most diseases.  Such diseased plants should be discarded and only
those free of disease should be used tor propagation ot plants.

MODERATOR MAIRE: Thank you, Dr. Raabe. We will now
conttnue with our discussion ol this subject with a talk by Dr. Step-
hen Wilhelm and Dr. Arthur McCain on how to produce clean propa-
cating materials.

PRACTICAL TECHNIQUES FOR THE PRODUCTION OF CLEAN
PROPAGATING MATERIALS
STEPHEN WILHELM
Depariment of Plant Pathology
Urniversity of California, Berkeley

Practical techniques lor the production of clean propagating ma-
lerials involve three basic operations, and these lie at the heart of the
subject matter of the fields ol plant pathology and horticulture. The
raising ol superior plants through advances in horticultural science
and the control of plant disease are our common objectives and no
longer should anyone just assume that plant diseases arc inevitable
and crop losses to be expected. The three basic operations referred
o above are: (1) getung rid ot the pathogen at the source (2) get-
ing rid ol pathogen carryv-over 1n the soil or from other growing or
propagating media (3) getung rid ol all sources of contamination by
which the pathogen can be reintroduced into growing operations.
The hirst operation — getting rid ot the pathogen at the source —-
means obtaiming pathogen-free planting stock, and the tull meaning
of “clean stock” as used in this talk is stock that is not carrying any
known 1njurious organisms, lungi, bacteria, nematodes or viruses.
The second operation — getting rid of pathogen carry-over in the
orowing mcedia — mvolves methods of disinlecting, fumigating, or
stcaming, soils and other growing media, and ftor this subject matter
area, 1 wish to direct your attention to University of California Manu-
al 23, entitled the U. C. System tor Producting Healthy Container-
Grown Plants, Chapter 8-13 inclusive, edited by Dr. K. F. Baker. The
third operation — getting rid of all sources of contamination — 1n-
cludes maintaining stocks pathogen-free by preventing the reintro-
duction of pathogens with tools, containers, tractors, water, worker,
or msccts, ctc. This important subject matter area will be discussed
by Dr. McCain, and in a pracucal way was illustrated by the high
standards of hospital cleanliness depicted in the talk of Fred Real of
the Four Winds Nurseries, San Jose.

Much of our past thinking m plant pathology, perhaps forced
upon us by expediency and at the bottom, ol our own wishes to serve
agriculture, was to provide controls for plant diseases. This we have
done, and recommendations mmvolving -plant sprays, dusts, drenches,
with timing of application that coincides with vulnerable stages 1n
the life cycles of the causal organisins, are readily available. Essential
as these measurcs are to agriculture and horticulture, this approach
to control by “fighting” the diseases never got us to the bottom of
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(liSCEle problems.  Also, working along the lines ol control by “fight-
ing”’ discases only, tended to compartmentalize our own subject mat-
ter and we often looked at plant discase control as 1f 1t involved sepa-
rate and distinct operations from those ol growing the crop. The
common question is “how do you control this or that disease?” In
many instances we now know that it the disease, or properly speak-
ing, the causal agenl or pathogen nl the disease were eliminated from
the planting stock at the outset, “fighting” the disease becomes un-
necessary.  To clfectively eliminate a discase at the outset may re-
quire considerable ch; ange in old csablished growing routines, and if
this is so, only those who change reap the advantages available
through plant discase control.

Only a rclatively lew vears ago it was the established practice
anong San Francisco Bay Area chwmmthemum growers to take cut-
tings i the winter from the old, spent llower beds. Under pathogen-
IIL(, conditions, there 1s nothing wrong with this practice, but studies
showed that the lollowing diseases: Verticillium wilt, Deuterophoma
stunt, Rhizoctonia and Sclerotinia loot rots, Pythium and Pyreno-
chacta root rots were carried latent with these healthy-looking cut-
tings. In addition, such cuttings also could carry two dillerent kinds
ol scrious nematode parasites, several kinds ol leal-infecting [ungt
and the debilitating virus disease called “stunt.”  Any one of these
discases 1l sertous enough, can stille successlul chrysanthemum pro-
duction, and when propagative stock carries the disease-causing or-
ganisms, the chances for serious outbreaks are excellent. The reasons
why chances for scrious disease outbreaks are excellent 1l planting
stock — no matter how healthy 1ts appcarance — 1s carrying patho-
ocns, are these: (1) the causal organism and the crops arc transported
and planted simultaneously (2) the causal organism is either already
in the planting stock or closely associated with suscepuible tissues and
(%) the particular strain ot the pathogen virulent lor the crop is the
one being spread. Thus, to get back to the Verticillium wile disease
ol chrysanthemuimn, the causal fungus 1s within the cutting and the
strain ol the tungus spread by the cutting ts the one virulent for chrys-
anthemum. Therc are many strains of this fungus and on land never
previously planted to chrysanthemum, for instance. such as old brus-
sel sprout land, you may encounter heavy infestations of Verticillium
but the pmt:culm strains Mmay not attack chrysanthemums. If infect-
cd cuttings, however, are planted on this land, outbreaks of the dis-
casc are assured.

