg to honeybees and comparatlvely nontoxio to

52 - N

L fish, birds, man and an;mals
ERIC B -
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Chloropropylate, trade-named Accaralate, is a chlorinated mititide

. ®  for control of European red and two-sPotted mite on apples and pears. Formulated
as an emulsifiable concentrate; it kills only the active stages of these mites.
It is useful in prebloom preventive sprays or whenever mlteflnfestatlons first

., appear. Prebloom applications are.made as close to egg hatch as possible for

best results.

i

* - -

Postblodm spraying must be done as oXten as necessary to keep mife populations

-

- at @ minimum. Two applications spaced 7 ¢ 10 days apart are requireh for ’
. o "
maximam performance It is essent1a1 that correct dosage is used and thorough
coverage of trees cbtained. Dilute or~concentrate spray must reach all parts of

-the tree, espegially the underside of leaves. Do not mix Acaralate with 5pray

[

©ils due to possible ‘plant injury. Virtually nontoxic td warm-blooded animals,

it is also safe to bees and other benefitial insects.

Demeton is better known as Systox. It is‘formulated as a 6 1b/gal EC and a
2 lb/gal EC. The Systox & EC mixes with Cyprex. Systox 2 EC does not mix with
Cypfbn;_ It is a contact and systemic phosPhate formulated as an-emdﬁsion con-
centrate. It is generally recognlzed for systemlc control of sucking 1nsects
. such as aphids, leafhoppers angd mltes, used no more than three times m a growlné
season. Its major use in Michigan has been on appleg,and pears, either prebloom
or earlx_postbloom, for clean-up of aphids, although Systox does have label
cleardnce on apricots, peaches, pluns, prunes,\grapesf and straﬂberrfes for
+ Similar purposes. As a systemic} it qnickly penetrates plant tissues and is then
§translocated throughout the plant. This distinctive feature makes it harmless to
beneficial insecteu= This chemical—is—highly-toxic-to man anhd safety precautions

-

“

must be given due attentionﬁ\

Diazinon is a moderately toﬁic organoéhoébhate to humans

It is active
againet a variety’ of fruit pests, offers residual activity of\1l to 14 days and
Kas clearance for use on applés, pears, cherrles, “peaches, plums, s, straw-
berrles, grepes, and brambles. The principal uses of diazinon in Michigan
1nvolve a 50 percent wettable powder formulafion for control of cherry fruit fly

on sweet and ‘tart cherr1es, summer insect conplex on applgs after first cover
and 1nsects troublesome to strawberries in midseason. Drenching crown treatments
of .emulsifiable concentrate will kill the overwlnterlngfstage of raspberry root

. ,, borers when they are a problem .. Diazinon is proving to be a selectively useful

insecticide in 1ntegrated control programs, since it is relatlvely nontoxic to

-

g
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Dimethoate 15 m&r&etefﬁas Cygon and De-Pend for a ‘wide range of insects
on bearing apples and pears. Formulated as a 2.65 1lb/gal emulsion concentrate -

Svpercent wettable ‘powder, its systemic properties have specific value in . ‘
:Ei:z cohitrol, elither prebloom oxr early postbloom. It is likewise quite .
effective for white applé leafhopper at twice the rate of application reguired for 'a
aphids. Compared to many insecticides, it is practically without compatlbility
problems. While toxic to bees, the preduct is one of the least pOiSOnous of
the organic phosphates to humans and wildfife ' . . ‘ .

™

Ethion has use‘on appleszﬂin combination with oils, for’ preventive European
red mite, aphid. and scale control. BApplication of oil and Ethion is made
tween dreen tip amd the prepink pericd of apple bud development:. pnder Michigan
Sg ditions, oil plus Ethién has given better control of san Jose scake than oil
alk\. ,I-Ioweber 55

the additidn of a phosphaté insecticide does not improve the
mitj i&gi effectiveness of oil. Ethion should not be sprayed after bloom on

«

ieties maturity before McIntosh, sinceé severe leaf inJury and subseguent .
fruit drophare 1ikely to occur. . . ’ '

».

Galecron ‘and Fundal are identical twins in active ingredient and a . n-
phogphate,‘it' i finsecticide materials. Registration approves their application L3
prebloom and post ;ocm on apple and pear trees. Both compounds are fSrmulated )

Fl
-

as completely water soluble powders (forming no visible crop residues) and 4 lb/gal

emulsion concentra te_s ’ A e i

* . -:”\-
by members of an entirely new and different class of acaracideSw;the;
formamidines-Galecron and Fundal give effective control of nonresistant and 0T
13
resistant mite strains. Both will destroy European red and two-spotted mites in

all stages—-eggs, nymphs and edults They can be used to control eggs and nymphs o

any time up to bloom and posthloom whenever mites 'appear , with reQeat applidations

as necessary. Summer cover _sprays for mites on apples andepears will combat

codling moth as well. Before and after-bloom sgraying of pears can help manage

+

i Tr .

pear psylla nymphs.

Unlike most present «day miticides, Galecron and Pyndal are relati%ely slow~ T ..
mling chemicals, Periods of 48 to 96 hdurs or more are frequently regquired for . .
effect, but there is compensation *in long-term residual activity. In addision ‘ ‘
to compatibility with the majority of orchard spray products,vGalecron and Pundal

are practé@&lly harmlgss to man, animals, B}antst bees and other useful insects

' - .75¢ FE o, %,
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Toxivity to birds, fish and wildlife in general is Iikewige favorably low..
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Guthion effectively controls most insects that commonly infest both tree

and 11 fruits. It has probably been the first line of derense in Mig igan -
orchards since DDT. and felated chlorinated'hydroearbons began phasing ouET‘
Among the phosphatesn it has proven itself as a broad<spectrum insectiq;ae in
every sense of the ég;d. Available as a 50 percent wettable powder oszlegel.,-
spray couce ity for'dllutlon at equlvalent rates, Guthion is registered for

=

m}jﬁl major and most minor frult crops wlth a residual action of

<. The spray concentrate is not cleared for apples and pears. There

i bhytotoxicf@} or residue problems when the compound is used properly
—— '

a

dance with label directions.

11e Guthion is similar to parathion in toxicity to humans, it is not
eatly 1njur10us to natural parasites and predators of fruit pests, Make use

ggathe safety measures reserved for many organcphosphate insecticides. . l

~ o=t . . . ‘5 N
. ~ é " . ’ e

o imiﬁ’ﬁ'is 2 phosphate chemical with a low toxicity to mammals comparable
to_Sevin. It is formulated as a 50 percent-wettable powder for prebloom and!
stbloom appllcation on apples, pears, peaches, cherries, plums, prunes, grapes,

and.eprlcots. It has given, broad-spectrum control of many key fruit pests in

®
-

_Michigan. . ) ]
1 . - . .
Imidan has been outstendlng in per formance on the apple mgggot ThHe

® Yo
material can be a boom in attacking maggot outbreaks close to harvest. It also
suppresses European red mite and two-spotted mite when used in a seasonal program,
without significant interference to spec1es of predatory mites important to
1ntegrated pest contr@¥. Imidan’ represents a blodegradable pest1c1de which 1n a
short tlme interval dissipates into nontoxic residues harmless to man, wlldlrfe '

. }
. and othgr living fonms.

