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It is probably very app1·opriate that we pause to reflect on 
the historical development, the theoretical aspects, and the com­
mercial applications of the use of mist in plant propagation and 
to consider ,vhat the future may contribute to the furthe1· devel­
opment of this technique. 

It has been a herculean task to conde11se into tt lO-mi11t1te 
talk the 29 J'ea1· historJ· of mist propagation and at the sa·me 
time to recognize the contributions made by more than 100 dif­
ferent scientists and nurse1·3,men who have authored over 300 
articles and papers on this sub.i ect. 

First, let us define ,vhat 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 air and transpiration is markedly reduced. ,vith mist, cut­
tings can be maintained in a turgid condition e,ven 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 increase the relative humidity of the surrounding ai1· is an 
important consideration, but it is not the primar}' ob.iective 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 a11 article 
on the investigations of the propagation of cacao, published in 
1951, refers to a private communication f1·om 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 lvI. 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 wate1· 
was successful in permitting the regeneration of the root system. 

In 1941, E. J. Ga1·dner (13), a nurseryman from Wisconsin, 
reported in the America1i Nurser·yman, that the use of a continu­
ous mist resulted in the successful rooting of 56 of 61 varieties 
of softv.,ood cuttings tried in 1939 and of all 133 varieties tried 
in 1940. The same year (1941), G. M. Fisher (10) reported in 
the Florist Revie11, on the use of continuous mist for the rooting 
of several florist c1·ops. Two years later, in 1943, Fisher (11) 
also wrote in the Ame1·ican N2t1·sery·nia.11 of his successful t1se of 
mist fo1· the rooting of conife1· cuttings. 

There is no indication from the evidence available that 
Spencer, Rains, Fisher or Gardner were in touch with one an­
other; thus it 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 A rne1·ican Society fot· H ot·ticu.ltural Sciences. 
Stahel (30) described the use of mist in the ICTA propagation 
frame for cuttings of Hevea and other tropical trees, and Di.ik­
man (6) used mist for the 1·ooting of mango cuttings. In 1949, 
O'Rourke (22) described a method of inserting nozzles in a wa­
ter line beneath the 1·idgepole of a small sash-type greenhouse.· 
Brentz and Swingle (2) told of the successful use of mist for 
1·ooting elm cuttings in the .4:me1·ican Nurseryma,i in 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 lJlants is attested to by the work of Evans in 
Trinidad and by the several reports included in the Annual Re­
views of the Florida Experiment Station. 

The numerous articles by vVells in the Ame1·ican Nursery­
ma'n starting in 1951 about humidification (39, 40), and late1· 
about mist ( 41, 42, 43), contributed greatly both to the interest 
and application of this technique. 

At the 1953 n1eeting of this Society, Templeton (33) de­
sc1·ibed 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 (37) and Steavenson (31) told of thei1· 
practical experiences with mist propagation. As a result of 
these discussions, the numerot1s advantages of intermittent mist 
over constant mist was recognized. 

The following year, 1955, Floor ( 12), Hess and Snyder 
( 18), and S11yde1· and Hess (29) p1·ese11ted pape1·s on mist 
propagatio11 at the 14th Inte1·11ational Horticultural Co11gress i11 
Holland which brought the mist technique to the attention of 
horticulturists and nurseryme11 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 195:5 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 ,,,ill undoubtedly be discussed in detail later 
this morning. 

F1·om 1956 onwa1·d. numerous articles we1·e w1·itten for both 
the scientific and t1·ade .iournals which described methods of us­
ing mist fo1· 1·ooting cuttings with the facilities, schedules and 
species used in nu1·series 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 pl1osphorus 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), 'fukey (35), Good and Tukey (14) and Mor­
ton and Boodley (21). 

The first and only complete review of the sub.iect of mist 
p1·opagation of cuttings was written by Patricia Rowe-Dutton 
in 1959 (25). 'fhe 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 1·eports, 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-
11uals is not only more uniform but also more rapid under mist 
conditions. 

The development and application of mist techniques for the 
p1·opagation of plants has been a cooperative effort by horticul­
turalists and nu1·serymen. We can all be proud of the role 
played by this society in this effort. 
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MODERATOR HESS: Our 11ext speaker is u11t1uestionably 011e 
of the greatest innovato1·s in the nursery industry, whether it be 
to create a complete mist systen1 we have come to know as the 
''Phytotecktor'' or ways of advertising the sale of a nursery. 
Harvey has made a tremendous cont1·ibution to our Society and 
also is a recipient of the Society's • .<\ wa1·d of Merit. Harvey will 
talk to us about the mechanics of misting. 

MIST SYSTEMS AND THEIR CONTROLS 
HARVEY TEMPLETON 

P Ji ytotekto1· 
JV·incheste1·, Te1inessee 

The first 1·et1uirement of a mist system is that it dist1·ibute 
the water as evenly as possible over the bed a1·ea. There are 
several 1·easons fo1· this 1·ec1uirement. The next speakers will 
discuss some of the reasons for not wanting too m11ch wate1· in 
any one spot - such as leaching of nutrients f1·om the cutti11gs, 
,vate1·-logging of the rooting medium, etc. One 1·eason they may 
not bother to mention is that the cuttings will d1·y out and die in 
any spot that does not get enough water. 

Even reasonably good distribution of the water is difficult 
to arrange. Really unifo1·m distribution is p1·actically impos­
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 is complicated by the 
fact that nozzles throw circular patterns of wate1·. There is no 
way to a1·range them so they just cover a square. There will 
always be a lot of overlap of the circula1· patterns so that the 
ove1·lapped a1·eas get mo1·e water than the rest. If the misting 
time is reduced to dec1·ease the amount of water i11 those parts 
of the bee!, othe1· pa1·ts \\1 ill 11ot get enough wate1·. 

