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TJERAL AND CHW}IEEA.PEUTIC 1ELSTJflES AG&INT

NEM&TODE PESTS 07 ECONOIIIC PL&NTS

INTRODUCTION

The first publIshed reports of nerastodsa as pe!t3 of economic

plants in the United States appeared in 1889 (1, pp. 177-226), 37, p.

10) and i2, pp. l-i3). 5ub8equently the spread of plant pe.rasitic

nematodes has been found to be due largely to the moveaent of infected

plants, p1an prte (seed, cuttings, tubere, bulbs and roots) and

infested soil surrounding plant roots.

Oreg on's agricultural industries export arid import large quan

ties of plants and plant parba whid may contain various nematode

pests. Oregon s a c'1ture bcones older and more spoialied

the need of therapeutic or eirat1ve measures for freeing infected

plants of xiematodee becomes more necessary. The exchange of plant

teriale will continue and new areas may become infested with plant

parasitic newatodes. In recant years discoveries of nematods infec-

tions on various crops (29, pp. 22-523) and l7, 230-231) in widely

scattered areas of the state hare revealed the extent of the neaI-

teds distribution.

For example, a root-lesion nematode, Pry1nchus penetrane

Cobb, 1917) Sher and Allen, 1953, has been reported as a pest of the

following crops in Oregon: (a) Easter lily in Brookings, (b) Narcissus

in Sandy and Warrenton, (a) seedling cherry and other' nursery crops

in Uultnomah and Washington counties, and (d) Chrysanthemum in various

greenhouses.



The overall nernatoae (foliar, root-knot, root-'lesion ) disease

situation offers the foil serious repercussions for growers and

Gonsumer alike, (a) diasednation of various nematodes in plant

tissue azad soils to new areas, (b) reduction or lose of the sales

value of affected plaflts, (c) a weakening of various crops by second-

ary organigmi, (d) loses due to improper utilisation of fertiliser,

land, and water by aftcted plants, and (a) increased production cost

incurred by measures taken to control nernatodee.

The desir.d goal of this investigation is the elimination of alL

or moat of th* ne3natode pests in various plant tissues.



TERATIJRE REYIE

Treatment of infected plant matrial by varione therapeutic

has long been a popular eane designed to control nematode

pest.. Hot water soaks was one of the earliest therapeutic measui'ee

ploy-ed and is in wide use at the present tine. Eamebottom (LO, pp.

6S-.7) in 1918 found he could effectively control Dityisnohue peaci

(tfthn, 18S7) FilIpev, 1936 on narcinsua by soaking the b1bs in a

UO°F. wzter bath to U hours More recently, 19514, Bruinema and

einhoret ( 1437.-1h6) reooended hot water at 115°F. for 1 hour

einst P. iniecting shallots, Table 1 ivee a suzniary of

the tnvestigati on this method o control. (The pertinent data

are presented In tabular form for clarity rather than confound the

text with the numerons items.)

There is litl, o no agreeient on a t.ndard treatnent fr any

specific nenaode. )ne reason for th4s variation was discovered by

QrIstie and Croseman (9, pp. 981O3), who found that k strains of

Ajihe].encholdes !&ariae (Ritzema Boa, 1891) Chi'Ietie, 1932 froc

different host plants each have a different timetemperature relation-

ship.

A chemical soak for cOntrol of ntodes In plants rny appear to

be an easy and economical method of control but it has had a very

diecoraging history (Table 2). The chemicals tested were e!. thai'

ineffective or inurioue to pl&nte treated1

Ordinary fumigation or vacuum fumigation has been unsatisfactory

at dosages tolerated by ulants, although, effective fumigation for

nematodee on machinery and In grains has been obtaIned (Table 3
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Desiccation as a means of controlling endoparasitic nematodes in

plant root tissue could be considered feasible from the investigations

of' previous workers1 Godfrey and Hoshino (20, pp. 11-62) tested

survival of root-knot nematodes at different degrees of dryness and

found that less than 100 percent humidity is fatal at certaIn periods

of exposure, Rastins pp. 39-141j) found the root-lesion nematode

very ssceotible to desiccation. No living nematodes were recovered

from Invaded oat root tissue that had been air dried.

The several therapeutic measures have been employed against

plant parasitic nematodes with varying degrees of success. Hot-water

treatment with its various modifications has had the widest utiliza-

tion. Chamber fumigation has been restricted to machinery and seed.

Only in relatively recent years has the seriousness of the root-

lesion nematods become recognized. Regardless of the success

achieved by these therapeutic measures against other plant parasitic

nematodes they were investigated as possible control methods for

root-lesion nematodes. Previous therapeutic work with root-lesion

natode infect: d plants is negligible (Table 2). The tolerances of

the root-lesion nematode, Croft lilies and Mazzard seed1ins to the

various treatments and to standard and experimental nematocides were

unknown. Hence, this investigation was undertaken without benefit of

recourse to previous work.



Table 1. A rry cf hotater trements rc
parait5.o nnatodes.

Niatode

A. tritici
T3tanbuch, 1799)
Fiipjev, 1936

A.

he1euch,idts beoyi
i. a, 19i

a (Ritea
hristie,

1932

in the literaturLi for the control of p1at

- Tperatur
Tirr Worker'In degrese .

Literature
citation

2 hrs Courtne 1952 124, p. 81
Howe].].

5-30 mm Byir 1920 6, pp. i-J0

15 in Crailey 1952 15, p. 5

20 in Brooke 1931 24, pp. 1-27

20 mm Jfodggn 19324 27, pp. 1159-1160

1 hr Jne.n 19524 30, pp. iaii&24
Cavenss

1 hr McWh*rter :19246 35, pp. 1-4
Iili3

20 nthi Chrietie 1935 9, pp. 91-103Cree.n

hentgrass eod 126

122-133

rice 122-127

8trawbarr7 118

traiberry 110

Bellingb 111
Lybrid lily

Jroft lIly

beo;tja 110

a nftt*rn
trberry

110



Ta1e 1. Continued

Nem*tode

A. rjte&a-basj
tsc!tz71Ir)
Steiner, 1932

Dncjius dipsacj
Kuhn, 1

1936

Host Tewp.r*ture
in degrees F. rime Worker Date Literature

citat1on

a southerit
strawberry

110 7 lire Christie 193
Crosm*n

9, pp. 98-103

cbrysanthemuzn 110 2.5 hrs ii

chry8antnsnlun3 i1 Stenjland 19O l,14, pp. 11-18

narcissus 110 244 hz's Remebottom 1918 !i0, pp. 6-78

110

110 UL

3 hz's Bcott 1924,

1-3 hz's Doucotte 1927

11, pp. b97-o2

16, pp. 236.237

110-113 i4 hr C3riffiths 1930 23, pp. 3-12

bulbouè iris 110-112 1 hr a.et 1939 26, pp. J41i..]346
Dosher
Newton

110 1. hz's Courtney 191
ou1d

13, p. 14

teasel seed 122 1 hr Courtney 1%2 12, p. 308



¶table 1, Comtjnued

Nenatode

Dity1encthii dips aci &hallots

era ahacht1 potatoeø
chiidt, 1871

Ms1o1ogyne sp. in teat tubes
- ar'ae

ega

Aperat1ré
in degrees F.

Bruine
Seinhorat

5, pp:. l37-6

1O1-127 2 hrs - Hoahirzo
1 sea ckodfrcy

1O-136 14.5 d&rg
I ea

Me1oidone app. Prunus Mahaleb 120 20 ntn Nyland
Lovell pea ci

peony 120 30 mm iIford
aty1e.tchus ep. strawberry 121-130 7-1 idn Goheen

Mre

193 b6, pp. 219-222

1933 28, pp. 260-270

19% 39, pp. 73-57

1939 145, p. 133

19514 21, pp. 318-826

nh 3 in Trif fit
Iuret



Table 2. A ewnmary of chemical soak treathents reported in the literature for the control of plantparasitic nematodes.