. - . =

Kelthane has been use& as a speciflc m;tic1de i Michigan agalnst the active o
stages of red mite, two—spotted mite and rust mites Jurlng the past. Kq}thaue .
. is formilated as a wettable powder or emulsiflable Concentnate.' For best results,
" apply Kelthane when the average temperatureﬁes predlcted to be abOVE§30 F for .-
% to 7 days. Reépeat applications 7 %o 10 dayg apart are often necessariland

* advisable. It is rELetively nontoxic:to man“and wildlife.

r . ~ .
. N .
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Malathion as a mild phosphate cohtrols an unustal variety Bf fruit I

insects and'is especia-lly useful against several species of aphids. Hovgever,

its residual effectivenéss seldom exceeds 2 to 3 days. It can often,be employed
_to best advantage in.late Season Sprays. Itsﬁuse is particularly indicated

where a high degree of safety to man and animals is desirable. Obtainable as
emulsifiable concentrate, wettable powder or dust, malathion is preser}tly ed .

in Michigan for certa‘_J..n 1nsect -ﬁq&ts attaching brambles, currants and blueberries.

o«

Untike many chemicals, it is generally compatible with every insecticide in
* COmmOn usage. . . ‘_ (/

¢ -

——

Methoxzchlor has long residual activity and alth8ugh a,close relative to .
DDT, exhibits very low toxicity to humar's and other warm-blooded animals. It—__
will restrain such major fruit invadexs as plum curculigB codling moth, apple | L
maggot and cherry fruit fly, but is generally inferior to alternative chemicals A,
for these purposes. Also sold under the trade name Marlate, its only suggested
use is in dust form as an optional material on blueherry insects.

o ., | ¢ ‘ .
EOmﬂ:e is closely related to Aramite in chemical structure and gives good

control of mites. It is effective against the mite strains resistant t$ phosphate .

and chlorinated ﬁy?r,ocarbon miticides, and is cleared for use on apples, peaches,’ J

pears, plums, and prunes. . Complete coverage of upper and lower ‘leaf surfaces 4 ‘\

and ruit is 1mportant for maximum results. It is not a prebloom mltlcit!) P since ’

performanoe is best when temperatures are 70°F or h1gher Mites hit by the, spray
stop feeding withmftﬁ to 72 hours. Initial k:.ll iz slow, ofte—.\B to 5 days, but
is compensated for by long residual action. ThlS material is not “an ovicide,

.and is mainly effective against young and adu,lt mite stages. It.doesn‘t affect
beneficial ipeeltts, is reportedly less harmful t0predator mites and data indicate
it té be relatively nontoxic to man and animals. ‘Fo'r best performance in cleaning

up summer miteopopul‘ations, make two applications 7 to 16 dz;ys apart:.
Parathion is an extremely toxic’ organophosphate to man and animals. -

.P;lox'lg with a compz,ete understandg.ng, of the lé;ael, :idequaz saf'gty \precautions

include rubber gloves, suitable p;otective clothing and- approved face mask.

It has been widely used since 1949 for control of a xﬁde variety of fruit pests. «

Some effectiveness from the 15 percent wettable powder and its liquid equivalent

w

is apparent agaJ..nst mites and red-banded leaf rolle\."'No injury from this .

*

- . ' . . . - Vel « "




Y
material has been observed on peaches, plums, and cherr1es. Apples, and
occasionally pears, have been injured when parathlon was used in excess of
suggested dosages. Parathion can often be used to good advantage in comblnation

with other insecticides. .

Perthane exhibits the lowest human tokicity of any presently available
¢hlorinated hydrocagbon. It is unstable and without a reputation for persistence.
Formulated as a ¢ 1lb/gal emulsiflable concentrate, it appears in the pear
spraying schedule speclfically for early spring and summer dontrol of pear psylla
wheré Guthlon Sevin, Imldan and Parathlon are no 1onger effectivé. Being
nonactive oﬂ\eggs and nymphs of psylla, it is most important that' Perthane

—,
4 applications be so timed'as to kill adults before they have opgortunlty for. egg

laying. ’ . . -:-} .
. . . N,
- Phosalone, sold as Zolone, is a nonsystemic phosphate insecticide/miticide
that acts as a contact and stdﬁach,polson.( Presently redistered for use on
- apples, pears,' grape$, and the stone frults, it controls aphids, codllng moth
/a’die maggot, leaf rollets, plum curcullo, pear psylla, leafhoppers, oriental
fruit moth and phosphate—susceptible European red and two-spotted m1tes.
- Marketed as an em°191f1ab1e concentrate containing 3 1b of active 1ngred1ent per
galion, and a 25 percent wettable powder, it can be applled to within 14 days of

'harvest on.the crops indicated.

Phosalone is compatible with most fruit fungicides and some insecticides, and
offers resrﬂual propérties averaglng 7 to 14 days. Whlle somewhat hazardous to
fish, Phosalone is only moderately tox1c to honeybees, comparableuwlth diazinon
in having an average mammalian toxicity and being much less harmful than DDT to
wildlife. Itsdoes not pérsist and accumulate, but rapidly metabolizes to

. .

_noncontaminants in soils.

L]

-
1

Phosghegﬁ%ﬁh offers limited usefulness in jhe battle between man)an&
insects for ﬁruit crops. Its chief assdt lies in its abllity to control aphids
and mitgs as bot a contact and systemic poison. Therefore, as qp 8 1lb/gal
emulslflable_cq

j?ntrate it favorably joins Systox and Dimethoate as an optional
ChOlCE on appl s prebloom and early postbloom for disposal of aphid populations.
Phosphamidon

chemical.

ants the. s cautlons granted any chol1nesterase-1nh1b1t1ng
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Plictran is formulated as.a 50 percent wettable powder. It is a non-

Qor

phosphate miticide with outstanding activity on destructive plant-feeding mites-——
both those susoeptlble and r331stant to other miticides. It is registerad

postbloom uge on apples and pears to control the motile forms of European red,
two-spottéd and rust mites., First application is reoommended as soon as mites
. are éotive, usually &t or shortly after petal fall, with rebeat treatments as nq&ied
‘wor\whenever mite infestations appear. Since Plictran kills the active stages of
mites, coverage of follage must he thorough and complete to include uniform.
- wetting of upper and lower leaf surfaces. The product mixes readily in water to
form & suspension that can be applied wiph any conventional spray equipment. It :
is usable alone or compatible in tank-mix. combinations with those insdécticides
and fongicides geﬁerally employed in orchard@ spray schedule. No phytotoxicity
or adverse effects on fruit finish have been reported. Plictran is-a preferred
miticide for integra?ed~control programs since it is not harmful to beneficial

insects or predatory mites.’ Used as recommended, it presents no unusual health, ~

N

¢ontaminatien or environmental lems. It is nontoxic to honey bees, only ' \
somewhat hazardous to birds fish, moderately toxic to animals and of low . .
— N - .
- toxXicity. to man. * .

+
'y

Sevin is formulated as 5'59 WP and 80 S. It controls a wide range of
insects. Carbaryl by common name, it finds its place somewhere in the spray program
for every fruit crop qrohn in Michigan. 1Its residual-effectiveness varies from
10 to 14 days, depending on the “insects to heéoontrolled. _In mos&t, cases, it ‘

can be applied, ‘within a day or closer to harvest without fear of excessive re51dues.
Sevin is not a nfiticide, may encourage aphid buildups and 1S61ncllned to be
. seriously toxic to bees. /’It is compatible with most pesticides and gives good
control of certaln pests resistant to other freguently used 1nsect1c1des.. Sevin
offers a high degree of safety to animals and plants. There rs the added ad- ,.
* vantage of kts low toxiolty to may and fish. Inasmuch as Sevrn is a recognigzed ) '

frult ‘thinning agéﬁt, 1ts use should be avolded until at least ki) days after

full bloom on MCIntOSh Jonathan, Northern Spy and DEIIClOUS apples . varletles.
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and shou;d be kept ocut of ponds and streams It is nontoxic to honey bees and -’

'plums, and cherries. It has further use on pears, in a comparable manner to

L . i -
uses. Of moderate toxicity, Thiodan regquires the same caution granted any
%

'registered for.use on apples and pears to control European red, two-spotted and

v 4 ’
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Thiodan, a distant relative 'to most conventional chlorinated hydrocarbons,

has been the single effective insecticide available for peach tree borers.

Thiodan is suggested for growers who have severe borer problems on peaches, . \-‘*,.

