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PREFACE

o : . 8 ¢
This manual is intended .to assist besticide7appl%cators in vegetable
crops prepare for certification under the Michigan Pesticide Control Act of
1976. The manual was prepared“by Drs. D. Cress, F. Laemmlen, and M. Erdmann
of Michigan State University. N ‘ . < :
. . . B

u . . T

i ’ - .
. . N . 4 /’
L - : . ‘ - 1\/
A list of self~help questions and‘fhstxuctions for completing the questions
are at the end of each section. If you encdunter difficuLtigsiin using the :

R Ytughom By vt o s dbrtt o

m nﬁal, please consult -your, county -agricultural extension agent or representative
of the Michigan, Department. of Agriculture for assistance. - < .

~

~

_ Some suggestions on studying the manual are: o : .

. . ' . . }
1. Find & place &hd time for study where you will not be disturbed. "’
» . S . . . /f/ :
2. Read the entire manual through_ once ;ﬂfunderstand the scope and form of
- presentation of the material. - ////n o : ’ B
3. Then study one section of the- flanual at a time. You may want to_underline
important points in t:z;ggpﬁal or take writter notes as ydu s$tudy the section.
4. Answer, in writing, th€ self-help questioﬁs'st the end of each section.
Instructions on how to use the self-help questions in your study are
included with tzszquestions. These questions are intended to aid you in
your study and ,t0 help you evaluate your knowledge of the sﬁ?ject. As such,
the%/are an/}msprtant part of your study. R :

s v . N e
5. Reread the entire manua;voncs agaip when you have finished studying all of
itsg ni sections. Review with care any sections that you feel you do not
fuily/ﬁnderstapd. ’ .

This manual is intended to help yoﬁ use pesticides effectively-and safell

when they -are needed.’ We hope that you will review it occasionally to keep
the material fresh in your mind. * - ‘ ' ' . N

.
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INSECT PESTS OF VESETABLE CROPS -

"

-

M (%
'

. Insect control programs .ideally. shéuld\He aimed at the most susceptible

“

or vulnerable stage of development of the ingect pest. Generally this is the

1mmature stagen The 1mmatures: (1) are less mobile.than"the adults and are.
. S 5
therefore confined to a given area; (2) 1mmature stages cause damage through -

thelr feeding, therefore, to prevent the damage, the 1mmature stages must be.

controlled and (3) 1mmature stages do no; reproduce—orly the adults reproduce. '

By controll@ng the lmmatures, there are fewer adults to reproduce. Tt L
S .

v) ‘Under field conditions, tﬁere are“many instances where: the 1nsect pests have‘
two or more generations per year. Hence, if the cropsis a»full ‘season crop
(onlons, potatoes), it will be attaoked repeatedly. In thede .cases, it _may be

poss1ble to control éhe second gen&ratlon adults—especidlly in cases where the
a° . . '
)lmmatures live in the soil. s o \k :
. T - P
£

gype of Follage ‘jhe various. vegetable crops have characterlstlc follage. In

the case of lettuce, cabbage and splnacﬁ‘ ‘the foliage is rather erect and Stlff
with relatively few leaves. On the other hand potatoes, cucumbers, and tomatoes
lie flatfon the. ground Wlth a l;rge number of small leaves.\>Between these two
‘ext em's are cropﬁ*such as celery,‘pepp rs, carrots ‘and other crops which grow o
.%rec with many leav S. The more leave there are, the more dense the follage

becomes.. \The denser the foliage, the m re dlfflcult it becomes to achieve thorough

and adequa of the ™ ower portlons of the plants. Earﬂy season appli—
&

cations, when there\xsgrelatlvely llttle follage, may be adequately and tﬁoroughly
g
al

made with 3 to 5 g s of spray per acre. However, it st&nds to reason that




Y L - " ) ‘, ',,D
by mldseason and later as the amount of follage and the deﬂslty increase
drastlcally, the amount of spray (gallons per acre). must llkeW1se be 1ncreased

to malntaln thorough and adequate coverage of all the addltlonal follage.'
-
-Another factor to conslder congerns the leaf surface Some Ccrops such as

cabbage and onions have a very waxy  leaf surface. This makes it difficult to
keep the spray materlal on{the leaves. In these cases, additional spreader--
Sticker or wetting agent may be helpful‘, The applicdtor must keep 13 mind,
- however, that leaf surfaces are highly varlable in case of wettlng. Hence,‘
in some cases additional wettlng agent~or spreader may cause the spray to ruh off
t af which results in less spray deposit on thgsieaf than would have beeg '
presjjt\ff\no additional wettlng-spreadlng agent had been used. e
. , ' o L»
. ' — °
Insect Pests and Damage: Insects can be separated into~three groups dependlng
~ ‘on Ehelr mouth partsl The three klnds of mouth parts are: (1) chew1ng> (2) suak-
'1ng, and'(3)\{;:p1ng. The type of mouth parts determines the type of damage

caused by a gi

n 1nsect
. -

Examples of 1nsects w1th chew1ng mouth qﬁgks asf Colorado potato beetles

(o

beetles, maggots and bean beetles. . The damage conslsts of holes in the leaves

(adults and larvae), cabbage loopers, cutworms, cucumber beetles, asparagus

and/or’ whole leaves and roots and stems being consumed. Insects with chewing mouth

parts generally do not transmit plant dlseases——w1th the exceptlon ‘of the cucumber

) beetles which transmlts bactersal w1lt oﬁ\gucumbers. . : B e ) B g

o~

Examples of insects with sucking mouth partsﬂ;nclude aph1ds, leafhoppers and -
tarnlshed plant bugs. These insects p1erce the led® surface "(like a mosqulto'
'plerces ‘'your . skin) and suck gut the plant Julces. This res lts 1n,the stunt1ng (,
of. the plants and/or curling and w1lt1ng of the leaves. Also, 1m-some cases there

is plant reactlon to the 1nsect s sallva. Examples of this type of plant\;eactlon
Ilgwigh-
\

.

are leafhopper "burn"‘ln snap beans ind'p toes. ' There is a vellow to ye

ts pierce™

brown spot each place where the inse e leaves. Another example 1s

"black JOlnt" of celery which is caused by thgttarnlshed‘plant bug.l 1
e . . g ' \

In addltlon to the feedlng damage, 1nsects with sucklng mouth Earts——namely .

the green peach aphid and aster leafhoppere—transmlt several Plant d1seises.
; : . / ' P v g' :Q§\
N . w/ . ] / :(‘\’ 1 i
.. . - ) . . '( -
'

h ’ - S .- . !
¢
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These diseases include leaf roll in potato, .astey yellows in celery, lettuce,

carrot and onlon, and mosaic 1n peppers. v - ‘_>' . oo

Insects w1th rasplng mouth parts are thrlps. Thrips rasp or scratch ax

hole in the surface of the leaves and then suck up the juice as it runs out.

-

In cabbage, these small holes heal over and turn brown and later black. In ¥

onions, tiny white streaks resultz:?nd as damage continues, the photosynthet1c
itted by ‘thrips.

~

_ ability of the leaves decreases. No-plant diseases are trah
‘. . .

. : N N
2 ' :

Insect Reproduction: Insects _reproduce in “two ways. One way is by sexual

reproductlon and the vast majorlty of insects reproduce 1n this manner. Thls

me thod is somewhat limited in that only (roughly) ‘half gf the population deposlts

€ggs, which incubate for several dayé before hatchlng. ‘This results»ln lto5

{generations per year (dependlng on the speclflc 1d§ect)

. . The other method of reproductlon 1s by parthenogenesls. Akl aphids reproduce

3

by, th1s method. There are' ohly females\\whlch means ‘that every 1nd1v1§ual is

capable of addlng 1nd1V1ddals to the populatlon. Furthermore, young aphlds.are ¢

'born alive so there 1s no loss of time 1n egg 1ncubatlon. The«net result is that

aphlds can pass thro gH a generation ;n ‘5 to 7 days apd 1ncrease up to tenfold 1n
4 Iz

10 days. There are 16 ta 18 generatlons per year

~

yethod of reproduction and number of generatlons per year is extremely L%

»
]

1mportant in any insect control program
. s
¥ . . o a g

Insect Microhabitats:j§01§>kind of insect may only be found in potato fields,

another kind only!&n.onion £i lds or cabbage fields. 'However, to effectiyeTy

control the given- inseci you must’know its microhaﬂitét ~This is mpere the 1nsect

actually }}uesQQn the piant.ﬂ SOme insects such as Colorado potato beetles,

1eafhoppers and'flea beetles live and feed on the upper leaves. On the other hand,

aphlds prefer the undersldes of the lower leaves. Other insect iorms such as

maggots, w1reworms and whlte grubs live in the soil. " These are examples o&
. oL .

'm1crohab1tats{ "

¢

To control™the pest the 1nsect1c1de must be- e1ther originally placed in the
mlqrohabltaLlor in’ the*case of -the s01lé\ys§emlcs it translocates (moves) through
the roots and- stems to the m1crohab1tats of the fdllage feedlng 1nsects.

[} . X ] . . J ) - B

T - . T . ¢ . > ) - ’ . . —
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Nonsystemic. insecticides and foliar systémic insecticides do not translocate.
A-ﬂ'
Hence, they must be originally applied to the microhabit t or in the case of

-

the foliarzsystemics, to or slightly below-the microhabitat.

Ultimate Use of, Crop: The commercial ‘applicator should be sure that he knows

the ultimate use of the crop he is ;reating. -He should keep records of those .crops
that will be used for fresh market, those that- will be proceséid directly out of

' the field and those ‘that will go into stdrage for a period of- time. The ultimate
use of the crop is important in‘terms of when the crop will be harvested ahd

Y enter the channels of commerce. This is important information in the selection

:of the chemical and the cut-off days before harvest. ¢
- , ) » ' -

eV

Generally, those crops which ‘'go for fresh market Yfor example,.lettuceY- *

celefy, some cabbage, potatoes, 'etc. ) must be the most insect—damage free. 'This
requires that the applicator properly apply the correct~themical in such a way

as to control the pest before/dama e occurs and yet not have excess1ve res1dues.

-
Q-

Generally, processing crops*can tolﬁraﬁe some\insect damage because this

damage will be.fmasked" in processing. However, crops that go into storage éan
. N~
- break down in storage due to rot organisms e?tering through insect damage.

‘& /
Therefore, knowing the ultimate use of the crop can be very important in selection,

-

of the insecticide as well as knowing how mucd damage can be tolerated and %till

provide a. marketable*crop. \\\, . L 4 ﬁ@k ' |
“Timing-—Seasonal and Time& of Da}:"No insecticides, or other pesticides, can-

perform miracles! They must be appl ed at, _the right-fime to c0inc1de with the

‘ap Arance of the pest-—and before the damage has been done. Most insects jppear

\ /

at.about the same time each year\ However, d e to weather conditions they may . S

vary 10 to 15 days in initial appearance from ¥ear to. year. The commerCial appli-

cator should be knowl?dgeable of the approximate time of initial appearance as \\
/

well when second, third and additional generation emerge during. the season. .To

/

aid in "keeping tabs" on a éfven season's" actiVity, commerc1al a plicators -
P - -

_their dbunty Extension office as wellwas receiVing

should stay in clossitouch «wit
the "Insect, Disease and Nematode ALERTS” issued by Michigan State University.

. L E . . T Lo '

N _ . S . . ‘
.L . 3 o - L . S .
1 ¥ . .

v,

\)‘ . Iy Co . AN
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v Another important factor concerning timing the,application for maximum

teffecg is the time of day(f when the application'is made,_ .. To‘be most effective,

Lo

the insectiCide must be at present at a lethal level when tre insects'are o
active. Most folidge feeding insects are active between 65 F. and 85 F Below

; or above these temperatures, controlvwlllhbe somewhat ieduced.

