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ABSTRACT

ure' G. Brian- ph-D. 
' The university of Manitoba,

February r LgB2.

frons, stål) and

ry in Manitoba.

rn I'fanitoba, aster yellows (Ay) diseaser âs transmitted
by the aster leafhopper, @les fasCifrons, Stål, often
results in reduced yield and quality of celery and carrots.
The incidence and severity of the disease, which may reach
epidemic proporÈions, are directly related to spring influxes
of migrant leafhoppers which represent Èhe major source of
disease inoculum. A cri-tical situation thus exists, when

large numbers of an efficient vector, a certain percentage of
which are persistently infectious, invade an area when many

susceptible crops are in the seedling stage.
Due to the rack of adequate control programs, replicated

field trials virere conducted over a period of 3 years at
Portage Ia Prairie. The efficacy of contact spray
materials, as compared. to several foliar and granular
systemic insecticide treatments, for control of the aster
leafhopper and aster yellows disease in celery and carrot,s

Major Professor; L.J. LaCroix.
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r'iras assessed. Foliar sprays of carbaryl (L.7 kg/ha ai),
methoxychlor (L.7 kglha ai) and oxydemeton-methyl (0.6 kg/ha
ai) r47ere applied weekly, while granular treatments (3.4 kg/ha
ai) vrere applied in-furrow at planting. The aster leafhopper
population râlas monitored by weekly svireep net counts, just

, 
prior to apptication of foliar treatments.

rn individual trials, and over the 3 year period, foliar
contact sprays, systemic foliar applications and systemic
granular in-furrow treatments were found to have increasing

:

orders of efficacy. Applications of carbaryl resulted j-n

minimal cïop protection. Leafhopper control averaged 3OU and

disease incidence was only slight,ly reduced in carrots.
Methoxychlor treatments were equally ineffective. oxyderneton-

:

i 
*ethyl applications r,.rere rnore effective when the 1eafhopper
population r^ras stable, than during periods of migrant
J-ntluxes. The maximum carrot yellows reduction achieved

i

' rith oxydemeton-methyl was 60S.

Of the granular mat,erials evaluated, disulfoton was

ineffective for leafhopper or disease control in either crop.
Phorate, carbofuran and aldicarb treatments had increasing
orders of efficacy. The duration of activity of phorate was

7-8 weeks. Carbofuran treatments effectively controlled the
early-season leafhopper population and reduced Ay disease
incidence. The maximum celery yellows reduction was 7SZ.

Aldicarb was the most äftective and consistent treatment
tested. Early-season leafhopper control was 60-702.
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Maximum carrot and celery yellows reductions r,irere 72 and 662 ,
respectivery. The duration of insecticidar activity of
aldicarb was 9-L2 weeks but a longer period. of efficacy hras

often noted.

Linear correlation analysis, of the triar variables,
revealed the Ímportance of early seedling protection. Earry
season leafhopper populations were better correrated with Ay

incidence aË harvest and decreased yield than other variables.
The persistence and fate of aldicarb in carrots v¡as

investigated. Residues of toxic aldicarb equivarents in
carrot roots, determined by gas chromatography, ranged from

0.06 to 0.2L ppmr 70 days after in-furrow apprications at
rates of L.7 to 6.7 kg/ha ai. Residues did not accumulate in
the root, were found to be rate related and decrined to 0.04

to 0.10 ppm at harvest, 130 days after application. Residue

revels in the leaves, 51 days following ardicarb applications,
ranged from 1.4 to 6.9 ppm. Leaf residues decrined rapidly
at first, then more slowly, and at day 99 ranged from 0.16 to
0.62 ppm. Leaf residues hrere also rate related. Furthermore,

the proportion of toxic aldicarb metabolites in the reaf
relative to the root was also rate related.

The metabolism of s-mettryt-14c-aldicarb in carrot
folrowing 12 hours of root uptake from nutråent solution
containing 11.25 ppm aldicarb was studied. uptake was rapid
(303 in 12 hrs) resulting in an initiar concentration of
aldj-carb equivalents in the prant of 39.5 ppm. plants were
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sampled over time (0.5 to 45 days) and analysed for total
aldicarb metabolites in the root, and toxic and non-toxic
metabolites in the reaves. Eurnination of activity from the
root, leaves and plant was approximated by first order
kinetics.

Translocation of aldicarb metabolites to the leaves was

rapid. Radio activity was evenly distributed in leaves and

stems but concentrated in the leaf tips. The half-lives of
aldicarb metabolites in the root, reaves and whore plant 1nrere

6-5' ]-7.8 and 13.9 dayg respectively. Toxic aldicarb
metabolites were rapidly degraded/eriminated from the leaves
(half-life, 8.7 days). The level of toxíc metabolit,es in the
leafr âs a percentage of total plant tn", declined srowly
over the duration of the experiment.

rn bioassay experiments, infectious leafhoppers rvere fed
on plants containing a range in concentration of toxic
aldicarb equivalents (0.7 15.4 ppm). Subsequent mortalities
ranged from 5-89? in 24 hr and 26-Looå in 4g hr. The LCuo

values for 24 and 48 hr were found to be 3.44 and r.24 ppm ,

respectively, and correspond to toxic aldicarb concentrations
in field leaf samples, 7 weeks forlowing in-furrow aldicarb
applications. The LCSS value (49 hr) ü7as L6.7 ppm while the
LCSS (24 hr) was extremely high. Low leaf residuals and

rapid degradation in the plant do not explain the long
duration of leafhopper control in the fieId. These results,
as well as an apparent avoidance from feeding in bioassay
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tests' are suggestive of a repellent action for aldicarb in
the plant.

The major benefits of effective granular in-furrow
treatments are: elimination of a criticalry timed spïay
program, early seedling protection, persistent activity and
ease of application. The maximum yelrows reduction expected
as a result of in-furrow treatments is 60_752.



INTRODUCTTON

This thesis contains the results of a study of the in-
pr5-mary

o(stal)

secticidal control 0f aster ye110ws disease and its
vector the aster leafhopper, Macrosteles fascifrons
in vegetable crops in Manitoba.

rnsect pests of plants may be controlled with a wide
range of insecticides. with respect to non-vectors or non_
infectious vectors, crop protection requires only that the
insect population be reduced below a certain criticar 1evel.
That is, damage is usually proportional to the number of in-
sects and the length of the feeding period (Carter , Ig73).
rf Èhe insect is also a vector of a plant virus, ho'ever,
the problem is compounded and factors arise whi-ch are not
directly related to the effectiveness of the insecticide
(Mathews 

' Lgzo). Although disease incidence may be reduced,
application of insecticide does not guarantee prevention of
disease spread. rn fact, a specifi-c vector may be contror-
led but the spread or incidence of disease may not be re-
duced (Broadbent, Lg57) - since a vector carrying a stylet-
borne virus rapidly loses infectivity, insecticidal applica_
tions are not expected to reduce primary infection or spread
of the disease to the same extent as is possibre with a per_
sistently borne virus (gurt, 1960). The requirement for a
latent períod in the vector before transmission can occur



imposes a time limitation on the acquisition and spread of a
persistent virus- However, once the vector becomes infect-
ious it is doubly dangerous.

A critícal situation thus occurs when a vector popura_
tion carrying a persistent disease agent invades a crop.
This is the case with the aster leafhopper and the trans_
mission of aster yelrows disease to susceptibre crops in
Manítoba. Migrant leafhoppers from the southern unit,ed
states generarly arrive in mid-May wit,h 1g to 5g of the popu_
lation typically being infectious (Chiykowski and Chapman
1965r vüestdar r969a). The imporËance and biology of the insect
and disease in Manitoba have been reported in a number of
studies (Lee and Robinson 195g; Sackston IgSh Westdal 1969a;
west'dal et. ar- r96r). preferred host prants includ.e cerears,
flax, lettuce, cerery and carrots. Disease incidence varies
from year to year and may reach epidemic proportions depending
on population infruxes, percentage of infectious leafhoppers
and environmental conditions (lrlestdal and Richardson 1963) .
Such conditions may be the limiting factor (s) to the produc_
tion of lettuce and cerery and can resurt in significant
yield loss in carrots " (Chapman and f,ibby I97I) .

Although t,he causal organism had not been isolated, aster
yellows disease was' until Lg67, considered to be the resurt
of a virus infect,ion. .Ð,t, that time erectron microscopy
studies of the phloem elements of yellows infected prants by
Doi et'. al (L967) combined with the therapeutic effect of



3

tetracycline antibiotics (Ishie et. aI. ]-967) culminated with
the implícation of a mycoplasma or chlamydia-like organism
as causal agent of the disease. subsequent reports confirm-
ing the similarity between the presumed yellows agent found
in diseased plants and infectious vectors, and members of the
order Mycoprasmatales were first reviewed by Maramorosch et.
al- (1970), whitcomb and Davis (1970), and. Davis and whitcomb
(1e71).

Although antibiotic treatments can suppress or delay
symptom development in the plant and result in reduced
efficiency of vector transmission (sinha and peterson, Lg72),
practicar disease contror in annual crops remains a probrem
of vector control. I{hen this study was init,iated only the
contact insecticides, carbaryl and malathion rnrere recommended

for aster teafhopper control in vegetable crops in Manitoba.
Even with a diligent spray program involving frequent applica-
tions, a high disease incidence could occur (Henne 1970).
Persistent insecticides, especially those which move systemi-
cally through the plant offer more hope for disease contror.
As well, systemics offer savings in time, material and labour;
protect the crop in the criticar earry st,ages of growth; and,
reduce the hazards of environmentar contamination. A number

of studies have reported systemic insecticidal control of the
aster leafhopper on carçots(Chiykowski I95g; Thompson 1965)

and rettuce (chiykowski 1959; Thompson and Rawrins L96L¡

Thompson L964, 1965, Lg67; Richardson and Westdal 1964¡



Rawlins and Gonzalez 1966). A limited amount of information
is availabre regarding the control of aster yelrows in
carrots (Henne 1920) and celery in Manitoba.

The objectives of this study hrere:

(1) To determine the efficacy of a number of granular
and foriar systemic insecticides for aster reaf-
hopper and aster yellows control in carrots and

celery;
(2) To compare the relative efficiency of granular

syst,emics applied at planting, with standard. contact
spray programsi

(3) To monitor levers of the granular systemic insecti-
cide aldicarb in carrot roots and foliage during the
season and at harvest;

(4) To monitor uptake, translocation, degradation and

elimination of I4c-"t¿icarb from carrot roots and

leaves; and,

(5) To develop a bioassay with respect to leafhopper
mortality from, and disease transmission to, aldicarb
treated carrots.
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LÏTERATURE REVIEW

ïntroduction
A basic knowledge of t,he factors affecting the epidemio_

logy of a plant disease is a prerequisite to the design of an
effective control program. The purpose of this review is to
summarize those factors affect,ing the incidence and spread of
aster yellows disease. The interactive contributions of the
vectorr cëltlsêl organism, host and environment are discussed
wiÈh respect to possibilÍties for insecticidal control of the
vector and reduction of disease incidence.

The arthropod-borne plant viruses are among the most eco-
nomically important and most widely distributed disease agents
in the world (Maramorosch 1963). Typically,but not exclusively,
the vectors of any one vírus disease are rimited to one of the
major taxa (Black 1959). Of the many vectors of plant viruses,
the Homopterous insects, incruding the aphids and leafhoppers
are of primary importance.

The Aphidae is the largest group of insect vectors from
the standpoint both of numbers of virusesr âs werl as species
of aphids involved (Carter Lg73). Second in importance are the
reafhopper transmitted prant viruses, ïn factrthe first plant
virus shown to be insect t,ransmitted was one transmitted by a
leafhopper. This disease,called rice dwarf,was first noted in
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Japan in 1883 (Fukushi 1969). Since that timernumerous other
virus diseases have been found to be leafhopper vectored until
today when more than r20 species of leafhoppers are implicated
in plant virus transmission (Irïielsen 196g , LgTg).

rn addition to group specificity in the transmission of a
virus diseasertwo other broad generalizations occur with res_
pect to aphid and leafhopper vectors. whereas mosaic type
diseases are associaËed with the former, the general categori_
zation of "yelrows" diseases has been attributed to reafhopper
vectors (Bennett, Lg67). yerlows diseases typically resurt, in a
disturbance to t.he vascurar system, primariry the phroem and
result in yellowing, dwarfing, streaking, curling, rosette
formation or a proliferation of axillary growth, but rarely in_
duce mottling- secondly rleafhopper transmitted viruses are,
with one exception, characterized by persistence in the insect
and in many cases are propagative. The tungro disease of rice
transmitted by Nephot,ettiå impicticeps rsh. is non-persistent
(Ling 1966) - rn addition,leafhopper transmitted. viruses are
not readily juice transmissable nor aré they seed transmitted
(Frazier and posnette lg57).

Many widely distributed diseases of economic importance to
a number of food, forage and horticultural crops aïe included
in t'he "yellows" g'roup (Maramorsch et. al. i..g7o, lrlhitcomb and
Davis 1970). Characteriåtic symptoms, in addition to the above,
include: abnormalities to frower parts incruding virescence and
phyllody, vein clearing, chlorosis, reduction in 1eaf 1amina and
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secondary shoot formation. sterility is often induced. crop
quality may be particurarly affected as with the formation of
stunted twisted petioles in celery or the formation of stunted
"hIoody" caffots with excessive adventitious root growth (Davis
and Gordon 1977). rn the latter cases, the prant is also pre_
disposed to secondary rot organisms.

Much of the accumulated evidence, from over fifty years
of research, indicated a viral etiorogy for many of the
yellows-type diseases. Factors considered included: trans_
mission of the disease by leafhoppers, grafting and dodder,
filterability of the infectious agent, interference of strains,
sensitivity to heat treatment, resistance to penicillin and the
absence of other causal organisms (I4aramorosch et. aI. 196g).

Howeverr attempts to isorate, purify and characteríze the
infectious agent met with considerable difficulties. since
the AY agent passed through bacterial firters with difficulty
and sedimented rapidly at low centrifugal speeds, Black (1943)
suggested that the agent must be large. Lee and chiykowski
(1963) using homogenates of infecÈious leafhoppers recovered
fract'ions containing the infectious agent by differentiar cen-
trifugation. However, infectivity appeared in the low and high
speed supernatant fractions, and they rÂ/ere unable to concen_
trate or determine the size of the agent. purification
attempÈs by steere (L967) using differential centrifugation and
agar gel filtration vrere also unsuccessful. As well, atÈempËs
to identify virus part.icres by electron microscopy met with



failure (Maramorosch et, aI. 1969).
ïn 1967, electron micrographs of phl0em cerrs of plants

infected with mulberry dwarf disease revealed the presence of
pleomorphic bodies which were interpreted as being ,,myco_

plasma-1ike,' organisms (Doi et. al. Lg67). The observed bod_
ies were bound by a single unit membrane, devoid of a cell
wall and were highly preomorphic. The presence of similar
structures in plants infected with Japanese aster yerlows,
potato witches' broom, and paurownia witchesr-broom provided
support that the causal organism r^/as in fact non-vira' in
nature. fn a concurrent report, fshie et. al. (1967) demon_
strated a partial remission of symptoms in dwarfed mulberries
treated with tetracycline antibiotics. Subsequently, similar
pleomorphic bodies were described in plants infected with
several other yellows diseases, and in their insect vectors
(Hirumi and Maramorosch Lg6g). These earlier reports have
been reviewed by Maramorosch et. al. (Lg7O) and Vthitcomb and
Davis (1970).

The list of plant diseasesr preViously thought to be
viral in nature but subsequently associated with a ,,mycoplasma_
like" organismr 9rêw rapidly. ïn lrg73r Carter (Lg73) Iisted
63 plant diseases for which mycoprasma-rike organisms had been
shown to occur in infected plant tissue. Today, however,
pathogenicity as defined by Koch's posturat,es has been demon_
strated only for the corn stunt (Chen and Liao LITS; ttilliamson
and v'Ihitcomb rgTsr and cit,rus stubborn diseases (cole et. ar.



L973; Daniels et' al- 1973) - Ilelicalr mycoplasma-like organ-
isms known as spiroplasmas $lere found to be the causal agents
of these yerrow-type diseases. Arthough a spiroplasma has
also been suggested as the causal agent of aster yelrows,
pathogenicity has not been positively confirmed (Kaloostian
et'' al- r979) - Despite the uncertain etiorogy of aster ye1_
lows, hovlever, much of the past research on the disease re_
mains valid and shourd not be affected by the indication of a
mycoplasma-like organism as the causal agent (Hampton Lg72).

A number of reviews have been'published regarding myco-
plasmas, spiroplasmas and rickettsia-rike organisms as plant
pathogens (Maramorosch 

=I.. aI . LgTo; r{hítcomb and Davis r97o¡
Davi-s and Whitcomb L'TI; Hampton 1972; Maramorosch L974¡
Nienhaus and Sikora IgTg; Whitcomb lggO).

Aster yellows

Aster yerlows as a disease of plants in North America has
been known since the early 1900,s when Smith (IgO2) described
it as a destructive disease of asters in MassachusetÈs. since
no causal 0rganism could be found he suggested that the dis_
ease was due to a virus.

Much of the early devel0pmental research on aster ye110ws
(aV¡ was carried out by Kunkel (Lg26) who demonstrated that
the disease could be transmÍtted by grafting but was not
mechanically transmissa¡fl. .A,s well, he showed aster yellows
disease to be the result of an infectious agent that was trans_
mitted' by a reafhopper, Macrosteres lascifrons står (Kunkel
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Lg24) ' After an acquisition feeding period on diseased plants,
a latent period of about g days was required before leafhoppers
become transmitters. This latent period, corresponding approx_
imately ín length to the incubation period in the prant re_quired for symptom expression, suggested to Kunkel that the
di'sease agent multiplied in both the vector and the host. Thisconjecture was further supported by the fact that. heat treat_
ment of leafhoppers (36"c) and plants (440c) permanently curedthe host of aster ye110ws, while 10wer temperatures delayed
subsequent transmission or s'mptom devel0pment (Kunkel rg37,
1941, 1943).

The first bioassay technique was devel0ped by Black (Lg.o),
who was successfur in mechanicalry transmitting the disease
agent to leafhoppers by needle inoculation. Filtration experi_
ments showed that passage through bacterial filters occurred
only with difficurty and was accompanied by Ëhe passage of un_identified bacteria. rnfectivity was associated with a large
sized agent which was labire and presumed to.form aggregates.
The inoculation technique r^ras used by B1ack (LLAL) to demon_
strate multiplication of the causal 0rganism i.n leafhoppers.

It remained for Maramorosch (1952) to conclusively show,
by serial passage of the infectious agent through r0 groups ofinsectsr that multiplication did in fact occur. Dilut.ion overthe 10 passages was Lo-49, but measured concentrations at the
final passage egualled that of the first. He concluded that
multiplication of the pathogen adequately explained the latent



11

period and retention of infectivity for 1ife.
l{oreover the length of the incubation period varied withthe dosage of the inoculum- rt was subseguently shown thatthe length of the latent period in the plant, as well as inthe vector' is a function of dosage (Maramorosch 1953). Dueto rapid multiplication during the l0garithmic phase, thisdosage effect was less noticable i_n the plant than in the in_sect' 'A's welr, Kunkel (1954) has shown that length of acguisi_tion feeds onry slightly affects future transmi_ssion.

More recently, Sínha and Chiykowski (1967) used the in_jection technique to transfer the disease agent, from differentorgans of infecÈious reafhoppers at various Èimes aft,eracquisit'ion' to test leafhoppers- They concluded that, the ali-mentary canar- was the initial site of multiplication and thatthe hemocytes lvere the main sÍtes of muttiplication of thecausal organism.

rn comparing the distribution of a cAyA strain in variousorgans of Macrosteles fascifronsr ân efficient vectorr wj-thdistribution in Athysanus argentarius a less efficient vector,chiykowski (rg7g) concluded that multiplication must, occur inthe salivary glands and a certain Èhreshold level must beattained before transmission can occur. The low efficiency oftransmission bv ê- argentarius was attributed to recovery ofonly 10w concentrations of the causal agent from the salivaryglands.

The aster yerlows agent is thus propagative and circulativein the asËer reafhopper. These terms are not mut,ualry exclusi_ve
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and propagative transmission is considered to be a form ofci-rculative transmission (Maramorosch Lg64). on the basis of
overt' sympËomatology, Maramorosch (1952) initially suggested
that the yellows agent was better adapted Èo its vector than
to its host. In a subsequent study, however, cytological
effects upon the fat bodies tt/ere observed. The effect was
most pronounced in male leafhoppers infected with an eastern
aster yellows strain (LitËau and lrlaramorosch l96O) .

Kunkel (1953) also erucidated the uniquely wide host range
of aster yerl0ws. At that timerat least 3oo speci.es in 4g
families $'ere known to be susceptible to aster ye110ws. Today
more than 350 species in 54 families have been recorded as
hosts of the aster leafhopper and./or aster yellows (peterson
L973).

For many years cereals were used to rear noninfectíous or
healthy leafhoppers' rn 1g60, howeverr Bantarri and Moore
(1960) showed that barrey was susceptibre. rt is now werl
established that barley (chiykowski 1g65); wheat, Triticum
aestivum L' and T- durum (chiykowski 1g63 , 196,, Richard.son
1967); oats, Avena sativa L and Avena fatua L. (g,Iestdal and
Richardson 1969; Chiykowski and lfolynet,z 19g1); rye, Secale
cereale L- and Triticare (v,Iestdal and Richardson 1969) are
susceptible to infection by aster ye110vrs disease to varying
degrees- The higher degree of susceptibility of oats to NCAy
as opposed to cAyA has been demonstrated (hlestdal lg6gb;
chiykowski and !{olynetz 1gg1) - As werl, brome grassr ïtalian
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rye grass and annual canary grass have been indicated as hosts
of Ay disease (Banttari 1966).

ThaÈ more than one strain of AY exists r^¡as demonstrated by
Kunkel (L932) in transmission trials with eastern Ay and an Ay
isolate from california (severin Lg2g) which infected zinnia
and celery which werepreviously thought to be immune. rn this
and a subsequent trial (severin Lg34),cerery was resistant to
all isorates except those from carifornia or utah. Even
though Kunker (1955) demonstrated thaL zinnia and celery could
be infected with eastern Ay, by confining large numbers of in_
fectious insects on young plants, celery has consistently been
utilized as a differential host. Ay isorates were correspond_
ingly referred to as western or celery infecting (cAyA) and
eastern or non-celery infecting (NCAY). Recently, Chiykowski
(1978) reported a high infection rat,e (7 4Z) of celery with an
easÈern Ay sËrain and suggested Ëhat due to the delay in s'mptom
expression (115.7 days vs 40.6 days for CAyA) ttre infection of
celery has gone unnoticed.

Eastern and west,ern strains can be distinguished, however,
by symptom expression in several differential hosts incruding
Nicotiana rustica L. and zinnia elegans Jacq. Rosette formation
is typical 0f infection by c^y$; whereas, Nc.^y is characterized by
profuse axillary growth (Kunke1 1955). Furthermore NCAY is
transmitted only by Macrosteles fascifrons står,whereas cAyA
strains are transmitted by at least 31 species of leafhoppers
including the aster leafhopper (Carter Lg73). However,of the
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vectors capable of transmitting cAyA, Macrosteles fasci_frons
has been shown to be the most efficient (Hirumi and Ivtaramorosch
1963; Sinha and Chiykowski Lg67). In addition,Aphrodes
bicinctus and At.hysanus argentarius have recently been shown
to be vectors of CAyA in North America (Chiykowski ]¿g77, LgTg).

The ability to distinguish these ast,er yellows strains
according to symptoms enabled Kunkel (1955) to demonstrate for
the first time the cross-protection reactj-on in both host and
vector. lrlhen one strain became established, leafhoppers r,,rere
unable to acqui-re and transmít the second strain. The NCAy and
CAYA strains completely protected against each other, indica_
ting a close relationship between the two. cross protection
may not always be complete, however, and depends on the strains
and combinations tested (FreÍtag 195g; lraramorosch 195g). As
well, the dual transmission of a "mycoplasma-rike,, organism (Av¡
and a virus (OBDV) has been demonstrated (Hsu and BantLari
Le79).

During his studies on thermorability of the Ay agent,
Kunkel (L937) isorated several mild or attenuated strains of
aster yellows. various degrees in severity of infecÈion
occurred on test prantè; however, no correration between rength
of heat treatment and mildness of strains was shown. Reversion
to the parent st'rain did not occur in subsequent transmissions.
Although the incubation period in the insect was not affected,
incubaÈion periods in pranÈs infected wit,h mird strains 

'rereslightly longer.
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Following Kunkel's observation of variants resulting from
heat treatments rthe widespread occurrence of naturar strains
of ast,er yellows hras reported (Freitag Lg6g; Richardson L967;
Granados and chapman 1g69; westdal lg6gb;lrlestdal and Richardson
L969; Girr et- a1. Lg6g) ' Mutant forms, with propert,ies favour-
ing persistence and/ot spread, may significantly affect disease
epidemiology (Bennett Lg67).

The incidence and severity of aster yellows in Manitoba
varies from year to year and may cause severe l0sses in many
vegetable and field crops. fn most years, asÈer yellows is the
limiting factor in the production of lettuce (Richardson and
tfestdal 1963) - Forl0wing an epidemic of the disease in 1 g57,
westdar and Richardson (1966), compared the yields of suscepti-
ble crops in that year, to the average yields over a 30 year
period. Estimated yield reduct,ions, representing a crop value
of $167r000,000r were r4g in rapeseed, potatoes and buckwheat;
25 to 34? in barley and sunfl0wers, respectively and 553 in
flax- The yierd for crops resistant or immune to Ay was near
the 30 year mean.

The first instance of actual feeding injury resulting in
destruction of some susceptible crops was recorded in r963
(Irestdal and Richardson 1963) - The aster reafhopper population
reached a peak of 3ro0o - 4rOOO/roo shreeps as monitored by
shreep net, counts. The incidence of Ay disease in carrots and
celery was 339 and in lettuce rtras near lOOå.
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The incidence of aster yellows infection in barley (6.5A)
in Lg66 was the highest on record for commercial barley fields
in Manitoba (cill and Westdal 1966). hlestdal and Richardson
(r97r) have demonstrated the reration between percentage of
sterile heads and yierd ross in barrey. They estimated that
appreciabre yierd ross courd result from a row level of head
infection (5A).

under somewhat similar conditions in lrlisconsin, Ay disease
is often the limiting factor in the production of lettuce and
celery- Disease levers of g5z in carrots and 7sz in potatoes
have been reported. (Chapman 1959).

Annuar fluctuations in J\y disease incidence in Manitoba,
as in Wisconsin, may be attributed to a large extent, to the
biology and, ecorogy of the ast,er leafhopper. Macrosteres
fascifrons has a wide geographicar range through different
life zones ext,ending from Mexico and puerto Rico to Ar-aska
(Delong 1971) - The adurt does not normally overwinter in the
northern united states. Arthough both eggs.and adults may over_
winter in the southern United States, in Manitoba Macrosteles
fascifrons overwinters in the egg stage onry (vüestdar et. ar.
1961) ' Nymphs after natcrring normalry pass through five inst.ar
st'ages. under canadian conditions, the adults have a rife ex_
pectancy of 30 to 50 days during the growing season (Miller and.
Deryzer 19G0) - Furtherr- the epidemiology of Ay disease is com-
plicated by: the degree of local and long disËance movement of
the vecÈor, the seasonar sequence of prant host serection, the
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many different, strains of the pathogen that occur and trre very
wide plant host range of both the pathogen and t,he vector.

of primary importance is the fact that in central Nort,h
America, the aster leafhopper migrates rong distances north_
ward from breeding grounds in riorthwestern Louisiana and north-
eastern Texas- Feeding on successively emerging cereal crops,
the migration proceeds through Kansas and Missouri j-nto
wisconsÍn, the Dakotas and Manitoba (chiykowski and chapman
1965; Drake and Chapman 1965). Since the egg is the onty over_
wintering stage in Manitoba, migrants are the first Ìeafhoppers
to appear and are the primary source of disease inocur-um
(westdal et' al. 1961; Gill and vrlestdal Lg67). Migrant influxes
are dependent on wind directíon, time of movement, and temper_
ature. Few leafhoppers take flight, below IsoC (Chapman 1959).
Thus adults generarly begin to arrive in }fanitoba on st,rong
south winds from mid-May until earry June. with idear condi-
tions, four generations may occur during a season but since
these overlap, dístinct broods are not apparent. The percen_
tage of infectious adults often declines in Jury and August as
the locar population increases (vtestdal et. ar. 196r).

Host plant preferences of the aster reafhopper have been
discussed by Delong (Ig7L) and peÈerson (1923). lriinter cereal
crops' bromegrass, bluegrass, quackgrass and timothy provide
si-tes. for overwintering eggs and serve as earry spring hosts for
leafhopper migrants. Sma1l grains, including oatsr ryêr barley
and wheat are also important breeding hosts during the earry_
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sunrmer. As cereal crops mature, a shift ín hosts to lettuce,
parsrey, carrot, celery and flax may occur. certain host
prants, such as potato, tomato and onion, are used for feeding
but are not considered favourabre for breeding. As werr, Ay
diseased plants have been shown to be more suitable breeding
hosts than healthy plants (Severin 1946). Vfithin the vegetable
crops, lettuce, carrots, celery and poËato have decreasing
orders of susceptíbility (Shult,z Lg73). Information on the
genetics of resistance to Ay in carrot and cerery is limited
and breeding programs offer limited potential for the develop-
ment of resistant cultivars.

Reference has been made to a number of naturalry occurring
strains of the AY pathogen. A consideration of these strains
is necessary to account for the variation in crop damage which
often occurs.

rn Manitoba, three distinct strains of the Ay pathogen,
two celery infecting and one non-celery infecting were isolated
by Richardson (19671 . These strains r^¡ere d.ifferentiated on the
basis of symptoms in aster and wird tobacco and differential
transmissíon to 13 hosts. one celery infecting strain was sim_
ilar to one isolated by Granados (1965) in vüísconsin. since
the vectors in Manitoba and ürisconsin may have a colnmon source,
a similar strain complex in the two regions r,rras suggested.

Also' westdal (1969a) isolated the Ay pat,hogen from 67 of
72 barley plants exhibíting typical "yellows" symptoms. Forty-
four percent of these hrere celery infecting. on the basis of
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symptom expression the isolates r,.rere divided into g groups
and three h¡ere chosen for further characterization. Truo
isolat'es , S-LA and S-15 ürere of the ,,eastern Ëype,, but infected
oats (50å) and wheat (40a). The third strain , s_72r srâs cerery
infecting arid infected oats only to a smarr degree (42¡.
Further isolations in 196g showed coÍmon wheat, oats and rye
among other hosts to be susceptible to three of six strains
which hzere characterized. The strains that infected cereals
were non-celery infecting; whereas, those that did not infect
cereals were celery infecÈing. prior to the report of
Banttari and Moore (1960), however, members of the Gramineae
were thought to be immune to infection by Ay disease. sub_
sequent attempts by ÌrlesËdal (1969) to infect oats with celery
or non-celery infecting strains maintained in the greenhouse
for several years, ürere unsuccessful. Furthermore, an increased
incidence of celery yellows, beginning in 1953 was noÈed in
ltlisconsin (Chiykowski 195g) and in Manitoba (Sackston 1959).
Apparently, a change in the strain complex resurted in a
change in Ëhe host range of Ay disease.

The design of an.effective control program for aster yer_
lows disease is thus compricated primarily by the rong distance
migration of t'he aster leafhopper. of the contror measures des-
cribed by Broadbent (1969), those with most potentJ-al in this
circumst'ance include:tirired plantings, and chemical control of
the vector in cornbination with forecasts of migrant influxes
and disease severity.
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si-nce plants are most susceptible in the seedling stage,
early planting prior to migrant influxes, offers some potentiar
for disease control. Plant age at infection has been demon_
strated by Hao (1970) as being moïe crit,ical than vector num_
bers' rn lvlanitoba, early maturing crops generally escape
severe aster yellows infection; whereas, a high incidence may
occur in later crops (!üestdal 196l) .

Higher plant popurations, accomprished by higher seecring
rates and decreased row widths, have been shown to decrease Ëhe
incidence of virus infection in sugar beets, when the virus was
introduced from outside the crop (Hu11, 1965). However, in the
case of Ay, this may not be true- rn lrlisconsin, leafhoppers
have been reporÈed as congregating in areas of dense stands a'd
greater growth, especialry in spring grain fields (chapman 1973).

severar weed species have been shown to be a source of the
aster yellows pathogen in Manitoba (Westdal 196l). These in_
clude stinkweed (Thlaspi arvense L. ) , fli¡<r,,reed (Descura:in:|g
sophia (L.) üIebb) and groundsel (SeneciF vulgaris L). Hor,irever,
under conditions of migrant influxes, the control of weeds in
close proximity to susceptibre crops has rittre potentiar for
control (Duffus L97L).

Antibiotics have arso been evaluated as a contror measure
since rshiie (1967) demonstrated the remission of symptons in
infected murberry plants. treatment with achrornycin and aureo_
mycin was shown by Freitag and Smith (1969) to result in a re_
mission of symptoms of three Ay strains in aster, prantain and
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celery- As well, tra'smission rates of leafhoppers r^rere re_duced after feeding on treated plants.
o:q¿tetracycline, tetracycline and doxycliner âs foliar

sprays, resulted in a suppression of Ay and cl0ver phyll0dy
s¡rmptoms in aster but the plants were not cured (chiykowski
1972). In a series of experiments, Sinha and peterson (!g72)
showed that o:q¡tetracycline was absorbed from solution by theroots of aster plants, thus resulting in a remission of cl0verphyll0dy symptoms. AnÈibiotic was not detected in the plantfollowing foliar sprays or application to the soil. As well,healthy asÈers did not become infected when sr:bjected to roott'reatment irunediately before or soon after Ínoculation. As

Ëhe interval between inoculation and t.reatment was increased,
the eventual number of diseased plants increased. UntiI moreeffective treatments are deveroped, the use of antibiotics toreduce Ay disease incidence in annual field crops ís imprac_tical.

Elimination of the vector by use of insecticides, thusremaiirs as the basis for reducing the incidence of aster yel_
10ws in cormnercial car:rot and celery fields in ManiÈoba. sinceelimination of the vector at the source is impracticar, fore_casts of leafhopper influxes and predictions of levels of in_fectivity, together with early crop pranting where possible,
are also elements of an êffective control program.

rn 
'fisconsin, the severity of Ay disease in a particular

year may be predict'ed by the use of previ-ous knowledge on
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general migration patterns and early spríng movements of the
aster leafhopper. Leafhopper surveys across the migration
path, to determine the magnitude of the migrant population
and the percentage of infectious adult,s, followed by recommen_
dations to growers regarding timing of sprays, have been effec_
tive in reducing Ay incidence (Chapman 1956).