Perthane, for control of pear psylla and especially where they are tolerant to

other chemicals. Summer applications should be made 7 days.apart and wben the

nymphs are still small for best results. Its excellent inpecticidal effective-

ness against aphids, white apple leafhopper, tarnished plgnt bug and rust mites .
is of additional benefit. Plant bug’ control for peaches and strawberries would

be difficult, if not 1mp0331b1e with Thiodan. A S0 percent wettable powder

and 2 lb/gal emulsifiable concentrate are available for any of the described. . :

LY
¥

. : . "
chlorinated product simila? to it. )

vendex is fbrmulated as a 50 percent wettable powder, nonphosphate miticide ’}
with very good activity against a wide range of plant-feeding mites., It is

rust mites. Do not apply within 14 days of harvest. This product mixes readily
with water to form a suépension thet can be applied with any conventional spray'
equibment It is usable alone or in tank-mix combinations with those inseEt-
icides and funglcides genédrally empfbyed in orchard sprays. No phytotoxicity
or adverse effects on fruit finish have been reported. Apply when mites‘ePpear
Veﬂgex is a preferred miticige for integrated mite control and has the %ame good
attrebutes as P%}ctran It is of low toxicity to pre?aceous mltes and can be
utllieed to adjust predator-p ¥ ratlos Used as recommended it presents no -

unusual health, contamlnatron or env1ronmenta1 problems. It is tpxic to fish

of low toklcity to humans. . ) '

¥ -

"“Superior 0il" has been recommended for several years as one of the

preventive European red mite control programs. Curreﬁtly only the 70-sec.
viscosity superior, oil bs recommended fer use in Michigan. Based on researth
information from Michigan itAis felt the 70-8ec. oil gives better Eﬁropeaﬁ red
mite control than some of the lighter Yiscositfaoilé recg%mended in the past.

t e ! »

1. ' . ]
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- The 70-sec. ﬁiscosity oil is not.a dqrmant-type oil. ;gl;; lighter and
more volatile_than theéafiginal‘superior soil which was used as aldqrmant
spray. The insipal advantage of the lighter 70-sec. ©il is the reduced

' possibility/of pdant injury. It is safer because it is mord volatile, result-
ing in ‘less ersistence on the tree. yt remains on the tree long enough to
kill the mites but not so long as to 1nterfere with vital plant processes or

-

o0il- 1ncompat1b1e pesticides wh;ch may he applled later.

Becguse of this safety fagtor, the.70~sec. 0il can be applied between green-
tip and prepink staggs of tree deyelopment: European red mite eggb are most
susceptible to cont}ol by.pil when they are ehoup to hatch. Under Michigan
conditions, the period of egy hatch starts about the time the trees are in the
prepink to piﬁk stage., .The closer the appllcatzon is to preplnk the greater the
kill of mite eggs. 01i applied earller than green«tip is hot as effectlve as
later applications. The addltlon of a phosphate insecticide does not increase

the m@ficiéal value of oil. - R

« . Recent resea;ch indicates that spraying all four sides of the t;ee with the
oil mixture proyides better control of red mites than spraying only two sides.
Tﬁo_oil'Spr&ys, the first apﬁlied during green-tip to prebink étage, have given
betterxr red’mite control than a single”breblocm spray.

Because of the danger of phytotox1¢1ty from using ¢ils not meetlng certain
specifications, it is 1mportant to always check to determine if "superior® type
spray oils meet' the guldellnes outllned in Mlchzgan Frult Pesticide Handbook
(Extension Bulletin 154). . ;o T




- These schedules have been established through the years by cqnsiétent association

the tree. Por example, red-banded leaf roller eyg hatch occurs at or:very close

. pestlbldes to these crops should know the differe t st and be able.to associate

_ PRINCIPLES OF INSECTICIDE/MITICIDE USAGE - .

1

I
' .

Pesticide Timing

;The efficacy of an insecticide‘application depends o a great extent on
pr0p§r timing. Generally, chemical controls are aimed at oni;the stage in
the .1ife history of an insect. This stage is either the most susceptible one
or the one that the poses the greatest threat to the crop. A generaliéation
hdlding for many.fxuit insects is as the immature stages become older and larger,
they become more dlffldﬁlt to kill. The egg and pupai/stages are usually more
re51stant to chemicals than the immature stages ‘and susceptibility of the. adult

seems to vary between insects. ) .

Traditional esraying schedules have been established for many of the most

important tree frumit pests that coincide with developmental staées of the tree.
of the critical or eusceptible stage of a pest with a perticular growth stage of

to petal fall of apples. Sprays‘are timed at petal fall.to attack the young
larvae before they roll leaves and ihcrease in size, making them tougher to k111.
The Introduction tO this manual illustrates and discusses the key developmental

stages of wvarious frult tree crops: Anyone involv in the application of

them W1th the presence of cr1t1ca1 stages of inséect and mite pests. Petal fall
or shuck split are the final growth stages of a tree e3511y identified and for
whlch‘tlming of control sprays are recomme ed. Followlng these three growth
stages, sprays have ttaditionally been applied on a 10 to 14 day schedule: This

is probably the poorest means of timing ihsecticide or miticide controls for

fruit pests. The best method is to establish a monitoring progtam designed

to detect the presence and follow the velopment of pests so thati control sprays

may be precisely timed. >Schedules t associate the development of a crop with

T
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common insect and mite pests are outlined in the Fruit Pesticide Handbook

(Extension Bulletin 154). N . o, - .

" pesticide Selectivity . _ .
] - .

Proper tifing of chemical controls is only a portion of the information
Fequired to meet with success. Proper selection of the chemitdl(s) is just as

important.

Fifteen, even ten years ago, fruit growers were blessed with a wide variety
of chemicals from which they could choose to control pests attecking their’
Crops. Inltlally, many of these chemicals were broad spectrum and had 1 ng

) res1dua1 act1v1ty so that only one or two chéhlcals were needed to control
insect pests. Gradually, the great efficacy of many of these chemicals was lost
) due to insecticide resistance and new chemigals or chemical compinations became
- necessary.' With the advent of the FPA and new regulations and restrictions on
the use of seme chemicals, the possible choices provided the fruit grower of
today are much more limited. Today, and even more o in the future, the chemicals .
fruit growers have to work with are mare selective, generally more toxic to
humans, and have shorter resldual activity than chemicals used in the past. For
these reaso;s, it is important that pesticide applicators become familiar with
the capabilities of the insecticides and miticides available and design control
' programs to specifica11§ attack the spectrum of pests which may be present at

any point in time. .

L3 &

Sprayer Calibration y

-

As important te.the effective control of inbect or mite pests as proper,
timing and the correct selection of chemicals. is spray 6?:ibration. Improper ‘
calibration can_result 1n'1nadequ control because too 11tt1e mater1a1 was
applied orflead to a waste of chemical and a potent1al for excessive crop

residue levels if too much material is applied. Because s0 many dlfferent types
of sprayers are used on fruit ,crops, no standard method of callbratlon can be
outlined here. Extension materials are available on methods of calibrating
different sprayers and these should be referred to for further information.

Spray recommendations are based on the amount of peSticrde required to accompllsh

an indicated task per unit area. Regardless of the dilution of the chemical, .

the proper ambunt must be applled pex HE E area (usually acre) to achieve

C - adeguate control . ] : x ] N
| 62 -
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Sprayer calibration should be che ked before each usage, e3pecially\if
. d:.fferent chemicals .are employed. Factods which effect _the amount of spray
applied are changes in the chem1cal used, varlatlon in rate of travel pressure

changes, and worn or dlfferent nozzles,

Many tree fruit growers are now ysing concentrate sprayers. That is,
spraying less water per acre than the standard or normal dilute recommendation.
This techniqgue permits increasing the acreage coveread Qy'h tank of spray, thus

reducing the time and costs of sprayiﬂg. Commonly growers concentrate sprays by

-

3 to 10 times which makes it practical for one person to treat between 40 and

175 acrés. Insecticide and miticide rates per unit area have been cut successfully
by growers when concentrate spraying. This is possible because the spray is not

T

ied to the point of runoff, thus, even by cutting rate 10 or 15 percent, the

8 amo%¥§£§% chemical is aep031ted on the tree as with dllute sSprays.
L W LV .o
: Low volume Or ultra volume sprayers are currently becoming popular in

\These sprayers are designed to apply between % and 10 gallons of spray
'11 per acre. The principle behind these sprdyers is to apply very unlﬁorm
%mail ebray droplets randomly throughcut the tree. Rates of insecticides and

o =

thes- sprayers 18 easy but extremely critical.

icides have been cut using these sprayers with great success. Calibration for

E

There are four inseparable acts which must be performed correctly if a
successful chemical control program is to be achieved: (1) identification of
< the pest(s)y, (2) proper timing of the chemical application, (3} selection of
effective chem cal(s)J and (4) proper calihration of ‘delivery equipment. Fa&lure
‘ to properly caxry out any one of these four tasks could, lead to either inadequate
potential residue problem
2

control, or a waste of resources (time and money) and

on the cro

-

Pesticide Qﬁmpatibility

Frequently, it is 6331rable to coﬁblne chemicals designed for different ,

purposes and apply them as a 81ngle spray ap) ication. Multiple combinations of
fungicide, plus varlous comblnatlons of fun 1cides, insecticides, miticides, . -

. growth regulators, 11quld nutrlents, etcy, are often used to save time and labdr.

This shortcut may be profltable or disastrous, dependlng on the compatibility of

the materials mixed.