) Generally, insecticides should?be applied in the late afternoon, evening,'
night, or very early morning. As a rule of thumb application between 9:00 a. m.,h
and 4:00 p. m is not adVisable because tEmperature and wlnd are too high. 'ln b

addition, sunlight breaks down most insecticides so they are ‘not available yhen

the temperature returns to conditions for ﬂnsect aétiv1ty.

The foliar systemic insecticides are generally'absorbed best when the plant
- stbomates are open. Hence, they should be applied at temperatures between 65 g

: o
and 80 to 859F; This also corresponds to the insect activity range.
. \

- Types of Chemicals: The systemic 'insecticides have several advantages and
. - E Y -

disadvantages when compared to the contact_(nonsystemic) insecticides. Adyantages
ofgfystemic insecticides are that they: (1) enter the tissue and are not

exposed to sunlight,“washing off, etc: (2) move in the tissue to a"greater>or

lesser extent ward the growing pOint (3) give a day ér’two longer effective . .
control becau e of l and’ 2 and (4) are very effective gainst small sucking'

-

: WY
mnsects_(aphids, leafh:;pers, etd.). The disadvantage is that systemlc insect-

icides are not generall effecti e against large chewing insects.4

a

‘The advantages of contact (n systemic) insectic1des 1nclude T (1) $hey are

,

,effectlve against both small and large chewing (andt ucklng) 1nsects. and %
&
. (2) they are widfly available and registered on mosp crops. The disadvantages

R
\1nclude. (1) they are not absgrbed into the tissue aﬁﬁ so  they mandate thorough

$
coverage of all leaf\and stem'surfaces.- (2) the emain on the surface of the
leaves and thus are exposed to sunlight, wash—h off, etc.: and,(3) theé,aré»
’w"‘\
genefﬁlly eafective for 2 to 3 days {(depending oh weather, etc )» . - " e
3 '_ Iy » . - * "’;’// ) | . ) .: >'» .

;pplicator Responsibility: The commercial appllcatorvmust'fully realize that
he is responsible for proper application, USlné only registered chemicals and‘

disposal of empty" containers and excess1ve spray material. - o T er
p) R ' 37 - -
@ ’ ‘ {>’ . Ve
l\ B - ‘ 5N —
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Days to' harvest, tolerances and res1dues All pesticides which are regrstered ,

<

ff~ for ‘use on vegetables (and other food crops) must have a. toleranoe (establlshed

by U:s. Food aLd Drug Adm;nlstratlon) To meet .the tolerance level, res1due é.

jsamples are'taken durin the development of the chemlcal to- determlne the “cut off

days before»harvest." The ut-off days before harvest vary from crop to crop for

a given chemi /’Tﬁls var fation concerns leaf surface propertles, plant ”;";

growth habits7 and chemical propert1es<of the g1ven 1nsect1c1de as it reacts on,_

the plant sur#ace. The commercral applicator must be aware ‘and - READ THE LABEL - Q

EVERY TIME he>applies the chemical to be sure_the cut-off days before harvest

t wlll not be jﬁolated. . : o o . : L
. % ‘ . . - : &
- :‘ i o ' . , i
Spray coverage: There.are several ways thgiappliCator can check to see -
whether thorough. coverage is beipg obtained. These 1nclude (l)-checking for '

the white szidue7of wettable powiers after the appllcatlon has dried on the,

foliage and (2) ‘use-of paper“c ds or other lndlcators placedlat the: s1te ln the

fgllage where coverage ls most dlfflcult, REMEMBER—-cherage miist be obtalned

d where’éhe ins cts live and feed (m crohabltat) ' Obv1ously, if the coverage 1s .
b '}

not belng,properly qbtalned,.cdrr=ct}ve adjustments must be made. These adjustments‘

may include: (1) increasing the ;allonage, (2) changlng the nozzles,\‘

o

(3) flying higher or -lower, .(4) use. of drop—nozzles, (S)Kuslng more nozzles, aﬁd

(6) c?aﬁglng the ype of spraylng'equlpment altogether v ‘vo- LN L

oy .
A \'\"' \,‘\ g : *
"ngnvironmental factors- Enmlr nmental factors such as temperature, sunl;ght,

and relatlve humldlty functlon to ether to shorten (breakdown) tﬁe re51dual,t1me o
/w,‘",

.of pest1c1des. W1nd isg another portdnt\factor becaus of drlft Dr1ft~as -/
in G .

4’

undeslrable because the drlftlng chemld;l is "lost" into the surqpundlnéAenv1ro

’ '

ment and thus lt is not available lin the t rget follage to control the pest.

Furthermqre, drlft c?n contamlnate adjacent crops and/or llvestock, homes water,

Hence, the commercial appllcator must be espec1ally aware of drift and 1ts
&

etc.

potentlal problems. ZQ St : Lo .
, Pesticidé compatibility: Peg;r 1de compatlblllty refers to the mlxlng of
: two or more¢pesticides in the tank at the sm‘atnnm. Some of these compatlbll t1e§
4

and 1ncémpat1blllt1es are given in he varlous Cooperatldé Extens1on Serv1ce'

: publlcatlons. Addltlonal J.nformatlo\n is glven oh the label and/or from the : ' ‘

varlous companies, - o
) . R . Poe
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e "Gross" chemlcal compatlblllty can be checked by mlxlng a small amount S

~.
]

»','of the- chemlcals in the properuamounts and allow1ng them to. stand for at’ least

bone-half hour to‘see whether they prec1p1tate or heat up when mlied However,
you - should be awaré: that subtle chemlcal changes can take place whlch will.
not: appear in the’ gross check but nonetheless Wlll render the comblnatlon less}

’ E ¥ N - -
‘.-effectlve or (worse yet) 1neffectrve._1 c e o

P

ot . el e

Anét er. type S} 1ncompat1blllty results 1n plant phytotox;c1ty. :This,can ?}*
happen ev n though theﬂcheascals ‘are chemlcally compatlble.g To . check for‘_h S
V,!phytotoxl 1ty, a small arla (few plants) should be treated. If no plant 1njury 'nﬁﬁ

.;1%5 appare't in l to 2 da S after appllcatlon you can be reasonably sure«that the-‘

\.. ) a.
remalnder of the ér0p can be treated wlﬁhout phytotox1c1ty ocqurrlng. PR

P b . .

thtle 1s actually known aboqt compatlbll1ty-1ncompathﬁl1ty due to. the vast

number of poss1ble comblnatlons, formulatlons, crops and weather condltlons Forf'ﬁ

PR

. &
these reasons you should always be Ver cautlous when mlxlng pest1c1des lt.isc,
AEWAYS Better to be safe t‘v x\i ’ ' ' i
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T . SELE-HELP QUESTIONS . . - . . .

-

v o Now that you have studled thls sectlon, anSwer the follow&ng questlons..

_{ erteqthe answers:with pencil w1thoutereferr1ng back to the text.‘ When you are
Satls iéd with your written. answers, gee if they are correct by checklng them
with e’ text.“_Erase your answer ard write in the:’ correct answer if 'your flrst
’answer 1s wrong. Note thdt these questlons are not necessarlly those that’ are'
- ‘used ;n the certlflcatlon examlnation. I L R -

- . . , ,'_.:;'ZA_ L Lo 7
" . e . _. ._.' . N c. . o . V! o . ;_'; - S
-+ 1. At which stage fs an insect generally most vulnerable?: | . ,{,},fﬂg
P v ° . o ’ v N Lo . . - . W . - o - - L . , - ut ./ z o
i 2, How does a. waxy leaf surface affect the. retentlon abilltles of a peSthlde?
c . . 3 ¢ iy S ’ : o
} ,"fExplalnvwhat klnd of damage results &fom 1nsects Wi ja),cheﬁinQ mocthpartsh'
fﬁiu;fb) spcklng mouthparts (c) rasplng mouthparts. ' . - e
’. : ) Qé?' ,’ Kl . Wi ) . v ‘:‘ p " ]
] TR . X . -
~ I% . \- ‘ - ’ ,:\ " : ; . * S
Tt e e B T e
4>f:What;i§ parthenogenicityz‘ . fﬁ\ o I -% o o Ty
5. Is it necessary-to know the mncrohabxtat of a pest’in order to control”it
e effect1ve1y° - v , L ol D T
| . , o . N v e 4
A o L ARES . _.;;= S
‘ : ‘ 4 jx.’ "' @ ‘ ""\;«v,."v-' Ta 7‘ o ) .A"' )//
6. How does know1ng the ultlmate use of a crop affect the selectlon of an 7
T 1nsect1c1de? L E . , N '1 oo ' “
o 3 . ‘ -, P 3 : * . — - i DR
oo - e e S R e e o
.o . oot . oo n '
. K T L : o P C ,
.»7.: In general, at what time of day' should insecticides bé, applied? ‘ ’
8.f Are systemicsbgenerally effective’against small sucking insects2'
s I“ ) ) ) . : ) » . .' a . .' . . . * :' \'~
1 N oo C N;VE ’ . o M ‘. - ~“" . L g . . . -
v9.“Is the commerclal appllcator respousib;e for disposal of empty pesticide
- conta1ners9~“ Vs L . o
. - < ‘. . . . .,.‘
¢ » .-
N v ) " \ ’ ( '
» . ; . v R .
. c . B | .
A - . 2 - v
« -y “ 1- - )
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A '

"'10. Should a commercial appllcator read the’ label every time a chemical 1s
' applied in order to be sure the cut—off days before harvest will 'not be

/o violated? . A ) , N

‘fl.. List five ways to adjust the rgtetdf pesticide application{

- . : . - T e

N T

12. Why is pesticide drift undesirable?’ - .

How can you check for gross chenical compatibility?

,
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=
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WEED PESTS OF VEGETABLE CROPS :

Why Control Weeds?

. ° : ’.(

WEEDS REDUCE VEGETABLE CROP YIELDS by . tompetlng for water, nutrlents and '

light Some weeds release tox1ns that .inhibit crop growth, and others may harbor
_ 1nsects, dlseases, or nematodes that attack crops. Weeds,may 1nterfere with
A.harvestlng operatlons, and in some 1nstances, contamlnatlon with weed seeds or
other plant parts may. render a crop unflt %or market. It .is obv10us that

profltable crop productlon depends on effective weed control.

. You should never attemgl to establish a vegetable crop in a fleld that is. badly
1nfested with perennlal weeds such as quackgrass, yellow nutsedge, or Canada

.

thistle. Herbicides and. tlllage should ‘be used to. control these pests at least

one\year in advance. g S

Usually, effectLve weed control in- vegetable crops requlres a combingtaon of
management technlques. You may need to use a comblnatlon of dlf%erent herb1c1de{?f§
or alternatlve methods. In some cases, m1n1m1z1ng tillage can effectlvely reduce
weed populatlons. Growing the same Crop year after year, and using the same weed
control technlgges will encourage the development of problem weeds. Rotation of
crops; herbicide or tillage methods can help solve this problem. Whenever you

see a small infestation of a problem perennial weed 1nvad1ng a fleld, it should

be eradicated immediately. Wherever possible, weeds should be prevented from

producing seed. One plant can produce thousands of seeds, and these seeds will

live in the soil for many years. g VAN

gxpeS'of weed pests: Weeds may be classified according to their life cycles,

habits of growth, or general appearance of their leaves and stems.