The best that ca11 be clone is a comp1·on1ise. 011t! n1ust t1·y 
va1·ious l'Ombinatio11s of 11ozzles, spaci11g, water p1·essu1·e, size of 
beds, etc. until the best co111promise is reached. Then all these 
conditions must rerr1ai11 constant. Cha11ging only one thing may 
throw the whole ar1·angement 011t of ad.iustment. 
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Ai1· movement, ,,,ind 1n other vvords, can completely upset 
the most ca1·efully designed mist system. For that 1·eason I 
think it best to do mist p1·opagation inside a nea1·ly airtight 
structure of some kind so that the mist can be distributed in 
reasonably still air even on a windy day. It is easier and cheap­
er to ar1·ange a tight structure than it is to design an outdoor 
mist system that v,·ill give even distribution no matter Vl'hat the 
direction and velocity of the wind is. 

Mist nozzles should be dependable and 1·easonably f1·ee f1·om 
t1·ouble. In the early days of mist propagation it ,vas thot1ght 
necessa1·;y· to use lo,v capacity nozzles so as to avoid putting too 
much water on the cuttings. Such low capacity nozzles gave 
endless t1·ouble because of a poo1· distribution patte1·n in the first 
place and because the many tiny wate1· passages in them stopped 
up so easily. 

As soon as son1eone 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 wate1· 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 six or seven hundred running at 
once at various times of the year, yet it is unusual for mo1·e 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 
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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 
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pattern of the nozzle becomes quite poor. 

The jet of wate1· also ,vears the face of the ta1·get to a ve1·y 
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vVe have completely eliminated this trouble by surfacing 
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each ta1·get with a small, highly polished disc of sapphire. Sap­
phire is the ~.econrl hardest natt1ral material known. It stays 
flat ancl perfectly smooth after long use - fo1·ever as far as I 
know. The tiny sapphire disc is cemented to the end of the 
ta1·get ,vith a special heat curi11g 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 long periods 
without any attention. That explains why we have only 2 or 3 
fail in 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, I, would convert all the, old nozzle tips so 
that the .iet of water came ot1t through a hole in a little sap­
phire. Such sapphires are cheap since they are made by the 
millions for watch .ie,vels. 

A good mist control system should take into account every 
conditio11 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 meast1re any one or all of the conditions 
causing the water to evaporate. The system should then replace 
.iust exactly the amount of water that has evaporated - 110 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 .iust enough to replace that which has evaporated, 
.iust 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 
if anything goes ,,,rong, the control should either put on more 
water 01· turn the ,vater on and leave it on. That way the cut­
tings are safe in spite of the failure of the control. The exces­
sive water is not good for the cuttings but it. will at least keep 
them alive t1ntil the failure is noticed and corrected. If anything 
goes wro11g the control should riot do the opposite; that is, put 
on less ,vater or leave the water off. That way all the cuttings 
would be lost on a hot summer· day possibly long before the fail­
tire was noticed. 

Now as to the relative merits of the different mist co11trol 
systems: 

Time clocks a1·e, of course, the simplest. They are also the 
least accurate. lJnless 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 woulcl be 110 better than the best .iudgment of the hu­
ma11 operator. (;ood control systems can lie much better than 
h11m~tn .i 11dgme11t. 



As fa1· as 1·easonable p1·inciple goes, 011e of the simplest sys­
tems is one of the best. That is the little balancing device known 
generally as the Geiger control, the 011e where the water ac­
cumulates on a square of screen and tips over a mercury switch. 
Actually, it was de,,eloped in England a good while before Geige1· 
got it. In principle it is right because it does measure directly 
the evaporation of the water. In practice, it is 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 ,vater 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 quantit)' of light. It is measuring solar energy which 
is only one of the things causing e,,aporation of water. In prin­
ciple it neglects the other causes entirely. Therefore, it cannot 
be really precise. 'I'he 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 fo1· 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 
pair 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 
,vas 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 \\'e have had at least one operating 24 
hours a day every day in the year for over 12 years·? Now it 
is no more trouble to set one up and ad.iust it than it is to make 
a good martini ! 

I ha,1e two suggestions for the future. First, if impure 
water really is a valid objection to the use of the Electronic I.eaf, 
I suggest a relay actuated by a change in capacitance. The 
sensing element or ''leaf'' would then be a condenser constructed 
so that its capacitance would change depending on whether 01· 
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 n<>t 
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matte1·. You understand that the present Electronic Leaf is ac­
tuated hy a change in resistance of the film of water on the 
surface of the ''leaf." Therefore, an impurity in the water 
might interfere "'ith proper action if it dicl 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 i11 it. Therefore, the quality of the water has nothing to 
do with it. If it is water - H ,0 - 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 '3tream of fast neutrons. Such fast neutrons are scat­
tered and de-energized (that is, slowed down) by hydrogen 
atoms, the amount of scatteri11g 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, lic1uid, or vapor phase. The device will average 
the quantit)' 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 
CH1\RLES E. HESS 

De7Ja1·tment of Horticultu1·e 
Purdue Uni1,e1·sity 

When softwood cuttings of plants such as P1·unus 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 va.por pressure or relative humidity under the two con­
rliti11ns is approximately the same when the mist is off, near 
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do11ble glass. 

Do11ble Glass Mist 
-------------------- --------·----·- -

Percent rooting 
Average 11umber of 

roots per cutting 
Average length of 

roots (cm) 

37 

6.0 

1.9 

87 

8.1 

2.5 

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 it was 
75° F. 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 leaf 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. Ln order 
to keep the temperature under double glass at reasonable levels, 
it was necessary to use shade. Double glass is a heat trap as 
well as a moisture trap and unless shading is used, the air and 
tissue temperature ,vill 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 1·educed. 