Nematode

tritict wheat None - Leukel 32, pp. 951-952
0. dipsacl narcissus 21 None Ramsbottom 10, pp. t55-78

K sweet. potato 8 None - Kreie 31, pp. 678-683
potato 252 Aaventa i 1 hr Faldmeesez' 17, p. 13

Shafer

Formaldehyde 1 hr Franklin 19, pp. 113.-]2520 -
Phenol5% lhr
Pheny2. ieothio- 3 days Smadly 3, pp. 31-38
cytnate 0.001%

None

H. schaohtii potato

potato

potato

No. chemicals Chemja1a
tested recommended

Literature
citation

Cobb 10, p. 31



Table 3. A umnary of tu!iiatiQn trials reported in the literature for the control of plant parasitic
nematodee.

Heterodera ep.

roatochienais

ft

eloidone

bulbous iris

sweet potato

potato

potato

MeloidogyrLe ap. potato

on machinery

hemica1
No. of chemicals recomiiondod Tine
tested lbs/bOO cuft.

orker Literature
citation

bromide 12 hi's Cralley 15, p. 5

- Newton 38, pp. 175-181
Hastings

- Kreis 31, pp. 678-683

beets
carrots

1 sulfur dioxide 2L bre Fenwick
saturated
atmosphere

13, pp. Li-5o

none - Chitwood 8, p. 1414

methyl bromide 16 hi's Mai 33, pp. 22-23
23 Lear

3 none - flarz'i ri 214, p. 6

Vacuum nm5 ation

Pratt

1 none Boock 3, pp. 363-3614
Lordello
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11S AND METHODS

Infected Croft Easter lilies and kazzard cherry seedlings were

obtained frcm plantings with symptoms of root-lesion nematod.e pa

eltism (Figures 1, 2 & 3). The importance of lilies and nursery

crops in the economy of the state, their availability, and the pros-

pect of goad grower cooperat,jon made them suitable plants for investi-

gative purposes. These crops may also be considered as representative

of the root-lesion problem in Oregon.

Collection of materials

Mazaard cherry seedlings were dug after the plants had become

dormant in late November. The roots were shaken free of soil and

tied into bundles of O plants. The seedlings were healed-in in

straw or sawdust until needed for experimental trials.

Croft Easter lily bulbs (number 9 and? corniercia1s and yearling)

were obtained from fields having a history of root-lesion infestation.

The bulbe were packed in moiat peat or sawdust as for shipnent and

held in cold storage at 3S°P. for a udnimum period of 60 days before

treatment,

Exwnination of individual plant. or bulbs revealed the presence

of root-lesion nematodes in 92 percent of the lilies and 100 percent

of the cherry seedlings.

Mthods o.f examining for nomatadee

Teasing (shredding the root tissue with disecting needles bene&

low power of a stero-microscope) was a useful method of finding

root-lesion nematodes when they were numerous. However, sparse

infectionz were overlooked or found only after much time had been
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expended in root examination, Determining the viability of nematodes

teased from root tissue was a perplexing problem. The root-lesion

todes would often remain motionless for long periods of time and

appear to be dead. The eggs deposited by zlcdlIatodes in root tisaxe

were almost impossible to detect unless special staining methods were

used.

A survey was conducted of various plants generally found as

weeds on or near agrcultura1 lands for use as an indicator plan

highly favorable host plant used for the detection of plant parasitic

nematodes). Of the 22 kinds of plants examined only 2 were not

invaded by the root-lesion nematode (Table b). Hairy vetch (Vicia

vibes Roth.) wa selected to be used as the indicator plant. The

employment of indicator plants in all trials eliminated the less

accurate and time consuming teasing of root tiesue to locate root-

lesion namatodes. Indicator plants were used wnen the Mazzard seed-

lings had ceased grorth or the Croft lilies had bloomed.

The indicator plant method for determining the surviving root-

lesion natode population ha severs], advantages * (a) these migratory

nstodes are attracted from the soil, (b) only viable nematodse are

collected for counting, (c) surviving eggs are stimulated to hatching,

Ld (d) small root-lesion nematode populations are increased where

might have othertae paseed undetected.

After growing for approximately 60 days the indicator plants

freed of soil by washing, caminuted for S seconds in a Waring

b].endor, and placed in a Baermann type fwzne]. (2, p. 141) to recover
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any root.-lesion nematodee present. The jxxtion of the sater contain-

ing the nematodee was drained from the funnels and the nematodes ware

counted directly or if they were numerous the sample was diluted th

counted, To aseert.ajn the root-lesion nematoda population of soil,

the gravity-screening method ws employed (II, pp. 13-16).

The centrifugal-flotation technique (7, pp. 87-89) was the best

od available to obtain viable root-lesion nematodee and eggs frosi

plant tieuea, The isolsted root-lesion nematode and eggs were used

in trials to evaluate the effects of hot-rater treatments.

General eenhouse cultuze methods

After treatment the Mauard seedlings or the Croft lily bulbs

planted in steam sterilleed sandy loam in number 10 (3A gal].

Peat or other similar soil eupp1erenting materials were not

used because of difficulty of separattng the roots from such material.

Adequate moisture was supplied for growth. The greenhouse tempera-

tin's was maintained at approximately 66°F. throughout the growl

period.

Specific variation in methods wil]. be mentioned with the jfldi.s.

Itid experimen



Figure 3. Field oZ yearling Uazzard cherry understock. Note the
srcas of tnted. p1ant caused by root-lesion neinatode
parasitism. (ihoto by R. J. Jensen)

13
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Figure 2e Mazzard cherry seedlings of similar age from the field
shown in figure 1, Right, plant from lightly infested
area of the fle].d, Note the more abundant root system
and average heights Left, a stunted plant with a
greatly reduced root system from a heavily infested area.
(Photo by H, H, Milisap)



Figure 3. Mazzard cherry seedlings of sisilar age from the field
shown in figure 1. Right, a plant from an area lightly
infested with the root-lesion rtematode. Left, three
plants from areas of heavy investation of root-lesion
nematodes. Note the differences in heights and root
systems. (Photo by H. H. Milisap)



1. list of the chemicals used in some of the trials is given in
Table .

16

FUMIGATION TRIALS

I. 2O cubic foot fumigation char wat matained. at teipera-

ture of 7°F. by thermostatically controlled electric lights. Air

within the chamber was circulated by a 6 inch electric fan.

The fumigant, methyl bromide1, was introduced into the chanoer

ri, copper tuMng and coUected in a splash pan frm which it vapor-

izod. The plant material to be treated was arranged on boxes about

3 feet above the floor so air could circulate freely.

Trial I. Mazzard seedlings infected with the root-lesion nerna-

ted. ware treated for 1, 2 and 3 hours at the concentrations eqiiv

lent to 2 and 3 pounds of mathy. bromide per 1000 cubic feet.

Following treatment the Masaard seedlings along with untreated control

plants were placed in storage at 3°F. and examined for viable nema-

todas 1i8 hours later.

When the roots of the treated Mazzard seedlings were teased

apart only motionless and apparently dead nematodee were found.

Examination of th, control plants also revealed nmnatodee in the same

condition. Thus the viability of the nernatodee could not be deter.

mined by ordinary visual observation. Root.leaion nomatode eggs were

not observed and if they had been their viability could not have been

determined without the use of an indicator plant. This difficulty

led to growing the seedlings of subsequent trials before attempting

to recover the riab1e root-lesion nematodes.
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XI. To eliminate whatever effects dry roots had on the

nema 0406 tn Trial I, Maard seedlings with noi.st roots

fumigated for I - 3 hours &t coeritratjons of 3. )4 ounds of

methyl bromide pEr 1003 cubic feet (Table

ifter the pia-ts ifl the r Lou.ce the viable root-

lesion nematocles were isolated by the Baerrflann funnel tecthrziqae.