Annual weeds areg.plants which é?mplete their life cycle from seed to seed in

[

one year. If the§-germinate:in the spring, .grow mature, and produce seed that .

summer they® are called summer annuals. Examples are large crabgrass and redroot

.

o 1}4. |
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pigweed. Plants that germlnate in Iate summer, . overwlnter, and produce seed the
]

ext spring are called winter annuals. 'Examples of winter’ annuals are common

hickweed and shepherdspurse.

N . Annual weeds reproduce primarily by seed. Slngle plants of ‘some species may

X / ) ;
produce hundreds of’ thousands of seeds per year. . Only a small percentage of Y

these seeds germinate the next season but many more seeds can-remain v1able in - the

soil for a period of several years. ' °

a

,Annual weeds‘reproduce prlmarlly by seed, Single plants of some species may
produce hundreds of thousands of seeds per year. Only a small percentage of
these seeds germinate the next season but many more seeds can remain viable in the

soil for.a period of several years. Annual weed§ should be controlled when they

are small and whenever poss1ble, seed productlon should be prevented
. dee . .
'Biennials are plants which complete their lifé cycle in two years. They ‘

-~

; . . , N .
typically have a juvenile stage the’first season and then produce a seed stalk the

second year. Examples of biennials are white cockle and wild carrot.

RO f . QN o

Perennrals are‘plants wh1ch live for more than two seasons.» They are often

A
ﬁ

grouped into two categorles according to their reproductlve mechanlsms

(l) "Slmple" perennlals reprodUce prlmarlly by seed and may possess thick fleshy
‘roots capable of regenerating a plant; however, unless they are- mechanlcally cut
- or d1sturbed they do not generally reproduce from roots. Plantain and common
dandellon are . examples of th1s group. (2) "Creeplng" perennials'are those which-
commonly reproduce from.creeplng vé~gtative organs. These may be aboveground

e

(stolons) or underground (rhizomes) rootstocks as in quackgrass and field Bindweed.

Perennials such as “nutsedge and. Jerusalem art1choke also reproduce by tubers

(underground swollen stems) whereas wild garlic can reproduce by bulbs in the s01l

and small bulblets produced on top of the Plant. : .

Creeping perennials and those possessing tubers are the most difficult
perennial weeds to control. Cultlvatlon and other mechanlcal means of control can
result in 1ncreased populatlons due to propagation by these vegetative organs.
'More details on perenn1al weeds 1nclud1ng color pictures and descr1pt10ns of 40

5

common spec1es are available: in Extens1on Bulletin 791.




. - ' , 1 ‘ J
Weeds may also be designated as broadleaved species,or grasses. This is

usually done because herbicides are. often toxic to oneftype and not the other.- .
Weeds-which have\succulent stems are célled herbaceous weeds. Those/With hard
".stems that resemble vinés, trees or shrubs are cl SSlfled as woody plants. .

Poison ivy, Virginia creeper and dewberries are examples of woody perennial weeds.

o

Principles of herbicide“use- Herbicides/are used either on the foliage of weeds

/
vor through the soil to ‘kill germinating weéd seeds. ‘Some chemicals have both

/

foliar and soil activity. ® . - . .

Foliage applications. These treatments are made to leaves of growing plants, >

Y usually as liquid sprays. They . ki/} plants by two methods——contact oﬂ'trans*‘ "‘

location. - . / . )

/ .

‘Contact treatment kills on the'plant parts actually contacted by the

herbicide. However, the nonc ntacted parts (i. e., roots)- may die because ‘they are
deprived of the leaves. Adequate distributiOn of the herbicide over the foliage ..
is ‘essential. Selectiyity ‘may depend upon arrangement and angle of leaves, diff- ‘

erential wetting, locatign of growing p01nts, or upon spray Placement. Contact

herbiC1des are most use ul to control seedlings. An example of a nonselective

+ contact herb1c1de is p;raguat.

. ) - : : o o
Translocation ki ls the entire plantfgecause the, herbicide moves within the

plant.v For example/, when applied ‘to thékleaves the herbicide is translocated to - .

)

the roots. It may also move from older leaves to young growing p01nts. " Therefore,

L herbiCides of this type are used on p rennial plants as well as annuals. For

.

h example, 2, 4-D % a translpcated herbicide that is widely used to kill emerged
’ 9 .
broadleaved weeds in ¢orn. - Co (-
J ) o . . . . o _ .

With folifr herbicides, many factors influence the movement into the'plant

and the resz?nses can vary. More consistent results are obtain\dyand variabLlity

| I B ‘:%'

‘ Proper/épplication: Rate'andvconcentration of herbicides are important and

may be explgined-if these factors' are known.

Although juniforfh distribution of systemic-type herbicides is not as critical as .

therefore uniijim application and proper choice of gallonage is'necessary.
. -
for soil applications, too high a rate can cause decreased long-term kill.

w
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'Uniformity of concentration and delivery rate is essential; therefore, correct

noQ&les,'sprayer'speed, agitation, pressure and dllutlon are important.
X o <

- L

. : [ N :
Interception by leaves? Leaf angle, degree of hairiness, expans10n, and leaf ]

area-dry welght ratlo lnfluence response. In annuals, 'greatest concentratlon per

unlt area of dry welght is obtained 1n seedllng stage. 1In, perennlals, the _

greatest ratlo occurs . later so treatment should be.delayed until cons1derable

growth has developed. A canopy of leaves .can be a deterrent to effectlve control

adr.a safeguard agalnst injury. Wettlng condltlons will affect 1nterceptlon by .

v

: 7
changlngwleaf orlentatlon and.reducing leaf area.. -

-4

.. 0 :.(
: Retentggn Keeplng spray droﬂlets on the leaf is an 1mportant consideration

-t

% omwe contact wlth the leaf has 'been made. Type of leaf surface such as waxy coat-

ing,: pubescence, and roughness affect/retentlon. Retention can be lncreased by

: use of wettlng agents and other mdterials that lower surface tens10n, nonpodlar ) .
, v .
formhlatlons (esters) and low spray volumes. : i . , » .
7 . 3 .

Ralnfall will cause run-off if it occurs shortly‘after or ‘during application. -
Wlth-many herb1c1des, one to two hours ‘after appllcatlon without rain wlll allow for

penetratlon. Herbicides also volatlllze from leaf surfaces when exposed to

hlgh temperatures.' . : i
) : . ) ‘ 4

orptlon- ThlS phenomenon varles with each herb1c1de, formulation, plant

spec1es, and environmental factor. Thickness of the cutlcle (waxy coatlng) ha% a

A
dlrect relatlonshlp. Unlform leaf coverage is essentlal for ‘max imum penetratlon.

Penetratlon ‘may be both an actlve and a pass1ve process. ngh humldlty, high soil
m01sture and conditions that favor rapld growth increase absorptlon. Stomata

that are open may be an avenuerof entry for volatile_ herbicides and those of low L

» surface tens10n. ) , A R ‘ : ¢

BN .

Translocation: Downward moﬁement‘is through .the phloem (living tissue) and .
" Herbicides .

is favored by production of assimilatory material and growth processes.
tend 'to move to regions of activity such as'buds, young leaves, seed, storage

Excess1ve appllcatlon rates or contact 1njury reduce

3

organs and meristematic .areas.
translocatlon and are factors to consider in herb1c1de comblnatlon. In a few

b

cases, herb1c1des have recycled 1n a plant. Movement out of the plant roots or
excretlon of herbicideés have been shown under certaln condltlons. This Wlll

reduce the amount avallable to the plant and plant resporses will be altered accordingly.
- ’ : - V H. ) .
e e 1% . p
\)‘ * . . . . .
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Actlvatlon;and deactivatiofy Some herbikldes (2,4~ DB) are actlvf{equy an
w4
enzyme system after enterlng the plant (B-ox1datlon) whlle others (atrazine ln (;j

corn) are ‘deactivated. by being. metabollzed oq ccmplexed wlth cell constltuents
§
such that they are not avallable-to exertLphytotoxLCLty. The rate .or degree of, -

'degradatlon is lnfluenced by COndltlonS affectlng plant growth 1 e., temperature,_

sunlight, s011 m01sture.

- plant response g , ) ‘ (-
. . . [}

:mlow metabOllc act1v1ty will show 11ttle response

- been anurlous at an earller stage of growth.

-the soil surfacew — -K;;" e o

v .
- . N

‘
.~ ' '
~ : .

Accumulation-, The rate of absorptlon and translocatlon affect acvumulatlon.

Accum latlon at the SLtes of actlon, generally merlstematlc reglons, varles w1th

species and rate of degradatlon at these sites. Env1ronmental factors that

lnfluence/metabollsm and other mechanlsms at the site of actlon will lnfluence

. .-
<

- €
4 {

N

Cellular sensitivity: Ultimate respons- a plant to a herbicide is at the

L S

g the season and with the season.

cellular level. Susceptlblllty varles durj

Maturlng plants develop varylng 1evels of tolerance ‘Mature tlssues or those of

A

.

-
¢

5011 appllcatlons. These treatments are usdally applied to the surface of the

soil but may/SlSO/ﬁg 1ncorporated into the s011 by cultlvatlon, or injected below

;

Il

to a concentratlon that would have

Tlmlng of the application 1n-relatlon to the‘growth stage of the weedg' and'crop

- , -

¥ .
The appllcatlon may b >made preplant, preemergence or post lergence

is 1mportant.
r

[

as related to the growth stage of th rop-plant.

- Surface moisture-myst follow surface treatment for most soil applled *\q

herbicides to be effectlve, you will obtaln best results when these herb1c1des

~

are carried into the s01l by ralnfall, or overhead irrigation. .

The tolerance of vegetable crops to s011 soil-applied herbicides depends to .

some extent on kéeping the herb1c1de placed in-the surface half—lnch of s011.

If there is excessive leaching of the herb1c1de lnto the termlnatlon zope, injury

) For thls reason, less herbicide shoul? be used on coarse—textured
It also takes less

can resulg
sandy s011s_}hat are low in organlc matter or clay content.

herbicide. to control weeds on these s01ls because tth are not readlly tied up.

)

.
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Before uslng a herblclde, be famlllar w1th 1ts Jes1dual llfe in the’ so;l

=

SOme herb1c1deslmay perslst in the soil for extended perlods, whlch will ln—.

P S e

'fluence other cropplng plans the?same season or the. next season.

Herb1c1de appllcatlons may be further‘deflned based on the area trEated
Applications may be further deflned based on the area treated. AppllCatlons over

an entlre area of follage or s01l are termed broadcast appllcatlons. + In contrast,
—

'appllcatlons in a strip along a row’of plants are called band ‘applications. 74$prays

that are aimed at the base of plants and kept off the follage are called directed
‘sprays. When locallzed weeds or clumps of weeds are sprayed wlth a hand spray”ﬁ*‘*7

« o

this is termed spot" spraying. y _ : ] S

Many factors may have an effect on how well. s01l—appllag herbicides move to

{be site of action. A knowledge of these factofs involved ln the transfer of a

T

herbicide from applicator, through the soil, and to the plant is helpful in ;

o .. - . : v ) .
obtaining more consistent responses or in explaining some ofvthe variability.

, ) c : : ‘ ) ' . .
, Proper application:~ The use of the corrgct»rate of ap)lication is essential.
[ .

Very small amounts areinecessary to inhlblt plant growth wever, sufficlently

hlgh rates must be used to compensate for. the amount bound tg the soil or otherwise
made unavallable for uptake by the plants. Rates must not be of the'magnltude to,
cause crop 1njury ‘or soil residues. - ' I . : \Jf .