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 in temperature. Therefore, 
not only are the cuttings under double glass not able to main­
tain a high 1·ate 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
peI·att1r·e of 11 ° F. By actual n1easu1,.ernent, the sugar· content 
of the cuttings under m ist i11c1"easecl 138 n1illigr·arns pe1~ cutting 
du1·ing the 1·ooting period ancl only 17 milligrams per cutting 
L1ncle1" clouble glass. The· interaction between temperature and 
light i11tensity are show11 diagramatically i11 Figu1 .. e 1. Here 
cuttings are 1 .. epresented as storage tanks with the inlet value•s 
controllecl by light (photosyr1thesis ) and the outlet valves con­
trollecl l>y tempe1"a ture ( 1--espiratio11). The cutti11gs un(le14 dou­
ble glass were exposed to lo¥l light i11tensity and higher t issue 
temperatures. So food manufacturing was low and use was 
high. In contrast, under mist, light intensity was high and leaf 
temperatu1"'e ,¥as lOv\7, and therefore, food manufactu1·ing was 
high a11d use was low. As has been mentioned above, the cut­
tings under mist accumulate(l mo1--e than 8 times more ca1,.bo­
h ydrates than the cuttings under double glass. This larger re­
serve of sugars can be u,sed both as raw material for· the1 synthe­
sis of substances needed fo1-- root initiation and as an energy 
source needed for rooting. 

In sumn1ary , the reasons t hat higher pe1 ... centages of l'"ooting 
a11d better c1ua lity cut.tings can be obtained with mist propaga­
tio11 ca11 be attributed to one, a. more eff'e~tive technique of mois­
tu1 .. e or transpi ratio11 control th1:·ough lower leaf t issue temper­
atures, higher rates of photosynthesis through higher· light in­
te11sity, and 1,.ecluced respiration because of lower tissue temper­
atures. 

FOOD MANU,aCtiJRE 

-

~' I 
I 
I 

R£9£ffVf ,ooo 

FOOO US£ \' l} , r: • I • 

CU T T ING .. &RAFTING CA9£ 11 

FOOO MANUfACTURf 

RESERVE FOOD 

FOOD USE }, 
CUTTING UNO(R MIST 

1 

RESERVE FOOD • ROOTING POTENTIAL 

F igt1re l. Di agra1natic co1np,ari1so tl o f cut ti11gs propagated i11 a grafti t1g case an1<l. 
L1 11de r m ist . 

73 



MODERATOR HESS: Perhaps our balance of payments is not 
in too bad shape when you consider the fact that we have ob­
tained and England has lost - or has almost lost - Jim \Velis. 
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 A1ne1·ica1i Nu1·se1·11n1an 
and by participation in the Society. It is an honor to introduce 
another Award of Me1·it 1·ecipient, James Wells. 

MIST PROPAGATION PROBLEMS 
JAMES S. ,VELLS . 

Ja11ics S. Wells Nurse1·y, Inc. 
Red Bank, N eiv J e1·sey 

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 mo1·e orthodox methods of propagation. 

But as time went on, we found that a mist S)'stem did have 
its drawbacks, although in many instances they ,vere quite dif­
ferent from those to which we had become accustomed. 

1\'lECHANICAL PROBLElVIS 
I think that it is in this category that most of the serious 

problems occur. Insufficient coverage, due to poor water pres­
sure, is the first. Others are ... poor coverage dt1e 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
\Vhat disillusioned with their results. Yet these problems are 
quite easily overcome. 
Water Pressitre: 

First, the question of wate1· pressure. There is hard!~· a 
nursery which does not have a pressure of 25 to 30 PSI and there 
is an excellent jet which will give good atomization at this pres­
sure. It is the 1\ionarch H-261. However, the coverage of this 
jet, at this lo\\· 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/i inch, and if it is very long, reduce 
again to 1/2 inch at the far end. An alternative to this low pres-
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sure problem is a good booster pun1p and I would advise this, if 
it is at all conve11ient, because there is really no substitute for 
good w,1ter pressure. By this, I mean water pressure at from 
60 to 80 psi, and preferably up to 100 psi. (I always wanted 
to put i11 a booste1· system to operate at 500 to 600 psi, because 
surely this would be the best. But I have hacl neither the money 
01· the opportunitJ, to do so.) 

Fo1· reasonable pressures in the 60 to 80 pound level, the 
Flo1·icla Jets and the MacPe11ny Jet are both excellent arid a 
si11gle line of these .iets at approximately 4 feet, on a 4 foot 
i>ench, \Viii give excellent coverage. 
Mine1·ali.zatio'it: 

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. 
Contr·ol Unit: 

In the realm of mechanical problems must come those as­
sociated with the control unit used. I am sure that many of you 
have had t1·oubles 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 p1·oblem or other. There is 
no question, howe,,er, that the electronic leaf control is the only 
one to use. For it is 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 is ideal. 

Most of us ha,,e found that the elect1·onic leaf control units 
manufactured in this count1·y have bee11, at best, temperamental. 
I am afraid that there are a large number of these control units 
sitting on shelves, ,vhile the disillusioned g1·ower 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. 

MEDJUl\fS 
D1·ainage: 

I am sure that many g1·owers have run into problems with 
poorly d1·ained mediums under mist, where perhaps a situation 
existecl in which the surplus ,vater which mist systems must ap­
ply, cot1lct not · ct1·ain away 1·apidJ~, afte1· passing through the 
medit1n1. Such a conctitio11 is fatal to success. Goocl drainage 
is absolutely essential fo1· successful p1·01lagatio11 t111de1· a11y 
fo1·n1 of misti11g. 
Co1·1·ect ./if edi11m: 

But perhaps more important is the choice e,f the right kind 
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of medium for the plant one wishes to grow and this choice ap­
pears to be mo1·e c1·itical "'hen a mist system is used. 
Exa,n1ples: 

I would like to give J'OU two examples. 
1. Evergreen Azaleas of the Hinodegi1·i type ca11 usually 

be rooted with great ease in almost any medium. Certainly mil­
lions of cuttings have been rooted in plain sand, although most 
growe1·s will consider that a 50-50 mixtu1·e of sand and peat, 01· 
peat and perlite is best. These cuttings can be rooted with the 
absolute mini·mum of attention, directly in open field beds, u11de1· 
any adequate mist system, but only if the medium is 50 pe1·cent 
peat and 50 percent sand. If plain sand is used under these 
conditions, rooting is poor and the additio11 of some peat appea1·s 
to be essential for good results. 

