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lOO CULTURE

DBAINAGE: Moisture for satisfactor,v grorvth is essential but equalil-
true is the need for good drainage. There are few soils in the plciiii
Northwest coast area that do not require some means of drainage. The
methods of obtaining effective drainage are outlined under the tulip sec-lion of the handbook.

FERTILIZER AND MANURE: A great deal of experimental work on
narcissus nutrition and fertilizer has been done by various workers in
different countries but comparatively little of it has direct appJ.ication
to the grower in this region due to different soil and climatic conditions.
U'ntil fnrther experimental work shows the necessity for change, the
recommendations and suggestions outlined for Northwest grown tulips
shouid be followed (see appropriate section under Tulip).

MULCHES: Mulches al'e not very pr:actical for the same reasons as a1-readv mentioned under tulips (see appropriate section under Tulip).

IHRTGATION.: ,Irrigalion is recommended as a means of increasing thetotal crop-weight and the quantity of top size bulbs in dry locationf and
seasons of marginal rainfall.

The dilections and s-tipulatrons for irrigating narcissithe same as those applying 1o tulips fsie afpropriate
Tulip).
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PLANTING SYSTEMS: The single row ievel culture system with rows
14 to 18 inches apart in well drained soil is popular in some districts.
The- extent of such plantings is very iimited, however'. The most widelr.
used system is the ridged furrow, 36 to 42 inches on center, with one.two or three rows of bulbs in the furrow. The size of the pianting anddrainage requirements usually dietate the system of planting.

TIME To PLANT: August, September and early october is recommend-
9.d rhe. highest yieids are oblained from planting at the recommended
lj-s The"-oniv thing gained bv later plinting lr 

"oniioi-oi--ite rastflush of fall ge'minating weeds as a resuli of thE taal-iiaiing operation.However, where pre-emergent applications of herbicides w-iifio-ritror tairand winte. weeds there is littre justification f;" pil"ii;; "t"t"i 
trra"recommended.

slzEs ro PLANT: Planting sizes usually include all except the saleableportion of the .crop. As the saleable portion includes the- doubie noseci
and _r:ound.bulbs, -there remains the mother bulbs and slabs (offseis).
the latter" being the portion rn'hich separates easily from the 'mother.
Grading planting stock into four or five -convenient 

sizes is recommended.This is done to minimize harvesting -and handling in subsequenT-searorm
because if sma1l sizes are planted'"they may re[ui.e;n;;+;-year togrov"'-. when, h,owever, production and" acreage chn be maintained ai asatisfactory. and desired 1evel, by pianting 6n1v the rire;i---eiaaes oirnuther bulbs and siabs. this procedure sh"ould "be fojrow?d b-ecause ,tls more economical.

DEPTH Of SOIL COVERING: Soil cover should be about 41,./z inches
over the top of the bulb.

One and one-half to_ trn'o times the height ol the bulb is the generai
rule in England. In Hoiland the average depth for planting is :.6- to S.e
inches.

SPACING: A spacing of appro-xin,atell' turo diameters bet'"veen bulbs is
recommended.
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1C2 CULTURE NARCISSUS

Cleaning usuallY
the butbs on a sloPir
From the cleaner, the
for sorting and inspe
final inspection and <

leave the grader.
For grade requi:r

sult the handbook "
Evergreens and Decid
Nursery Inspection S

For B. C. grade
Pest Act, SOR/54-70(
1955, and the Depa:
Federal Bldg., Vancor

STORAGE:
(a) Storage of C

Propagation. KeeP c
ture 55' to 60' best r

(b) Storage for E
beginning mid-Augus
only). Degree of sur
lowing planting and s

(c) Storage for R
gested for trial only)

(d) Storage of Ni
86" July - Oct. 15, th

Fig. 41. Daffodil digging machine in operation.on a large bulb farm.- (Photo courtesY of Lee Merri1l.)

Fig. 42. Potato digger with skimmer connected to power take-off- of tractor is adapted for lifting daffodil bulbs.
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FiE.44. Freshly dug daffodil bulbs in trays stacked in the field receiving
a-?"i-'a"lv.-p.dri-ii"ii^;.vi"tb-.+;re-.tr-ansferring to shed. to complete
[rii"e 1!{,i ii".[ri ;ii"d;!'_.-"-q Giaaine. Note -each stack is covered
*iitr in i.rverted tray i"-*r?a-"ii rioit ot-tfru direct sun. (Photo courtesy
of Lee Menill.)

Interior view of bulb storage shed and warehouse'
(Photo courtesy of Lee Merrll.)
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106 BULB NEMATODES

NARCISSUS
BULB AND STEM NEMATODES

Wilbur D. Courtney

Plantings of narcissi have often been severely damaged by bulb
nematode (Ditylenchus spp.) infections in most of the bulb-growing areas
of the world. This wide distribution is due to lnfected planting stock and
the consequent spreafl of the pest from infested areas to new locations
in which it became established whenever climatic and other conditions
wele favorable. Pacific Northwest bulb grou''ers found this infection in
many of their first narcissus plantings some 25 to 30 years ago. They
immediately developed regulatory measures, administered by the State
Departments of Agriculture of Oregon and Washington, and attempted
to eradicate the pest through rigid application of gradually perfected
control measures, including the hot-water-formalin treatment described
helow" This has resulted in the practical elimination of bulb nematode
infections of narcissi, except as occasional contaminations in stocks pur-
chased from other geographical sections.

u"r' '" 1;l : r
' t$"" . 4.i'r ;1.

Fig. 47. Narcissus planting show'ing damage caused by bulb
and stem nematodes.

This success has been achieved because it has been the practice of
growers to give their planting stocks of narcissus the prescribed hot-
water-formalin treatment at regular intervals for the control of nema-
todes and certain other pests.

Bulb nematode infections of bulb crops in the Pacific Northwest .are
now under a high degree of control, but any easement of efforts to pro-
duce clean stock should not be permitted by the growers because of the
potential dangers involved.