On the other har¡d in Manitoba, Henne (1969) concluded
that frequent insecticidal applications of conÈact materials
rá/ere necessary to protect carrots from Ay. Even with a dili_
gent spray program disease incidence could be high.

The problem of reducing non-vector populations to non_
injurious revels is simple (Eskafi, F.M. and van schoonhoven
1981) as compared to the prevention of disease spread by
vectors. Further, insecticidal applicat,ions to control vec_
tors of a stylet-borne virus are not expected to reduce disease
incidence to the same extent as is possible with a persistently
borne virus (Burt. 1960).

The pertinent factors with respect to Íncidence and spreadof AY in carrots and cerery in Manitoba include: crop suscep_
tibility to st.rains of the disease present, migrant entry whenthe crop is in the seedling stager êfr efficient vecÈor with ashort inoculation threshord for transmission (Lee 1961), and,influxes of migrants, a certain percentage of which are arreadypersisËently infect.ious. Furthermorê, the acÈual numbers of
ínsects are less important than the percentage of infectious
insecÈs and their degree of mobility (chapman 1g5g). Thus,
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fo maximize disease control, insecticides are best appried
prior to entry, and activity or knockdown must be rapid.
(Chiykowski and Chapman 195g, Chapman 1959).

systemic insecti-cides applied to the soil, have shown
promise in reducing the incidence of plant diseases transmitted
by leafhoppers. of seven granular systemic insecticides
applied in-furrow to corn at pranting (Bhirud and pitre, Lg72)
carbofuran hras the most effect,ive for control 0f Dalbur_us
maidus forrowed, in order of efficacy by aldicarb, phorate,
disulfoton and fenthion- ïnsect control was reflected in sub_
sequent reducÈions in the incidence of corn stunt disease.
Maximum reductions of g0B were at,tained with carbofuran.

The epidemiol0gy of maize streak disease in relation to
population densities of cicaduline spp. has been studied by
Rose (r974). vÍith 1ow numbers of migrants, disease incidence
increased arithmetically over time, while large populations
resulted in an exponential increase in disease incidence. ïn_
furrow treatments of ardicarb with the seed effectivery pro_
tected the crop from maize streak infection.

ïn a trial to evaluate insecticidal control of the aster
leafhopper in carrots in Manitoba, Henne (Lg6g) found carbo_
furanr ês an in-furrow treatment, equivalent to 6-g sprays of
carbaryl in reducing carrot ye110ws. Although carbarlzl and
oxydemeton foliar applications provided the best control 0f the
aster leafhopper, these treatmenÈs did not result in the l0west
disease incidence. carbofuran, applied as a foriar spray v/as
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ineffective in control of aster leafhoppers.
tfit'h respect to lettuce yellows in Manitoba, Richardson and

hlestdal (L964) reported malathion as being more effective than
phorate for leafhopper control, but less effective in preventing
aster ye110ws infection. rn a second trial, although some treat_
ments partially protected the spring lettuce crop from infection,
all treatments lrrere ineffectÌwe in protecting the sumrner crop.

The incidence of sterile heaits in barley, due to Ay in-
fection, has been correrated with barley yield reductions by
lfestdal and Richardson (Lg72). Further, those treatments provid_
ing reasonably good leafhopper control during the seedling stage
of growth resulted in disease control and yield increases nearly
eguivalent to treatments with a l0nger durati.on of control.
Thus the importance of seedling protection r4ras demonstrated.

Eckenrode (1973) compared a nr¡nber of foriar apprications
for duration of contror of local populations of the aster leaf-
hopper, in New york state. carbofuran effectively reduced the
leafhopper populations for a period in excess of 10 days.
carbaryl was slightly more effective than methoxychl0r, one
week after application.

To determine length of effectiveness, in relation to app_
lication interval, Shultz (1g76) applied weekly and bi-weekly
sprays of carbofuran, methomyl and malathion to carrots. For
conÈrol of the aster leafhopper, I kg/ha ai weekl y or 2 kg
bi-weekry of carbofuran or methomyl were eguivalent to or better
than 2 kg/na ai of standard malathion applied weekly.
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MATERTALS AND ¡{.ETHODS

This section includes a descripti_on of the methodol0gyutilized in conducting field trials as well as laboratory
and greenhouse studies. rn addition Ëo monitoring severalcharacteristics of the migrant aster leafhopper population,
field studies included replicaËed insecticide trials and asurvey of the leafhopper population and aster ye110ws dis_ease incidence in local carrot and celery fields. Laboratory
and greenhóuse studies included an analysis of aldicarb resi._dues in carrot leaves and roots by gas chromaÈography. Aswell l4"-rlaicarb 

was utilized to study uptake, transloca_tion' degradation and persistence of this compound in carrotsand to calculate an LCro for aldicarb in carrot leaves in re_lation to aster 1eafhopper mortality.

Field Studies

fnsectici.de Trials
At portage La prairie, Manitoba, field trials hrere con_ducted from L}TO to L972 to determine the effect of several_insecticidar treatments on the aster leafhopper population,

aster ye110ws incidence and yield in carrots and celery.
The site utilized for the p10ts consisted of a clay 10amsoil (pH. 6.5) , and 5E organic matter. The plots v¡ere irri_gaËed as required to provide approximately L.2S cm of water
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per week. A randomized complete b10ck design with four
replications was utilized for each crop. To minimize the
effect of leafhopper mobility relatively rarge p10ts were
utilized with a buffer zone between areas of data correction.
carrots, cultivar "Danvers L26" h¡ere sown in plots 5.4 m x
30'5 m' Each p10t consisted of three beds (r.g m wide) with
four rows of carrots per bed. plant spacing was 4-5 cm.
celery, cult'ivar "Tarl utah 52-70R" vras transplanted into
plots 5.4m x 9.lm consisting of three beds (l.gm) with 3
rows of celery per bed- plant spacing was 15 cm. since
the celery transplanËs were imported from california a ran_
dom sample was groh¡n in the greenhouse and asÈer ye110ws
incidence was found to be less than o-ss. A1r data hrere
collected from the centre bed of each p10t thus a110wing for
a 3.6 m buffer zone between plots.

The following insecticides $¡ere eval_uated.
Granular systemic formurations: ardicarb (Temik loc),

2-methyl-2- (methylthio) propionaldehyde o- (methylcarbamoyl)
oxirne; carbofuran (Furadan IOG) , 2r 3_dihydro_2,2_dimet.hyl_
7-benzofuranyl methylcarbamate; disulfoton (Di_Syston 15c),
0' O-diethyl S- tZ- (ethylthio) ethyll phosophorodirhioat,ei
phorate (Thimet loc), 

'-'-diethyl 
s- (ethyrthio)methyr phos_

phorodithioate.

Foliar. systemic. formulation: oxydemeton-methyl (Meta_
Systox R,2.4EC), 0,O-dimethyl S- tZ_ (ethylsulfinyl) ethyll
phosphorothioate.

Foliar contact formulations: carbaryl (Seven 50 Vüp),
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l-naphthyl methyl carbamate; methoxychlor (Methoxychlor 5O
lVP) , 1,11- (2 r Z r2-trichloroethylidene) bis (4_methoxybenzene) .carrots were seeded and granular insecticide formula-
tions were appried with a seeder,/granular applicator unit
comprised of four pranet Jr' seeders and four cone seeders.
The cone seeders erere used to apply a measured amount of in_secticide evenly to each row of each p10t. Thus the seed
and insecticide were simultaneously placed at a depth of
1'25-1-5 cm- in a furrow approximately 3, cm wide opened by
a double disc and. closed wíth a packing wheel.

For the celery trials the cone seeder units were uti_
lized to appry the granurar treatments in three bands per
plot as described above but at a depth of 5.0 cm. Celery
seedlings hTere transplanted into the bands irunediately after
application.

Foliar insecticide treatment,s r^rere applied with a boom
sprayer eguipped with conical nozzres in a volume of g42 Lof water per hectare at a pressure of 2450 Kpa. Treatments
hrere commenced when leafhoppers hrere fÍrst detected in thefield' and were subsequently applied on a 7 to 10 day
schedule.

Except for the insecticide treaËments, standard crop
production practices virere forrowed for alr triars. Mainten_
ance fungicide, herbicide and fertirizer treatments are
listed in {rable 37, (Appendix) al0ng wÍth dates of planting,
harvest, insecticide application etc.

A relative measure of the number of aster leafhoppers
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present in each p10t, was obtained by regular sweeping with
an insect net (30 cm dÍam' ) . Fifty and 25 sweeps/pr-ot were
utilized for the carrot and celery,trials, respectively.
Population coun.s rÁ'ere taken just pri_or to foliar insecti_
cide applicationsr ofi a calm day and preferably when the
previous day had also been calm.

The incidence of aster ye110ws disease in the pl0ts
was monitored at mid-season and at harvest and expressed as
a percentage of plants infected per total number.of plants
examined' For celeryrall plants in the centre bed of the
plot were examined (ca. 150 plants). For carrots, 3OO
plants/plot (50 consecutive prants at six random locations
in the centre bed) ltere evaluated for foliage slzmptoms at
mid-season. At harvest aster ye110ws incidence and yield
data were derived from Ëhe entire center bed in celery plots
and by harvesting two centre rohrs of carrots, 6 m longr êt
two random locations in the p1ot.

n and Disease
fncidence

rn conjunction with field Ínsecticide tri_ars several
characteristics of the migrant aster leafhopper population
were moniËored in the vicinity of portage La prairie.
These included, dates of first arrival and major infruxes,
date of appearance of-n'mphs and percentage of infectious
leafhoppers. This was accomprished by sweeping headland.s
and ditchbanks in close proximity to the trial area as welr
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as sweeping fields of winter cereals (predominantty fallrye) in the vicinity of portage La prairie. The infectiv_
ity level 0f the leafhopper population was determined byAgriculture canada personnel in 

'{innipeg using aster as anindicator plant

ïn addition, the leafhopper population and aster
ye110ws incidence in several l0car commerc'al carrot and.cerery fierds was monitored during the s.,,nmers that insecti_cide trials vreïe conducted. Aster leafhopper population
levels v/ere determined aË these l0cations by taking sweepnet counts (several hundred per site) on a weekly basis.
As wel1, in two of t.he three years that surveys ltere coïÌ_
ducted sticky board traps were located in the fields in thearea that sweeps rrrere taken. The traps were 22 x 2A x 2 cmplywood, painted bright yellow, divided inÈo quadrants,
coaÈed with a sticky material (Tack Trap) and mounted in thefield at the height of the crop. Leafhopper counts rÀrere
taken weekly on a per trap (g traps per site) basis prior tocleaning and replacement of the adhesive. Aster ye110ws in-
cidence was determined according to foliage symptoms at mid_
season and according to leaf and root symptoms at harvest,.
rnsecticídal sprays and dates of application are indicated
in the appropriate Results tables.

Field Evaluâ3ion of Aldicarb 10G

One Èrial
ManiÈoba field

hras initiated in 1g73

plot site to determine

at the UniversiËy of
crop tolerance, aster



30

yello$¡s incidence and yierd of carrots treated with ardicarb
10G at 1'68, 3-36,5.04 and 6-72 kg/ha aí. This site con-
sisted of a clay loam soil with a pH of 7.L and an organic
matÈer content of 5 Z.

A randomized complete b10ck design with six repli.ca_
tions was utilized for this trial. Each plot (1.g m x 9.1
m) consisted of four roh's of carrots 35 cm apart with plants
thinned to ca. 3.5 cm apart within the row. A four row v_
belt seeder unit was ut,ilized to apply aldicarb in a 5 cm
band slightly below the seed (cv. ,,Danvers I26u) which was
also planted wít'h the v-belt seeder at a depth of L.25 _
1.50 cm.

The trial was initiated on May g and harvested septem_
ber 16' one center row of each plot was harvested for yield
data. As welrrthe incidence of aster yellows infectÍon hras
noted and symptoms classified as slight (rooËIet hair growth
stimulated but easi_ly sloughed off) r moderate (rootlet, hair
growËh heavy but root size and development normal), and
severe (heavy rootlet hair growth and retarded root devel0p_
ment often with secondary rot organisms present).

From the remaining rows in the p10t, samples rârere col-
lected for residue analysis. Leaf samples (50 gr¡¡¡ hrere ran_
domly collected from at least 25 plants/p10t on June 2g,
July I and 17, August I and 16. carrot roots (at reast 20/
plot) $/ere harvestea år, JuIy 17, August. L, L6, 2g and Sep-
tember 16- Root samples were thoroughry washed, diced with_
out peeling and a 50 g sample reserved. All samples were



packaged in polyethylene bags and stored
for subsequent analysis.

3t

in a freezer (-Io oc¡

""

Residue levels of aldicarb in carrot leaf and root tis_
sue sampled at various times from the aldicarb rate trial
were determined by gas chromaËography. V4lith some modifica_
tionr a method devel0ped by union carbide corpora.ion was
utilized for the analysis (Anon, Lg73). The procedure is
applicabre for determination of total toxic aldicarb resi_
dues consisting of ardicarb and the major metabolites aldi_
carb sulfoxide and aldicarb sulfone. The .nontoxic oxi¡ne
and nitrire metabolites of aldicarb as werl as the further
degraded metabolites are removed by a cleanup procedure to
avoid interference. The specificity of the meÈhod has been
tested against most of Èhe presently registered sulfur con_
taining pesticides and none have been found to interfere.

Apparatus. A varian 1400 gas chromatograph equipped with a
Tracor flame-phot,ometric detector (1440_lO) with a 3g4 nm
filter selective for sulfur containing compounds was utiri_
zed' A tefl0n column (32 mm o.D- ) , 130 cm 10ng and packed
with 3å EGSS-X on Gas Chrom e ßO/L00 mesh) was used. An 8
cm section of stainless steel tubing lightly packed with
glass wool was attached to the oven injection port and ex_
tended about 2-5 cm into the oven to serve as heat. insura_
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tion for the column packing. The gas chromatograph condi_
tions hrere as follows:

Injection port temperatu.re, 3OOoC.

Column temperature, 140oC.

Carrier gas (nitrogen), g5 ml/min.
Detector gases - hydrogen (150 mf,,/min) , oxygen (16 mf/
min) , air (100 mf,r/min) .

rnjections were made through a high temperature sili_
cone-tef10n rined g- 5 mm gas chromatographic septum
(pierce #L3252).

starrdard curve. Ardicarb residues $rere extracted from the
crops by blending the sample with a mixed solvent (acetone:
water, 3:1). The aldicarb residues were oxidized to aldi_
carb sulfone by additi-on of peracetic acid to t,he ext,ract_
ing solvent' Following appropriate cleanup of the extract
on a Florisil corumn, the pesticide residues were determin_
ed as aldicarb sulfone. The residue was quantitated by ref_
erence of the peak height to a previously prepared calibra_
tion curve derived from injectíon of aldicarb sulfone stan-
dard solutions.

Therefore, using t,echnicar grade ardicarb sulfone
(99.08) ,standard solutions in acetone ranging in concentra_
tion from o-g ug/m" to 1g ug/mL hrere made and utilized in
developing standard cúrves. For a 3 uL injection, nanogram
amounts of ardicarb surfone per injection therefore ranged
f*om 2'7 to 36.0 ng. A caribration curve rrras prepared dairy
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for each sample run and checked periodicarly with inject-
ions of standard.

Extraction procedure. The forl0wing outline summari.zes the
referenced method of extraction (Anon, 1973).

Aldicarb residues h'ere extracted from the plant sam_
ples with 3:l acetone:water Ín a blender, and oxidized by
the additi-on of 40so peracetic acid. Forl0wing vacuum fil_
t'ration and washing of the fílter cake the volume of the
extract r47as measured and one-half retained for cleanup and
quantitation of residues. The extract was stirred (15 min)
in the original flask prior to adding 108 sodium bicarbon_
ate and stirring (30 min) to neutralize residual acid.

The neutralized extract was transferred to a separatory
funnel and extracted four times wi_th chloroform. The ex-
tracts r4zere combined by each time draining the chloroform
layer through a bed of anhydrous granular sodium sulfate in
a funnel into an Erlenmeger frask. The sodium sulfate bed
was washed and a110wed to drain. using a vacuum manifold
with the flask immersed in a 40 sooc water bath the ex_
tract was evaporated to a vorume of 2 5 mL and subsequent_

'y 
to dryness or a slightly oily residue with a gentle

stream of air.
A glass chromatography column (13 mm ï.D.) was prepared

by placing a cotton prug in the bottom and covering with 10
cm of Florisil (60/L00 mesh, pR grade). The column was pre_
wet with chl0roform. The residue was then dissolved in
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chloroform, poured on the Frorisil column, eluted in rapid
drops and the eluate discarded. Fraction r, containing aI_
dj-carb oximes and nitrilesr which would interfere with sub_
sequent quant,itation of the carbamate residues, was eluÈed
with 5z acetone in ethyl ether. Fraction rr containing the
carbamate residues vras eluted with 503 acetone in ethyl
ether and corlected in an Erlenmeyer flask. vüith the flask
in a 40 50oc water bath the sorvent was evaporated with a
genËle stream of air and the flask removed immediatery after
attaining dryness.

After chilling the flask in an ice bat.h, I mI of ooc
acetone was added- The flask was stoppered and swirled to
dissolve arl the residual pesticide. A 3 mL sample was in_
jected into the chromatograph and the residue quant.itated by
reference of the peak height to a standard curve derived
from injection of ardicarb sulfone standards. rf necessary
the sample was further diruted with a known volume of ace_
tone to bring it on scare at the attenuation used to derive
the standard curve. Sample calculation:

ug aldicarb sulfone x D = ppm total toxic aldicarb
50 x 0.5 residues expressed as al_di_

carb sulfone.
Where D = mL of OoC acetorrêr needed for final dilution

of the- sample for injection.

l4c-Aldicarb studies in carrots
The experiments utili-zing radiolabeled ardicarb had
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two objectives. Firstly to study the uptake, translocation,
and degradation of ardicarb in carrots over time. And sec_
ondly to devel.p an LCso in ppm of aldicarb (and toxic met-
abolites) in carrot leaves with respect to mortality of the
aster leafhopper as a result of feedingr on treated plants.

. The I4c-rldicarb utilized
in the following experiments was S_methyl_14C_rtdicarb 12_
methyl-2- (nethyr-14c-tt io) propionaldehyde 0- (methyrcarba-
moyl) oximel. A 26.g mg sample (1.0 mCi) was obtained from
the manufacturer (Union Carbide fnc. ) .

The labelled sampre was dissolved in r00 mL of ace-
tone to form a stock solution (26g ug/mL¡ 0.0373 ucilug).
subseguently by fortifying a volume of the stock solution
with cold technical aldicarb, two standard solutions were
made at concentrations of Lzs and soo ug/ml of aldicarb,
each with a specific actj_vity of O.OO4 uCir/ug.

. Radioactivity was determin_
ed with a Nuclear chicago liguid scintillation counter
(Model 724) ut,irizing an external standard channers ratio
system for quench correction. Organic extracts were counted
in a sorution of toruene containing 4 gm of 2,S-diphenyrox-
azole (PPO) and 50 mg of p-bis-2-(5-phenyloxazolyl) benzene
(PoPoP) per litre of solution. Aqueous extracts were count_
ed in Aquasol. Ten mirliliters of the scintilration mixture
were emproyed per sampre. Background and 14c-=t.rrdard vials
hrere included at each counting.
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. Carrots, cultivar
frDanvers 126" râ/ere seeded in sand and at the cotyredon
stage (first true leaf just emerging) were carefully remov_
ed and suspended ín L/4 strength comprete nutrient soruËion
(pH 6.7) in 1-r L Mason jars wrapped with aluminum foir and
aerated in the greenhouse. At the 3 4 true leaf stage
uniform plants hrere select,ed, suspended in test tubes con-
taining nutrient solution and preconditioned in a growth
room for 24 hours under continuous light (2,ooo ft. candles)
at 22"C and 5OB relative humidity.

The first experiment was desi-gned to examine uptake,
translocation and degradati.on of aldicarb over time with arl
plants receiving an equar dose at zero time. Folrowing the
preconditioning period all plants were transferred to test
tubes containing 40 mL of L/A strength nutrient solution
plus 450 ug of I4c-.taicarb 

and were subsequently maintained
in the growth room for a period of L2 hours. The plants
$¡ere then removed from the treatment solution, the roots
ü¡ere rinsed and the plants returned.to the greenhouse (r/2
strength nutrient solut.ion). At the end of the treatment
period i.e. 12 hours and at 1, 3, 7,15, 30 and 45 days,
seven planÈs hrere sampled as follows:

(a) one plant was separated into root and shoot and
each parË pressed with Kodak NS-54T no screen medi_
car x-ray film in order to visualize by radioauto-
graphy the disÈribution of radioact,ivity in the
plant. The samples were frozen for the duration
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of the exposure period.
(b) Three plants were praced in 10 cm pots and 30 _ 40

leafhoppers were caged on the plants utilizing
clear solid plastic cages. Leafhopper mortality
t..zas recorded at 24 and 4g hours.

(c) Three plants vtere separated into root and shoot,
fresh weights recorded, and, the parts frozen for
subseguent analysis. One control plant. was inclu_
ded at, each sample date. Uptake of l4C_rl¿icarb
was determined by counting and subtracting the
amount of radioactivíty remaining in the treatment
solution plus the amount in the rinse solution from
the toÈal amount originally praced in the treatment
tubes.

For the second experiment (f,OrO determination) plants
were |rown and preconditioned as above. using leafhopper
mortality in experiment 1 as a guider plants $/ere treated
wiÈh a range of l4c-.taicarb 

concentrations (0, 12.5, 50,
75' 100' 2oo, 300 and 500 ug/40 mL of nutrient soluti-on).
Thirteen plants per treaÈment were utilized; 10 for the bio_
assay and 3 for analysis. After the 12 hour exposure period
the plants were planted in 10 cm pots and placed in the
greenhouse' Mean uptake of '4c-.taicarb for each treatment
was determined as indicated above.

rn the early ,no.rrirrn on the fifth day after treatment
and following a 12 hour starvation period, 15 _ 20 infect_
ious leafhoppers were caged on each plant. Mortality was
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determined at 24 and 4g hours. The prants were subsequent_
ly maintained in the greenhouse for evaruation of disease
incidence- Leafhoppers utirized in the bioassay hrere taken
from a popuration of nymphs and young adults previousry con_
fined for one week on díseased aster and subsequently for
25 days on holding oats prior to the bioassay. The asters
were infected with an eastern strain of Ay disease.

Determination of ppm of aldicarb and toxic metabolites
(aldicarb sulfoxide and aldicarb sulfone) was conducted by
gas chromatography (previously described) of the three
plants per treatment, retained. for analysis. The reaves lreïe
removed,fresh weights record.ed and the samples frozen for
analysis at initiation of the bioassay.

Extraction and An31ysis. Root samples were anarysed for
t'otal radi-oactivity as forrows. After thawing at room tem_
perature the roots h'ere homogenized in a wareing blender
with 50? aqueous ethanor. For rarger sampres 5 10 rnL/gm
fresh weight was used while for smaller samples sufficient
solvent to arrow proper homogenization was utirized (ca r5o
mL) - The insoruble prant materiar was removed from the homo_
genate by filtration through V,Ihatman No. 1 filter paper in
a suction firter, rebrended in a minimal amount of sorvent
and refiltered. After washing the plant residue twice with
508 ethanolrthe volumê was reduced under vacuum at 40oc
sufficientry for counting. Two aliquots of 0.1 mL each ü¡ere
removed from each extract and successively counted for act_
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ivity determinat,ions (Andrawes et. al. Lg:lL).
Leaf samples r4rere extracted as indicated above for

roots except the filtrate was concentrated to a viscous
syrup- The residue was then taken up into 50 mL of water
and following the addition of an equal vorume of acetoni-
trile was extracted successively 5 times with chloroform
(1 x 50 mL and 4 x 25 mL). The organic fraction was re_
duced to a volume of r0 mL. Total radioactivity in each
phase, organic and aqueous, was determined as above
(Bart1ey et. al. ]-}TO).

Aster Yellolqs Transmission

one trial was conducted to assess transmission of
aster yellows to carrots by the aster leafhopper as affect-
ed by length of feedi-ng. A population of aster leafhoppers
(n'mphs and young adults) was raised on disease-free Rodney
oats- A sufficient number of hoppers to conduct the trial
was transferred to asters infected wiËh an eastern strain
of the Ay pathogen and allowed an acquisition feeding per_
Íod of 7 days. the leafhoppers hrere then transferred to
healthy oats for a holding period of 1g days. subsequent,ly,
single leafhoppers 

'nrere 
caged on healthy aster (z 3 leaf

stage) for a period of 4g hours following which t.he leaf_
hoppers $rere serially transferred to carrots (Z 3 leaf
stage) for feeding peiÍods qf ]-, 2,.4, g, !2, 24, and 4g hours.
Fina1ly, Ëhe hoppers $/ere serially transferred to flax. Arl
plants rá/ere maintained in the greenhouse for a period. of
time sufficient for symptom development.
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RESUI,TS AND DTSCUSSTON

The resurts of this thesis are presented and discussed
in two main sections. The first includes the results of
three years of field triars designed to evaluate several in_
secticide treatments for contror of the aster reafhopper and
aster yerlows in carrots and cerery. The results of surveys
conducted to monitor the aster reafhopper population and dis_
ease incidence in commercial carrot and celery fields are
arso reported. the second section conËains the results of
laboratory and greenhouse studies conducted. to determine

(a) The fate of aldicarb in carrots,
(b) Aldicarb leaf concentrations required for leafhopper

mortality (tC50, 24 and 4g hour), and
(c) The persistence of ardicarb in carrot reaves and

roots as a result of granular treatments applied irr
furrow at planting.

- 
Field Studies

!üith respect to insect transmitted plant diseases, a
thorough understanding of the pathogen-vector rerat.ionship
is necessary before contror measures can be establi-shed.
Further, information regarding the identi_ty and source of the
pat'hogen and vector, host susceptibility and vector ecorogy
and behaviour is essentiar. rn addiËion,a knowredge of the
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relatj-onship between vector density and disease incidence is
useful in forecasting crop injury and conducting control pro_
grams (Ling, L972).

To briefly summarize, in r.Íanitoba the primary aster
leafhopper population results almost ent,irery from adurts
migrati-ng into the area, begínning about mid_May, on warm air
streams from the southern United States (Chiykowski and
chapman, 1965). Although some rocal weeds are a source of
Èhe aster yellows pathogen the migrants usually arrive with
t to 5E of the populat'ion already being infectious. The non-
migrant population resurts in part from overwintering eggs
but mostly from eggs laid by mígrants. From 2 Eo 4 over-
lapping generations normally occur in one season. The early
migrants generalry infest emerging fierds of farr rye and
subsequentry move on to preferred hosts including o'her
cereals, flax, lettuce, carrots and celery. The severity of
the disease varies from year to year and mayr âs in I gs-t ,
1963 and Lg66 reach epidemic proport,ions (westdal and
Richardson, 1963; Gill and Westdal, f966). As such,aster
yellows disease may be the rimiting factor in the production
of lettuce and celery and can result in substantial yierd re_
ductions in carrots and other susceptible crops (chapma¡,
1959; $Iestdal and Richardson, 1963 , 1966). The actuaL inci_
dence of aster yerrows.in any year is dependent on numerous
factors- These incrude time and lever of population influxes,
percentage of infectious leafhoppers, strains present and en_
vironmental conditions .
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Thereforerin the years that insecticide triars were con_
ducted, it was of interest to monitor some of t,hese variables.
As part of a graduate course project a very preriminary in-
vestigation of strains present in carrots and cerery r^zas con_
ducted. The findings are admitedry cursory and are incruded
only to suggest a relatedness of the strains found, to those
previously described as a result of more detailed studies. As
a source of the pat'hogen, six infected carrot and three infect-
ed celery plants were corrected from commercial fields at
Portage La prairie. utirizing standard procedures the Ay path_
ogen $ras transferred from the six carrots to aster and flax.
fn two t'ransmission triars g9z and 742 of the aster indicator
plants became infected. symptom expression was simirar on all
diseased asters. In addition to typical symptoms of chlorosis
and vei-n crearing, plants were moderately stunted but retained
an upright growth habit. A "bushy" appearance resurted from
the proliferati-on of chlorotic weak axillary shoots that are
ind'icative of infection by eastern strains of Ay (Kunkel , L926¡
Granados and Chapman 1969). As wellr one of the Ay infected
carrot hosts was also shown to be a carrier of oat blue dwarf
virus' Forty percent of the flax test plant.s exposed to Leaf-
hoppers infected from this carrot exhibited symptoms of OBDV.
ttestdal (1969) first indicated carrot as a host of Èhis disease.

As well, following puitable acguisit,ion access and latent
periodsr leafhoppers from each celery host plant hrere trans-
ferred singly to aster. The Ay pathogen was not transmitted
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as readily from celery to aster as from carrot to aster. rn
two tests 309 and 35s of the indicator aster plants developed
symptoms of Ay. F.urthermorers¡rmptom expression in aster in_
fected from celery was quite different from asters infected
from carrot. plants developed typical chlorotic symptoms but
lacked the proliferation of axillary shoot, growth. Extreme
stunting occurred with new grohrth formed into a tight rosette,
indicative of infection by a cerery or ,,western,, Ay strain.
Two further tests hrere conducted. Leafhoppers confined on six
of the asters infected in the latter trial were transferred
singly to oats and serially to celery. subsequently cerery
plants infected in this test ï¡ere used as hosts and reafhoppers
transferred singly to oats and seriarly to aster and cerery
(Table 36, Appendix). The resurts of these tests suggested a
similarity between the strain infecting celery and the s_72
isolate described by lVestdal (1969), which was transmissable to
celery (30a) but oats vrere infected onry to a small degree (42).
He further elucidat.ed the strain comprex by characterizing 7g
isolates corlect,ed from various prants in the fierd. Approxi_
mately half (4421 were of the CAy type.

rn addition to the above results, and since the incidence
and severity of aster yellows in Manitoba is directly rerated
to the migrant reafhopper popuration, fierd surveys v¡ere con_
ducted during the three year period of triars at portage La
Prairie- The variables monitored incruded, first date of aster
leafhopper arrivar, dates and size of major popuration in-
fluxes, date of appearance of nymphs and the percent,age of
infectious leafhoppers from earry to mid-season (Table r).



TABLE l. Characteristics of theLa prairie, Manitoba for a 3

Variable

Date of arrival

Major influxes
(#/t0O sweeps)

asÈer leafhopper
year period.

Appearance of nymphs

L97 0

May 5

fnfectious adults (S)

population in Èhe vicinity of portage

June 4

July 9

August 7

( 6o/roo)

(30o,zfoO)

(4oo/r00)

Year

June 7

L97L

May 7

June 30, 4.5s"

July 22, 6.62

July 6 (50,/100)

L97 2

June 22

May 19

May 27, 9.0A

June 15, 5.5S

JuIy 7 ( 2í/LOO)

July 11 (100,/100)

June 30

May 23, 10. OE

June 1, B. 0g

June 20, 3.0S

À
È
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In 1970, aster leaftroppers first appeared about .Irfay 5,
with popuration revers remaining low (r to s/roo sweeps) un-
til strong south wincts resulted in an influx of migrants on
June 4 (20 to 100/100 sweeps). A further large influx of
migrants occlrrred about July 9. This population along with
the development of the rocal population (lst - 3rd inst.ar
nYmphs detected June 7) resulteil in high numbers of l_eaf-
hoppers being present for the remainder of the season. popu-
lation samples collected for infectivity tests indicated a

relatively consistent proportion of leafhoppers transmitting
the aster yellows agent (4.5 6.62).

fn L97L, leafhoppers arrived at about the same time as
in 1970 (May 7') but in larger numbers (r5 to 4o/roo sweeps)
through ltfay and June. This fact, together with the high per-
centage of the population (9.0?) which was capable of trans-
mitting the Ay agent in May, resulted in forecasts of epi-
d'emic levels of Ay. However, coor, wet spring weather srowed
leafhopper and pathogen development such that disease inci-
dence did not reach expected levels. The appearance of nymphs
Ì174s delayed (June 22) - and the percentage of infectious adults
declined to about 5g through June. population levets remained
relatively consistent throughout the season.

Tn L972, the arrival of adurts and the appearance of
nymphs was delayed. although the percentage of adults trans-
mitting AY was initiarry high (e lo?), this revel dropped
rapidly to about 3a through June. Two major infruxes occurred
on July 7 and July ll. The late spring arrival and rerativery
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low early population levels resulted in predictions of a re_
duced incidence of Ay in Lg72.

fn conjunction with the above surveys, the aster 1eaf_
hopper population and Ay incidence in commerciar carrot and
celery fields was monitored throughout the season over a
three year period (Table 2, 3 and 4). Weekly sweep net counts
(S years) and sticky board traps (2 years) were ut,ilized to
survey the population. Aster yelrows incidence in carrots was
severe in 1970 (rz 26e") and ress so in r97r (4.0 7.32) and
ín L972 (4.5 - g.oå). Disease incidence in cerery was about
88 in 1970 and LgTr but declined to 3. oa in L972.

As expected varíation is high between sites and. between
sv/eep net and trap counts within sites. This vari_ation can be
attributed to many factors including: timing of insecticidal
applications, field size. and 1ocationr adjacent crops, plant_
ing date and environmental conditions. ït Ís not intended
that specific conclusions be drawn as a result of the surveys:
howeverr somê general remarks can be made. 'For comparative
purposes' Table 5 contains cumulative mean number of leaf_
hoppers/r00 sweeps/week and aster yellows (Ay) incidence in
control plots of carrots and celery insectj-cide trials con-
ducted in the years of the surveys. carrot site 3 and cerery
site 1 were located within 0.5 km and r.5 km respectivery of
the trial area while the- rernaining sites r^¡ere at, a distance
of I to 10 km.

rn 1970' a rack of concern or av¡areness on the part of
the growers resulted in a minimar number of carbaryl applica_
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Iocation

Carrot site

2s/a

Celery site 1 l0 5 18 rtO 56

Mean number of leafhoppers per 100 sweepsl at each date

30

4/z

43

l9

1. Mean of several hundred ssreeps at each 1ocation.

9/7

103

17

l9

t4

Notes 
3:i:ï"åtJ:"Ï7rl)'u,';1r!nrnu ai applied ar carror sire r, rs/6, 2/?, L4/7¡ site 2, 6/7¡ sire 3, 6/7; and ar

te/t

25

lt5

250

22/7

I29

98

2e/t

2OO l3r 24O IL7

l0s

L25

-2x

83

ls/s

9l

z]-o t5o

2L/s

350

560

30

26/8

190

2to

38

Mean Eo 28/7 -

85

-3x

AY lncldence (tl

105

129

t73

190 t00

75

leaf root
28/7 n/g

80

3. Mean 25/6 to 26/8.

2.3 I2.O

4.4

17.8

71

16.5

26.0

8.4 (leaf)

A\¡
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Carrot site

Celery site

15944
27830
34?35
48t250
1642t

24/6

Carrot site

2/t

Mean number of

9/7

Celery site

I42
245
3 40
4ez
tso

t6/7

Ì. i. to lo/l 2.

leafhoppers per I00

45

60

20

45

l4

2z/t

76

47

67

53

35

35 15 26
25 42 24
14 22 t7
20 40 29
t0 24 t3

3o/z

150

172

97

98

80

Mean number of leafhoppers per trap4 at each date

-1x

x 5/8 to L0/9

carrot and celery fields in the vicinity of

L20

38

A8

68

30

sweeps at each date

5/8

45

30

26

35

t2

110

100

122

35

90

20/8

46

82

200

100

35

26/e

95 98 2so 190
70 79 50 100
40 69 92 150
60 84 I90 200
24 52 60 65

3. x total

250 1000
600 400
lI0 1200
7s0 1600
60 150

2/9 LO/9

4.