Unlformlty of drstrlbutlon over the sprayed sufface'is’important. Nozzles .
must have a uniform delivery, a-.uniform. spray pattern, even spacing~and proper height
" to gl/e uniform coverage. Water yolume is not lmportant lf there 1s a constant
conbentratlon and unlform dlstrlbﬁzlon. Constant pressure and.speed are neJEssary.

Granulars preSent a greater problem in obtalnlng unlformlty.
. 'X » e

'Soil lnterceptlon.- An even, unlform surface, free of clods, manurgﬁxplant

lltter and other debrls will help insure a good dlstrlbutlon pattern. Spray
droplets cover the upper surfaces of clods, but not beneath while granulars .

fall 1n_depresslons. Granular formulatlons-agaln present a greater problem or
.~ -
™ uneven surfaces. L ‘ ' o, .
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ysical movement: Wind and water (excessive rainfally/causg run-off or
movement from treated area.
concentrations in these areas.

Movement 1s to depresslons,
, ' '/
effective control.

'

Y

causing increased’ .

Some leaching into the soil is necessary for :
Incorporatlon into the soil will beneflt ‘some herb1c1des-but\
d1str1but10n may be uanen or placement too deep. Band appllcatlons are lost
when untreated soil 1§fmoved in by the cult1vator.

VOlatlllty Thls/

A

. \

is a maJor form of loss for certain herbicides.
temperatures and air movement increases volatlllty.losses. “Damp or wet soil at.
i~

i

| High soil
time of appllcatlon can cause additlonal losses through water vapor d1stlllat10n
moves to the surface.
‘ Photodecompositronr

)
or by keeping the ﬁerblclde concentrated 1n the” exposed surface layer as water
r

Incorporatlon reduces volatlllty losses.’

S |
Many herb1c1des are broken down by exposure to sunlight.
Lossés occur when herbicides ‘remain on the soil surface for extendéd perlods.
Sol%’ ity:

°
. e

Movement into the s01l is related to solublllty, therefore, salts
~will move” more readlly than wettable powders.

i

. Addltlonal ralnfall is needed to
get wettable powders into the upper one-fourth to one-half inch of s01l.
Movement in s01l~

o

Water transport prov1des for the greatest amount of herbicdide

movement in the s011.‘ This occurs pr1marlly when there ik sufficient water to
exceed f1eld capac1ty.

of roots;’
-

lefuslon in soil water is important only in the vicinity -

radation:

re

lefus10n in soil gasses plays a part if the herbicide 1s qulte volatile.

Greatest movempnt is downward however, some : lateral and some upward movement
occurs. Move%ent varies greatly in dlfferent s01l types.
dos

Vl

. 4 ‘ j
Breakdown of the chemicil 1s by chem1cal and blologlcal processes.
such as hydrolys1s and oxidation.

Temperature, aeratlon, PH and other soil factors widl affect. chemlcal proces&es

the major means of herbicide loss from s01l.
made.

The degradatlon by mlcro-organlsms is one of

»

nganlsms ‘may be. spec1f1c for a
Condltlons that favor growth ofﬁnlcro—organlsms w1ll speed breakdown

\

2 part1cular herbicide and their numbers w1ll 1ncrease when repeated applications are

3

3

, . i B “
. B , L \
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Q
ERIC
P v



T o =17~ Y - :
oSN TS T T
' . .‘ ¢ A‘ N ‘l . . ‘x‘- -

Adsorgtion- A great deal. of var1ab111ty ex1sts 1n the amount bf&herblclde

'

"
- adsorbed-by soil since soils vary- in organic matter and 1n0féan1Q\SQ11 colloids.
Organlc matter adsorbs more strongly and thereby greétly reduces the amount of

N chemlcal avallable and also rekards movement rnus01l. Randox. (CDAA) is an )
exceptlon 1n that it 1s more;effectlve in high organic matter soils. ¢ e N v
} _ . b 3 ¥ : oL,
Absorgtlon- This 1s ‘the means, of entry 1nto the plant and lt is favoredjby / '

: condltlons that favor high traﬂsplratlon rates. The amount of root system exposed

‘ is 1mpor§ant since amount of herbicide absorbeﬁ is generally'proportional: A
heavy plant populatlon may reduce amount absorbed by any one plant as well® as
concentratlon of herbicide in soil.’ ' ) . L

Translocation:» Upward movement is primarily in ;the xylem (non11v1ng t1ssue)

and concentratlon is 1n areas of most rapid water loss. Rather hlgh concentratlon /'
k]

[

is in areas of most rap1d water loss. Rather high c0ncentratlons of herbicide cac;

[4

be: moved since living t1ssue is not 1nvolved once the chem1cal reaches' the {
vascular system . - - - : o < e ™

-

Activation and.deactivation- Some herbicides (2,4~DB, Sesone) require activation

_e%Fher,in the soil or plant. Other herb1c1des may be deactlvated in the plant by

metabolism or/modificatiOn._ Active.and inactive metabolltes or complexes may

be formed. Select1v1ty may be obtained by the;é\processes.

Accumulation: There is-a threshold concentratlon for ?hytotoxlclty. Amount

'taken in must be greater than the ‘amount degraded or ellmlnated. Condltlons that
x

affect absorptlon,(translocatlon or- degradatlon Wlll reduce the accumulatlon of

toxic concentrations. . - .

a

+ 0 . M . - ¢ - - - - - )
Cellular sens1t1v1ty; Plant response is due to sensitivity to a certain .

concentration of emical. Species vary greatLy'in tissue stg;diure.;ugnv ronmental

conditionskand tissues' maturity play an 1mportant role. tyre tissue g

shows ‘less activity and oldér Plants are less llkely to be killed.

(4}

Preventing Herbicide Injury B I S
N A . \\ . “ . _‘J"' . . "
Although herbicides offer an effect1ve and - econom1cal€means of cbntrol certain

risks are mﬁherent in the1r usel Plant 1n3ury is one of these risks. No plant

lS completel& res1stant to herhlclde 1njury, but any‘plant tolerdtes certain

ERIC |
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dosages..\Select1v1ty,'or the #ﬁlllty of a herb1c1de to klll weeds w1€hout
harglng plants, ‘may be partlallyi}ost under advers env1ronmental condltlons.

. Careless appllcatlon canp also result in. 1ngury to a customer s plants or those or
a nelghbor. Injury cén range from complete destr ctlon of plants to sllght
stunting orvg3scolora§:on whlch/often has no long— erm adverse effi t. More

. details on\preventroﬁ and dia OSlS of herblcldéilnjury can be found in Extenslon

f ‘ ' ) , » ST ' v i
s By K ) . / i’ : - N ~ K . o -
'~ Make sure spray eqyi fpment is deslgned and operated properly. Faulty

- appllcatlon equipment/or improper use of equlpment can lead to overdosing’ whtch ®

[

eupl‘}etin 809. .

causes rop injury 9r underdosimng which glves poor weed control° Herb1c1de
sprayeﬁz are designed to apply chemlcals ungformly over a glven surface area.
Application rates are determlned by the spe d pPressure, nozzle size and the amOunt
, of chemtcal added to the diluent (usua y water) Nozzles desjgned spe01f1cally
‘ pray) should be/éijd rather than -

_for herb1c1de appllcatlonp(flat fan or

i

A
cohe—type nozzles used for other pest1c1des. Improper spac1ng of nozzles can cause
overlapplng and result in a banded in ury pattern. » ) :T“ -.' ,
( —_
2
Equlpment should be callbrated pPeriodically to assure that the desired L
.gallonage is being delivered. .When nozzles become worn (partlcularIy by abraslve

' wettable powders) the flow rate can 1ncrease and result in overdoslng or uneven-

~——

appllcatlon.

- - P 3 N
Frequent checks on tractor speeds and llne pressuégﬂd:;lng application will -

1nsure uniform appllcatlon rates. Injury occurrlng on slopes’ c0uld result fﬁbm
/

: overdos1ng 1f the sprayer were slowed dofn as it cllmbs the hill.
yve

)
- Proper agltatlon in the spray tank is essentlal if uniform d1str1but10n is to
be’ obtalned. Fallure of 'the agitation system can cause settling of the spray

material, - and- overdoslng may result in the areas that are first spray

Ly ..
_prayer callbratlon One of the most 1mportant factors\\n eff the weed

sprayung is accurate callbration-—determlnlng the. amount of - spray ter1al applled

per acre. A range of 20 to 60 gallons per acre, at a pressure of 20 to 60

pounds per square 1nch 1s satlsfactory. " "

v .
¢ U -~ . [ ..
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Adjust the“boom helght so°that the spray bverlaps about a thlrd at:grOund
~‘level For overall spray1ng, using 80 degree nozzles, th1s places the nozzles

' about 18 to 20 K\//és apift»on the boom and 18 to 20 1nches from the sprayedwn

A

surface. :

. A good way tQ calibrate a\sprayer is to: { . ,

1. F ll he spray t with water onl . : . ' ’ '

. 3l t pyE_@glt, y o o | _ \
2. 'Spra a measured area, 'in a fleld 1f posslble, at a flxed tractor '

. spe d) and pré§sure gauge settlng. Be sure to allow for partlal

°

coverage if bands are used. - ;b‘ o - > T

3. MeaSure the‘amdunt‘of water needed: to refill the tank“

4. Dlv1de this amount by the fractlon of an acre sprayed to get the ga

e
applied per acre. - ™~ ‘ . : ‘-
a ' b A
5. Mlithe amount of chem1cal deslred per acre with-water to’ g1ve thlS '
’ 5 . * \ K . !

spray material. : '

For example, if 10 gallons were applled on one-fourth acre, the volume oﬂﬁ

spray materlal applled would be 40 gdllons per acre. If you change the tractor
number of nq%?les, the amount of

speed or gear pressu%§ setting,” nozzle slze,
.Y
llquldaapplled per acre Wwill be dlfferent and recallbratlon Wlll be necessary.

a

g ) B ’ | ’ ’ )
- Cleaning weed control sprayers:’ lS 1mpo4f’hu to’ keep weed control sp%gyers

- .. e e e /
clean. This is especially true if you e them to spray more than one crop or. to
apply fungicides~anﬁ insecticides.' Rl j , R s . d‘_
® oL :

- Qo not use a spraykr to apply either pnsect1c1des or fungicides 1f the sprayer

has contalned 2, ‘4-D typm herbicides.
s ) B ) & o
o When cleani g a spfayer, thoroughly rinse the whdle sprayer with water,

. 1ns1de and out, fincluding Boom, hoses and nozzles, both before and4After cleanlng. ;
Partially fill the sprayer with water before you radd the cléaning agent. Keep-

the pump runnlng-so that the cleanlng sdlutlon will circulate throughout the

.....

sprayer Do not leave corroslve clean1ng agents 1n the tank or spray system more

‘

than two hours.