NARCISSUS
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i08 BULB NEMATODES NARCISSUS
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Fig. 48" Bulb nematode damage to narcissus plants

Upper left Cross section oi infected bu1b.
Upper right Nematode "wool" at bulb base.
Middle Characteristic bullseye leaf "sp!kkel".
Lower Severe leaf distortion.
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110 BULB NEMATODE

1. Time of Bulb Harvest-As no maturity test has been developed
for the proper harvesting of most bulbous crops, the. experienced
grower clbsely observes the plants in his fields for indications that the
growth period is nearing its end, at which time harvest operations are
started. If bulbs are to be suocessfully treated with hot-water-formalin,
they must be harvested as early as the variety will allow, and treated
while the butbs are as nearly dormant as possible. A11 rotted and badly
diseased bulbs should be removed and destroyed prior to treatment.

2. Treating Bath-This consists of water maintained between 110
and 111' F. with 1 pint of commercial formaldehyde solution U. S. P.
added to each 25 gallons of water (1 to 200). This concentration must
be maintained since it is essential for cornplete nematode kill and for
prevention of the dispersal of rot organisms from one bulb to another
during treatment. Exact amounts of formaldehyde solution must be
added to any water added to the bath, either by steam or by additions,
to compensate for solutions absorbed by bulbs and container:s. The
commereial formaldehyde solution should be clear and free of any waxy
sediment or thickening. If it has long been stored in a .cool place such a
coirdition may exist and is likely to result in an unreliable concentration.
In experiments, the original concentration of formalin has been main-
tained through repeated 4-hour runs of narcissus bu1bs, when the
replacement solutions contained the same percentage of formaldehyde as
the s.olution in the tank. The bath solution should be replaced when it
has an excessive amount of discoloration or sediment, usually after 6 to
8 uses or runs.

The treating bath should be maintained at the ratio (by weight) of
3 to 4 parts of bath to 1 part of bulbs. The tank (described below) must
be accurately calibrated for the number of gallons required to fill it to
its working leve1 and for the amount of water necessary to raise the
bath's level 1 inch. With this information the operator can accurately
add the correct amount of commercial formaldehyde (1 pint to each 25
gallons of water) when the bath is first prepared and can also determine
the correct number of gallons of water and amount of formaldehyde
solution to add between runs. If steam is discharged into the bath as
a. heat source, the bath should be measured before the steam is turned
on for initial warmup because it is necessary to know how much water
is added by condensation.

3. Treating Tanks-Because the number of units required was too
sma1l for factory engineering and fabrication,- equipmen-t for treating
bulbs in hot-water-formalin has been largely developed by growers in-'
the States of Oregon and'W'ashington during the past 30 years. Modern,
efficient tanks incorporate the following essential items:

A. Shape and Size-Treating tanks are rectangular in shape and
larse enoudh to handle the stock of bulbs to be treated within a reason-
ibt-e teneth of time. Most of the newer tanEs measure (inside) 7 feet
*id". 7 Teet deep and 16 feet 1ong, and with their tops at bulb shed
floor' level. They- will hold about 5 tons of bulbs at one time in about
4,000 gallons of treating bath. Since a large quantity. of water^i!-.used in
the trlating bath, adequate facilities must be qrovided fo-r filling and
draining of the tank, ai well as for disposal of the used solutions.

B. Construction and Bulb llandling-Concrete is used in the con-
struction of most larger tanks and metal in the sma11 ones' In either
case, the tanks are cornposed of two main_ parts-the upper, a treating
chamber; and the 1ower, a water tunnel., This divisio-n is-brought about
by the rise of a false bottom of heavy slats or metal rods a foot or so
a6ove the tank bottom, on which the bulb containers are placed. Small
tanks have hoists to lower containers of bulbs to the false bottom
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112 BULB NEMATODES

Fig" 49. Diagram of hot-water-formalin treating tank. A. Hoist Assembly;
B. Wire mesh cover; C. Stack of bulb trays; D. Elevating and lowering
platform; E. Shed floor level; F. Tank wall; G. Tank drain; H. Direction
of bath flow; I. Baffle plate; J. Leg of platform; K. Bath agitator.

Operation of these heat control valves can be more accurately done
by the use of a good thermostat connected with the desired electro-
magnetic valve through a relay. Some installations regularly use such
equipment as well as alarm systems that give warning if the tempera-
ture drops below 110' or rises above 111'F. When thermostatic controls
are used, independent manually-operated valves must also be installdd
to raise the temperature of the bath a few degrees between runs to
compensate partly for the fall in temperature, which takes place when
the cool bulbs are lowered into the bath. This drop may be anywhere
from 3 to 10 degrees F., depending on the temperature of the plant
material, etc., and occurs rapidly after the load is added to the bath.
Treatment time is counted after the bath has come to required
temperature.

Growers who do custom treating have instalted recording thermo-
meters so that a permanent record is made of each run. The mercury-
type thermometer should be on hand even when a thermostat and
recording thermometer are used in order to be sure the equipment is
working properly.

F. Post-treatment Care of Bulbs- Upon removal from the treatment
tank the stacks of bulbs in trays should be stored where they can cool
raoiaiv with an abundance of air circulation to expedite rapid drying. In
caie the bulbs were treated in other eontainers they should be spread
in thin layers in elean, open trays and stored as above. They should be
planted as soon as possible.
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ROOT LESION NENIATODE

f!e.,Sf . . Comqarison of size of butbs produced in infested soilrow) and non-rnt'ested soil (top row). (photo courtesy Harold J.

