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It 1s probably very appropriate that we pause to reflect on
the historical development, the theoretical aspects, and the com-
merclal applications of the use of mist in plant propagation and
to consider what the future may contribute to the further devel-
opment of this technique,

It has been a herculean task to condense into a 10-minute
talk the 29 year history of mist propagation and at the same
time to recognize the contributions made by more than 100 dif-

ferent scientists and nurserymen who have authored over 300
articles and papers on this subject.

First, let us define what is meant by ‘“mist propagation”,
By “mist propagation”, we mean the mechanical spraying of
water to maintain a film of water on the leaves and stems of cut-
tings. As evaporation occurs from this film of water, the tem-
perature of the leaf tissue is reduced below that of the surround-
Ing alr and transpiration is markedly reduced. With mist, cut-
tings can be maintained in a turgid condition even though they
are exposed to full sunlight. That this mist spraying, as well as
the evaporation of water from the films on the leaf surfaces,
may 1ncrease the relative humidity of the surrounding air is an
important consideration, but it is not the primary objective of
misting.

Apparently the first use of mist for the propagation of cut-
tings was by G. E. L. Spencer in 1936. Evans (9), in an article
on the investigations of the propagation of cacao, published in
1951, refers to a private communication from Spencer which
stated that he had used mist, although unsuccessfully, in tests
on the rooting of cacao cuttings. The first written report of
the successful use of mist for rooting was by Professor M. A.
Rains of Howard University (24, 25). At the 1940 meeting of
the American Association for the Advancement of Science, Pro-
fessor Rains reported that a moist chamber with facilities for
subjecting relatively large leafy cuttings to a spray of water
was successful in permitting the regeneration of the root system.

In 1941, E. J. Gardner (13), a nurseryman from Wisconsin,
reported in the American Nurseryman, that the use of a continu-
ous mist resulted in the successful rooting of 56 of 61 varieties
of softwood cuttings tried in 1939 and of all 133 varieties tried
in 1940. The same year (1941), G. M. Fisher (10) reported in
the Florist Review on the use of continuous mist for the rooting
of several florist crops. Two years later, in 1943, Fisher (11)
also wrote 1n the American Nurseryman of his successful use of
mist for the rooting of conifer cuttings.

There 1s no indication from the evidence available that
Spencer, Rains, Fisher or Gardner were in touch with one an-
other; thus 1t seems probable that the origin of the use of mist
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sprays for the rooting of cuttings was developed independently
by these four individuals.

Between 1942 and 1945 Pridham (23), Stoutemyer (32),
Gossard (15), and Cochran (4) reported preliminary results of
the use of mist for such divers kinds of plants as rhododendrons,
vacciniums, chaenomeles, symplococos, pecan and peach in the
Proceedings of the American Society for Horticultural Sciences.
Stahel (30) described the use of mist in the ICTA propagation
frame for cuttings of Hevea and other tropical trees, and Dijk-
man (6) used mist for the rooting of mango cuttings. In 1949,
O’Rourke (22) described a method of inserting nozzles in a wa-
ter line beneath the ridgepole of a small sash-type greenhouse.:
Brentz and Swingle (2) told of the successful use of mist for
rooting elm cuftings in the American Nurseryman 1n 1950 and,
at the 1951 meeting of the Holly Society of America, Diehl (5)
described his success with the use of mist for rooting holly cut-
tings.

The intense interest in mist for the propagation of tropical
and subtropical plants is attested to by the work of KEvans in
Trinidad and by the several reports included in the Annual Re-
views of the Florida Experiment Station.

The numerous articles by Wells in the American Nursery-
man starting in 1951 about humidification (39, 40), and later
about mist (41, 42, 43), contributed greatly both to the interest
and application of this technique.

At the 1953 meeting of this Society, Templeton (33) de-
scribed his “Phytotektor” method for the propagation of cut-
tings in which he combined a humidistat and a timing mechanism
to give an intermittent rather than continuous mist. He stated
that he was unable to use constant mist because of drainage
problems and he further questioned the necessity of continuous
misting. It was also at this meeting that he described the “little
aluminum painted can” which was to become the “electronic
leaf” control device. Also at the same meeting, Hess and Snyder
(17) described a simple and inexpensive timing mechanism for
regulating intermittent mist.

The interest in the use of mist for propagation was suffi-
ciently great that at the 1954 annual meeting of this society, an
entire session was devoted to mist propagation. At this meet-
ing Snyder (28) reviewed the literature on the subject and de-
scribed and compared methods of applying mist. Hess (16)
presented basic information which explained how and why mist
was beneficial. Ward (87) and Steavenson (31) told of their
practical experiences with mist propagation. As a result of
these discussions, the numerous advantages of intermittent mist
over constant mist was recognized.

The following vear, 1955, Floor (12), Hess and Snyder
(18), and Snyder and Hess (29) presented papers on mist
propagation at the 14th International Horticultural Congress in
Holland which brought the mist technique to the attention of
horticulturists and nurserymen in many parts of the world.

Problems of handling mist-propagated softwood cuttings
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following rooting and of over-wintering these cuttings were dis-
cussed at the 1955 meeting of the Plant Propagators’ Society.
Templeton (34) described in detail the electronic leaf and the
equipment which he had developed to “check’” on the proper
functioning of the leaf. During the next two or three years
several variations of equipment to control intermittent mist were
described. These will undoubtedly be discussed in detail later
this morning.

From 1956 onward. humerous articles were written for both
the scientific and trade journals which described methods of us-
ing mist for rooting cuttings with the facilities, schedules and
species used In nurseries throughout the United States, Canada,
the tropics, Europe, New Zealand and Australia.

Almost from the beginning, the reduction or actual elimina-
tion of problems of disease and insects was noted. Likewise the
effects of mist on the leaching of minerals and other materials
from the foliage was recognized. Evans (9) reported that ni-
trogen and phosphorus were leached during the first two weeks
and that potassium was leached continuously from -cuttings.
More recently detailed studies of this problem were discussed
by Tukey (34) and Good and Tukey (14) at meetings of this
society. The use of nutrients in the mist has been described by
Vanderbrook (36), Tukey (35), Good and Tukey (14) and Mor-
ton and Boodley (21).

The first and only complete review of the subject of mist
propagation of cuttings was written by Patricia Rowe-Dutton
in 1959 (25). The bibliography for this review contains 160
references.

Plant propagators on the West Coast recognized the impor-
tance of mist by including it as a major topic at the first annual
meeting of the Western Region in 1960.

With the exception of a few reports, the use of mist for
grafting has not been reported to be beneficial (3, 7, 8, 20, 26).
Less spectacular than results obtained with cuttings, but none-
the-less important results have been recorded for the use of mist
in the germination of seeds (1, 19, 38). The germination of an-
nuals is not only more uniform but also more rapid under mist
conditions.

The development and application of mist techniques for the
propagation of plants has been a cooperative effort by horticul-
turalists and nurserymen. We can all be proud of the role
played by this society in this effort.
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MODERATOR HESS: Our next speaker 1s unquestionably one
of the greatest innovators in the nursery industry, whether it be
to create a complete mist systemr we have come to know as the
“Phytotecktor” or ways of advertising the sale of a nursery.
Harvey has made a tremendous contribution to our Society and
also is a recipient of the Society’s Award of Merit. Harvey will
talk to us about the mechanics of misting.

MIST SYSTEMS AND THEIR CONTROLS

HARVEY TEMPLETON
Phytotektor
Winchester, Tennessee

The first requirement of a mist system is that it distribute
the water as evenlv as possible over the bed area. There are
several reasons for this requirement. The next speakers will
discuss some of the reasons for not wanting too much water in
any one spot such as leaching of nutrients from the cuttings,
water-logging of the rooting medium. ete. One reason they may
nol bother to mention is that the cuttings will dry out and die in
any spot that does not get enough water.

Even reasonably good distribution of the water is difficult
to arrange. Really uniform distribution 1s practically 1mpos-
sible. There are so many different things that must be taken
Into account — water pressure, nozzle spacing, nozzle height over
the cuttings, type and capacity of nozzle, air movement, and a
long list of other things. The difficulty i1s complicated by the
fact that nozzles throw circular patterns of water. There 18 no
way to arrange them so they just cover a square. There will
alwayvs be a lot of overlap of the circular patterns so that the
overlapped areas get more water than the rest. If the misting
time 1s reduced to decrease the amount of water in those parts
of the bed, other parts will not get enough water.

The best that can be done 1s a compromise. One must try
various combinations of nozzles, spacing, water pressure, size of
beds, etc. until the best compromise is reached. Then all these
conditions must remain constant. Changing only one thing may
throw the whole arrangement out of adjustment.
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Alr movement, wind 1n other words, can completely upset
the most carefully designed mist system. For that reason I
think it best to do mist propagation inside a nearly airtight
structure of some kind so that the mist can be distributed 1n
reasonably still air even on a windy day. It is easier and cheap-
er to arrange a tight structure than it is to design an outdoor
mist system that will give even distribution no matter what the
direction and velocity of the wind is.

Mist nozzles should be dependable and reasonably free from
trouble. In the early days of mist propagation it was thought
necessary to use low capacity nozzles so as to avoid putting too
much water on the cuttings. Such low capacity nozzles gave
endless trouble because of a poor distribution pattern in the first
place and because the many tiny water passages in them stopped
up so easily.