2. I ran into an even more striking e·xample, some yea1·s 
ago. I was attempting to root cuttings of Chamaecyparis olJtusa 
nana g1·acilis and I had followed the procedures in the Boskoop 
Trial Ground Repo1·ts, that suggested soaking the cuttings in a 
solt1tion of IndolebutJrric Acid at 7,500 parts per million fo1· 18 
hours. This was done and the cuttings were inserted in a medi­
um of 50 % peat and 50 '7() sand. It just so happened that I was 
experimenting with other mediums of live spaghnum moss fo1· 
the rooting of Rhododendrons, in an ad.i acent area. Quite by 
chance, one of the cuttings of the Chamaecyparis was inserted 
so that the stem penetrated the spaghnum moss. 

Eight "'eeks late1·, 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 it is 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 is using ... the 
length of the cutting stem ... and insertion into the medium, it 
is essential for the grower to experiment and record his results 
so that he can establish optimum conditions for his particula1· 
set of circumstances. Once these and the other mechanical p1·ob­
lems have bee•n solved, then one usually finds that the use of a 
mist system prompts rapid and vigorous rooting. 

CULTURAl, PROBLEMS 
H£11·cle'tti11!J Up: 

011ce we have 1·eached the poi11t of having establisheli gooll 
rooting, we run into a set of problems resulting from the 1·emoval 
of the cuttings from the misting environment to more natural 
ones ... in other words, ''hardening up." 
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Use of a Weaner [Tnit: 
There is an electric control called a Weaner Unit, which is 

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 is applied and slowly hardens 
up the cuttings. I have spoken with a number of growers who 
have used the Weaner and they are ve1·y pleased with it. 
Use of Shade in Place of Mist: 

There is another aspect which I would like to call to your 
attention. That is that shade can be substituted for mist, to a 
~onsi11Prable exte11t. The purpose of 1.he filn1 of "'·aic1· main­
tained by a mist SJ'stem, is to keep the cuttings in a tu1·gid 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 its ne,v root system, without stress. \Ve 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 fe,v 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 A1·ea Designed To Co111.bine Shade and Mi.~t: 

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 is 
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 sense. 
Fungus: 

I commenced by saying that fungus problems appeared 
much less than we might have anticipated and this iR 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 di:.;eaRe and action 
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taken immediately to prevent undue loss.· All dead 01· damaged 
cuttings should be 1·emoved at once. Any leaves which may have 
fallen from nearb)' 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 is superior to any other in the control of this disease 
and if 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 .iust 
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 
Rpeaker, 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. GOOD AND H. B. TUKEY, JR. 
Depa1·tment of Flo1·icultu•;·e & Ornamental Ho1·ticitltit1·e 

Cornell University, Itliaca, New Yo1·lc 

INTRODUCTION 
Foliar leaching is the 1·emoval 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, whe1·eas, more mature tissue 
iR 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-
• Ing. 

METHODS 
Herbaceous cuttings of carnation (Dianthus caryophyllus 

cv. 'White Sim'), chrysa11themum (Chr·ysanthernum morifolium 
cv. 'Indianapolis White'), coleus ( Coleus blumei), and poinset­
tia (Euplio1·bia pitlclierrima cv. 'Barbara Ecke Supreme') ; soft­
wood cuttings of c11rrant (Ribes alpinitm), two species of euony­
mus (E1.ton11mus alatus and E. fortunei vegeta), honeysuckle 
(Lonicera tatarica), pachysandra (Pachysandr·a terminalis) and 
privet (Ligustrum ibolium) ; and hardwood cuttings of arborvi­
tae (Thuja plica.ta), box,vood (Buxus sempervir·ens), English 
ivy (Hedera helix), forsythia (Forsythia intermedia) and yew 
(Taxus citspidata capitata) ,vere 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 n11trients. 

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) the basal one inch of stem and 
newly developed adventitious roots. The plant tissue was dried, 
weighed and analyzed for nit1·ogen, phosphorus, and potassium. 

RESULTS 
Infl11ence of Cutting Matur·ity: 

Herbaceous c1tttings. In the first experiment herbaceous 
cuttings of chrysanthemum, carnation, coleus and poinsettia 
were roote<l under the intermittent distilled water mist. The 
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cuttings were analyzed 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. 

l'able I N11trie11t co11tent of herbaceo11s c11tt111gs before and after r0<>t111g 11nde: 
inter111,ttent mist 1 

Nutrient 
Species N p K Ca Mg 

(mg/c11tting) 
----·-

Chrysanthemum 1norif olium 
Before Rooting 25.3 4.1 25.4 8.3 3.3 
After Rooting 25.5 4.8 28.1 9.7 1.3~-

Dianthus caryopliyllu,s 
Before Rooting 20.7 2.1 18.l 2.6 1.4 
After Rooting 19.9 2.1 18.2 2.2 1.5 

*S1gn1ficant decrease at the 5% Jeve! due to leaching. 
1From Good and Tukey, Proc Am Soc Hort Sci, (1n press) 

Soft1vood 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. N11trient content of softwood c11tti11gs before and after r<><>ti11g un<le1· 
intermittent m1st.1 

N11trient 
Species N p K Ca l\1g 

(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 * 

*S1gn1f1cant decrease at the 5o/o level, due to lcach1n5?: 
1Frc1m f:1u)<l and T11kr-y, Proc Amer Sele Hort Sci (1tl prc-i<,) 
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1'a1Jlc 3 N11t1ient co11tent of harciwood ct1tt111gs before and aftei· rooting t1nde1· 
inte1111ittent mist.' 