.l
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Fig.' 52. . A diseased mo-ther burb with many of remaining roots shortand stubby due to a girdring o, Jiirr.r.-.o"itfio". G1i;;;-;;;.r"ri"'HaroldJ. Jensen.)
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.116 NOOT LESION NEMATODE

At.present a desired rotation crop-which does not serve as a host to thelesion nematodes is unknown. c-uriuraL"pirctices such ,.-""oipi"t" .r.n-nrer fallow. weed control and the ioiu-E-ot vorunteer pranii'-woura ari,rl"Lly" i 

Tc. l 
h: ::a1, "9"- 

p"p" irt."' b-r i ilr"v a1e no r compl etely sat is_ralLur.v. ane mosr nromlslng control measure at present alpeari to besoil fumigation. Invistig"tro"-. in-or:"gor"i"rr" shown that signifrcant in-cfeases in percentaee oT No. r brlb;-;;;; obrained by soir fumigation.The fumiganls and-r.a.les used *"r""n_fj'"t 25 ancl 50 gallons per acre.i:nd EDB rerhvrene aibromiJel uiirra"ro garons per acre. The higherdusages of those materiat,s i.,.i"iiua lfr" ylfa of No. 1 bulbs four to fivc
l-119.."4 percext. slr i"q.GJtr;; &;#;"nts for the controt of theItrsron nematode are cur.rentl!.rnou*:iy'in Washington. Recommenda_
li?;,.r.*r 

the use or specific ,"ir iririgrii. iopon.t 
""-ir-," re^sr]tr"s,,ot those

Most of soil fumigants useci on a field scale are as liquids and areapplied by- injection about g i"ct es unJer the soit surface. For smarlareas. hand applicators capabre of aetiveiing measured amounts of thefumigant are useci. For larger' ,.uir, 
^ 
i"u"tor applicators are generallyused. The ratter are of two*typ"".--o.r-",-itre --oit .orr-or.ty ised, de-livers the fumisant in continuori-r .t.*"ii i"i,iiiJ,r-,r"'r.r'J.ri%a*irrrorer.the soit. The other tvpe pla-ces th";*il 

"r.i"*ic.'i,?'"r."ii'i?t',e prou,u'hich immediateiy iurns ilr"-;i1 ;;;;". tt. r,fir.""-.ir'J,lr...a?e used,l!:.:.il is prrpared in, advance-L:. ;1";i;;. Jirr.ing^irra"l"""ii"Jl rr ,r-r"piow apprrcator is used. the disking'and ieiering folrou immeJia?et:- afrerapplication once the-apptr*io.-lr-.Jt.ii q"o aijustea'lor.^frop". rp-p)icatton. an acre..^T.?il cgn be fumidJred p", i.lor.I rir.itfr-[.op""r.,upe'aling machines. application is neirlier J;ri:,.,ri'"i"i auiglrSr. rnsome (ases. soiJ frrn'igants are becoming-ivartaule as gr.anular solids inwhich the granular materral r"""ii"".'al a car,ier for the fumigant
lll','ol*ilrr."o.".o' Thet--;;; ,nn'rt",l'"";ih certain types of fertiiizer

soil fumigation is a .technicar p,ocess, however, and must be doneca.efultv. observe the follorving initruction, *h." i"illiaffi"tietos rornematode control.
1. Fumiqate u,hen soil moisture is the same as it is in a good seed-bed. Drv, loose soil alrou,s *".rr- &"tii" *:J.',o escape: excessive moistureprevents the gas from moving through ihe soit.
2. Use a thelmometer and do r.rot fumie.at^q yLtii the soil tempera-ture at a depth of 6 inches ir fru1r"e"" Sd'ana AS, F,.
3. Plorn, to the usual ctepth. Do not depencl on.disking, which rarelyrvorks the soil more than 4 or r inchei a"-op urrl leaves a solid subsoilthrough which the gas cannot penetrale.'--
4. Fumigate soil that is in good planting condition_u,,ithout iarget'lods and unrorle.r organic matte?. 

- 
riIii.'in-*r-,;[';;; 

"o.=r?op i.,r.just been turned un.r-er are 
""t- i"-."iirnre conaiiio;- fi'"ru#gafion.Allou. sufficient time for the diE;; ;tt". to decompose.

5. Applv the soil furnigant at a depth of B to 10 inches. with achisel applicator, or at the risual pi"".i"g-d"ptn *itii 
" pro#'r-ppu""to..

6. Work the surface down filmly imrnediateil, atter applicaiion, w-itha haL rorr'. le'erer. drag. packer. ioirJr,"'o"'"iiLer 
"uitable equipmenr. Thistmplement should lollo\i.immediarcli- fruf,lirO the appljcator to confrnethe gas and get maximum benefiti. 

--"

7. Afler fum.igation. delay planting 10 to 14 davsavotd rnJury to the p)anting stock.
B. Be certain that soil fertilitl- is high enough tothe investment in fumigation.

at a minimum to

insure returns for

NAR,CISSUS

Narcissus, or dai^, -r
gleenhouses or in ho:...
may be some persr.{'-r:.:
Mold has flattened e:::
coastai area, r,,,hi1e F:=
Valley. Basal Rot, a c::.
such valieties as Spr:r--;
single season in Nen- \-:

FortunatelY. sciei:-.
plant enemies. This ;,:'..
for the most common :;:

r.r:r1

Fig. 54. Basai Rot of l
Surface view of par:::-

bulb.

SYMPTOMS: Plants ir',-:
die prernaturely. Roots :
are partially or entireli'
rot which usually sta:':.
mold is often pre.en'
cliseased bulbs er-cntu,..

Infeclion in the i.e.:
the basal pJate anrt it...'
season, particularlr' r'. .' :

soil moisture. This co:: '.
but often in the easter:-
digging, cleaning an i
mingled logether. T1-.:; -.

of the bulb but ma]' :-

-c*.ree%F=

9. Be familiar with recommended precautions, as listed on the con-tainer. for the particuiar fumigant that is-being 
"r"a.----'* 

"" "'
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118 FUNGUS DISEASES NARCISSUS

11. The f':r
the U.S. are:

Phenr--
,.-- 4,,
Nerr' I-
Since :

apt to injure bulb.. -j
for its use are:

A. Pl.:-
as a powder. The pc'.
type with hot rlat.: '
paste to dissolve thc,r-r

B. Srr:
it should be reptrer----.
means of chemical :.
is available from the (

ment Station (Pur-a..
needs in order to set
of chemical testine. -.'

ment Station) sugg.i:
- T-.

original level. Add r:.c
original solution. (Fc:
1,500 gals.) Treat ru'c,
and discard the solur.,

b S-:
soi1, six oz. of PNI-{ p
of bulbs from peat sc,
eleaner the bulbs. the
of soil type.

c. S-r
(of dipping tanks. fo:
plastic base paint. Do

12. If hept:
form is better than ::.
mercury compound.

13. Either
treatment.

14. Use fol:
todes) to prevent sprei
dip basal rot-infested

15. All r:
operator should t-ear
Wash off the solutrc,::
if it comes into conta--
danger of injury frclr:

16. Mercr::'.'
plants may occur rf :

is too strong; or 13 Tl
of injured bulbs die a:
and the trumpets ar. -.