. L]
N
a - .
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of the component chémlcals or res 1ng in 1njury to the plants to whrch they

are applied, the combination is "gompatible.® If the combination results in
>

the mixture is "incompaf}ble."

Incompatibility may be due to the alteration ¢f ‘either the chemical or +
the physical properties of one more products in.the spray mixture. Alteration
is frequently the cause of poor formance of multiple pesticide'EOmbinatione.

Chemical incompatibility is the breaﬁdown ot loss in gffectiveness of ome  *

H

or all of the components! The mixture, therefore, may not be as effective in

controlling unwanted pests or.may cause injﬁry to the plant {phytotoxicity). ~
For example, many organib pesticides break down when used with alkaline materials
Ilipe, lime—sulfur, and bordeaux mixturel}. -t

Physical 1ncompat1b111ty occurs when the mixture becomes unetable and re-

‘sults in the formation ofsa heavy preclpltate or buttery mass, excess foaming,

or poor dlstrlbution of the chemical. Often, thls type of incompatibility caekes
settlrnq-out of the chemicals in the spray tank and leads to clogging of Sprayer\

nozzles and screens. Solubilization of captan and 011 or sulfur and oil are

examples of physical 1ncompat1bllity ) =

]

_‘f . - .
Péeharvest Intervals ’ !

Pesticide labels show.the legal interval in days between the last Spray
and harvest. These 1nterv2&s are established from residue studies required before
a compound .can Bé reglstered oh a crop and are de51gned to prevent re51dues from
exceedlng the allowable limit at harvest. Th13 1nterve1 should be kept in mind

before recommendings any material Jjust prior to harvest.

1
+

Re—Enﬁr§ Intervals

- " 1 -

. ‘/// A general re—entrir statement' has beén adoptéd primarily for clglinesterase-
n

hikiting pésticides by the EPA. The gﬁidelines.are: {1) "Do not treat areas
where unprotected hupans or doﬁest?c animals are present"g 9r.{2).either; {a) '
"Do not'allow entry into treated areas untir'5prays have dried or qpete have
settled unless full ,protective clothing is worn," or (b) "Do not allow entry
into tréhted flerEf within 48 hours of treatment, unless full protective clothrng

is worn.; There may be more restrictive wordage than this with scme,products.

64 -
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Insect Resistance . , ) " -

- ] -

,This topic is discussed heré in an attempt to familiarize you with
the problem and possible ways to avoid or, at best delay it. Insects and mites

. are rémarkably adaptable creatures and their ability to deal with all‘sorts of

adverse condltlons is ev1denced by their’ long hlstory on earth.- Insect re31st» :

L} b

ance to 1nsect1c1des refers to the 1nab111ty of once effective insecticides to

control a pest. The general pattern of insect r381stance can be outlined as-
h .

.follows: _ .

* -

1. rThe insect pest‘{s easily ¢ontrolled by "low to moderate rates of the
i s 1

insécticide applied at infrequent intervals. SR ' .

2. Intervals of application are increased as the insect seems to rebound

rapidly' from treatments. . . -

3. Dosage levels are raised (sometimes two or three times) to acquite

the same degree of control previously experienceé. ’ \_
4. The insect is not controlled at agceptable levels even by higher rates

. - N .

and increasing the number of applications.

A switch is made to a new class of insecticides which provides satis-
- ’

factory control. ' -

‘\ -
This sedquerice of events can occur within oné year for insects or mites with

many generations per year or may.take several growing seasons.

-

Researchers have established that certain members .of a pest insect population v
are tolerant of a given class of insecticides. These end1V1duals can in some
way detoxify’ or avoid contact with toxic doses'of the pest1C1de. Generally,
le

populatlon by the appllcatlon of 1neeot1C1des, only a few 1nd1v1duals surexve.

the ercentage of these 1nd1v1duals making up the total population is quite low,
#Ftpan one percent. When 1ntense selective pressure is placed on the pest
There is en advantage to those individuals which cag.tolerate the insecticide and
as pressure is maintaihed oh the population, these individuals become more and
more prevaléh}. As the tolerant strain of the pest population becomes the :f
predomiﬂant component, the pest is incrdasingly difficultAto control. A shift- “*;ej
to another insecticide may‘resule in adeqguate control if it belongs to another

class. Generally, whe@&an insect is fesistant to one"insecticide in a class,
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it will bhe resistant, in varying degrees, to other insecticides within the

same class. For example, an insect resistant te one organophosphate insecticide ’
will be resistant toanother organophosphate as well. Some insects have even

exhibited cross-resistance. This means that the mechanism éonfgrring resistance

to one q}asg of insecticides also provides protection against another class. . )
« Thus, by creafing a pest population resisgant to one insecticide,qye may lose;Epé
. beﬁefigg,of other pesticides in ; t class and poésibly in others as well. Those ‘
ingolved in agricultire can ill-afﬁprd to pursué bractices which éncourage the

loss of chemicals Ehrough the development of res%stance.

* How then to avoid the problem of insect and miie resistance? There are few,

if any, iqsecté which do not havebtﬁe potential of developing resistance to S
insecticides. If this statemeht is indeed true, and it seems to be, tﬁen what
we mus; strive for is é plan of attack on ou; pest complexes which prevents or

f at least delays resistance fyom'deveIOPing. Following a few simple guidelines

will help avoid the severe selection pressure on populations which promotes

resistance. | ' . .
] ! L)

1. Reduce populations below economically importanE levels but don't attempt
. to cpm@letely eliminate all individuals. ihis can be accomplished by

v

‘alternate row,'bogrder spra}?ng techniques or by reducing dosage rates.

2. Do not spray or remove all wild food sou'rce*f the pest. - Leave the
residual wild type‘fusceptible strain to freely breed with the

resistant types. .

3. Avoid .using one ﬁhtefial over long periods of time. Switch from '

chemicals in different classes at frequent iptervals to avoid selecting

resistant strains of one chemical class.

4, 41“1'&1]-:e advantage. of natural enemies as much as possihie. Natural ,

enemies don't differentiate between susceptible and resistant strains. .

By follo#ing.these suggestions, registance to insecticides and miticidég
cén be at, least delayed giving research much needed time to develop new classes

of chemical.control or perfect other regulatory mechanishs.
A ‘

‘ . B

*

i




- 63 - . . <

SELF-HELP QUESTIONS

. Now that you have studied this section, answer the following questions. '
Write the answers with pencil without referring back to the pext. When you are
satisfied with your written answers, see if they are correct by checking them with

" your 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. . * '

.
-

. -

A I3

1. What are the three basic stages of an insect's life?

- I3

-

2. What is the name for the immature stage of an insect that undergoes graduai
metamorphosis?

-

3. Do the young of insects that undergo complete metamorphosis usually feed on
the same part of the same host as the adulg?

I3

- . ’ I3

» 3
-

4, What factor of the physical:-environment seems to have the greatest effect on
insect development? '

. 5. ‘Wha/t‘;s the definition of the upper developmental threshold?

- ' .

2

. ; e
6. List all the stages that can act as the overwintering stage of an insect.

-
.

Y I3

N . .
- £

~ _ u
»

% What is the first step in the identification of an insect?
~ - - W,

. -

- ' ™
8. Can,knowing where a particular pest is most likely to-occur aid in the field
identification of an insect? '

.

9, wWhat ate temporal consﬁéffatibns? )

. - -
- 10. Wwhy should pest populations be monitored?

- -

. " . ks
.
. .

\‘1 o , - . .
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11.

13,

14,

15,

16,

17.

18,

i9,

20.

21,

. 8pr aylng? ' . . .

% B T
\ o] e
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. b \‘ * - .
How is the leaf sampling and brushing monitqring\g}:hnique used? .

ey n . . " .

. b " ¢ '
Which insects is the bait-lure trap designed'tb moﬁitor? . _ -
. / o
What are pheromones? . . T ' .
f

List three miticides that kill mites in the egq -stage. s

- -
1 [
P .‘#- -
-

List seVen insecticides or miticides with a relatively low toxitity to humans,

k] A
List six miticides that are relatively hamless to beneficial 1nsects and
predatory mites. , b .

-

- . . . .

v -
What is the Jbest method for timing insecticid4 or miticide gpplica't':io‘ns for it
fruit pests? . ) . T
Are the present chemicals that fruit growers have to work with generally more
selective than those used in the past? . A .
. * . . i ¢ . - ., ) <

< 1

wWhy can 1nsect1c1de and nnt:.c:.de rateés per unit area, be -cut when congentrate

L

¥ : . : '
Explain the difference between chemical and physical incompatibility.