Nt1tr1et1t 
Species N p K Ca l\fg 

(mg/c11tting) 
-

Fo1·sytliia inte1·media • 

Before Rooting 21.6 2.6 12.9 16.7 3.8 
After Rooting 20.7 1.5* 10.3* 11.1 * o 3 ··· ., . 

• 

Ri"bes 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 

•S1gn1f1cant decrease at the 5% level, due to leaching , 
'From Good and Tukey, Proc Amer Soc Hort Sc, (1n 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 ye,v 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 
delnonstrated in Table 4 where the nutrient content of both soft-

Table 4. Leaching of nutrients from cuttings of R1bes alp1num propagated under 
intermittetit mist as influenced by the maturity of the cuttings 1 

Cutting Maturity 

Softwood 
Before Rooting 
After Rooting 
Nutrient Leached 

Hardwood 
Before Rooting 
After Rooting 
Nutrient Leached 

N 

15.6 
16.6 

13.7 
11.6 
2.1 ~' 

•S1gn1f1cant decrease at the 5% level. due to leaching 

p 

1.9 
1.6 

2.6 
1.8 
0.9* 

Nutrient 
K 

10.9 
8.6 
2.3* 

10.5 
6.5 
3.9* 

1Fr(1n1 r.,11)d ,111cl Tt1kc}', Pror Amer Soc Hort Set (tn pres .. ) 
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Ca 

9.7 
9.3 

12.4 
8.2 
4.1 * 

Mg 

1.2 
1.6 

1.6 
1.6 



wood a11d hardwood cuttings of currant are compared before 
and after rooting under mist. The Roftwood cuttings taken in 
the spring lost only significant amounts of potassium, but hard­
wood cuttings of the same species taken in September lost sig-
11ifican t amounts of nitrogen, phosphorus, potassit1m a11d calci­
um. 
Groivth and Redist1·ibution in Cuttings Du1·i1ig Rooting: 

Dry weight of all the cuttings were, recorded both before 
and after rooting under mist. As shown in 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 
weight during rooting while herbaceous cuttings of carnation 
and softwood cuttings of currant and honeysuckle increased 50 o/o 
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, (c) and the basal one inch of stem which included 
the new roots. Each seg1r1ent was weighed to determine dry 
weight and analyr.ed for nitrogen, phosphorus, and potassium. 

'l'alJle !,, Dry weigl1t (g/c11tting) of herbaceo11s, softwood, a11d hardw<><><l c11tti11gs 
before a11d after rooting under inte,~11ittent mist. 

Maturity and Species 

Herbaceous cuttings 
Chrysanthem1lm mo1·ifoliu111 
Dianthus caryophyllus 

Softwood cuttings 
Ribes alpinum 
Lonicera tatarica 

Hardwood cuttings 
Forsythia i1iter·niedia 
Ribes alpinum 
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Dry Wt. 
Before Rooting After Rooti11g 

.70 

.43 

.66 
1.00 

1.06 
.74 

(g/cutting) 

1. 97 •I• 
.71 '1' 

1.08* 
1.50* 

1.30* 
.88* 
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Growth (dry wt.) of the (a) 3 oldest leaves, (b) apex and new leaves, 
and (c) the stem base (I inch) and new r0ots of herbaceous cuttings 
of C/1rysat1the111um n10,,fo/1u111 ct1tt1ngs after 0, 3, 6, 9, 12 and 15 days 
of rooting under inter111itte11t mist 

Comparison of the growth of the three sections of the cut­
tings is shown in Fig. 1. Initially, the ave1·age 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 ver~r little growth in this seg1nent 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 1·ooting period. 

Likewise, the basal one inch of ste,m 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 ~·as 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 transloca ted 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 
hoth root initiation and root de\·elopment. 
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Potassium (}'ig. 4) was translocated from the three oldest 
lea\'es to the new leaves throughout the rooting period, but very 
little moved to the ne,v 1·oots. 

Disci1ssiori 
These experiments show that the leaching of mineral 11u­

t1·ients from cuttings propagated under mist was influenced by 
the maturity of the cuttings. IIerbaceous and softwood cut­
tings were difficult to leach while hardwood cuttings were rela­
tively easy to leach \Vhen 1·ooted under mist. The fact that ma­
tt1re plant tissue is easie1· to leach than young, succulent tissue 
agrees with reports from othe1· workers (Tukey, 1962). 

The ease or difficulty with which cuttings were leached b}· 
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 show11 
that nutrients we1·e translocated 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). 1'hus, softwood 
and herbaceous cuttings had a considerable portion of nutrients 
bound ,vithin gro\ving tissue which accounted for the fact that 
these cuttings ,vere difficult to leach. Hardwood cuttings. on 
the othe1· hand had relatively little growing tissue, hence, they 
,vere relatively easier to leach. 
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The1·e have been reports in the literature that nutrient de­
ficiencies commonly occur in cuttings rooted under mist. These 
deficiencies could he due to two factors. First, mineral nutri­
ents a1·e leached f1·om the cuttings as was the c,1se with mature 
hardwood cuttings. Seco11cl, the cuttings grow th1·ough addi­
tions of carbohydrates f1·om photosynthesis, a11d the nutrients 
retained in the cuttings are not sufficient fo1· the new growth. 
In eithe1· case, additio11al 11utrie11ts supplied to the cuttings dur­
ing rooting ma~• be a11 impo1·tant factor in 1·ooting and in the 
subse(1ue11t g1·owth a11cl developn1e11t of the 1·ootcd ct1tting. 

St1mmarj' 
Cutti11gs fron1 nume1·ous ornamental plants we1·e su1·veyed 

in orde1· to dete1·mine the extent of 11ut1·ient leaching when 
propagated u11der mist. I-le1·baceous and softwood cuttings 
proved very difficult to leach ,vhe1·eas hardwood cuttings were 
relatively easy to leach. Cuttings were capable of substantial 
growth during rooting due to the g1·owth of new leaves and roots. 
Nutrients held in the olde1·, fully expanded leaves of chrysanthe­
mum were t1·anslocated to the gro"\\1ing new leaves and roots 
from where they we1·e not readily leached. Nutrient deficien­
cies which commo11ly occur in cuttings rooted under mist could 
be clue 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 ,vill tu1·11 ou1· 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 expe1·iments with 11utrient mist is Mr. John Wott. 