17. In Iar;.-
tanks that can holi -:.

hoists. The stacks ale
bulbs are usually left
also to disinfest the tra

!_Yl,-sca.lded areas, etc. As the harvested. bulbs mature, they becomerncreasingly,resistant to infec_tion,lut as soon as root activiiy begins,they again become 
_ 
susrceptible. (The disease is caused by Fusar-iu#oxysporum f. narcissi (Cke. & Mass.) Sny. & Hans. This form" is differentfrom the one causing basal rot of tuiips 6r iris.)

Basa1 rot is worldwide and serious-more so in warm climates thanin cool ones, such as the pacific Northwest. The fungus spieia. r"piaivin. the.soil .at te_mperatures of 6b" to ?5' F. TempErituies-betow sb.retard infection. Most large trumpet varieties are suiceptibte, pirticutaiiy
the white and bicolor ty_pes.- Golden Harvest is muctr- *orl -rusceputrL
than the cornmon King. Arfred. The Jonquilla, tareiii, -irianarr*, 

""'a "rptypes are usually resistant.
Basal rot usually is not serious under forcing conditions, since tem-peratures 

-are often io^q l9.w io";ptil;;;;;;i;;;ril.-ii;;;;;i": the rotmay develop before flatting, pariicularly in st'ock siirppea-r:iiaer rrigrrtemperatures or stored in waizn warehouies.

. Symptoms that -may -be confused with_ basal rot are caused by
leating-, freezing and methyl bromide. overheating .usurts- iri a browndecay, beginning first at the root initials and_flowei u"a.'riow""er, afterfreA7ing injury, t-issues other than roots and flo*er u"a.- 

""" the firstto become discolored. An overdose of met[vr'u"o*ia" 
*fioduces 

agrayis!-brown breakdown, which progresses rather uniformly inwardfrom the outer surface and arong julnctlorrs Jt.r"rrl"a'rii*tl .t"*r.
coNTR.oL: 1-. Dig bulQs a9 e_arly as practicable and in as dry weatheras possible. cover stacFs- to keep nuius ary-ana prol".I"tteL agarnstsunburning. Dry as rapidly as possibre wiirr"eood 

"!"-.i"-""rriio".2. Avoid sunburning, bruising. or otherwise injuring thebulbs. Be especialty carefut *t 
"-.i 

aiggi"g,-Lr"r"r"e--iil;;",iil;.
3. Remove and de_stroy all diseased bulbs as soon as possible.(Discard all bulbs ot seveietv lirt""t"d"-.t""i."H^p?:"";';i' ffi"'* r"o*contaminatinghealthystocks)."vvyr!Yv]l!Ur1gl
4. Store bulbs. in thin layers under eool (55._60.) and wellventilated conditions. Avoid overheiii"e in transit.
5. Treat planting stock according to directions in No. 11.l{ the loss from basai rot- eiceeds-t7,,"iiat three to seven davs after

$1qsi"g and again just before pir"r"e.'ri^the t'orr""i."i";=l;;""i;, treaton.ty- once, sometime after cleining Eut before th; ;;;; ;ffi;J becomeswollen.
6. Remove and destroy diseased bulbs again before planting.
7. Plant in cool, welr-drained soil and as deep as practieable.If the s.gil temperatures are lorver ttrn-ifro.u in the ;h;4,;li;;;s soonas.qossible after grading. To avoid warming trr"-r"it,-r,ii"'.i*, shouldnot be opened until just -before planting.
B. Excessive nitro-gen and phosphorus increase the loss frombisal rot,- wh_ile high potassium helps- reduce it fitrr"" 

""Jid"oogrrrrcnitrogen fertilizers o" ,g1l-^them,thoiougLty *itr, tr,"-s"ir lr""ii u"o"gt,
1"_ !g{."-rl decomposition before planting-*some growers now fertilize 

-iBe
precedlng cover croD instead of the bulbs. Allow the cover eioJ ampretime to decompose 6efore planting.

9. Do not replant bulbs on the same rand more often thanonee every three years in cool areas such as the p"ciiie.-N&ti-w"est analess often in warmer regions.
10. Disinfect used _trars and cases in a sorution of formalde-llrde at a rate of one quart (U.q.p-. !vpe) tn fil";;ii;;lt?rt? o" uthe mercury solutions recommendea toi tjutUs in N6. Ti.--
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120 FUNGUS DISEASE

SMOULDER
SYMPTOMS: As infected leaves emerge from the soi1, they appear brown
and more or less distorted. Dead leaf tips may be stuck together. If the
rot is one-sided, the leaves develop in a sickle-shape with the rot on
the inner edge appearing wet and pinkish-brorn'n or brown. Flower
stems may be rotted and flowers may develop brown spots. Masses of
gray conidia and sma11 black sclerotia often form on diseased portions.
especially near ground 1eve1. Sclerotia also develop on the nose of the
bulb and on or between the husks. Infected bulbs may occasionally
clevelop a yellorx,'ish-brown rot if subjected to prolonged storage. (Figs.
56 & 5?)

The fungus is u-idespread, although generally of minor importance,
However, in the Paeific Northwest. it ranks next to basal rot in serious-
ness. It is more serious in coo1. wet seasons: in stocks not dug every
year; in plants u,eakened by waterlogging: and on leaf tins iniured by
q,ind, frost, or some other condition. Infection may come from diseased
bulbs or infested debris left in the soil. The early varieties are reported
as being particularly susceptible, but this ma1, be Cue to their exnosure
to more frost injurv. Snou,drops ale also susceptible. (The causal fungus
is Sclerotinia narcissicola Gregor';.').