250 318

100 242
I20 331

90 sts
tl 54

l0 traps per site

-2x

ÀY incldence (t)

-3x

2r0 260
150 70
275 390
300 700
110 150

leaf

s/8

L76 2.3
L23 3. I
I59 2.I
249 3.5
3t 4.0

5. Carbaryl 1.7 kg/ha ai .at each date

50

20

40

130

?o

root

Ls/9

t92 14r
78 87

190 I4l
304 184

91 70

4.0
5.8
4.8
7.3
7.5 (leaf)

Insecticide trea tment5

2L/6 29/6
28/6 5/7
23/e 2/t
2s/e 3/t
2r/6 r7/7

r0/7 rs/1
L2/7 2o/?
L4/7 2r/7
L2/7 22/7

À
æ
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Carrot site

Celery site

L2028
2504
341
478
r30

2e/6

Carrot sLte

6/7

À,lean number of leafhoppers per lO0

Celery site

t2/7

I
2

3

4

I

65

80

160

5

7

20/7

t. i to zt/l

60

1ls
105

54

47

35 55 4t
5529

90 90 52
30 30 11
454

27 /7

r05
106

14

18

122

-1x

Mean number of leafhoppers per trap4 at each date
t84
I67
L79

6l
2t7

2. ç. 4/s to 3L/g

4/e

carrot and celery fÍelds in the vicinity of

130

60

400

35

5

117

119

85

49

105

sweeps at each date

Lt/e

225

102

350

90

L4

321

Io2
360

r3q
65

ra/s

135 240
107 50
135 38

63 58

ltl 45

275

450

610

I80
20

3. I total

24/a

156

82

90

I7
6

3r/e

101

70

L47

it
52

4. 10 traps per site

50

73

67

25

I

-2x

L20

98

160

80

50

167 104

153 9l
303 I78
69 40

tl I

-3x

ÀY incidence (t)

leaf

4/e

t20
159

200

330

75

3.0
5.2
4.8
2.o
I.5

46

r61
98

82

55

root

15/9

I25 t30
108 108

129 132

II7 90

57 84

5. Carbaryl, 1.7 kg,/ha ai at each date

6.5
7.5
8.0
4.5
3.0 (leaf)

rnsecticide treat¡nent 5

re/e
24/ e

2a/e
22/ s

s/6

23/ a

UI
4/7

2s/ t
4/t

30/6 ?/7 L4/?
7/7 t5/7

r7/7 r4/7
5/7 r2/7

È
tc'



TABLE 5. Leafhopper
and carrot aster

Year

population and asteryellows insecticide

Í l+/too sweeps,/weekl

L97 0

L97L

E¡4L2

Celery

11

L97 2

19

13 L4 25

yellows incidence
trials for a three

57

AY incidence, Z

1.

16

Cumulative mean number of leafhoppersweekly means to each observation-äate
E = early seasoni 14 = mid-season; L _2.

lil

6. 0 9.2

L

in control_plots of celeryyear period.

5.7 13.1

î */too

0. 5 2.0

sweepsr/week

10 30 72

Carrot

14 L

33 39 83

AY Íncidence, E

130 94 97

per 100 s$reeps per week
number of observation

late season.

M

3.9 25.6

s.0 13.1

1.5 9.1

= sum of the
dates.

Uto
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tions for aster leafhopper contror. Generarly the leafhopper
popuration and disease incidence was high in carrots and some_
what less so in celery. Generally over the three yearsrpopu-
lation levers and d.i-sease incidence $rere less in cerery as
compared to carrots. This may be attributed to several fact-
ors including feeding preference, host susceptibility, strains
present in the migrant population and size and l0cation of
fields. At carrot site l, carbaryl was applied earlier and
more frequently than at ot,her carrot sites and also had a
lower disease incidence. Over the three years, sweep net
counts'to mid-season appear to bear a relation with Ay inci_
dence at harvestrthus suggesting the importance of early con_
trol. Trap counts which hrere expected to resurt in a more
accurate esti-mate of the weekly population tend to fo110w a
similar pattern although this is not arways the case. Envir_
onmental condítions when shreep counts hrere taken and Èimimg
of influxes at each site are key factors affecting the rela_
tive numbers of leafhoppers indicated by s,nreeps net and trap
counts- rn L97L and 1972rcarbaryl applications in carrots
r^rere applied earlier and more frequently than in 1g7o and Ay
incidence at harvest, was less. However, Ay severity in general
hras less in these years as compared to Lg7o. Although car_
baryl applications appeared to offer some crop protection,
sPray programs as applied by the growers were considered Lo
be inadequate (Tables 2, 3 and 4).
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rn general these conclusions support the statement of
Henne (r970) that frequent applications of contact materials
are necessary in order to minimize aster ye110ws incidence
and that even with a diligent spray program disease incidence
may often be high- At, the time onry malathion and carbaryr
n''ere recommended for aster leafhopper contror in carrots and
celery in Manitoba. rmproved crop protection wÍth these
materials would be expected if spray application took place
prior to a vectg.r acguiring a persist,ently-borne disease
agent' or at least prior to complet.ion of the required latent
period. However, when infectious vectors, with the ability
to infect a crop in a short time, migrate into the crop, a
critical situation exists. rn this case non_persistent con_
tact insecticides offer only limited protection and spray
applications must be timed with migrant infruxes to be bene_
ficial

rn Èhe case of aster ye110ws in Manitoba the advent of
systemic insecticides therefore offered increased possibil_
ities for crop protection. Based on a number of prior
studies, systemic contror of aster leafhoppers on lettuce
(chiykowski r95g; Rawrins and Gonz alez Lg66; Richardson and
IVestdal 1958; Thompson 1964 r 1965, Lg67; Thompson and
Rawlins 1961), carrots (Thompson 1g65; Henne rgTo) and
celery (Chiykowski and Chapman I95g) was achieved.

Due to the severity of the disease and lack of adequate
control programs and due to the importance of carrots and
celery to the 10ca1 fresh market and processing industry a
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project was initiat,ed hrith the foll0wing objectives:
(1) 10 determine the efficacy of a number of soil

applied granular and foriar applied systemic in_
secti-cides for aster reafhopper and aster yerl0ws
control in carrots and celery, and

(2) To compare the relative efficiency of granurar and
foliar systemics with standard contact spray pro-
grams.

rt was of particular interest to examine the degree of
disease reducti-on that courd be obtained by utilizing a
granular systemic insect,i-cide at planting to effect control
of a foliar feeding vector of a persistently borne pathogen
thaË could be transmitted during short feeding periods.

The compounds selected for evaluation and applied as
granular in-furrow treatments at planting included the car_
bamates aldicarb and carbofuran as well as the organophos_
phat'e compounds disurfot,on and phorate. rn addition oxyde_
meton-methylran organophosphate, and carb arylra carbamate
as well as methoxychl0r, v¡eïe evaluaËed as foliar sprays.

Two insecticide trials were conducted in each of t.hree
years to evaluate the above compounds for control 0f the
aster leafhopper and aster yellows disease in carrots and
celery' For each trial the data are presenÈed in three
tables, supprement,ed with figures where appropriate to
assist interpretation. population data by treatment are
listed as the mean number of leafhoppers per loo sweeps at
each observation date (¿ replications). As well, in order to
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evaluate each treatment over a l0nger period of time and to
reduce the week to week variabirity in population counts the
data are presented as a cumurative mean number of reaf_
hoppers per 100 svreeps per week (i.e. the sum of the weekly
means by treatment to each observation date å the number of
observation dates). Both weekly and cumulative means are
considered together in interpretation of resurtsrwith cau_
tion being exercised with the cumurative means,since one week
of high leafhopper counts may somewhat distort the cumulative
mean for the remainder of the season. weekly populati-on data
by replication are indicated in the Appendix. lrlhere analysis
of variance is reported for cumulatÍve population datarthe
cumulative means by replication were determined for use in
the analysis.

fn the first celery trial,weekly aster leafhopper
counts in contror pl0ts ranged from about ro/Loo sweeps
early in the season to about rso/roo sweeps in late August
(Tab1e 6). over the same period the cumurative popuration

mean rose from 1ll100 to 57/tOO s$reeps (Table 7). pertinent
information regarding dates of application, pranting etc.
,are included in Tabre 37 (Appendix). Granular (c) formura-
tions were applied in-furrow and foliar sprays r^¡ere commen_
ced when leafhoppers vrere first, detected in t,he p10ts by
shTeep net or sticky boand traps. lireekly foliar apprications
were continued until irt" August to arlow further compari-
sons of treatment effectiveness. since the main effect of
the aster leafhopper is disease transmission as opposed to
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feeding injury,the time requÍred for symptom development
would precrude the necessity of commerciar applications at
thís late stage.

!ìIith respect to the four granurar treatments applied at
planting,disulfoton G and phorate G provided aster leaf-
hopper contror on a weekly basis to about Jury 5 and on a
cumulative basis,to July 9 (Tables 6 and 7). That is, con_
trol was short rived and of approximately 6 weeks duration.
Aldicarb G and carbofuran G, however r!ì/ere the most ef f ect-
ive treatments in the trial with ardicarb G being more
effective during weeks of high leafhopper counts. The
weekly population data would indicate that carbofuran G pro_
vided leafhopper control to about July 16 - July zg or about
8 weeks after application. weekly populations in aldicarb G

plots remained at less than 5oz of contror revels throughout
the season (Table 6) - rn this trial,weekly populations rate
in the season resulting from aldicarb G and carbofuran G

treatments are lower than one might expect as a resurt of
granular applications at seeding. Thís effect is relatively
consistent throughout the trials especialry in weeks of high
leafhopper counts and is more prevarent with aldicarb than
with carbofuran G. The cumulative mean popuration revers as
a result of granurar in-furrow treatments compared with con_
trol are plotted in Figure I and show the short duration of
contror achieved with disurfoton G and phorate G and the ex-
tended actS.vity of aldicarb G and carbofuran G.

Foliar applications of carbaryl and methoxychlor offer_



TABLE 6. Weekly populations of theinsecticide trèatments, ]-g7O.

Treatment

Aldicarb G

Carbofuran

Disulfoton

Phorate G

Rate
kg/na
ai

Oxydemeton-
methyl

Methoxychlor

Carbaryl

Control

3.4

3.4

3.4

3.4

0.6

L.7

L.7

aster leafhopper in celery as affected by various

26/ 6

Mean number of
s/7

1.
2.

4

1

e/t

Average of
Replicated

leafhoppers/l00

4

20

16

13

t1

7

11

LA/t 22/7

16

32

36

24

2L

13

L4

35

5

t7

4 replications rounded todata are indluded in Table

5

10

44

31

L2

27

L7

2L

sweeps at
2a/z

I1

2I

36

33

27

22

35

24

7/e

each date2

36

56

178

118

139

I17

133

L62

Lq/e

39

45

138

LL7

63

77

118

97

nearesf whole number.
38, (Appendix) .

2ø/e

52

28

73

72

24

16

22

]-44

Ul
or



TABLE 7. Cumulative mean population levels ofaffected by various insecLíciae trãÀtments,

Treatment

Aldicarb G

Carbofuran

Disulfoton

Phorate G

Oxydemeton-methyl

Methoxychlor

Carbaryl

Control

Rate
kg/na
ai

3.4

3.4

3.4

3.4

0.6

I.7
L.7

Cumulative

5/7

the aster leafhopper in celery as
L97 0.

1.

e/t

Average of 4 replícations rounded to

5

3

11

9

5

7

4

11

r6/7

of leafhoppers/l00

I

10

L7

13

9

9

7

L7

22/z

7

10

22

16

10

L2

9

1811

28/7 7 /8

I

L2

25

19

13

L4

13

19

sweeps/week

L2

18

47

33

31

29

30

39

L4/8

nearest whole number.

15

22

58

44

35

35

4L

47

26/8

19

22

60

47

34

33

39

57

ut{



Figure l. Cumulative meanleafhopper in celery asinsecticides applieã asplanting.

population levels of the asteraffected by several granular
in-furrow treatments at
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ed some early leafhopper control but subsequent.ly tend.ed
only to prevent large population increases. As a foliar
sytemicroxydemeton-methyl resurted in superior control for
the first few weeks but subsequent control was about equal
to carbaryr. The cumulative mean popuration revels in car_
baryl, oxydemeton-methyr and aldicarb G prots are compared
with control in Figure 2.

overarr, ardicarb G was the singre most effective treat-
ment for leafhopper and disease control, with carbofuran G

being slight,ly less effÍcacious (Table e). Treatment with
aldicarb G resulted in sgz and 662 control of the ast,er
leafhopper as indicated by the cumulatíve popuration means
fo mid and rat,e-season, respectivery. Aster yelrows u/as re_
duced by about sos and yield increased by L7>". oisurfoton G

and phorate G, as in-furrow treatments at pranting, were in-
effective with respect to insecÈ or disease control. Meth_
oxychl0r and carbaryl treatments were inadequate for early
leafhopper contror and result,ed in high levers of Ay at,
harvest' oxydemeton-methyl tended to reduce Ay incidence at
harvesË but otherwise was equivalent to carbaryl in activity.
All treatments with the exception of carbofuran G and disul-
foton G resulËed in a yield increase as compared to control.

rn the carrot trial (Lg70),weekly reafhopper population
counts were high from July 16 to the end of the season with
major influxes on .¡ufy 16 and August 7 (Table 9) . These con_
ditions no doubt, contributed to variability in data and make
int'erpretatÍon difficult. ïn an effort to reduce wide vari_



Figure 2. cumurative mean population revels of t.he ast,erleafhopper. in cerery ." ãti""te¿-Ëv-insecÈicidal treat_ments applied yøegkty as a fotiar 
"Ërãv, (carbaiit,'oxydemeton-methyl) ór as a_granurai in-furrow treatmentat planting, (aldicarb c). l97O
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Treatment

Aldicarb G

Carbofuran G 3.4
Disulfoton G 3.4
Phorate G 3.4
Oxydemeton-methyl 0.6
Methoxychlor 1.7
Carbaryl L.7
Control

Rate
kg/ha
ai

3.4

t4ean # of leafhoppers/
2

28/z

7.7 ( s9)

11.8 ( st)
24.7 (-sz)

1e.3 (- 3)

L2.7 ( 32')

13. e ( zø)

I3.2( 29)

18.7 ( 0)

1.
2.

Means followed by the
ANOV?\ and replicäteA-

Ia

2a/e

ab

d

L9.2 ( 66)

22.2( 61)

se.7 (- 4)

47.0 ( le)
33. s ( ¿r)

32.5( 43)

3e.1 ( 32)

57.2 ( 0)

cd

abc

bc

bc

bcd

Aster yellows,
incideice - ;2

4/a T/g

same letter aredata are included

3.3 ab

2.2 a
7.8 e

7.2 de

4.2 bc

3.2 ab

5.4 cd

6.0 cde

cd

4.5 a

6.2 ab

10.5 c

11.4 c

6.2 ab

L0.2 c

11.3 c

9.2 bc

Yield
L/]na¿

not siqnificrTl1y different D.M.R.T. (.05).ín rabte 3e fapôenãi;):-""

bc

49.1 b

47.7 ab

45.7 ab

51.s b

51.5 b

49.7 b

51.5 b

41.9 a

Oì
u)



TABLE 9. Weekly populations of theinsecricide ãrãaim¿;t;; Ls7o.

Treatment

Aldicarb G
I

Carbofuran G

Disulfoton G

Phorate G

Oxydemeton-
methyl

Methoxychlor

Carbaryl

Control

Rate
kg/ha
ai

3.4

3.4

3.4

3.4

0.6

L.7

L.7

aster leafhopper

Mean

26/ e

0

I

3

3

number of

s/t

1.
2.

0

I
3

1

Ln carrots as affected by various

e/7

Average of
Replicated

leaf hoppers,/I0 0

6

15

20

7

9

9

L7

24

I
2

3

Le /t

L82

397

53s

302

552

2L2

445

4L0

0

2

I
3

4 replications rounded todata are included i"-tu¡i"

2z/t

sweeps at

33

89

81

37

59

53

55

86

2e/t

11 285

34 807

38 595

28 537

27 æ5

48 507

35 600

33 602

each dateZ

7/a 14/e

180

260

250

170

380

190

250

280

nearest whole number.
40 (Appendix) .

26/8

206

752

5L2

s30

82

168

392

5L2

o\
ùô
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ations in the population datarthe cumurative means incruded
in brackets in Tabre r0 were carcurated by omitting weeks of
major influxes. with respect to reafhopper control,aldicarb
G was superior to other treatments especiarry during the
aforementioned infruxes. contrary to the resurts of the
celery (1970) triar,phorate G appeared to provide relatively
good control.

Leafhopper popuration, disease incidence and yield data
are summarized in Table 11. Aldicarb resulted in 672 and
472 leafhopper control to mid and rate season,respectively.
rn additionrthe incidence of Ay was reduced at harvest ar-
though only by about roa. Although yield increases appeared
to be effected by some treatments,variabirity was high in
this t'riar and differences were not significant.

rn 1971,the disulfotan G and phorate G treatments were
excruded from the cerery triar due to poor performance in
L970' Further, a treatment consisting of aldicarb G at
planting folrowed by 2 foliar sprays of oxydemeton-methyr in
mid to late season râras incr.uded. The weekry population and
cumulative mean population data are indicated in Tables L2
and 13 rrespectively- A re,ratively stable leafhopper popu-
lation in 1971 as indicated by control prot leafhopper
counts resulted in rower coefficienËs of variability and
allowed more accurate treatment comparisons. carbaryr and
methoxychlor r^¡ere onry partiarry successfur in controrling
the early season leafhopper popuration with carbaryl being
the superior of the two treatments. oxydemeton-methyl



TABLE 10. Cumulative mean population levels ofaffected by various insècÉici¿e frãatments,

Treatment

Aldicarb,G

Carbofuran G

Disulfoton G

Phorate G

Oxydemeton-methyl

Methoxychlor

Carbaryl

Control

Rate
kg/ha
ai

3.4

3.4

3.4

3.4

0.6

I.7
t.7

5/7

Cumulative mean

the aster leafhopper in carrots asI970.

e/t

1.
¿.
3.

Average
Means in
Means in

t6/7

47 44 (10)

104 L}L (27)

140 ]-28 (27)

78 7 0 (r2)

141 L24 (r7 )

s6 s6 (16 )

116 104 (19)

110 10s (29)

9

4

2z/t2

of 4 replications roundedbrackets omit Iø/l

of

24
2l
3 10

Ieaf hoppers,/100

brackets omit L6/7

2e/t2

3e (10)

e0 (28)

113 (2e)

63 (1s)

108 (19)

s4 (23)

e3 (22)

e3 (30)

7/e

sweepsr/week

74

L92

L82

131

183

119

165

166

+ 7/e-

14/83

87 (38)

20r (67 )

191 (66)

136 (41)

Lee (7 e)

r24 (sL)

176 (60)

rgL (7 2')

to nearest whole number.

2e/a

100

262

226

j-79

186

L29

200

217

Oì
oì



TABLE lL Aster leafhopper population, aster yellows incidence and yield in carrots asaffected by various-inseóticide tiåatments, Lg7O.

TreatmenË

Aldicarb G

Carbofuran G 3.4

Disulfoton G 3.4

Phorate G 3.4

Rate
kg/ha
ai

Oxydemeton-methyl

Methoxychlor

Carbaryl

Control

3.4

100

28/t

10 (67)

23( 7)

2e ( 3)

15 (s0)

1e (37)

23 (23)

22 (27 )

30 ( 0)

I.
2.

0.6

t.7
L.7

1a

cd

d

ab

bc

bcd

bcd

d

Means followed by the
ANOVA and replicãtea

Lq/s

38( 47) a

67( 7) cd

66( 8) cd

41 ( 43) ab

79 (-10) d
51 ( 29) abc

60( L7) bcd

72( 0) cd

Aster yellows
incidence *2

4/e 2ø/g

same letter are notdata are included ín

2.I
1.5

3.6

2.5

3.9

2.3

3.1

3.9

N. S.D.

16. 3

22.8

22.L

2L.L

ab

ab

ab

significantly different
Table 4L (Appendix) .

45.0

49.5

45.9

44.L

42.L

50.0

39 .9

4L.7

N. S. D.

L8.7 ab

21.0 ab

23.7 ab

25.6 a

D.M.R.T. (. OS).

Oì\¡



TABLE 12. liteekly populations of theinsecriciae lrèatil;r;; Ls7L.

Treatment

Aldicarh G

Carbofuran G

Aldicarb G +
oxydemeton-methyl

Oxydemeton-methyl

Itlethoxychlor

Carbaryl

Control

Rate
kg/ha
ai

aster leafhopper in celery as affected by various

3.4

3.4

3.4^+
0.6¿

0.6

I.7
L.7

Meanl number of

2I/e 28/ø 6/7 rz/t 2o/t 26/7

1.
2.
3.

1041864

006011 5o

Average of 4 replications rounded toFolÍar applicarions,-ãá7e à"a 3O/g.Replicared dara 
"r"'i"ãi"aåo in Table

leafhoppers,/l00 sÌt¡eeps at each date3

0

3

7

7

13

23
2L3
IL4
1 ls
224

72
26
65
23
80

3/e e/a Le/e n/e 3o/e 7/g

61
50

232
11 2

298

18r7
01129

2

0

4

0

4

nearesË whole number.

42 (Appendix) .

913

6 16

24 40

19 30

43 59

44 13

63 12

42 10

245
52 L2

24 L4

85 2I

o\
@



*o""lrlåå."å"ilï';$ï;"i"îi"5:fïåîåå"i,å:ffi:;.:: 
ïfirl"..r learhopper in cerery as

Treatment

Aldicarb.G

Carbofuran G

Aldicarb G +
oxydemeton-meÈhy1

Oxydemeton-methyl

Methoxychlor

Carbaryl

Control

Rate
kg/ha
ai

3.4

3.4

3. 4.+
0.6'
0.6

I.7
L.7

28/e

Cumulati,o" *"urrl # of leafhoppers,/l00

12
02

6/t

1.
2.

ß/t

Average
Foliar

1223g33
3e5ss44
417l9e8
4e6ø7ø5
813].211L41312

2

2

20/7

of 4 replications
applications, 23/g

3

3

26/7

333
433

3/e e/8

rounded to nearest
and 3 0,/B .

Le/e

sweeps/week

4

4

2g/e

5

6

3o/a

4S

4S

10 13

7g
15 20

9g
11 1r

8e
7l

16 16

10 11

26 25

7/g

whole number.

o'ì
ro
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resulted in improved early and late season reafhopper control
in comparison to other foriar treatments and with superior
performance to the previous years results. As well, in_
furrow treatments with aldicarb G or carbofuran G provided
excellent leafhopper contror. Leafhopper counts in these
treatments approached contror numbers on the July 20 sampre
date but subsequently remained berow contror revers for the
duration of t.he season. Foriar applications of oxydemeton_
methyl following aldicarb G at seeding did not enhance the
activity of ardicarb G alone and were rikely applied too
late' The cumulative mean population over time as affected
by foliar applications of carbaryr and oxydemeton_methyl as
well as aldicarb G are compared to contror- in Figure 3.

rn summaryrthe cumulative population means for control
plots were 13.7 and 25.2 leafhoppers/Ill sweeps,/week at mid
and late-season,respectively (Table 14). Aster yellows in_
cidence of s-7e" at mid season rose to r3.rB at harvest and
the pl0ts yielded 42-g L/ha- Granular in-furrow treatments
substantiarly reduced the early season reafhopper population
with percent contror being approximately 7sz. This degree
of control resurted in reduced mid-season incidence of Ay
(carbofuran G) and. subsequently lower levers of Ay at har_
vest, (carbofuran G and aldicarb G). The mean reduction in
AY as compared to control was 69Z.

rn cont'rastr 6 apfrications of methoxychlor or carbaryl
applied weekly up to July 26 resulted in limited early
season conËrol of the aster leafhopper (32 and 53å,respect-



Figure 3. Cumulative meanleafhopper in celery as
ments applied weekly as
oxydemeton-methyl) ór asat planting (aldicarb c)

population levels of the ast,eraffected by insecticidal treat_a foliar spray (carbaryl,
a granular in-furrow Èreatment

. I97L.
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'o""lrl3å..å"li'"1:î5i3tff:.Hï:låå'll¿"ffi:;í"ï.ïå;i: incidence and vield in cerery as

Treatment

Aldicarb. G

Carbofuran G

Aldicarb G +
oxydemeton-methyl

Oxydemeton-methyl

Methoxychlor

Carbaryl

Control

Rate
kg/ha
ai

3.4

3.4

3.4- +
0. 6r

0.6

L.7

t.7

Mean #
100 swee

1.
2.
3.

2ø/t

3.3 (76) u2

3.7 (73) ab

3.3(76) a

5.2 (62)bc

e. 3 (32) d

6.5(53) c

13.7( 0) e

of leafhoppers,/
s,/week (E control) 3

Foliar
Means
ANOVA

_applications, 23/gfollowed by the sâ*"
and replicated data

7/g

8.9(65) ab

11.4 (ss) b

8.1(68) a
6.8 (73) a

1s.8 (3s) c
r0.7 (s8) b

25.2( 0) d

Aster yellows
inqidence g 3

and 30/A.
letter are not

are Íncluded in

27 /z

3.7 ab

2.6 b

2.6 b
4.8 ab

4.4 ab

3.7 ab

5.7 a

e/g

YieId

4.4 ab 59.6

3.0 a 66.5

4.6 ab 62.5

5.7 b 60.5

9.2 e 60.5

9.1 c 49.I

t/ha

:iglif içanrty differenr,
Table 43 (Appendix) .

13.1 d

D.M. R. T. (. 05) .

42.8 a

\¡(,
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ively), and twice the incidence of Ay at harvest as compared
to granular treatments. The activity of oxydemeton-methyl
in relation t'o mid season population levels and disease in-
cidence at harvest was intermediate to carbaryl and carbo_
furan. These combined resurts Èend to stress the importance
of continuous protection in the earry stages of crop growth,
Alr treatments, with the exception of carbaryl, resulted in a
yield increaser with the maximum increase of 55a resurting
from the carbofuran G treatment.

In the I}TL carrot, trial, two treatments were added; al_
dicarb G' r'7 kg/na ai at prant,ing prus aldicarb G, L.7 ks/na
ai applied as a sidedress application in mid-season and aldi-
carb G, 3-4 kg/ha ai at planting folrowed by 2 applications
of oxydemeton-methyl in August. The disulfoton G treatment
was dropped due to lack of efficacy in 1g70 (Table 15).

vteekly leafhopper counts in control plots were rerative_
ly stable in 1971, rising gradually from ZO/jjO sÌtreeps on
June 2r to B0 - roo/no sweeps towards Èhe end of the season
(Îable 15) - A major influx of reafhoppers into t,he trial
area occurred on August 30. Granular in-furrow treatments
of aldicarb G, carbofuran G and phorate G (3.4) were especi_
ally effective in controrring the early reafhopper popuration
with duration of contror extending to the end of July or
about 11 weeks following application. ïn-furrow treatment
with aldicarb at Èhe half rate (L.7 kg/na) r4ras equivalent to
the full rate (3.4 kg/lnal of a1dÍcarb to mid_season.
Following a sidedress apprication (Jury 22), populations de_



TABLE 15. weekly populations of the asterinsecticíde trãa-tments , tglt.

Treatment

Aldicarb G

Aldicarb G

Aldicarb G +
oxydemeton-methyl

Oxydemeton-methyl

Carbofuran G

Phorate G

Methoxychlor

Carbaryl

Control

Rate
kg/ha
ai

L.7 ^+
1.7¿

3.4

3'4r+
0 .6.'

0.6

3.4

3.4

L.7

I.7

2r/ ø

Meanl

leafhopper in carrots as affected by various

28/ø

number of

7

3

6/t

42I

415

I9

822
7L9

929

6sl
11 57

2L 59

3

10

3

5

11

9

20

1.
2.
3.
4.

ß/t

leafhoppers/l00 shreeps at each date4

Average of 4 replications rounded to nearest whore number.L'7 ke appliea àt pi""tlãg plr: r.i-rö-ä= a sidedress on 2z/t.foljgr applicarionä , iiTd'"nd 30,/8.Replicated data are inciuded in Table 44 (Appendix).

20/7

812
4]-4

5 10

2e
8 30

611
4L 34

10 14

29 6I

2e/t e/B

24 2L 29

34 47 55

19 ls 51

11 11 44

17 57 100

26 39 93

48 28 90

25753

45 s7 101

re/e 2s/e 30/8

28 153 37

39 292 80

26 352 74

L7 9s 26

48 60 I23

40 304 77

33 106 4I

23 224 43

46 390 84

7/g

\¡
('l



76

clined bel0w that of aldicarb al0ne at seeding (Figure 4).
lveekly foliar applications of oxydemeton-methyl also effect-
ively reduced the reafhopper population with the excepËion
of the first two weeks when leafhopper counts r,irere equivalent
to those in carbaryl and methoxychl0r p10ts. Leafhopper con_
trol'with weekly appli-cations of the latter two compoundsrhras
variable. oxydemeton-methyt applications forrowing aldicarb
at pranbing were made too late to be beneficiar.

on the basis of the ful1-season cumulative popuration
means, oxydemeton-methyl weekly applications h¡ere superior
to other treatments with the exception of aldicarb G, L.7 +
l'7 ks/ha (Table 16). As welr,a single application of aldi-
carb G resulted in superior control compared to g applica-
tions of carbaryl applied to August 9 (Figure 5). Further
carbaryl appeared to provide inadequate earry control with a
tendency onry to rimit large population increases. Early
season control was best achieved. with treatment of oxydemeton_
methyl or ardicarb G, folrowed closery by carbofuran G and
phorate G.

ïn control p10ts . the cumulative population mean rose t,o
51.9 leafhoppers,/l00 sweeps,/week in September, Ay incidence
ü'as 5.08 and 13.13 at mid-season and harvest, respect,ivery,
and yield was 42.3 t/ha (Table L7,). Excellent reductions in
the leafhopper population as a resurt of granurar in-furrow
treatments are shown by the percent control in mid-season
and during late season (aldicarb sidedress). In addition,
oxydemeton-methyr resurted in excerlent season-rong contror.



Figure 4- weekly gopuration revers of the aster reafhopperin carrots as artãctàã Èv insectiãia"r treatmentsapplied weekly as a foliar spray (carbaryl) and as agranular in-furrohr treatment- (aldicarb Gj å, ;; J-gr.rr,r_lar in-furrow treatment - (aldicaru-ði-prus a sidedressapplication (atdicarb c)'r;-;iã:;";å";.
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TABLE 16' cumulative mean population level of the aster leafhopper in carrots asaf f ected by various -insäcLicld;-t-rããtments,1971.

Treatment

Aldicarb

Aldicarb

AldicarbG+ 3.4 +0.63
oxydemeton-methyl

Oxydemeton-methyl 0.6
Carbofuran G 3.4

Phorate G 3.4
Methoxyehlor L.7

Rate
ks/na
ai

t.7 + L.72

3.4

Carbaryl L.7 IO
Control 

20

Cumulati.r. *..rrl # of leafhoppers,/l00 sweeps,/week

28/ e 6/7

1.
2.
3.
4.

ß/t

11

Average of 4 replicatíons
!.7 .ks appliea ãt pr""ii""Foliar. applicationã, 2a/g-7/9 omíxs 3O/e

10

6

4

2o/t

13

10

L4

23

26

33

10

I
5

9

13

L2

28

20

38

26/7

10

9

T2

27

22

32

13

L2

I

10

L4

t4

32

2T

39

e/s

L4

I7

L8/8

rounded to nearestplus I.7 kg as a
and 3O/e.

16

22

T4

L4

30

27

38

23

49

9

10

20

18

31

19

4T

2z/e

&,

L7

24

15

T4

32

29

38

23

48

3o/e 7 /ga

31

50

whole number.
sidedress on 2Z/1.

19

29

2L

15

4t

33

38

24

52

49

23

88

56

45

43

83

\¡
\o



Figure 5. cumulative rnean population revels of the asterleafhopper i-n carrot;;" affected by insecticidaltreatments appliea wã"Liy as a foliår.spfay (carbaryl,oxydemeton-methyr) -trã--ã" a granurar in-furrow treat-ment (aldicarU el or as an ú_fu;;;w treatment (a'di_
;iå:":1"3i:" " sidedrãss appticatiãn (aldicarb c) in
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*o""3r'r1å..å"fi'"1:î:i:"ff:.::i:iåå'll:"ffiffi"ï"iå;i: 
incidence and yíeld in carrors as

Treatment

Aldicarb G

Aldicarb G

AldicarbG+ 3.4 + 0.62oxydemeton-methyl

Oxydemeton-methyl 0.6
Carbofuran G 3.4
Phorate G 3.4
Methoxychlor L.7
Carbaryl I.7
Control

L.S.D. (0.1)

Rate
ks/ha
ai

L.7 + L.7r

3.4

- Mean # of leafhoppers/

12. s (68) b3

L2.0 (6.9) ab

7 .7 (80) a

9.s(76) ab

13.8 (64) b

14 .2 (63) b

31. 6 (19) d
20.7 (47) c
38.8 ( 0) d

26/7

1.
2.
3.
4.