As soon as someone thought of intermittent mist and it was
recognized that high capacity nozzles could be turned on and off
by a timer and solenoid valves so that they ran only a small part
of the time the trouble was largely eliminated. The best modern
practice uses fairly high capacity nozzles throwing a fine spray
rather than a mist. The small droplets in the spray can be made
to give a much more even distribution of the water than mist can
do. These large nozzles are controlled by suitable equipment so
that they run only a very small part of the time.

We may have as many as s1x or seven hundred running at
once at various times of the year, yet it is unusual for more than
two or three nozzles to become clogged in a whole year.

The deflection type of nozzle is the one where the water
comes out a simple hole as a straight jet of water which then
hits a target above and bounces off in a flat circular pattern.
The Florida 550 is an example of this type. It is, in my opinion,
the only sensible type to use. The simple construction and the
large water passages In such nozzles make it very unlikely that
they can become clogged.

However, they are not trouble free. The distribution pat-
terns of such nozzles do change radically in time because of wear
and sometimes because of deposits from the water although that
1s usually not a serious problem with properly designed and op-
erated deflection tvpe nozzles.

The jet of water rushing through the hole in the nozzle tip
wears the inside of the hole rapidly if the tip is made of brass
or some other soft metal. Hardened stainless steel is much more
resistant to this wear and tungsten carbide still more so, but
also much more expensive. Once the hole in the tip wears and
the jet of water 1s no longer precisely round the distribution
pattern of the nozzle becomes quite poor.

The jet of water also wears the face of the target to a very
rough surfaces sometimes actually drills a shallow hole in it.
This causes a very bad pattern. With targets of soft metal it is
necessary to re-surface the face of the target after every 30 to
60 day perliod of use.

We have completely eliminated this trouble by surfacing
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each target with a small, highly polished disc of sapphire. Sap-
phire is the second hardest natural material known. It stays
flat and perfectly smooth after long use — forever as far as I
know. The tiny sapphire disc is cemented to the end of the
target with a special heat curing epoxy cement. The sapphires
are cheap and the operation is fairly easy.

All our nozzles now have hardened stainless steel tips and
sapphire targets. Most of them can be used for lohg periods
without any attention. That explains why we have only 2 or 3
fail 1n a year out of six or seven hundred we use.

The stainless steel tips are not perfect and do sometimes
cause some irregularity of pattern. Tungsten carbide tips
would be better but are quite expensive. I think if I were going
to stay in the business, It would convert all the old nozzle tips so
that the jet of water came out through a hole 1n a little sap-
phire. Such sapphires are cheap since they are made by the
milltons for watch jewels,

A good mist control system should take into account every
condition that is causing water to evaporate from the cuttings—
sunlight. temperature, and air movement. The easiest way for
a control system to do that is for it to measure the evaporation
directly rather than to measure any one or all of the conditions
causing the water to evaporate. The system should then replace
just exactly the amount of water that has evaporated — no more
and no less. No less because the cuttings would dry out and die
in that case. Several other speakers will explain why the con-
trol should put no more water on the cuttings than necessary —
no more than just enough to replace that which has evaporated,
just enough to keep the cuttings barely wet. This is important
if best results are to be obtained with difficult plants or with
plants that root slowly and must stay under mist a long time.

The control system should ‘“fail safe.” By that I mean that
1f anything goes wrong, the control should either put on more
water or turn the water on and leave it on. That way the cut-
tings are safe in spite of the failure of the control. The exces-
sive water 1s not good for the cuttings but it will at least keep
them alive until the fallure is noticed and corrected. If anything
goes wrong the control should not do the opposite; that i1s, put
on less water or leave the water off. That way all the cuttings
would be lost on a hot summer day possibly long before the fail-
ure was noticed.

Now as to the relative merits of the different mist control
systems:;

Time clocks are, of course, the simplest. They are also the
least accurate. Unless re-set continually they can be right for
only one set of weather conditions or for only one time of day.
Even if one stood by and re-adjusted the time clock with each
change of weather, it would still not be good enough — because
even that would be no better than the best judgment of the hu-
man operator. (Good control systems can be much better than
human judgment.
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As far as reasonable principle goes, one of the simplest sys-
tems 1s one of the best. That is the little balancing device known
generally as the Geiger control, the one where the water ac-
cumulates on a square of screen and tips over a mercury switch.
Actually, it was developed in England a good while before Geiger
got 1t. In principle it is right because it does measure directly
the evaporation of the water. In practice, it 1s imperfect prin-
cipally because it does not “fail safe.” Contamination of the
screen by deposits from the water causes it to put less water,
not more as it should do to be safe. A large bug on the screen
would keep the water turned off and kill the cuttings. Wind
will interfere with its action too.

Another kind of control measures light intensity, adds it up
over a period of time, and puts on water according to the ac-
cumulated quantity of light. It is measuring solar energy which
is only one of the things causing evaporation of water. In prin-
ciple it neglects the other causes entirely. Therefore, it cannot
be really precise. The fact that it works fairly well, and it does
work fairly well, is a little surprising. Its success can only be
explained by a meteorological probability ; that is, the probabili-
ty that strong sunlight will be accompanied by higher tempera-
ture and generally by more air movement. Were it not for this
usually-to-be-depended-upon coincidence, it would not work
nearly as well.

In principle the Electronic Leaf is good since it does meas-
sure evaporation directly and it does ‘‘fail safe” if the proper
electronic circuit is used. In practice, it has given nearly every-
one trouble — principally for two reasons — neither one a very
good reason. One general cause of complaint is that impure
water contaminates the ‘“leaf” and interferes with its action. A
palr of sensing elements (the “leaves’”) each one used on alter-
nate days and each cleaned before use would stop that complaint.
Two minutes a day should do it.

The other cause of complaint was simply due to lack of ex-
perience with the device. Almost no one was willing to attach
a recorder to the electronic leaf so that they could see what it
was doing. If they did not know what it was doing, how were
they to learn how to make it do what they wanted it to do? At-
tach a recorder to it so you will know what it is doing, then give
yourself a little time to get used to running it and your troubles
are over. May I say that we have had at least one operating 24
hours a day every day in the vear for over 12 years? Now it
1S no more trouble to set one up and adjust it than it is to make
a good martini!

I have two suggestions for the future. First, if impure
water really 1s a valid objection to the use of the Electronic Leaf,
I suggest a relay actuated by a change in capacitance. The
sensing element or ‘“‘leaf” would then be a condenser constructed
so that 1ts capacitance would change depending on whether or
not it was wet. If of small size or otherwise properly con-
structed, the conductance of the water which wet it would not be
of importance. Therefore, the impurity of the water would not
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matter. You understand that the present Electronic Leaf 1s ac-
tuated by a change in resistance of the film of water on the
surface of the “leaf.”” Therefore, an impurity In the water
might Interfere with proper action 1if it did change the conduct-
ance of the water to a great degree.

My other suggestion is as pure in principle as pure can be.
It measures the amount of water by measuring the hydrogen
atoms in it. Therefore, the quality of the water has nothing to
do with it. If it is water — H,O — two hydrogen atoms and
one oxygen atom, the device will measure it. Of course, in this
case the water must not be contaminated with some other source
of hydrogen such as a hydrocarbon (alcohol or sugar, for ex-
ample). But then, I don’t suppose any of you intend to spray
your cuttings with beer!

Seriously, the quantity of water can be measured ‘“atomical-
ly” by measuring the number of hydrogen atoms in it. It can
be done this way: A polonium-beryllium source is used to pro-
vide a stream of fast neutrons. Such fast neutrons are scat-
tered and de-energized (that is, slowed down) by hydrogen
atoms, the amount of scattering and de-energizing being in pro-
portion to the amount of hydrogen atoms present. Some of the
neutrons are returned, by the scattering, to a silver foil detector
sufficiently de-energized so that they can be captured by the
silver. The silver foil in turn emits beta rays which are counted
by a Geiger counter. This in turn can be made to turn the mist
off and on. It is not easy though!

Such a scheme does have advantages. The purity of the
water does not matter. Nor does the physical state of the water
matter. The device will measure the quantity equally well In
either the solid, liquid, or vapor phase. The device will average
the quantity of water over a considerable radius — say about
12 inches. It does not matter where the water is. It can be
inside the cutting, on the surface of the cutting, or as a vapor in
the air. Thus turgidity of the cutting, surface wetness, and re-
lative humidity of the air can all be measured and corrected by
one device at one time.

THE MILLENNIUM IS HERE!

MIST FROM A CUTTING’S VIEWPOINT
CHARLES E. HESS

Department of Horticulture
Purdue University

When softwood cuttings of plants such as Prunus serrulata
were placed under intermittent mist or under conventional dou-
ble glass, superior results were obtained under the mist as shown
in Table I. Some of the reasons for better results under mist
can be found by studying the micro environment and tissue
temperatures under mist and double glass.

The vapor pressure or relative humidity under the two con-
ditions 1s approximately the same when the mist 1s off, near
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be done this way: A polonium-beryllium source is used to pro-
vide a stream of fast neutrons. Such fast neutrons are scat-
tered and de-energized (that is, slowed down) by hydrogen
atoms, the amount of scattering and de-energizing being in pro-
portion to the amount of hydrogen atoms present. Some of the
neutrons are returned, by the scattering, to a silver foil detector
sufficiently de-energized so that they can be captured by the
silver. The silver foil in turn emits beta rays which are counted
by a Geiger counter. This in turn can be made to turn the mist
off and on. It is not easy though!