CONTHOL: 1. Remove and destrol' diseased plants as soon as they
appear.

2. Promote good air Lrovement b1' controlling -'r'*:dq.
3. Splay every tu,o u'eeks during u,et ureather r'vith freshly-

rnade Bordeaux (B-12-100) mixture. plus a compatible t,etting and
sticking material. (Some of the ner,v fungicides, sucl-i as zineb. captan.
and. the insolubie coppers might be effective and more easil-v used"
Horn,ever, they have not been tried sufficientl-v to justif:. recomrnend-
ations for other than trial use or home garden pttrposes). Methods of
pleparing Bordeaux are described at the end of this section on diseases.

4. Dig bulbs and change locations every year.
5. Discard all rotted bulbs.
6. Give infested stocks the hot-rtater-formailn irrt'-"ni

used lor nematodes.
7. Plant in locations with good air movement and good soii

tlrainage; avoid 1o14r spots and heav-l' soil.

LEAF DISEASES

SMOULDER: See preceding section.

SCORCH: Ye11ow. red or brown spots appear on the tip 2-3 inches of
leaves as, or soon after, they emerge from the soil. A yellow band
separates healthy and diseased areas. This discoloration is sometimes
wiongly ascribed to frost injury. Seeondary spots next appear on lower
parts-oi the discolored leaves or on adjacent ones. These are sma1l and
ivater-soaked with yellow centers at first, later becoming elongated (up
to 7lB"xl/Z" in size). Very smal1 brown fruiting bodies of the fungus
appear as raised bumps in the scabby areas. The surrounding tissue
dies and turns iight grayish-brou'n in color around the brou'n spots,
u-hich become raised and scabby. The leaves may die soon after the
secondarv lesions appear. Scorch seldom causes spotting of flowers in
ihe North, but commonly spots them in the southern United States. The
fungus survives in infested foliage and on the necl<s of bulbs. The
iiisease is widespread and usually moderate, although it can be serious,
especially on plants left in place for trn'o years. It is u'orse in warm,
moist seasons and on wet, poorly drained soils. Varieties vary in
resistance. Amaryllis and certain related genera are also susceptible.
{The causal fungus is Stagonospora curtisii (Berk.) (Sacc.) (Fie. 58)

NARCISSUS
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r22 FUNGUS DISEASES

Fig. 58. Scorch on
(Photo courtes-v

j!"x*q*i: .;
*re&qlr

Narcissus stem and 1eaf.
Frank P. McWhorter.)
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TABLE I. VIF

The Diseose

Yellow Stripe

Mosaic

Flower Streak

White Streak

Chocolate Spot

-none_
-?-

soils. whether it is a strong or weak parasite has not yet-been-definitely
determined. Treatmeni- J E"ftr in the hot water+formalin solution and
pililffi-;; ;;11-;ii;-i""ii"it tt 

""tq- 
clean up-4fected stock' (The causal

;eent i; possibly Strom,itinia gladioli (Drav.) Whet')'

LEAF YELLOWING: This condition may result from fungus, n-ematode

or bacterial rot of roots,-bulbs or the baial portions.of leav-es. Ilowever,
leaf yellowing may also result from soil waterlogging and other con-
ditioris unfavorable for root growth'

I\4USIIROOM ROT: The honey mushroom (Armillaria mellea (vahl.
Fr.) 

-sometimer 
""ures 

slrious losses when the bulbs are planted on re-

""ritfv'ti"i""a f""a. i"t".t"a bulbs are covered with q coarse white
moia] U"a.i continuea cultivation the fungus usually disappears.

soFT ROT: Bulbs are affected with a wet, soggy rot. The- basal plate
;p-ril"d*k-r"J tfr" ,".t., " arrn, gr_ayish brown. The surfaee may be
covered with a "o*rr" 

g""y -oia'a""a-intermingled black-specks. This
AI'L"* a"""]"pi prl*uriT,-6rr-trrtfs with mechanical or sunburn injuries

"iiaur-.o"aiti6ns'of 
triiti temperature and poor ventilation. It is prg:

"i"i,a--d; (it-Avoiai"e-i"J'""v] (2) .Ileeiing pylps .co-o1 and well
ventilated in storage ,"a- t*rl=li 'and' (3) By rapi-d -drying .an{,c9o-linq
bulbs after the ho1 water treatment. (The causal fungus rs fthrzortr'us

stolonifer (Ehr. ex Fl.) Lind.).

oTtIER DISEASES: fhese are either unknown in the united states or
i""' ril""u"if"- oi minor importance: Green bulb rot (Trichode-rma--s-p);

fiib ;il-(d;E oii"iu sativa brav. & Groves); white-root rot (Rosellinia
necatrix) Prill.; smut, rrrst and some miscellaneous lear spols'

HOW TO MAKE BORDEAUX MIXTURE

(for 100 gallons)
An 8-12-100 formula refers to 8 pounds of copper sulfate, 12 pounds

hydrated lime, and 100 gallons of water' Prepare as follows:
1. Prepare separate stock solutions of lime and copper sulfate, so

that each 'gallon <it ttre solution will contain 1 pound- of these materials.
Let the lirie soak for 30 minutes before using. Dissolve the copper sul-
fate in warm water by suspending in a cheesecloth bag near the to-p- of
the water in a nonmeial container. (An 'lnstant" grade of copper sulfate
which goes into solution rapidly is now available in many stores.)

2. Fi1l the spray tank about two-thirds full of water. Start the
agitator. Put a piece'of window screen or copper wire strainer (20 mesh)
over the water inlet.

3. Add 12 gallons of the lime stock solution which has been stirred
thoroughly.

4. Next pour in slowly 8 gallons of the copper sulfq!-g solution,
meanwhile adding enough water through the hose to almost fill the tank.