!.! .k9 applied. at ptanting plus I.7 as aFotiar_applicationË, 2i7a' una 3o/e.Means followed. by the ;âÃ"- tetter are notANovA and repticäte¿iãfä-rr" inctuded in

7/g

19.0 (63) ab

29.2 (44) de

2r.2 ß9) bc

15.5 (70) a

4r.r(2L) f
33.4 (36) ef
38.L(27) f
24.9(s2) cd

sl.9( 0) s

Aster yeIlows.
incideiã¿-- ";4

2t /t

4.0 bc

3.5 abc

1.0 a

3.0 abc

3.5 abc

2.0 ab

3.0 abc

5.3 c

5.0 c

28/g

4.3 ab

3.7 a

3.4 a

5.1 abc

5.7 bc

5.3 abc

5.1 abc

6.7 c

13.1 d

YíeId
L/]na4

4L.7

47 .5

47 .7

43.2

44.8

43 .2

45.9

42.L

42.3

4.6

sidedress on 2Z/1.

signif icantlv dj_f f erent D.M. R. T. (. 05) .Table 45 (Apéendix) . @
t\,t
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AY incidence at harvest was reduced. by atl treatments as
compared t'o contror and by aldicarb treatments as compared
to carbaryr. Arthough a significant yield increase was not,
evident the yierd resulting from aldicarb G (3.4 ks/na ai
alone) tended t,o be higher with significance occurring be_
tween L.S.D. .05 and 0.I

Tn 1g72rEhe leafhopper population and resultant Ay in_
cidence in the cerery insect,icide triar hrere low and resulted
in a limited amount of information being derived from the
trial. Leafhopper contror was best achieved wit,h aldicarb
and was superior with ardicarb forlowed by 2 foliar apprica_
tions of oxydemeton-methyr on July 21 and August g (Table 1g
and 19). Even with a relatively 1ow population, leafhopper
control with carbaryl was poor while control with carbofuran
and oxydemeton-methyl was int,ermediate to contror with car_
baryl and ardicarb. No reductions in the incidence of aster
yellows or increases in yield occurred as a result of insecti_
cide application (Table 20).

In contrast to the above trial, the leafhopper popula_
tíon in the Lg72 carrot triar was much higher with numbers in
control plots fluctuating until August 4 and thereafter re_
maining at about LOO/LOO sweeps (Table 2L). The number of
leafhoppers in aldicarb treated prots approached control
levels on Jury 25, r0 weeks after pranting but thereafter re_
mained at abouÈ 50E of control. Apprications of oxydemeton_
methyl following aldicarb G resulted in srightry lower reaf_
hopper counts the following week. As well, oxydemeton_methyl



TABLE 18. üfeekly populations of theinsecricide Èräa-t ,,ã;¿;; Lsl2.

TreaËment

Aldicarb. G

Aldicarb G

Aldicarb G +
oxydemeton-methyl

Carbofuran G

Oxydemeton-methyl

Carbaryl

Control

Rate
kg/ha
ai

aster leafhopper in celery as affected by various

L.7 ^+
L.7¿

3.4

3.4"+
0. 6-

3.4

0.6

L.7

¡feanl

a/t

number of leafhoppers,/l00

Lt/t

5

I

1.
2.
3.
4.

1:;';9""3j, f.Í"llr:l:::ls_rounded ro_ nearesr whole number.

10

9

6

15

19

,7

22

Le/z

l;i,51 :3sïi:3.1:":i*ilï:";i::"i,i"-ä.:!ï'"iå:å:"3:-ff ' ),,, .
f, : I i *, I :l r 

^. 
: I : 

i :l! 
-ln" 

i'ila' åå- zi) i åïu " ï:. 7, i

2

3

2

5

9

Replicared dara are ii,ãi"ãåa in rãurã-'ãu'iáånendix) .

2s/t 4/e

04
14

0

2

sweeps at each date4

Lr/e

5

15

4

03
25
06
27
I8

Lt /e

6g

68

94
13 11

10 L7

5

6

24/8 3r/s

3

4

I

5

5

4

5

4

6

I

æ
È



'o""."rr'3å..5"ilïti:iï:"i'îi"::fï:îåå"i,å:ffi*.:: ïfïr1"."' learhopper in cerery as

Treatment

Aldícarb G

Aldicarb'G

Aldicarb G +
oxydemeton-methyl

Carbofuran G

Oxydemeton-methyl

Carbaryl

Control

Rate
kg/ha
ai

L.7 ,+
L.7'
3.4

3.4^+
0.6¿

3.4

0.6

L.7

rt/t
Cumulatirr" *..r1 # of leafhoppers,/I00

re/t

1.
2.
3.

Average
Foliar
I.7 k9

2s/t

of -+ replÍcaÈions rounded toapplicarions apþlied 
"i )ùtapplied at planting pius-l'.1

11

6

16

4/8

7

9

9

T2

TT/E Lz /a

sweeps/week

2a/e

nearest whole number.
and LL/A.
kg as a sidedress on 2t/2.

3r/a

6

9

10

7

I
IO

@
Ur



'o""lr?3å."å"fi',1:i:i:'ff:"3:i:låå'li¿"ffi:;i=ï"iå;ä: incidence and yield in celery as

Treatment

rL/ ó 3I/7 S/g S/g
Aldicâr?ì ê r ã -2Aldicarb G

Aldicarb G

Aldicarb G +
oxydemeton-methyl

Rate
kg/na
ai

Carbofuran G 3.4
Oxydemeton-methyl

Carbaryl

Control

I.7 + I.72
3.4

3.4 + 0.61

_ Mean # of teafhoppers/

2s/7 3r/e 3r/z

1.
2.
3.
4.

4. s (s0) ab

4.0 (56) ab3

2. 0 (78) a

5. s (39) bc

6.5 (28) bc

7.3 (19) bc

9.0( 0) c

0.6

L.7

Foliar applications applied
L_.7 kg_appried ar prãããi"ã
Y_g?r," foltowed by lhe ;;;ËANovA and replicåredt;ä*

4.1 (s6) a

4.3 (s4) ab

3.s(62) a

5.5 (41) abc

6.3(32) bc

7.9(rS) cd

e.3( 0) d

Aster yellows
incÍdence *4

0.2 1.8

0.3 1.8

0.3 0.5

0.3 2.2

0.5 2.2

0.5 4.0

0.5 2.0

N. S. D.

plus L.7 as a sidedress on zt/l .letter are not signiriã""l,ry differentare included in raÉte ¿i-iÀpp.ndix).

on zL/l and IL/A.

Yield
t/ha4

bc

bc

55. 1

58. 0

58 .1

50.2

58.7

52.9

56. 0

N. S.D.

bc

D.M.R.r. (.05).

æ
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TABLE 2L. !{eekly populations of theinsecriciae Èrãat*¿;Ë; ts72.

Treatment

Aldicarb G

Aldicarb G +
oxydemeton-methyl

Aldicarb G

Carbofuran G

Oxydemeton-methyl

Carbaryl

Control

Rate
kg/ha
ai

aster leafhopper

3.4

3.4 ^+0.6¿

L.7 
"+L.7'

3.4

0.6

L.7

Meanl

4/z

number of leafhoppers/l00

Lt/t

1.
2.
3.
4.

r_n carrots as affected

42

91

Average of 4 replications rounded to nearest whole number.Foliar applications_"ppli.å 
"" zl/l and lt/e.L'7 kg applied at prãi[i"ð-pr""-r'.i tä*u" , sidedress on 2r/2.Replicated data "rã i.""i"ã"a in ra¡fe-¿g (Appendix).

La/t

378
78l:

6 88

15 23L

20 240

38

26

4I

34

18

36

81

2s/7

22 30

12 33

17 35

4T 7L

6 30

27]-
35 104

4/a

sweeps at each date4

by various

Lt/e

31

43

38

67

26

82

95

L7 /8

63

36

31

54

20

53

80

2s/a

4L 45

35 40

31 52

90 88

30 2I

99 78

115 1ol

3L/e

@{
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applied a10ne on a h¡eekly basis achieved excellent, r_eaf_
hopper contror. carbofuran G effectivery controlled the
early season leafhopper population with a duration of acti_
vity sli'htly ress than that of aldicarb G. Leafhopper con_
trol with carbaryl sprays was variable. on the basis of
cumulative means to August 31, leafhopper control with aldi_
carb and oxydemeton-methyl treatments was superior to treat_
ment with carbofuran G or carbaryl (Table 22).

The incidence of aster ye110ws at harvest was reduced
by all insecticide treatments as compared to control (g.!s") ¡the lowest levels resulting from those treatments with a
high percent leafhopper control (Tab1e 23). Aldicarb alone
at pranting was the sole treatment to reduce the i_ncidence
of Ay in mid season. The highest disease reduction (6gg)
resulted from weekly oxydemeton-met.hyl applications. with
respect to yield effects, carbofuran G resulted in the
highest increase fo110wed by aldicarb G (r.7 + r.7 kg/ha)
and oxydemeton-methyl.

The interpretation of results of field insectici-de
trials investigating disease control via vector contror is
complicated by the high degree of variability that often
occurs- This is especialry true when the insect of study
has a high degree of mobirity as does the asÈer leafhopper.
Variable and fluctuating populationsr influxes of migrants
as well as l0car mouirity are key factors leading to a high
degree of variation in experimental results. Extremely high
leafhopper counts, in addition to week-to-week fructuations



*o""lr?3å..8"iÏ';::ï:"i"îi"::lï:îåå"i,::ffiå;r:: 
ilïrl"'"' learhopper in carrors as

Treatment

Aldicarb. G

Aldicarb G +
oxydemeton-methyl

Aldicarb G

Carbofuran G

Oxydemeton-methyl

Carbaryl

Control

Rate
kg/ha
ai

3.4

3.4

r.7
3.4

0.6

L.7

Cumulatir" *"rrr1

+ 0.62

+ r.73

LL/7

1.
2.
3-

22

47

40

44

47

I23

130

Average
Foliar
L.7 ksf

Le/t

27

40

40

4L

37

94

114

of_ I replications rounded toapplicaËions applied on iillapplied at plañt.ing plus-l'.1

# of leafhoppers/lOO

2s/7

26

33

35

4L

30

7L

94

4/e

27

33

35

47

30

7T

96

Lr/e

28

35

35

50

29

73

96

rt /a

sweepsr/week

33

35

35

51

2B

70

93

2s/a

nearest whole number.
and It/A.
kg as a sidedress on 2t/1.

34

35

34

56

28

74

96

3L/e

35

36

36

59

27

74

97

@
\o



*o"","r?3;."å"li'"1:î:13tffi:"ïi:1åå'il¿"ffiHi=ï.i#i: 
incidence and yierd in carrors as

Treatment

Aldicarb G

Aldicarb G +
oxydemeton-methyl

Aldicarb G I.7^+
r.7¿

Carbofuran G 3.4

Rate
kg/ha
ai

Oxydemeton-methyl

Carbaryl

Control

3.4

3.4- +
o. 6r

Mean # of leafhoppers/
100 sweeps,/week (a-äontrol) 4

2s/t

26 (lz) .3

33 (eS) ab

35 (e¡) ab

41 (s6) b

30 (68) ab

7L (24) c

e4( 0) d

1.
2.
3.
4.

Foliar

ful"5nråiïå*:s * l*Fi*:i-rlh-í'.+ iä'"å'áoåia.a'""s on 2L/t .

0.6

L.7

i,iffi ffå':::î,lï.l,l"_::TË i:,:J:á,å,"å; lr;åffï:åiiri"uÍI{";",ANovA and repricãtea data are included * ;#ïå'n'!"Tiål"iåi:i:

applications applied on I2/7 and

3L/s

3s (64) b

36 (63) b

Aster yellows
incidence *4

36 (63)

se (3e)

27 (7 2)

7 4 (24)

e7( o)

3t/t

0.4 c 3.6 a

1.5 ab 4.8 a

3/to

Yield
L/]na{

0:6

0.8

1.6

1.0

1.5

rt/e -

bc 3.5

abc 5.1

ab 2.9

abc 5.3

44.I bc

48.2 abc

49.7 ab

53.5 a

49.L ab

4L.7 bc

40.8 cab 9.1 b

D.M.R.T. (.05).

\oo
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(carrots 1g7o) and, on the oËher hand, populations too 10w to
make significant comparisons (celery LgTO), are examples of
problems encountered. The large prot size and buffer zones
utilized in these trials in an attempt to minim íze, at 1east
to some degree, this type of variationrwas outlined in the
Materials and Methods section.

prior to making summary resurt statements and to assist
in the interpretation of the trial resur_tsr â,' anarysis of
variance was conducted over the three year period using the
method described by Little and Hills (1975) to compare the
four treatments which were incruded in each trial in each
year. The four treatments incruded ardicarb and carbofuran G
applied in furrow at planting as well as oxydemeton-methyl
and carbaryl applied as weekly foliar sprays (Table 24 and
25) .

The following sunÌmary result statement,s therefore take
into consideration the individual trials, the three year
means for appropriate treatments, the high variability in the
L97L carrot trial and the 10w leafhopper population in Ëhe
j-972 celery trial.

Firstly with respect to carbaryl and methoxychl0r, aster
leafhopper contror as indicated by weekly counts was variabre
and generarry considered to be inadequate ín both celery and
carrots' An average o{ 6 to 7 weekly applications beginning
when leafhoppers h¡ere first detected in the trials resulted
in only 30 Ëo 4OE control, based on cumulative population
means to mid-season. subsequent applications tended only to



TABLE 24. Three
and yield in

Treatment

year means for astercelery as affected by

Aldicarb G

Carbofuran G

OxydemeÈon-methyl

Carbaryl

Control

Rate
ks/ha
ai

_ Mean # of leafhoppers/

l_eafhopper population, aster yellows incidencevarious insecticiae årÀãiments.

3.4

3.4

0.6

L.7

Mid-season2

1.
2,

Means followed by3, 4, 5, 6. ANOVÀrespectively.

s.1 (63)

7 .L (4e)

8.2 (4r)

8. e (36)

13.e( o)

Ia

b

bc

Harvest3

the same letter are notand replicated data are

c

d

10.7 (6s)

13.0 (s7)

1s.7 (48)

te .2 (37 )

30. s ( 0)

Aster yellows
incidence s

Mid-season4

ab

ab

b

2.4 b 3.6

L.7 a 3.8

3.2 b 4.7

3.2 b 9.1

4.I c g.l

Harvest,5

significantly different
i.ncluded in Table 50 _

Yield
E/1na6

a

b

55.6 a

54.8 a

56.9 a

51.2 ab

46.9 b

D.M.R.r. (,05).
54 (Appendix)

r.o
¡\)



TABLE 25. Three year means
and yield in carrots as

Treatment

Aldicarb'G

Carbofuran G 3.4

Oxydemeton-methyl 0.6
Carbaryl I.7
Control

for aster leafhopper
affected Uy varióüs

Rate
kg/ha
ai

Mean #
100 sr4ree

3.4

1. Means followed by2, 3' 4, 5, 6. ANOVÁ
respectively.

Mid 
""."orr2

of leafhoppers/
s,/week (å control)

16 (7 o)

28 (48')

20 (63)

38 (30)

s4( 0)

.population, aster yellows incidenceinsecticide treatments.

.1

b

a

c

d

Harvest3

the same letter are
and replicated data

34 (54) a

s6 (24) b

4L(4s, a

s3 (28) b

74( 0) c

Aster yellows
incidence *,

Mid-season4

2.0 a

1.9 a

2.8 b
3.1 b
3.5 b

not
are

Harvest5

significantly different
íncluded in Table 55 -

7¿9 a 45.5

LL.2 b 49.3

8.9 a 44.9

11.9 b 4r.2

15.9 c 4I.6

Yietd
L/]na6

D.M. R. r. (.05) .
59 (Appendix)

b

\o
(^,
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limit rarge popuration increases. of the two treatments,
applícations of carbaryl tended to be slightly more effica_
cious (Lg7L trials). In regards to disease control, although
reductions in incidence did occur in some trials, these were
generally minímal as compared to more effective treatments.
Averaged over three years, carbaryl applications reduced Ay
incidence in carrots by 25g while no disease reduction in
cerery occurred- The three year means show no effect of
carbaryl on yield.

Eckenrode (L973) showed methoxychl0r and carbaryl to
have a duration of activity in carrots of approximately g and
12 days respect,ively. This study, however, was conducted in
the absence of a migrant population. Henne (1970) obtained,
good leafhopper control with weekly carbaryr apprications but.
carrot ye110ws incidence was not correspondingly reduced. He
concluded that even with a diligent spray program, disease
incidence could be high. variabre results with carbaryr on
lettuce and carrots were obtaíned by Thompson (1965, Lg67).
ïn the 1965 reportrmarathion or carbaryl sprays egualed gran_
ular phorate treatments in reducing lettuce and carrot yerrows,
while in the latter triars carbaryr was ress effective than
phorate.

oxydemeton-methyl applied as a weekly foliar spray gen-
erally resulted in excelrent aster leafhopper contror
(carrots Lg7L, L972, celery I[TL) although results were some_
what inconsistent (carrots and celery 1970). Since leafhopper
control was superior in L}TL when the leafhopper population
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vras relatively stable, as compared to a fluctuat,ing popula_
tion in 1970, the varÍabre control may in part be attribut_
able to time of application in relation to population in_
fluxes' !{eekly leafhopper counts in ardicarb G plots re-
ceiving foliar oxydemeton-methyr applicatÍons in mid_season,
however, wourd indicate a duration of activity of 5 to 7
days. During the three year period that oxydemeton_methyl
was tested, seasonal leafhopper control averaged about 5oE
(Tables 24 and 25). Aster yelrows reductions at harvest
ranged from 30 to 5OS in the LITI and L972 tri_als, and. aver_
aged 432 over the three yeaï period. Significant yield in_
creases in individual trials as welr as in the three year
comparison resulted from oxydemeton-methyl applications.
variable resurts with oxydemeton-methyl were also reported by
Henne (1970). He found thaÈ although the reafhopper popura_
tion Ì^ras greatly reduced a corresponding yerlows reduction
did not occur' Thompson (Lg67) reported oxydemeton-methyl as
less efficacious than granular treatments and attríbuted the
superior performance of the latter to early seedling protec_
tion. A closely related compound, demetonr hrërs reported by
chiykowski (1959) as providing excellent reductions in both
the leafhopper population and aster ye110ws in carrots.

Disulfoton G, included in the first trial year failed Èo
adequatery control the.aster leafhopper or reduce aster
yellows incidence and therefore was not incruded in subseguent
trials. Rawlins and Gonzalez (1966) suggesËed that poor re_
sults with disulfoton could be due to placement of the
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granules be10w the seed. DÍsulfoton failed to control
lettuce yelrows when applied in this manner (Richardson and
üIestdal , L964). HoÌ,rrever, in the studies reported here place_
ment in the furrow with the seed (carrots) was not an effect_
ive treaÈment.

Lack of efficacy in celery (1970) and uncertain perfor_
mance in carrots (1970) resulted .in phorate G being included
only in the L}TL carrot trial. Early season leafhopper con_
tror (63å) and a subsequent reduction in asËer ye110ws (5g?)
r^/ere achieved. phorate was not fulry evaluat,ed but appeared
less persistent than ardicarb and carbofuran. The duration
of leafhopper control was about 7 to g weeks.

Richardson and westdal (Lg64) found the activity of
phorate to be equivalent to malathion in regard to reduction
of lettuce ye110ws when leafhopper populations and the per_
centage of infectious adults r,rrere relatively 1ow. Under more
severe conditionsrphorate was the superior treatment. ïn
subseguent trials with lettuce and barley, phorate was shown
to be effective for about 5 weeks afler crop emergence. As
well, oviposition and nymphal devel0pment were prevented. The
reduced leafhopper population was associated with a reduced
incidence of aster yellows in barley, flax and lettuce and an
increased seed yierd of barley (I,{estdar and Richardson rgzr) .
Although leafhopper populations were not monitored, Thompson
(1975) found phorate to have twice the activity of disurfoton
in reducing rettuce yerrows. As werr phorate at seeding was
about equivalent to regular carbaryl 0r malathion spray
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pr9gra¡ns. One_half thr
halr applied as a "r".:,"": ;:l;::ï:ï:::".:_
ive than the total amount applied at seeding (Tho¡1967) mpson 7964,

The results ob'ained with carbofuran G may be distortedsomewhat by the first year,s trial when leafhopper and dis_ease control were relatively poor. ïfith this exception car-bofuranr applied as an in furrow treatment, provided 50 to 60Zearly season leafhopper control in both crops with efficacyextending for a period of about r0 weeks after applicati_on.Reductions in celery yellows ranged from 30 to 7SZ in indi_vidual trials and averaged 53? over 3 years (Tables 24and25) ' Reductions in carrot ye110ws Ì¡ere somewhat less (35 to452). yield increases v¡ere evident in celery (16.gg) andespecially in carrots (IB.5A) as a result of carbofuran Gtreatment. fn other trials, Henne Og.¡O) found foliarapplications of carbofuran lrïp to be ineffective in control 0fthe aster l_eafhopper. However, application of carbofuran Gbel0w carrot seed was equivalent in performance to 5 foliarapplications of carbaryl or oxydemeton_methyl. More recently,schultz and chapman *976) reported carbofuran as a weekly orbi-weekly folíar treatment as equivelent to or better thansÈandard malathion applicati_ons for conËrol 0f carrot andlettuce ye110ws. Appliåa ." a granular treatment the efficacyof carbofuran was about eguivalent to phorate.
ïn-furrow treatments of aldicarb G with the seed ortransplant consistently resulted in excelrent early_season



98

leafhopper contror in individuar carrot and cerery trials.
As welrr cuffiulâtive poputation means to mid_season show a 63Lo 709" contror of the aster leafhopper (Tables 24 and 25) .
Durat,ion of control appeared to be in the area of 9 to L2
weeks from application; o,., on an activity basis equivalent
or superíor to 6 to I applications of carbaryr. However,
weekly leafhopper counts from mid to late-season, often in
the range of 5OE of control levelsr tend to indicate a 1onger
duration of activity. Also aldicarb consistentry reduced theincidence of aster yellows in carrots and celery.

the maximum disease reduction resulting from aldicarb G(3'4 kg/ha a'-) al0ne at planting was 662 in cerery and 722 incarrots' over three years of triars the average reduction inboth crops h¡as 50å. Application of one-half the aldicarb
rate at planting plus one-half as a sidedress application in
mid-season effectively prol0nged the duration of leafhopper
control in 1g71 buË had no advantage ín rg72. As well side_
dress appricati.ons had no effect on Ay incidence at harvest,
thus reinforcing the importance of early protection as
opposed to prolonged duration of activity. Likewise, appli_
cations of oxydemeton-methyr in mid-season, folI0wing an aldi_
carb treatment at planting,resulted in a slighË increase in
late-season leafhopper contror but did not affect disease in_
cidence. single applications of aldÍcarb G aÈ planting re_
sulted in a mean yield increase of 1g.6g in celery and g.63
in carrots over three years.

Related to the aforementioned problem of variability in
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field trials investigating disease control via vector control
is the often apparent lack of consistency between the size ofthe insect population, disease incidence and yield. For
example Henne (rg7o) reported that although carbaryl and
oxydemeton-methyl treatments provided the greatest reduction
in leafhopper numbers they did not resurt in the rowest inci_
dence of aster ye110ws in carrots. The key factors to con_
si-der are the short inocuration threshold for transmission
of Ay by the asÈer leafhopper as well as the rapidity of
knockdown and durati-on of activity of the insecticide. Fur_
thermore as stated by Chapman (1959), the actual number of
vectors is less important than the percentage of infectious
vectors and the degree of movement that occurs.

To invesÈigate the degree of relatedness of cumurative
leafhopper populat,ion means, aster yerlow incidence and yierd
of carrots and celery j_n the trials reported here, linear
correlation analysis was performed over alr treatments in
each crop in each year. rn addition the three year means for
each. crop (Tables 24 and 25) r,irere analysed separately. rn
each case the data, by replication, were used in the analysis.

The high degree of variabirity in the LgTo carrot trial
as a result of a very large and fluctuating leafhopper popu-
lation is refrected in the low coefficient of correlation (r)
values (Table 26). As,werr the row insect and disease revels
in the LgTz celery triar resulted in generarry less correra_
tion between the variabres tested as compared to oÈher years.



TABLE 26. Relatedness
dence and yield in

L-2r,
1:3
L-4
1-5

2-4
2-5

3-4
3-5

4-5

of cumulative meancarrots and celery

L97 0

Celery trials

. 0.96
0. s6
0.54

-0.39

0.59
-0.30

0. 60
-0.14

-0.14

L97T

fndividual

0.86
0. 6s
0. 90

-0. 56

0.7 g

-0.43

0.68
-0. 25

-0. 63

leafhopper populations,
as determined by lineai

*

1.
2.
3.
4.
5.

L97 2

0.85
0.30
0.57
0.1s

0.48
0.03

0.32
-0.19

-0.03

Numbers refer to
Cumulative mean
Cumulative mean
AY incidence (g
AY incidence (g
Yie1d (t/ha) .

trials

L97 0

Carrot trials

0. 66
0.07
0.30

-0.03

0. 06
-0, 08

0.02
-0.15

0.2L

variable comparisons

leafhopper population
¿earhopper population
at mid-season).
at harvest).

L97T

aster yellows inci_correlation analysis.

0.7 4
0. 41
0.68

-0.18

0.59
0. 01

0.39
-0.39

-0.29

r97 2

0.91
0.27
0.90

-0.50

0.7 2
-0.41

0.25
-0. 33

-0.40

Three year means

Celery

as follows:
(mid-season) .(late-season) .

0.94
0.61
0.7 g

-0. 63

0.84
-0.65

0.68
-0.3s

-0.61

Carrot

0.7 9
0.52
0.7 4

-0.39

0.64
-0.19

0.26
-0.62

-0.10

tsoo
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As expected the cumulative population means to mid and
late-season (i'e' L-2) are sËrongly correlated throughout thetriars' Further¡ the mid-season population means are more
closely related to Ay incidence aË mid_season (I_3) in celery
than in carrots- rn comparing rerative r values the gener_
ally stronger correlation beËween the cumulative mean popula_
tion (mid-season) and E Ay at harvest (1_4) as opposed to Z
AY in mid-season (1-¡) indicates the expected progressive
development of disease symptoms. Of more interest, is the
generalry stronger association between mid-season popuration
means and å Ay at harvest (1_4) as compared with t,he late_
season population mean and E Ay at harvest (2_4). The im_
portance of crop proËection early in the season is emphasized.
FurLher, there appears to be a stronger correration between
mid and late-season Ay incidence (3_4) in celery than in
carrots.

Negative correlation of the observed variables with
yield was stronger in celery than carrots. Howevej in both
crops decreased yield o,Tas more c10se1y related to the popula_
tion mean to mid-season and Ay at harvest, as compared t,o
other variables, with the exception of the carrot three year
means. Here decreased yield is better associated with B Ay
in mid-season than at harvest. This may in part be due to
disease ratings in mid--season according to foliage s'mptoms
only as opposed to foliage and root symptoms at harvest.
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Rates of Aldicarb G

one trial was ínitiated to evaluate aldicarb G as an in_
furrow t'reatment, over a rate range of 1.6g Èo 6.72 kg/ha ai
in carrots (taure 27) - of the rates tested 3-36 kgrlha was
considered as the rikely x rate for commercial use wit.h r.6g
kglha and 6-72 kg/ha therefore being the one-harf x and 2x
rates respectivery. possibre phytotoxícity at the 2x rate
and degree of ast,er yerrows reduction over a rate range were
variables of primary interest. Furtherrthe trial was planned
such that sampres of carrot leaves and roots courd be sampled
at various times during the season for subsequent residue
analysis' The leafhopper population in this trial u¡as not
monitored.

Aster yerlows incidence in control plots totarled 2r.72
(Tabre 27). All aldicarb treatments significantry reduced
total disease incidence with aldicarb at 5. 04 kg/ha resulting
in the maximum percent reductÍon (55.gS). Infected roots
r'irere graded according to the degree of adventitious root
growth and stunting that occurred. Disease incidence in each
category' was reduced by arl treatment rates with the excep_
tion of 1.68 kg/ha. t.or the rate range testedraldicarb did
not reduce emergence, plant, stand. or plant vigour. yield in-
creases resulted from aldicarb at rates of 5.04 and 6.72 kg/
ha- Reduct'ions in yellows incidence and increases in yierd
were apparently rate-related with the except,ion of the maximum
treatment rate.



TABLE 27. The effect of

Trea,tment

Aldicarb

aldicarb

Aldicarb

Aldicarb

Control

aldicarb on aster yellows incidence and

Rate
kg/ha
ai

G

\J

G

1. 68

3.36

5. 04

6.72

1.

2,

slight2

Means followed byp = .05.
3, 4,5, 6. ANOVA
respectively.

Aster yellows incidence Z

9.3

6.7

5.7

5.2

10.9

bc1

ab

a

a

c

¡tbderate3

3.9 b
3.6 ab

2.9 a
2.9 a

6.3 c

the

and

severe4

yield in carrot.

same letter are not significantly different, D.M.R.T.,
replicated data are incruded in Table 60 - 64 (Appendix)

2.0 ab

2.5 ab

1.0 a

2.7 b
4.4 c

Total5

I5.2 a

I2.7 ab

9.6 b
10.7 b

2L.7 c

Yield6
t/ha

68. 3

7L.2

7 6.8

7 4.4

58. 0

ab

ab

a

b

þö
(^,
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since superior results hTere achieved in the field trialswÍth aldicarb regarding both aster leafhopper and aster ye110wsdisease controlr further research was initiated to investigatethe activity of this compound.

ïn plants and soil, aldicarb is rapidly transformed toaldi-carb sulfoxide and aË a much sl0wer rate to aldicarb sul_fone' The sulfoxide, which has a toxicity about equal to aldi_carb' is the primary metabolite responsible for insecticidalactivity (coppedge et. al. Lg67). The harf_life of ardicarbin soil is less than 1 week and for total toxic aldicarb
equivalents (ardicarb, aldicarb sulfoxide and aldicarb sulfone)is 2 to 3 weeks in coarse, and 4 to 5 weeks in fine soil.Moísture i's required to activate aldicarb and rainfall direct_1y affects dissipation rate (Andrawes. et. al. l97la). Themetabolism of aldicarb has been most extensively studied incotton (Bartley et. al. I|TO; Andrawes et. aI. lg73) andpotatoes (Andrawes et. al. 1971b). rn the foliage of Èheseplants ardicarb has a harf-life of about 24 hours due to rapidoxidation to aldicarb sulfoxide. At application rates necess_ary for insect controlr significant guantities of the surfox_ide are present for up Ëo g weeks with the ratio of ardicarbsulfoxide to aldicarb surfone approximately 1:1 about 30 daysfollowing application. .Littre insecticidal activity is attri_buted to the sulfone. Although the metabolic degradation path_way has not been completely delineated, a major percentage ofapplied aldicarb is thought to be eliminated from the plant as
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volatile metabolites and carbon dioxide, with water soluble
conjugates being the major metabolites present at harvest.
The only residues of toxicologi-cal significance at harvest are
aldicarb surfoxÍde and aldicarb surfone (Maitlen et. ar. 196g).

Due to the apparent and unusuarly long effectiveness of
aldicarb applícations in controlling the aster leafhopper, thefoll0wing experiments vrere designed to examine the fate and
persi-stence of this compound in carrots. carrot, was chosen asthe test plant to faciritate determi.nation of aldicarb resi_
dues in an edible root crop while at the same t,ime monitoring
leaf concentrations wÍth respect to insecticidal acÈ5_vity.

The specific objectives with regard to aldicarb in carrot
included:

(a) a determination of toxic ardicarb equivalents in the
leaf in relation to duration of insecticidal activi_
ty in the fietd,

(b) analysis of aldicarb residues in the root,
(c) an examination of uptake, translocation, distribution

and persistence in the plant,
(d) an examination of degradation of total toxic ardi-

carb and equivalents Ëo non-toxic metabolites, and,
(e) àn LCro calculation for totar toxic aldicarb equiva_

rents in the leaf with respect to mortality of feed_
ing aster leathoppers.

As prevíously described in the Mat.erials and Methods
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section' the aldicarb rate trial was designed to provide sam_ples of carrot leaves and roots for residue analysis. Five
sample dates hrere used for leaves early in the season (June 2g,July 8' 17 and Augrust 1, 16) and for root.s late in the season(July 17, Augrust I, L6, 2g and September 16). Gas chromaÈo_
graphic analysis of total toxic aldicarb equivarents (aldicarb,
aldicarb sulfoxide, aldicarb sulfone) was conducted for all
samples at each date.

. Standard curves were developed
using injections of technical grade aldicarb sulfone in ace-
tone over a concentration range of 0.9 ug/urJ Èo L2 ug/uL.
Originally three standard curves hrere compared: 1og ng vs 1ogarea; 10g ng2 vs 10g area and 10g ng vs 10g peak height.
Linear regression analysis to determine the rine of best fit
showed no difference in accuracy between the standard curves.
High correlation coefficients (r = 0.99) were obtained. Sub_
seguently peak height was used as the measure of concentration
in analysis of the samples.

To ensure the accuracy of the method and in particular toevaluate the oxidation and column separaÈion steps in the pro_
cedurer sêvêrar tests were conducted. rn the absence of plant
tissue' known guantít'ies of technical grade aldicarb, aldicarb
surfoxide and ardicarb surfone were carried through the extrac_
tion and crean-up procedures. subseguent gas chromatographic
analysis showed the resultant percent recoveries to be high
(93 to 1o5B) - rnjec.tions of aliquots from fraction ï of the
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colunn separatíon further indicated the absence of toxic meta_
bolites ín this fraction. Finalry sampres of carroË reaves
and roots spiked. with aldicarb sulfone, aldicarb and aldicarb
sulfoxide were analysed and percent recoveries recorded (Table
28 and 29) ' A tendency towards higher percent recoveries re-
sulted at the l0wer concentrations. For the range of toxic
aldicarb equivalenËs in the samplesrhowever, the percent re_
coveries were gg to g7z for reaves and 96 to Lr/,z for roots.
The detectíon limit, hras approximately O. 03 ppm.

. fn carrot
leaves, total toxic aldicarb residues ranged from 6.g6 ppm to
0'16 ppm over the duration of the sample period (Table 30).
Residue levels resulting from the high treatment rat,e (6.72
kg/ha) r¡irere 6-g6 ppm 51 days after application (and planting),
and 0.62 ppm 99 days after apprication. For the corresponding
period, leaf residues as a result of the rowest treatment rate,
were 1'41 and 0'16 ppm. A rapid decline in leaf residue
levers occurred between Èhe first and second sampre days. over
all treatmentsr ërr average of. g2z of the residue present at, day
51,was lost during Èhe next 10 days. The decrine in teaf resi_
due levels from day 6l to day 99 averaged 4gE.

These results are in agreement with those reported by
Andrawes et- ar 0-973). rn the foliage of field grown cotton
plants, aldicarb sulfoxide represented the major portion of re_
covered metabolites during the first 22 days following an in_
furrow treatment of 14c-.taicarb. 

The maximum concent,ration of
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TABLE 28. Recovery of aldicarb (T), aldicarb sulfoxide (ff¡and aldicarb surror,"-irz¡ ¡ro;-åår;;; leaf samples.

T, Tl, T2

Sample size Amt.Added Final conc. x Recovery
ug ppm

50

50

50

50

50

50

50

50

50

50

0.7 5 T2

1.5 T2

3.0 T2

6.0 T2

45.0 T2

600.0 T2

1000.0 T

10.0 T

10.0 T1

10.0 T +

0.015

0. 03

0. 06

0.12

0. 90

12.00

20.0

0.18

0 .16

0.34

13s

IL2

105

97

94

B8

82

L02

96

97
10 T1
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aldicarb sulfoxide (rf¡from carrot root samplås.

