
Fungicidal dips for Easter lily bulbs 
A recent experiment involved dipping Easter 

brought lily bulbs into in fungicides the packing after house the lilies from were the treatment before shipment 
field, but before they were packed for sh ip  
ping. The experiment demonstrated the use- 
fulness of dipping bulbs in Benlate before 
packing, and substantiated a number o f  
earlier experiments with chemicals for forc- 
ing Easter lilies and for controlling disease. 
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Photo 1. Easter l i ly plants showing basal and stem root. Above, no treatment. The basal roots were 
rotting and only partially renewed; stem roots were copious, but on plant to right they were rotting. 
There were some dark lesions on the bulbs. Below, bulbs treated with Benlate before packing. Both root 
systems were healthy, and the amounts of basal and stem roots were evenly balanced. Only one minor 
bulb lesion was visible, on plant to  left. 

RUB4N,  BENL4TE and a similar ma- T terial, Topsin M, were tested as 
fungicidal dips for Easter lily bulbs. They 
were used singly and in the following 
combinations: (1) no treatment (check) ; 
( 2 )  Truban; (3 )  Benlate; (4)  Benlate 
plus Truhan; (5) Topsin M ;  (6) Topsin 
M plus Truhan. Rates of application were: 
Benlate 50W, 4 oz per 100 gal water; 
Topsin M 50W, 4 oz;  Truban 30%, 4 oz. 
The same rates were used for the combi- 
nation treatments. Period of dipping was 
5 minutes. The bu1l)s lvere Ace yearlings, 
unsorted and somewhat variable in size. 
After dipping they were partially dried 
and packtd in moistened peat in standard 
shipping hoxes. 

Dipping and packing were done on 
October 18, 1972. The hoxcs were la- 
belled and left in the unheated packing 
shed until November 20,1972. They were 
then opened and the bulbs examined. 
Since there wtre no obvious differences 
between treatments, random samples of 
hulbs from all treatments were put in 
plastic hags, taken to the Lniiersity of 
California, Riterside, and stored in the 
bags a t  50'F. Such storage conditions 
were calculated to faLor disease delelop- 
ment, but they also fakored premature 
sprouting. a shorter growing period and 
reduced bud count. Thus the dipping 
treatments were severely tcsted by un- 
fat orable storage conditions. Greenhouse 
conditions during forcing were uniformly 
good. 

On January 8, 1973, the hulbs were 
examined, weighed, planted decply in 6- 
inch pots, and arianged on the green- 
house bench in randomized blocks. 

Forcing dipped bulbs 
In the central trial, fite Hocks of 18 

Easter lilies each, tariety Ace, were di- 
vided among six treatmrnts. A number 
of plants equilalent to two blocks, includ- 
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Photo 2. Bulbs and basal roots of a plant f rom an 
untreated bulb. Nearly all fibrous roots are de- 
stroyed. Recently emerged main roots developing 
lesions-see arrow. 

ing all trratments, were used as buffers 
against edge effects and for occasional 
sampling. Table 1 shows bud counts for 
15 plants in each treatment. Benlate ap- 
peared to h the lwst treatment. The in- 
crease over the check was just significant. 

A possible basis for the difference in 
bud counts was seen when the soil was 
washed away from the roots and bulbs of 
three plants of each treatment in one 
block of the trial. Lcsions on roots, I)ulbs, 
and stems were rated according to num- 
ber and severity, and the combined rat- 
ings for each plant were averaged (see 
table 2 ) .  Additional ratings from plants 
outside the main trial gave comparable 
results. Benlate was outstanding in giving 
the healthiest root system (see photos 1. 
2, 3 ) .  Truban combined well with Topsin 
M, hut not with Benlate. These results 
were statistically significant. 

When culturcs were made from root 
and bulb lesions, F .  oxysporum grew out 
of the diseased tissue in nearly all in- 
stances. In this trial it appeared that Ben- 
late was acting mainly against Fusarium. 
In other trials Pythium might be the 
main pathogen and Truban the effective 
fungicide. Indeed, Pythium may have 
been present on the roots during this trial, 
but relatively inactive, because growing 
temperatures were not too high and soil 
drainage was good. Plants were left in 
the pots until the tops died back and new 
basal roots grew out. Soon after they ap- 
peared they rotted, except where the orig- 
inal bulb had been treated with Truban 
alone. Mixed with Benlate or Topsin, Tru- 

Photo 3. Single 
scale on right. 

root emerging from a bulb; the root is rotted through near the base (arrow). 