T b o d
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'enough. For othe; spraylng-\hrposes, remove weed. klllers from sprayersﬁby
addlng 1 gallon o% hou hold ammonla or 5 dounds of ‘sal soda to 100 gallons of -
M
<\ water. Allaw tAlS luElon\tb standfin the sgraxgr for. atéleast .two hours. 'Draln’
A ) -
" . it out through the‘boom and nozzles, and rlnse the sprayef’w1th water.“ Do not
1et spray solutlons stand in ;h‘é tan.k o;{ernlght. D,o,not allow, solhtlons to rw.gl h
lnto streams or. other water sources. - F. T o . t .
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’u When you are using only pre-emergence sp ays, a good r1ns;ng w1thﬂwater 7§




- Loy | ﬁ s . voa g L P Ne . &S . L . -/4

\ . ) g _ 2 - . 3 . ,‘ . 1
[} e _""fv‘. . - . , l - . . v & . . ~- .: ]
. N SELF-HELP QUBSTIQ — “/ A
\. - ( X ) . . ’
b - s 7" " “ .'-: “_'_._. B N

- ‘Now that you\h 1

" Write:the ans rs ;ﬁ?ﬁfiehcﬂ wout referrlng back ‘to- the text. When yH are °

a4 satlsfled W:Lth your -wrltten ‘answers, ;ee 1@ they "are, corr.ect by qhecklng them s
W:Ltl’l £he ,text. Erase XOUI answetr and write’ in ﬁhe ccrrect answey ;:f yaﬁr flrst

émsyer is- wrong \Note 't%t these. quedtions az:é no_t nec.é'Sjlly those .;hat are‘ -

used in the" cer;nflcatlon examix}atlon. AT ”’fr":'\' S N N % -
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N. Can minimizing tillage effectively reducie weed populations »,in some gases? y
LA ' . . ’ . . ’ . N ’ 'l 1 . =77
‘ s N - - u. . . ) =" ' - ’ . - ' -0 ) -
-+ 2., Explain d.ifferén’Ce between simple and creeping .
o - ) }
Q_/What stage of plant are contact herbicides most usgﬁul' in contrelling? {\
_ - « . " ; . R
4. re translocated herbicides,effective against botty‘annual}pnd-perennials?_
$. What can yesult from too high g rate of herbicide? R ke
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CAUSES ;OF -VEGETABLE DISEASES \

. . . . .
1. . - )

" Diseases of vegetable. crops are caused by organisms (biotic agents) which-
derive their nutrients by feeding on other plants. Some diseases are al o

caused by adverse_environmental factors (abiotic factors) which cause the vegetable

splant to malfunction. Fungi, bacteria, viruses, nematodes and mycoplasma are the

fiving organisms which can cause plant disease. Toxic chemicals, or -high

nutrient levels, adverse temperatufes/and too much or too little wat®r are some

of the_eﬁVironmental factors which can also cause blant disorders. Both cultural
and chemical methods are used to control plant diseases.u,In the following
discussion biotic agents as the cause of plant disease and chemical pesticides as

control agents will be primarily discussed. = .. g

‘ . . . N .
. . Y . [

Disease Cycles - v . o '

- All végetab;e diseaées caused by biotic agents have a disease cyéle,fi.e.,'
a pattern or sequence of developm%nt. Usually contfol measures must be applied at
specific stageslin the disease cycig if they are to be effective. If the diseése
is wrongly identified; or control measures poorl§ timed or misapplieé;'disease~
contfol will be disappdinting, at best.: Improperntiming of sprays is one of the

most common reasons for poor disease control. '
. |

Disease cycles ‘are of two kinds: ' primary and secondary. The primary cycle
is initiated by the biotic agent (pathogen*) after a period of dormancy or

inactivity. ‘'In Michigan this occurs usually ig spring .after the winter rest period.:

-

Tn

"V . ; FX‘/_“

* A microorganism capable of cauéing a plant disease-

S ey
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Secondary cycles occur as a result of pathogen propagules (inoculum) produced

during the primary cycle of disease development. During a grOWing season_d& pathogen

L.
M

may have several secondary cycles, but.only one primary cycle. . 'Tq

During a disease‘cycle, the pathogen passes through several stages, and
knowledge of any or all stages may be necessary to effect satisfactory control.
These stages may be listed as: (a) dormancy, (b) primary dispersal, and (b2) ‘
innoculation, (c)_incubation, (d) multiplication, and (e) secondary dispersal.after
‘which stages b2, c, d, and e may be repeated several times during the growing seaso(:
The length. of each stage varies with the enVironment, the pathogen and the
condition of the host plant. ‘ / .

© P . o
Dormancy stage: During dormancy the pathogen is inactive. The inactivity

may be temperature or moisture induced or may be induced by the absence of a sat-
isfactory host. Fusarium wilt of vegetables is a'warmltemperature disease and the
' organism cannot become fully active until soil temperatures are sufficiently high.

The sclerotia of Sclerotinia sclerotiorum Wlll not germinate to produce the sexual

stage. When temperatures are no longer limiting many pathogens still will not ‘
initiate growth unless a suitable host is present. Some fungus structures, nematode.

eggs, etc., will ‘not develop unless growing plant . exudates are present. _ ’

Primary dispersaf'and inoculation: Some pathogens wait fox the host to come

to them, others break doxmancy and produce propagules which are liberated and
dispersed by Wind water, insects, or man. Usually this actiyity is temperature
induced and coincides with a particular stage in the development of,the potential
host. The primary dispersal stage ends when the propagule is.deposited on a

suitable host.

The act of 'inoculation consists of. placjhg the pathogen in a location on the
< . . A ) o .
‘host (the infection court) where further development can occur. The terminal point
of dispersal may be inoculation if the.pathogen has been deposited in the right

<
location on a suitable host. ' -/

Sources of inoculum (propagules of the pathogen) may be diseased crop refuse,
}1Vlng plant parts (seeds, transplants, fruit, leaves, etc.) or contaminated

“tools and equipment. Infection courts are such areas as wounds, healthy plant: N

- . . ¥ R o
v . . , .
. , .
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’surfaces (leaves, fruit) or natural openings in the plant (stomata, nectaries,

decays, or they may be produced in such a way as to be carried off by w1nd, water,

v

lenticels). . ’ o -

@

Incubation stage: This stage in the disease .cycle is the time between

inoculation’and the first expression of diseasevsymptoms. The length of'this
Stage'is'determined by three interrelated factors: ~the host, the pathogen and the
environment (temperature and moisture, primarily). Durlng th1s stage the pathogen

must'infectjand establish itself within the host. If cond1t10ns are not proper,

disease will not occur. v )
Py , g

M .
¢ - a . y;
e

Multiplication stage: After the pathogen has establlshed itself, it grows

through the host tissues causing dlsease which is expressed as wilt, leafspot,

fruit rot, cankers, galls, and other symptoms. Eventually the pathogen develops
reproduct1ve structures which may not be dispersed until the plant dies and '
insects and/or man while the host plant is still partlally alive. These.

reproductive structures.are secondary 1noculum and when d1spersed constitute the
This latter 1noculum may cause secondary

secondary dispersal stage of the disease.
disease cycles which usually occur durlng the summer or growlng season of a glven Y_;»

2 oy - Lom

crop. v L R . -

Examples of Vegetable Disease Cycles'"
. - s , o
Many vegetable crops are grown in Michigan and each one has one to several

" diseases affectlng it which may cause ‘minor or severe crop losses dependlng on the

O

RIC

e

growing conditions- (enV1ronment) during a given year. , Most vegetable crops are R

.

annual in Mlchlgan, hence severe disease losses: durlng one year do not necessarlly

mean severe losses in subsequent years, even in the same fleld. '

;

Many textbooks have been written on the. subject of vegetable diseases,

hence for the purpose of this manual only a few representatlve steases will be

d1scussed in detall. . The emphasls will be given to points 1n the disease cycle

where weaknesses occur and control practices can be most 3ud1c1ously applied. For
¢

1nformatlon on other diseases- of vegetables contact your county Extension offlce or

Mlchlgan State University. . ' o .

-
”» c .
. 3 ;
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_ Black leg of cabbage: Black leg 1s caused by a fungus, Phoma llngam.‘ The ;

didease occurs mainly in the t perate zone where ever 1ts cruiferous hosts are .

found. It is one of the most destructlve d1seases of cruifers; however, due to ¢
[}

effective " control measures it is seldom a severe problem anymore.

Symptoms: : 'Plants can be infected during any stage of growth ‘ftom seedling
to maturity. Usually the f1rst synptom is an oval, depressed tan canker near the
base of the stem.: The canker enlarges until the stem 1s g1rdled C1rcular tan

 spots also appear on the leaves and elongate leslons occur on the seed stalks
~ and pods of seed plants- In the cankers, spots and lesions numerous tiny black

dots appear. These are fruiting (reproductive) structures of Phoma lingam.

.The presence of -these structures 1s an important diagnostic sign (a v1s1ble structure
o the fungus) Badly d1seased plants wilt and leaves brown or. turn bluish-red

the margins. The stem canker ‘may cause the plant to lean or fall ower

.
. . LI

‘ Dlsease cycle (prlmary) The fungus can'survive'in Crop rest s and soil:
;}for up to-three years. It also is carr1ed on and 1n\%hg\seed;//€§zzalnfected seed

' 1s planted the fungus 1nfests the s01l and can attack’ nearby health§ seed and : ‘

§eedllngs., Also, some d1seased seed grows allOW1ng irect attack of the seedllng
:‘rperQCed.' And where préVlOuS crop res1dues are present seedllngs may also/ i
bat.tacked from thlg sdurce of 1noculum Lesions and spots produced by’w/;é'ij:mary“’//
,V}qpqulum soonuproduce black fru1t1ng structures (pycnidia), which produce spores. h

-9-: . )

Dlsease cycle (secondary) Spores produced in the pycnidia f the pr1mary y

v,

1
L sfons,qetc.p are 11berated when temperature fand m01sture cond1tlons are satis-
¥ factory.' These spores may be dispersed by 'wind, rain and cult1vat10n tools to
new areas Oon the same plant or other Plants: where new infections will occur This

secondary spread w1th1n a f1eld ‘can occur repeatedly dur1ng the grow1ng season.

In this d1sease the stopp1ng of prlmary spread (seedborne stage) is cr1t1cal

o dlsease control. «° - : T

‘i

"

' Tomato and Potato LatevBlight‘ o : "

!
hd RN )

}, ' Th1s major and highly destruct1ve d1sease of” potatoes and tomatoes is caused
by the fungus Phytophthora 1nfestans. This fungus shares - the. d1st1nctlon, along

-

with a few others, of hav1ng changed the course. of hJ.story, because it was directly ‘

a

. ;‘ . ‘;, | l:: i}() : : ‘: ': - .o )
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respons1ble for the potato famlne in Ireland and Europe  which caused a large

number of theSe people to 1mm1grate to the Unlted/States.

Symgtomsr The disease attacks;all parts of lts hosts., An infection is
first evident by'the appearance of'circular or irregular watersoaked spots on the
foliage, usually on the lower leaves. These spots rapidly enlarge destroylng the
‘leaves and stems of the»plant. During ralns spores produced)ln the/spots are

washed .onto’ fruits or down the stemi into the soil where . they can‘lnfect the -

potato tubers.

S

On tomato fruits-dark,. ollve-green, greasy—appearlng spots develop which
‘enlarge to rot the entire frult On potato tubers in 1rregular, purplish-black.

or brownish blotch appears which becomes' firm, dry,‘and somewhat sunken.

The follage and fruit symptoms can develop and spread as long as condltlons

. rd
remain moist or until the ‘host 1s destroyed. Once 1nfected, fruit and tubers
will contlnue to breakdown in storage produc1ng'watery putrld mush from whlch‘//

nothlng can be salvaged. ,
- !Z.)‘ Il.:

. ) . . v . -
Disease cycle: The ditease survives as my&elium (vegetative fungus strands)

in tubers in storage, invthe field, in cull piles or'dumPSr This. 1s)the prlmary

inoculum. In more temperate cllmates it may survive on cultlvated or - w1ld hOst

plants in nature. When 1nfected tubers are used for seed the fungus attacks the

thber sprouts and grows to the aboveground shoots.d Under favorable conditions

» -

of moisture and - -humidity -the fungus readlly produces spores which are w1ndborne
or waterborne ‘(initiation of the secondary cycle) to healthy plant t1ssues.
Tomatoes may be lnfected by this windborne oculum from potatoes. However, more

commonly, the 1n1t1al Anfection in tomatoes occurs-in seedlings grown ‘in the

southern Unlted States and transported to Mlchlgan. From these 1nfected seedllngs

secondary spread to}healthy plants readily occurs.