Only a 1ight reduction from the acan of the root-lesion neratode

population in the ccntrol plants ws achieved.

Trial III. Soil infested i1th 350 root-lesion nematodee per

cLart of sol.1 as placed in gauze bags approximately 1 by 6 by 6

inches. Then the bes iere erposed to methyl bromide fumigation for

1 - 3 hours t. concentrations or I L pounds per 1000 cubic feet

(Table 7). Prior to treathent tha soil was browJt to the same

temperature as the fumigation chamber. The sofl moisture equivalent

was 3L.C)5 percent. he treated soil was planted to hIry vetch in

S ineh clay pots.

ktethyl bromide appeared to have less effect on root-lesion nema-

todes in 5011 than in root tissue of aszud seedlings. No reduction

in the root-lesion nematode population was obtained.
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VUJN 'LIW.TI0N TRIALS

inc ziaterjaja were tested in these tria1 us1n Croft lilies and
Mazttrd seedB.ng. A iacuum iaucr of 0.29 cubic feet. was evnct.ed

a tater arator. The £z.igation cax.d out at room

tenperatuxe although the 1%asi containing the twigant was iarscd
in boi1ing water to facilitate introductton oi the gas into the

ch&i bar,

Trial I. 1ard seedlings sate fuiiigated for hours with CLiP

and fomialdchyde at 0 and 314 pounda per 1000 cubic feet reepectivoly

(Tb1e ).

i. large reduction in the root-lesIon neiatode population uac

obtained by fu atin of azzard seedlings with L8P and £orzaldehyde

under vacuum. Iiowevr, total elimination, of root-lesion neratodas

from root stocks was not rea1ized

Trial II Croft 1iiie were treated with 7 materials at concen-

trations varying £roi 314 - % pounds per 1000 cubic feet for 2, 7 and

$ hous (Table 9).

The vapora .f the materials introdnccd into the vacuun chanter

'proved to e phrtutozic in ost instances. However, 3 naterials,

(GB?, forrLa1dehyde arid W-114i14) were generally non-injurious and

greatly reducc,d the populatIons of root-lesion nematodes.

Trial ITI. Flail of the croft lihie treated had roots remored

to withIn ]./8th inch of the basal plate to determine the combined

effect c vacuum fumigation and root prui.ng. Seven raaterials were

used as funigants varying in concentration from 10 to 20 pounds
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1000 ctibio reet. The period of uosure uae for boim (Table lo).

inoreaod toricntrat ons oi f ants. resulted In reductIon of

tho root4. ion niat.odc pot latn. rs als erad.

tI on as no .J_ sore f .&nts ced stunti of the plants

orra1d&'hyde at all conceitritons snd DEc at 100 poun1s per

1000 cuLc feet approached a conip1et kIU of root-leEion noaatode

i1tho it &rLjury to the plants.
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CaEMICAL SOL

Dipping or soaking of plants or plant parts is a feasible and

owical means oi therapeutic treatment against plant diseases.

In the chemical soak trials 16 materials were tested for their

efficacy to penetrate root tiesue and functionas nesatocides with-

out causing injury.

Trial I Croft lilies were soaked in ii experimental materials

for periods of and 30 minutes at concentrations from 1 - 100 percent

(Table U). Dilutions were made with water then mixed to form a

pension.

At the concentrations used the materials included in the trial
proved to be phytotoxic or ineffective in eradicating root-lesion

nematodes The chemicals were water soluble or soluble in organic

solvents. To simulate these properties of solubility, oil and water

soluble red &yes were selected to determine the degree of penetration

ot tissue. Prolonged soakLrig of bulbs in oil or water soluble

open vessels or under vacuum indicated that the roots were

not penetrated except in small localized areas near wounds or broken

ezdt of roots.

Trial II The effects of root pruning and 9 chemical soaks were

tested by removing the roots to within 1/8th inch of the bass]. plate

of one half of the Croft lily bulbe (Table 12). Indicator' plants

were not used and the root-lesion nematod* counts were obtained

directly from the Croft lily roots.
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Vapazn ;entration of O, and 1.0 percent reduced the root-

leaion natode population to a low level. All other ohomicala

tested were irzjuriou8 or ineZfective gaiimt rootlesion neiiiatodee.



HOT 1 TRIALS

Hot-water trfatmer1t of p1aits and plant parts has lotig bce..i an

effectjy mears of controlling oe rianatode deases. ethods to

adapt hot-water control for root-lesion nematodes and their host

plants were investigated.

Trial I Root-lesion neratode eggs, larvae and adults were

separated from vetch root tissue by the centrifugal-flotation tech-

nique, sispended in water in test tubes, and subjected to hot-water

treatments. The temperatures ranged from 101°F. to 120°F. For the

tenperatuisa below ll°F. the periods of exposure were 1 to 12 hours

and. for those above to 60 ml.nuteg (Table 13).

In all instances except two adults, larvae and eggs failed to

survive removal from root tiue or the hot-vate treatment. The very

low survival of the control isolates indicated the sensitivity of
root-lesion nematodes "hen removed from their parasitic en1rotnt.

Trial II. The effet of hot water on the survival of root-
lesion nematodes infecting azsard seedlings was investigated. The

Mazzard seedlings were imnersed in a precision hot-4rater treating

unit (23, pp. 812). Temperatures ranged from lOLi°F. to 128°?. The

periods of exposure were from 10 to 30 minutes (Table )1).

Populations of root-lesion nematodee were reduced to Liw levels

by hot-water treatments of Mazzard seedling roots. However, death or

severe plant injury resulted at temperatures 116°F. and above before

root-lesion nematods were eradicated.

Trial III. The effect of hot water and formaldehyde, at the rate

22
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of one pint for each 2 gallons of water, on Mazzard seedlings was

also investigated. The seedlings were treated for 1 hour at 110°F.

and 11t°F. (Table 1).

The efficacy- of hot water aainst root-lesion nematodee in

tazaard seedlings was increased by the addition of formaldé

However, Mazzard seedlings were killed at two degrees lower (l].h°F.)

than by hot water alone. After treatmit at 110°?. the growth of

zard seedlings was reduced where hot water alone had no such effect.
Trial IV. Croft lily bulbs infected with root-lesion nematodes

were immersed in the precision hotwater treating unit for treatment

at temperatures ranging from 1O°F. to 118°?. Water was heated in a

pan for temperatures exceeding 11801? (Table 16). mach series

(variations of time and temperature) consisted of 8 bUibSe Three

bulbs were planted in the greenhouse for forcing. The other 5 bulbs

were planted in a field near Broolcings, Oregon for fi.ld observations.
The hot-water soak at 128°F. for a 10 minute period proved to be

the moat effective for eliminating the root-.lesion nematode. The

treatment with hot water except the most extreme (above 128°?.)

appeared to have very- little effect upon the forcIng qualitie8 of
the lilies The results were very different for the bulbe grown In

the field where many of the time-temperature varients appeared to

result In injury to the bUib. This indicates that treatment of

ield planting stocks by hot.-water soaks would have to be carefully

controlled as many of the treated bulbs planted in the field grew
poorly and/or split.



rortanateiy, most of the bulbs receiving soaks of 170°F. and

212°F, were destroyed by gophers in the field planting.

Trial V. Th. combined effect of root-pruned Croft lily bulbs

and treatment with hot water on the viability of root-lesion nematodee

was the objective of this trial, temperatures ranged from 125°F. to

170°!. with periods of immersion from 3 - 60 minutes (Table 17).

The roots were removed to within 1/5th inch of the basal plate of one
half of the bulbs. Indicator plants were not used in this trial or

in trial VI. The root-lesion neinatodes were recovered directly from

the Croft lily roots.

Root-lesion nematodes were recovered from bulbs which had been

ed in hot water at temperatures up to 1600!. for 3 minutes.