PROPAGATION OF CUTTINGS UNDER NUTRIENT MIST 
JOHN A. WOTT AND H. B. TUKEY, JR. 

Depa1·t1;ie1it of Flo1·ic1iltit'l'e & 01·na1;iental H 01·ticultu1·e 
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The1·e have been reports in the literature that nutrient de­
ficiencies commonly occur in cuttings rooted under mist. These 
deficiencies could he due to two factors. First, mineral nutri­
ents a1·e leached f1·om the cuttings as was the c,1se with mature 
hardwood cuttings. Seco11cl, the cuttings grow th1·ough addi­
tions of carbohydrates f1·om photosynthesis, a11d the nutrients 
retained in the cuttings are not sufficient fo1· the new growth. 
In eithe1· case, additio11al 11utrie11ts supplied to the cuttings dur­
ing rooting ma~• be a11 impo1·tant factor in 1·ooting and in the 
subse(1ue11t g1·owth a11cl developn1e11t of the 1·ootcd ct1tting. 

St1mmarj' 
Cutti11gs fron1 nume1·ous ornamental plants we1·e su1·veyed 

in orde1· to dete1·mine the extent of 11ut1·ient leaching when 
propagated u11der mist. I-le1·baceous and softwood cuttings 
proved very difficult to leach ,vhe1·eas hardwood cuttings were 
relatively easy to leach. Cuttings were capable of substantial 
growth during rooting due to the g1·owth of new leaves and roots. 
Nutrients held in the olde1·, fully expanded leaves of chrysanthe­
mum were t1·anslocated to the gro"\\1ing new leaves and roots 
from where they we1·e not readily leached. Nutrient deficien­
cies which commo11ly occur in cuttings rooted under mist could 
be clue to (a) the leaching of nutrients, and (b) the diluting of 
mineral nutrients by additions of carbohydrates from photo­
synthesis. 
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1955, Tukey 1962). Losses by leaching are related to the ma­
turity of the cutting, being greatest for hardwood cuttings and 
much less for soft,vood 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 adcted to the cuttings d11ring propagation might 
be of benefit. 

Since it is well k11ow11 that a b1·oad spect1·um of mate1·i~tl 
ca11 be absorbed bJ,· 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 poinsettia 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. 

!VI ate1·ials and Met hods 
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 eve1·y 21/2 to 10 minutes during the day. The 

l'.1blc I List of PI.111t l\[ate1ials P1·opagated U11de1· I11ten111tte11t N11t1·ie111 l\[ist. 

Be1 beris tl1unbergi1' 
Buxus sempervirens• 
Cl,ae11omeles speciosa' 
Clirysanthemum mor1fol1um' 
Euonymus fortunei' • 
E11onymus fortune, 'Vegetus'' • 
Forsythia intermedia' 
Forsythia suspensa' • 
Hedera helix' ' 
Ju111perus ch111ensis 'Hetz1'1 

• 

]1111iper1is cl1111ens1s 'Sargenti1'1 

I.ig11:,t1 ,, 111 obt11si f oli u111 '1 egelia1111111 ·• 
10111ce111 tatarica' 
J,1111icr1a 111011·owi1' 
Pacl,ysand1·a term1na[i:,' 2 

I) fall propagation 
2) spring propagation 

Ph1ladelphus coro11arius' 
R1bes alpinum' 2 

Rosa multiflora' ' 
Rosa setigerum' 
Salix purpurea' 
Sy1·1nga vulgar1s' 
Taxus baccata 'Repandens'' 
Taxus cuspidata' 
Tl11tja occ1de11talis' 
Tl1uja pl,cata' 
TS1tga canaden51s 'Pc11d11Ja'1 

T'ib1tr11um la11t1111a' 
l'ib11r11u111 p11111ifoli111n: 
l'i11ca 111inor' : 
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other" group of cuttings was misted at the same interval with 
tap water to ,vhich a complete, all-soluble fertilizer ( nutrient 
mist) with an analysis of 23-19-17 was aclded at the rate of six 
ounces pe1· 100 gallons of water. Tlie fertilizer was recom­
mended for both foliar and soil applications. 

When the cuttings we1·e well rooted, they we1·e 1·emoved 
from the benches ancl rooting percentages and root evaluations 
were determined. Root evaluations we1·e made on the basis of 
size of roots, number, colo1·, and brittleness. Some cuttings of 
each species were then potted up and gro,vn 011 to determine 
growth rates after 1·ooting. The remaining 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 
Hardzvood Cuttings 

The results of the fall propagation of three representative 
species are presented in Table 2. Hede1·a 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 conte11t as com­
pa1·ed 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 unde1· the water n1ist 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 separate})·. 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 "'ater mist. 

Rosa ni·ultiflo1·a and Thuja plicata gave similar results to 
those obtained with Hedera helix in that under the nutrient mist, 
the nutrient content and growth were considerably greater than 
under the water mists. For example with Rosa -rnultiflora, 
1·ooted cuttings propagated with nutrient mist we1·e 132 '/,, heav­
ier ( d1·y wt.) than cuttings propagated with ,vater mist. 

The results with Vi11ca nzi1io1·, Euony-11i11s fo1·tu1ie·i a11cl 
Juniperus chine1i.';is 'Sargentii' were similar in some respects 
to Hede1·a helix. For example, like Hede1·a helix, nutrients were 
leached from the cuttings by the water mist. Similarly, the 
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Table 2 Influence of nutrient mist 011 the dry weight, 11utrie11 t content a11d root clevelopn1ent of hardwood ct1tt1ngs tal..en in 
November. 