“rum -

. . i . )
Why must ‘there be a certain 1nter1za1 between a icétiori'of a pesticide and
ha.rvest? . S —— :

4

LI
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. . )
22. For what class of pesticides was the re-enéry statement sprimarily adopted?

] .
LI ° .
’ . N ,

) - . . - . . .

23. ' What is cross-resistance? ‘ ' . . .
: l SN . ' e,
. r -,’ ) - * -
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WEED PESTS OF FRUIT CROPS S
o ) " N .
why Control Weeds? PR Ca .

+

Proﬁessional horticulturists have long recognized the.need for controlling
weeds in their orchards and vineyards. Weeds compets dlrectly w1th tree or
bush fruits for soil moisture and nutrientg and often serve as hosts for in- L
sects, nematodes. and d‘seases Some weeds releese toxic chemicals that reduce
tree growth. Weeds may also provide cover ifor rodents which attack tree trunks
during the winter months., Certain noxious weeds such as poison 1vy or Canada

thistle," may pose a health hazard for orchard workexrs.

-

To €5oduce a healthy tree with a strong trunk and scaffold branches, it

is nHecessary to provide optimum growing~conditiohs the flrst few seasons. o

Perennial’ west, such as quackgrass, nhutsedge. or Canada thistle can seriously

reduce the growth of newly planted trees and should be oontrolled w1th repeated

.tillage or herbicides prior to planting a new orchard Annuad weeds may also
inhibit the growth of young trees, particularly stone fru1t trea% and should be

controlled during times of the year that ‘the trees are actively Yrowing. Control

of weeds in an area 2 to 3 feet from the trunk is adequate in the -first two

years. As the tree becomes bigger and the roots spread over larger areas, weeds

should be controlied on an area. about equal to the drip—Iiﬂe of trees. One
should be satisfied to control 90 ¥o 95 percent of the vegetation under trees
The extra chehical and effort required‘to get every last weed is" not justified

In faof7'there are indications that a2 few weeds left under apple trees can help

)
make predator mites more effective in biological control of the European red mite.

LY
- -
- -
9

, . _
Types of Weed Pests in Fruit Crops

+

s

Weeds may be classified accqrding to their life cycles. habits -of growth

T or general appearance of thelr leaves and stems. ' . .

f tr - ! " .
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.' Annual weeds are plants which complete their lifg cycle from .seed to

-~ seed in one year. If they germinate in the spring, grow, mature, and produce

seed that summer they are called summer ammuals. Examples are large crabgrass

, and redroct pigweed. Plants that germinate .in late summer, overwinter, ar;é +

L3
produce Seed the next spring are called winter annuals. Examples of winter

]
¢ annuals are common chickweed and henbif.

L

Qo ¢ ) - \(f"f>nzrnon chickweed i ’ "Henbit,

i » ]




4

-

» s -
" typically have sa juvdnile stage the first season and then produce a seed stalk

g ' : > _ .
* - . - 6B = ; ) e ‘ , .
L "0 ' .
e

‘. . . . s . _r . . . - . e . . -

A&aual weeds reprodice primarily by .seed. Single.plants of some T
species may produce hundréds of thousands of seeds per year. Only a small ' .
percentage of these seeds germinate the next season while many can.remain - Lt 1

viable in the soil for a period of several years. Annual weeds shbulg be -

contrql%gd’whep they are small and, whenever possible, seed;productioﬁ'shoulg be

prevented. . : .
« d ’

q . . L} X 3 .
- - .
Biennials are plants which complete qhéir life cycle in twb years. They

the second year. ,Examples of biennials are common mallow and white cockle. *° . R

=~ "

Roungleaéed mallow 0

.
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_ Perennihls1arelplantsiwhich live for more than two seagons, They are
often grouped into two categcries according to.their reproductrve mechanisms.
‘One group called "simple" perennials reproduce primarrly“by seed and may possess
thick f_gghy roots capable of regener%prng a plant; however, ‘unless. they are
mechanically cut or disturbed they do not generally reproduce £rom roots.
'Plantain gnd_common daﬁdelion are examples of tRis group. The becond group'
called "creéping‘ perennrals are those whrch commoply. reproduce from\greeprng
vegetatlve organs These may be above ground (stolons) or underground rhizomes
’ (rootstockﬁ) as im guackgrass and field bintyeed. Pereﬂnlals such as nutsedge
and Jerusalem artichoke also reproduce by bulbs in’the s011 "and small bulblets’

-produced on toQ of the plant. . .

Creeping perennials and those possessing tubers are the most difficulf
perennial weeds to control. Cultivation and other mechanical means of control
can result in. incredsed populatrons due to propagation by these vegetatrve organs,
'More on perennrab weeds, 1nc1ud1ng coffor pictures and descriptions of 40 comnon

species, is available, in Extension Bulletin 791,

Dandelion
A o3
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. Weeds may also be aesignated as -broad-leaveéd species or grasses. This
) is usually done because herbicides can bé generally toxic to cne type and not

» the other., Weeds which have succulent stems are called herbaceous weeds.

Those with hard stems that &ese;nbie vines, trees or shrubs, are classified as

woody plants. Poison ivy,

. . y
irginia“creeper and dewherries are examples of
woody perennial weeds. ‘

-
+

+
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e FRUI? HERBICIDES
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Herbicides for Tree and Bush Fruits - ////

* Several herq}cides are utilized eﬁfeotively by‘éomme pal fruit growers
and they provide 'economic advantagee over other cultural weed control methods.

Fruit tfees are not completely immune to herbicide injtfry, but will ofteﬁ?"

tolgrate dosages much higher than those required to Kiil weeds. Generally, -

trees gain herbicide lerance with age. HNewly planted trees may be susceptible
to herbicide injury, in some tolerhnce.when 2 or 3 years .old, and become very
tolerant when older. rees growing on sazzgféoils which are low in organic matter
are more susceptible to ‘011 -applied herbjfides than trees growing on hqxrfbr,

. loam 80118. Because a sargin of tolerance is 1nvolved, herbicides must he

appl:.ed_’as accur/étely as possible. ",
%

TR Aﬂﬁ {AmmaAte-X) & AﬁgEte igs an herbicide which is effective on woody

‘perenngals’sﬁch as poison ivy. It kills both on contact and trahslocation. It
may be- ueﬁllged safely in apple and pear orchards if care is taken not to allow
o the cheylcal to contact the foliage. or newly formedigark Ammate is extremely

-

ually used as a spot spray.with a small hand gprayer.

~ .
‘<i‘ﬁ : p01;Z?ous; may be cérrosive to sprayers and should q@ handléd carefully. It
is

. ,' 2, 4-D (Weedone 638i_pacam1ne 4D) : These nonvolatrie forms of 2, 4-D

ay be utilize safely on the orchard floor i care&ns taken to avbid drift onto
p:

_ the foliage of trees. The prinmry ;se is to control perennial broad lgaved ’
- Wweeds, such .as dandelions and f1eld bindweed. 2, 4-D is absorbed through the
ﬁyr foliage of these weeds_and translocated to the root system. The chemical should
, N ke ;polled at low pressure using l‘pound of active chemicel per acre pn perennials
A ST ’ -
o : C A
¥ ' T, P ® . ,
. § ‘ 76 - '
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. which are grow'iné actively. At this rate of application, the chemical dls- -
appears from the soil in two to three weeks. Several Spot appllcatlons are

often needed to completely eradicate these deep-rooted perennlals. 2, 4-D ‘

- is only registered for use under apple and pear trees. Qever use in Sprayefgg

that will later be used for foliar,applicatlons on fruit and vegetable crops.

+

Dalapon (Dowpon): Dalapon is utilized primarily for quackgrass control

under apple and pear trees which are well established. balapoﬁ is absorbed both
by the foliage and root system. It is usually combined with simazine {(Princep)
or diuron (Karmex) to obtain season-long control of the entire weed Spectrum.
‘Dalapon should not be used under stohe fruits or grapes in Michigan Lecause of

L toxicity that has occurred, partlcularly on sandy soils.