2- 

Rotted bulb 

ban had no effect. In  this trial only Ben- 
late alone or Truban alone had a protec- 
tive effect on the roots. Mixtures were no 
better than untreated controls. 

Organisms 
Earlier trials and experiments indi- 

cate that several organisms may be in- 
volved in root and bulb diseases of Easter 
lilies originating in the Pacific Northwest. 
(This discussion does not take account 
of nematodes, which a re  in a separate 
category, and are unaffected by such ma- 
terials as Benlate and Truban.) F .  oxy- 
sporum, the species of Fusarium attack- 
ing lilies, has mild and severe variants. 
The mild ones by themselles cause little 
more than yellowing of the outer bulb 
scales and underground stems. The se- 
vere variants can cause root lesions which 
girdle and kill the large basal roots (see 
photo 3 )  ; they can also cause milder 
root lesions, and basal, side and tip rot of 
scales (see photo 2 ) ,  and stem lesions. 

When either the mild or severe variants 
of Fusarium are combined with a second 
pathogen, a bacterium, Pseudomonas sp., 
they may cause very severe rotting. The 
symptoms of Pseudomonas alone, under 
greenhouse conditions, may he restricted 
to scale t ip rot and minor lesions on the 
outer scales. Thus, by reducing Fusarium 
one reduces the impact of Pseudomonas, 
although this may not apply in the field 
under cold and wet conditions, where 
severe stem lesions and other damaging 
symptoms may be due primarily to Pseu- 
domonas. 

Two other pathogens are Pythium d- 

timum and Rhizoctonia solani. P? thium, 
a water mold, has been isolated from field 
infections, but is most damaging as a root 
rot in the pots planted with Easter lilies 
for forcing. Truban suppresses this and 
other water molds. Rliizoctorlia now ap- 
pears to he of minor importance, possibly 
because of the widespread use of PCNB 
in the dip for field-grown lilies. Never- 
theless, it has been found attacking bulbs 
under abnormal conditions of storage. 

Shipping 
After packing, bulbs are shipped in the 

cartons to forcers. They are held as far 
as possible under cool conditions, but 
growth and dmelopment continue in the 
apparent11 dormant bulbs. These proc- 
esses produce heat. Temperatures ma) 
iisc inside the cartons to leiels falorable 
for the deLelopment of Fusarium and 
other organisms on or in the bulbs. Root 
and bulb pathogens may penetrate from 
dead tissues and surface inoculum or 
spread in the living tissues. Protectite 
treatment with fungicides seems a logical 

TABLE 1 TOTAL BUD COUNT ON 15 ACE LILIES 
GROWN FROM BULBS DIPPED BEFORE PACKING 

I N  BENLATE OR TOPSIN M, USED SINGLY OR 
PAIRED WITH TRUBAN 

Benlate Check Topsin M 

Used singly 26 34 26 
Truban added 26 25 3 1  

TABLE 2. MEAN RATINGS FOR LESIONS ON ROOTS, 
BULBS, AND STEMS OF 3 PLANTS IN EACH 

TREATMENT FROM ONE BLOCK OF THE 
EXPERIMENT SUMMARIZED I N  TABLE 1. 

Check Benlate Topsin M 

Used singly 11.0 5.3 9.3 
Truban added 9.0 10.0 7.7 
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step. Dipping later. before planting the 
hulbs in pots for forcing. may he too late. 
PCNB plus Ferbam. so effectile as a dip 
for field-grown lilies. has generally failed 
if applicd just before forcing. It pene- 
trates l r ry  well hctween the scales, hut 
it stays on the surface of the tissues. 

Bcnlate can follow a pathogen into the 
tissues, and probably acts on Fusarium 
inside the hulb and roots. With P? thium, 
the prol)lrm is less difficult, because Py- 
thium li\cs mainly in the tissues it has 
dread) d(sstro)ed. Dead tissue is often 
more easilj penetrated by fungicides than 
living tissue. Rrports of successes in con- 
trolling P3 thium with Truhan. applied 
bcfore forcing. may he at least partly ex- 
plained on this basis. 