Such a scheme does have advantages. The purity of the
water does not matter. Nor does the physical state of the water
matter. The device will measure the quantity equally well In
either the solid, liquid, or vapor phase. The device will average
the quantity of water over a considerable radius — say about
12 inches. It does not matter where the water is. It can be
inside the cutting, on the surface of the cutting, or as a vapor in
the air. Thus turgidity of the cutting, surface wetness, and re-
lative humidity of the air can all be measured and corrected by
one device at one time.

THE MILLENNIUM IS HERE!

MIST FROM A CUTTING’S VIEWPOINT
CHARLES E. HESS

Department of Horticulture
Purdue University

When softwood cuttings of plants such as Prunus serrulata
were placed under intermittent mist or under conventional dou-
ble glass, superior results were obtained under the mist as shown
in Table I. Some of the reasons for better results under mist
can be found by studying the micro environment and tissue
temperatures under mist and double glass.

The vapor pressure or relative humidity under the two con-
ditions 1s approximately the same when the mist 1s off, near
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Fable 1 Rooting 1esponse of Prunus sevrulata cottings under anteirmittent nust and
double glass.

Double Glass Mist
Percent rooting 37 87
Average number of
roots per cutting 6.0 8.1
Average length of
roots (em) 1.9 2.9

saturation. So the benefits of mist can not be attributed to a
higher humidity. A real difference is found, however, when
the tissue temperatures under mist and double glass are com-
pared. During a typical 24 hour period, the average leaf tem-
perature under double glass was 86° F. and under mist 1t was
5° K. The lower leaf temperature is caused primarily by the
evaporation of the film of the water from the leaf during the
time when the mist is off. Although the vapor pressure of the
moisture in the air surrounding the cuttings under mist and
double glass may be approximately the same, the vapor pressure
within the leaves was higher under double glass because of the
higher leatf temperature. The theoretical result is that the cut-
tings under double glass would have a tendency to transpire
about twice as much water as do the cuttings under mist. The
actual moisture relationships can be determined by measuring
the gain or loss of fresh weight of the cuttings during the root-
ing period and subtracting the gain in dry weight. Cuttings
under mist gained an average of 4.1 grams of water per cutting
and cuttings under double glass lost an average of 1.8 grams
during the 30 day rooting period.

Another environmental factor which was substantially dif-
ferent under mist and double glass was light intensity. In order
to keep the temperature under double glass at reasonable levels,
1t was necessary to use shade. Double glass 1s a heat trap as
well as a moisture trap and unless shading is used, the air and
tissue temperature will reach a level at which the cuttings are
damaged or killed. The light intensity on a clear day inside the
greenhouse was 7000 foot candles. The light intensity under
the double glass was 240 foot candles and the rate of photosyn-
thesis is greatly reduced.

We must also remember that at the same time plants are
making sugars through photosynthesis, they are using sugars in
respiration. While light intensity regulates to a large extent
the rate of photosynthesis, temperature has a primary effect
upon respiration. Generally speaking, the rate of respiration
is doubled for every 10° F. increase 1n temperature. Therefore,
not only are the cuttings under double glass not able to main-
tain a high rate of photosynthesis, they are also utilizing what-
ever sugars they may have at approximately twice the rate of
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the cuttings under mist, since there was a differential leaf tem-
perature of 11° F. By actual measurement, the sugar content
of the cuttings under mist increased 138 milligrams per cutting
during the rooting period and only 17 milligrams per cutting
under double glass. The interaction between temperature and
light intensity are shown diagramatically in Figure 1. Here
cuttings are represented as storage tanks with the inlet values
controlled by light (photosynthesis) and the outlet valves con-
trolled by temperature (respiration). The cuttings under dou-
ble glass were exposed to low light intensity and higher tissue
temperatures. So food manufacturing was low and use was
high. In contrast, under mist, light intensity was high and leaf
temperature was low, and therefore, food manufacturing was
high and use was low. As has been mentioned above, the cut-
tings under mist accumulated more than 8 times more carbo-
hydrates than the cuttings under double glass. This larger re-
serve of sugars can be used both as raw material for the synthe-
si1s of substances needed for root initiation and as an energy
source needed for rooting.

In summary, the reasons that higher percentages of rooting
and better quality cuttings can be obtained with mist propaga-
tion can be attributed to one, a more effective technique of mois-
ture or transpiration control through lower leaf tissue temper-
atures, higher rates of photosynthesis through higher light in-
tensity, and reduced respiration because of lower tissue temper-
atures.

FOOD MANUFACTURE
FOOD MANUFACTURE
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Figure 1. Diagramatic comparison of cuttings propagated in a grafting case and
under mist.

73



MODERATOR HESs: Perhaps our balance of payments is not
in too bad shape when vou consider the fact that we have ob-
tained and England has lost — or has almost lost — Jim Wells.
Jim has the ability to express himself effectively and convincing-
ly both in the written and spoken word. He has, perhaps more
than any other member of the Society, shared his experience
through a book, numerous articles in the American Nurseryman
and by participation in the Society. It is an honor to introduce
another Award of Merit recipient, James Wells.

MIST PROPAGATION PROBLE‘MS

JAMES S. WELLS

James S. Wells Nursery, Inc.
Red Bank, New Jersey

Back in 1947, when we commenced to use mist, one of the
aspects which immediately became apparent was the absence of
problems, particularly problems which we had anticipated. By
this, I mean that we first thought that the regular application
of relatively large quantities of water would produce a great deal
of rotting and fungus troubles of all kinds. But this was not
the case. In fact, one of the most striking features of mist
propagation is the comparative absence of these problems as
compared with more orthodox methods of propagation.

But as time went on, we found that a mist system did have
its drawbacks, although In many instances they were quite dif-
ferent from those to which we had become accustomed.

MECHANICAL PROBLEMS

I think that 1t is in this category that most of the serilous
problems occur. Insufficient coverage, due to poor water pres-
sure, is the first. Others are . .. poor coverage due to improper
jets . . . highly mineralized water which quickly clogs the jets
. . . improper placing of the jets over the area to be covered . . .
insufficient units to overlap in all areas. These simple and
truly mechanical problems resulted in many growers being some-
what disillusioned with their results. Yet these problems are
quite easily overcome.

Water Pressure:

First, the question of water pressure. There is hardly a
nursery which does not have a pressure of 25 to 30 PSI and there
1s an excellent jet which will give good atomization at this pres-
sure. It is the Monarch H-261. However, the coverage of this
jet, at this low pressure, is quite small and it is essential that
jets be placed in pairs, at intervals of about 18 inches, on a 3
foot bench, the jets pointing to either side at a 45 degree angle.

On most greenhouse benches, this will give good coverage.
If the bench is long, it is wise to start the delivery pipe with one
inch lines, reduce down to 3/ inch, and if it is very long, reduce
again to 14 inch at the far end. An alternative to this low pres-
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sure problem 1s a good booster pump and I would advise this, if
1t is at all convenient, because there is really no substitute for
good water pressure. By this, I mean water pressure at from
60 to 80 psi, and preferably up to 100 psi. (I always wanted
to put In a booster system to operate at 500 to 600 psi, because
surely this would be the best. But I have had neither the money
or the opportunity to do so.)

For reasonable pressures in the 60 to 80 pound level, the
Florida Jets and the MacPenny Jet are both excellent and a
single line of these jets at approximately 4 feet, on a 4 foot
bench, will give excellent coverage.

Mineralization :

Water may come in, absolutely clean, but it is essential that
the jets be cleaned at least once a year. Mineral deposits do
build up on the screens and reduce the pressure at the orifice.

Control Unait:

In the realm of mechanical problems must come those as-
soclated with the control unit used. I am sure that many of you
have had troubles with Harvey Templeton’s electronic leaf.
There are now many versions of his original idea on the market,
and all of them seem to have some problem or other. There is
no question, however, that the electronic leaf control is the only
one to use. For it 1s immediately responsive to any change in
the atmospheric conditions. Once the sensing element has been
correctly placed, it should give the very fine degree of control
which 1s ideal.

Most of us have found that the electronic leaf control units
manufactured in this country have been, at best, temperamental.
I am afraid that there are a large number of these control units
sitting on shelves, while the disillusioned grower has gone back
to the previously discarded time-clock. This is a pity, because
the time-clock is not as satisfactory as a good electronic leaf.

In my opinion there is only one good electronic leaf control
unit. This is a fine, transistorized version of Harvey Temple-
ton’s original circuit, manufactured in England. We have been
using one of these MacPenny Control Units now for two years
without touching it at all. The sensing unit has been cleaned
only once in this period and it continues to work regularly and
precisely.

MEDIUMS
Drainage:

I am sure that many growers have run into problems with
poorly drained mediums under mist, where perhaps a situation
existed in which the surplus water which mist systems must ap-
ply, could not drain away rapidly after passing through the
medium. Such a condition 1s fatal to success. Good drainage

1s absolutely essential for successful propagation under any
form of misting.

Correct Medium:
But perhaps more important is the choice ¢f the right kind
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of medium for the plant one wishes to grow and this choice ap-
pears to be more critical when a mist system 1s used.

