Fiith I have not stid miich about hardening-olt, for it is not a areat
problem with us. By the time the majority of our cuttings are
ready to pot, the weather has cooled off and we have shut oll
the mist and have been hand-watering.

% o 3 % % o
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MIST PROPAGATION — HARDENING-OFF TECHNIQUES
James 5. WELLS

James S. Wells Nursery, Inc
Red Bank New [ersey

Mist propagation has become such an mtegral part ol almost any
propagating nursery that 1t 1s interesting to recall that the hirst recorded
instance of its use in plant propagation was in 1936, at Trimidad, British
West Indies. By 1940, 1t was being tested m this country, and an excel-
lent article in the American Nurseryman, May 1, 1941, by a nurseryvman,
Edward Gardner i Wisconsin, gave a long list of plants successlully
propagated under mist. Then the war mtervencd, and most people lost
sight ot the method, although i1t was still 1 use at many ot the state
experiment stations. It was not until 1946-7 that practical work began
once more. Mist, then, is a horticultural development of the lirst mag-
nitude that.has come into general use withm the last 10 years.

As an essential preliminary to our discusston, we should first con-
sider briefly some of the wider aspects of the misting techniques. 1 like
to think of misting as being a better method ol controlling water loss
[tom cuttings, gralts, or transplanted secdlings. Most of the technigues
the skilled plant propagator has used since his work began, have been
directly toward the control of water loss [rom the plant materials with
which he is working. A piece of a plant 13 arbitrarily removed from 1its
natural water supply when 1t is taken as a cutting, and it is, therelore,
in a precarious position It has no well-defined source ol water, yet 1t
has an undiminished ability to lose water through its leaves. Such a
piece of plant material has to have quite careful attention day bv day,
even hour by hour, it it is not to die. It requires a special place — a
oreenhouse — plus the attention ot the skilled propagator, and all these
efforts are directed to the control of water loss. The syringing of green-
house walls, the use of double glass or a polyethylene tent, the waxing ol
a graft union, or the use of mist are all part and parcel of the same
thing, control of water loss. In this respect, misting has three distinct
aspects.  First is maintenance of an extremely high level ol relatuve
humidity inside the greenhouse. That is where logging comes in. The
standard humidifier is 1 this category, and for many cutungs this use
ol water is entirely adequate. M:amntenance ol humidity at 95 to 989
s suthicient to prevent undue water loss, particularly on cuttings that do
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not wilt readily, such as conifers. For these and many moreg, this 1s the
best type ol “misting ” to use, for such cuttings are damaged by the large
amounts ol water that are applied under direct misting. With this sys-
tem, there 1s not much cooling of either the atmosphere or the plant
tissues, an important effect to be found with other types ol misting. Cool-
mg ol both the ussues of the plant material being propagated and the
surrounding air lollows application ol excess water in mist form and the
maintenance ol a film ol water on the leaves. This cooling has a very
direct ellect on water loss lrom the leaves, for 1t the leaves are cooled by
the regular application of a small amount ol water in the lorm ol a hne
mist, then not only 1s there ample water in the medium lor the cutting
to absorb, but furthermore, the tissues arc kept at'a slightly lower tem-
perature than that ol the surrounding air, and water loss by transpira-
ton is negligible. The third, and perhaps most nmportant, aspect ol
misting 1s the use ol this cooling process to allow cuttings to be inserted
and maintaimed in good condition in the open and in direct sunhght.
Which brings us to one ol the most important points in this question ol
hardening-otl {or there is a direct relation between the amount ot hght
or energy being rcceived by the cutting from the sun, and the frequency
and quantity ol water bemng applied to keep 1t cool. The two are-inter-
dependent, and this 1s important when we come to the problem ol hard-
ening-ofl, since shade can be used in place ot mist to acdjust the balance.

Let us now consider each of these three aspects ol the use ol must,
and discuss i a practical way how best to bring the propagated material
back to normal conditions.

Where cuttings have been rooted under a relativelv high humidity,
but with little or no excess water, the problems are not so great, because
the cuttings have been subjected to a lairly wide varation n air tem-
perature and general conditions while rooting, which enables them (o
oo without undue loss through a transition period! from semi-controiled
to uncontrolled conditions. The easiest way to achieve this successfully
15, Lirst, Lo increase slowly the air circulation in thé propagating area by
opening vents late in the evening and allowing them to remain open
all night, closing them at a slightly later hour each morning. Other-
wise, retain Your normal system of humidification and modest venting,
if temperatures are oo high, during the hottest part ot the day A slow
extension ol this ventilating over a two-week period should sutfice.