T, T1, T2

Sample size Amt.Added Final conc. x Recovery
ug ppm

50

50

50

50

50

50

50

50

50

50

L.5 T2

2.0 T2

3.0 T2

4.5 T2

6.0 T2

45.0 T2

L20.0 T2

7.5 T

7.5 r
7.5 T + 7.5 T1

0. 03

0. 04

0. 06

0. 09

0.L2

0. 90

2.4

0.18

0.16

0.34

l-20

1I4

109

103

98

96

91

97

95

94



TABLE 30. Residue levels of

Treatment

Aldicarb G

Rate
kg/ha
ai

Aldicarb G

total toxic aldicarb

Aldicarb G

Aldícarb G

I.7

Total

5I

3.4

1.

equivalents

ANOVA,

toxic aldicarb eguivalents

1. 41

5.0

and

3. 80

61

6.7

Days from planting

in carrot leaves.

replicated

6.13

0.31

6.86

0.56

70

data

0.89

0.29

are included

(ppm) I

1.37

0.48

84

0.82

0.19

in Table

I.22

0.31

99

0.57

65 (Appendix).

0.16

0.57

0.32

0. 47

0.62

þþo
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147 ppm reached at g days, subseguently decrined rapidly to 45ppm at 22 days and to 0.7 ppm at 72 d.ays. Concentrations ofaldicarb sulfone increased at a slower rate, to a maximum of39 ppm at 22 days followed by a slow decline. The maximumconcentration of aldicarb per se hTas 2.2 ppm g days afterplanting' He further found. foliage concentraËions of totalaldicarb eguivalents to be 209 ppm, at 9 days. Following aninitial increase,total aldicarb eguivalents declined to 2.4ppm g6 days after planting. The rerative proportions of thesemetabolites from field grolrn plants are similar to those re_ported by Bartrey s- ar. (rg7o) as a resurt of r4c_.taicarb
root feeding studies.

AË g4 and gg days after appri_cations both rooË and leafsamples $rere analysed (Table 30). At, these times, the concen_tration of toxic aldicarb eguivalents in the leaf was 3 to 5times greater than in the root' Moreoveq, leaf concentrationsat these times r'i'ere rate related, The leaf /root concentrationratÍos from 10w to high treatment rates at day gg were 3.2,3.5, 3.9 and 5.0

Rouchand et- aI. (lggo) conducted a detailed fierd studyof the distribut,ion of r4c-aldicarb 
in sugar beets foll0wingan in-furrohr treatment at 3 kg,/ha ai. ïn actively growingplants 

' 
gg days after applicationrhigher concentrations oftotal aldicarb equivalents were found in external leaf blades(3'16 ppm) and petioles (0.5 ppm) versus internal leaf brades(0'63 ppn) and petioles (0-15 ppm). At the same time the con_centration in the root was 0.16 ppm. A similar disËribution
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of toxic aldicarb equivalenËs occurred.
Further with respect to beetr Steele (Ig7g) placed trans_plants in pots containing 1 to 5 ug of aldicarb/g of soil.

After 20 days, foliage residues were proportionar to root resi_
dues but 20 times greater- The proportions of aldicarb, ítssulfoxide and sulfone present in foliage at that time were8.7, BI.6 and g.gsorrespectively.

ïn carrot roots residue levels of toxic aldicarb eguiva_lents ranged from 0. 06 to o-2r ppm 70 days for.l0wing applica_
tion (Tabre 31). Roots did not accumulate aldicarb and itstoxic metaborites- At harvest, the residue levels had decrined
to a range of 0.04 to O.1O ppm. A slow rate of decline inroot residuals is apparenË. The concentration of toxic meta_borites resultant from the two 10wer application rates de_clined by about 32å over the durat,ion of the sample period.

Ä't t'he same time root räsiduesrresulting from the higher treat_ment rates,decrined by about s2z. Residues at harvest wererelated t,o the rate of application
Low residual revers of aldicarb and its toxic metaborites

have been reported in other root crops. Rouchand et. a',(1980) found no detectable toxic residues in sugar beets 196days foll0wing an in-furrow application at 3.0 kg./ha ai. rnpotato no ardicarb was detected 12g to L74 days aft,er treat_
ment at 5 kg/ha ai (Smelt et. al. Lg77,) . During the sameperiod aldicarb sulfoxide and aldicarb sulfone conóentrations
ranged from o-02 to o-77 ppmr with the sulfoxide accounting for



TABLE 31. Residue levels of

Treatment

Aldicarb G

Rate
kg/ha
ai

total toxic

Aldicarb G

Aldicarb G

aldicarb eguivalents

Aldicarb G

L.7

Total

70

3.4

1.

toxic aldicarb eguivalents

0.06

AIüOVA and

5.0

84

0.10 0.10

tn carrot roots.

Days from planting

6.7

replicated data

0.06

0.L4

99

o.2L

0. 0s

0.L2

(ppm) r

are included

111

0.09

0.13

0. 05

0.L2

in Table 66 (Appendix) .

130

0. 08

0.L2 0.11

0.04

0.L2

0. 06

0.07

0.10

FJ
F.
(^,
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42 to 762 of the total. Residues in the peel were 118 higher
than in peeled potatoes- As wellrcooking or storage at 2,,c
for 2 months,decreased the residue by 42 _ 55E.

Furtherrcarey and Helrich (Lg7o) found aldicarb sulfoxide
concentratíons of 0.0g and 0.11 ppm in potato 5 months aft,er
in-furrow and broadcast aldicarb applications at 3.36 and 5.6
kg/ha ai, respectively.

George et. al. (Lg75) sampled potatoes at various Èimes
during the season foll0wing a 3.36 kg/ha ai treatment at,
planting- Residues in the tubers peaked early in the season
and declined to a range of o.o4 to 0.3g ppm at harvest.

since moisture and soil type directly affect the degrada_
tion and persistence of aldicarb in soils (Andrawes et. al.
L97L; smelt et. ar- rgTg),direcÈ comparisons of the atove re__
sults cannot be made- rn all casesrhoweverrlevels of toxic
aldicarb equÍvalents resulting from field applications were
10w in roots at harvest, and in the order of 0.1 ppm. Resi-
dues did not accumurate in the root even though leaf concen_
trations were proportionally higher.

studies with l4c-rlaicarb

Following the analysis of residuar toxic aldicarb
lents in carrot roots and leavesra more detailed.study
initiat'ed to investigate the fate of ardicarb in carrot
respect to duration of êontrol 0f the aster leafhopper.

The first of two experi¡nents utirizing radio_laberledl4c-.taicarb 
was designed to investigate uptake and trans-

equiva-

!'taS

with
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l0cation as welr as distributÍon and persistence of aldicarb
and resultant metabolites in carrot over time, foll0wing a
single dose root application of 14C_.tAicarb. Further, the
degradation of total toxic aldicarb and equivalents (organo_
soluble) to non-toxic water soluble metabolites was monitored.
of Ëhe 7 plants harvested at each sample time (L2 hour, r, 3,
7, 15, 30 and 45 days) one prant was used for autoradi.ogr¿phy
and 3 plant,s were used in a bioassay test to estimate leaf
concentrations required for 50 and 100å mortalÍty of feeding
aster leafhoppers. The remaining plants were analysed for
total radioactivity in the roots as well as total radio_
activity in both the organic and aqueous leaf extracts. since
the degradation of aldicarb in carrot,s was rapid, calculated
ug amounts based on the specific activity for 14C_.laicarb
(0' 004 u cí/ug) ' represent totar aldicarb and metaborites and
are referred t,o as aldicarb equivalents.

At zero ti¡ne, all test plants were suspended in test
tubes containing 450 ug '4c-.laicarb per 40 mr, (i.e. LL.25
ppm) of nutrient soluti-on. Mean uptake during the subseguent
12 hour feeding period was L32.2 g or 2g.4E of applied radio_
activity (Table 32r - This rapid rate of uptake of aldicarb
from the nutrient solution resurted in an initial concentra_
tion of aldicarb and equivalents on a whole plant (F.W. ) basis
of 38.5 ppm.

Foll0wing uptake, transl0cation from root to shoot, was
also rapid- .â,t 12 hoursrug amounts of ardicarb equivarenËs
in the shoot and root erere 71-0 and 5g-0 respectively. The
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32 ' Fate of aldicarb in carrot roots and leaves over time forrowing a single dose root applrcation of r4c-aldrcarb.

lirne
(days)

0.5

I

3

7

l5

30

45

I uptake
(us)

143.4

t59.8 6s.8

143.4 43.?

103.5 20.8

116. 3 19. 5

128.6 6.0

130.4 2.7

f. = r32.2 (2s.42,t

l4c-.ldl"urb 
equivalents (ug)Ì,5

organic Àgueous Total Total

, Leaf2

63.8 7.2

15.5 81.3 50.2

18. I 6r.7 31.6

r5.2 36.0 14. I

20.6 40.t 8.4

13.5 19.5, 4.2

11.6 t4.3 0.7

t.
3.
5.

71.0

*f.i:iåiT:l$Ï:ä.it¿',,,i.uå'å;a;beeuivalents(on)o."".nepricafeã ãilã"IiJ"i."ru¿ea ii-rl¡;"'ä"i^*Ï"'î""i"Iå.ii"ï::F iä""ii"åiä,Í?:t;lu"lå,åå,"î!i.Jlål;.

58. 0

PIant

Total

Distribution

I of tota13

Leaf Root

L29. o

131. 5

93. 3

50. t

48. 5

23.7

1s.0

55. I 44.9

61.8 38 .2

66.1 33. 9

7I.9 28.1

82.7 17.3

82.3 17.?

95.3 4.7

. 
Distribution

t of total leafd

Organic Aqueous

89.9 to. I

80.9 r9.l

70.8 29.2

57.8 42.2

48.6 51.4

30.8 69.2

18. 9 81.1

Leaf 6¡g¿¡iq

t total ptant l4c

49 .5

50. 0

46.8

4I.5

40.2

25.3

18. 0

þ
Þ
ol
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total amount (L2g-0 -g) represented a goz recovery of origi_
nal uptake. Radioactivity in the roots subsequentry deerined,
rapidry at first, then more srowry over the duration of the
experiment (Figure 6 ). Rapid upward movement was foll0wed by
a ross of activity from the leaves at a somewhat sl0wer rate
than from the roots- Thus from Day 15 to Day 45 0nry 10w
levels of radioactivity hrere found in t.he roots in reration
to the amount available in the whole p1ant, suggesting that
littre downward movement occurs and is likely a passive pro_
cess' At Day 45 onry o.5s of original uptake vras recovered
from the roots as compared to 11.6å from the leaves.

These results are approximated by a first order rate
equation. r{hen.the l0garithms of ug amounts remaining in the
roots are pl0tted over time the resultant curve approximates
a straight line. Thus the rate of erimination from the root
and subsequently the plant is dependent upon the first power
of the concentration and a rate constant may be carculated
(Barrow 1961, Smelt et. aI. LgTg). In this experiment the
rate. constants for elimination of aldicarb equivalents from
carrot roots and leaves r,irere determined to be o.Ll d.y-l, and
o.04 day-l respect,ively. rn addit,ion the half-rife of aldi_
carb equivalents in the root, was 6.5 days and in the leaves was
L7.8 days.

Aldicarb and equivalent,s were not persistent in the
carrot plant. of the radioactivity takên up during the
feeding period (I29 ug aldicarb eguivalents) 90E was recovered
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at 12 hours (Table 33). The percent remaining declined
rapidly over the 45 day duration of the experiment. At 45
days only L2.lZ of uptake v/as recovered. Conversely g 7.gZ of14c activity was eriminated from the prant in 45 days. The
rat'e constant for ross of aldicarb equivarent,s from the whole
plant was found to be 0. 05 day-l. subsequently the half_life
of aldicarb and equivarents following a single dose root
feeding as described, rfrTas calculated at 13.g days.

!üith respect to distribution of ardicarb equivalents in
the plant, approximatery equal proportions of uptake were re_
covered from the root (4I.62,) and shoot (49.42) at the L2
hour sampre time. Expressed as a percentage of total recover-
e¿ 14c , at !2 hour 44.gs" and 55.rs were found in root and
shoot respectively (Figure 6, ïnsert). Over the duration of
the experiment, an increasingly greater percentage of tot,al
planÈ 14C r.= found in the leavesr until at the completion of
the experimentr 95-3g was recovered from the leaves as compared
to 4-7e" in the roots. These resurts therefore concur with the
residual studies previously discussed..

Rapid transl0cation from the root combined with a sharp
decline in leaf radioactivity indicates that ardicarb is
quickly degraded and./or eliminated from carrot foliage. of
the totar l4c-.laicarb 

equivalents remaining in the reaf at
12 hours (71' o u9), the majority hras organo-soluble metabolites
(63'8 ug) as compared to water soruble or aqueous metabolites
(7 '2 ug) (Table 32) - Degradation of organo-sorubles to water



**"1'iÍ'tnåÏiåi:::lï of radioactivitv and leafhopper morrarirv ar various ri¡nes forlowins sinsre dose roor feedrns of carrors

Tlme
(days)

0.5

I

3

7

15

30

45

organlc

¿¿.1 (:s.e)r

4L.7 124.21

30.3 (13.6)

19.6 ( s.6)

16.9 ( t.s)

5.0 ( 0.3)

2.3 ( 0.07)

t4_-C-aldicarb equlvalenrs remaining (t of ,pt"tu-
Leaf

Àgueous

s. 0 (4.4 )

9. 9 (s.8)

12.7 (s.8)

14.2 (4.11

17.3 (1.8)

rr.0 (0.7)

9.3 (0.3)

Total

49.4

51. 6

43.0

33. I

34 .2

16.0

It. 6

l.
2.

Organic * Àqueous

Root

4O.6 (37.4)

31.3 (20.0)

2?.r (L2.3')

14.2 ( 4.9,)

6.9 ( r.o)

3.1 ( 0.s)

0. s (0.014)

Total

90. 0

82. 9

65. I

48. 0

41.I

19. I

12. I

Leaf

--Organic/ÀqueouB

8.9

4.2

2.4

t.4

1.0

0.5

0.2

Leafþepps¡

,, ill]'"tt." jå,n,.

100 100

100 too

100 ro0

76.4 l0o

43.9 87.8

8'3 15.o
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solubles h'as rapid (Figure 7) - Further the early onseÈ of
degradation of toxic metabolites is shown by the decreased
slope of the organo_soluble curve (12 hour to 1 d.y) as com_
pared to the sl0pe of the curve represenÈing the amount in
the leaves- Although some ross of volatile metabolit.es may
occur 'the degradatÍon to water sorubre metabolites is shown.
Arateconstant of 0'og d"y-' and a half-life of g.7 days were
calculated for degradation/elimination of metabolites recov-
ered in the organic fraction. The aqueous curve reached a
broad peak at 10 to 15 days which was folrowed by a gradual
decline in the amount of water sorubre metabolites.

of the total radioactiviËy recovered from the leaf gg.gz
was found to be organo-soluble at L2 hours, while l1.lå was
in the aqueous phase (Figure 7r Insert). The amount in the
organic fraction declined rapidry over the duration of the
experiment and was accompanied by a corresponding increase in
water soluble aldicarb equivalents. The organic,/aqueous
partition coefficient was r.0 at, about 15 days and 0.2 aL 4s
days. At Day 45, g1.l8 of the total leaf 14C_.Iaicarb 

equiva_
lents vrere present as water solubre meËaborites. This rapid
conversion of organo to water soluble metaborites is somewhat
faster than reported by Bartley g!. al. (1970) as a result of
metabolic studies in cotton. However, experimental conditions
Ìdere quite different.

The revels of organic and aqueous metabolit,es in the reaf
v/ere also examined as a percentage of uptake remaining and on
a concentration basis (Table 33). On a whole plant basis , 90È



Figure 7 ' organo and water solubre metabolites of L4"-aldicarb remainin; i;-ãårrot leave-s-orr", time folrowinga sinsre dose roo[ appriããtI";';;=iaË_ardicarb.

rnsert' organo and water solubre metaborites of L4c-aldicarb in carrot leavesr êxprêssed as a percen_rase of rorar lac_arã¿càr¡ 
"qüi"ãiãir, ,""overedfrom the leaf.over ¿f*;; following a single doseroot application of l4g-¿1¿1..rbl'

A change of
slope of the

scale of the X axis
curves between days

ald thus a change in1 and 3 is shown as...
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of 14c ,rpt"ke was recovered at 12 hours. of the radioacti_
vity present in the leaf at that time, 44.42 and 5.0g r{rere
recovered from the organic and aqueous fractions, respectively
(Figure I ) ' At 15 days the corresponding percent recoveries

were 16'9 and 17'3 (i-e. o,/A partition coefficient, = o. gg).
Assuming the curves approximate first order kinetics, the in_
creased percent and concentration of the water soluble meta_
bolites are dependent on the initial high concentration of
organo-soluble metabolites (arso assumes organic conversion
to aqueous and constant elimination). The rapid decrease in
concentration of organic metabolites results from degradat,ion
and elimination as well as dilution due to prant growth.
Following the initial increase in aqueous concentration,the
rate constant for erimination of this metabolite from Èhe
leaf (using the ug amount data) was O.O2 d.y-l.

Finally, the levels of organic ald'carb equivalenËs in
the reaf, expressed as a percentage of the total plant, radio_
activity declined srowly from a maximum of 45.58 at 12 hours
to 18.08 at 45 days (Table 32 and Figure p ). This relatively
slow decline of toxic metaborites in the reaves is necessary
for an extended duration of insecticidal activity in the fierd.
Furtherrunder constanÈ feed conditions the level and duration
of toxi-c eguivalents in the reaves wourd be dependent on the
amount of aldicarb applied and the rate of degradation in the
soil. This conclusion as well, is supported by the results
of the resÍdue analysis- concentraÈions of toxic aldicarb



Figure g' organo and waËer soluble metabolites of r4"-aldicarb in carrot leaves- over time foll0wing a singledose roor appli."iiã"";;-rãð:;råïä;r;. (Expressed asa percentage of uptake remainú;;-;;ã concentration) .
A_ change in scale of the X axis andslope of the curves between days 1

thus a change inand 3 is shown as..
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Figure g. Tota1 toxicleaves expressed asover time, following
aldicarb equivalents in carrota percentage of toÈal plant 14ga single dose root apþtication.
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eguivalents in the leaves and roots over the duration of the
sample períod were rate related. Moreover, the relative pro_portion of toxic equivarents in the leaf increased as the
rate of application increased. For the 1.7 and 6.7 kg/ha
rates,concentrations in the leaf were 3.2 and 5.0 times
greater,respectivel¿ than ín the root, 99 days after appti_
cation.

Autoradiographs. At each sample date in the above experiment
one plant hras used for autoradiographic analysis. I4c_"ldi_
carb was rapi-dly absorbed by carrot roots and transl0cated to
Ëhe foliage. Radiocarbon was present in stems and reaves at
12 hours (Figure 10 ). rn additionrthe distribution of acti_
vity was relatively even. Rapid movement through the xylem is
suggested by the hígher concentrations at the leaf tips, and
to some extent at the lgaf margins. with respect to I4"_
phoraÈe in broadbean plants Galtey and FoersËer (Lg76) ex_plained this observation as due to the ,,combined effects of
evaporation and, possibly, the select,ive action of transfer
cells in the passage of the remainder of the stream to the
phloem- " That redistribution does occur is irrustrated by
the distribution of radioactivity in new reaves of prant,s re_
moved from the treatment solution 30 days previous (Figure 13).Although the autoradiographs do not suggest the nature of themetaborites presentrFigûre g shows the concentrations of aldi_
carb sulfoxide and surfone to be about 13 and 6 ppm,respective_
ly' at Day 3 (Figrure trJ and 6 and 4 ppmrrespectively,at Day 7



Figure 10. Distribution ofimmediarely folt"ri"ô 
"-ardicarb applied via the

_ 
radioactivity in carrot leaves12 hour root treatment of L4C_nutrient solution (11.25 ppm).





Figure 11. Distributlon of radioactivity i-n carrot leaves3 days following a 12 hour root treatirent of l4C_ataicarbapplied. via the nutrient solution (l-i-.25 ppm).





Figure L2. Distribution
7 days following a L2
aldicarb applied via

of radioactivity in carrot leaves
hour root treatment of 14C-

the nutrient solution (11.25 ppm).
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Figure 13. Distribution of radioactivity in carrot reavesand,roots, 30 days following a Lz hour root treatmentof rac-aldicarb applied via the nutrient solution (11.25
ppm) .
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(Figure 12) - rn the rootrradioactívity is primariry rocated
in the cortex with residual quantÍties of activity present
throughout the sections (Figure 13). Finlayson et. aI.
(r976) reported a simi-lar distribution pattern for carbo_
furan,ethion and phorate in carrot roots.

LCuo Estimate- prior to initiation of an experiment to de_
termine the LCuo for total toxic aldicarb in carrot foliage
required for mortality of feedi-ng aster leafhoppers it was
desirable to have an estimate of the concentrations necessary
to achieve 50 and 90å mortarity. The mortality results ob_
tained in this preliminary test (Table 33) r¡rrere used as
t'reatment guidelines for the f,olrowing experiment. The

"cso 
estimates for 24 and 4g hours rÂ¡ere approxi-mately 3.0

and 1.0 ppmrrespectively (Figure 14).

LCSO Determination

According to the data in Tab1e 33 and F,igure g a 450 ug
1À-'c-ardicarb root treatment as described, resulted in a
toxic aldicarb equivarent concentration in the leaf of 5 to
13- 6 ppm at approximately Day 5. Leafhopper mortality was
76 to 1004. Tn the forrowing experiment, cond.ucted to
accurately determine the 

"c5o 
varues for 24 and 4g hours, a

treatment range of 0 to 500 ug 14c_.1aicarb/AO 
mL of nutrient

solution was therefore utilized. A 5 day deray between re_
moval of plants from the treatment solution and placement of
leafhoppers hras allowed to avoid the sharp decline in t,he



Figure 14. Lethal concentration (LC) estimate of totaltoxic l4c-araicarb ãqüi""r:"t".i;ó*i"rl 
"riro! iãJr.",in relarion to *"itãÍilv 

"r tne'ääËår reafhopper dur-ing feeding perioas õi-å¿ and 48 hours.
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organic aldicarb equivalent concentraÈion shown in Figure g.
An average upt'ake of 14c-.laicarb 

from the nutrient
solution of 24.12 resulted in a range of treatment concentra_
tions in the leaf of o-7 to 15-4 ppm toxic aldicarb equiva-
lents (Table 34). Leafhopper mortality ranged from 4.oz to
892 in 24 hours and from 6. og to 100a in 4g hours.

Lethar concentrations in the leaf required for 50 and
95å mortality at 24 and 4g hoursr vtrêrê calculated by probit
analysis (Busvine, LgTr). The concentrations of toxic aldi-
carb equivalents required for 508 mortality hrere 3.44 ppm in24 hours and 1.24 ppm in 4g hours (Figure 15). Toxic concen_
trations in field leaf samplesr âs determined by residue
analysisr wêrê approximately equivalent to these calculated
values 51 days forlowing aldicarb in-furrow applications at
3.4 and 1.7 kg/ha (Table 30). Furthermore these concentra_
tion levelsr ât 5r days, are consistent with the expected and
claimed duration of field activity of 7 _ 9 weeks (Anon, 1970¡
Coppedger êt. aI. Lg67; Andrawes, et. al. IITL).

rhe 
"cgs 

(48 hours) v¡as 16-7 ppm. unexpectedly t.he
LCgs Q4 hours) hras extremely high at. 2i7.3 ppm. The correcË_
ed percenÈ mortality was therefore plotted against the concen_
tration of toxic equivalents as well as the l0garithm (+1) ofthe concentration (Figure r-6) - The curves representing mor-
tality in 4g hours vrere,as expected. However, Ëhe 24 hour
mortarity curves are strongly skewed at high percent mortali_
ties' This was interpreted as a rack of feeding by some of



TABLE 34. The
Ay disease

Treatment
,rgr4c-.rdicarb

per 40 mL

effect of aldicarb (and toxictransmissj_on to carrot during

s00

300

200

100

75

50

L2.5

0

Uptake
--E

ug

92.2

50.3

46.7

27 .4

18. 4

L2. I
3.3

equivalents) onfeeding periods

Leaf conc.

20

18

25

29

26

26

25

1. Replicated

ppm

leafhopper mortality andof 24 and 4g hours.

15. 4

7.6

3.6

2.8

2.L

1.1

0.7
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data are included in

24 hrs.

after

89

76
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5
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t
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Figure 15. probit analysis ofafter feedrng periods of 24leaves contaínl_;;-;;;å" ortoxj.c ardicarb .,i"i"ãiäåt".

aster leafhop.
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Figure 16' O:1":-leafhopper mortaliry during 24 and 48hour feedins periods,'å"-u -i'iä;i;i 
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the test insects. .As well,the possibility of avoidance fromfeeding due to a repellant action of the insecticide in theplant is suggested.

Furthermore, the calculated LCuo and LCru values aïegenerally higher than those reported by David (Lg73).
utilizing a bioassay to estimate the decline in insecticidal
activity of aldicarb, in 3 crop plants, the ICSO and LC'U
values with respect to mortality of the aster leafhopper were0'88 and 2'3 ppm,respectively. concentrations of toxicant inthe plant however, were not directly det.ermined. fnstead,
artificial feeding through parafirm M on various concentra_
tions of ald'carb in glucose was used to estimate potency.
Leafhopper mortality as a result of feeding on the various
crops was then utilized as a measure of aldicarb concentra_
tion in the plant- since this procedure does not. take into
account a possible repellent act.iviËy or the heterogeneous
distribution of aldicarb in the plant (Rouchand et. aI. 19g0),the lethal concentrations may be underestimated. As shown j-n
this thesis, aldicaru resutted in superior performance duringthree years of field t'rials, whereas David (rg73) , on the basisof bioassay studies reported aldicarb as being less potent thancarbofuran and phorate.

The leafhoppers utilized in this trial were first a110weda feeding period on "Ay diseased plants as described in theMaterials and Methods section (Aster ye110ws Transmission).
Although the actual percentage of infectious leafhoppers r^ras
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not determined, a random sample r^7as caged on each plant in thetest. carrot ye110ws inci_dence in control plants was 60z(Table 34) ' Disease inci-dence v¡as reduced in treated plants;
howeverr fio relation between leafhopper mortality and diseaseincidence hTas apparent. The mean infecti.on of treated plants
'¡as 22'gz and the average ye110ws reduct.ion $¡as 622.

since the lethal concentrations $/ere determined for per_iods of 24 and 4g hours and disease incidence was not reratedto leafhopper mortality (excluding the control), transmissiontrials vüere conducted to assess disease incidence resultingfrom feeding periods of I to 4g hours (Table 35). Diseaseincidence on carrot averaged ALZ. No differences hreïe notedbetween the inoculation access periods tested. Studies pre_viously conducted by chiykowski (1g5g) and strong and Rawlins(1959) have demonstrated the short inoculation threshold fortransmission of aster yellows by the aster leafhopper. Sub_seguently Lee (1961) showed Ay transmission to be e>rponentialfrom 7'5 minutes to 32 hours- These studies combined with theresults of Maramorosch (1g53) crearty show that transmissionof aster ye110ws may _occur during inocuration feeds as shortas 7 to 15 minutes. ïn the results reported herer êv€D thoughhigh percent mortalities resulted from leafhoppers feeding onplants containing a high concentration of Èoxicant, trans_mission still occurred.



TABLE 35. Effect of inoculati_onof Ay to carrot by infectious access period
leafhoppers.
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on transmission

Host fnoculation

access period
Disease

transmi.ssion
hrs

Aster

Carrot
48

1

2

4

I
I2

24

48

48

42

40

44

56

4L

28

44

34

25
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SUMMARY AND CONCLUSTON

rn Manitoba, aster ye110ws disease is the linr-iting factorin lettuce production and may result in reduced yield and qua_lity of celery and carrots. ïn additionr yield reductions insusceptible field crops have occurred. The disease has thepotential to reach severe or even epidemic proportions, asoccurred in L957, 1963 and 1g66 and may resur_t in significant
economj_c loss to growers.

The incidence and severiÈy of Ay is primarily dependenton influxes of migrant leafhoppers, which first arrive in Mani_toba each spring between rnid_May and early June. Since theadult does not overwj-nter locally, the migranÈ population re_presents the main source of disease j_noculum. A criticalsituation thus exists when efficient vectors, a certaj_n per_centage of which are persistently infectious, invade an area
when many susceptj_ble crops are in the. seedling stage. Sincethe inoculation threshold for transmission of .A,y disease isshort (10 15 min.) and since the percentage of ínfecti_ous
vectors is more important than the total number of insects,rapid elimination of the vector is necessary to minimize cropinfection' Even with a.dirigent insecticidal spray program,
however, disease incidence in celery and carrots may be high.

Due Èo the importance of celery and carrots to the rocal
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fresh market and processing industry, and due to Èhe rack ofadequaÈe control programs, a project was initiated to investi_gate the use of systemic insecticides for aster leafhopperand aster yellows control in these crops. Replicated Èrialsh¡ere therefore conducted to assess the efficacy of recormnendedcontact spray materials as compared to foli.ar and granularapprications of several systemic insecticides.
On Èhe basis of aster leafhopper control, Ay diseasecontról and increased yield, foliar contact sprays, systemicfoliar applications and granular systemic in-furrow treatmentswere found to have increasing orders of efficacy.
rn individual trials, and over a three year period, weeklyfoliar applications of carbaryl e.l kg/ha ai) providedminimal crop protect.ion. Aster leafhopper control averaged30 percent. Aster yellows incidence r{ras reduced, but onlyslightly in carrots and not in celery. ïn addition, carbarylapplicat'ions did not affect total yield of either crop.

Methoxychl0r (L'7 kg/ha ai), applied weekly as a foriarsprayr wês egual to or slightly less efficacious than weeklyapplicaÈions of carbaryl.
As a systemic rolìar sprayr applied at weekly intervals,oxydemeton-methyl (0'6 kg/ha ai) resulted in superior leafhoppercontrol when the leafhopper population was relatively stable.Even though the duratio¡l of acÈj.vity of o>qzdemeton_methyl wasestimated at approximately 7 days, leafhopper control was lessevident during major population influxes. over 3 years of
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trials' early-season reafhopper control was superior incarrots C60B) as opposed to celery Un). The maximum yel_10ws reduction as a resulÈ of o>c¡zdemeton-methyl applicationv¡as 602 in carrots, while the mean percent ye110ws reductionin both crops v¡as 
'32. 

significant yield increases resultedfrom oxydemeton_methyl applications .
Of the granular systemic materials tested, dj.sulfotonwas the leasÈ effective. fn_furrort, treatments (3.a kg/h,a ai),applied with the seed at planting, failed to contror Ëhe asterleafhopper or aster ye110ws disease in carroÈs or celery.phorate ß-a kg/ha ai), as a granular in_furrord treatment,was included in three of the six trials conducted and there_fore hTas not fu1ly evaluated- ïn carrots, early season leaf-hopper control of about 55ã was achieved, while the durationof acÈivity was 7 Lo g weeks- rn one trialr phorate reducedcarrot yellows by 5gS.

The duration of activity of carbofuran,when applied as anin-furrow treatment (3-a kg/ha ai),was found to be approximate_ly 10 weeks- Early season leafhopper control in both crops,and aster yellows reduction in celery averaged 55å. A maximumcelery ye110ws reduction of 752 resulted from ÈreaÈment withcarbofuran' carrot ye110ws reductions ranged from 35 to 452.Yield increases foll0wing treatment with carbofuran lvere evi_dent in celery and espécially so in carrots.
Aldicarb (3.4 kg/ha ai) as an in-furrow treatmentr r¿ithÈhe seed at planting, hras the most effecÈive and consistent
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treatment in the triars- Excellent early-season leafhoppercontrol (60-7oz), and sr¡bseguent reductions in aster ye110wsincidence ïrere achieved in both crops. The maximum yellowsreducti-ons obtained with ard'carb were , 662 in celery and 722in carrots. yield increases $/ere also evident foll0wing
aldicarb treatments. The duration of activity of aldicarb
appeared to be approximately 9 Èo 12 weeks. ïn many of thetrials, hohrever, a longer duration of conÈrol was evident.

ïn increasing order of activity, the granular treatmentsevaluated were: disulfotonr phorate, carbofuran and aldicarb.(As previously mentioned, phorate was not fully evaluated).
ApplicaÈion of half the aldicarb rate at planting, followedby half the rate as a sidedress application in mid_season,did not signrificantly reduce .Ay incidence at harvest,. Ratesof aldicarb from I.7 Lo 6.7 kg/h¿r ai, applied with the seed,,were not injurious to carrots. subsequent di.sease controland yield increases appeared to be rate related.

Linear correlation analysis of the cumurative mean leaf_hopper populations (mid and late_season), aster yellows inci_dence (mid-season and harvest) and yield revealed the impor-tance of early season leafhopper control. AsÈer yelrows in_cidence at harvest was generarly better related to the mid_season cumulative population mean tha¡r to the late seasonpopulation nean- As well,yield decreases were generally bestassociated with the cumulative population mean (mid_season)
and percent Ay at harvest. However, over 3 years, carrot
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yield reductions were better associated with Ay incidence
in mid-season than at harvest.

Due to the apparent 10ng duration of leafhopper controlwith aldicarb in-furrow treatments, further studies were ini_tiated to investigate the fate and persistence of this com_pound in carrots.
Resj-dues of toxic aldicarb equivalenÈs did not accumu_late in carrot roots and declined s10w1y from 70 to 130 daysfoll0wing application. Residues at harvest were rate re-lated and ranged from 0.04 ppm to 0.1 ppm for the minimum(L.Z kg,/ha ai) and maximum (6.7 kg/ha ai) rates of appli_cation' respectivery. For the same treatment rates, totaltoxic aldicarb eguivalent concentrations in the leaves rangedfrom 1'4 pprn to 6.g ppmr 51 days after application. Degrada_tion/elimination of toxic residues was rapid. only 20g ofthe residue present at Day 5r remained in the leaves ro dayslater. Leaf residues hTere also rate related and at harvestranged from 0.16 ppm to 0.62 ppm. Furthermore, the propor_tions of toxic aldicarb equivalent in the 1eaf, as compared tothe roote h7€ïê rate related. vtith incremental rate increasesof r'7 kg/ha ai (rron- r.z to 6.7 kg/ha ai), leaf concentrations

h¡ere 3'2' 3'5' 3'9 and 5-0 times greater than root concentra-tions.