Examples:
I would like to give you two examples.

1. Evergreen Azaleas of the Hinodegiri tvpe can usually
be rooted with great ease in almost any medium. Certainly mil-
lions of cuttings have been rooted in plain sand, although most
growers will consider that a 50-50 mixture of sand and peat, or
peat and perlite is best. These cuttings can be rooted with the
absolute minimum of attention, directly in open field beds, under
any adequate mist system, but only if the medium is 50 percent
peat and 50 percent sand. If plain sand 1s used under these
conditions, rooting is poor and the addition of some peat appears
to be essential for good results.

2. I ran into an even more striking example, some years
ago. I was attempting to root cuttings of Chamaecyparis obtusa
nona gracilis and I had followed the procedures in the Boskoop
Trial Ground Reports, that suggested soaking the cuttings in a
solution of Indolebutyric Acid at 7,500 parts per million for 18
hours. This was done and the cuttings were inserted in a medi-
um of 50% peat and 50% sand. It just so happened that I was
experimenting with other mediums of live spaghnum moss for
the rooting of Rhododendrons, in an adjacent area. Quite by
chance, one of the cuttings of the Chamaecyparis was inserted
so that the stem penetrated the spaghnum moss.

Eight weeks later, when I came to lift the cuttings, this was
the only one which had rooted, out of the whole lot, and it had
rooted with astonishing vigor. I was so taken with this that I
immediately repeated the test by inserting cuttings, this time in
shredded spaghnum moss, with first-class results. It is inter-
esting to record, also, that under these conditions, the Rhododen-
drons would root in the sand and peat mixture, but did not root
in the spaghnum moss.

These illustrations will show that i1t 1s essential to provide
exactly the right type of medium for the plant and the condi-
tions provided by the mist system. Because of the unknown, per-
haps minute, yet quite important, variables which may arise . . .
type of water available . . . type of peat one 1is using . . . the
length of the cutting stem . . . and Insertion into the medium, it
1S essential for the grower to experiment and record his results
so that he can establish optimum conditions for his particular
set of circumstances. Once these and the other mechanical prob-
lems have been sclved, then one usually finds that the use of a
mist system prompts rapid and vigorous rooting.

CULTURAIL PROBLEMS
Hardening Up:

Once we have reached the point of having established good
rooting, we run into a set of problems resulting from the removal
of the cuttings from the misting environment to more natural
ones . . . in other words, “hardening up.”
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Use of a Weaner Unait:

There 1s an electric control called a Weaner Unit, which 1s
nothing more than an electric counter. It enables one to couple
the Solenoid to the Control Unit, and by turning a switch, to ap-
ply mist to a bed of rooted cuttings every 3rd . .. every 6th . ..
or every 12th time . . . that the sensing unit calls for mist. This
reduces the amount of mist which 1s applied and slowly hardens
up the cuttings. 1 have spoken with a number of growers who
have used the Weaner and they are very pleased with it.

Use of Shade in Place of Maist:

There 1s another aspect which I would like to call to your
attention. That is that shade can be substituted for mist, to a
considerable extent. The purpose of the film of water main-
tained by a mist system, 1s to keep the cuttings in a turgid con-
dition and prevent undue water loss. This works very well, in-
deed, particularly when the cuttings have no root system. But
once they have rooted. then they are organized once more, to
extract water from the medium, and the need for preventing any
evaporation from the leaves is not as acute. The cutting can
sustain normal transpiration and can supply the required mois-
ture from 1its new root system, without stress. We can provide
reasonable conditions for such rooted cuttings by applying a very
heavy shade and misting either with the Weaner Unit or manual-
ly, perhaps once an hour. Then, a few days later, perhaps twice
in the morning and twice in the afternoon. Then, once or twice
a day, only. A regime of this kind, over a two week period, will
usually bring the cuttings to a position where they are well able
to stand on their own feet, in normal conditions.

Use of Special Area Designed To Combine Shade and Mist:

An alternative to these procedures would be a hardening-
off area, which should be separated from the propagating area.
If the cuttings have been rooted in flats, then the flats can be
moved to the hardening-off area, which might be a section com-
pletely surrounded with Saran. A high overhead mist line
should be provided, which could be controlled with a time-clock
and the cycle of mist application steadily lengthened, until it i1s
about once an hour, before it is discontinued.

There are no problems with hardening-up, which in my
opinion, cannot be overcome easily with a little care and com-
mon Ssense.

Fungus:

I commenced by saying that fungus problems appeared
much less than we might have anticipated and this is true with
one Important exception.

Incidence of Rhizoctonia:

We have found that under the close conditions of a closed
greenhouse, Rhizoctonia can appear quite suddenly in the bench
and spread with amazing rapidity. The benches of cuttings
have to be watched for the incidence of this disease and action
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taken immediately to prevent undue loss.” All dead or damaged
cuttings should be removed at once. Any leaves which may have

fallen from nearby cuttings should be removed and the whole
area cleaned and groomed.

Semesan Control:

Then the immediate area of attack should be treated with
double strength Semesan and the whole greenhouse treated with
single-strength Semesan. We have found that this mercury
compound 18 superior to any other in the control of this disease

and 1f the treatment is applied rapidly, the disease is stopped in
its tracks.

This seems to end the problems with which we have been
faced, with the exception of the item which is to be dealt with
by the next speaker, and that is ‘“Leaching.”

There seem to be certain types of cuttings which are just
not responsive to mist culture and I believe that these have to be
determined by trial and error. Deciduous Azaleas are among
these. The cuttings are taken in a very soft condition. They
are always slow to root and with the steady application of mist
over a period of two and a half month to three months, the cut-
tings almosts invariably collapse before rooting.

I mention this because I have no answer for it and I am
therefore waiting eagerly to hear the comments of the next
speaker, who I hope will give me the answer to the problem.

MODERATOR HESS: Another problem which has been called
to our attention by the excellent work of Dr. Harold Tukey, Jr.
and his graduate students at Cornell University is leaching by
mist. We are fortunate to hear from Mr. George Good who is
actively working on this problem.

THE INFLUENCE OF INTERMITTENT MIST ON THE
MINERAL NUTRIENT CONTENT OF
CUTTINGS DURING PROPAGATION

G. L. Goop AND H. B. TUKEY, JR.
Department of Floriculture & Ornamental Horticulture
Cornell Unwersity, Ithaca, New York

INTRODUCTION

Foliar leaching is the removal of metabolites from plant
parts by aqueous solutions, (Tukey, 1962). Leaching has been
shown to be of importance in plant nutrition, in the distribution
and recycling of nutrients in an ecosystem, and in the quality of
certain food crops. It has also been shown that many factors
may affect the leaching of nutrients. For instance, the age and
the maturity of the plant tissue can influence the amount of
leaching which occurs from plant tissue. Young, actively grow-
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ing plant tissue is difficult to leach, whereas, more mature tissue
1s relatively easy to leach.

There are reports by various workers that cuttings propa-
gated under mist undergo extensive losses of nutrients during
the rooting period (See Good and Tukey, 1964). Since a large
number of ornamental plants are commercially propagated un-
der mist, it was of interest to survey cuttings from a wide range
of ornamental plants to determine the extent of nutrient leach-

1Ing.
METHODS

Herbaceous cuttings of carnation (Dianthus caryophyllus
cv. ‘White Sim’), chrysanthemum (Chrysanthemum morifolium
cv. ‘Indianapolis White’), coleus (Coleus blumei), and poinset-
tia (Euphorbia pulcherrima cv. ‘Barbara Ecke Supreme’) ; soft-
wood cuttings of currant (Ribes alpinum), two species of euony-
mus (FEuonymus olatus and E. fortunei vegeta), honeysuckle
(Lonicera tatarica), pachysandra (Pachysandra terminalis) and
privet (Ligustrum ibolium) ; and hardwood cuttings of arborvi-
tae (Thuja plicata), boxwood (Buxus sempervirens), English
ivy (Hedera helixz), forsythia (Forsythia intermedia) and yew
(Taxus cuspidata capitata) were all surveyed for leaching when
rooted under mist.

Forty uniform cuttings of each species were standardized
as to leaf number and fresh weight. Before rooting, one-half
of each group was oven dried, weighed and analyzed for nitro-
gen, phosphorus, potassium, calcium, and magnesium. The
other half were placed in a rooting medium of coarse quartz
sand under an intermittent mist of distilled water. After they
were rooted, they were also dried, weighed and analyzed for the
same nutrients.

The leachate from the cuttings was collected and analyzed
in the same manner as the cuttings.

Chrysanthemum cuttings were used to study the redistribu-
tion of nutrients within cuttings during rooting. Three hundred
and sixty uniform cuttings were selected so that each had three
fully expanded leaves. The 360 cuttings were divided into six
groups of 60 cuttings each and each group was inserted into a
1:1 vermiculite: perlite medium under an intermittent mist of
distilled water. One of each of the groups was removed from
under the mist after 0, 3, 6, 9, 12 and 15 days. Each cutting
was cut into 3 segments (a) the 3 oldest leaves which were on
the cutting at the beginning of the experiment, (b) the stem
apex and new leaves, and (c¢c) the basal one inch of stem and
newly developed adventitious roots. The plant tissue was dried,
weighed and analyzed for nitrogen, phosphorus, and potassium.