We now come to cuttings rooted in the greenhouse under intermit-
tent mist. First, we must consider a group of plants that ftall naturally
somewhere between the first and second groups. These plants will re-
spond to mtermittent misting and maimntenance ol a film of water on
the leaves up to, but not beyond the point at which the cuttings com-
mence to root. At that point, excess water becomes harmiul and the
plants will deteriorate rapidly, it water application is not drastically re-
duced Aczaleas, when rooted in a greenhouse, are in this category, and
so are Pyracanthas and some ot the Prunus. Some conilers also are mn
this group, but in general, conifers preler a somewhat drier condition
than that provided by intermittent mist. The ideal method ol harden-
ing-olf such cuttings 15 to maintain misting until rooting commences,
and then switch to a condition of controlled hunudity, which m turn
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1s slowly changed by shading and increased rool ventilation as the root
system ol the cuttings develop untl the plants reach near normality

A cutting that is rooted in the open, under high light mtensity and
protected Irom desiccation by mist 1s one ol the more dillicult groups to
harden up, because these are subjected to extremes ol light and heat,
which in turn require soniewhat extreme measures ol control It na-
turally follows that any shght deviation trom the set pattern can pro-
duce a rapid change, and 1t 1s rapid change m any form that can be so
disastrous to plant matenals. Yet this method 1s an excellent one to
use for certamy plants, because 1t enables the cuttings to take full advan-
tage ol the high light intensity, and therelore to continue photosynthesis.
In this way, cuttings that are poorly ])I“OV](,led with chlorophyll, such as
Biota awiea nana, can be rooted If such cuttings are put mm a greens-
house under mist, ot humiditication, they will not root, or will 100t
very mdilferently But, put the same cuttings right out ot doors i the
[ull sun and protect them with a good intermittent mist system, and
they root very well, indeed. This, I believe, 1s entirely due to the much
ereater light intensity, which enables the cuttings to manulacture excess
lood reserves for use in producing a root system.

~ This question of light intensity in the rooting ol cuttings ol all
kinds and under all situations, is ol great importance, and I would like
to digress a little lrom the theme of hardening-up cuttings under mist
to tell you something that happened to me last winter, m the rooting
ol Rhododendrons that 1 attribute directly to lack ol light. Last ycar,
our sash-type propagating house was used for summer cuttings and was
shaded with 509 Saran shade cloth. When the summet crops were
linished, the house was cleaned, sterilized, and prepared for Rhododen-
drons. 1 am sorry to admit that we just forgot the shade cloth tacked
to the outside ol the greenhouse Early in September, we began o n-
sert the Rhododendron cuttings. They looked very well at the begin-
ning, and, i [act, after about 8 weeks some bégan to root This was
about the lirst ol November Then, however, the cuttings began to
deteriorate rapidly. First, the base of the cuttings began to rot, and
then some of the leaves dropped off Sometimes a cutting would root
again above the rotted base, and this in turn would rot. Finally, of
course, the cutting died. We had these tested for fungus diseases, but
all that were found could definitelv be stated to be secondary: no pri-
mary lungus diseases were present.

The situation became quite serious, and, for want ol a better an-
swer, I attributed the problem to some unknown condition ol the wood.
About that time, I attended the Plant Propagators meeung m Phila-
delphia, where 1 heard a discussion given by Dr. Stuart H. Nelson from
Ottawa, Canada, in which he described some experiments that were con-
ducted on rooting a wide range of plants in a propagation house under
mist. These “tests covered deciduous shrubs, conifers and broad-leaved
evergreens In the [lirst year’s tests, cuttings ot all kinds rooted with
an average of just over 909 under mist, with each treated with the ap-
propriate hotmone. The tests were repeated a second year, but with a
drastic drop in over-all rooting (to just over 2097). "This violent drop
could not be explamed by any obvious change m method, lor plants,
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ereenhouse, bench, medium, hormone trcatment — even the man doing
the job — were the sune. The only difference was that a permanent
lath shade had been constructed over the top of the house a lew months
betore the second set It seemed that this had to be the cause of the
trouble. It was torn down, and the experiment was repeated for a third
time  The results immediately returned to the origmal high  (909,)
level.