Differences in numbers of nematodee recovered from root-pruned bulbs

and those bulbs with roots were inconsistent, The 128°?. hot*vater

soak, as in trial IV, was most effective for bulb treatment. The

numbers of nematodes were reduced considerably but eradication was

not obtained,

Trial VI. Formaldehyde was added to hot water at the rate

t for each 25 gallons of water for treating Croft lily bulbs, of

which one half were root pruned as above The range in temperatures

was from 125°F. to 170°F. The periods of exposure were front 3 to

60 minutes (Table 18).

The combination of formaldehyde and root pruning did not add to

the efficacy of the hot-eater treatment. A higher number of root-

lesion nematcxies was recovered from tbe bulbs soaked at 128°!. for



10 mintitei than the equiva16 retnent wl.thout 1orr1dehyde

nwñbers of rooi,-Iejion iieitodeG re wrc1 fro.n bulbs ith or dthout

rooi ffer3 erric. aoot-1jon ;e:iatode re a150 obtained £ro

bu1b which had been treated for a 10 as 3 zLnites at ]$00
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HOT CARBON TETRACHLOEIDE TRIAL

Miller (36, p. 87) reported carbon tetrachioride to be a good

material for heat treatment of seed-borne diseases of peas and beana.

He listed the advantages of carbon tetrachioride to be as follows

(a) flon-ophytotoXic, (b) readily evaporated, Cc) leaves no residue,

(d) does not wrinkle seed coat, (e) long periods of immersion have

little effect on viability, and (f) seeds could be heated to higher

temperatures in hot carbon tetrachioride without harmful effects than

in hot water.

Trial I. This trial was designed to determine if the effects as

listed by ttller could be reprorduced with Croft lily bulbs. One-

hundred..sevety Croft lily bulbs were imiersed in hot carbon tetra-

chloride at temperatures ranging from 121°F. to 170°F. (boiling point

for carbon tetrachioride). The periods of treatment were from to

60 minutes. One half of the bulbs had been root pruned before treat-

The treatment with hot carbon tetrachlorjde proved to be lethal

all Croft lily bulbs at all periods and temperatures. A prelimi-

nary trial with 10 Mazzard seedlings indicates carbon tetrachloride

be used more succefu11y with plants other than Easter lilies.

Massard seedlings were immersed in carbon tetrachioride for 10

minutes at 128°F. Three of the plants leafed and one lived, whereas

no Massard seedlings survived hot water beyond 116°F'. The surv'iving

sard seedling was still imfected with root-lesion nematodes.



STOE-DLsIo/Tl ThIAIS

iia1n (2, pp. 39-LL) reportod of root-
ioi:n iak to drii. :riicr obe raion (oeo fLgation trial
I) also oect loth1 resuito non yi of oot. To eralaate

the effect of tine and d.c siccation on the survival of root-lesion

nezztodes in root-tissue, infeeted Mazzurd seedlings wore placod

trature..eontrolled storage chanbers. The average hun.td

esttod by wet and dry bulb thorznoiietsrs, was 78 prcan.
r1al I. The seedlings to be exposed to dcsiccation were placed

in open paper bags. For control plants seedlings were sealed in

vapor proof plastic bags. A bag of dried scedlngs and one of

controls were reroved froi storage each day for 1 days, then ea

third or sixth day thereafter for a total of 31 days.

Time and drying had little oz no affect on decreasing root.

lesion neLlatode populations before the iLaezard seedlinwere inur
(Table 19) eath of the ternal end lateral buds 'a eomnon,

especially at the higher t.anperaturea (Eigures

TriaL II. Seedlings were handled as in trial I open paper

bag and a sealed plastic hag were renoved at 114 day intervals begin-

ning ith the 38th day. of storage. The last pair was renoved on

the 108th day.

The extended tine of desiccation was not auffieent to elirGinate

all root-lesion nenatodes Iost of te seedlings wore severely

inju"ed or killed (Table 20



Figure . Growth of Mazzard cherry seedlings after 31 days of
storagedesiccation treatment at 35°F, Rights control
plant from sealed bag. Left, plant from open bag,
The drying effect was lethal to the terminal and
1atral buds, New adventitious buds have developed
near the soil line, (Photo by H. H. Milisap)
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Figure . Growth of Mazzard cherry seedlings after 2S days of
storage-desiccation treatment at O°F. Right, control
plant from sealed bag, Left, plant from open bag.
The drying treatment caused the death of the entire
plant. (Photo by H. H. Millsap)
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DRY }IE&T 1'RIAL

A dry-heat treatment ibict. oiant to extrenoly unnatural

codition, Lroft 1tle. wher dorant iy tolerant to nThvor-
abte co ttio ad were used for this trtal.

Trloi I. Croft lily bulbs were ecposed to dry heat in tempera-

ture controlled ovens at temperatures from 100°F. to 3.90°F. for 1,

and 10 hours (Table 21). Each treatment consisted of bu1b tth

roots and bulbz 'ith the roots removed to withIn 313th inch o.f -

basal plate.

Root-1eion nenatodes were recovered at all temperatures and

periods of treatment where bulbs survived, As in other trials the

differences in numbers of root-lesion ratodes recovered were not

consistant with root-pruned bulbs or those bulbs with roots.



Rc1afl TILL
o e11 ination of a ro-lcin noe cct by

sei pin ;rt is oible ifle there are s xie

that tol te such prunin, Croft lilies e i this rotp a..d were

used in the stcd, oJ root-1eson ieatodo survival in bu1b from vthieh

roots had been rciove

ra1 r. ioot rs iants cro reioved to vath.n i/&Sa lnch o he

basal plate of 2 Croft lily- bulbs (nwiiber 9 cc rolals) deter-

Lire the proportion of ro -lezn iematode carry-ovcr. rtova].
of the root rennants from 25 Croft lily bulbs, kno to be afeoted
prior to troatent, e11inated the natadcs £'GI 4 percent of

bulbs. rhero were no app rent adverse effects on the forcing per-

formance of root-pruned bulbs that had boon held in cold storage.

(Oi the basba of 100 percent £nfecton the root-pruned bulbs had a

17.4 percent carry-over). The control plants proved to havo a 92

percent csrr7-over,

Trial II. aoot recnarits rore rexovoU o within 1/8th nc1i

the Lasal plate of O Croft lily hlbs (uer coxircjals) d

the basal 1tes ere caped free of all root rernnants of another

50 bulbs (Fiure

A 4 percent carryover occurred in the 5() Croft lily bulbs which

had the r3ots truiried. the b&s:i 100 percant in.ect1on ihe

root-pruned bulbs had a i(L.7 percent ca'ry-over). Of the Croft lily

bulbs which iad thu basal plates scraped, a 2 percent carry-aver wa

found. (On the baeia of 100 percent infection the treated bulbe had



1,

zz 83 percent carry-over). T contrii p1at had a 2I. percent
carry-vr of root4t1 on ±cot on.

T wef ' v' Croft ¶, "- (''r14re) w" ro,t
pnmed to '.th1n 1/t inc, of tho b'1 lte fr bos of eo

paion ith Crf- i 1r hu1b used in trials co.mhirtn root pru.ntg

with a theraneutic trtnien

Root rco'val had no efThct in redt.ictr root-lo-1or. etode
1nfetion i ealinc hu1b as both t rot-.pruned huThs sand thi

controi 'ad 96 prcctt crrr.o'u-er. These rc'sult were d1ffrent
fron tria1 I nd 11 where root-1sjon natode carr-over in nrnber

9 bulbs wa l7.i preent and 16.7 percont r niiutber 7 bulbs.

PosTh1e explaiat o of fernoes in momt of carry-over n the
three trji ar ! tt: (a) root-1eajon neriathdes inv.de th oaies

or basrl plates of year1in, bi1b to a greater extent than older
bu1bs (b) the wiatodes rnirate from the older cle as Thod
reserv are traniocated to other areas; (c) copetit1on from other
oreins liriit or exclidt r,ot-1eston atodn,.