5. Add a cornpatible wetting and stieking agent' Follow manufac-
turers' directions.

6. Use immediately or, if a delay of a few hours is unavoidable, add
one heaping tablespoonful of ordinary table sugar.

(for 3 gallons)
Follow procedure as outlined above, but using only 6 ounces (23

Ievel tablespoonsful) of hydrated lime in Q Ouarls of water, and 4
ounces (7 level tablespoonsful) of copper sulfate dissolved in 6 quarts
of water. Add the copper sulfate solution slowly to the lime solution,
stirring continuously. Mix in a wetting and sticking agent.
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YELLOW STRIPE

Yellow stripe is the name most generally used for the. common
.,*or-ri";'- of 

-ait?oaits that streaks or breaks the flowers. This disease
ii'*"o"e"ir"d-br-ili; stro"e yellow streaking and motUing of emerged
irf"irtr-ii-1t"'ti#e when roduihg is most advantageorls. That the^malady
i-;-td;r;irslfte vi."s di#ase*was first shown ln Oregon in 1931' Su-
;"b-;;i;Gd-pictu""t of this disease were published in 1939 by-- Frank
itiasis in-tis tornell Memoir 224. Caldwell-in England and McWhorter
in Oieeon independently showed that the.most discrimin_ative_symptom
oi trre -disease i-s the rorighening of the foliage; no other daffodil disease
trs any sucfr svmptom. -This ioughening and the thinning or streaking
of flowers are conclusive earmarks of the disease.

The salient faets about this virus are: while spread is greatest be-
t*"J"'Jfor"iv riti"ea piints the virus does not spread root to root or leaf
ili;;i. --Whtn^--the ieiation of incidence of spread to.closeness -of plants
ii"r"iio""a- we suggested in 1932 that root trans_mission might occur,
Uu[ ione of our irany experiments conjlirmed tlis hypothesis. Sub-

"*L"iri-l"""stigations 
-in Ehgland and Holland also show that trans-

;ir;i"" aoes noT take place belween roots tfrat touch. _ApParently trans-
ilffii;fi fy ,pftiat, as iirst shown bv F. F. Blanton and Frank Haasis it:
fstg- is ttre ohty proved means of natural spread. _ Subsequent investi-ga-
il"riJ i" 

-Ul"ei"rh ind Holland have shown thit a large nu_mber of aqhid
.ir"""ieJ-are-aUte-to transmit the virus. Aphids are so rarel_y_seen and so

ii*iri""i-"" aittoals in the Pacific Northwest that cont_rol by aphicides
ha=-il;"i leen recommended in this area. Control by ro-guing- and
r"otter'blocking has been successful. Since the virus is difficult to
i"i"i*it mechalnically precautions are unneqesrsary when roguing or
selecting best plants or bulbs for a mother block.

MOSAIC

This disease has often been referred to as "mild mosaic" !y b-oth
experienced Erowers and investigators. unlike the symptoms of yello_w
str^lpe, ttiose "of mosaic are not app.arent when the plants 

- 
emerge' In

iactl tfrev are seldom apparent unlil near the time the plants bloom;
then they are noticeable as mild, blue-green mottles' The flowers are
not streaked and the plants show very little injury. One should select
plants that do not show any mosaic-type mottle when m-aking a.mother
block. We had supposed, that mosaic was a form -of yellow stripe due
to a strain of that virus but Holland investigators have shown by sero-
ioeicif tests that it is caused by a distinct virus. Present information
indicates that plants affected with mild mosaic should be rogued only
from the foundation or mother block stocks. Roguing the commercials
is impractical as the virus has no effect on the appearance of the flow-
ers when the bulbs are forced.

FLOWER STREAK

Besides yellow stripe and mosaic e thilg virus disease of the mosaic
sroun has been discoveled and studied in King Alfred by Charles Dou-
6ette. The distinctive symptom is a strong breaking of the flowers that
aDDears in plants that liave no other specific symptom. The flowers of
su6h plants-are streaked so strongly that they are utfit for -forcing..The
virus has not been investigated but Doucette has shown the condition
coniinuei bulb to bulb. Therefore plants having streaked flowers and
normal foliaee should be rogued from both commercial and foundation
stocks. Like- other bulb crops, daffodils should be rogued during early
season, when in bloom, and during late season. (Fig. 62)
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The narcissus
attacks snowdroPs
plants.

Control of white streak, regardless of whether chocolate sp-otting.is
present a1so, is imperative from the grower's viewpoint. -Wllile the
prominent white strelaking is not noticeable until a few weeks before har-
vest, affected plants mature so rapidly that bulbs do not attain normal
growth; the stock declines. Earlt tests here indicated about 307o te-
duction in two years. Tests by Doucet'ue during the past four years
showed a 50/, decrease for King Alfred. That is to say that on a
weight basis a white streaked stock yielded only half as much as a
healthy stock during a four year period. The grower must control this
disease.

Frank Haasis in 1939 was the first to show that white streak symp-
toms that precede drying of tips, and the subsequen-t sudden wilting arrd
falling dorin of foliale lbng before harvest,. were all due to a virus. He
mechlnically transmitted the virus from King- Alfred to Minister Talma.
That same year F. S. Blanton investigating the disease on Lo-ng Island
showed thai the virus is transmissible by both the bean aphid and the
potato aphid. More recently the Holland investiga-tors demonstrated
that the large pea aphid, the one common on our garden and field peas,
was able to tiansmit the virus at the 100% 1evel. In this case, the
transfer was made from infected Victoria to healthy van 'Waveren's

Giant. These observations indicate that white streak virus is spread
principally by migrant aphids. White streak is more difficult to control
than yeflow stripe, however, because one is unable to avoid spread by
early roguing since the symptoms are not apparent until after blooming.
Migrant aphids after feeding a few moments on a plant infected with
white streak or yellow stripe are able to fly to a healthy plant and infect
it. A grower can not detect the newly infected plants until the following
year unless the transfer took place shortly after the plants emerged.