RESULTS
Influence of Cutting Maturity :

Herbaceous cuttings. In the first experiment herbaceous
cuttings of chrysanthemum, carnation, coleus and poinsettia
were rooted under the intermittent distilled water mist. The

79



cuttings were analyvzed both before and after rooting to deter-
mine the nitrogen, phosphorus, potassium, calcium and magnesi-
um content. Table 1 shows the results from the analyses of two
representative species of this group, chrysanthemum and carna-
tion. There was no change in the nutrient content before and
after rooting except in the case of magnesium in chrysanthe-
mum. This indicated little or no leaching of the nutrients by
the mist. Cuttings of poinsettia and coleus showed similar re-
sults in that little or none of the nutrients were leached.

Table 1 Nutrient content of herbaceous cuttings before and after rooting unde:
intermittent mst’

A

Nutrient
Species N P K Ca Mg

(mg/cutting)

Chrysanthemum morifolium
Before Rooting 25.3 4.1 25.4 8.3 3.3

After Rooting 25.5 4.8 28.1 9.7 1.3%
Diwanthus caryophyllus

Before Rooting 20.7 2.1 18.1 2.6 1.4

After Rooting 19.9 2.1 18.2 2.2 1.5

*Significant decrease at the 59% leve! due to leaching,
TFrom Good and Tukey, Proc Am Soc Hort Sci. (in press)

Softwood cuttings. In a second experiment, softwood cut-
tings of currant, euonymus, honeysuckle, pachysandra and privet
were rooted under the distilled water mist. Table 2 shows the
results of the analysis both before and after rooting of two rep-
resentative species of this group, currant and honeysuckle. Cur-
rant showed leaching of potassium only, while honeysuckle
showed leaching of potassium and magnesium. The other soft-
wood cuttings in this group showed similar results in that little

Table 2. Nutrient content of softwood cuttings before and after rooting under
intermittent must.’

Nutrient
Species N P K Ca Mg
(mg/cutting)
Ribes alpinum
Before Rooting 15.6 1.9 10.9 9.7 1.2
After Rooting 16.6 1.6 8.6* 9.3 1.6

Lonicera tatarica
Before Rooting 34.8 2.3 21.5 13.8 3.0
After Rooting 36.0 2.4 17.6* 12.6 1.1%*

*Significant decrease at the 5% level, due to leaching
TFrom Good and Tukey, Proc Amer Soc Hort Scr (in press)
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Table 3  Nutiient content of hardwood cuttings before and after rooting under
Intermittent mist.?

Nutrient
Species N P K Ca Mg

(mg/cutting)

F‘m*sythia ntermedia
Before Rooting 21.6 2.6 12.9 16.7 3.8
After Rooting 20.7 1.5%* 10.3* 11.1% 0.8%

Ribes alpinum
Before Rooting 13.7 2.6 10.5 12.4 1.6
After Rooting 11.6* 1.8%* 6.5%* 8.2% 1.6

*Significant decrease at the 59 level, due to leaching
From Good and Tukey, Proc Amer Soc Hort Sct (in press)

or no nutrients were leached during rooting under mist. Thus,
softwood cuttings proved difficult to leach.

Hardwood cuttings. Since it has been reported ‘that more
mature plant tissue is relatively easy to leach (Tukey, 1962),
hardwood cuttings of arborvitae, boxwood, currant, English ivy,
forsythia, and vew were taken from stock plants in September
before frost. The cuttings were analyzed both before and after
rooting under mist. The results of the analyses of two repre-
sentative species, forsythia and currant are shown in Table 3.
Unlike herbaceous and softwood cuttings, hardwood cuttings
showed extensive leaching of mineral nutrients. Forsythia lost
appreciable amounts of phosphorus, potassium, calcium, and
magnesium, and currant lost nitrogen, phosphorus, potassium
and calcium.

Thus, the maturity of the cutting plays a key role in deter-
mining the extent of nutrient leaching under mist. This is
demonstrated in Table 4 where the nutrient content of both soft-

Table 4. Leaching of nutrients from cuttings of Ribes alprnum propagated under
intermittent mist as influenced by the maturity of the cuttings?

Nutrient
Cutting Maturity N P K Ca Mg
Softwood
Before Rooting 15.6 1.9 10.9 9.7 1.2
After Rooting 16.6 1.6 8.6 9.3 1.6
Nutrient Leached 2.3%
Hardwood
Before Rooting 13.7 2.6 10.5 12.4 1.6
After Rooting 11.6 1.8 6.5 8.2 1.6

Nutrient Leached 2.1% 0.9% 3.9% 4.1%

e

*Significant decrease at the 59% level, due to leaching
From Good and Tukey, Proc Amer Soc Hort Sci (in press)
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wood and hardwood cuttings of currant are compared before
and after rooting under mist. The softwood cuttings taken in
the spring lost only significant amounts of potassium, but hard-
wood cuttings of the same species taken in September lost sig-

nificant amounts of nitrogen, phosphorus, potassium and calci-
um.

Growth and Redistribution in Cuttings During Rooting:

Dry weight of all the cuttings were recorded both before
and after rooting under mist. As shown iIn Table 5 cuttings
weighed substantially more after rooting than before indicating
that growth had occurred as the cuttings rooted. Herbaceous
cuttings of chrysanthemum increased more than 300% in dry
welght during rooting while herbaceous cuttings of carnation
and softwood cuttings of currant and honeysuckle increased 50 %
or more. These increases in dry weight came from additions of
carbohydrates from photosynthesis, as there was no increase in

the nutrient content (Tables 1 and 2).

Hardwood cuttings of currant and forsythia also grew, dur-
ing rooting. but not to the extent of either the softwood or her-
baceous cuttings.

Since the cuttings did grow during rooting, a more detailed
analysis of the growth and distribution of nutrients within parts
of each cutting was made with the intent of explaining, in part,
the difference is leachability of various cuttings.

Cuttings of chrysanthemum were rooted under the distilled
water mist for 0, 3, 6, 9, 12 and 15 days, after which they were
cut into 3 sections, (a) the oldest leaves, (b) the apex and any
new leaves, (¢) and the basal one inch of stem which included
the new roots. Each segment was weighed to determine dry
weight and analyzed for nitrogen, phosphorus, and potassium.

Table 5. Dry weight (g/cutting) of herbaceous, softwood, and hardwood cuttings
before and after rooting under intermittent mist,

Maturity and SEecies Dry Wt.
Before Rooting After Rooting
(g/cutting)

Herbaceous cuttings

Chrysanthemum morifolium 70 1.97%

Dianthus caryophyllus 43 71
Softwood cuttings

Ribes alpinum .66 1.08%

Lonicera tatarica 1.00 1.50*
Hardwood cuttings

Forsythia intermedia 1.06 1.30*

Ribes alpinum 74 B8*

*Syrmificant increase at 5% level duc to carbohydrate increas
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GROWTH
Chrysanthemum N
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Figure 1. Growth (dry wt) of the (a) 3 oldest leaves, (b) apex and new leaves,
and (c) the stem base (1 inch) and new roots of herbaceous cuttings
of Chrysanthemum mornifolium cuttings after 0, 3, 6, 9, 12 and 15 days
of rooting under intermittent mist

Comparison of the growth of the three sections of the cut-
tings is shown in Fig. 1. Initially, the average dry weight of
the 3 oldest leaves was 2.00 g/cutting. At the end of the 15-day
period, the average dry weight of these 3 oldest leaves was 2.13
g/cutting indicating very little growth in this segment during
the rooting period.

The apex and new leaves made considerable growth and
more than doubled in dry weight from 1.85 g/cutting to 4.23 g/
cutting during the rooting period.

Likewise, the basal one inch of stem showed increases in
dry weight due to the initiation and development of the roots.
Originally, the segment averaged 0.71 g/cutting, but at the end
of the rooting period the dry weight had more than tripled to
2.30 g/cutting.

Thus, cuttings are capable of growth particularly in the re-
gions where new leaves and roots are being formed. How this
differential growth affected the distribution of nitrogen, phos-
phorus and potassium is shown in the next three figures which
shows the per cent of the total nutrient content in each of the
3 segments.

Fig. 2 shows that nitrogen was transported out of the three
oldest leaves to the apex and new leaves particularly during the
first and last 3 days of the experiment. Nitrogen transport to
the new roots was greatest during the last 3 days of rooting
when root growth was at a maximum. There appeared to be no
translocation of nitrogen to the basal one inch of the cutting
when roots were initiated during the first 3 days of the experi-

ment.
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Phosphorus (Fig. 3) was translocated out of the 3 oldest
leaves to both the new leaves and roots generally throughout the
rooting period. Translocation to the roots was associated with
both root initiation and root development.

60 NITROGEN

50 apex and new leaves /;
\1#1 anaEnnmannS 4 Eeess———— A
40 —
Per old leaves \
4

Cent 30
20
stem base
&
.IO S ._._._./

0O 3 6 9 12 15
Time (days)

Figute 2 Distribution of nitiogen m (a) 3 oldest leaves, (b) apex and new leaves,
and (c) the stem base (1 inch) and new roots of heibaceous cuttings

of Chrysanthemum mortfolium cuttings after 0, 3, 6, 9, 12 and 15 days
of rooting under intermittent mist,
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iguic 3 Distribution of phosphorus m (a) 3 oldest leaves, (b) apex and new
leaves, and (¢) the stem base (I inch) and new 100ts of herbaceous
cutuings of Chrysanthemum norifolinm cuttings afrer 0, 3, 6, 9, 12 and
15 days of r100timg under mtermittent nnst,
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Potassium (Fig. 4) was translocated from the three oldest
leaves to the new leaves throughout the rooting period, but very
little moved to the new roots.