Temperature and humld ty are very lmportant to the development of this fungus.

Fungus reproductlon or. sporulatlon occurs most abundantly at or near 100 percent
relative humidity and at temperatures between 16 C and 22 C._ The propagules e
lose their viability in 3-6 hours at relative humldltles below 80 percent On' the .
‘other hand, the perlod of . time from 1noculatlon of a plant to sporulatlon (first '//

crop of secondary spores) may ‘bé as short as 4 days; thus, inoculum levels can_~

. \
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build up to epidemrc quantities in a short time. Hence, knowledge and surveillance

of ‘these factors are critical to control of. this pathogen.
. # SR S ’
Fusarium Wilt of Vegetables :

Y . 3 .

"The genus. Fusarium: has yseveral species of fungi Wthh can cause severe

. Plant and crop lossgg. In_particular, the species_g, oxysporum contains several
variants which affect specific crops. Hence, the fungus F. “oxysporum f. 'batatas

causes a wilt disease of sweet potato, F oxysporum f. pisi causes a wilt v

'disease"in peas, F. oxysporum £f. melonis causes a' wilt disease in muskmelons

and cantaloupe and F oxysporum f. lycoperSici affects tomatoes.' In all

instances the>pr/ress of infection and disease . developmen//is similar, hence,for

purposes»of this 1scus51on, the w11t disease of celery,«"Fusarium yellows;" will

*  be discuSsed. : ‘-_ ' \

Fusarium yellows of celery is caused by F. oxyspor f apii which is a soil
inhabiting fungus which can remain alice for many years after it'is ‘ntroduced

© . into the soil even if susceptibleyhost Plants are not present

\a
4 : » )

Symptoms: The fungus invades the root system of the pIant caus1ng a deteriora—
tion of the root.system and a malfunction of< the vascular elements (witer ducts)
As a result‘the affected plant is stunted, pale green ("yellows"), a?d the tissues
. are brittle and bitter. If infected as a . seedling the plants soon die, older
'plants, however, *may live as long as healthy indiViduals even though they are
dwarﬁed and pale green. When the stalk is cut long1tud1nally through the base

an internal yellow to red or brown discoloration can be seen extendlng upward in

the vascular tissues. s

-

Disease cycle: Fusarium, once ‘introduced, remains Viable in the soil for

many years. Usually the inltial introduction is made by diseased seedlings, or
\the soil carried with them (primary spread) Once in the field it may be further

;dlspersed by water, and soil movement and contaminated farm equipment or infected

plant parts (secondary spread)
When seedllngs are planted the fungu?_propagules are. stimulated to actiVity
and ‘can produce structures which penetrate the root of the seedlin§ dlrectly or

through injuries to,the roots caused in transplanting. From the r ots\the'fungus-

ERIC
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grows throughout the plant via the vascular tissues. From the ‘time of 1noculatlon

untll symptogs are .expressed requlres about 20 days under normal gro 1ng condltlons.

Since- infected plants are not marketable they remain in the field and as they decay

~

add to the fungus lnoculum already prdSent.

SOll moisture levels are not crltlcal for Fusarium act1v1ty.‘ However,
: o) Y .
} soil temperatures between 68°F. and 90° F allow maximum fungus activity and favor

disease development. ' o . . Co K\ o T

Bacterial Wilt of Cucurbits ' P ' B
. : . . bR
, , K‘ ' 3 AR
This disease caused by e bacterium Erw1n1a trachelphlla can attack several

members of the plant famlly Cucurbltaceae. Cucumbers, muskmelons, pumpklns,

‘squashes, gherkins, white gourds and n&merous wlld cucurblts are susceptlble.

Watermelon is rarely infected. _ o . \ﬁ . ’
: ) N

’ ymptoms- The flrstvsymptoms of dlsease are the drooplng {wilt) of one or .
more leaves on the v1ne Thls mlld wilt is. qulckly followed by the w11t1ng of

whole canes and flnally the entire plant collapses as. the bacterlum moves '

>

throughout the vascular system The incubation perlod fq\jbacterl wilt is

usually less than g week :and the ‘whole plant ;jsznvaded in 12 to 15 days. In;iess

'susceptlble plants like the squashes the\\nfec i sometimes progresseés more slowly

resultlng in a dwar ing of growth along with excessive blossomlng and brandlng.

.

Fruit productlon 1s reduced and of inferior quallty.

W .
when the ;1ssues of 1nfected pPlants are cut droplets of batterial ooze

(a creamy, gummy llqu1d) can often be squeezed out. 4However-this is not - always a

dependable way to determlne ‘the presence of the bacterium.

[
v

Disease cycle (primary): The pathdgen overwinters in the body of the_striped

and l2—spotted cucumber beetles. In the..spring when the beetles begin to feed, =

the bacterium is transferred to the feeding wounds on the plant in the fecal matter
of the.beetle. o '

The relatlonshlp between the beetle and the bacterium lS an obllgate one as

!Ehhas been shown that if the bacterium 1s eradlcated the beetle also disappears.
so the bacterium {is not able to enter the plant unless tntroduced into major

'wounds such as those created by the feedlng of the beetles.
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' Secondary spread (secondary disease'bycle):occurs,when beetlés feed on - .

infected plants and contaminate their mouthparts with the bacterium. . Once

contamlnated in this manner, " thé beetle is capable of 1nfect1ng the next 3 to 4
plants on which 1t feeds , % A

v

.In this.disease knowledge of the beetle (vector) and its relationship to

"the bacterium is essential to control.

4
I3

Sclerotlnla sclerotiorum is a fungus which has a wide host range 1n the’
L

It

, Sclerotinia Diseases

vegetable crops and causes diseases which have a varlety of common names.
+is called "white mold" or "cottony soft rot" in beans, it causes "plnk rot" and
"damplng—off" in caullflower -and celery Sclerotinia dlsease in soybeans, squash
splnach, sweet potatoes, Swiss chard and’tomatoes is called "tlmber-rot,"

or "wflﬁ "f:"Petlole rot" in parsleyQ\parsnlps, onion, and\llma beans, "canker".

n pumpkln andradlsh, and "ﬁatery soft-rot" in. turn1p, watermelon, cucumber,
i

'carrot and cabbage may all be caused by Sclerotlnla sclerotiorum. \In Michigan

lettuce, carrots, celery, beans, tomatoes, and onions are among the maJor'vegﬁﬁﬁﬂle

grops affected. e / . %'g;, S . ce °-‘x.¢. W
IR . ﬁa'jll RS o \\ . e
: ymptoms % The pathogen may attack its host atj::y stage -0f development. In

f
seeds and seedlings it causes a damplng—off d1sease d the young plant may'be

destroyed in less than a day 1f env1ronmental condltlons are favorable to dlsease

development The pathogen is a soil inhabitant, hence when it does attack a plant

it is usually through the roots or stem or a. portlon of the plant that ‘has
contacts with the. soil, When roots are attacked the symptoms are a gradual '
decline of the plant—-lower Teaves yellow and die, growth ‘is reduced, and wlltlng
may occur. When the stem is attacked ‘the above symptoms. are. also expressed; :
however, the affects may be one51ded at flrst, followed by gpneral\wllt and
decllne as the stem is: gradually g1rdled Wﬁenever an aboveground plant part is
attacked symptoms are usually accompanled by a cottony, whlte fungus growth and
the development w1th1n this mycelial growth of black hard structures ‘which may

be one—slxteenth to one-half 1nch in dlameter. These structures are called’

. (

sclerotia and enable the fungus to survive betwe n crops and during unfavorable

&
cllmatlc perlods.

. 34
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Disease cycle: Sclerotlnla sclerotiorum surv1ves as sclerotla in the il or

in diseased crop residues. The sclerotla requlre a_perlod of low temperatures
Vbefyfe they 6\ll germlnate to. produce the spore stage  of the orgénlsm. When thlS

‘occurs the sclerotlum produces a saucer—shaped structure on a stalk, in whlch

many spores are produced. "These spores are forclbly liberated from the saucer and

are air dlspersed. If rot subjected\to cold, the. scléfgﬁlum will s1mpl§\5?6duce

mycelium which can grow th;dﬁgh the soll to 1nfect susceptible crop t1ssues whlch
\ S -

have been planted near it. . N e . ,
. L2 « . Vi
B Whether spores or mycellum are the prlmary 1noyulum, as soon' as new host
. 4.
" tissuelis 1nvaded¥hore sclerotia are produced to aid in ‘the secondary spread of
_the disease. o N o . ﬁ
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;. Chemlcally, funglcldes may be d1v1ded 1nto 1norgan1c and organlc types.

v

* The 1norganic materials, . such as sulfur, copper and mercury compounds, were the
& ‘earliest funglc1des used 1n commercial vegetable productlon. Many of these early

compounds have ndéw been replaced by organlc fungicides, whlch are generally less

o

phytotox1c and more effect1ve than the 1norgan1c compounds.

: \
A
o : Inorganic Fungicides P
- o . - - y . \ T

Copper Compounds. - . e - o T , S
. N - N . . ) !

Bordeaux mlxture has been used for nearly 100 years for d1sease control.

‘.

Cons;stlng of soluhle.copper sulfate m1xed w1th hy&”ated l;me 1n water, lt is*-~

used as a spray.' The llme safeguards the mlxture and 1mproves control by stlcklng

.

N the copper onto .the plant. . = -

Bordeaux mixture,is seldom-used‘for the control of ve§etable diseases du; to.
its phytotoxik properties. It-is, however, sometimes'used for late'blight coAtrQl{
“in potatoes"when”severe disease condition'exist. In a 2-6-100 Bordeaux, 'for - \

. example, the first flgure of the formula is copper sulfate in pounds, the second
flgure is spray llme in pounds, and the third flgure @s water in gallens.

Homemade Bordeaux is superlor.to pPrepared dry mixes.

%

Bordeaux has many compatlbllyty problems.' Before combining w1th other ‘
pest1c1des, check the compatlblllty chart and read the label conta1ner carefully,
espec1ally of the material you wish to’ add.to the Bordeaux. In addltlon, Bordeaux
1s often somewhat phytotOX1c to fruit and follage when applied under cool,'slow—

drylng condltlons. Damage cons1sts of fruit russettlng and some spottlng of >

tender foligage, . =

+
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'vegetable crops. -

Sulfur Compounds

-3~

w ~

P . I i - .
Y g

‘-The "fixed," or'"insoluble,ﬂxtopper compounds are sometlmes used in pIace
of Bordeaux mixture for disease control, There are several flxed copper products
available, contalnlng elther bas1c copper sulfate, bas1c copper chlor1des, copper -
oxldes,‘or various “othér formulations. These formulations are used for the

control of downy mildew of cruifers, early and late bllght of celery, bacterlal

blights of beans -and cucurbits and anthracnose and other leaf spots of various

'l

v e ' oo . .
T - . PR PR .
. . . N . \

- | ?:\\\ ‘ . v-." S - ) | | |
' Sulfur was the flrst known funglclde and is Stlll used/extens1vely today for '
] .
the control of certain fgllage dlseases.' Sulfurs are known/partlcularly for

" their effectlveness in controlling powdery mildews. 'They are us®d as dusts or as

O

sprays-. ,Although several formulatlons of" sulfur exlst thew fall into three

itypes: wettable sulfur, sulfur paste, gnd llme-sulfur. The'wettable sulfurs

o R

-

- -

are ‘the most common types used today_, : o : L )
| / ’ | ' 3

lee-sulfur is seldom used in vegetable uction due to 1ts uns1ghtly
—_—

- residue and(phytotox1c1ty problems. ‘However, lt‘Stlll f1nds a use 1n powdery mlldew

control ih peas.