MISCELLANEOUS VIRUS DISEASES

A few investigators have shown that the virus of the serious onion
disease, yellow dwarf, is transmissible to narcissus and that some virus
present in diseased narcissus is transmissible to onion. At least two
European workers have transferred their onion yellow dwarf virus to
Polyanthus types of narcissus. Brierley and Smith, using the green
p_each aphid, transferred a virus from King Alfred to onion. The last
obsepvation has potential commercial signifiiance. The serious outbreak
of yellow dwarJ rn onions in Lake Labish, Oregon, corresponded with
the time that daffodils were grown in spots along the lake. While no
relationship between known diseases of nareissus ahd those of onion has
been proved, planting the two together seems inadvisable.

The Holland investigators have detected a virus in daffodils that is
able to produce ring-like spots on tobacco but they have not related it to
any_ disease in narcissus. Hence they have proposed the name n'qi.rnp-
tomless" for the virus. More and more cases of monocotyledenous plants
harboring unexpected viruses are being discovered, but, as far as daffodil
growers are concerned, there seems to be no reason to worry about this
one that has been experimentally transmitted to tobacco. 

-

CONTROL NOTES

OId time growers will remember how inverse-roguing-transplant-
ing the clean plants-and mother blocking made a good stock out of
even such heavily diseased varieties as Minister Ta1ma. Once a good
foundation stock is attained replanting only the largest bulbs tends to
reduce the decline complex - white streak and chocolate spot - to a
traee. Rogue the foundation stocks thoroughly, but rogue only the yel-
1ow stripe plants from the eommercials.
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LAi NARCISSUS

Control measure
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ments to kill larvae '
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734 INSECTS

(2) Hot water-add either L gallon of aldrin or 1/z gallon d
b_ep-tqghlor 25 per cent emulsifiable Uqfud to 1,000 gallons of hlot water
(110'F.) and formalin when treating tfie narcisii fut=Us for the bulb and
stem nematode. (See page 10g).

Both aldrin and heptachlor may be fatal if swallowed. Avoid skin
contaqt and excessive inhalation. Do not breathe r/apor, fumes, or spray
mist. Avoid contamination of feed and foodstuffs.

2. Field Treatments After Planting
If you do not treat at planting time, then the most satisfactory con-

trol for large plantings is an application of summer oi1 emulsion in
combination with methoxychlor. IJse one gal1on of actual oil and two
pounds of 50 per cent methoxychlor powder per 100 gallons of water.
Apply this spray at 150 to 200 gallons per acre, or 71/z to 2 gallons of
spray per 100 feet of row, at approximtely 100 pounds' pressure. Make
four applications at 10- to 15-day intervals, commencing the second
week of May. Commercial summer oil emulsions (Saybolt viscosity 65-
B0 at 100"F.; U.R. 70 per cent or over) are available in the Pacific North-
w-es_t and usually contain 65 per cent oil. This means that Lr/z gallons
of the emulsion are required per 100 gallons of water.

Naphthalene flakes (refined) at 200 pounds per acre, or one pound
per 75 feet of row, have given satisfactory control when applied three
times at 15-day intervals, commencing during the second week of May,
Hilling or mounding the soil to cover the flakes after eaeh application
ensures best results. Naphthalene, costing approximately 17 cents per
pound, is expensive on an acreage basis and is more suitable for home
gardens or smalI plantings of high-priced bulbs.

Whatever material is used, apply it to the neck area of the bulb at
the soil surface. It is here that the eggs are deposited and the inseeti-
eide may kill either the eggs or the newly emerged larvae.

C. AFTER-HARVEST TREATMENTS
In all bulb or storage treatments it is important that the bulbs be

dug and treated as early as possible, before th-e larvae have caused any
damage to the flower parts of the bulbs.

1. Hot-water Treatment-If properly used, hot water is satisfactory
for tre,qting planting stock knorvn to be infested by the bulb fIy. Dig
the bulbs- as early_as possible and treat them after they are cured, i.e.
two or three weeks after lifting. For bulb fly contrbl, immerse the
bulbs for one hour in water containing formaldehyde, two quarts (U.S.p.)
per 100 gallons, and maintained at a temperature of 1i0-111.F. For
-c,omplete details see the section on bulb and stem nematodes under
Narcissus.

2. Methyl Bromide Fumigation-As an alternative to the hot-water
tre,atment, fumigate the bulbs with methyl bromide in a chamber, spe-
cially constructed for the purpose, at three pounds per 1,000 cubic feet
or 4Yz hours at 60". Treat the bulbs as soon-as they are harvested, pro-
vided that the temperature at the centre of the bulb is 60" before irimi-gation. This method is particularly useful for treating infested bulbs
that are to be shipped or used for the forcing trade. Methyl bromide
costs approximately 75 cents per pound. It is sold in cylinders or in one-
p-o.un+ cans, convenient for use in a simple and economical Jiffy ap-
plicator.
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136 INSECTS NARClSSUS

At maturitl' ri :
p1ete15r deveioPeci','',:
For ear'liest flot-elln
vested bulbs aboltt l
rl,ards at 48" untrl l:--
i5. For the next eel
tember 1 and then :-

blooming 63" stot'a1=
heid at 48' untrl i,:.:
latest blooming ale :
vember 1 to Decen-ri-':

J. H. CrossleY rec
sus bulbs at 68' for 2
for less time if the5
governed bY time of
fube with serrated ed

In the United Stt
garden use have inct;t
creased. Bulbs lro':- :
trate August and eat'-'.-
precooled at 48' to .r

Tests show that tl-.' :.
placed under cool cc:.
uill be lost to some .
bulbs in a well-dra-::.
o1her. No Ieltilizer :.
stored at 48" 1o 50'. :.'.
rvith sawdust ol sani
terial. For "root ing" :
of precooled bulb- :. .

bulbs will genelallr- a
rvhile the No. 2 size
three-quarters flourers
.rtorage as well a. -:.