Dichlobenil (Casoron): ,This chemical is effective for controlling

quackgrass in established- tree fruits and bush fruits. It has broad clearance LR
on all tree fruit, brambles, grapes, and blueberries. Research has shown thé\ |

granular formulationis superior to the wettable powder f6£ controlling quackgrasgsa

Proper timing of application. is critical for obtaining optimum results. The most
. < consistent results have been obtained by appiyizig the chemical in November prio}*-r\ \
to snowfdll. Six pounds of chemical (150 1b. of 4 percent granules) per agre will \
normally provide good control of quackgrass and annual weeds until late summer of *
the following year. Some other perennial weeds such as field bimdweed and Canada
thistle are also suppressed by this chemical. <Casoron has been the most effective
. ' chemical ‘that is currently reglsteddfor quackgrass contreol in blueberries and
brambles. It has also been used effectively on_%ftabllshed nursery trees but

may cause injury on extremely sandy soils lowlin prganic matter.

The %pplicatlon of herb1c1de granules may be a hnew approach for most fruit
growers. ~There are tractor mounﬂed granular spreaders available which will apply '
~ Casoron accurately in bands ong the rows. @pplicatioﬂ-with hand spreaders has

‘been less satisfagxpry. Gran les should not be applied when it is windy.

. T
|? g . € A -

pDiuron (Karmex): - Diuron is particulariy effectlve on annual grasses and

broad-leaved weeds. At higher rates of appllcation, it may~also. suppyess
‘quackgrass. Diuron has been used in Michigan for several years to control annual
weeds in aéﬁies, blueberries, brambles, grapes, and pear Plantings. When
applied at 2 jb 3 1b/acre prior to the eﬁergenca of‘weeds, it will provide ’
. e acceptable wegd control for the growing season. ' There is no buildup of chemical
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in the soil €rom annual applications of this ratg. Diuron is utilized

successfully with paraguat to obtain season long control of most weeds.

Glyphosate (Roundup): This new hetbicide is currenmtly being developed for

several u Afes in fruit plantings. . At this writing it is labeled for use under

nonbeari g cherry and apple trees and~has an Expefimental Use Pe for grapes.

Glyohosate is a translocated herhicide that is particularly effec 've for

controlling perennial weeds. It has given excellent control of quac rass, field

3

hindweed,.canada thistle, horsenettle common milkweed, and numerous Sther v
perenniaks, In addition it knocks down emerged annuals. BAlthough it readily

moves throuqh plants and kills the underground parts, !t is rapidly inactivated
upon contact with the soil. For fhis reason, a soi applied herhic;de like
SlmaZlge 1s still necessary to provide control of germinating annual
proVide optimum kill on perennials, applications of glyphosate should:

until the weeds form a dense canopy of leaves. You should remember that

> . - .‘ N
it a threat to injure fruit“trees or vines if it is improperly used.

should be taKen to avoid spray contact on leaves or new growth. Althgligh-contact

sucker growth shoutd not bé treated. Applications on young nonbearing trees

)\a
Although hewly

should be carefully directed toward the bottom 6 inches of trunk
planted peacbii have bheen injured by trunk contact with glyphosa;e the other
e .

trée fruits have adequate tolerance. g ) e

e

Paraguat {Paracuat CL): Pa.raquaj: provides rapid knockdo{m of annual and
" It may be utilized under all trees and bush fru!tgxw}Paraquat
has no action through-the soil to prevent further weed growth and usually new

perennial weeds.

weeds wiL} be evident 30 to 40 days after application. Since this herbicide

has no activity in the soil it _may be safely used on first year plantings. Bands
)

4 to'6 feet wide may be sprayed over sod prior tp planting trees or the spray may

bhe directed under the tree after plantinq. Care must be taken not to allow this

1

chemical td touch the foldage or areas of the trunk where'hark has not formmed.

If weed growth is heavy, apply at a rate of l.pound®f active ingredient per

E]

On lighter infestations, 1/2 lb/acre ié\adeguaie. fhe addition of a
F

agre.

-

:fl + . .ﬁr. . . Ve
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wetting agent at 1 qt/100 gal of spray usually inereases the effectiveness

of the material. ' To eliminate weed competition for the entirg growing season,
\two to three applications are necessary. Paraquat is extremely toxic, and .
t Q\ooncentrate should be handled with utmost‘caution. Avoid contact with

skin or eyes; and do not inhale mist of this chemical.

When trees‘havo been. established one gfowing seasgn, paraguat.may he

2

ination with simazine or diuron in the spring to provide seasdn-ioﬁg '

weed contro :
rl

' : i

Simazine (Princep): Slmazlne.ls another verx effective herbicide that has

been utilized by Michigan fruit growers for several years. It is primarily

effecfive on germinabing annual weeds, but does prov;de some quackgrass

/

suppression when applied in the fall as‘a granule or whgn applied in thexspring in

combination with paragquat) The use rate (2 to 4 lb/acre) varies with soil type.
Injury may ocgur on stone £ it on ::;isffly sandyY soils when the frate of

SimaZine does not accumnlate in the soil from

"

application e§céeds 2 1lb/acre..

annual applications of the”above \rates. N 0

Simazine has been shown to directly stlmulate the growth of apple and peach-
trees in some growing s@asons Where sitazine is used for weed- cootrol, the rate

of nltroqen application may often be reduced and adequate tree vigor still

maintained. The chemical has clearance for all tree fruit, brambles, blueberries,

and grapes. It has also been used spccessfully for weed «control in established °

; A j
. tree fruit nurseries. Do not apply to nursery gtock planted on extremely
‘sandy soilﬂgince injury-may” occur under these conditions. * *

s - i ~ .

‘ Terbacil (Sinbar): This chemical is cuﬁg':tly registered for use only on-

'peaches and apples which have been established at leesﬁ threb years. It controls

.y most annual weeds and quackg%ass and will suppress the growth.of some other

R perennﬁgl wdeds. ' ’ & . i "

Spring appllcatlons (Aprll 15-May 1) of te{bac;l at 1 lb/acre have been’
sufficient to control a al weeds. Two toO three pounds per acre are néde to E
control quackgrass, the lower rate helng adegquate on lighter so;ls éi;

~ may move quite ;eadilzﬁln very sandy SOllS and trée lnjury manifested as vein l
. ohlo;051s of leaves has been observed*from applYing tog much chemlt:l:%n these \;

. ' " soils, Do not ' afbply terbacil on sandy or gravelly knobs or bulldozed areas

where there is essentially no organic mattet in the .soil. -

CN o T
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Herbicides for Strawberries © B

+ * '
The herbicides. now registeréd for strawberries are quite specific\Uef’ .
weed Spectrum that they control. Rarely will one chemical handle all of th

weed proble?ns in-a single planting. Research has revealed the follow:l.ng i

-

formation about each chemical. . }.)
- - L

Chloroxuron (Norex, Tenoram): This herbicide is most effective wh,en

applied to broad-leaved weeds in the' seedllng stage. It will knock dohn common

weed species such as common chickweeh, lambsquarters, pigweed, pqrsl} e, and wild,

mustard and prevent germination of. these weeds for 40 to 60 days. se 4 1b/acre

applied 7 to 10 days after ;rans;lantinq or in fall or spring on egtablished

fields for good results on the above weeds. .Chleroxuron has not provided adequate

control of grasses in our tests sHowever, a combination of 4 1b/acr/ with %!
. dlphenamld at 4 lb/acre or DCPA-(Dacthal) at 6 lb/acre has allowed ontrol of

both broad-leaves and grasses when applled pfenemerqence.. Chlor on may not

. . . be, usedq:nthm 60 days of hatrvestmg the crop. .

- .
0

DAPA (Dactha'l) Dacthal provides good control of annual grassés sucl}J as R
crabgrass and foxta:l.l when used At 8 lb/acre on sandy so:.ls/'f It has been much /
less effective on heavier soils and has. not consistently controlled broad- leaved -

x rd T -

weeds. " Dacthal should be used fok' grass control in new and establ:.shed plaptings .

-

\ before emargence of the we&ds. It is more EEfectively used .in combinat:.on w:.th

-

\ Lhilbroxuron to obta}n control of broad-leaved weeds also.