Figure 6. Examples of various degrees of root pruning of Croft
Easter lily bulbs. Right1 control nonpruned bulb.
Center, bulb with roots pruned to within 1/8th inch
of the basal plate. Left, bulb with a].1 roots removed
and the basal plate scraped. (Photo by H. H. Milisap)
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r-'vric
The feaslb4 ty of usin atibiotc a a thraxeuttrit aatnt

i c neiatod .n1t.td .th a pre1inary screening
trial. Pa';rei1us siivae (de M 1913) Goodey, 19t as a
te& orii ].j jibjotjc were tted for lethal act5.vity atint
nemt,des. The iieatodes, 1700, were placed In ptri
diøhe on ear contaIning varjou noontrations f an antihiotc.
The varioie antibiotjc were tested at conceiitrat.ons Df 1 to 10,000

pp nd exaained at 2 and 1! dA:r thterv 34

Six of (he an ihttcs tested affected the neratode adversely

only at th conc trati.ons (2,000 and/or io,00 The other

antil±otic were e'ectve even at a 1 percont conoentraton

(Table 22). These reeulte did not warrant f,rther investi:atjon At

antibiotics as t.eraeut-t c a.ents.



-e;.'G

WZ5 ot acievsci u

?ari, DB and ox alduhydG .eccu tie root-lesion noruatode poj-

lations to vor. low levels. .tnoso sur±ving root.icion neaatodes

may be 1nconsoquo;tial in the culture of some craps, L all instances,

however, the transmission of root-lejo e a.ode inføstation to

new areas IS not dosible

The phyto .'ricity of neatocides tetcd mane tCA USC1C3S O

therareutants In chemical soak treatments. To he ffCtiV th

Idiling agent t eons the roots and be non-phytotoxic. None

of the ateals used n these trals possessed all of the oestred
oharacteri E tics.

Iot-vater treatjent is ai effectivc tool. tn the control of folisr

ad other idnd of nenatedes. ElImination of the roet..lesion nema-

todea from roots of infected plants was not realised without injury

gatiun. U;(eVsr,

L -r-....0 ... Qi Of 1nt ro3ts rethA,Gd t:AC nc;
j aLJ;$. tat aicIitjona1

rdo: w ej.s i.eved with Liase in
cth1 Lroiiid ncntration, oi' time, or both.

A nojs½re eujvalet rL1ar account for the isok of effect by

iethyl O1!diG on th 50±1 iopu1ation of root-1ecic ntode,

point out one of the difficQ.tios that nay he icter*s
ed If fsLgatiozi of a11eci rse..y stocks atptec where a ijh
organic soil ontent ay also 1e found.

iop1eti liii&ation w rot-leson icaatcde from root tissue
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plants. However, in almost all treatments a reduction in the

s of root-lesion nematodes surviving was obtained. In sonie

asea they averaged less than one root-lesion nematode per plant.

Since the adults and larvae of the root-lesion nematode are

ly killed in dried root tissue one zay assume that the egg is

the surviving stage. However, even the egg is highly susceptible to

changes of environment if it is removed from the protective root

tissue in which it was layed (see section on hot-water trials).

That some stage of the root-lesion nematode survives drying is

clearly demonstrated in the dry heat trial. Root-lesion nematodes

were recovered from bulbs which had been heated to 190°F. for 1 hour

and 128°F. for hours Such data definitely suggest some resistant

life stage.

With Easter lilies and similar ornamentals the practice of

reducing root-lesion nematode populations by removal of plant parts

is at beet only a temporary measure. The root pruning trial where

all root remnants were removed and the bass], plate scraped had

8.3 percent carryover of root-lesion nernatodes. Hence, even with

extreme measures all the root-lesion nematodes wore not eliminated.

Root pruning of aster lily bulbs, therefore, can be employed as a

means of partial control.

The showing of such low riematocidal activity indicates that

antibiotics will probably not be useful as nematode-control agents.

Antibiotics, however, may be used for external and possibly for

internal sterilization of nematodes for aseptic studies.



SUMWtRY

Eight therapeutic methods were investigated as means o± eradi-

cating root-lesion nernatodes from Croft Easter lily bulbs and Mazzard

cherry seedlings.

Fumigation was effectIve In reducing total numbers of root-

lesion nematodes. Methyl bromide fumigation brought about slight

reductions in root-lesion nematode populations. Elimination of root-.

lesion nematodes from root tissue was not achieved hjr vacuum fumi-

gation although Vapazu, EDB and formaldehyde reduced the nematode

populations to low levels.

The materials tested in chemical soaks were phytotoxic or

ineffective in controlling root-lesion nematodee in root tissue.

However, reduction of root-.lesjon nematode populetionsto less than

one per plant was obtaied by hot-water treatments although SOiflS

plant injury was uauallr sustained. Trials employing hot carbon

tetrachioride as the heating medium were lethal to all the Croft

Easter lily bulbs treated although one Mazzard cherry seedling and

the Infesting root-lesion nematode population survived 128°F. for 10

minutes.

Mazzard cheiry seedlings were severely injured or killed by

drying in storage to eradicate the root-lesion nematode by desiccation.

The seedlings died before the root-lesion neraatode could be controlled.

Dry heat was also ineffective as a root-lesion nematode control

measure. Bulbs which had been heated to 190°F. for 1 hour and 1280?.

for hours still retained viable root-lesion nematodes.



Croft Baster lily bulbs by scraping the basal plate free of root

remzwite. Pruning of the roots to within 1/5th inch of the basal

plate of conimercia]. size bulbs reduced the root-lesion noivatode

carry-over to an average of 17.1 percent. Yearling bulbs had a 96

percent carry-over.

Thirteen antibiotics were screened for neiatocidal actiflty.

Siz were toxic to the nematodes at 2,000 and/or 10,000 ppm. The

others had no effect on the nernatodes even at the highest concen-

trations used.

3

Root- ion nernatode carry-ove Wa reduced to 8.3 percent of
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Avena sativa L.
raesica capestrie
ryooh:r11uii sp.

t.erastiirn viscosi L.
Chenopodiu a1buL.
Chysanthenum leucanthennmt I.
Dactylis glomerata L.
Fez tuca xnyuros L.
Galiurn sj
(Ieranjuna dissectum L.
Linari vulgas Hill
Poa annua L.

rçonuni hydroplper L.
Seiecio vulgarie L.
Sizybrivai officlnale (L.
Bonchua asper (L) Hill
S's. ula arvenzis L.

a media (i,.) Cyr.
rfoiuzu d,iui Slbth.
rbascum Bla.ttari& L.

Host Plants of Pratjlenchus penetrans

) Seep.

Plants Not Hosts oL!snchus p7trane
Anthemie cotula L. Dog-fennel
Ruinex acetosella L. Sheep Sorrel

Oat
j1.ct Turnip

Annual !Iouse-ear
Lamb 's Quarter
Ox-eye Daisy
Orcnard Grass
Rat-tall Fescue

Cut-leaved Geranium
Toad-.tlax
Annual Bluegrass
Common Smartweed
Oroundsel
Hedge uatard
8piny-leaved Sonenus
Corn Spurry
Comnon Chickweed
SmalThop Clover
Moth Mullein

hi ciweed

Table A list of plants selected for a host range study on the
root-lesion nematode, Pratrlenehus penetrans.



Code no. or
abbreviation
of chemical

Sytox
AC -]i.