I returned from the meeting determined to see just how much light
I had in my grecnhouse, but I was fortunate to have Dr. Nelson and
Dr. William Snyder from Rutgers come for a visit I showed them iy
dying cuttings, and they conlirmed my opinion that the hight was nsui-
ticlent  Dr. Snyder said that « mmimum of 450 foot-candles of light is
required to maintain « lealy cuttiing i good condition, 1t the bench
temperature is 70° F. 1 called the local light company, who came with
a good light meter to test the hght, and I was astonished and mortified
(o {ind that at mid-day on a rcasonably bright winter day, the hight n-
tensity was only a litde more than 200 foot-candles  We immediately
stripped oll the shade cloth, washed the glass with lye, and cleaned every-
thing up as much as posstble, and 1t seemed to me that the cuttings look-
ed brighter, almost overnight. More light was getting in, so they should.
but they looked brighter in themselves.  Be that as, it may, the situation
did change, lor the lcaves stopped dropping olf, and the cuttings began
to root. Later batches, put into the house at this time, rooted very
well, indeed.  Since then, 1 have had conlirmation ol the problem and
the remedy [rom two or three sources. I believe we should use, at all
times, the maximum amount ol light that can be applied without dam-
aging the cuttings. 1'

To return now to our mist system, the quantity of hight that can be
used is much greater when we are applymg mist than when we are not
Light usually means heat, and therclore. increased water loss, but where
we have the cooling of 'a mist system, light (and therefore energy) can
be applied in much greater quantities without incurring the lability
of rapid water loss and ulumate desiccation. Under such conditions,
many cuttings can be rooted quickly and successfully. We find that we
can take extremely soft cuttings ol many plants and maintain them in
excellent condition under a mist which, would be quite impossible 1n
any other way Such “butter soft”" cuttings can be kept turgid only by
the use of mist, and such cuttings usually root with amazing speed

But when we use such soft cuttings, keep them in the open, and
maintain their condition by misting. It is obvious that the greatest pos-
sible care is needed when we change these conditions 1n any way to
slowly bring the newly rooted plants back to normahity. From what 1
have said, 1t should be clear that therc is an mmportant interplay be-
tween nusting and light intensity, and, conversely, the lack of lght —
shade. One can be substituted for the other to a tairly wide degree,
espectally once the cuttings have begun to root, and 1 believe that shade
is ol vital importance in hardening cuttings rooted m this way. :

The lirst procedure should be to reduce the cycle of misting and
replace the mist with a [airly heavy shade. What do I mean by a fairly
heavy shade? | would say, under extreme conditions, at least 759,
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shade, produced perhaps by placing two 509, lath shades, one above the
other, with some gap between, or by using a 759, Saran shade cloth.
Misting could, then, be 1educed by about hall, either by mcreasing the
mterval between mistung or reducing the duration of the misting period.
But even then, the cuttings should be watched carcfully, particularly,
after making the hirst change, to see that it 1s having the desired ellect.
It might well be that the interval should not be reduced so drastically
for the lLirst two or three days, but, once the cuttings have begun to
harden up, the interval between nmustings can be slowly increased and
shade equally, slowly reduced unul the cuttings have come to a nearly
normal state. This transition peritod requircs that the skill and detail-
ed attention ot the propagator be exercised to the lull. Let me em-
phasize that modern techniques and equipment do not i any way elimi-
nate the need tor carelul day-by-day attention by the plant propagator.
We may have fine, mist lines, percentage timers, electronic leaves, hor-
mone powders and whatnot, but they sull require the skill ol the prac-
ticed plantsman to operate them successiully. .

Some very successlul propagators are rooting cuttings in tlats in a
mist area and then removing the Hats, once the cutuings are rooted, to
a semi-controlled area, such as a lath house, in which there may be a
lew jets, where a relatively high humidity can be mamtained and the
cuttings moved 1n bulk from one place to the other to be hardened-oft
This excellent wrrangenient works well where the equipment 15 set up
m a proper manner Which brings us to the question ol controls. |
have used @ number ol forms ol the electronic leat. There is no ques-
tron that m theory this 1s the best means of controlling a mist system,
but mn practice, 1 have found 1t to be somewhat temperamental and un-
predictable. For this reason, I still hesitate to place a valuable batch
of cuttings under 1ts control 1 have an electrician {riend, who is de-
veloping a new version, transistor-powered, with a variable sensitivity
control. It has promise, but is still not entirely satisfactory. 1, there-
tore, rely on the Watco timer, which has a 24-hour clock for turning the
nust on and oli, and a six-minute clock tor the misting cycle By ad-
justment, this will give any number ot 10-second squirts that I may think
necessary.