Thus lar we have presented the princples mvolved in disease
control by planting only clean (pathogen-free) stock. Now, how do
we go about obtamning such clean stock?  The lirst requirement 1s
separation of planting stock production [rom crop production, Wheth-
cr the crop is fruit, shrubs, flower seced, or bulbs, the plant propagative
and crop productive operations which in themselves are distinct, must
be separated. You nurserymen may tell me, and correctly so, that
plant nurseries existed long betore cven the science ot plant pathology
and that thus mmtuiuvely long ago this separation of operations was
made.  Separation today, however, means more than just producing
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planting stocks in the nursery, because nurserymen have been known
to depend often on commercial growers tor seed, budwood, scions, for
land and equipment. Verticillimim wilt of rose, a fungus disease, for
instance, can be transmitted through bud wood, as well as can the
Coniothyrium ftungus by budding, as ol course, can all ol the virus
diseases. Where insects that spread diseases such as virus disease may
be involved, the idea ol separation may mean many miles of 1sola-
tion of nurseries from the crop-producing areas, and even mechanical
barriers such as screen houses and disintecting troughs for workmen’s
shoes. In the strawberry industry, with which [ am most familiar,
the nurseries are some hundreds of miles trom the production areas,
and loundation stocks there are often kept in 1solation in screen
houses. No strawberry grower any longer would think of stripping
old commercial fields for runner plants to obtain stock lor planting
new lields.

T'he nurseryman has a responsibility, often deeper than moral,
to supply the growers with clean stock, but unless his stocks are clean
to begin with, his propagation techniques carry intections with them.
‘Though some progress has been made in methods of mass cleaning up
ol diseased planting stocks, especially by use of hot water, generally
It cannot be done. It 1s better to spend a lot of time and care on a
lew selected individuals that have been ridded of pathogens, and
tested out as “pathogen-tree” and to propagate only trom them. Three
basic methods are used today to rid planting stocks from infestations.
but by no means have the practical potentials of these methods been
fully explored. These methods are lheat treatments, culturing cut-
tings, and apical meristem cultures.

Heat Treatinents

Heat treatment ol plant materials to control diseases 1s one ol
the oldest methods of disease control. Dr. K. F. Baker, Dept. of
Plant Pathology at UCLA, who is a [oremost authority on this sub-
ject, has estimated that annually about 75,000 tons ol sugar cane plant-
ing stock are treated to control virus diseases in Hawaii, 15,000 tons
in Australia, 15,000 tons in Louisiana. About 1,000 tons of narcissus
bulbs are treated annually in Washington against nematodes and
anywhere from 500,000 to 1,000,000 strawberry plants treated annual-
ly in California.

Living organisms vary widely in their tolerance of high tempera-
tures. Most parasitc fungi for instance, are killed by moist heat,
which includes hot water, in 30 minutes at 120 to 155° F. Though
many dormant seeds and other propagules, such as bulbs and corms,
will tolerate this heat, most actively-growing shoots and twigs will not.
Actually, the higher the moisture content ol plant materials or of
organisms, the greater the susceptibility to destruction by heat.

A recent modilication 1 the use of heat 1s to grow plants at
temperatures of 100 to 105° F. for periods of 2 to 30 weeks. Several
virus diseases ol strawberry, raspberry, rose, and stone fruits, have
been eliminated in this way and basic stocks have been built up from
these. Plants must be hardened betore subjecting them to these high
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temperatures, allowed to adjust to the temperatures gradually, and
provided with high light intensities.

C?.t,!mi??g Cutti?'zgs

Over 20 years ago, Dr. W. Dimock, Prolessor ol Plant Pathology,
Cornell University, a loremost authority in diseases ol ornamental
plants, studying ihe Verticillium wilt disease ol chrysanthemums
showed that the inlection docs not reside in the tips ol the cuttings.
This mimportant discovery has enabled informed nurserymen to spe-
cialize in the production ol stocks whose parents have a “cultured”
pedigree.  This pedigree distinguishes them as pathogen-lrec. Yoder
Brothers, Salinas, California, is such a nursery. The idea ol detect-
img latent bacterial and fungal infections in tip cuttings, apphed lirst
practicallv to chrysanthemum, is now widely used 1n carnation and
ocranium propagation, and to a limited extent in rose. The details
as to just how this culturing is done, which varies with both the crop
and the pathogens involved, arc available to anyone interested, but
are too immvolved to discuss here.

Apical Meristem Cultwres

A general principle which developed out ol Dr. Dimock’s 1dea ol
culturing chrysanthemum cuttings to detect Verticillium, 1s that in-
fections of all kinds, [ungal, bacterial, viral, dimimish and tend io
peter out n the direction ol the growing tip ol a shoot. By carelully
dissecting out the actual growing tips (apical meristems) ol some
plants and growing them ascptically in a manner similar to the em-
bryvo culture techniques described yesterday by Dr. Lammerts, patho-
cen-free individuals have been obtained. Obviously, a highly spe-
cialized technique, and one not adapted to any kind ol mass proce-
dures, nevertheless mimportant stocks ol important crops have been
ridded of virus infections in this way. Strawberry, potato, carnation,
dahhia, and lily are a lew. Frequently, techniques involve a combi-
nation of the use of heat and apical meristem culturing. Valuable
stocks may be subjected first to long periods of high temperatures,
during which they may make some growth. This growth, or the first
to appear when the stocks are rcturned to normal temperatures, 1s
used for the apical meristem cultures.  Detaitls as to just how the api-
cal meristem culturing is done are also available but will not be con-
sidered here.

As Dr. W. Dimock has pomted out in his articles, an nevitable
tcndency that attends crop specialization 1s the concentration of
propagation into ever lewer, and larger-scale propagators. Such spe-
cialization, though possessed of obvious economic advantages of pro-
duction and distribution, holds the potential of either promoting
horticultural unitformity and excellence or of spreading disease. Dis-
cases developing in parent stocks of large propagators are speeclly
spread throughout the clientele and this may involve many of the
ogrowers of one or of several countries. On the other hand, elimina-
tion ol diseases mn the parent stocks of these same large propagators
and by guarding against their cver reappearing, may climinate or
orcatly reduce the disease problems for this same entire clientele.
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