Diphenamid _ (En:l.de) Diphenamid is a,].so(qore 'e.ffectiv‘e on annual grasses than i

1t

N ) N broad- leaved weeds, but w:.*.ll provide acceptable control of sewveral common -

S broad-leav.es ‘if :.rr:.gation is utilized soon after application D:Lphenam.d has

. Kmhib:.ted_rootmg of runner plants on l:.ght sandy soils. Consequently, we do

not re\comend its use on new plantings located on these soils. It may be used
Safely on established plantlnqs at <4 lb/acre on light soils‘and 6 lb/acre on
heavler SGKJ.].S One appl:.cation wa.llll. control weeds for 6 to 10 weeks. When

applied in \!;he fall ,prior to(?nul?ﬁ;.\m; it controls germinating grain. Do not

.apply 'w:.thj.n’ 60 :,.iays of‘ harvest. Combinations of d:.pt.lenamld_y_:.,t:.h chloraxmron

'). alsd look very promising. "
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2, 4-D Amine (Formula 40}« 2, 4-D has been effectively used in the

renovation program for established strawberry plantings. When utilized Iimedi.ately
af&er harvesting, at 1 b/acre, it provides good control of annual broad-leaved
weeds. . It also provides control of some fleshy-rooted perennials not controlled
with otheér chm}cal treatments. Do not apply.2, 4-];) &}t »gther times during the
growth of the strawberry plant or injury and yield reduction‘m§y occur, '

.

—_— . -
)
h "
-
a
-
+ - . /
. ) / .
'
1]
.
. L
L .
) -
[ — a—e [ ——r—y - /.‘

nT




¢ PRINCIPLES OF HERBICIDE USAGE
' N : o , [ T
Herbzc:}aes,aré used either on the foliage of weeds or through the soil
to kill germinatmg} weed seeds. Some>“chemicals have both foliar and soil °
activity, J . . v
~ 13
,ﬂ s
Foliage Agﬁtications g <
H
. These treatments are made to leaves of grow1ng plants, usually as liguid

sprays. ‘I‘hey kill plants by two methods-—-conta.ct and translocation

. - . ‘ .. i

" Bz' contact: This treatment kills only the plant parts actually contacfed by
the herbicifle. However, the noficontacted ‘parts ( i.e., roots) may die because .
they are deprived of the leaves. Adequa;:e d,:i.stfibution of :c.he herbigide over- " I
the' follag’e is essential. 15& lectivity may degend upbn. arraﬂgement and angle of

leaves, dlf-ferent:.al wetting, location of growyag points, or u?on spray placemént..

tact herbicides are most useful to controk seedh;}'gs .hn example of a

L, nqnselectw{"ntact herbicide is paraqua}t. : , NN L
L ] ‘. + - - ?h I
v By translocation. This treatment kills the entire plant because the _{'° .
hei"bic:.de moves within the plant. F;‘r example, when applied to the leaves( the ~ , "_

herb:.c:.de is translocated to thg roots. It may)a1§o move frm older leaves to

e .___young growing points. Therefore, herbicides offthis type are used on perennial
- .plants as well as annmuals. 2, 4-D is a tra.‘hslocated herbicide that is widely

used to kill broad-leaved weeds such as dandelions in a;\plg orcha¥ds.

4
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- -postemergence as related to ‘the growth state of the crop plant. -

Y

. . r?'
4 * + ! . \)

Soil Application

These treatments are usually applied to-the surface of the soil but » .

may also be incorporated into the soil by cultivation, or injected Below the
-soil surfage. e Lo ' 8 -

4 .
e .

Y ,._" ' ’

~ Timing of the application in relation-to. the growth stage of the weeds and .

crop is important. The application may be made preplant, preemergence .Or . o

- .
-

3+

b=

{Surface moisture must follow suyface treatment for most. soil-applied
1 N

- Y - . A .on
herbicides to be effective; you obtain best results when the herbicides are

The tolerance of frult crops to most soml—appl'ed herblcldes 1s‘to some

"

*  extent on keeping the herb1c1de placed on the up3Er 2 or 3 rqches of soil. * If °

. _car‘ried into the soil by rainfall ‘or overhead irrigati

4 +

thera is excessive leachzng of the herkicide into the root zome of trees or bushes,
- . . ¢ . s
. injlry can result For this réason, less herbicide should be used on, cbarse-

textured sapdy soils that are low in’ organlc matter or clay content : oo 1

%

’ /’
Herbiclde appllcatlons may be" fur ther deflned basedlpn the area treated.
-; Aplecatlonsﬂover an entire arca of_ foldage or soil a;e/termedabroadcast
.i' m‘ - . +

— applications. In contrast,. appllcatlons in a strip along a yxow of plants are ] .
”-caﬁTed,band appllcatlons ‘Sprays that are aimed at the base' of trees and shrubs

.

.and kept off the follage are called'dlrected sprays. When. localized weeds’or %
Glumps of weeds are sprayed with a hand sprayer this is termed spot sprax;ng.” -
- ! "; ) \ ) . . e z . rd *
- .i e ' ‘ . ':*‘: - ] . &:“‘m% - . . ]
Breventing Herbicide Injury ( et oo cooa ;T‘*“““a . i
. Although herblcldes offer an-effectlve and economlcal means of control, -Qa
certaln risks are 1nherent in thelr use. Plant injury is one oftthese rlsks. ‘:.:: s
' . No plant is completeiy reslstant to herbzc;de 1njury, but any nt*tole;ates " Coo
t. certain. dosages‘ Selectlvity, or thé abzllty of a herblClde ﬁ ill- weeds 45 3
without harmlng plants, may beapartially lost quer adverse env;ronmental condltldns .
\ Careles$ appllcatlon can also result in injury to'a, customer -] plants or those of ' .
o Ta nelghbor. PnJury can range‘from complete destruction of plants to Slight . K HT'
) stuntlng or dlscoloratLpnrwhlch often has no long-term adverse effect. .More “ s "_
| . deta:.ls on preventl.on ‘and d:.agnos:.s of herb:l.clde 1nJury can ,be found 1n Extens:.on' e
Bulletin 809. : L S v e
* . -. ° * e T, . .o ' . ‘. ) . . : . N '. . . ‘.
: ".\)4 ’ w ot 0] . “ ! i b ’J?. . 83 . . i L R N T, J "' o
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' Make sure spray EGUlpment is deslgned and operated properly: Fault}

. appllca*lon equipment or improper use of equlpmeﬁt can lead td overdosing which
causes crop injury or underdOSLng which givks pooyr weed control. Herblc1de
sprayers are designed- to apply chemicals udiformly. over a glven surface area.
Appllcatlon rates are determlned by speed, pressure, nozzle size and the amount

'S .
bf chemleaI agded to the diluent (usually water). Noz&les designed speclflcally

for herblclde application {flat fan or even spray) shouyld be used rather than
. .. a a
. cone-type nozzle§ used for otfhér pesticdides. Improper.spacing of nozzles can

cause overlapplng and result in a banded 1n3ury pattgrn >

L
= Equipment ghould be-calibrated peripdically to assure that desired gallonage
- L] r

™~ 1s being delivered. When nozzles become worn (particularly by abrasive wettable

powdefs) the flow rate can increase and result in overdosiqg or uneven application,

P § -
L

Freoueht checks‘on tractor speeds and 11ne pressure during application «ill
lnsure qplform appllcatlon ratess InJury occurring on hillgides cdould result’

-{rom oVerdosing if the sprayer is-slowed down as it climbs the_ hill.
v ~

Propef agifation in the spray tank is essential if uniform distribution is

4

- * tosbe obtained. Fallure of theiagitatéon system can cause settfing of thé spray
! i

i material nd overdosing may, result in the areas that are first Sprayed.
v . ['L R o "o * ,r—'“ -
- For.trke fruits, 80~ or llo-degree angle nozzles "are. preferred because they
- ! L
- allow the om to run clo§er to the soil surface. Drive down the row an one

r go in a circle around the trees, 31nce “this concentrates the

- - .
* -~

' ;. spray at the base of the tree. ' i ' s .

Apply the spray .as a. complete ‘row treatment or,as-squares under the orchard

‘d%rection: n

\
] Q, -
kttrﬁés. _If is usually best to spray a strlp on one slde of a row going in one

W

direction and on(ﬁhe other side coming back. 1In vlneyards, the entire band N

.-
.' ' {under a row) may be sprayed with a '45-degree angle TOC nozzle on a gun or boom._

= T T e
’ /;he w1dth of the banﬂ wlll be determlned by the age of the plants and degires

- l [ ] LI L - -

.r\ of the grower . ) ,

f . E . "
I . o . 4 N

Spréxer calibration: One of the most lmportént factors in effective weed* .