The metabolism of _S_methyl 14c _ aldicarb in carrot
h¡as investigated. Root absorption of aldicarb from nutrientsolution and subseguent transl0cation to stems and leaves was
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rapid. !üithin the confines of the experimental procedures,the half-life of total aldicarb eguivalents in the root vüas6.5 days, and in the whole plant was 13.9 days. Over theduration of the experiment (4s days), an increasing percen_tage of the total aldicarb eguivalents in the plant was foundin the leaves. This finding is consistent with the resux_ts ofthe residue studies- The leve1 0f toxic aldicarb eguivalents(aldicarb' aldicarb sulfoxide and aldicarb surfone) declinedrapidly in the leaves (half_life g.7 days) and vras eguiva_lent to the level of non_toxic metabolites at 7 days. Further_more'the level 0f toxic aldicarb equivalents in the reafrascompared to the total aldicarb metaborites in the plant,de_clined slowly over the duration of the experiment. This srowrate of decline is necessary for an extended duration of in_secticidal activity in the field. The rates of eliminationof aldicarb and metabolites from roots and 1eavesr âs well asthe rate of degradat:don of toxic metabolites, lfere approxi_mated by first order kj_netics. The concentration of toxicaldicarb meËaboli_tes i_n the 1eafr and subseguently the dura_tion of j_nsecticidal activity in the fie1d, are therefore de_pendent on the concentration of toxic aldicarb eguivalents inthe soil

The lethal concentrations of toxic aldi-carb equivarentsin carrot leaves required for 50? mortali.ty of feeding asterleafhoppers in 24 and 4g hours rn¡ere calculated to be 3.44 ppmand 1 '24 ppm,respectively- These values are consistent with
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leaf concentrationsr Ers determined by residue analysis at 51
days or approximately 7 weeks following application, and cor_
respond to the expected duration of activity.

The LC95 value for mortality in 4g hours was determined
as L6'7 ppm' whereas, the LcgS for 24 hours was extremely
high, 277 ppm- The combined. results of the leaf residue analy_
sis, the fate and persistence studies and the lethal concen_
tration determinations, therefore, do not account for the appa_
rent extended duration of leafhopper control in aldicarb treat_
ed pl0tsr-:, Low mid to late-season leafhopper populations re_
sulting from aldi-carb treatments, and the apparent avoidance
from feeding in the lethar concentration study are therefore
suggestj_ve of a repellent action for aldicarb.

ïn conclusion, the above findings indicate the superi.or_
ity of effective granular systemic applicationsr âs compared
to foliar sprays of contact or syst,emic insecticides, for
control of the aster leafhopper and aster yellows in carrots
and celery. In three years of trials, in_furrow applications
of aldicarb or carbofuran at planting were superior to weekly
sprays of carbaryl and approximately equivalent to weekly
applieations of oxyderneton_methyl.

The elimination of a critically timed spray program, early
seedling protection, persistent activity and ease of applica_
tion at planting are maj'or benefits of granurar in-furror^¡
treatments. To wa*ant the use of foliar spraysr âs opposed
to in-furrow granular treatments, forecasts in early lvlay wourd



158

have to indicaÈe a 10w percentage of infectious leafhoppers
in a smal1 mj.grant population.

Finallyr or the basis of field Èria1s and lethal con_centration determi-nations utilizing infectious leafhoppers,
the max'mum yerl0ws reduction e:çected as a result of granular
systemic treatments applied in-furrow at planting is 6o_752.
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TABLE 36. Reisolation of a celerycelery and_ serj_al tiansmissíonthe asËer leafhopd;:"-
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infecting strain of Ay fromto oat, aster and ceiãry-Ui

Celery host ïndicator plants

# of plants infected /# of plants tested

Oat Aster Celery
8L-2

81- 5

81- 9

83-4

88-9

88-10

90-1

90-2

90-4

9r-2

91-8

91-11

o/zo

2/rs

2/r5

o/L6

4/tg

o/n
0/L0

o/ts

2/ts

2/ts

2/ts

2/ts

6/zo

L3/ts

rs/ts
t6/Lø

rr/ts
L4/ts

8/to

e/ts
13/rs

rL/ts
LL/ts

r4/ts

2/zo

8/Ls

7 /ts
s/tø

4/ts

8/ts

3/ro

7 /ts
7 /ts
8/ts

4/ts
s/L5

Total

z

L6/L7 9

9

I4r/L7 9

78

68/tt g

38
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TA'B¿E 37' culturar and chemical variables associated with the;:iiä;ål"r;Ío_rî;ä:r.iue triais-Jl-port.s" r; 
_prairie,

Variable Celery trials CarroÈ trials
L970 I97I Lg72 I970 L97I Lg72

Planting date

Harvest date

Granular insecticide
applications

First foliar appli_
cation

Pert,il izer

L/ø 4/ø 25/s

23/g 9/g s/g

3o/s 4/e T/s

L7/ø fi/ø 8/ø

11-48-0, L7O kg/na

ta/s rr/s Lg/s

26/g 28/g 3/ro

7e/s rr/s Ls/s

24/a ß/ø 8/ø

L4-I4-7, gOO kg/naN' 33 kg/ha side-
dress

Treflan 1.1 kg/happi + Linuron 1.5kg/ha post.

Maneb 2.2 kg/na ai2 applicatj_ons

Herbicide

Fungicide

Gesagard 2.2 kg/haai pre

Dyrene 3.0 kg/ha
Maneb 2.2 kg/ha

ai
ai



?reatment

Àldicarb G

Carbofuran G

Disulfoton c

Phorate c

Oxydemeton_
methyl

Rate
ks/ha
ai

3.4

3.4

3.4

3.4

0.6

26/a

r 2 3 4l ;2

Methoxychtor 1.7

Carbaryl I.7

Control

1123?

0120

1323

7222

Nunber of leafhoooêrê ñ^_ ^F 
-=--ppers per 25 sweeps ¿

s/l 
- 

-'--- 'J ÞweePs at each date

l. Replication

31000102204

Lz34 i r

0 2 0 o 2

L2328

ltt25

462sJJ

I02I47

021036437

2111 5 5 s 4 2

2. i l/too süreeps

23 4 ;

0 0 t 0 I 
.l 2 3 4

011022342

11033s5

1000111327

7 2 0 I 4 3 4 I 3 tl

I23

20

l6

4î

711832

571836

l3

II

t6

I2

27 I I

3232

12910t3

l0 6 I 7

22 /t

54

lt 10

4 13

24

x

27

13

4T

56

26

97

10

l4

44

35

3t

L2

27

77

2I

l{{
t\)



TABLE 38. (Cont.d)

Treatment

Àldicarb G

Carbofuran c 3.4

Disulfoton c 3.4

Photate c 3.4

Oxydemeton_
nethyl 0.6

Methoxychlor 1.7

Carbaryl l.j

Control

Rate
kg/ha
ai

3.4

28/t

-

r2341î2

2 513

4584

813 7 I 36

1186833

6 5 610 27

564722

1378735

974424

1t

7/a___

Number of leafhoppers per 25 sweeps at each date

' , l-ì-i ;;:--; - 
26/a

1.

2I

12 I9 7

Replication

lt 14 20 11 56

37 40 52 49 I?8

28 41 19 30 118

34 3s 26 44 t39

15 42 3t 29 117

41 24 22 46 133

38 48 40 36 !62

36

2.

14/8

7 7Lol-5 39

6 81615 45

20 42 39 37 138

12 21 46 38 1I7

ls 13 2r 14 63

14 22 30 17 ?7

31 40 19 28 118

,< i,/IOO shreeps

x I Z 3 4 x

t4 622

8t0

Il 20

8t4

52

54

37

I4

l0

I8 L2 26 47

38

52

t0

28

28

L2

73

97

72

42

24

50 16 36

l6

22

144

lJ\¡
(^)
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.''^uLU 39' Ànalysis of variance of cumulative-mean leafhopper populations (mid andrate-seasÐn) , asrer. y"ri-ãrs-i"ãru;:: triá:"ä"!ãi-äiã"iår.,.".) , and yield incetery as affecred bi ;ã;i;u;"ii.-åËIi"i¿. rrearmenrs, 1970.

Treatment RåtE
kg/ha
ai

Cu¡nulative i number,/l00 sweeps/weeklr¿o_season ( .Æ-Tõ-)

x
Aldicarb c
Carbofuran G
Disulfoton G
Phorate c
Oxydemeton-methvl
MeÈhoxychlor
Carbaryl
control

3.4
3.4
3.4
3.4
0.6
I.7
l:l

1.48
r .67
2 .45
2.4t
I ?O

1.73
2.07
2.59

r .64
1.82
2 .55
2.12
1.58
2.00
I.92
2.55

1.58
2.I9
2.35
2.30
r.87
2.05
L.87
I.67

r.52
I.79
2.95
2 .30
2.35
2.I7
I.92
2.L7

1.56
1.87
2.58
2.28
1.90
1.99
I.9s
) aq

Source â c______ q.¡. S.S. M.S. F
Blocks a
TreaÈment ;Erlor ZITotal 31

0.12
2.7 4
L .29
4.!4

0. 14
0.39
0.06

5.36**

C.V. = 12.It
Treatment Rate

kg/ha
ai

Cu¡uulative f nunber,/l00 sweeps,/weekLate-season ( /x -rO.-Si ' --'-

Aldicarb c
Carbofuran G
Disulfoton c
Phorate c
Oxyd eme ton-me thvL
Methoxychlor
Carbaryl
Control

3.4
3.4
3.4
3.4
0.6
L.7
I.7

2 .30
2.07
3 .48
3.56
2.97
2 .43
3.4s
3.94

2.07
2 .39
3.85
3.30
2.77
3.24
3. 18
4 .09

) E1

2.92
4 .02
3 .54
2.8t
3 .19
2.79
3.35

2.30
2 .39
4 .31
3. 65
2 at

2.8I
3.36
3.97

2 .30

3.92
3.51
2.97
2.92
3.20
3.84

Sourcê â ç____-_ q.¡. S.S. H.S. p
BIocks
TreaÈment
Error
Total

3 0.24
7 10. oo 15 .98 **2I

31
1.88

l2 .11

0.08
1.43
0.09

C.V. = 9.5*
Treatment Rate

kg/ha
ai

ÀY incidence, t (mid-season)

x
À].dicarb c
Carbofuran G
DisulfoÈon G
Phorate G
Oxydemeton-me thvl
MethoxycÌ¡1or
Carbaryl
Control

3.4
3.4
3.4
3.4
0.6
L.7
L.7

2.7
3.3
7.3
6.0
3.3
3.3
4.7
4.0

3.3
1.3
9.3
6.7
4.7
4.7
4.7
7.3

3.3
2.7
8.7
8.7
4.7
2.0
6.7
4.7

4.0
1.3
6.0
7.3
4.0

E'

8.0

3.3
2.2
7.8

4.2
?t

5.4
6.0

Source r e------ q. r. S.S. H. S. F
Block! 3Treaünent 7Error 2ITotal 3t

4.3
II4.7
29.4

148.5

t.4
L6 .4
1.4

I I ?**

ConÈrd....,.

C.v. ='24.2X
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TAALE 39. (Cont,d)

Treatment Rate
kg/ha
ai

ÀY incidence,. t (hàrvest)

x
A1dÍcarb c
Carbofuran G
Disui.foÈon c
PhoraÈe G
Oxydemeton-methvl
Methoxychlor -
Carbaryl
ConÈrol

3.4
3.4
3.4
3.4
0.6
L.7

l:l

4.7
6.0

10.0
8.0
4.7
Þ. t
9.3
7.3

4.0
4.0

11.3
12.7
11

12.o
14.7
I0.0

5.3
8.7
9.3

L4.7
7.3

10.0
13.3
6.7

4.0
6.0

11 .3
10 .0
s.3

12.0
8.0

12.7

4.5
o-¿

10 .5
11. 4

b.¿
L0 .2
ì1 

"o1

Source å ê______ q.¡. S.S. H.S. F
Blocks 3 3O.O Ì0.0rrear¡üenr 7 2oo:o äs:; 6.7*r:t:"r 2r sB. e - 4:;Toral 3L 318.7 c.V. = 253

Treatment Rate
kg/ha
ai

Yield (lbs,/plor)

x
Àldicarb G
Carbofuran GDisulfoton c
Phorate c
Oxyd emeton-methvl
Methoxychlor
Carbaryl
Control

3.4
3.4
3.4
3.4
0.6
I.7
l:I

L92
183
164
189
2I0
198
22I
135

170
192
164
185
183
178
L64
155

204
157
180
175
205
L85
190
1 69,

157
I72
16s
2It
I62
I14
185
158

180.8
176. 0
168.3
190.0
190.0
183. I
190.0
154. 3

Source à ç____- q.¡. _ S.S. H.S. F
BLocks
lreatment
Error
TotaI

1083.8
4502.5
5877.3

361.3
643 .2
279 .9

3
7

2I 2.30 N.S.D.
31 11463.5 C.v. = 9.3s



TABLE 40' weekly populations of the Ester leafhopper in carrots as affected by various insecticiae treaünentE, 1920.

Treatment

Aldicarb G

Carbofuran c 3.4

Disulfoton c 3.4

Phorate c 3.4

Oxydemeton-
methyl 0.6

Methoxychlor I.7

Carbaryl I.7

Control

Rate
ks/ha
ai

3.4

L 2 3 41

lete

0000

I 0 I o 1.0

2 I 2 7 3.0

| 2 2 7 3.0

0 0 0 I 0.5

L20l2.O

2Ilt2.s

2 2 3 1 4.0

-2x

5/7
_ 9/7_-

06000

12 3 4 i

Nu¡nber of leafhoppers per 50 stveeps at each date

t. Replication

0110

112I

1010

0000

llol

0100

r 2 t 1

0

1.0

2.5

1.0

0

t.5

0.5

2.5

2. ì */no sweeps

412

s 13

2 5.5

7 15.0

14 20.o

2 7.o

3 9.0

3 9.0

5 t7.0

x T2

85 100 70 lto L82

150 l5o 260 235 3g7

2r0 350 300 2I0 535

150 I90 135 130 302

245 320 240 300 s52

90 100 110 125 2I2

250 t50 2go 200 445

re/t

14 t6 I0

x

913

L2 25 19 l0 16.5

22/t

7 23.5 230 2I5 200 L25 385

26 44 64 45 44.8

27 50 38 47 40.5

19 35 1l lo 18.8

29 32 30

35 26 L7

22 13 3l

28 29.8

27 26.3

45 27.8

47 37 36 51 42.8

Cont 'd

l-.\¡
oì



TÀBLE 40. (Cont'd)

Treatment

Àldicarb c

Carbofuran G 3.4

Disulfoton c 3.4

Phorate c 3.4

Oxydemeton_
methyl 0.6

Methoxychlor 1.7

Carbaryt I.7

Control

Rate
kg/ha
ai

3.4

28/7

20

19 25 15 17

20 t3 13 tl

ll

4L

l1

Nurnber of leafhoppers per 50 srdeeps at each date

-2x

t.

15

tl. 5

Replication

33.5 4to 375 460 370 404

38.0 360 350 230 250 595

28.5 240 360 250 225 538

27.5 370 350 280 270 635

'48.0 260 265 275 2t5 508

3s.0 350 320 285 300 628

33.5 3?5 260 335 235 602

22 23 19 .32

20 14 13 23

26 l4 16 tt

22

105

T2

7/8

170

L2

2.

t35

x */toO sweeps

t60

x

285 70

195 115 105 L2o 268

90 180 155 80 252

rl5 75 75 90 178

t80 285 14s 155 383

135 95 75 80 193

160 10s 90 135 245

7a/e

l3s 60 100 183

x

75 t3s I3o

450 280 475

300 230 310

300 375 21s

2a/e

195 lr5

73 206

300 752

r85 5I2

170 530

43 83

95 169

175 393

x

140

38

110

85 95 62

tso 220 240

55

280

30

270 t70 375 2L0 5L2

ts\¡\¡
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T*",1Í1. Ànalysis of variance of cumular.J'ate-seasoñ), aster yerrows-inãää;:tY:.Tean leafhopper populaÈions (midcarrors as arrecÈed Ëv ""'io,ì"-i""åîIiiïåå-ffå::fri$,nË;;:.,, ;ä-vìËiä and
in

Treat¡nent Rate
ks/ha
ai

Cu¡¡ulative I number,/lQ0 sweeps,/weekMid-season ( Jï=O-) -

x
Àldicarb G
Carbofu¡an GDisulfoton c
Phorate c
Oxydeneton-methvl
Methoxychlor
Carbaryl
Control

3.4
3.4
3.4
3.4
0.5
I.7
!:1

2.r2
3.36
3.36
3 .11
3.08
3.62
3.27
4 .30

2 .66
3. 54
4 .30
3.39
3.51
3. 51
2.8s
3.83

2 .43
4.51
3.67
2 .51
3.08
2.92
3.48
3.70

2.I2
3.73
4.06
2.30
3.05
3.65
3 .91
3.83

2 .33
3.79
3.8s
2.83
3.18
3.43
3.38
3.92

Source d.f. S.S. M.S. F
Blocks 3Tia¡+i^-t , .15 .05

Ëå:it.". 3í,i,ii ,:íi 7.3s**

c.v. = 12.Ogr
Treat¡aent Rate

kg/ha
ai

Cumulative ï number,/.
¿are-season .( r 

F*j#-is,/week

Àldicarb c
Carbofuran GDisulfoton cPhorate c
Oxyd emeton-methvl
Methoxychlor
Carbatyl
Control

3.4
3.4
3.4
3.4
0.6
L.7
I.7

3.94
6.45
4.95
q t)
6.I6
5.79
5.97
6.93

5.34
s.45
6. 75
4.7I
7 .60
s.12
4.93
5. 6L

3.87
5.87
6.10
4.22
J.b/
4 .44
5 .02
5.90

4.53
5. 63
5.22
4 .42
5. 81
4.95
5.94
5.54

4 .42
5. 86
5.76
4 ,64
6.31
5.08
5 .47
6. 00

Source Å ç___- q,¡. S.S. H.S. F
Blocks 3õ,-ãIiì.,,. ,i ,itií ..ii 4.6si*&r¡er 2L g.I2 :¡õToÈaL 31 22.68 c.v. = 11.43r

Trea.tment RÀte
kg/ha
ai

ÀY incldence, t (nid-season)

Aldicarb G
Carbofuran G
DisuLfoton G
PhoraÈe G
oxydeneton-nethvÌ
Methoxychlor
Carbaryl
Conttol

3.4
3.4
3.4
3.4
0.6
I.?
L.7

1.5
.5
0

¿-5
3.0

.5
1.5
3.0

.5
4.0
).5
2.5
3.5
6.0
5.0
2.5

3.0
1.0
6¡0
2.5
7.0
¿.u
5.0
6.0

J-5
.5

3.0
'E2.0

I.0
4.0

2.!
r.5'3. 

6
2.5
?o
2.3
3.1
3.9

Source Á f____ :.:. S.S. x c -
Blocks ãõiãiü."t i ii:i 'å:3!II": 2t s8.o ;:; 1'o ò¡.s.D-Total 31

c.v. = 59 .1g
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TÀB¿E 41. (Cont'd)

Treaünent Rate
ks/ha
ai

åY lncidence, t (harvest)

xÀIdicarb c
Carbofuran GDisulfoton cPhorate G

9xyd eneÈon-nethvl
Methoxychlor
Carbaryl
Control

3.4
3.4
3.4
3.4
0.6
I.7
I.7

11.7
24.I
20 .2
16. 5
11 .5
11. 6
26.7
23 .3

18. I
15.6
28 .3
17.0
13.5
20.3
18 .3
19.5

13 .2
29.3
77 .9
26 .4
2I .5
zþ.5
27 .4
20.2

22 .2
22.2
22.0
24.5
28 .2
25 .6
22 .4
39 .4

16.3
22.8
22.I
2I .1
I8.7
2J..0
)a I

25-6

Blocka
lreatment
Error
Total

305.9
23s.7
628 .2

1169.8

102. 0
2? t

29 .9
1.L N.S.D.

7
2I
3t

c.v. = 47.2*
Treaûnent Rate

kg/ha
ai

Yield (1bs,/plot)

xÀl-dicarb c
Carbofuran GDisulfoton c
Phorate G
Oxydemeton-rnethvl
Methoxychlor
CarbaryL
conÈro1

3.4
3.4
3.4
3.4
0.6
L.7
1.7

59
72
59
43
48
60
43
39

64
44
44
73
52
?0
59
6t

47
73
55
45
46
68
40
63

5l
)5
68
56
61
48
54
42

qq t

5I .0
56. 5
54 .3
51. I
61 .5
49.0
51 .3

Source â a
F

Blocks
-_^::'- r - 131 ,. ^

Ë;:ii."* 3i :iií,i ,iÍ,å 6 N s D

c.v. - 20.3*
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TABLE 42' Aster leafhopper popuratlons in celery as affected by various insecticide treatments, 1971.

01212381I226

0 0 0 o o 0 0 r L 2 0 0 2 ! 3 0 2 2 3 7 0 0 I I 2 2 3 I 0 6

Number of leafhoppers per 25 srrreeps at each date

1122602I2

| 2 6 21I 2 2 0 t

112Ls645823

10r1334221I

13/7

F¡oo

7 6t0 6 2s

2 t t 0 4 o 0 r

28/e 6/7

2 614 6 24 2I3 2 I 0 3.1. 2 6

4 3 2 4 13 I I 0 I

30]-260000

Cont I d

254374 ltr3

s 3 4 3 ts I 0 0 I

r234l;2

0

2r/ a

0010 I

0t0t

0000

0001

0001

lLo0

Rate
kg/ha
ai

?reatment

3.4

lllo

0000

312t

2 2 3 0

4432

3.4 +
0.6

Àldicarb G

Àldicarb G +
oxyderneton-
methyl

Oxydemeton-
methyl 0.6

13

Carbofuran c 3.4

Uethoxychlor 1.7

2. Í #/loo shreeps

1.7Carbaryl

Control

l. Replication



TÀBLE 42. (Cont,d)

Treat¡nent

Aldicarb c

ÀldicarbG+ 3.4+oxydeneton_ 0.6nethyl

Oxydemeton_ 0.6methyl

Carbofuran G 3.4

üethoxychlor !.7

Carbaryl L.7

Control

Rate
kg/na
ai

3.4

| 2 3 4t

3/a

l02L

0 0 I o I o I I o 2 2 3 2 2 9 3 3 4 3 13

^ 

- 

Jvlo_x1234;1)1,-_
. r 2 3 4 Í. r z 3 4 I L 2 3 4 F

_ Lol o 2l/e 3O/8

0000

0000

0110

001t

Number of leafhoppers per 25 sr.reeps at each date

1, Replication

9/8 ß/a

orool32r284sræ

0000

0000

2 01t

0 .0 0 0

2I I o
31318

2. Í #/no sweeps

L 2 o 3 6

223411

4 7 7 s 5 24 l0 7 gt4 40 L2 81319 52

0 3 6 4 6 19 6II I 5 30 5 8 5 6 24

4 10 7lslt 43 rr112116 59 2427L6L8 8s

4 6 5 I 16

5 7 710 29 1627t7 9 63

7 71313 42

658524

7/9

L234F

5 2 3 3 13

2 2 2 4 l0

130t5

41431,2

432312

341574

47642I

lJ
æ
F,
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TÀBLE 43. Ànalysis oj' - j:r*i:åíi*.n*'j'*i:u"i":ïäËi:i" juHË:*:jå:i"l:.i::ii.*åï,Jîu'u,ånu

Treatment Rate
kg/ha
ai

Cumulative I number./.
Hid_season 1. fÇ;5.e=,r*'."¡

xÀldicarb c
Carbofuran GAldicarb c +
oxydemeton-methvl

oxydemeton-methvi -
MeÈhoxychlor
Carbaryl
Control

3.4
3.4
3.4 +
0.6
0.6
L.7

l:l

1.14
L.22

0.89
I.30
I.64
1.58
1.9s

I.00
1.10

1.14
1.41
1.58
1.41
2.07

1.30
1.30

1.30
I.22
L.61
1.48
2.oo

1.14
1.14

I.22
t.41
1.82
1.34
1.87

1.1s
I .19

I .14
1.34
1.68
1..45
I.97

Source d.f. S.S. t{.S. F
Blocks
TreaÈment
Error
Total

3
6

IS
2?

0.03
2.35
0 .24
2.63

0.01
0.39
0.01

29.99**

c.v. = 8.21rlreatment Rate
kg/ha
ai

Cu¡nulative x nunber,/lp s¡reeps/weekLare-season ( JTTO-ì . --.

XAldicarb c
Carbofuran GÀldicarb c +
oxyd emeÈon-methvl

oxyd emeton-methvi
MeÈhoxychLor
Carbaryl
ControL

3.4
3.4
3.4 +
0.6
0.6
I.7
l:l

L.s2
1. 82

1. 34
1.4 5
2.I2
1. 70
? EO

1.55
r.97

I.52
1. 61
I.92
7.92
2.63

1. 61
r.79

1.73
1.45
2.07
I.70
2.72

r. 61
t.76

L.67
1.45
2 .32
t.79
2 .49

L. 65
1. 84

!.5/
I .49
2.II
1.78
2 .6L

Source d.f. S.S. t{.S. ¡.
Blocks
Treatment
Error
Total

3
6

18
27

0.0t
3.59
0. 31
3. 91

0.00
0. 60
0 .02

34.39**

C,V. = 7.ggg
Treaûnent

RaÈe
ks/ha
ai

ÀY incldence, t (mid-season)

x
Àldicarb c
Carbofuran GÀldicârb c +
oxyde¡neton-methvt

oxydemeton-methvi -
Methoxychlor
CarbaryL
Control

3.4
3.4
3.4 +
0.6
0.6
I.7
!:!

- 3.7
2.2

0.?
5.9
4.4
5.1
b.6

2.9
3.7

2.2
2.9
3.7
2.9
7.4

5.1
2.9

'3 .7
5.9
3.7
4.4
5.1

2.9
lÈ

J. t
4.4
5.9
2.2
3.7

.2.6

¿.ò
4.8
4.4
3.7
5.7

9ource d.f. s.s. ¡,t.s. F
BIocks
Treàünent
Error
TOIAI

3
6

18
27

3.6
31. 7
3I.2
66.6

I.2
5.3
I.7 3.0*

C.V. = 19.gg
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TÀBLE 43. (Cont'd)

TreatmenÈ Rate
ks/ha
ai

ÀY i¡cidence, t (harvest)

xAldicarb c
Carbofuran GAldicarb c +
_ 
oxyderneton-methvl

oxydemeÈon-methvì
Methoxychlor '-
Carbaryl
Control.

3.4
3.4
3.4 +
0.6
0.6
L.7
1.7

4.7
3.0

3.4
6.7

11 .4
8.7

14.7

4.0
4.0

4.7
4.?
8.0
8.0

13.4

J.J
3.4

5.4
6.0
7.4

10. 1
13.4

3.4
2.3

4.7
5.4

10 .I
9.4

10.7

4.4
3.0

4.6
5.7
9.2
9.1

13.1

S.
BIocks
Treaü¡ent
Error
?otaI

1.9
305.1

26 .5
333.5

34 .5*r
3
6

18

0.6
50. I
1.s

17.3t
Treatment Rate

ks/ha
ai

Yield (1bs,/ptor)

x
ALdicarb c
Carbofuran GÀldicarb c +
_ 
oxydemeton-methyl

oxydemeton-methvi
ùrethoxychlor
Carbaryl
Control.

3.4
3.4
3.4 +
0.6
0.6
I.7
l:l

236
262

207
260
2I5
198
18s

247
259

228
217
203
208
153

195
205

262
213
2t3
153
142

200
255

225
202
263
I64
t50

2t9.5
245.3

230.5
223 .0
223.s
180.8
1.57.5

Blocks
Treatment
Error
Total

2566. 3
22807 .4
10481.2
35854. 9

855.4
3801. 2
582.3

5,5**
3
6

18'27
C.V. = 11 .4r



*ABLE 44' lgeekly poPuration of the aster leafhopper in carrots as affected by various insecticide treatments, r9zr.

Treatment

Aldicarb c

Àldicarb G

Àldicarb c +
oxydeneton-
methyl

Oxydemeton-
methyl

Carbofuran G

Phorate c

Methoxychlor

Carbaryl

Control

Rate
kg/ha
ai

1.7 +
t.7
3.4

3.4 +
0.6

0.6

3.4

3.4

I.7
1.7

28/ 6

-

T234Iç2

33t
032

I 0 0 0 0.5

3 3 4 5 7.5

3 6 3 2 7.0
8 5 2 3 9.0

3 5 I 3 6.0

8 4 I 2 tl.o
1l 915 7 2I.o

I 4.0

2 3.5

6/t

1234i

1.

Number of leafhoppers per 50 sweeps at each daÈe

Replication

8 ll 16 7 2I.o
4 6 t0 9 14.5

7 3 6 2 9.0

1611 I 9 22.O

16 I I 5 18.5

LO 22 12 L4 2s.o
33 28 25 16 51.0

25 32 30 26 56.5

79 4t 22 35 s8. 5

2.

tt/t

-

L234x

i */too sr^reeps

352
031

t I 4 3 4.5

0 0 2 I I.s
2 2 5 6 7.5

2 3 3 3 5.5

19 26 l8 t9 41.0

4 3 s 7 9.5

I 24 14 II 28.5

5 7.5

3 3.5

2o/t

-

1234x

34
54

3 1 5.5

I l0 13.5

I 3 5 4 10.0

26/t

--1234 ;

3 4 3l
12 T3 24 TL

3995
t9 18 t2 18

7 9 6 5

22 36 3s 28

5 3 .9 5 ll .o

15 t5 L2 25 33.5

I 6 t2 12 19.0

5.5

30.0

tc.5
33.5

13. 5

60.5

s395
610 810

12 19 l0 tl
25 23 2t 26

13 I 9t9
I? 28 32 t2

It. 0

17. 0

26. O

47 .5

24 .5

44.5

Cont'd

þ
æ
À



TABLE 44. (Cont.d)

Treatnent

Àldicarb G

Àldicarb G

Aldicarb G +
oxydemeton-
methyl

Oxydemeton-
methyt

Carbofuran G

Phorate c

Methoxychlor

Carbaryl

Control

Rate
kg/ha

1.7 +
L.7

3.4

3.4 +
0.6

0.5

3.4

3.4

r.7
1.7

9/a

7t9Il 5

25 18 t2 38

4r

5 7 10 I l5.o

s 6 3 I lt.o
28 26 24 35 56.s
27 26 13 t2 39.0
t7 10 16 t3 28.0

2 4 3 4 6.5
38 l8 29 28 55.5

-2x

Le/a

-

Number of leafhoppers per 50 sweeps at each date

I.

2r. 0

46.5

I 2 3 4 'J r 2 3 4 ;

Replication

12 19 12 15 2s.o
24 31 t7 38 55.0

26 3? 20 I8 50.0

t3 38 22 15 44.0

42 47 65 46 100.0

33 65 34 52 s2.5

42 34 58 46 90.0

38 2t 18 28 52.5

3A 58 42 63 100.5

2. Í. #/no sweeps

-

2t/a

t0 20 l8 10 16.5

t8 Lt 26 22 38.s

tl 13 18 l0 26.0

6 9 810 16.5

28 19 22 27 48.0

16 14 32 l8 40.0

14 ll 25 t5 32.5

8 13 l0 t4 22.5

23 14 30 22 45.s

3o/a

36 50 62 42 9s

150 180 t4o 114 2g2

I20 L44 260 l8o 352

x

36 50 62 42

270 250 4to 260

115 200 ll2 180

66 55 44 96

72 t6s I20 90

t40 210 206 224

7/g

-

1234I

8 14 14 16 26.0

35 30 s5 40 80.0

28 50 34 36 ?4.o

8 t4 14 16 26.0.

83 52 60 5t 123.0

34 60 31 29 77.o

26 t3 32 II 41.0

22 14 20 30 43.0

32 37 64 34 83.5

95

595

303

106

223

390

FJ
@
(-fr
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TÀ,llr,jr 45. Ànalysis c- - 

li::;;= :ri,, :;iå ç 
iilii 

i ¡.,,iî:iËiîi: *_tr" åi: lnruå: 
ii I ":iå ï, Jîå 

u, 
i.o

Treaûnent .Rate
ks/ha
ai

Cumulat.ive i number,/}OO sweeps,/weekl{id_season (';x +9.5¡

xÀldicarb cÂldicarb cÀldicarb c +

^oxydemeton_methvluxydeneton-methvi
sarÞofuran cPhorate c
MethoxychLor
Carbaryl
Control

I.7 + L.7
3.4
3.4 +
0.6
0.6
3.4
3.4
I.7
l:l

2 .67
2 .77

2.28
2 .41
2 .68
2.s9
4.24
3 .32
3.90

2.92
2 .49

I .64
2.Il
2.70
3.29
4.27
3.2r
5.07

2 .49
2 .49

2 .30
2.45
2.92
2 .4t
3.71
3.3s
4.66

2.35
2.97

2.05
2.12
2 .55
2 .6s
3.85
3.29
4 .1s

2 .59
2.53

2.07
2.29
2.7I
2.74
4.03
3 .29
4 .45

BIocks
lreat¡nent
E¡ror
Total

0.27
20.59
2.20

23.00
29.04**

t.f
3
I

24
35

0 .07
2.57
0. 09

Treatnent
Rate
kg/ha
ai

CumulatÍve I number,/Igq sweeps/rdeektare-season f J;;¡:Ej

c.v. = 10 . 21r

xAldicarb GALdicarb GÀldicarb G +

^ 
oxyd e¡neton_nethvl

uxyd,emeton_me thvicarbofuran c
Phorate c
¡lethoxychlor
CarbaryL
Control

L.7
3.4
3.4
0.6
0.6
3.4
3.4
I.7
-t:]

+ L.7

+

3.07
3. 63

3.21
2.63
4.72
3. 90
4.57
3. 71
4.73

3 .62
3. 59

3.54
3.11
4.36
4. 85
4 .23
3. 41
5.32

H

J..t 5
3.86 3.15

3 .87
3.41
2.92
4.73
3.83
4 .67
3. 61

2.74
4 .39

3. 15
2.79
4.28
3 .94
4 .20
3. 76

3.33
2 .86
4 .52
4.13
4 .42
3. 63
5

BIocks
lreatme¡rt
Er¡or
lotal

0 .26
16.40
2.06

18. 73

5 .7?