Dly nat'cisstis b...
and forced at once :.:
stored bulbs, anri tl:e:
bulbs are flalted an:l ''.
planting is most us.: -
and is recomrnen.le :

50' is not recommc :. : ,

Recent tests inn-ca
a1'e produced bv i:' ::
mature fully before p:
100') after harvest a:.
slightly. but at the er:

Host Plants
Narcissus, lily, crocus, amaryllis. dahlia, gladiolus, hyacinth, and

tulip.
Control

Look for evidence of other narcissus pests such as bulb f1les, bulb
,cale -iie, or nematodes which are probably the ,primary cause of the
air"iy. Take care that narcissus buibs are not mechanically injured dur-
:1e iitting, sorting, grading or other cultural practices. Ap-ply hot water
treltmenl'or mettryl bromide fumigation as described under nematodes
(Narcissus) and Iris insects.

BULB SCALE MITE

Tlre bulb scale mite (Steneotarsonemus iaticepj Haib'r is a major
p".t1*i""Ii";t;;l; Tt "-pi.iti. 

Nortir',vest and in Europe, especiallv in
forcing stocks.

TyPe of InjurY
on stored bulbs the exter-na1 symptams of attack are not easil1'

r".oinir.crl^ r"t"=tua bulbs become spongy and soft in the neck .egion
L.""1-.1,1 tt u mites feed there betu,een the leaves and the flower stem.
Wfr""-."t irom neck to base affected buibs show streaks of ye1low or'

b;;;;'Ii.*" i"""ing longitudinali:z betu'een the bulb scales' This
Air"oior"a tissue is m6st pr6nouncecl on the edges of the growing shoo1

of the bulb.
The typical symptoms of bulb scale mite attack appear--on growlng

bulbi-in ttri tietAbrbn forced stock. When the leaves and flower stems

il;;;;;;;a ir." }u"ai"e ot tir" rnites causes them to become distorted
3ilii.t-"a, frielit green i*n appearance urith light brown scar-like streaks
on ihem.

Life History and Habits
TIre minute (7/125 of an inch long) semi-transparent,- fIat, ovai

shaoed mites cannot be seen rvithout a high-power hand lens. Thel'
;;1iil; i"-""r"ner.i in longitudinal strips running from the basal plate to

iiJ "eck 
of the bulb, feeding between the scales. There are numerous

.i*it"ppirg Eeneratiilns each year. The complete d_evelopment takes
plaee iri th"e ilant; all stages are- usually present together'' During tire rn'inter mo=nths their activities in the field decrease. Iu
tfr".p"lfiioiearlier with bulbs brought into the forcing house, the mites
b;;".i "t"; 

fast rate. Only during 1tr'arrn, dry conditions- do the mite

"o""irti6"i aevetop into dimaging proportions. In normal storage con'
iirl;;; iha poputdtion in infested bulbs usually increases to_ seriorts

""-i,ur. fy "ptinting tlme. Natural spread is usually slow under field
conditions and rapid during the storage season.

Control
Do not store nareissus buibs in a warm place for long periods before

reptanting; otherwise the _mite populatior?. wi1l.-in_crease rapidly.and the
aeiretopirE flowers and foliage- on the bulbs will be s-everely -injured.

Tlbat"infested narcisslls planting -ctocks as described under the hot
rvater method and fumigate forcing stocks v'ith methyl bromide' (See
Page 134).
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tr.ORCING TULIPS

solLs,

TYPES OF SOIL
Although a s:

grown successful-
to those having a

textured soils ale
mit the satisfac'lc
(c) they provioe
they produce ti.e
u'hich make 1:rr
mean that thel- i

capacity) and P1
cover crops anr.
duetion.

SOIL REACTIOI
of tuliP soi1s. ra-:
generalllr satr=1:r
mended for tul:P

In resPec: :
Results frot-tl :;
the appearance
vield of bulbs :'
general agreer:.1
are contrarl- 1c

Kirton, Englari.
vrere obtained :

In Ho11ani.
fertilizer practic,

DEPTH OF SOi
one frequentir- I

SOIL PREPAR}
Subsoiling

strict dralnage.
Cover cro-cs

in sufficientll' -

moisture to bl'-:
aim for maxlnu

APPI:' 4Cl-8'l
rv-orking i!,,-1 -,oI crop L:Y -r

Fig. 65. Effect of time of harvest of King AlfreC lat:issus gio\\'n rn
Wlshington on earliness of blooming. A. Dug July 5; B. Dug.Julv 1!;
C. Dug'Juiy 26. Precooled. 50" Sept. 5. l-latted and returned to 50'
Oct. 16I. Intb greenhouse Nov. 27. Photographed Jan 11, 1957. (Total of
3 days cut from 4 f1ats.)

the application of the high temperature the more severe the effects.
ft * it-r" smallness of the fiowers on early-forceci King Aifred bulbs may
be caused to some extent by overheating during shipping or storing,
particularlv of buibs dug too early or ones grown in cool, wet summers
ls in 1955' in the Pacific Northwest. (Fig. 65)

VARIETIES
More King Alfred bulbs than other varieties are forceC. Other

varieties used 
"to some extent are Golden Harvest, Helios, The First,

Rembrandt, and Carlton. For midseason and late flowering of non-pre-
cooled bulbs numerous varieties of the several narcissus types can be
used.

CUTTING THE FLOWERS
Narcissus are cut just before they open, placed in containers with a

small amount of water, and hardened for several hours or overnight at
33' to 35". They are bunched in lots of 12, but not wrapped in paper
before shipment. Narcissus flowers have been held successfully in dry
storage at 31' for 3 weeks.

FORCING NARCISSUS WITH ARTIFICIAL LIGHT
We have repeatedly forced properly precooled narcissus bulbs en-

tirely by artificial light (50 or more foot-candles). English and Dutch
workers specify 100 watts of light per square yard (preferably five 40-
watt bulbs over 2 square yards). The lights are kept 6 to B inches above
the plants for 10 to 12 hours daily. Mazda light is preferable to fluores-
cent light and results in earlier flowering. Beeause the conditions are
uniform it is somewhat easier to force narcissus under artificial light
than in the greenhouse. The flower colors are equally good, and usually
the stems are a little longer.

I
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