Root damage 
Oftan the root sjstem of a plant is un- 

1)alancc.d b y  disrase rather than destroyed 
(see photo 1). Foliage s)mptoms may 
result from this lack of balance. because 
of the arrangement of \ essds conducting 
water from the roots to the foliage. Basal 
roots are d i~ec t l j  connrcted to the basal 
leaves. Stem roots arise in clumps from 
the nodes. and are connected with the 
l e a ~ e s  and  flowers more or less directly 
ahove them. The ascrnding stream of 
water and nutrients can cross from one 
channel to another in the stem, hut under 
stress the Ivalrs directly connected with 
injured roots cannot compcte for water 
and nutrients \\ith the 1caLes that are 
linked directl) with healthy roots. In con- 
sequence, the) j ellow and dit,, leaf scorch 
~ l m p t o m s  may appear on leaies that arc 
less se\ errly affected. and e\ en some buds 
may abort (blasting). Often a fcw small 
basal leaves die, and, as othrr roots takr 
orcr from those that wrre damaged, fur- 
thrr  symptoms on the foliage are checked. 

A grower can control disease in some 
degree h y  cultural practices, such as 
planting I~ulhs near the bottom of the pot, 
so that a length of root-forming stem will 
grow up into soil rather than air. He can 
pro1 ide thc plants with adequate nutri- 
tion, carrful watering, and controlled 
temperature and light. These are indis- 
pensable for growing symptom free 
plants, but thry are not the ultimate so- 
lution for the disrase prohlem. Direct 
measures. such as dipping, for discase 
control are also needed. 

I .  G .  Bald is Professor Emeritus of 
Plant Pathology and A .  0. Paulus is Ex- 
tension Plant Pathologist, University of 
California, RizcrsidP. J .  V .  Lenz i s  
County Extrnrion Director, Humboldt 
County. 

Soil conditioning and 

SEED POTATO HANDLING 
are keys 

to survival of 

SUMMER PLANTED Pa 
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HE RELATIONSHIP between soil phys- T ical condition and plant stand vigor 
was partially revealed in a report of 
studies 10 years ago. Additional infor- 
mation is now available on seed potato 
performance and on cultural adaptations 
that affect plant survival during high tem- 
perature planting conditions. The respir- 
atory response of seed potato pieces to 
conditioning procedures was measured 
in the laboratory. At the same time the 
influence of soil conditioning and soil 
moisture on potato seed piece survival 
and plant emergence was investigated in 
the field. 

Kennebec potatoes, harvested in late 
May, were placed into controlled temper- 
ature storage of 20OC (68OF) and held 
there until two weeks before planting. 
Sufficient time had elapsed for seed to 
break rest, and sprouting was evident. 

One half of a lot of whole potatoes was 
cut into 43 to 57 g (lyz- to 2-02) pieces 
two weeks prior to planting and replaced 
at  20OC (68OF). These pieces were des- 
ignated as “old” cut seed. The other half 
was cut into seed pieces 12 hours before 
planting, and designated as “fresh” cut 
seed. Seed pieces from each were planted 
the following day at  the U.S.D.A. Cotton 
Research Station, Shafter. Sufficient 

amounts of conditioned seed were set 
aside for use in a respiration study under 
controlled temperature conditions in the 
laboratory. Apical and basal seed pieces 
were kept separated. While potatoes were 
being cut i t  was observed that a number 
of them were infected at the stem end with 
dry rot. Infected seed pieces were sorted 
out. Howcier, it became apparent during 
the laboratory study that not all seed 
pieces were free of infection. 

Respiration 
Fresh and old cut seed were each di- 

vidcd into two lots. One lot in burlap 
bags remained undisturhed in storage at 
20OC (68’F) for 12 hours, while the 
other lot in burlap hags was loaded onto 
a pick-up truck and transported for 12 
hours with air temperature between 20°C 
and 3S°C, while being protected from the 
sun. After the 12-hour period, seed pieces 
from 20OC storage and from the truck 
were redivided again. One lot of seed 
from each handling treatmrnt was placed 
a t  30OC (86’F) and the other at  3 5 O C  
(95’F) constant temperature. The evolu- 
tion of CO, from respiring seed was mon- 
itored for 144 hours in a continuous 
\ entilated system. 

Essentially similar patterns of respira- 
tion were obtained at each of the two 
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