To summarize, 1 believe that the best method of hardening-olf all
tvpes of cutungs that have been rooted under some method ol controll-
ed water supply 1s to substitute heavy shade for some part ol the mist
period, and then o adjust both shade and must until mist 1s elimmated
and shade 1s the only protection given the batch of cuttings Then, in
turn, the shade can be reduced until the cuttings are well-hardened up
and have returned to completely normal conditions.
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CHAIRMAN HERB FOWLLER: How do you get deciduous Aza-
leas to break dormancy alter being rooted?

MR. WLELLS: ‘The roouing ol decaduous Azaleas 1s now fairly well
established. Cuttings have to be taken when very soft, early in the
spring, m late April and carly May There 15 a rapid decrease in the
ability to root [rom mid-May to nud-June. I am quoting dates from
my locality The cuttings will take quite a strong treatment with a
hormone powder, up to ‘3’% IBA. They will take from 2 1o 214 months
to root, during which time they have to be kept under mtermittent mist.
The problem 1s to get them to grow. ‘There areitwo ways to do this.
One 15 to give wpplcmenmly llght Once the cuttimgs have been root-
ed, give them longer daylengths with supplementary hight The other
way 1s to store them at about 35 degrees, but not allowing them to
Ircece. There 1s enough cold accumulating through the winter so that
the natural dormancy ol the plant 15 broken by spring.

CHAIRMAN TICHNOR. What is the diameter ot the copper

tubmg I your mist system?

MR WELLS: The tubing 1s halt inch, o.d., and a halt-inch sole-
nowd. [ am only using 8 jets at 60 to 80 pounds pressure. 1 would
dearly love to have all must systems operate at 600 to 800 pounds. 1
think that would be by lar the best.

CHAIRMAN TICHNOR- What are Florida jets?

MR WELLS: It hay a threaded base and various collars and units
that it together Water comes out ol an orifice, 'hits a stainless steel
ballle and gives a tlat spray in all directions The spray is horizontal,
and that, to me 15 1Us greatest value,

Mr Westgate setls Monajets and 1 have used them. It you have
low water pressure, 25 pounds, the Monajet 1s the best in iy opinion,
because it is designed o operate well at that pressure. But when the
pressure gets much above 25 pounds, then the angle ol the mist rises
and coverage 1s not as good. The Monajet 1s an excelient jet. But 1l
your water pressure is .-.-1bmf 25 or 50 pounds, than I think the Florida
jets will do a better job.

CHAIRMAN TICHNOR. Can water at 250 pounds pressure be

used for a nust?

MR. WELLS. Oh, vyes, I think that 1s perfectly splendid. You
should use a stainless steel orilice at that pressure, otherwise you will
oet worn-out nozzles il you use 4 brass orilice. At much above a hun-
dred pounds pressure, the nozzles do not last long, so I am told.

MR PHIL BARKER: Would you compare the '1-jet nozzle with
the Monarch noszle?

MR. WELLS:  Well, T have scen and just tested very brielly the
T-jets, so 1 can’t really compare them accurately  Some people are us-
mg them. I am partal to Monarch, because 1 begjdn with Monarch. 1
think they are very good.

MR. CURTIS: Well, I use a Monarch jet and I have a galvinized
line right down the middle of the bench. 1 have’ just about come to
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the conclusion that il you have a 4-foot bench, you should use a jet giv-
ing a 5-loot chameter mist. You get a little bit better covcrage on the
edges of your bench My water pressure varies. In the winter tnne, |
maintam about a 35 or 40 pound pressure. In the summer, I have 60
pounds pressure, but the Monarch works all right with either pressure.

MR. WELLS: Now, I would like to say this. We have been
ranging over misting and it any ol you have the chance, you should go
to see Harvey Templeton’s setup m Winchester, Tennessee. He has
brought together and 15 applying, m the most practical manner, all
these various lacets ol propagation under mist, that we are talking

about. ¢
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