Discussion

These experiments show that the leaching of mineral nu-
trients from cuttings propagated under mist was influenced by
the maturity of the cuttings. MHerbaceous and softwood cut-
tings were difficult to leach while hardwood cuttings were rela-
tively easy to leach when rooted under mist. The fact that ma-
ture plant tissue 1s easier to leach than young, succulent tissue
agrees with reports from other workers (Tukey, 1962).

The ease or difficulty with which cuttings were leached by
the mist corresponded to the growth the cuttings made while
rooting. Softwood cuttings which were difficult to leach were
capable of growing a great deal during rooting, whereas hard-
wood cuttings which were relatively easy to leach exhibited very
little growth (Table 5). From Fig. 1 through 4, it is shown
that nutrients were {ranslocated from the older leaves, which
had essentially ceased growing, to the growing new leaves and
roots. Previous work has shown that materials are not leached
from growing tissues because they are bound up within cells
where they cannot be leached (Tukey, 1962). Thus, softwood
and herbaceous cuttings had a considerable portion of nutrients
bound within growing tissue which accounted for the fact that
these cuttings were difficult to leach. Hardwood cuttings. on
the other hand had relatively little growing tissue, hence, they
were relatively easier to leach.
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Figuie 4+ Distubution ot potasstum m (a) 3 oldest leaves, (b) apex and new
leaves, and (¢) the stem hase (I inch) and new 10o0ts of herbaceous
cuttings of C/nysanthemwn morifolium cuttings after 0, 3, 6, 9, 12 and
15 days of rooting under intermiitent must
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There have been reports in the literature that nutrient de-
ficiencies commonly occur in cuttings rooted under mist. These
deficiencies could be due to two factors. First, mineral nutri-
ents are leached from the cuttings as was the case with mature
hardwood cuttings. Second, the cuttings grow through addi-
tions of carbohydrates from photosynthesis, and the nutrients
retained in the cuttings are not sufficient for the new growth.
In either case, additional nutrients supplied to the cuttings dur-
ing rooting mav be an important factor in rooting and in the
subsequent growth and development of the rooted cutting.

Summary

Cuttings from numerous ornamental plants were surveyed
in order to determine the extent of nutrient leaching when
propagated under mist. Herbaceous and softwood cuttings
proved very difficult to leach whereas hardwood cuttings were
relatively easy to leach. Cuttings were capable of substantial
growth during rooting due to the growth of new leaves and roots.
Nutrients held in the older, fully expanded leaves of chrysanthe-
mum were translocated to the growing new leaves and roots
from where they were not readily leached. Nutrient deficien-
cies which commonly occur in cuttings rooted under mist could
be due to (a) the leaching of nutrients, and (b) the diluting of
mineral nutrients by additions of carbohydrates from photo-

synthesis.
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MODERATOR HESs: Now we will turn our attention to the
area of new techniques. An obvious solution to solve the leach-
ing problem would be to add nutrients to the mist. To tell us
about his experiments with nutrient mist is Mr. John Wott.
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Tntroduction

Many workers have reported that mineral nutrients can be
leached from cuttings propagated under mist with the subse-

quent development of nutrient deficiency symptoms (Ang
1958, Evans 1951, Good and Tukey 1964, Sweet and Carlson
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1965, Tukey 1962). Losses by leaching are related to the ma-
turity of the cutting, being greatest for hardwood cuttings and
much less for softwood and herbaceous cuttings.

Nutrient deficiencies in cuttings rooted under mist are due
to a) leaching of nutrients and b) growth of the cuttings during
rooting causing a dilution of the nutrients within the cuttings
(Good and Tukey 1964, 1965). In either case it would seem
that nutrients added to the cuttings during propagation might
be of benefit.

Since 1t 18 well known that a broad spectrum of material
can be absorbed by stems and foliage (Wittwer and Teubner
1959), application of nutrients through the mist would be an
appropriate procedure. Thus Morton and Boodley (1962) ob-
served that polnsettia and chrysanthemum cuttings propagated
under a complete nutrient mist were superior to those propa-
gated under a water mist.

This paper presents an evaluation of the use of nutrient
mist in the propagation of several commercially important orna-
mental plants.

Materials and Methods

Uniform cuttings of twenty-nine ornamental species were
collected from stock plants in November and early June. The
complete list of plant material is given in Table 1.

Twenty to forty cuttings of each species were immediately
dried, weighed and analyzed for nitrogen, phosphorus and potas-
sium in the laboratory. Two hundred to 400 additional cuttings
were divided into two groups and placed in greenhouse propaga-
tion benches equipped with mist and bottom heat in a rooting
medium of peat and perlite (1:1 by volume). One group of each
species was misted with tap water (water mist) at an interval
of 12 seconds every 2146 to 10 minutes during the day. The

Fable 1 List of Plant Materials Propagated Under Intermmttent Nutrient Mist.

Berberis thunbergi?® Philadelphus coronarius®
Buxus sempervirens? Ribes alpinum' ?
Chaenomeles speciosa® Rosa multiflora® ?
Chrysanthemum morifolium* Rosa setigerum?

Euonymus fortunei* ? Salix purpurea’

Euonymus fortune: ‘Vegetus™ 2 Syringa vulgaris®

Forsythia intermedia® Taxus baccata ‘Repandens’™
Forsythia suspensa' ? Taxus cuspidata’

Hedera helix* ? Thuja occidentalist
Juniperus chinensis ‘Hetn'® Thuja plicata’

Juniperus chinensis ‘Sargenti1” T'suga canadensis ‘Pendula’
Ligustrum obtusifolium “1egelianum™ Viburnum lantana®

I omicera latarica® Viburnum prunifoliion?
Lonicera morrowii? Vinca munor® =

Pachysandra terminalis* ?

1} fatll propagation
2) spring propagation
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other group of cuttings was misted at the same interval with
tap water to which a complete, all-soluble fertilizer (nutrient
mist) with an analysis of 23-19-17 was added at the rate of six
ounces per 100 gallons of water. The fertilizer was recom-
mended for both foliar and soil applications.

When the cuttings were well rooted, they were removed
from the benches and rooting percentages and root evaluations
were determined. Root evaluations were made on the basis of
size of roots, number, color, and brittleness. Some cuttings of
each species were then potted up and grown on to determine
growth rates after rooting. The remailning cuttings were then
dried, weighed and analyzed for nitrogen, phosphorus and potas-
sium. In some species, new shoot growth was produced during
rooting and this was removed and analyzed. The mineral nutri-
ent content of the cuttings of each species before rooting was
compared with the content after rooting under the water or
nutrient mist system.

Results
Hardwood Cuttings

The results of the fall propagation of three representative
species are presented in Table 2. Hedera helix cuttings from
under the nutrient mist had a higher dry weight at the end of
the propagation period (919 mg) than did those from under the
water mist (892 mg). Under the water mist there was a de-
crease of nitrogen, phosphorus and potassium content as com-
pared with the content before rooting, indicating that leaching
of the nutrients occurred during rooting. In contrast, the cut-
tings from under the nutrient mist show a substantial increase
in content of these three nutrients when compared with both the
cuttings from under the water mist system and the cuttings be-
fore rooting.

Cuttings from under the water mist had a higher rooting
percentage than cuttings under nutrient mist and also a slightly
higher root quality.

Hedera helix was one of the species in which the new
growth of the cuttings made during rooting was removed and
analyzed separately. As shown in Table 3, cuttings from under
the nutrient mist made more growth (dry wt.) and had a great-
er uptake of nitrogen, phosphorus and potassium than did cut-
tings under the water mist.

Rosa multiflora and Thuja plicata gave similar results to
those obtained with Hedera heliz in that under the nutrient mist,
the nutrient content and growth were considerably greater than
under the water mists. For example with Rosa wmultiflora,
rooted cuttings propagated with nutrient mist were 132 % heav-
ier (dry wt.) than cuttings propagated with water mist.

The results with Vinca minor, Fuonymus fortunet and

Juniperus chinensis ‘Sargentii’ were similar in some respects
to Hedera helix. For example, like Hedera helix, nutrients were

leached from the cuttings by the water mist. Similarly, the
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Table 2 Influence of nutrient mist on the dry weight, nutrient content and root development of hardwood cuttings taken In

68

November,
Species _— . Nutrient Cﬂ;tﬂﬂt - Rooting  Root quuahity
(mg/cutting) (mg/cutting) (%)
Hedera helix
Before 100tng 938 16 56 I 88 959 — —
After rooting — water mist 892 13 87 1 62 7.46 91 2 452
nutrient mist 419 20 63 2 67 14 053 83 2 4 32
Pachysandra termunalis
Before rooting 501 14 91 1.92 0 38 — —
After rooting — water mist 566 13 11 1 52 Y 50 100 0 465
nutrient mist 517 16 49 ] 83 G 58 100 O 467
Fuonymus fortuner "Vegetus’
Before rooting 752 1610 I 01 5 50 — —
After rooting — water mist 887 17 21 2 32 255 01 2 1 80)
nutrrent mist 753 17 74 246 251 89 7 4 20




Lable 5 Influcnce of nutiient mst on the iy weight and nutnent content of the
new growth of Hedera hrelin cutungs produced during the rooting period

Water maist Nutrient mist
(mg/cutting)
Dry Wt. 92 116
N 2.09 4.15
P 0.33 0.56
K 2.43 4.30

nutrient content was higher under the nutrient mist and the dry
weight was increased as compared to the water mist, as seen in
Juniperus chinensis ‘Sargentil’ which had more growth under
nutrient mist (487 mg) than with water mist (325 mg). How-
ever unlike Hedera heliz, rooting percentages were somewhat
higher under the water mist, whereas the root quality was high-
er under the nutrient mist.