'Mntian violet
Phenol
1197
NP-1093 &
N?-l33
N-339
EBB

i-iIil4
Lysol
Yapazn

Nemagon
Ally], bromide
Formaldehyde
Methyl bromide

Trade name
of chemical

Syto.x
None
Gontian violet
Carbolic acid
None
None
None
None
Dowfuine

Shell Dl) mixture
None
Lysol
Vapam
Nemagon
A11y1 bromide
Formaldehyde
Methyl bromide

Technical name
of chemical

Ethyl niercaptoethyl diethy]. thiophosphate
Methyl acrylate
Triamirio-triphex,yl methane group mixture
Phenol
Not disclosed
l,1-djchloro 2-butyne
Propargyl chloride
flimethyl disulfide

Ethylene-dibromide
Chiorobromopropene
Dichioropropene-di chioropropane
Ethyli sothiocynate
Soap, orthothydroxydiphenyl, alcohol, cresylic acid
N-methyl dithiocarbaivate
1., 2-dibromo-3-chloropropane
3-bromo-propene-1
Formaldehyde
Bronioniethane

Table . A list of the chemical compounds referred to in the rid tables.



Tab

Meth7l browide Period of
lbs/bOO cujt. recovered per p].ant-in houre

6 The average ntmiber of root-leeion nerntodee (Pratylenahus
penetrane) recovered from Massard cherry
after treatment by methyl broeide fumigation.

rol

Plant response

Normal

* Average of 12 plants.
** Norma]. in respect to the control plants, i. e. approximately

]S-60 cm. new growth.
*** Average of 148 plants.

147

14

1
2
3

1
2

I
2

2
:3

996
1483
38
62].
279

142

112
27].
167

137
162
137

Norma1*
Normal
Normal

Norma].
Normal
Norma].

Normal
Normal
Normal

Nora1
Nora1
Normal.



Tab 7, The average m'ber of root-leton neniatodes
penetrans) recovered from infested soil after
by methyl bromide fumigation.

I bromide
lbs/bOO cu.ft.

Period of
exposure
in hours

148

No. of nematodes
recovered per pot*

Control

* Average of replications.
** Avera!a of 140 replications.

80
80
70

530
670
570

6y
610
2140

95



Table 8. The average number of root-lesion neniatodes (Pratylenohus
penetrana) recovered from Mazza.rd cherry seedling roots
after treatment by vacuum fumigition.

Fumigant

CE?

FormaldeI

Qontrol

Concentration of No. of neniatode
actIve ingredients per plaxit*
lbs/l000 cubic feet 5 hours exposure

So 2.5 Norma

20.5 Normal

1h2.0 Normal

* Average of 20 plants.
** Normal in respect to the control plants, I. e. approxirate1;

15-60 cm. growth.



Table 9. The average number of rootlesion nematodes (Prat7lenchua ponetrane) recovered from Croft
aater lily roots after various treatments by vacuum fumigation,

Fui gant

Control

Coneentration of
active ingredients
lbe/1000 c. ft.

Nematodes recovered from each
period of exposure per plant*
2hrs 7hra

0 Normal**

1? Slight dwarfing

o Normal

0 All dead

0 Dead or slight
dwarfing

0 Normal

Slight dwarfing
ebove 2 hours
exposur

Normal

Plant Response

Average of three plants.
** Normal in respect to the control plants, i. a, approximately 35 cm. in height and producing

1-3 blossoms.** Average of 7 plants.

BDB So

PDC 147 150

CBP So 33

Ailyl bromide IS 0

DD 0 0

Formaldehyde 80 17

PN_1J, 0



ab1e 10. The average number of root-lesion nematodee (Pratylenchus penetrans) recov
Croft, Easter lily roots after various periods of vacuum fumigation.

Fumigant

EDB

CBP

Allyl bromide

1orma1diyde

Concentration of
active ingred ent
lbs/bOO cubic feet

75
100
150

100

10
20
140

No. of nematodes
recovered per plant*
5 hours exposure

Root pruned With roo

10 0
1.0

19.2
3.6

Normal
Normal
AU dead

AU dead
All dead
AU dead

Al]. dead
AU dead
AU dead

Dwarfed
Normal
Normal

Dwarfed
Dwarfed
Dwarfed

Normal
Normal
All dead

Al]. dead
All dead
All dead

AU dead
AU dead
All dead

Dwarfed
Normal
Normal

Dwarfed
Dwarfed
Dwarfed

response
Roo' d With roots

50 0.0 0.0
100 0.0 0.2
200 0.2 0.0

10 0.0 2.0
ho 0.0 0.0
80 1.2 0.8

3.0 0.0 0.2 Normal Normal
20 0.0 0.8 Normal Normal
140 17.8 7.8 Normal Normal



* Average of 5 planta.
** Average of 25 planta.

Table 10. Continued.

Fumigant
Concentration of
active ingredienta
ba/bOO cubic feet

No. of nematodea
recovered per plant
5 houre exposure

Root pruned ith roots
response

Root pruned With roots

Nemagon 10 0.0 0.2 Dwarfed Dwarfed
130 0.5 1.2 Dwarfed Dwarfed
30 13.13 26.8 Normal Normal

Control** 313.0 136.2 Normal Normal



Table ii. The average nber of root-leeion nematodee (Pratylencins pen.easter lily roots after treatment by chemical eoaka. -

Average oUiree p]anta.
Normal in reapect to the control p1ant, t.
1-3 bloami.

Croft

Period of treathent and number
of nematod.e recovered per plant* Plant Response
5 minutes 30 minutee

339

LOB

CBP

DD

PN-1 1L1)1.

NP-1093 &

Control

NI'-1353

S

100

100

100

1.

I

0 0 AU dead

0 o All dead

0 0 AU dead

0 0 AU dead

o 0 AU dead

100 160 Norma1**

o 0 Alidead

o 0 Aildead

0 C) All dead

o 0 Alidead

25 60 Slight dwarfing

150 1475 Normal

approxImately 35 cm. in heIght and producing

OX 142% 20

AC-114

Gentian violet 1

Phenol

1197 100

Percent
Chemical Concentration



Table 12 The average number of root-la
Croft Easter lily bulbs after

on nematodes
reatent by

(Pratyl enchue penetrans) recovered from
chemical soaks.

Percent
concentration

Period of
exposure
Lfl iinute

No. of nematodes
Der plant*

toot pruned 1ith roots
Plant response

Root pruned iith roots
Systox-lrao1 0.005 & 0.005 30 142.0 87.2 Normal Norma].
mixture 0.01 & 0.0]. 30 28.14 18.2 Normal Normal

0.]. & 0.1 30 3.5 16.2 Normal Normal

Systox 0.005 30 .2 60.14 Norma). Normal
0.01 30 3.14 1414.0 Normal Normal
0]. 30 14.o 32.0 Norma]. Normal

Lysol 0.005 30 17.2 132.6 Normal Normal
0.0]. 30 35.14 203.8 Normal Normal
0.1 30 5.14 2.14 Normal Normal

EDB 0.5 60 0.3 0 2 Dwarfed Dward
1.0
5.0

60 17.6 143.3 2 dead
All dead

2 dead
All dead

CBP 0.5 60 0.0 7.3 1 dead 2 dead
1.0 60 0.0 10.0 Dwarfed DwarAd
5.0 60 - - All dead All dead

Vapam 0.5 60 1.6 15.0 Normal Normal
1.0 60 1.3 2.2 Normal Normal
5.0 60 - - AU dead All dead

Neia.on 0.5 6.0 0.0 0.0 14 dead 3 dead
1.0 60 - - All dead All dead
5.0 60 - - Al]. dead All dead



Table 12. Continued.

Period of No. of neniatodesPercent pose per plant Plant responseconcentration j minutes Root pruned With roots Root 2runed With roots
Chemical

AU dead All dead
All dead All dead
AU dead Ui dead

All dead All dead
All dead &l3. dead

31.0 I6.2 Normal Norma).

Average of plants.
Normal in respect to the control plants, i. e. approximately 3 cm in height and prodtcing1-3 bloso.
Average of 2 plants.

AUy1 bromide 0. 60
1.0 60

60

Pormaldehyde i8. 6o
37 0 60

0ontrol**



Table 13. The average number of rootlesion nseatode (Prat7ienehus penetrana) reccwered by indicator
plants after treatherit of eggs, larvae and adults with hot *ater.