Species 

Hedera l1el1., 

Before 1001111g 

. .\fter rooti11g 

Pacl1)•sa11drt1 ter111111<1lis 

Befo1 e root111g 

• water 1111st 

1111trie111 111ist 

. .\fter rooting - wate1 n11,t 

lllltrie111 !Ill~t 

£111111)'>111,~ /01 t1111e1 'Vegett1s' 

Before root111g 

.\fter 1·ooting ,vater mist 

nt1tr1e11t n11st 

Dry \\1t 

(mg/cutting) 

' 

• 

938 

892 

919 

501 

566 

517 

7"i2 

887 

753 

• 

Nutrient Content 
N p 

16 56 

13 87 

2() (i3 

14 91 

13 11 

lfi 49 

I fi I 0 

17 21 

I 7 °,4 

(mg/cutting) 

I 88 

I 62 

2 67 

1.92 

I 52 

I 83 

I 01 

2 32 

2 46 

K 

959 

7.46 

14 O'i 

9 38 

"i 50 

6 'i8 

. ·o :> ') 

2 5) 

9 • I - ) 

Rooting 

( o/,,) 

91 2 

83 2 

100 0 

100 0 

91 2 

897 

Roc>t quudl1tv 

4 •9 
)-

4 32 

-

-i 6; 

4 fii' 

-

-1 81) 

-l 20 



I .11,lc 'I l11ll11c11,c ,,, llll(llClll 1111,t (Ill 1)1c ,t,, ,vc1gl11 a11,l llll(l!Clll COll(Clll or 1l1c 
11c,v g1ow1l1 ,,[ Jle,le,,, /1,-/1, c11t1111g, J)l<><l11cc,I ,l11r111g the ro,1t1ng period 

\Vater mist Nutrient mist 

(n1g/ ct1 tt1ng) 
, . . . ·---"·--

Dry Wt. 92 116 
N 2.05 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 
Ji1nipe1·us chine1i:;;is 'Sa1·gentii' which had more growth unde1· 
nutrient mist ( 487 mg) than ,vith water mist (325 mg). How­
ever unlike Hedera Jieli:i:, 1·ooting percentages were somewhat 
higher under the water mist, ,vhereas 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 te1·minalis exhibited an indifferent response to 
nutrient mist. 'fable 2 shows that cuttings from under wate1· 
mist had a highe1· dry weight than did either the original cut­
tings or cuttings f1·om under nutrient mist. Son1e 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 grov1th of the cutt.ings after roo-ting. Taxits cuspi­
data responded similarly to Pachysandra. 

One species, Euo1:iymus fo1·tunei '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 unde1· the nutrie11t mist. 
Softwo<Jd Cuttings 

The responses of representative softwood cuttings propa­
gated in early June are presented in Table 4. All of the species, 
especially Philaclelphi1s co1·ona1·iu,'I 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. 

Simila1·ly, in all species, a considerable increase in the nitro­
gen, phosphorus and potassium content was noted in the cuttings 
propagated under r1utrient 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 
c<11·ona1·i1ls and Salix pu1·pu1·ea. Addition of nutrients to these 
rapiclly growing ct11tings not only repltlcecl th€' leachecl nutrientR 
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-,-a hie 4 Infl11e11ce of n11tr1en1 mist 011 the dry weigl1t, 1111tr1en t co11te11t, a11d root develop1ne11t of softwood cutt111gs t.1ke11 111 
J 11ne 

Species 

P/11/ade!pl111s coro11111 ius 

Before 1·oot111g 

:\fte1· rooting • water mist 

n11tr1ent m1~t 

E11011)1111u1 /01 t1111e1 'Veget11s' 

Before 1·oot1ng 

-\fter root111g - ,,ater 1n1st 

1111tr1e11t mr~t 

Fo11vt/11a 111te1111ed1a 
• 

Before I oot111g 

-\fte1· root111g - ,,·ater mist 

1111tr1e11t mist 

S11/1\ p11rp111ea 

Before 1 ocit111g 

.-\fte1 1 oot111g -- water mist 

n11tr1e11t mist 

Dry \\1t 

( mg/cutting) 

520 

850 

930 

!\60 

8i() 

770 

460 

11 IO 

1010 

40', 

'i90 

!i4/i 

N 

Ii 9, 

I 2.2i 

43 14 

12 42 

13 or 

22 2i 

Ill ClO 

13 i(i 

41 (ii 

12 9!i 

8 61 

23 87 

Nutrient Content 
p 

(mg/cutting) 

2Ii 

2 15 

7.68 

1.66 

I 72 

2 82 

I 16 

I 38 

, 23 

I 14 

I 41 

:; 68 

K 

14 98 

9 Si 

2223 

4 99 

4 4i 

(i 08 

i 43 

8 9-_, 
18 ;o 

:; 3(i 

3 Si 

8 32 

R<)Ot1ng 

I '/e) 

54 2 

862 

98 8 

I 00.Cl 

!(JOO 

98 8 

](JO 0 

94 0 

Rout qu,1!1t\ 

-

I Iii 

2 8() 

-

2 61 

9 --
- I J 

-

'l (J() 

2 88 

-

2 81 

2 81 



lit1t i11creased the 11ut1·ie11t co11te11t by three to fou1· times as 
c0mpa1·ed with c11ttings 11n(!er wate1· mist. 

In the case of Pliilallel11h1t8 cu,·r1riarius and £'1tonymus fu1·­
t1r11ei 'Vegetus', cuttings u11der nutrient mist had a higher root­
i11g percentage with a much mo1·e clesirable 1·oot system tha11 dicl 
cuttings under water mist. 

In both species, rooted cutti11gs from unde1· the nutrient 
n1ist grew faster (li11ea1· gro\\'th) a11d had a higher dry weight 
at harvest than did the cuttings from the water mist. In addi­
tion more side shoots developed on those Euo1iynius cuttings 
from unde1· nutrient mist, whereas the mist cuttings from wate1· 
mist made only te1·minal growth. 