After removal from the propagation bench, most of the
rooted cuttings of the above mentioned species from under the
nutrient mist grew faster (linear growth) and were heavier
after six months than were cuttings from under the water mist.

Pachysandra terminalis exhibited an indifferent response to
nutrient mist. Table 2 shows that cuttings from under water
mist had a higher dry weight than did either the original cut-
tings or cuttings from under nutrient mist. Some leaching of
nutrients did occur and the potassium contents were higher un-
der the nutrient mist, but the differences were small. In addi-
tion, there were no differences between treatments either in the
rooting or the growth of the cuttings after rooting. Tazxus cuspi-
data responded similarly to Pachysandra.

One species, Fuonymus fortunei ‘Vegetus’ gave better root-
ing under water mist. Although the nutrient content of the
cuttings was similar under both treatments, the cuttings under
the water mist were considerably heavier and stronger and grew
more after their removal from the propagating bench than did
cuttings from under the nutrient mist.

Softwood Cuttings

The responses of representative softwood cuttings propa-
gated In early June are presented in Table 4. All of the species,
especially Philadelphus coronarius and Forsythia intermedia
made large increases in dry weight during the rooting period.
The growth of some species was favored by water mist and
other species by nutrient mist.

Similarly, in all species, a considerable increase 1n the nitro-
gen, phosphorus and potassium content was noted 1n the cuttings
propagated under nutrient mist as compared with the water mist
and the content of cuttings before rooting. Leaching of nutri-
ents by the water mist did occur especially with Philadelphus
coronarius and Salix purpurea. Addition of nutrients to these
rapidly growing cuttings not only replaced the leached nutrients
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Table 4 Influence of nutrient mist on the dry weight, nutnent content, and root development of softwood cuttings taken 1n
June

16

Species Nutrient Content Rooting Root quality
Dry Wi N P K
(mg/cutting) (mg/cutting) (/)
Plhuladelphus coronarius
Before rooting 520 17 93 217 14 98 — —
After rooting — water mist 850 12.27 215 087 54 2 1 67
nutrient mist 930 43 14 7.68 2223 86 2 2 80)
Euonymus fortuner ‘Vegetus’
Before rooting 560 12 42 1.66 4 99 — —
After rooting — water mist 870) 13 O] I 72 4 47 08 8 261
nutrient mist 770 22 27 2 82 608 100.0 279
Foisythia mtermedia
Before 100ting 460 10 00 B - 4 . o
After rooting — water mist 1110 1376 | 38 8 27 100 0 300
nutrient mist 1010 41 67 ) 23 18 50 98 8 2 8K
Salix purprrea
Before 1o0oung 405 1295 | 14 3 36 — —
After 10ooting — water mist 590 8 61 1 41 3 87 1000 2 8l
nutrient mist 546 23 87 5 68 8 32 94 0 2 8]




but Increased the nutrient content by three to four times as
compared with cuttings under water mist.

In the case of Philadelphus coronarius and Euonymus for-
tunet ‘Vegetus’, cuttings under nutrient mist had a higher root-
ing percentage with a much more desirable root svstem than did
cuttings under water mist.

In both species, rooted cuttings from under the nutrient
mist grew faster (linear growth) and had a higher dry weight
at harvest than did the cuttings from the water mist. In addi-
tion more side shoots developed on those Euonymus cuttings
from under nutrient mist, whereas the mist cuttings from water
mist made only terminal growth.

Comparison between softwood and hardwood cuttings of
Fuonymus fortunet ‘Vegetus’ can be seen in Table 2 and Table
4. While the hardwood cuttings did not respond favorably to
nutrient mist, the softwood cuttings showed a higher nutrient
content, better rooting percent and root quality under nutrient
mist. The softwood cuttings from nutrient mist also developed
more side shoots after their removal from the propagation bench
than did the hardwood cuttings from nutrient mist.

Nutrient mist does influence the root quality of Forsythia
intermedia. Cuttings under nutrient mist had thick, fleshy
roots which were very brittle, whereas those propagated under
water mist had a thin, fibrous root system. This same type of
root difference was noted in cuttings of Forsythla suspensa,
Ligustrum obtusifolium ‘regelianum’ and Salix purpurea. In
fact, in the case of Salix purpurea, the roots were so brittle that
50% of the cuttings failed to survive transplanting.

The cuttings of Forsythia intermedia potted trom under the
nutrient mist were darker green when taken from the propagat-
ing bench, grew faster and had a higher dry weight after six
months than did cuttings from under the water mist.

Another problem was noted in cuttings of Salix purpurea
under nutrient mist in that the terminal growth died and black-
ened, resulting in cuttings with a bushy appearance. Whether
this was related to high salt concentrations in the nutrient mist
was not determined.

Discussion

The results of these experiments verify that mineral nutri-
ents are leached from both hardwood and softwood cuttings
propagated under mist. Of the three nutrients studied, potas-
sium 1is the most easily leached, followed by nitrogen and phos-
phorus. These results are in agreement with many other re-
ports in the literature (Tukey. 1962).

Cuttings in these experiments, especially softwood cuttings,
increased in dry weight during the rooting period. IFor exam-
ple, softwood cuttings of Forsythia intermedia more than dou-
bled in dry weight during rooting (Table 4). This also is 1In
agreement with reports in the literature (Hess and Snyder 1957,

(zood and Tuksy 1965).
Mineral nutrients applied to cuttings through the mist lines
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were readily absorbed by the cutting and greatly increased the
nitrogen, phosphorus and potassium content of both hardwood
and softwood cuttings as compared to cuttings propagated under
water mist. This was particularly true with the fast growing
softwood cuttings as shown in Table 4. The amount of nutrient
uptake is influenced by the plant species and the nutrient itself.
For example, all three nutrients were readily absorbed by hard-
wood cuttings of Hedera helixr, but not to the same extent by
Pachysandra terminalis (Table 3).

The response of cuttings to nutrient mist is specific for each
specles. For example, hardwood cuttings of Hedera helix and
softwood cuttings of Philadelphus coronarius absorbed large
quantities of nutrients from the mist, rooted well and made bet-
ter growth after rooting than did cuttings which did not receive
nutrients. In contrast, Fuonymus fortune: ‘Vegetus’ propa-
gated as a hardwood, made better response under water mist.
Still other species, such as hardwood cuttings of Pachysandra
terminalis and Teaexus cuspidata were indifferent to nutrient
mist.

Rooting and root quality i1s also influenced by nutrient mist.
Some cuttings such as Hedera helix and Saltz purpurea had a
slightly higher rooting percentage under water mist than nu-
trient mist whereas others such as Philadelphus coronarius
rooted better under nutrient mist. Under nutrient mist Forsy-
thia 1ntermedia produced a thick, brittle root system which was
socmewhat difficult to transplant.

The problem of the die-back in Salix purpurea points out
that perhaps the concentration of nutrients in the mist may be
important. Salix, which 1s fast rooting and fast growing, may
not require high concentrations of nutrients during the entire
misting period for maximum benefit.

Plants which produce new growth in the propagating bench
and have an adequate supply of nutrients during rooting will
grow faster after their removal from the bench. For example,
Philadelphus coronarius nutrient mist cuttings produced twice
as much growth (dry weight) as the water mist cuttings. Others
which do not make as much growth during rooting, such as the
hardwood cuttings of Pachysandra terminalis and FEuonymus
fortuner ‘Vegetus’ were not beneficially affected by nutrient
mist in their growlh after removal from the propagating bench.

Summary

Nutrients applied through the mist lines were readily ab-
sorbed by both hardwood and softwood cuttings. However, cut-
tings which were actively growing during rooting, particularly
the sotftwood cuttings, were more favorably influenced by nu-
trient mist than were slow growing cuttings. Uptake of nutri-
ents from the mist is specific both for the plant and the nutri-
ent, while rooting also varies with the plant. Rooting percent-
age and root quality were better under nutrient mist with some
species, while others were more favorably influenced by water
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mist. Those cuttings which show a definite uptake of nutrients
and growth while in the propagation bench continue to grow at
a faster rate after their removal from the propagation bench
than do cuttings which do not receive nutrients.
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MODERATOR HESS: Another technique which has had a
tremendous impact upon horticultural industries is the control
of plant growth and development by regulation of day length.
Dr. Sidney Waxman was among the first to combine the tech-
niques of mist propagation and day length control. He will
now tell us about some of the results and implications of this

combination.