101

1014

107

110

erature
in (iegreeFJ
Fahrenheit

1. hour
2 hours
3 hours
6 hours
9 hours

12 hours
Gontrol

1 hour
2 hours
3 hours
6 hours
9 hours

12 hours
Uontrol

1 hour
2 hours
3 hours
6 hours
9 hours

12 hours
0 ontrol

1 hour
2 hours
3 hours

1200

1000

No. of neniatodes recoverd
by indicator plsnts*
arvae & adults egp

0
0
0
0
0
0

33

17
0
0
0
0
0

0
0
0
0
0
0

0
0
0

Period of No. of lawae & No. of ages
eposuro adults per test t-ub per test tube

0
0
8
0
0
0

100

0
0
0
0
0
0

50

0
8
0
0
0
0

So

0
0
0



Table 13. Continued.

operature
th uogres Poriod oi
Fahronet exposure

110

1l

120

6 hours
9 hours

12 hours
Control

minutea
10 2thkutes
20 minutes
30 zr.inutes
14' ninutas
50 minutee
60 minutes
C ntroi

5 minutes
10 minutes
20 minutee
3') iijnutes
Control

No. o larvae & No. o1 os
adults per test tubc per test tube

1200

No. a nemat4xes rtov
by indicator plants
larvae & adults

0

* verae 0 3 repliaations.

0 0

700 0
0

0
0
0
0

25

0
0
a
0
a

70



Table i The vorage number of root-lesion nematodes (?ratylenehus
penetrns) recovered froni .tiazzard cierry seedling roots
alter treatment with hot water.

58

Temperature
n degrees

Fahrenheit

Period o
exposire
in minutes

of nernatode
recovered per
olant*

Plant response

1014 10 2080 Normal
15 1210 Normal
20 990 Normal
2S 1110 Normal
30 12S0 orma1

108 10 11490 Normal
15 S90 Normal
20 380
2S 1020 Norma].
30 930 Normal

110 10 1490 Normal
15 1490 Normal
20 520 Normal
25 200 NOrmal
30 1490 Normal

112 10 710 Normal
15 330 Norma].
20 860 Normal
25 560 Normal
30 2140 Normal

116 10 1140 Normal
15 110 Normal
20 60 Normal
25 100 2 dead
30 14 dead

10 0 1 dead
15 0 14 dead
20 0 5 dead
25 0 5 dead
3 0 14 dead



Table 114, Continued,

Temperaturó Period of
in degreee exoEre
ehi'enheit in zr&inute

No, of nematode
recovercd pr
iant

P1nt reportse

* Average of 5 plants,
** Norma). in respect to the control plants, i. e. appr'ximately

15.'.oO .cn. new growth.
'** Average of 10 plants.

59

128 10 0 S dead
15 0 5 dead
20 0 dead

0 dead
0 dead

C oritrol 12 N ora1



110 1 0.066

Qoritrol It3.000

Control ]J.2.000

* Average of 15 plante.
* Nora1 in rcipect to the control plants, i.

cm. new gravrth.

liht drrin
Noraa1*

All dead

orcftal

Table va. f rt- .iii (?atiihs
o .i i. c rr ed1ing rot8

ir treatment witu p and fldthyce.

inperaturi
xpore No. f nett1od Plant response

abrenneit in iour ric,vered er



Table 16 The average number of root-lesion nratodo
Easter lily roots after treatment by hot ,atar.

(Pratylenohus panetran) recov frcna Croft

Teraperature
Period of
Exposure

No. of emabode kreenhQua
Jteeered per Plant* 0beriation

Fiold
Observation

1C4C 1 hr 900 Normal** Normal
2 hi's 650 Normal Normal

Normal3 hi's 775 Norma].
14 hra 900 Normal Slight dwarfing
5 hi's 700 Normal Slight dwarfing
6 n's 625 Normal Slight dwarfing

10 hre 1425 Normal Slight dwarfing

lo'3°F, 1 hr
2 hr

850
125

Normal
Norma].

Norma].
Normal

3 hi's 275 Normal Normal
14 hi's 650 Normal Slight dwarfing
S hi's 125 Norma]. Slight dwarfing
6 hi's 33 Slight drfing Slight thrarfir

10 hr 375 Slight twarfing Slight dwarfing

110°F. 5 rain 325 Normal Norma].
10 miii .330 Norma]. Norim.1
20 mill 300 Normal S1igIt dwarfing
140 miii Slight dwarfing550 Normal
1 hr 1100 Normal Slight dwarfing
1.5 hre 150 Nornal Slight dwarfing
2 hi's Norma]. Slight dwarfing
3 hrs 525 Normal Slight dwarfing



Table 16. Continued.

Temperature Period of No. of Nematodes GreEihouae Field
Recovered per Plant Observatton Obeervation

112°F. 5 niii L25 Normal Normal
10 350 Normal Normal
20 iiin I25 Normal Normal.
40 200 Normal Normal
1 hr 225 Norma]. Normal
1.5 hi-s 125 Norma]. Slight dwarfing
2 hra 350 Norma]. Slight dwarfing
3 hi-s 100 Normal Slight dwarfing

111°F. S mixi 250 Normal Normal
10 225 Normal Norma).
20 325 Normal Norma).
10 1!tn 200 Normal Normal
1 hr 150 Normal Normal
1.5 hr 125 Normal Slight dwarfing

5 mm 200 Normal Normal
10 rain 275 Normal Slight dwarfing
20 raIn 275 Normal Slight dwarfing
140 rain 17 Norma]. Slight dwarfing

12°F. 5 rain 25 Normal Slight dwarfing
10 rain 0 Normal Slight dwarfing
20 rain 0 Normal Slight dwarfing



* Average of three p1ant.
** Noriai in respect to the control plants

1-3 bloesonrn,
*W* Average of ten plants.

i. e., approximately 35 cm in height and producing

Table 16. Continued.

Temperature Period of
Exposure

No. o Nematodes
Recovered per Plant

Greenhouse
Observation

Field
Observation

170°F. 5
10
20

nrin
iin

ilhin

0
0
0

5liht ciiarfing
AU dead
All dead

Destroyed by
gophers

212°F. S
10
1$

sec
sec
sec

142

C)

0

Slight dwarfing
Slight dwarfing
Slight dwarfing

Destroyed by
gophers

20 eec 25 Slight dwarfing
30 sec 0 Slight dwarfing
140

So
sec
see

17
O

Slight dwarfing
Slight dwarfing

60 .c 8 Slight dwarfing
120 sec o *11 dead
180 eec 0 AUdead
2140 sec 0 Alidead
300 sec 0 All dead

Coitro1 600*41. Normal Normal



Table 17. The average number of root-lesion n
Croft Easter liiy bulbs after treatnent with hot water.

ernperature Period of
in degrees exposure
Fahrenheit in minute

125 10
30
6o

128 6
7
B

130

1140

150

160

170

Contro1i*

No. of nematodes
recovered per plant*

(Pratylenchus netrans) recovered train

Plant response
Root pruned With roota

Dwarfed Dwarfed
All dead All dead
AU dead All dead

Dwarfed Dwarfed
Dwarfed Norma]*
Dwarfed Normal
Dwarled Normal

14 dead Normal

Dwarfed Dwarfed

Normal Normal

Dwarfed Dwarfed

Al]. dead Dwarfed

Normal Normal

* Average of 5 plants.
** Normal in respect to the control plants, i.. a. approximately 35 cm in heiç-ht and producing

1-3 blossoms.
*a* Average of 25 plants.

Root pruned 'Jith roots

0.2 0.5

1.3 0.0
1.14 0.2
2.0 1.0

6.2

1j.0 17.2

5.o 3.5

0.0 0.0

0.7 0.0

0.0

314,0 146.2



Table lfL The average number of root-lesion nnatodes (Pratylenchus penetrans) recovered from
Croft Easter lily bulbs after treatment by hot water with formaldehyde.