23.97**

3
I

24
35

0 .09
2.05
0.09

Treatment
RâIe
ks/ha
ai

.ÀY incidence, t (mid-season)

c.v. = 7.55*

xÀldicarb cAldicarb GÀldicarb c +

^ 
oxydemeton_me thyl

;äí;:ff::i-merhvi
Phorate G
MeÈhoxychl.or
Carbaryl
ControL

I.7 + I.7
3.4
3.4 +
0.6
0.6
3.4
3.4
I.7
t.7

4
3

1
I
3
3
4
3
3

3
3

FJ

7
2

0
3
4
I
4
6
5

2
6

I
3

3
3
7
6

2

2
1
I
5
6

4.0
3.5

1.0
3.0
J.5
2.0
3.0
5.3

BIocka
Treat¡lrent
Error
Total

5.0
57 .6
57 .8

I20.3

3
I

24
35

I.?
7.2
2.4

C.v. = 45.2s

3.0*

ConÈ I d.
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TÀB¿E 45. (Cont'd)

îreaûnent Rate
ks/11^

â1

AY incidence, S (harvest)

xÀldicarb GAldicarb cÀldicarb c +

- 
oxyderneton_meÈhy1

åäíiff::l-methvi
Phorate c
Methoxychlor
Carbaryl
Control

L.7 + L.7
3.4
3.4 +
0,6
0.6
3.4
3.4
I.7
I.7

ã.
2.8

4.2
4.9
6.4
4.9
4.6
6.4

11. 0

5.7
4.6

3.9
3.9
3.9
5.3
3.9
6.4

11.3

4.2
4.6

2.8
6.0
7.I
4.2
6.0
7.4

14.1

3.9
2.8

2.8
c-

6.7
5.7
6.4

1Ã o

4.3
3.7

3.4
5.1
Êt

5.3
5.1
6.7

I3.1
source d.f. S.s. H.S. F
Blocks
lreatment
Ertor
ToÈal

3 s.88 269.624 34.335 309 -7
23.6**

1.9
1a a

1.4
c.v. = 20.6t

lreaÈment
Rate
kg/ha
ai

Yield (¡bs,/p1ot)

xAldicarb G
Aldicarb GÀldicarb G +
^ 
oxydemeton-methvl

oxyd erneton-roeÈhvi
carbofuran G
Phorate G
Methoxychlor
Catbaryl
Control

L.7 + I.7
3.4
3.4 +
0.6
0.6
3.4
3.4
I.7
l:l

59
53

57
54
56
53
62
59
59

52
47
54
51
51
48
s1

tt

65

59
56
55
60
63

50

JI. J

58.3

58. 8
q? t
R< t
<? t

56.5
s1.8
52.0

45
57

67
56
56
49
50
53
48

49
58

Bl-ocks
?reat¡uent
Error
Total

t88. 3
256.7
539 .9
985.0

1.4 N.s.D.

3
I

24
35

62.8
32.t
22 .5

C.v. = g.7g
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--r234i

TÀBLE 46. Àster leafhopper populations in celery as affected by varj.ous insecticide treatments, 1972.

00000¿t214

0010192714

Number of leafhoppers Þer ?q -,.,^^^_, per 25 sweeps at each date

r234r

0lll3

2s/7

72726

01225

It32?

0000090000

0122590000

01102I1002

3 6 4 Z t5 o I I 0 2

I234F

ra/t

L2104g0101322L8

0 I 1 3 5 4 I 2 3 10 0 o 2 1 3

lJ
@
æ

0001r1314910225

34i

rr/t

Cont rd

r 2 ¡ ¿l î2 ! 2

0110271316

4/7

3 7 6 3 19

2 5 5 3 15

3t127

458522

Rate
kg/ha
ai

Treatment

I.7 +
1.7

3.4

1100

002I

2201

2331

Àldicarb G

ÀIdicarb c

Àldicarb c +
oxydemeton_
methyl

3.4 +
0.6

"i:ffiï**- o'6

Carbofuran G 3.4

l. Replication 2. x I/hOO srr,eeps

7.7carbaryl

Control



TÀBLE 46. (Cont,d)

Trea Ëment

Àldicarb G

Aldicarbc 3.4 L 2 0 0

Rate
kg/na
ai

Aldicarbc+ 3.4+oxyctemeton_ 0.6nethylZt30S

Oxydeneton- 0.6rnerhyl 1323g

I.7 +
I.7

Carbofuranc 3.4 2 2 I l

10214

234t'2

Lr/e

CarbarylL.7353213

Control3223t0

Number of leafhoppers per 25 sweeps at each date

l. Replication 2. i */tOO sr{reeps

l2

3122t6

03

r7 /e

34t

02s

213

Ll

L2

t22

01113

I2205

24/s

2g

352tlt

024

34i

2573L7203

0to23l2ol4

11248

2toI4

13t05

I234x

o2Io3

3t/8

ll2L

01t24

05

2It5

3206

23]-28

l-
@
\o
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TATJLE_47. Analysis of variance of cumulat._tate-season), as.cere,y..Ã_äiå";;5;;i.ilis"i*:Ë:Ë:"ïuËä:*åji:i"l;;e:3Ëi:.#å,"jäiå ît.

lreatment ÉaÈe
kg/na
ai

Cumulat-ive i number,/I00 sweeps,/weektlid-season ( .IÎ-;õ:Ëi'-' ---^

Aldicarb c

Aldicarb G
ÀLdicarb c +

oxydeme ton-neÈhv1
Carbofuran c -
Oxyd emeton-methvl
Carbaryl
Controt

L.7 +
I.7
3.4
3.4 +
0.6
3.4
0.6
I.7

I.22
1. 00

0.89
1.14
I.22
1. 58
1.52

1.00
1.14

1. 00
I.52
I.67
1. 73
1.73

L.34
I.22
1 ))
I. 58
1.58
1.41
1.95

I.52
I.52

0 .89
I.22
1. 34
L. 34
1.41

I.27
I.22

1.00
I.37
L.4 5
r.52
1. 65

Source ¿t €_____ q.¡. S.S. !{.S. F
Blocks
Treaünent
Error
Total

3
6

18
27

0.24
1. L0
0.66
2 .00

0.08
0.18
0.04

5.01**

C.V. = 14.14t
Treatment Rate

kg/ha
ai

Cu¡ulative f number,/lO0 sweeps/weekLaÈe-season ( J-x-TO-j . ----

Aldicarb G

Àldicarb G
Àldicarb G +

^oxyd 
emeton-methyl

uarÞoturan c
Oxyd eneton-me Èhvl
Carbaryl
ConÈrol.

1.7 +

3.4
3.4 +
0.6
3.4
0 ..6

!:!

1.05
1.10

1.10
1))
I.18
1.5s
1. 5L

I.22
1. 34

1.18
L .45
I.s5
I.s7
!.70

1. 30
1.30

1. 30
1.45
1.45
1.55
1.90

1.34
r.26

1.14
1.34
1.58
1.26
1.48

I.23
1.25

1.I8
1 tt

I .44
1. s6
L.67

Source à a----- q-r- c c___- -_-..-. F
Blocks
lreatment
Error
Total

3
6

18
27

0.23
0.80
0. 30
1.33

0.08
0.13
0.02

0.07 N.S.D.

= 9.29t
Treatment Rate

ks/ll¡
ai

ÀY incidence, t (nld-season)

Aldicarb G

Àldicarb c
Aldicarb G +
oxydeneton-methvl

Carbofuran c -
Oxyd emeton-methvl
Carbatyl
ConÈroL

f.7 +
I.7
3.4
3.4 +
0.6
3.4
0.6

l:l

I
1

0
0
I
1
0

0
0

1
L
I
I
0

0
0

I
0
I
1
I

0
I

0
1
0
0
2

0.2
0.3

0,3
0.3
0.5
0.5
0.5

Souree A j_ ____ q.¡. S.S. M.S. F
BIocks
Treåtrnent
Error
?otal

3 .g
6 0.918 g.o 0.3 N.s.D.

.0
0.1
0.4

27 8.9

Contrd.

= 116.3r
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TÀBLE 47. (Cont,d)

Treat¡nent Rate
kg/ha
ai

ÀY incidence, g (harvest)

x
Aldicarb G

Aldicarb G
Aldicarb c +
oxyde¡neton-nethvl

Carbofuran c '
Oxyd eme ton-methvl
Carbaryl-
controL

L.7 +
1.7 .73.4 .7
3.4 +
0.6 03.4 !.4
0.6 3.31.7 4.7

)n

1.4
L.4

0.7
1.4
2.0
2.7
2.7

.7
2.0

0.7
3.3
0.7
2.0
2.0

1.4

0
0.7
0.7

I.4

1.8
1.8

0.5))
2.2
4.0
2.0

Soutce .7 ç_----- u.¡. S.S. ü.S. F
Blocks
Treatment
Error
Total

3 2.0
6 34.918 38. o27 74 -e

0.7
5.8
2.r

2.9*

C.v. = 46.9t
Treatment Rate

ks/ba
ai

Yield (1bs,/pLot)

.1

ÂLdicarb G

Aldicarb G
Aldicarb c +
oxydemeÈon-methvl

Carbofuran c -

Oxyd emeton-nethvl
Carbaryl
Control

L.7 +
I.7 2493.4 239
3.4 +
0.6 2t63.4 1680.6 204r.7 222

24t

166 I73220 185

2.04
180
215
209
192

228
2tI

L82
I95
196
161
I74

204.0
213.8

196.3
184 .8
216. 5
194.8
206.3

183
196
251
187
2r8

Source À f___-__ q. ¡. S.S. H.S. F
Blocks
Treatment
Error
Total

3 3325.5
6 3011.4

18 t1057.2
27 17394. L

1108.5
501.9 0.8 ¡[.s.D.
614.3

C.v. = 12.2*



ÎÀBLE 49. Weekly popuìations of

Treatnent

Àldícarb G

Àldicarb G

Àldicarb G +
oxydemeton_
methyl

Oxydeneton_
methyl

Carbofuran c
Carbaryl

Control

Rate
kg/ha
ai

the aater leaf,hopper

1.7 +
I.7
3.4

3.4 +
0.6

0.6

3.4

I.7

4/z
-----------._
1234r¡2

I2t2
ll02

in carrots as affectrxl by various lnsectl.cide treatnenta, l9?2.

l.

2It

Repl lcat ion

3.0

2.0

3.0

6.0

7.o

15.0

t9.5

Number of

5221
3 4 4 3

7 916
7t3t0 g

25

26

ll/l

leafhoppers þer 50 
",--- ileePs at each date

2.

30

t9

i l/loo aweeps

45

29

30 60 50 43 91.5

26 55 65

27 50 48

47 t25 tts
lto 85 145

55

9

x

ra/t
-------
T234F

77 .5

41. 5

t8 25 t7 22 4l.o
L4 22 tg 2t 30.0

I ts tt l? 2s.s

30

37

175

140

88. 0

01. 0

231. o

240. o

2s/t

1234 F

I
l0
l6

3t

l5

l5
23

3?

49
23 20

t5 17

53 40

I tt t0 6 l?.5
tl t4 13 6 22.o

4 8 4 7 ll.s

t8.0

34.0

35.5

80.5

35
t5 24

I2
16 20

4/8
-_--..-
t2 34 i

2

t9

I

23

t2 t8 25 15 35.0
1l 19 I 2t 2g.5

13 24 ll I8 33.0

2

24

I
l0

6.0

¿11.0

2.5

34.5

l9
30

39

49

13 I 19

33 40 38

30 ¡t0 32

60 35 63

29.5

70.5

70.5

103. 5

Cont,d.

þ
\o
t\'



TABLE 48. (Cont'd)

Treatment

Aldicarb G

Àldicarb G

Àldicarb c +
oxydemeton-
methyl

Oxydemeton-
rhethyl

Carbofuran G

Carbaryl

Control

Rate
kg/ha
ai

1.7 +
I.7
3.4

3.4 +
0.6

0.6

3.4

1.7

rl/a

L2 25 23

17 2t t0

41

1.

2A 16 15 26

Repllcatlon

Nunber of leafhoppers per 50 sweeps at each date

16

-2x

14

38.0 L2

31. 0 15

42.5 15

26.0 10

67 .0 ts
81.5 27

94.5 55

40

t6

35 46 45 37

59 50 4L 39

29

T2

rt /s

2.

39

T7

¿6

x *,/IOO sh¡eeps

20

25

11

35

20

30

50

31. 5

62 .5

36.0

20. 0

54. 0

52 .5

80.0

T2

15

37

33

23

15

33

30

2s/s

l2

52

30

20

23

I7

l8

t0

23

15

45

40

28

t5

20

I5

44

40

8530

L2 31.0

2s 41.0

15 34.5

14 30,5

t7 89.5

72 98.5

49 Ir4.5

x

L2

T7

73

3t/8

45

31

67

26

29

2T

2L

l5

24

22

30

18

5t. s

44 .5

40.0

2I. 0

88.0

78.0

100.5

2t

l0
36

45

45

44

t4

35

50

37

l4

61

T2

38

46

39

56

F
to
(Àl
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'"o1u.å3-'".*å*I:':"::,î:iíffi: i:"iåËi::.'(xî.rFii:iiliFnf,:I"Ë:Eïl.iiå"i,iïåu,i"ucarrors as affecred ly "".ioi=-iiIäJI.".o" Èreatments, I97

Treatment i.t"
kg/ha
ai

Cuaulat.ive i' number,/l00 sweeps,/weekHid-season ( *rx ;¡-) -

x
AÌdicarb G
Aldica.rb c +

.däi:#;.3"_rnerhyr
Carbofuran G
Oxyd eneton-methvl
Carbaryl
Control

3.4
3.4 +
0.6
I.7 +
L.7
3.4
0.6ll

3 .67

3.39

3 .67
3.78
3 .32
4 .2e
6.44

3.81

4 .64

4.18
4.88
4 .45
6.35
6.28

3.97

4.10

4 .34
4.90
4.34
5.94
7.64

3 .16

4.22

4 .67
4.74
3. 39
7 .09
7.09

3. 65

4.09

4.22
4.58
3.88
5.92
6.8 6

Source d. f. S.S. M.S. F
EIocks
Treat¡¡ent
Error
1oÈaL

4. 15
34. l8
4.92

43 .25
20.95*É

3
6

18
27

1.38
5.7 0
0.27

c.v. = 11.03*
Treatment Rate

kg/ha
ai

CurnulaÈive I number,/I g0 sweeps,/weekLate-season ( .Jx +0.5)

x
Aldicarb G
ÀIdicarb G +
- 
oxydemeton_methyl

AJ.o,rcarb G

Carbofuran G
Oxyde¡neton-me ÈhvLcarbaryl
Control

3.4
3.4
0.6
I.7
I.7
3.4
0.6
!.7

4.16

3 .94

3. 89
5. 08
3.39
5.28
7 .29

4.23

4.72

4.53
5.92
4 .09
6 .2s
6. 89

4.11

4.10

4 .42
5.73
3.91
6 .20
6.95

4.35

4.23

4 .40
5.15
3. 59
6.69
6.99

4.21

4.25

¿. a1

5 .47
3.75
5.lt
7.03

Source Ã .
Blocks
lreat¡nent
Error
Total

0.97
35.19
I. 61

37 .78
65.47**

3
6

18
27

o .32
5.87
0.09

c.V. = 5.97s
lreatment

RàÈe
ks/ha
ai

ÀY lncidence, t (mid-season)

.Aldicarb cAldicarb c +

_ 
oxydemeton-methyl

Arolcarb G

Carbofuran G
OxydemeÈon-methvt
Carbaryl
Control

3.4
3.4 +
0.6
I.7 +
I.7
3.4
0.6

l:l

0.5

1.0

1.0
1.0
r.5
0.5
1.0

0.5
1.0
3.0
1.0
1.5

0.5

2.0

0.5
1.0
1.0
-1.5
¡.5

0.5

2.0

0.5
0

1.0
1.0
2.0

0.4
'I .5

0.6
0.8
1.6
1.0
1.s

0

1.0

Source""..çe d-f_ s: ___-v. 9.Þ_ F

BLocks
Treattìent
Error
TOIAI

3
6

18
27

0.9
23.4
22.2
46.6

0.3
3.9
I.2

i 1*

Contrd......

C.v. = 52.9g
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TÀBLE 49. (Cont'd)

Treat¡nent
Rate
kg/ua
ai.

ÀY incidence, t (harvest)

xÀldicarb GAldicarb G +
- 
oÌydemeton_methvl

aro:,carb G -

Carbofuran c
gxydemeton-methvl
carbaryl
Control-

3.4
3.4 +
0.6
I.7 +
I.7
3.4
0.6
I.7

1.1

)1

1.8
4.4
1.3
3.1
7.2

3.9

7.9

4.4
5.0
5.s
b. J
f-5

5.8

'E

4.4
1.5
4.5

L3.2

3.6

<t

4.4
6.4
3.t
7.4

10.3

3.6

4.8

?r
5.1
2.9
5.3
ol

Bl.ocks
Treaûnent
Error
Total

32 .9
70L.?
60.2

I94.9
q t **

d.i

J
I

18
27

10.9
16.9
3.3

C.v. = 37.19
Treatment

Rate
kg/na
ai

Yield (tbs/plot)

xÀldicarb cAldica¡b G +
_ 
oxydemeton-methvl

ald.rcarb G -

Carbofuran G
gxydeneton-methv.l
carbaryL
Control

3.4
3.4 +
0.6
I.7 +
t.7
3.4
0.6

lI

94

99

86
tL2

95
77
81

74

87

101
79
7T
65
72

9t
I07
105

84
70

81.3

88.8

91.8
98.8
90.5
77 .o
75.0

72

85

89
97
ot
82
77

85

84

Source Å .
Blocks 2 -

Ë;:ii*"' \i tiií.l zie,:E 3 s*
27 zgtt.À

C.v. = 1¡.29
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TA¡JLE. 5.0-. ¿halysis o

It*::äïËü i:,i", :'t! ""Ff"åfåu'""î'iå:iJ;"'"ff :"*î:iååïI"itr::å:,:1",
RåtE
kg/ha
ai'

Treat¡nent
(r97 0) Replicationl

ÀLdicarb
Carbofuran
Oxyderneton-methvl
carbaryL
Control

3.4
3.4
0.6
L.7

1.48
1.67
t.7 9
2. 07
2.59

I. 64
I.82
1. 58
L.92
2. 55

1. 58
2. t9
L.87
1. 87
I.67

I.52
I.7 9
2.35
I.92
2.17

6.22
7 .47
7.59
7.18
8. 98

1. 56
I.87
1. 90
1. 95
2.25source ñÞ 

-

Block! ' - --lreatment
Error

3
4

T2

0. 03
0. 96
t.02

0.01
0.24
0. 08

0 .I4
2.84 N. S.D.

lreatment
(1971) Ràte

kg/ha
ai

ReplicaÈion

Aldicarb
Carbofuran
9xydemeton-methvl
carbaryl
Control

3. ¿l

3.4
0.6

l:l
1.14
1.22
1.30
1. 58
1. 95

1. 00
1.10
1. 41
1. 4I
2. 07

1.30
1.30
I.22
1.48
2. oo

1. 14
1.14
1.41
1.34
l. 87

4. 58
4.16
5.34
5.81
7 .89

1.15
1. 19
1. 34
I.45
L.97

lreatnent
Error 4

T2
I.77
0. 13

0. 01
0.44
0. 01

0. 63
4I.73 **

Treatment
(r97 2l Rate

ks/ha Replication

Àldicarb
Carbofuran
Oxyd emeton-¡nethvl
carbaryl
Control

3.4
3.4
0.6

l:l
1.00
1. 14
I.22
1. 58
l. 5?

1.14
L. 52
L.67
1.73
1. 73

r.22
1.58
1. 58
I. 41
1. 9s

1. 52
1.22
I.34
1. 34
1. 41

4.88
5.46
5. 8t
6. 06
6. 51

L.22
1. 37
1. 45
l. 52
I. 65Source n F

Blocks 2r¡eátã.nt i 9.?9 o. oe 2. ssT.reatment
4Error I2

Rate
kg/ha

0.10
0. 03

Replication

3.03 N.s.D.0 .42
0 .42

TreaÈment
(3 Yr. 16¿¿1¡

¡iLdicarb
Carbofuran
Oxydeme ton-methvl
Carbaryl
ControL

J.

3.4
3.4
0.6

l:l

1.87
2.14
2.32
2.88
3 .29

2. 00
2.4I
2.5I
2.77
3. 58

2.L7
2 .88
2.55
2.59
3.10

2.2I
2.24
2 .88
2.5r
3. 03

8.2s
9.62

I0.26
10.75
13. 0

2. 06
2. 4I
2.57
2. 69
3 .25Source ^ Þ

.S. F
3 - o.ogTreateent 0.45

12.95 **4
T2

3. 03
0.7

0. 03
0.7 6
0. 06

"råjii:ty?*.td:åf 3*::t 59
I9

3
I

L2
2
I
6

21

II4 .329
I.272
0. 025
L. OL2
0.23s

I09.295
2. I40
0.295
L.327
!.622

0.008
0.253
0.020

54. 648
0.268
0.049
0.055
0. 054

Tteatment! l?l
y..r3 * r [(Error(a)]
TxY
BxY
BXVXY

Ì.265 N.S.D.

10L2. **
4.96*

Error

1. Mean number of leafhoppets/2s s¡¿eeps./week transformed to ',1¡ ..9.5
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''n'"trji;_"*3åli'i".I^yar_iance of rhe cumurarive mean teafhoa tnr"ã-vããi'nËili8ål"'v as arrected bv vario""-i;;"Ë;îËi'ä:o:i"å:fiåiË:':i",

Treatment
(1970) Râte

kg/ha
ai

Replicationl

ÀIdicarb
Carbofuran

3ilÍ#;i"*.ethvl
Cont¡ol

3.4
3.4
0.6
I.7

2. 30
2. 07
2.97
3.45
3 .94

2.0?
2.39
2.77
3.18
4.09

2.53
2. 92
2.8I
2.79
3.35

2 .30
2 .39
3. 33
3.36
3.97

9 .20
9.77

11. 88
t2.7 I
15.35

2. 30
2.44
z. g?
3.20
3. 84

Blocks
Treatment
Error

t

3
4

I2
19

0. l1
6. 1I
t. ls
7 .37

0.04
1. 53
0. I0

0.38
15.94*r

Treatment
(r 97r )

ç:Y. = 10.7Rate
kg/ha
ai

Replication

Aldicarb
Carbofuran
9xydemeton-meÈhy1carbaryl
ContJrol

1.55 1.61
3. ¡l
3.{
0.6
L.7

L.82
L.82
1. 45
1.70
2.59

I.97
1. 61
1.92
2.63

I.79
1.45
I.70
2.7 2

1. 61
I.7 6
1.45
L.7 9
2. 49

6.59
7.34
5.96
7. 11

10.43

I.65
1. 84
I. 49
1. 78
2.6I

Treatment
(L972) Rate

ks/ha
ai

Replication

ALdicarb
Carbofutan
9xydemeton-methyluarbaryl
control

3.4
3.4
0.6
L.7

1.10
I.22
I.18
1.55
I. 61

I.34
1.48
l. 5s
1.87
L.7 0

1.30
r. 45
1.45
1. 55
1.90

I.26
1. 34
1. 58
I.26
1.48

5.00
5. 49
5.7 6
6.23
6. 69

I.25
1.37
\.44
L. 55
L.67

Treatnent
(3 Yr. 1,6¡¿1¡ Rate

kg/ha Replication

¡ildicarb
Carbofuran

a

3.4
3.4
0.6
l:l

2.97
2.85
3.36
4.02
4 .88

2.7 4
3.29
3.42
4.04

3. L1
3. 58
3. 33
3.48

2.7 2
3. t0
3. 83
3. 87
4.82

II. 54
12.82
13. 94
15.43
19. 38

2.87
3.2I
3.49
3.86
4. 85

oxyd eme ton-methvt(järbaryl
ConÈrol

s. 0s q. àá

Treatment
Error

0.01 0.132.28 33.39 **
0.07

208 .7 I
3.27 6
0.009
2. 993
0.27 4

L97 .394
6.537
0.358
1. 515

3
4

L2

0. 03
9. 13
0.82

C.V. = 7.22

"rljåi::yî*.îd$t 3*::r 59
19

3
1

I2
2
8
6

24

Treaünents (T)
y."r: * I [(Error(a)]
lxy
BxY
BxVxy

87

0.003
0.748
0. 228

98. 69
0.817
0.059
0.05

3. 28*

1591. **
1.3.18**

1. Mean num.ber of leafhoppers/25 sweeps,/week transformed to fiìõJ
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rABrE _S_2. Ànatysis ol.y"ï_i1""i.of _rhe in::^U:::. of Ay in cetery (nid_season) as
arrected by various insectiãiaà"irËärr"rra" over a th.ree year period.

Treatment
(1970) RÂte

kg/na
ai

Replication

Àldicarb
Carbofuran
Oxyd emeton-methvl
C¿¡rbaryl
Cont¡ol

3. ¡t

3.4
0.6
l:I

2.7
3.3
3.3
4.7
4.0

3.3
t.3
4.7
4.7
7.3

3.3
2.7
4.7
6.?
4.7

4.0
1.3
4.0
5.3
8.0

13. 3
8.6

16.7
2I.4
24.0

3.3
2.2
4.2
5.4
6.0

TreaUnent
(1971) Rate

kg/ha Replication

Aldicarb
Carbofuran

3äIÍ:ffi"*methv'
Cont¡o1

3. ¿l

3.4
0.6

l:l

3.7
2.2
5.9
5.1
6.6

2.9
ãt

2.9
2.9
7.4

5.1
2.9
5.9
4.4
5.1

2.9
1Ê

4.4
t)
3-7

14.6
10.3
19.1
14.6
22.8

3.7
2.6
4.8
3.7
ct

TreaÈment
(r91 2)

RÀte
kg/ha ReplicaÈion

Àldicarb
Carbofuran

3ä#:i;i.*merhvl
Control

3.4
3.4
0.6

l:l
0.0
0.7
0.7
0.7
0.7

0.7
0.0
0.7
0.0
0.7

0.7
0.7
0.7
0.7
0.0

0.0
0.0
0.7
0.7
0.7

I.4
1.4
2.r
2.r
2.I

0.34
0.34
0.5
0.5
0.5

TreaÈmenË
(3 yr. Total)

source nF _
Ë-S- !¡e
BLocks
Treatment
ErÌor

0.09 0.590.04 0.24 N.s.D.

3
4

I2
0.27
0.t5

Rate
kg/ha
ai

2 3

L0.2 9.1
Írldicarb
Cårbofuran
9xydeÌe ton-methvlcarbaryl
Control

3.4
3.4
0,6
I.7

6.4
6.2
9.9

10.5
I1. 3

6.9
2.8
8.4
8.2

12. 4

32.6
20-3
37.9
38.1
48.9

8.I5
5.08
9. 48
O Et

12.23

5. 0 6.38.3 11.39.6 11.815.4 9.8

3 10.42

""*åil¡i;:yî*.rd::f 5*:: I

Treatment
Error

Treat¡¡¡ents (T)

y.."3 * I f(Error(a)l
lxy
BxY
BxVxy

4 107.88
L2 a1 1A

3.47 1.0026.97 7.75 **

269.47
53. 35
3.47

35.96
13. 96

161.36
25.28
9. 66

19.82
29 .48

59
19

3
4

12
2
I
6

21

1.16
8.99
1.16

80.68
3. i.6
1.. 6l
0.83

7.75**
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'j.'/\uLu_53. Ànalysis 
"I..I.I_i1n"g.of Èhe inc_idence of Ay in celery (harvest) asarrected by various insectiãiaà"irËät.rra" over a three year period.

Treatnent
(1970) Råte

ks/la
ai

Replication

Àldicarb
Carbofuran
oxydemeton-methvl
CarbaryL
ControJ-

7.3 ', 2

LA.t 1á:;

3.4
3.4
0.6'
L.7

4.7
6.0
4.7
9.3

4.0
4.0

5.3
8.7

4.0
6.0
5.3-8.0

12.7

4.0 á:; 
1'u 18.0 ^.s7.3 -t 2 :.9 24.7 à.2

LA.t 1á:; -;': 24-6 6.2ro:o '6:; .':'9 1:.1 rr.3

BlocksTreatnent 3 1o' 6r 
- 1.54 o. 70Error -t 120.03 ¡0. õi ;: é; .r

trgzri--- ËX" Reprr"otior,--..--__-
ai

atai"ut 3.4
3.4
0.6
I.7

carborùian i:i !.7- 4.o s.3 r o 
-Ë4.o

4.03äig:ffï"*methvr i.g Ë:i î:i å:icontroi L' t 8.7 g.0 I n r
4.7 6. o8.0 lo.t

4.7
3.0
6.7
8.7

14.7

3.4
2.3
5.4
9.4

10. 7

t7 .4
12.7
22.8
36 .2
52.2

4.4
3.0

9.1
13. 1

13.4 13. 4
Source ññ 

-

Elocks 3Trêatrnan+ ^-q'lg 2-Lg 2.60Treatment 4
L2 10.12 0.84

Error I2
19ToÈal

TreatmenÈ
(I97 2)

= 13tRåte
ks/ha
ai

Replication

Àldicarb
Carbofuran
Oxydemeton-meÈhv1
Carbaryl
ConttoL

3.4
3.4
0.6
I.7

0.7
1.3
3.3
4.7
2.0

1.3
1.3
2.0
2.7
2.7

2.0
J.3
0.7
2.0
2.0

1.3
0.7
0.7

It

5.3
6.6
6.7

12. I
8.0

1.3
I.7
I.7
3.0
2.0

lreaû¡lent
Error

2.89
6. 85

11. 52
4

I2
0.96 1. o0

å.3å 1.78 N.s.D.
Total

Treatment
(3 Yr. ls¡¿1¡

v. = 50.6sRate
kg/na
ai

Replicatíon

iildicarb
Carbofuran
Oxyd eme ton-rnethvl
carbaryJ.
Control

14.0 14. o25.4 25.4

3.4
3.4
0.6
l:l

10. I
10. 3
14.7
22.7
24. o

9.3
9.3

L2. 6
15.4

8.7
9.0

11.4
20.1
24.7

40.7
44.
54.1
93. 6
96. 9

10. L8
11. 00
13. 53
23 .40
24 .23

26.r 22.r
Source nÞ 

-

Ë. -.-
Blocks

" 4ilii:::-?$.i.il:it å*::l

lreatment
Error

Treatmentr lT)
y".rl * I f(error(a)J
lxY
Bxy
BxVxy

25.18¡ _r5.r8 8.39 2.274 745.54 186.39 sn ?q6.39 50.35 **
44. 14 3.7 0

59
19

3
I

t2
2
I
6

21
30

864.2I
27 I.7 J.

8.39
248.5I
14. 81

380.3S
I34. 89
11.70
65.53

2.80
62.13
I .23

190.19
16. I6
1.95
2.7 3

50.5**

7.
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t*u"O^.1n_. 
. 
Analysis of variance of celervcide treatñents over . -Ë¡r.ã-vãã;ïår{åå]u as arrecred bv various insecri-

Treatment
(1970) Rate

kglh,a
ai

Repficat

Àldicarb
Carbofuran
Oxydemeton-meÈhvl
Carbaryl
ConÈrol

3.4
3.4
0.6

l:I

r92
183
2L0- 22L
13s

t70
L92
183
I64
15s

204
I57
205
190
169

157
L72
762
185
158

723
704
760
760
6I7

180.8
176.0
190.0
190.0
I54.3

Treaûaent
(1 971 )

Rate
kg/ha Repl j.cation

^l(¡ 
icarb

Carbofuran

3:IÊ:ffi"*¡aethvl
Controt

3.4
3.4
0.6
I.7

236
262
260
198
L85

247
259
217
20e
153

195
205
2I3
153
I42

200
255
202
L64
150

878
981
892
723
630

2I9.5
245. 3
223.0
180.8
157.5source D. F. s. s. !{- s

"t""ft^--Treat¡rent
Error ú liiii:t ttiz:Il 23.1 r*

19 29297.2
Treatment

(I97 2)
= 7.22RaÈe

kg/ha
ai

Replication

ALdicarb
Carbofuran
9*yle..tot -methvlsarbaÌyL
ControL

3.4
3.1
0.6

l:l
239
168
204
222
247

220
196
25r
r87
2L8

l.8 s
I80
2Is
209
L92

211
195
196
151
I74

855
?39
866
779
82s

213. I
184. I
276.5
194.8
206 .3

lreatltrent
Error -! zest.ã íoö-s

+? -?7s4.s iié.a19 rr¡es. ã

1.48 N. s.D.

Treatment
(3 Yr. 16¿¿¡¡

= 10.8rRate
kg/ha Replication

¡ildicarb
Carbofuran
9xyderne ton-nethvÌcarbaryl
ControL

3.4
3.4
0.6
l:l

667
613
674
64I
551

637
647
651
559
520

584
542
633
552
503

568
622
560
510
482

2456
2424
2 518
¿¿Þ¿
207 2

204 .7
202. 0
209.8
188.5
I7 2.7

Treaünent
Error .! 3247 4.s eiíõ. z

+: r:9s72.0 BBt.0
9.2 **

19 eaesq.a
= 15.2r

"thjËi::y?*"i.ilff r 3,'::: I
59
19

3
I

l2
2
I
6

2t
30

58940.9
27s44.9
7195.9

10824. 9
3524. I
9053. 3

L5459.7
3831. 6
9osl.37

L2882. 9

Treat¡nents lÎl
-^--: * r [(¡rroria)]
r eats
lxy
Bxy
BxVxy

2398.6
27 06. 2

293 .7
4526.7
1932. 5
638. 6
377.I

9.2**
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TÀBLE 55_. Ànalysis o-ltl;::";Ëiii:,ig:åË3":: 
:f ,:3:.åï';:iï:,3"îi"å:Ëi:Tååï,::ä*::"å"..

Treatment
(1970) Rate

kg/ha
ai

Replicationl

Àldicarb
Carbofuran
Oxyd emeton-nethvl
Carbaryl
ControL

3.4
3.4
0.6
,-:!

2.I2
3.00
3. 08
2. 88
4 .06

2.70
3. 56
3.13
2.55
3.85

2.45
4 .47
2. 97
3.44
3. 6t

L.87
3. 71
2.92
3. 6s
3.94

9.14
L4.74
72.I
12.52
15.46

2.29
3. 69
3. 03
3.13
3. 87

Treatment
(L97L) Rate

kg/ha Replication
a

Àldicarb
Carbofuran
Oxydemeton-methvt
Carbaryl
Control

3.4
3. t
0.6

l:l
2.I7
2.68
2.4r
3.32
3. 90

2.49
2.7 0
2.17
3.21
5.07

2.49
2.92
2.45
3.3s
4 .66

2. 97
2. s5
2.12
3 .29
4. ts

10. L2
10.85
9.15

13.17
I7 .78

2 .53
2.7I
2. 29
3.29
4.34

Treaùnent
(r97 2)

Rate
kg/ha Replication

ÀLd icarb
Carbofuran
9xyd eneton-me thvlcarbatyL
Control

3.4
3.4
0.6

!:!

J.b/
3.78
3. 32
4.28
6.44

3.81
4 .88
4 .45
6.35
6.28

3 .97
4.90
4 .34
5.94
7 .64

3.I6
4.64
3.39
7 .09
7 .09

!4.6I
I8 .2
r.).5
23.06
27 .45

3.65
4 .55
3.88
5.92
6. 86

Treatment
(3 Yr. ls¿¿¡¡ Rate

kg/na
ai

Replicâtion

Àldicarb
Carbofuran
Oxydeme ton-methvt
carbaryl
Control

3. ¿l

3.4
0.6

l:l
4.66
5. 43
5. 03
6. 05

5. 81
6.54
5.77
7.88

5.20
7.I8
5. 3t
7 .57
9.59

4 .62
6.39
3. 69
8.57
9. 06

20.29
25. 54
19.80
30.07
36.03

5.07
6.39
5. 05
t . )¿
9.01

B.so e.ãB

Treat¡ìenÈ ; ,:'Y: 1.34 3.04lreatnent 4 45.68 J.LL.42 25.