PHOTOPERIODIC TREATMENT AND ITS INFLUENCE
ON ROOTING AND SURVIVAL OF CUTTINGS
“LIGHTING UNDER MIST”

SIDNEY WAXMAN

Plant Science Department
University of Connecticut
Storrs, Connecticut

My talk will be confined to the use of light given during the
night for the purpose of extending the daylength to which the
cuttings are exposed. As you know, many trees and shrubs that
are given long days will not become dormant in late summer or
fall, as they normally do, but will continue to grow for an ex-
tended period of time. This can be accomplished by illuminating
the cuttings every night until they have rooted.

94



mist. Those cuttings which show a definite uptake of nutrients
and growth while in the propagation bench continue to grow at
a faster rate after their removal from the propagation bench
than do cuttings which do not receive nutrients.
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A sufficient amount of light to obtain a photoperiodic re-
sponse can be obtained by placing 75-watt bulbs with reflectors
three feet apart and three feet above the cuttings.

The light intensity should be no lower than 30 footcandles
and the temperature no lower than 60 degrees Fahrenheit. The
lights do not have to be operated continuously, but may be
flashed on for five seconds every five minutes throughout the
night.

During a 14 hour night, for example, an accumulation of
only 14 minutes of light would be expended by flashlighting in-
termittently. A discussion on flashlighting was presented dur-
ing the 1962 meetings and is in the Proceedings for that year.

There are many reasons for lighting cuttings at night and
they are still based on the fact that long days delay the onset
of dormancy while short days hasten dormancy.

Larger concentrations of substances that promote growth
are usually present in plants as a result of long day treatment.
whereas larger concentrations of inhibitors of growth are pre-
sent as a result of short day treatment (3).

The response to photoperiodic treatment is by no means the
same with all plants. There are some species that exhibit no
response whatsoever, i.e. no obvious response.

The behavior exhibited by the many species that do re-
spond 1S not necessarilly uniform. Some of the most sensitive
species will react faster than others that are less sensitive.
There will also be differences in response among the same spe-
cies, because the cuttings are of different stages of growth or
because of the environment about the stock plants from which
the cuttings were taken.

Photoperiodic treatment should be used for a specific reason
and should not be applied indiseriminately. If the rooting and
eventual growth of a particular species presents no problem,
then there is no reason to use lights. Unfortunately, there are
many plants that do present problems not only in rooting but
also in eventual survival. By the appropriate control of the
photoperiod, (i.e.) by long day or by short day treatment some
of these problems can be solved.

For example, timing in taking cuttings of some of the de-
ciduous azaleas is critical. Metcalf (1) reported that Rhodo-
dendron calendulaceum cuttings rooted poorly if the cuttings
were taken after June 22. He found, however, that cuttings
taken in July or August and given long photoperiods, while
under mist, would have a higher percent of rooting than cuttings
receiving natural daylengths. By the use of long day treatment,
he was able to extend the period during which cuttings of the
flame azalea could be taken and rooted.

Experiments in which Cornus florida rubra cuttings were
given daylength treatments of 9, 18 and 24 hours while under
mist showed that rooting occurred on all cuttings regardless of
daylength. There were differences, however, in the size of the
root systems. The average number of roots per cuttings dif-
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fered considerably; the cuttings subjected to 18 hour days had
three times the number of roots as those cuttings subjected to
nine hour days and 1145 times as many roots as those given na-
tural days (Table I). In similar experiments, Piringer reported
earlier and heavier rooting of holly under long photoperiods (2).

A serious problem in the propagation of some deciduous
azaleas, the pink dogwood, Viburnum carlesi and others is not
only in rooting, but in the overwintering and eventual survival
of the rooted cuttings. For various reasons, these plants suffer
low rates of survival the first winter. Possible causes of the
death of these cutltings may be the result of low carbohydrate
level, and/or insufficient hardening of the tissues. As a result,
stems may split and buds may blast or wither, depending on the
temperatures the cuttings were stored at. Although the exact
causes of this problem have yet to be precisely determined, there
are some suggestions that may be used to insure a higher rate
of survival of these troublesome cuttings. For example, the
deterioration or defoliation of the leaves before the cutting has
had sufficient time to build up a reserve of stored foods, may be
one gé')od reason why these cuttings die during the time they are
stored.

Long photoperiods very often will delay defoliation and by
doing so, will give the cutting a longer period of time not only
to build up a supply of sugars, but also to further increase the
size of the root system. The delay of leaf abscission by long
photoperiods is all that can be expected for certain plants. With
other more sensitive species, long photoperiods will cause the
development of new leaves and stems.

Cornus floride cuttings which were rooted in mist, while
exposed to 18 and 24 hour photoperiods, produced an additional
flush of growth three weeks after they were potted, while the 9
hour and the natural day plants remained dormant. In either
of these instances where defoliation is delayed or where addi-
tional buds develop the chances for survival are Increased.
However, because the cuttings are kept green and active for
longer periods of time than they normally are, they would have
to be subjected to short days, until they have had a chance to
harden off. It would be necessary to leave the rooted cuttings
in the greenhouse for a longer period of time, under natural
daylength to permit them to harden off before they can be over-
wintered in a cold frame.

T'able I. The Effect of Photopeaniodic I'reatment on the Rooting of Cornus
florida cuttings.

Photoperod Rovens * oot o
9 hours 100 8.5
18 hours 100 25.4
24 hours 100 23.7
Normal Day 100 15.4




Another way to overcome the problem of overwintering
these difficult species is to keep them under long photoperiods
throughout the entire winter. The plants receiving this treat-
ment will continue to produce new growth, until spring, at which
time they should be placed outdoors. This last treatment is ex-
pensive beecause of the greenhouse space required and should of
course be done only if there is no other sure way of carrying the
plant through the winter.

Summary
Long photoperiods:
Keep cuttings in an active state of growth.
Can, in some instances, increase the percent rooting.
Can, in some instances, Increase the size and number of
roots developed.
Extend the season during which cuttings of deciduous aza-
leas may be taken.
Retain foliage and extend the time during which additional
roots may develop and carbohydrates are produced.
Can iInduce a short spurt of vegetative growth with the
development of additional buds often necessary for sur-
vival the following spring.
7. Can keep plants In active growth throughout the winter
after which they may be planted out in the spring; a guar-
antee of survival.
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MODERATOR HESsSs: Mist propagation can be looked up as
a form of automated syringing. Carrying the concept of auto-
mation to an even greater level is Peter Vermeulen who will tell
us about his experiences with rooting-growing media.

ROOTING-GROWING MEDIA
" J. PETER VERMEULEN

John Vermeulen & Son, Inc.
Neshanic Station, New Jersey 08853

By no streteh of the imagination should I be considered an
authority on rooting - growing media. At our nursery we are
keenly interested and rather heavily engaged in the commercial
aspect of the propagation technique of rooting cuttings in a
rooting - growing medium 1n containers. My comments there-
fore may be useful to others. This is perhaps what Dr. Hess had
in mind when he asked me to participate. Having asked him
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to arrange and moderate this wonderful symposium, how could
I refuse.

I imagine it safe to say that from the time he stuck his first
cutting, man has been concerned with the medium. Through
the ensuing years, as he gradually became more sophisticated in
his knowledge of the art and craft of plant propagation, there
developed a long list of media that have been tried and tested,.
accepted and rejected and sometimes tried again. Most often
mentioned in recent literature are: soil, sand (variously refer-
red to as brick, concrete, plaster, bank, pit, silica, torpedo, etc.).
peat-moss (German, Canadian and Michigan), sphagnum moss,
sifted ashes, flu ash, fly ash, pumice, sawdust (several kinds),
wood shavings, rice hulls, bark dust, water, cinders and more
recently the manufactured media, vermiculite, perlite, calcined
clay particles and shredded styrofoam. I do not recall where
or when but Hans Hess mentioned stored cuttings of Ilex crenata
‘Helleri’ I believe, untreated and with nothing around the basal
ends, rooting in sealed polyethylene bags. The literature 1is
replete with various combinations of the mentioned media,
either unadulterated, mixed in varying proportions or in alter-
nate layers or both.

I am not familiar with information relating to the first use
of a rooting medium as a growing medium but certainly soil
must have been. Possibly it was 1n using the technique or lay-
ering, later that of sticking hardwood cuttings and still later
softwood cuttings. A look through our own proceeding shows
papers on rooting in soil by George P. Blythe (1), Henry Homer
Chase (2), Merton Congdon (3), Roger Coggeshall (4), Robert
J. Eshelman (5), l.eslie Hancock (6), Donald J. Moore (7), F.
L. O’'Rourke (8) John B. Roller (9), Hugh Steavenson (10),
Harvey Templeton (11), Martin Van Hof (12), Phillip W.
Worth (13) and Pieter G. Zorg (14). |

As the practicality and economic benefits graduallv en-
couraged growing plants in contailners it would seem natural
that nurserymen would ‘discover’ the technique of rooting and
growing plants in the same medium in a saleable container. In
our own society the technique has been discussed by Charles
Hess, Sr. in 1955 (15), J. B. Hill (16), Kenneth W. Reisch (17)
and Henry Weller (18) in 1957, my self in 1959 and again 1n
1963 (19) and J. H. Tinga and Charles Hayes, Jr. in 1963 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>