»

' ‘_° spraylng is, accurate callbratlon-wdetermlnlng theé amount of spray materlal

.

S +applied per. acre. WA range: af 20 to 60 gallons per acre, at a pressure of D to
- _r"""'_'““\.,.

s €0 pounds per square lnch s’ satlsfactory ‘ - \ . .. Co,

ERIC '’




“1. Fill the spray tank with water on}y.

/.

/

. )
solutlon w111 c1rculate through0ut the Sprayer Do not 1eave corroslve cleaning

~ A
-

5
L J

" spray material applied would bhe 40 gallons per acre. , If you change the‘traoéar

~ 81 - §
. . . K -
R - i‘ . 6 . . - .

Adjust the boom height so that the spray overlaps about a third at
ground level. For overall spraylnq, using 80- degree nozzlesr this places the

nozzles about 18 to 20 inches apart on the boom and 18 to 20 inches. from th%

sprayed surface. . . . ’ -

A ‘good way to callbrate a sﬁ%ayer is to: o ) C. .o
~.

- L]

2. Spray a measured area, in a field if possible,.at a fixed tractor speed -

and pressure gauge setting. Be sure to allow for.'partial coverdge if yo.oe
» Co. . . o R AN
bands are used. \ *g*, :
B Vo

ot
3. Measure the amount of water ngeded to reflll th@ﬁﬁsnk
. o e

-~

4. D1v1de this amount by the fractlon of an acre sprayed-to get the

gallons applied per ‘acre. - Q K v .
5. 'Mik the amount of chemical desired per'atré'with water.to give this ) .

-~

much spray material. .

. -
- For example, ‘if loﬂgallons we}e applied on one-fourth acre, the volumigpf

. speed or: gear pressure setting, nozzle size, or number of nozzles the amount »

-

of quuid applied per acre*w;ll be different and recalibratlon will be necessary.

—~

h ' - . . - ] . 7 jh' ; |
-~ » . . af ) rFi

Cleanlna weed control sprax_rs It Ais meortant ta keep weed control ~

Y

sprayerssclean. This is especxally true if you use thaL to spray more than one

+

crop/or to apply funglcldes and 1nsectic1des. ) »1 ‘ . »

Py

Do not use a- spra?br to apply elther 1nsectic1des or funglcides 1f the

sprayer ‘has been uged for 2, 4-D type herbicxdes - . . '

' - -
-

Wher cleghiﬁﬁ a sprayer, thor'guglfly rinse the whdle spraZer with water -
QTE“HM,/

before you-add the cleaning ageny. Keep the pump runnlng so hat the cle%pen

-

agents in thg tank ox spray systgm more then 2 hours. P ° - R \
- s e

when you are uslng only pre- emergence sprays, a good ﬁTQ81ng with water . '

' is enough For orher spraylng Ppurposes, remove wéed killers from Sprayers by .

) .1‘1\

addlng 1 gallon of household ammonia or 5 pounds F sal soda to 190 gallops of K
v i L . Ll J

4 ' . )
4 L. 4 . . F ' * B s “
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R 2 \ )
¢

-
-~ . E 1
Kl ¥ -

water. Allow this solution to stand in thgﬁfprayer for at least two hours.

Drain it out through the boom and nozzles, and rinse the sprayer with ’

. ~water. Do‘not 1et spray solutions stand in the tank cver-nlght. Do hot allow

[l R

solutions to run 1nta.stréams or other water sources. ] -
- , , -

"
' -
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S T SELF-HELP QUESTIONS )
’ “..-;'_ﬂ":: T ﬁ-’ ' |
i Now; that you have studled th§ section, answer the following ques'tions. Write
) the answers, with-pencil wl.thdtm‘ erring back to the text. When you are satisfied "::
) with your written inswers, see-* they are correct by checking them with the text. »t
Erase. your answer and write in {he corregt angwer if yonr first answer is wrong. -
~ -Note that these quéstions are not necessarlly those that are used in the %
certificdtion. examinatlon . - News
. . ks ? ) ' w-‘.ﬂ
. p . N f i" \- “ o *
. : ,j,WH?"].‘Ba control of 90-95 percent pf the vegetatlon under\txees/:onmder@m
be pest? - A :
. i L. ) -y ]“H«‘
- - s . H *
2. " Explain the difference hetween summer,.ané win;:er' anmnuals, )
L N - * - ) e } T~
30 List at least two éxamples of biennial weeds, vl N . . .
- ) T El v ’ v ’ . ' ¥
- - . 0'_ o
., 4. Explaln the dlfference between snnple and creepmg perlennlals "o
. ’ \ r [ .. ’ : o
c e , 5, On what type- of 3011 are trees mqa—t 1 1 to be g;scept:,b‘ﬂe to 3011 apphed :
. herbicides? : . _ . v . '
.- : N - T foe )
. 6. List at ieast‘ﬁhr@e'systemid herbicides. . - fo L
- . . . . - - L . :
+ . . » - : - M - - '.-;‘ - * - L . ‘?ﬂ;‘*‘ .
s - 7. 'Li&‘ least two‘herb:'i.{:i.des that provide goc-"c!_i:ontfol, of . anmal grasses. v . -

e ‘l ‘-. h:. # { ' i ‘} i ’ = I ‘. 13 - ‘-— . ) -' _’-’ — . ' ) ’:
-y ~§ *y ~ " ~ - ' * * c
M = . . - - S 1 . T,

|l - I \ .
" . 8. List at lease three ¥rbicides that give effectlve control of perenn1a1 .
broadleaved weeds. & - ) oy - % . o - k
. . . . . . - , '\' ! - \, . . -4, - . B . . .
. . - e - . : .
. ' PRY . ; - . \ , LI - P * Q
- _/" -~ . . L]
< 9. _List two herblt:ld\bs that p:;ovige good control of a:nnual sgrassges in- strawberry»
.o fields. T ) . MO P I LR
) N . . ] . ._- o . < ' Le S . '
+ ’ ] ! . 4 LR .:
. . . 5 . ~ a - . . , - . -4 - - . e .
' - ’ L) ’ QI * ’ " * ~ i
"o aM * N - - . . ' - ) . : oy . .
. _f" -._‘ \- . . . - n r— . '_’: - .
' . - ) o ! rq b * * v -
! e . - LT .-t - ’ Cot .

. . R . . v '. ~ . - .

! . ‘ ‘: . * " v /7 .y ' r,-": . i
Q 1 . 8 { .
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10.

- . . - B : - i PR ! " .t
11. Can contact herbicides indirectly cause the death of ijffﬁtacted pares? - | 1 .
Ny . ) Iy . T \ oA
’ ' . __' ’ . ' . . "‘- ! - . '.t ;.""J
12. Do most soil applied herbicides require surface moisture after applfcatidn‘_g?
- in order to be effective? e T
\ . + I "I. ., ”
13, Can the pelectivify of a herbicide be affected environmental conditiond? L
_ ™ . — - . . .
. . . B L II[ - . - - -
| 14. what type of nozzles should be‘'used for herbicide app;;patiop?.' .
g . = 2 4
) » ¢ - .|r ) F-,.,'_/\ -
f . / 'lf . - ) .
! 15, Outllne a good way to caljibrate a sprayer. I8 .-
LI * (1 * A }” I: ) - i
. ‘ . - e ]
. N v e L aEdn
.. r . “ } -
- N N ’ * ’41- .
; 16 What is the maxlmum amount, og’:Lme that corros;ve cleanlng agenis shOuld be
. left in the tank or ' spray System? : J : . Y
: Yo
i o i
. ' . ) 3
I . * { - A * / "
. e T g ,
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. Hoy do translocated herbicides kill the entlre plaﬁ
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" This 1nfgrmaqlo§ is for. educational purposesg only.. Referencg to commercial - 4
products or trade names does not imply discrlmlnatlon or indorsement by the- 55 .
« Cooperative- Extension Service. Cooperative Extension Service-Programs are q—;v-Lv'?‘“
. “. open to all without regard to race, colory creed, or national origip. - Ty -
F T L Issue& in furtherance _of cooperative extension work in agriculture and P
) ;I" home econdmics, acts. Sf May 8, and Jung 30,7 1914, in cooperation with tHe I
- §/ U. 8. Depagtment of Agriculture. Gordon E. Guyer Director, Cooperative
R “Bxtension: Service, Mzchlgan Sta%e Upiversity, E, Lansing, MI 48824 R r
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