Temperature Period of
In degreee exposure
Fahrenheit in id.nutes

10

3

1140 3

ISO

160

170

Control***

* verae of p1ant.
** Normal th respect to the control plants, I. a. approxl.mately 35 c in height and producing

1-3 blossoms.
*** Average of 25 plants.

No. of nernatodes
recovered per plant* Plant response

Root ed Yith roots ot .runed ith root

0.2 0.8 Dwarfed Dwarfed
- All dead 13.1 dead
- All dead All dead

0.0 14.6 Norma].* Normal
0.0 0.14 Dwarfed Dwarfed
o.b S 2 Dwarfed Normal
0.14 2.0 Dwarfed Dwarfed
0.14 0.8 Dwarfed Normal

18.14 0.14 Normal Normal

3.8 1.2 Normal Dwarfed

0.14 0.5 Dwarfed Dwarfed

3.0 0.0 Dwarfed Dwarfed

0.0 0.0 Dwarfed Dwarfed

0.0 0.0 Dwarfed Dwarfed

314.0 146.2 Normal Normal



Plant
open ba control

66

Table 19. The averae zurnber of root-1eon ncnatodes (Prat 1enchis
peiietrar) recovered from Mazzard cherry seedi.ing roots
after treatment by storage-desiccation.

Normal ** Normal
Normal Normal
Normal Normal
Normal Normal

Normal Normal
Normal Normal
Normal Norma].

Normal Normal

Normal Normal
Normal Normal
Normal No
Normal Normal

Norma]. Normal
Normal No
Normal Norma].
Normal No

Normal Normal
Normal Norma].
Normal Normal
Normal Normal

Norms]. Normal
Normal Norx.].
Normal Normal
Bud kifl**ur Normal

Normal Normal
Normal Normal
Norma]. Norma].
lde*d& Norma].
bud k1l

Normal Normal
Normal Normal
Normal Normal
2 dead. & Norma].
bud 1.111

TemperatireNo. of EIYS j degreesatorago Fahrenheit

No. of aematodes
recovered per plaxit*
open bag control

35 2100 2220
ho 1720 1432o
145 1760 980
50 1710 1680

35 1600 1720
ho 1500 2160
145 15140 1630
So 1220 1300

35 21480 21450
ho 2900 2.200
145 3530 37141)
50 2300 2770

14 35 1680 3520
ho 2980 5000
145 3810 3160
50 2530 2730

35 3370 1870
140 3170 2880
145 1890 1660
50 3500 2600

6 35 2000 21470
140 2510 2680
145 1970
So 900 21414.0

7 35 2390 2000
140 1910 1120
145 1720 1730
So 130 1670

10 35 1150 21470
140 2560 21470
145 1220 2010
So 633 128o



Table 19. Continued.

torag
dayc 2emperature o, oi n

in degrees recovered jer 1ant Plant response
onen bag control open ba eontr1

67

* Average of 5 p1ant.
-' Normal in respect to the control plants, 1. a. approximately

15-60 cm. new growth.
Terminal bud usually itu some lateral buds dead.

13

50

35

ItO
145

50

35

140

1$
5C)

35

140

145

1620
11470

890
100

100

510
590

0

200

600

330
0

225

550

O
0

21400
1970
19140
2280

2150

700
1210
3.030

16140

1670

560
1090

980

550

1180
12140

orma1
Norma). Normal
Normal Normal
3 dead & Normal
bud kill

I dead & Norn
bud kill
bud Idil Normal
bud kill Normal
all dead ilornal

14 dead & Normal
bud kill
1 dead & Normal
bud HI
bud k11 Norral
all deac orri
3 dead & Normal
bud kill
2 dead & Normal
bud kill
all dead Norria1
all dead Normal



.t

sto'a"e In decrees recovered per plant*
- ahrtheit OIGd oitrl ope'i g conr'1

3 C) 0 Norna1** Nol
140 133 66 Noriral orl

3 117 All dead Noriia1
140 New top &

root owth** Norra3.

0 133 All de&d ori'ia1
140 17 100 New top &

root growth Norma].

80 AU dead Nornai
66 AU dead Normal.

108

140

68

e 20. The averae irnr f root-1jon eiiaL,c½ (P atylenciu
2eiwtrs) reovere £roni Mazad c-rr seei4ig roots
after treatment by 9tor&Ce-(eication.

?lant respore

All dead
&11 dead

* Average of 3 plartz.
*3 Normal in re3pect to the control plants, j. e, approximately

cnt. nc roicth.

New roots and stems developed near ground line.

Norid
Norri1

8 38
0



Table 21. The average number of rootlesion nematodes (Pratylonchus penetrans) recovered from
Croft Easter lily bulbs after treatment wlth dry heat.

120

exposure
in hours

S
10

10

No. of nematodes
recovered per plant*

Root pruned With roots

55.2 Norma].** Norma].
3.14 Normal Norma].
0.0 All dead Dwarfed

14.8 6.2 Norma]. Norma].
0,0 0.2 Dwarfed Dwarfed- - All dead All dead

21.14

Plant response
Root pruned ith roots

Norma]. Normal
3 dead Al]. dead
All dead AU. dead

16.0 7.14 Normal Nozinal
0.14 5.0 Normal Normal- - All dead All dead

7.0 AU dead Drfed
- All dead All dead
- AU dead All dead

ezaperature
in degrees
Fahrenheit

100

110

128 1
S

10

13S



* Average of S plants.
-i normal in respect to the control plants, 1. e. approximately 35 cm in height and producing

1-3 blossoms.
* Average of 25 plants.

0

Table 21. Continued.

Temperature Period of No. of nematodes
in degrees exposure recovered per plant Plant response
1 ahrenhet in hours toot prdned with roots Root pr.ined r2ots
190 1 0.0 133.0 3 dead 3 dead

All dead All dead
10 All dead All dead

Control**- 313.0 136,2 Normal Normal



*rramcin
390 nig/g

II

Concentration of es al ve*
2daya lhda*

1 3.00 100
.10 100 100

100 100 100
1,000 100 100

10,000 100 100

h-droch1oride Pfizer & Co. 1
10

100
000
000

100
3.00
100

0

0

100
100
100
L00
100

3.00
100
100
3.00
100

Table 22. Percent of iviug Panagrellus ailuala. on agar containing an antibiotic.

Pfizer & Go. 1
10

100
000
000

Pfizer & Co. 1
3.0

100
1,000

10,000

Pfizer & Co. 1
10

100
1,000

10



Table 22. continued.

Neomyoin*3H Merck & Co. :1. 100 100
10 100 100

100 100 ]00
1,000 100 100

10,000 100 100

Candicidjn*** Merck & Co. 1 100 100
10 100 100

100 100 100
1,000 100 100

10,000 100 100

Pleocjdjn*** Merck & Co. 1 100 100
10 100 100

100 100 100
1,000 100 100

10,000 100 0

Stxeptothricin
hydrochloride*** Merck & Co. 1 100 100

10 100 100
100 100 100

1,000 lOC) 100
10,000 100 0



* Average of 3 replications.
** Average of 114 replicationB.
*** Concentration not given.

Table 22. Continued,

Antibt oti c Manufacturer oncen x's. on ercen o
2 days

n es
114 da

V

Actidjone
10 mg/tablet

Upjohn & Ce, 1
10

100
100

100
100

100 100 100
1,000 100 100

10,000 100 100

Pericillin t. Upjohn & Co. 1 100 bC)
10 100 100potaesium***

100 100 100
]. ,000 100 lOC)

10,000 100 100

Neonycin sulfate Upjohn & Go. 1 100 100
6o rnig/rng 10 100 100

100 100 100
1,000 100 100

10,000 100 3

Antibiotic Q-19 Upjohn & 00. 0.2 100 100
6000 units/ig 2 100 100

20 100 100
200 100 100

2,000 2 0

Control** 100 100