" 4ilii:t:"?*.îd:ii åt3t:i 59
19

3
1

L2
2
8
6

24
30

655.88
20.09
I.23

r5.65
3.2t

596.03
32.77
2.57
4 .42

3. 9t'0.27
2 98. 01

4 .10
0.43
0.I8

14.49**

Treatmêntr (1)

-^--: * I [(¡rror(a)]rears
Txy
Bxy
BxVxy

;ffi ìx +0,5_
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'l'1\BLll 56 Ànalysis^ """ j+#. "ä:Ëå t.:5;:åL'.:: 
"" ;f .åt:u.#"iå:ïff 

"_ff 3.::ï51å:ï;.åffi :iË: 
* "

Treat¡nent
(1970) Rate

kgfita
ai

Repliêatie¡I

Àldicarb
Carbofuran
OxydemeÈon-methvl
Carbaryl
Control

3.1
3.4
0.6
L.7

3.94
6. 48
6.16
5.97
6.93

5.34
5. 45
7 .60
4. 93
5. 61

3.87
5.87
5.67
5.02
5. 90

4. 53
5. 63
5.81
5. 94
5. 54

L7 .68
23.43
25 .24
21.86
23. 98

4 .42
5.86
6. 31
5.4?
6.00

ê
Blocks
Treåtment
Error

0 .92
4.92*

3

2

t.23
8. 55
5.32

0.4I
2.L4
0. 44I

1
Treatr¡ent

(1971) Rate
kg/ha
ai

Replication

Àldicarb
Carbofuran
Oxydemeton-methyl
carbaryÌ
Cont¡oI

3.1
3.4
0.6

l:l
3. 63
4.72
2.63
3. 71
4.73

3.59
4.36
3. t1
3.41
5. 32

3.86
4.73
2.92
3. 61
5. 17

4 .39
4.28
2.79
3.78
5. 02

L5. 47
18. 09
11. 45
14. 51
20. 24

3.87
4.52
2.86
3. 63
5. 06

TreaUnenÈ
(L97 2)

Rate
ks/ha Replication

Ald icarb
Carbofuran
9xydemeton-nethvlcarbaryL
Cont¡ol

3.4
3.4
0.6

l:l

4.L6
5. 08
3.39
5. 28
7.29

4 .23
s. 92
4.09
6 .25
6.89

4.11
5.73
3. 91
6 .20
6. 95

4.35
5. I5
3. 59
5.69
6.99

16.85
21. 88
14. 98
24.42
28.L2

4.2I
5.47
3.7 5
6. 11
7. 03sourcehÞ------_

õ;;;;î--. s 0.s4 o.1B 1 
^c

Treatment
Error 4 29.08

12 r.4i
7-

. J.8 1.46

.27 59- s¿9.54 **
l0ta] 0. t2

RepÌication
Treatment
(3 Yr. to¿¿1¡ Rate

kg/ha
ai

iildicarb
Carbofuran
Oxyde¡ile ton-ne thvlcarbaryL
Control

3.4
3.4
0.6
I.?

6.7I
9.44
6.7 5
8.7 4

LL. 07

7.64
9.10
9. t4

6.77
9.42
7.42

7 .60
8.69
7.3t
9.66

10.19

28.7 2
36.65
30.62
35.70
42.00

7. 18
9.16
7 .66
8. 93

10. 50

8.60 a.ìor0.31 10.43
Source ñ F
Ëc.--
Blocks
lreat¡îent
Error

Blocks
T¡eatments (T)

y..rl * t [(¡rror(a)J
TxY
BxY
BxVxy

3 0.574 27.62
0. 19
6. 91

0.46
16.67 r*

" tÏrlËi;iyîi:.îJ$ã 3*::ì 59
T9

3
1

L2
2
I
6

21
30

t067.59
tl. 0s8

0. 193
9. 211
1.654

1009. 06
39.81
1. s99
6.067

2.302
0. 138

504. 53
4.97
0 .267
0. 253

16.99**

1994.19**
19.4 gi*

I. lfean nu¡nber of 1eafhoppers,/SO sweeps,/week transformed Ëo .¡ x +0.5.
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ÎÀBLE 57. Ànalysis of.rr"Jtàã-Êí-;;,ïå":'Ti3!!ErSfulnË,å::_t9.1"" or Ày in carrors (mid-season) as¡nents over a three year period

Treatnent
(1970) Rate

kg/ha
ai

Replication

Àldicarb
Carbofuran
Oxyd emeton-methv t
Carbaryl
Cont!oI

3.4
3.4
0.5
l:I

1.5
0.5
3.0
1.5
3.0

0.5
4.0
3.5
5.0
2.5

3.0
1.0
7.0
5.0
6.0

3.5
0.5
2.0
1.0
4.0

8.5
6.0

r5.5
12. 5
15.5

2.r
1.5
3.9
3.r
3.9

N.S.D.

TreaÈment
(1971) Rate

kg/ha
ai

Replication

Aldicarb
Carbofuran
Oxydeneton-met,hyl
Carbaryl
Control

3.4
3.4
0.6
I.7

L4
I4
L2
2I
20

J.5
J.3
3.0
5.3
5.0

35
52
31
75
66,

3
3
4
3
3

2
4
4
6
5

Source ñÊ 

-

______ u.¡. S.S. !!-c
Br.ocks , ë
Treatment
Error

6.55
16.2
28.2 N. S. D.

2

4
I2

2.18
4. 05
2.35

0. 93
I.72

lreatment
(L972) Rate

kg/ha Replication

Àldicarb
Carbofuran
Oxydemeton-methvl
Carbaryl
Controt

3.4
3.4
0.6

l:l
0.5
1.0
1.5
0.5
L.0

0
1.0
3.0
I.0
I.5

0.5
I.0
I.0
¿.5
t-.5

0.5
0
1.0
1.0
2.0

1.5
3.0
þ.5
4.0
6.0

0.4
0.7 5
1.6
L.0
1.5Souree n Þ___-__ u.¡. S.'S. M.S. F

å:::H^_- 3 c. ss o. rì-n .0. 54Treaü¡ent
Erro! 4.33

2
9

4. 08
5

1.08 3.18
0.34I N. S.D.

V
1

Treatnent
(3 Yr. Total) Rate

kg/ha
ai

Replicatlon

Àldicarb
Carbofuran
Oxydemeton-methvl
Carbaryl
Control

3.4
3.4
0.6

!:!

5.0
4.5
8.5
5.0
7.0

3.5
10. 0
9.5

13. 0
10.0

9.5
4.0
9.0

1r. 5
13. 5

6.0
4.5
7.0
8,0

11. 0

24.0
23. 0
34. 0
37 .5
4L. 5

6.0
5.8
8.5
9.4

10.4Source ñÞ 

-

Blocks
Treaüîent
Error

3
4

I2 ä:iy iå:fi 3:åi 
".,.o.

""jil-(!I::!'n:lt .x vear ptors) se**f_!-t?." rti.Ëtñ,ãii ãïä:í i;Blocks
Treatments (T)

., Bxg [(Error(a)]
Years
TxY
BxY
BxVxy

3
4

T2
2
8
6

24

219.333
58.333
13. 633
22.458
22.242
9I. 633
16.117
12.367

4 .544
5.615
1.854

48.317
2.015
2.06I

3.03 N,S.D.

25.9**
1.L35 N.s.D
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TÀBLE-_58. Ànalysis ofarrecred bi -;ã.iå"Iiì3$;r:fuånE,ål;å*H""i:,o:
Èil,::ï::: J!iîåå:., ""

lreatment
(1970) Rate

kg/ha
ai

ReplicatJ.on

Àldicarb
Carbofuran
Oxyd emeÈon-nethv ICarbaryl
Control

3.4
3.4
0.6

l:l

11. 7
24.1
11. 5
26.7
23. 3

18.1
15.6
I3. 6
18.3
19.5

L3. 2
29 .3
2I.5
27.4
20.2

22.2
22.2
28.2
22. 4
39-4

65.2
9L.2
74.8
94.8

L02.4

16.3
22.8
r8. 7
23.7
25. 6source ñ F ____--____

_____ u.¡. S.S. !_cgtc.ks 

-

;;;;il."* : ?g?-\? 8s.7r 2--lreatment 4 232.75EÌror 12 387.42

ks/ha

o2. tt Z.7g
58.I9 1.8n80 N.S.D.

Aldicarb
Carbofuran
Oxydemeton-methvL
carbaryÌ
Cont¡ol

3.4
3.4
0.6
L.7

2.8
6.4
4.6
6.4

11. 0

4.6
3.9
3.9
6.4

11. 3

4.6
7.I
6.0
7.4

14.1

2.8
E'

5.7
6.4

15.9

14. I
22.7
20.2
26. 6
52.3

5.7
5.1
o.t

13.1Source ^È 

-
-s.s. 

!¡-cBlocks " 
€äËãäñ"". i -19'98 3.63 2.38Treatment 4 213.3Error 12 18.29

1.5ìl53.33 34.gg**
1.5210ÈaL

lreatment
(L97 2)

Rate
kg/na
ai

Replication

ALdicarb
Carbofuran
Oxydemeton-methvl
Carbaryl
Cont¡oI

3.4
3.4
0.5
L.7

1.1
4.4
1.3
3.1

3.9
5.0
5,5
6.3
5.5

5.8
4.4
1.5
4.5

13.2

3.6
6.4
3.L
7.4

10. 3

14.4
20.2
11. 4
2t .3
36.2

J.b
5.1
)o
5.3
9.1

Treatment 91.76
48.10

zz. gÁ i.iá"*
4. 0r

Replication
lreatment
(3 Yr. Total) Rate

kg/ha
ai

Àldicarb
Carbofuran
Oxyd eme ton-¡nethvl
carbaryl
ControL

26.6 23.624.5 40. I23.0 2g.o

3..4
3.4
0.6
L.7

1s.6
34.9
r7.4
36. 2
41. 5

31. 0
36.3

39.3
47.5

28. 6
33. 9
37 .0
36.2
65.6

94. 4
134.1
106.4
142.7
190.8

23.6
33. 5
26.6
35.7
47 .7

"'trirl¡i;Ë:'"i*"äd$; 3ïS3

lreatment 4 L4Lo.7

Blocks

,1 L1!9.7 ssz.àz a. Bã**:: -477 . s3 3s.7 s

Treatments (T)

y.."3 * r [(Error(a)J
lxy
BxY
BxVxY

59
I9

3
4

L2
2
I
6

24
30

4493.35
795.9
L66. 49
469.28
160.13

3198.94
68. 55

L36.26
293.7
429.96

'i3:3Í 8.7s**

)) 1

12.2
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to""""r.åt"' 
.*åtl:i;""5"å;'å"1ff":t":å:î:.Iåå]u .' arrecred by various insecri-

lreatrnent
(1970) Rate

kg/ha
ai

Replication

Àldicarb
Carbofu¡an
Oxyd erneton-nethv 1
Carbaryl
Control.

3.4
3.4
0.6

-t:]

59
72
48
43
39

47
73
46
40
63

22I
244
207
196
205

64
44
s2
59
61

t
51
55
61
54
42

55. 3
61. 0
51. I
49.0
51. 3Source' no ê

Blocks 3¡reãl¡nent . 43 .7 5 t4 . sB o. tlError L2 .,:::': . gz.!q 0.67
rotal ;; 1?9b'5 r3o' s4-_--- .rr 1960.6

N. S. D-

Treatnent
(r971) Rate

kg/ha
ai

Replication

Àldicarb
Carbofuran
Oxydemeton-tnethvl
Carbaryl
Cont¡o1

3.4
3.4
0.6
L.7

Þ5
55
56
47
50

233
22I
2I3
207
208

58. 3
55. 3
53. 3
51.8
52. o

5t
56
56
53
48

53 5856 5454 4759 4859 5t
Source ñ F------ u.¡. S.S. v_c
Brocks i ---- --':' ¡-

õiããt."t ) ,?l'9 19.2 o.s2

40
Treatment

(I97 2)
V. = 8-Rate

kg/ha Replication

Aldicarb
Carbofuran
Oxydemeton-methvl
carbaryl
ControJ.

I

3.4
3.4
0.6

l:l
63
75
63
51
54

49
53
47
43
48

57
7T
70
56
47

217
264
24I
205
200

54.3
66. o
60. 3
51. 3
50.0

48
65
61
55
51

Soureê n F______ u.-_. S.S- M_c
Brocks , ----' 

-:t:' F

iiãJH..* r s40. 9s 180.32 7 -21lreatment
Error

(3 Yr. Total) kg/ha

.234
L2 11!. I 17e.1 i. ie .*?oo â

Replication

2a. 9

TJe.?tmelt Rare -^

ALdicarb
Carbofuran
Oxydemeton-methvl
Carbaryl
Control

a

3.4
3.4
0.6
L.7

I67
L86
t78
L64
155

166
L79
I42
134
138

160
193
153
142
I64

178
171
178
168
t56

67I
729
661
608
613

167. I
t82.3
165.3
I52.0
153. 3Source n F_____- u.¡. S.S. M.S. FBlocks 3rrearmenr , 1+*1.9 372.3 3.26Treatment

Error 1 ?!1?.8 6o:s:; s..32 **ú 1!iz:i ití:i

"":1]- 
(li:3F*. x. year Prors) se**i^llg.' ttreatínãnt plors) leBlocks

Treatments (?)
,. B x I [(Error(a)]rears
TxY
BxY
BXVXY

3'4
T2

2
I

4 010. 6
1640.6

37 2.3
810. 9
457.3
83.7

37 2.5
267.o

I24.7
202.7
38. L
41. 9
46.6
44.5

q 2**

6
21¡r¡or t¡r íã i8lf.i ee. s

1. Lbs.,/pLot. 

-
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ÎABLE 60. Ànalysis of variance of aster yellows_incidence (slight) in:Ëïiliìdffected bv aldicarb c-"ppri.a in f;;;;;ïirr,'Ën" 
"""a

' Ay incidenee, t (slight)
Treatment Rate Replicationks/ha

air234s6xix

ConrroL IS.T 9.4 I2.3 7.0 L3.7 7.4 65.5 IO.9

Aldicarb L.7 9.3 1I.5 IO.O 12.3 6.7 6.0 55.8 9.3

Àldicarb 3.4 4.g 5.7 1I.4 7.g 5.6 4.6 4O.t 6.7

ÀLdicarb 5.0 3.9 4.5 7.7 6.9 4.2 7.3 34.4 5.7

Aldicarb 6-7 4.4 4.2 4.S 5.3 6.6 6.1 31..1 5.2

Source n F______ u.¡. S.S. H.S. p

5 23.25 4.6s 0.75

Treatment 4 L44.2g 36. 07 5.go**

Error 20 124.27 6.2I

BIocks

lotal 29 291.81 C.v. = 32.9r
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TÀBLE 61 ' 'Ànalysis of valiance of aster ye110ws incidence (noderate) in;iï::"å: arrected bv ardicarb ð-.pãr1"ã-i"-r"-üiåi=üi'¡,'în. seed at

AY incidence, t (moderate)

Treatment Rate
kg/na

Replication

ai123;--=--xi*

Control 5.6 5.2 8.0 6.2 7.2 5.8 3B.O 6.3

Aldicarb I.7 2.0 3.5 5.4 3.7 S.9 2.7 Z3.Z 3.9

ALdicarb 3.4 3.2 2.7 4.1 3.7 5.0 2.7 2I.4 3.6

Àldicarb 5.0 2.7 3.0 3.4 3.6 2.4 2.I I7.Z 2.g

ALdicarb 6.7 1.4 3.1 3.4 2.3 3.9 3.2 I7.3 Z.g

Source h È__*___ u.¡. S.S. M.S. F

Blocks 5 16.24 3.25 6.15

Treatment 4 4g.g1 12.20 23.11f*

Error

l0taL

20 10.56 0.53

29 75.61 C.v. = 18.7r
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t*T"f3;. 
*"å#::.:.t Y:'i311" or asrer yellows_incidence (severe) inar pranrins þv aldicarb G applied i"-r"i:rã"-tiilir-Èi,. 

"."a

Ay incidence, t (severe)

Treatment Rate Repl.icationks/ha
ait234SeXix

Control 4.S 4.1 2.g 3.9 5.2 5.9 26.4 4.4

Aldicarb I-i I.3 I.B 2.g 1.5 3.0 1.S t2.O 2.0

Aldicarb 3.4 2.4 2.L 4.1 3.1 1.9 1.3 I4.9 2.s

Aldicarb 5.0 0.7 I.1 1.6 I.2 0.6 t.O 6.2 I.O

Aldicarb 6.7 I.4 3.1 2-6 3.6 3.7 1.6 16. O 2.7

Source ñ F-:----- u'r. s.s. ¡4.s. F

Blocks 5 2.57 o. sl 0.6

TreatmenÈ 4 36.23 g. 05 lo. gg**

Error

Total

20 L6.49 0.82

29 C.V. = 35.9t
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TABLE 63. Ànalysis ?Í y*i3lç" of asrer yeLlows_incidence (rora1) in:iïï:"ii;rrected bv alaicaib ð-.inti.u in rurror¿ with ihe seed

Ày incidence, I (total)
Treat¡nent Rate Replicationks/ha

ait2¡n---T¡-'xiF

Conrrol 2S.g tg.7 23.1 I7.1 26.I t9.l- tz.gg 2I.7

Aldicarb I.7 12.6 16.8 tg.3 17.5 15.5 10.2 9I.O 15.2

Aldicarb 3.4 tO.5 10.5 19.6 14.7 I2.S g.6 76.4 I2.7

Aldicarb 5.0 7.3 g.6 L2.7 Il.6 7.2 IO.4 57.g 9.6

Àldicarb 6.i 7.2 IO.4 IO.S II.2 14.2 IO.9 64.4 IO-z

Source D.F. S.S. M.S. F

Blocks 5 84.5 16.9 1.99

Treatment 4 547.4 136.8 15.17**

Error

Total

20 t69.2 8.5

29 8ot.I c.v. = 2o.gr



2L0

'*"å jnI.r$.il"H,:j*";íffi";;".:":å,::.n1å;iî";: arrecred by ar.dicarb

TreaÈment Rate
ks/ha

Yield (lbs.,/p1or)

Replication

"i r z ¡--ì--l-ã xi f E/ha

Controt

ALdicarb

ÀIdicarb

Àldicarb

Àldicarb

¿L rr 39 33 37 47 ZLA 35.7 5B.O

I.7 3 9 30 44 43 42 54 2s2 42. o 68.3

3.4 37 46 38 44 55 43 2æ 43.8 7I.2

5.0 48 so 48 47 34 56 283 47.2 76.8

6.7 46 56 45 49 30 48 274 45.7 ?4.4

Source ñ Þ_ ___ u.¡. S.S. M.S. p

Blocks 5 393. g 78.8 1.4t

Treatment 4 479.1 1L9.8 2.15 N.S.D.

Error

ràt.r

20 1114.5 55.7

29 1987.5
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tOt"l__65: Residue leve1s of totalsampted ar five d"a;"-;";;-;* ti!Ëi'uåiuË::îL:n"t".renrs in carror reaves

ÀIdicarb c
Aldicarb c
Àldicarb c

icarb c

AldÍcarb G
Àldicarb c
Àldicarb G

.7

Blocks
Treatment
Error

te
ks/ha

L.7
3.4
5.0

0.98
3.33
5.19
5. 98

I.44
3. 08
5.7 6
5. 63

I.52
3.80
6.82
6.64

4.1

1.6t
3. 55
5.27
8.35

L.62
4.?9
8. 30
7 .52

1.30
4.28
5 .44

t. 41
3. 81
6.13

7. 03 6.86
e

5
3

15

5
3
5
3

l

7.39
109.37

7. 35

1.48
36. 46
0.49

I.7
3.4
5.0
6.7

0.4 0
0.60
0.69

0 .29
0.50
0.95

0 .23
0.48
1. 00

0.34
0.60
0 .94

0.31
0.49
0.86

0.29
0.69
0.93

0 .296
0.595
0.891

0. 31
0.56
0.89

BIocks
Treatment
Error
To

kg/ha
].

0. 17
3.77
0 .57

0. 03
I .26
0. 04

equi.valents

33.10**
4-

Àldicarb G
Aldicarb G
ALdicarb G

r.7
3.4
5.0

0.402
0. 558
0. 9t8

0. 250
0.340
0.998

0.182
0.493
0.7 23

0 .392
0.488
0.635

0.2L2
0 .382
0.7 49dicarb G

ALdicarb c
ÀLdicarb c
ÀIdicarb c

carb

eaÈment

1.4 .34 0.876

0.289
0.47 6
0.819

7
I

Blocks
Treatment
Error

Èe

5
3

15

0. 16
3. 00
0. 57
3.73

0.142
0 .226
0.494

c

0. 03
1. 00
0. 04

26. 52* *

= 27.752
kg/ha
ai

va
at

I.7
3.4
5.0
6.7

0. J.4 0
0.231
0.480

0.I7 4
0.27 6
0.644

0.2I2
0. 335
0.461

0.216. 0.458
0.692

0.280
0.304
0.643

0.19
0. 31
0. 570. 0.4 2

Blocks
Treauûent
Error
1o

5
3

t5

ìt. s,
0.020. 09

0. 65
o.07

0.22
0.01

0.
rþ egukg/ha

Error

icat
Àldicarb GAldicarb c
Àldicarb c

I.7
3.4
5.0

Þrecxs 5Treaüllent 3

3:Íåi 3:i3i 3:iï9 2-r.1: e-t?q o.lls 0.163:?På î.:es e:¡ii ö:ä;ä ä:ïåä 3:*20.360 0.622

BLocks R n r^

15

0. 10
0.7 0
0.17

0. 02
0.23
0. 01

20.7 4**r"t.r zj ò. ôá u. u¿
C.v. = 2e.90*



2I2

TÀBL:_.66.. Residue levels of totatsampted aÈ five a.t""-ãrrài-ã.
"i:i;".:i";::îL:*t*lenrs in carror roors

Ëåcõi--ùEe
kg/ha
ai

AIdicârb cÀldicarb cÀldica¡b G

0.042
0. 104
0.24 6
0.194

0.0s0
0.062
0. 111

0.070
0.102
0.126

0.079
0.t26
0.144

0.07 2
0.120
0.135

265

xr.7
3.4
5.0
6-7

0. 059
0.07 4
0. 099
0.315

0. 06
0. 10
0.1 4
.2r

1C

ÀldÍcarb GÀldicarb G
ÀIdÍca.rb G

0. L4 .14 .1
¡lBloeks

lreatment
Error

0. 0t
0. 07
0. 03
0.11

0. 058
0.091
0.158
0. I27

0. 002
0. 02
0.002

5
3

15

Rate
kg/ha
ai

alclicar

I.7
3.4
5-0

0.047
0.07 9
0.086
0.075

0.051
0.069
0.158
0. 119

d

Aldicarb cAldicarb cAldicarb G
Àldicarb

Àldicarb cAldicarb GÀLdicarb G
icarb c

6

BIocks
Treatment
Error
1o

kg/ha
I

0. 03
a

0.040
0.073
0.061
0.1t5

9 davs

0.058
0.076
0.149
0. L04

0. 053
0.098
0. 108
0. 103

o.067
0.138
0. 093
0.152

0.068
0. 099
O. II2
0.r74

0.057
0.096
0. tl9
0.125

5
3

l5
0.00
0.17
0. 09

0.001
0.006
0.001

va

9 .26*t

C.v. = 2¿.

0.069
0.100
0. t18

r.7
3.4
5.0

0.041
0.085
0.080
0.116

0.039
0.090
0.099
0.089

0. 006
0.022
0.006

0.057
0.088
0.166

0.055
0.119
0. 158

e

0.053
0.093
0. t207

Blocks
lreatment
Error

Èe

0. 001
0.007
0. 000

0 .12

0.1

0.1 0.13 .16f.
5
3
5
2

I
3

kg/ha
ai

0.034
0.046
0.098
0.097

0. 049
0. 058
0. 093
0.140

0. 061
0.093
0.168

0.060
0. 118
0.090

rva
cat

0. 001
0.006
0.001

0. 055
0.109
0. I58

0. 052
0.080
0.095

0.052
0.084
0. 117

s

I.7
3.4
5.0
6.7 .082 0.I24 0.t 0.1

.sBlocks
Treatment
Error
1o

kg/ha
:.

5
3

t5

0.048
0.07 6
0. 057
0.a74

0.004
0. 017
0.010 8.732*,
0.

ÈaJ. tox a vaequ
Þ1i

Ien
ion

Aldicarb cAldicarb G
ALdicarb G

0.030
0. 041
o. 049

L.7
3.4
5.0

0.059
0.053
0. 087
0.132

0.054
0. 068
0. 077

0.039
0. 055
0. 065icarb G .7

Blocks
T¡eatment
Error

0.045
0. 06I
0.066
0.¡

5
3

0. 002
0. 010
0. 004

.084 0. t2s .07

10.792**l5
0. 000
0.003

r"td iã ä:äÏ; 0.0002
C.V. = 25-rrg



TABLE 67' Fate of l4c-aldicarb 
in carrot roots and reaves over time,

Sample plant
time

12 hr.

Day I

Day 3

I
2

F.W. (qn)

x

I
2

x

I
2

1. 54
1.4 5

I.78
l. 87

Day 7

2.83
I

3. 32
3.32

x

I
2

3 .24
t. 99

3.20
2- 25

Day 15

Uptake

42

I42.5
I37. 9

6. 03

4. 8l
2.75

Ì
I
2

2.7 4
2.36

Day 30

Leaf Organic

743.4

t95.1

I

2

63. 4
58. 9

8. 05
4.71

3.7 6
3. 60

9. 95
6.00

159.8

752.4
L44.4

Day 4s I ¿¡. 6 40.6
? ea.6 37. e

63. I
77 .0

I za.z 2r.7
! r0. 2 L7.6
l---lg:-a___4=__g

35.6
3L. 5

6.50
5. 96

15.9
11. 6

4

7

65. I
51. 3
43.1

35.8

24.o

143.4

I43.7
84. 3

following a single dose root feeding.

44.5
42.7

25.9
t7.6

T.

Leaf Agueous

24.2

Io.7
r5.7

44.4

39. s

I7

u9¡

43 .7

31. 6
16. 6

103. 5

145.0
88. 4

6

6.1
6.5

ppm and t of uptake in organic and aqueous Ieaf s¡¡¡¿q¡5.

45.9
27.8

4r.7

33. 7
29.9

7.2

17. I

13.6 30.3

8.4 2I.s4.6 t9.7
4.

20.8

26.I
17 .9

116.2

105.3
166.l-

4.3
3.5

84.2
102.5

15. 5

18. 6
I6.7

I

4.4

5.6

2

4.3
4.7

5.6

1.6
1.5

19. s

7.9
5.r

128. 6

t57.6
107.I

18. 9

7 -2

5.8

3.9
6.1

5.0

9.1

t8. t
23.7
11.7

t9.6

18. 0
20.2

69. s
65.4

7

1.6 16.9

0

130.4 2-7

6.0

1.5
2.t

0.4
0.3

71. 0

94. I

9.9

12.2
Il .6

Root Total

5.8

6.3
3.3

15. 2

26.7
L2. 5

63. I 41. 058.2 4o.l

0.3

0.04
0.06

2

7.5
3.I

8I. 3

69 .9
59.8

12.7

16.5
t3. 9

58. 0

65.9

4.r
I.7
t.l

20.6

ts.3
13.6

5.0

t.0
2.0

0.07 2.3 1r.6

37 .4

23. 3

6l .7

55.3
28. 3

50. 2

33. 7
28.2

44.3
42. 2

14.2

18. 4
14. I

Leafhopper
¡{ortality, $

1.8

0.7
0.8

t3. 5

9.5

I

20.0

10.4
L4 .2

40. 6

33.8

12.6 0.3

35.9

s2.8
30.4

3t. 6

15.9
t3.8

100
I00

3

12 .8

17 .3

l4. s
8.2

0.7

0.2

31. 3

22.L
t9.5

100

t00

12.3

5.8
5.8

100
100

40.1

23 .2
18.7

14. I

10.9
3.5

11. 0

6.0
11. I

I

0.3

4

100

100

100

100
I00

22.I

ll. I
16 .4.2 t

4.9

1.1
0.6

19.5

lt. 0
14.?

8.4

9.3

100

100
100

100

78. 0
7 5.4

1.6
6.1

t4.2

7.5
4.0

I7

1.0

o.7
0.6

14. 3

I
4.2

1.3
0.3

100

r00
100

7 6.4

51. 7
45.0

6.9

1.5
3.7

0.5

0.03
0. 005

0.7

100

83. 3
88.3

43. 9 87.8

3.1

0.8
0.3

0.014 0.5

t0.0
5.0

8.3

20.0
15.0

r5.0

lv
F¡
(^)



TABLE 68. The effect of aldicarb (andAy disease transmissiãn to carrot

Treatment
og 14c-.ldicarb

/40 nl,

500

Plant Uptake

1
2
3
4
5
6
7
I
9

10
11
L2

u9

toxic eguj.valents) on leafhopperduring feeding periods-"i-Zq and

97
118
L24

81
83
92

100
85
95
76
74
81

x

300

Mortality

23
26
27
L7
20
19
22
T7
2I
T4
16
20

24 hr.

19/zo
L7 /zo
16/zo
L8/zo
Ls/zo
19/zo
17 /zo
L9/zo
L8/zo

48 hr.

1
2
3
4
5
6
7
I
9

10
11
L2

92

55
65
59
52
69
60
51
48
45
50
59
40

Disease
incidence

20/zo
20/zo
2o/zo
2o/ zo
2o/zo
2o/zo
2o/zo
20/20
2o/zo

20

28
22
2I
I7
24
23
19
I2
T4
15
2I
T4

19

Leaf
F. ltl.
I

88.5? 100s

20

mortality and
48 hours.

+

+

Total toxÍc
aldicarb

equivalents
u9

13/zo
rs/zo
17/zo
13/ zo
18/zo
17 /zo
L4/zo
12/zo
L8/zo

3.3
2.3

20

50

2o/zo
20/20
2o/zo
20/20
20/zo
2o/zo
2o/zo
20/zo
2o/zo

43 .2
40.5

202

16

Conc.
PPM

7 6.52
20

+

;
+

;

2.8

2.8
2.7

13.1
17 .6

20

1 00å

4I.9

22.I
L9.4

402

1s. 4

7.9
7.2

2.7 5 20.8 7 .6
Cont'd.......

I\)
ts
È



ÎABLE 68. (Cont,d)

Treatment
og l4c-uldicarb

/40 nú

200

Plant Uptake

1
2
3
4
5
6
7
I
9

10
11
L2

ug

x
100

50
53
44
26
35
44
56
55
48
57
4L
51

l4ortality

26
28
24
15
20
25
30
29
23
31
22
27

24 hr.

rr/zo
t?/zo
ro/zo
14/za
16/zo
fi/zo
15/zo
L3/zo
L5/zo

48 hr.

I
2
3
4
5
6
7
I
9

10
11
l2

47

29
42
19
23
2T
22
34
24
34
33
26
25

Digease
incidence

L9/zo
L9/zo
20/20
20/zo
L9/zo
20/zo
Le/zo
19/zo
2o/zo

25

30
43
2L
24
22
25
34
26
35
34
27
27

65.58

8/20
12/zo
L4/zo
s/zo

rs/zo
ro/zo
e/zo

13/20
12/zo

Leaf
F. w.
g

20

+
+

+

lotal toxic
aldicarb

equivalents
ug

20

97 .52

20/zo
18/zo
20/zo
Le/zo
2o/zo
17 /zo
r8/zo
Le/zo
Le/zo

3.7
3.2

27

10. 4
14.1

29

308

Ls/zo

Conc.
ppm

58. 0å

I

3.5
4.7
3.0

2.8
4.4

93. 5å

L2.3
10.8
9.9

10å

3.6
2.3
3.3

3.85 10.35

Cont 'd. .

2.8
N)
F¡
Ur



TABLE 68.

Treatment
.rg l4c-"rdicarb

/40 rnL

(Cont'd)

75

Plant Uptake

1
2
3
4
5
6
7
I
9

10
11
L2

u9

24
18
25
20
24
15
11
I4
t7
13
19
16

xIB
501L736

21328
3 ls 31 r/20 fi/zo4 Lo 22 2'/zo - 

é'/zo! 14 2s 2./ZO to'/zo6 11 24 4'/ZO - 
e'lzo7 r0 2t 3./ZO e'lzo

9 ls 30 3/zo i'/zo9 10 20 s'/zo e',/zo10 11 23 3./ zo á,/ zo

Mortality

34
25
35
24
33
19
16
20
29
22
29
26

24 hr. 48 hr.

3/15
4/ts
2/ts
s/ts
8/rs
3/ts
3/ts
2/ts
4/15

-x 13 2G l3-ne ?a .ìo- .

Disease
incidence

13/L5
12/ts
12/ts
L4/ts
L2/ts
15/ts
Lr/ts
L4/ts
L3/ts

26 24.02 87.32

Leaf
F. w.
I

'/;å ]

+
+

Total toxic
aldicarb

eguivalenÈs
u9

3.8
2.8

15

8.0
5.9

26 13.0å 38.03 3os 4.6 s.0 ]-.ì

202 3. 3 7 .0 2.L

Conc.
ppm

+

+

+

2.L
2.r

8/zo

5.0 4.7 o.g44.I s.3 1.30

Cont'd.......

N)
F,
Oì



TABLE 68., (Cont'd)

Treatment
ug l4c-aldicarb

/40 rnL

L2.5

Plant Uptake

-1
2
3
4
5
6
7
I
9

10
11
T2

ug

x
0

3
4
3
4
5
3
3
3
4
3
3
2

Mortality

20
30
22
22
36
2L
25
24
29
25
23
22

24 hr.

2/zo
r/zo
o/zo
Uzo
o/zo
2/zo
o/zo
2/20
Uzo

48 hr.

1
2
3
4
5
6
7
I
9

10
11
L2

Disease
incidence

4/zo
7 /20
2/20
s/20
5/zo
6/zo
s/zo
4/zo
7 /20

5. 08

o/tsr/ß
o/rs
o/rc
2/ts
o/rc
L/u
o/Ls
T/IS

20

Leaf
F. !t.
I

+

Total toxic
aldicarb

equivalents
ug

25.52

r/ts
2/ts
0/ß
0/ß
2/r5
0/r5
L/ts
r/ts
L/LS

2.3
2.6

20

1.6
1.8

10a

Conc.
PPM

4.02

;
+

I
+
+

+

2.45

0.7
0.7

15

6.02

I.7

602

0.7

N)
t-\¡