'
e

Wettable sulfur and sulfur;paste- Because of thelr convenlence, the

wettable sulfur formulatlons are generally used. Recommendatlons are usually
based on a 95 percent wettable sulfur formulatlon. Formulatlons contalnlng less
sulfur should be used at hlgher rates. Sulfur was’once used extens1vely as’'a
protectant for powdery mlldew, but 1t ha§ generally been replaced by organlc
materials of the protectlve-eradlcant type whlch are less phytotoxlc.

N . -
AN I

o

Mercury Compounds ", <:/‘ o N .
Mercury, both lnorganlc and organlc forms, was us extens1ve1y as a seed
protectant fungicide untll recent years Due. to thelr poss1ble contrlputlon T

to mercury contamlnatlon of the environment and thelr tox1c1ty to humans and . .

P
animals, mercury compounds have been su,gended for use as funglcldes. Organic o

funglcldes have essentlally replaced the' mercurles. L .
. ~ . - . ) . ' g ) *
. v ,5” . .:3r7 e R B Y
) & . C\ - +
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v C : . " Organic Fungicides ' . .

' Benzene Compounds L L o o - h/

2

There’ are several funglcldes in this chemlcal class but most Qf them are
relatlvely specififc in the d1§eases they control or 1n how they may be used -ty
Dlnocap is spe0152; for powdery mlldew~and 1s sold under the trade name of. )
Karathane or Mildex. chhloran 1f Botran is used for RhlzoctOnla and Sclerotlnla

dlsease control in lettuce -and other crbps where PCNB can no 10nger be used.

b_ Dinocap (d1n1tro capryl phenyl crotonate) is a 25 percent actlve wettable‘
_\agwder sold under the trade name Karathane. It is used prlmarlly for the control
pohdery mlldew. A liquid formulatr/p 1s also avallable. It is often usedﬂ%n

the Summer: when hlgh teémperatures make the use of sulfur questlonable on’ vegetabk/s.

v

This materlal may be combined with other fungicides used for disease control but

. should not be used with llqu1d 1nsect1c1des hav1ng ah organlc solvent (kerosene

f
. ’ ' . ) o
.

or xylene) base. . *A' S e L~

N v . . T . ' \'\ . o e . : . J/
Botran (2 6- d1chloro-4-n1troan111ne) is a 75 percent yellow, wettable. A

pghder for ‘use as a soil drench and basal . spray for several vegetables

4 -
. ke ® r
L g

Duter (tr1phenylt1n hydroxlde) is a 47 5 percent, wh1te, wettable powder - ,'f
It is used on-a 7 to 10 day schedule for Cercospora,!A'

-

used on carrots and potatoes.

. and Alternaria leaf spot control in carrots and for early d late blight contiol

Duter has the side benefit of being an effectlve herbicide agalnst

‘1n potatoes.
- Toel

purselane i these crops.l\\\ o o B .

i Dyrene (anlla21ne) ‘i% a 50 percent wettable powder or am? percent dust used
" as a folzage fungicide in vegetables and turf. LIt dis used £ér early and/late 4
_bllght control in celery, potatoes and tomatoes. It also provides effectlve
.control for:émthracnose and Alternaria d1seases in the cucurblts. Dyrene also

works well on several follage d1seases of onlonr.

Y

LY - .
New PCNB, Terraclor or Pentachloronltrobenzene, 1s a.75 percent wettable .

a
- powder which is highly effective agaln\t\several s01lborne dlseases. It was ‘
"extenslvely used as, a s01l drench and basal spray for Rhlzoctonla and Sclerotinia .

rot control in lettuce, celery,‘beans,.and other crops. Du to residue problems,'




I

used- in vegetables it has béen éffecti

‘and tomatoes. ‘For good‘control earl detegtlon and thorough coverage are necessary

Ny

. benomyl is-the‘most widely use

35the control of white mold in beans and 1let! G

@

however, its use has recently been‘conflned primarily to,the_treatment of seed _37

(preplﬁgf): v S . .
~ Y '?

Nabac (Hexachlorophene) is -a 25 percent wettable powder or a 13 or 20 )
percent liquid concentrate which: has b cter1c1dal act1v1ty. Though not w1de1y .

'e in the control of angu}ar leaf spot of

cucurbits.‘ It is also used fbr bacte 1al spot and canker suppress1on in peppers ;

-

Benzi dazole Com pounds I S

_'The benz1m1dazoles are sYst m i fung1c1des and xnclude fuerldazole, benomyl

and thlabendazole (TBZ) These comﬁbunds are in the early stages of development

commercially. The ben21m1dar es are primarily’ effectlve agalnst the ascomycete .

darge number of plant pathogens. 1In th1s group-
and is reg1stered for controquor a number of

fupgi, l group that includes

vegetable d}seasj?)f Benomyl appears to be act1ve at slightly jlower rates than
ec

thi endazole;‘ ause they are systematic, they are effectlve agalnst internal

pathogens and less subject to weatherlng. o )
AN
There are al$o two closely, related fungicide compounds wh1ch are usually

=~

cons1dered within thlS class—-thlophanate, als3 called Tops n or Cercobln, and

thlophanate-methyl also called Top51n M. The spectrum of ac 1V1ty oﬁ these
Retent ev1dence 1nd1cates

compounds resembles that of the benz1m1dazole compoundss

both benomyi_and thi phanate-methyl break down into the same fdngltoxlcant,.thus

expla1n1ng their simi ar blologlcal ac vltles. oo K

- .

»

- NN (* ) .}.f‘i" ’ ..

Benomyl (methy l-(butylc rbamoyl) ZJV : 1dazole carbamateﬁ is used for
Senomy 1 j? 3 ~ﬂ

':cé, powdery mildew,: and gray mold ~

'lcaused by‘%otrytls, and Cladosp;rlum leaf mold bf tomatoes.

-

Benomyl is partlcularly effectlve for the control of wh1te -mold in beans.
Sprays may be started at early bloom, but before plant close over the row. ¢ ,§9~‘
-;}'

- Applications must not be made closer than 14 (snap beans) to 28 (llma bean) days .

N L
»

Lo harveSt : . S -

R

?TA Because of problems with funglclde tolerance,_benomyl should noéﬁbe used .on

an exclusive schedule. To avoid tolerance,'b nomyl 1sboften comblned wit| other

fung1c1des and applled as a mlxture.- - - > s
. ’ [

. 1

i

4
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Thlabendazole (2-(4 th1azolyl) benZ1m1dazole) is used for control of

~storage rots of Rotatoes.. Thlabendazole is- actlve aga1nst Fusarlum, Penicillium

-and’ Botrytls (bluemold and gray mold) but W1ll not control rots Caused by -
Phy;ophthora and ythlum D1p, drench, or spray the harvested tuber Wlth a

suspenslon of the funglclde. o . . S oo ’ .
. ! - . ) *
R : s oy ..
« - . . i o T, . . 4
o . o ¢ . .
o L . N . . . . X . . L
‘Garbamates . W S o

- chemlstry. Because of the1r value‘to manklnd in preserv1ng food and flber, the

'.of DDT ‘as an 1nsect1c1de. These compounds are ‘used throughout. the world to .. .

. . . \

“ . ..
' - ‘. y ‘
A

BT Development of the %arbamate fung1c1des was a major breakthrough in fung1c1de

v

dlscovery of the carbamaté fung;cldes is’ comparable in- 1mportance to the d1scovery

’

"contrpl a varlety of diseases on many Ccrops. Lo ' ' ; e di &

g

. . ¥

f o The carbamate fung1c1des are. all derlvatlves 1n dlthlocarbamlc ac1d,°an organlc"

.

ac1d used 1n vulcanlzlng rubber. They are class1f1ed 1nto three groups: (1) The

- qq{,

4‘17’.

'ghruram disulfides. These are sold under  many trade ‘names  such'as Ehlram,,"

ggasan, Tersan,\?hylate, etc., and are known by the common’ name of thlram. On : ‘

'vegetable crops ‘they are used prlmarlly for the. control of the seed rots and seedllng

}dlseases. §2) The d1thlocarbamates. Ferbam and ziram are the lmportant members

of th1s class. Although they are not 'used .as much today as preV1ously, they are

-Stlll used to soime’ extent for .the control of seed, seedbed and seedllnq d1seases.'

.

-

(3) The ethylene b1sdrthlocarbamates Nabam, 21neb, and maneb are 1mportant

members of. thlS class. Maneb and certain related compounds are used exten51vely for
the control of‘several d1seases of vegetable crops.’ lee the d1thlocarbamates,

each of these’ chemlcals conta1n a metal such_as sodium, " 21nc, iron, or manganese.
X . . R . by -

The thlram dlsulfldeS' ~Thiram (tetramethylthluram dlsulflde) is sold under the

~
~ .

.

trade names of Thylate and Thlram. Thlram can be ‘used for seed treatment to control
damplng-off in carrots, beets,llettuce, onlons, peas,‘splnach, tomatoes, _’L, - '

? o . )
. . . - )

eggplant and*peppers. : . “ ‘ . S o o . "P”"

. N ‘ . L. . s _
. 3 s P : A ; B - : @
S N . [ . .

" The dlthlocarbamates: - Perbam (ferric dlmethyl dlthlocarbamate) 1s formulated as

-

a 76 percent wettable powder. It is used as a protectant for control Qf drop
(Schlerotlnla), ggtrytls bllght and bottom rot in lettuce and other’ vegetables.
b B

3 / . . .
- . N . .
. . . . S J :
. N . N . .
. . .
E . .. X s .
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.formulatlon of maneb conta1n1ng zinc as a safener.

< approximately equivalent to captan.

“4\\ The ethylene bisdithiocarbamates: Maneb (manganese ethylene bisdithiocarbamate)
. /

\ .
is used\on many vegetables for follage dlsease control It has many uses from

9 ~.

“rust and anthracnose control on beans, and control of corn leaf blights, to downy
.
mildew and cercospora leaf spot control on tomatoes and peppers. +It is a broad

spectrum fungicide and profltable vegetable productlon in Mlchlgan would be .

dlfflCult without 1t. ' ) ‘

s v

.«>’-’T., o .

Zlnc-maneb (Manzate D. or Dlthzne’ﬂ-zz Spe01a1) is an 80 percent dry wettable

ThlS formulation is used as

©
an alternate for maneb on some crops.

7

Mancozeb (Dithane M-45 and Manzate-200) isva.coordination product of maneb

and zinc ion:’ It is an 80 percent wettable powder.

These‘products are used interchangeabl& onrmany crops, however, the 1atter

two are _somewhat more expens1ve and are. usually only used where sens1t1ve Ccrops or.'\

Ry L R

severe disease: conditions ex1st. They have excellent sticking propertles.

. , ./. -
These products are compatible with most pesticides and can be uSed in .~

!

combinations simildar to ferbam. : .“

Polyram is sold as an 80”percent wetta%le powder and is a mixture df/5;2.§34;s.
by Werght (83.9 percentj of ammoniates of (ethylenebis. (dithiocarbamic acid),
biomolecular and trimelecular 5§11¢ anhydrosulfides, .and disulfides, At isgised in a
protective schedule against_anthracnose and alternaria leaf spot diseases of

cucurbits andfis,used against black leg and Fusarium tuber rot in potato seed pieces.

Polyram has good retention ard redistribution properties. It is a mild eradicant,

Polyram like ferbam is compatible with most pesticides and can be used in

combinations. - ¢ . )
Zineb (zinc ethylene bisdithiocarbamate) is sold as-a 75 percent active
wettable powder. It has a broad spectrum.of activity and is Widely used on

. . . . -{ -
vegetable crops. Rust control in asparagus and beans as well as Alternaria, gow%j~f

[y

mildew and black leg on crucifers may be controlled by zineb. Downy mildew, v
purple blotch, Botrvtis leaf blight, and neck rot in onion, and Alternarla leaf spot,
downy mildew, anthracnose and Cercospora leafspot on radishes and sprhach can be’ .

effectively controlled with a regular zineb protective spray schedule. ;zlneb 1s

also widely used for carly and late blight, plus Septoria and Phomqpsis/blight,

O

RI

“

, 11
c
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-and knthracnose control on tomatoes, peppers, and eggplant. .

Trichloromethylmercapto Compounds . —

This group includes three closely related fungicides—captan, folpet, and
Difolatan.: Captan was the first to be developed. It is used for the control'
. 4 3 .
of a large numbér of fungus diseases of many . food and .ornamental crops.- Folpet

and Difolatan have similar properties and are used where they are more effectlve than

captan.

.

leolatan is known for its ability to reslst weatHerlng'and, thus, gives

extended control. - ’ . )

, . \ “
~Captan (N;trichloromethylthio-4-cyclohexene-l,‘2-dicarboximide)‘is'used for

vcontrol'6f'seedling'diseases and some foliage pathogens. in vegetables. It is

feed treatment compbund since mercury compounds

primarily used along, with thiram as a

. [
have been banned. It is also extensively used to- control seedllng diseases in the

seedbed, potato seed piege treatment for ck leg and Fusarium control, and

i‘, . . i \‘ i
for leaf rot and gray mold control in rhubarb. It is ysually marketed as a wettable

powder'formulation. Several dust formulations and an 80 percent wettablecpowderl

formulatlon are available-and should be used at EQulvalent rates.

Thoughoprlmarlly a protectant funglClde, captan w111 eradlcate some diseases

‘if applied shortly after the beginning of infection. Captan does riot have good

retention properxles and must be applied at 7-19 day interQals during periods of

rainy weather.

_ Difolatan (cis-N- (L, 1, 2, 2- tetrachloroethyl)thlo) 4—cYclohexene-l 2-,
dlcarbox1m1de) is formulated as an emulsifiable solution contalnlng 4 pounds of

Difolatan per gallon. It has good fungicidal activity on several pathogens and

has excellent retention and ré&distribution qualltles.l It is used fox anthracnose-

and Alternarla leaf spot control in cucurbits and controls anthracnose and’ earlyf

late, Septoria and Phomopsis blights in tomato and pepper. \
/ |

Human skin sens1tlzatlon has occurred in Some 1nsta1;es where: leolatan was

used. Only a small percentage (10 percent) of the population is sensltlve. A

few farm workers have developed a reactlon to the product after exposure to

‘

residues of Difolatan on the leaves and fruit. ¢ People who may come 1n contact with

‘it must be warned of the poss1blllty of this allerglc reaction.

O
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Antibiotics _ : , .
Antlblotlcs are chemlcai substances produééd_by micro-organismsqwhich are

toxic to other mlcro-drganlsms., Pen1c1llln, pr&duced b& the fungus-

1

Penicillium notatuﬁ~ lS an’ example of an antlblOth w1de1y used.in human medicine.

WP
Certaln others are dsed for control of plant dlseases caused by elther bacteria or

fungi. . P .

Stre ptomyc1n, an antibiotic produced. by a s011 mlcro-organlsm,-is used for the

‘control of bacterlal dlseases._ It 1s used against bacter1a1 spot and bacterial-

canker in tomatoes and peppers. It cah be quite effectlve if sprays are well .

N

‘timed and thorough. It is lneffectlve agalnst dlseases caused by XanthamOnas ;p

.. bacteria, however. -
-~ K . i

LY

Fungicides, the Disease Cycle, and Control

¢

Much goes lnto théiplannlng of an economlcal and effective spray program A

successful dlsease control schedule must be based on knowledge of:

1. the life history of the lmportant diseases 11ke1y to be encountered on-a

3

‘glven crop; . S ' : ‘

»

2. the characterls ics of the various fungicides and bactericides available, and’

thelr proper use\\and

and spray, injury.
The following informatiou,relates the control of disease to the characteristics

of several fungicides. It is an example of how to put together a control program.

'It should be remembered that these are generalized approaches which w111 hade to
crop involved. Several general

be adapted to the specific requirements of t

approaches are described. . . : «
D
1. Protectant spray program—Protectant

They set up a chemical barrier betwedn the susceptible plant tissue and the
ay be used effectively as protectants

-

rays are applied before infection os;urs.

germinating spore. All fungicides
and in vegetable production most ma erials are recommended for application
/
S
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-in a protective spray schedule. The _success of a protectlve spray program C.

depends .on the frequency of appllcatlon, the ablllty of the compounds to

I3

resist the weather/ng action of sunlight,. rainfall and dew, and the growth

rate of the plant

‘ The,use of the carbamate fungicides for foliage disease ¢ontrol and the
use of captan-thlram for seed treatment are” good examples of tHe use of

fung1c1des in a protective treatment, Septorla leafspot of celery controlled

‘by Bravo or purple blotch of onions prevented by the use of copper. oxide ‘are

also examples of protect1ve spray programs a
{ . 3
Eradlcant spray;program——Eradlcant sprays or chemlcals that have, the ability

to eradlcate an infection: may ‘be applled for a certa1n time after infection_

.occurs and. still destroy the pathogen and prevent crop damage. Eradicant

«mold dlsEfses.

"
compounds should be used at the full recommended rate since lesser rates may
reduce or negate the1r eradlcant ablllty. To use these materials effectlvely,,

the‘gr er must understand andlrecord the, progress of disease development and

ncurrent weather condltlons, because eXcesslve delay in appllcatlon of

ad1cant spray may allow the pathogen to become established" 1n its hos

the period where the eredloant can confine and eliminate deease

develop t. Also weather plays aﬁ lmpdrtant role, for the eradlcant must JL
applled regardless of the weather if control is ‘to be achléUed -The systemlc

funglc1des such as benomyl and thlabendazole have\eradlcant pProperties for

the control of powdery mildew, Fusarium, anthracnose and Cladospor1um leaf

Protectanti-eradicant programs——Several spray programs used in mqpern vegetable

&

productlon\use a comblnatlon'of protectant and eradicant fungicides for successfu.

crop productlon. Due to the high cost of many\\ung1c1des 1t is often most

.

economlcal to use protectant materials during the initial stages of crop-

N

development and apply eradlcant materials only when weather and disease con- ’

{dltlons necessitate.

N

Tank mlxture programs——Applylng two or more funglcldes simultaneously in the same

Sm——
spray has been pxactlced for several years to . achieve 1ncreased protectlon or

eradlcant action agalnst one or more diseases, and to reduce application costs.

9
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Occasionally, manufacturers will sell funglcldes in mixed form, thereby elim-

1nat1ng)the need for the ' growqr to mix compounds on his own.
. \

A ’

Because of problems with funglclde 'tolerance there is lncreased lnterest
in mixing fungicides w1th dlfferent modes of actlon, thereby delaylng or
preventlng the bulldup of tolerant strains of dlsease organisms. = . '-P

- AN

Tolerance to Vegetable Fungicides

N
N
3

_ Development of tolerance in fungi to the fungicides'used to control them - .
RO . T
has been rare under field conditions. However, recent experience, w1th some of
c'/
the new organic funglc1des (especially -those. w1th systemlc actlon) w1th selective

action on fungl indicates fungicide tolerance can be a problem. —

Tolerance problems on vegetableséin Michigan have not become a major problem .

A
Y

as,yet However, benomyl-tolerant Botrztls bllght and powdery mildew ‘are kﬁﬁw

in several crops other than vegetables. . _ .-

Although it ig seldom possible to determine the source of tolerant fungal.
strains, the pattern of fungicide’application has a marked effect on where
tolerance problems will occur. High and contlnuous selection pressure, such as
from using one or closely related fung1c1des repeatedly year after year, tends to
enhance the tolerant population. . Thus, detectable populations of benomyl tolerant

Efungl have. been found prlmarlly where benomyl was used regularly and exclu51vely for
| .
. B . Lo ’

.

sever@l years. %
. In order to reduce the emergence of funglc1de tolerance in the fleld,\spec1f1c

classes of funglcldes should not be used exclusively through the growing season

)

or year after year. S ’ - B
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R SELF-HELP QUESTIONS

’
~

_ Now’ that you have studieq, this section, answer the following questions. Write
_the answers with pencil without referring back to the text.: When you are satis-
fied with ybu?‘l;itten answers, see if they are correct by checking them with the
“text. Erase your answer and write in. the correct answer - if your first answer is
wrong. - Note that these questions are not necessarily those that are used in the’

certification examination.

'
¢

.

1. List, in-order, the stéges a pathodgen passes through during a disease cycle.

r . ¢ )

2. 1Is the pathogen active during dormancy? : <\q;

I .

3. -What is the ipfection_courtiy

B
a

‘4. -When do secoﬁdary disease cycles usﬁally occur in Michigan?
. . . :

r5. What is the first symptom of black leg of cabbage?

B

~

6. How does the pathogen causing late\blight of potato and tomato overwinter?

7. What is the-range of soil temperature mokt- favorable for Fusarium wilt developmen

'’
~

. 8. How is bacterial wilt of clcurbits transmitted to the plant?

©

9. List at least five diseases caused by Sclerotinia sclerotiorum.

* ‘

.

10. Why ié Bordeaux mixture not commonly used for the gontrol.of vegetable diseases?,

13. , Is Nabac a fungicide? |, . Y ‘ ' ,

.

11. What are the three types'that sﬁlfut formulations can be classified ‘as?

12. Can dinocap be combined with other fungicides?

<
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.. 1l4. what diseases can benomyl be used to control?

u : ,t; , -
v P , o

'15. What is the main use of thiram on vegetables? : ‘ .

16. Is Maneb compatible with most pesticides? : ,
akLo; "

. '4 .'.' ’ * . . - )

17. Is Polyram an eradicant or a protectant? -

e

18. Do both captan and -Difolatan have good,retention:qualities?

-

19. What are antibiotics? ' S Y o

20." At what stage in the disease cycle are protectant sprays applied? *
21. Must eradicant compeunds be used at . the full recommended rate?

" 22. What are the‘behefits of applying two or mere fungicides_simﬁltaneously?

v o e
ey

23. What can be done to reduce the p0551b111ty of developlng a funglclde
.tolerance in the fleld? . . oo




This information is for educational purposes only. -’ Reference to commercxal
products or trade names does not imply discrimination or 1ndorsement by the
Cooperative Extension Service. Cooperatlve Extension Service ﬁrograms are
open to all without regard to race, -color, creed$ or natxonal origin.
JIssgued’ in furtherance of cooperative exten51on work in agriculture and home
+ economics, agts. of May 8, -and June 30, 1914 in cooperatlon with the U. s.
A Department of Agriculture. Gordon E. Guyer, Director, Cooperative Extensxon,‘
‘Service, Michigan State. Unlversxty, E. Lansing, MI 48824
1P-400-3: 77*UP . e
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