Comparison between softwood and hardwood cuttings of 
Eitor1111rius fo1·tunei 'Vegett1s' can l1e seen in Table 2 and Table 
4. While the hardwood ct1ttings clid not responcl favorably to 
nutrient mist, the softwood cuttings sho\ved a higher nutrient 
content, better rooting percent and root quality under nutrient 
mist. The softwood cuttings f1·om nutrient mist also developed 
more side shoots after thei1· remo,,al from the p1·opagation bench 
than did the hard"rood cuttings from nutrient mist. 

Nutrient mist does influence the root quality of Fo1·.s11thia 
inte1·11ieclia. Cuttings under 11utrient mist hacl thick, fleshy 
1·oots which were verJ' b1·ittle, whereas those propagated tinder 
water mist had a thin, fib1·ous root system. This same type of 
root difference \\'as noted in cuttings of Fo1·sytliia suspensa, 
Ligust1·um obtirsifoliit11i 'regelianum' and Salix pu1·pitrea. In 
fact, in the case of Salix p111·pu1·ea, the roots were so brittle that 
50 % of the cuttings failed to survive transplanting. 

The cuttings of Fo1·sytli1:a i·r1te1·11iedia potted from under the 
nutrient mist ,vere da1·ker g1·een when taken from the propagat­
ing be11ch, grew faster and had a highe1· dry weight after six 
months than did ct1ttings from under the ,vater mist. 

Another problem was noted in cuttings of Salix purpurea 
under nutrient mist i11 that the termi11al growth c!ied and black­
ened, resulting in cutti11gs \Vith a bt1shy appeara11ce. Whethe1· 
this ,vas relatecl to high salt concentrations in the nt1trient mist 
was not dete1·minecl. 

Disc1tssi1in 
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 stt1died, potas­
sit1m is the most easily leached, follo\ved by nit1·ogen and phos­
phort1s. These results are in agreement with n1any other re­
ports in the literature (Tukey. 1962). 

Cuttings in these experiments, especially softwood cuttings, 
increased in dry \\'eight during the rooting periocl. For exam­
ple, softwood cuttings of Fo1·s!}thi'I. inte1·111edia more than dou­
bled i11 dry weight dt1ring rooting (Table 4). This also is in 
agreeme11t with 1·eports in the literatt11·e (Hess a11cl Snyder 1957, 
Good ancl Tuksy 1965). 

lVIineritl 1111trie11ts appliP(l t11 c·11ttings th1·1111gh the mist, li11Ps 



,ve1·e 1·eadily abso1·bed by the cutting and greatly increased the 
nitrogen, phospho1·us and potassiµm content of both hardwood 
a11d softwood cuttings as compared to cuttings p1·opagated unde1· 
,,·ater mist. This was particularly t1·ue with the fast growing 
softwood cutti11gs as shown in Table 4. The amount of nutrient 
uptake is influenced by the plant species and the nutrient itself. 
Fo1· example, all three nutrients were 1·eadily absorbed by hard­
wood cuttings of H ede1·a /1eliJ:, but not to the same extent by 
P<1c/111sand1·a te1·111i11alis (Table 3). 

The 1·esponse of cuttings to nut1·ient mist is specific f"o1· each 
species. For example, hard,vood cuttings of H e<le1·<1 /1eli.1· a11d 
softwood cuttings of P/1iladelp/1its co1·or1a1•iits absorbed large 
tiuantities of nutrients f1·om the mist, rooted well and made bet­
te1· g1·owth afte1· 1·ooting than did cuttings which did not receive 
nutrients. In contrast, Euony1nus fo1·tunei 'Vegetus' propa­
gated as a hardwood, made better response under water mist. 
Still other species, such as ha1·dwood cuttings of Pacliysa11dr<1 
te1•mi11alis and Ta:-i:1ts citspidata ,ve1·e indiffe1·ent to nutrient 
mist. 

Rooting and 1·oot qualitj· is also influenced by nut1·ient mist. 
Some cuttings such as He<le1·a l1elia: and Salix pi11·pu1·ea had a 
slightly higher rooting percentage unde1· wate1· mist than nu­
t1·ient mist ,,,hereas othe1·s st1ch as P/1ilr:idelJJ]ius co1·ona1·ius 
1·ooted better unde1· nutrien'c mist. Unde1· nutrient mist Fo1·sy­
tl1·ia ·inte1·111edia produced a thick, brittle root system which ,vas 
somewhat difficult to transplant. 

The problem of the die-back in Sali:-i· purpit1·ec1 points out 
that pe1·haps the concentration of nutrients in the mist may be 
important. Salix, which is fast rooting and fast growing, may 
not require high concentrations of nutrients du1·ing the entire 
misting period for maximum benefit. 

Plants which produce new growth in the propagating be11ch 
and have an adeqt1ate supply of nutrients during rooting will 
grow faster afte1· their removal from the bench. Fo1· example, 
Philadelp}ius co1·ona1·ius nut1·ient mist cuttings produced twice 
as much growth (d1·y weight) as the water mist cuttings. Others 
which do not make as much growth during rooting, such as the 
hardwood cuttings of Pachysancl1·a te1·1ninalis and Euonymus 
fo1·tiinei 'Vegetus' were not beneficially affected by nutrient 
mist in their g1·owth after removal from the propagating bench. 

Su111111a;·y 

N ut1·ients applied th,·ough the mist li11es v,,e1·e 1·eadily ab­
sorbed by both hardwood and soft,vood cuttings. However, cut­
tings ,vhich ,vere actively growing during 1·ooting, pa1·ticula1·lj' 
the softwood cuttings, were more favo1·ably influenced by nu­
t1·ient mist than '"·ere slow gro,ving ct1ttings. Uptake of nutri­
e11ts from the mist is specific both fo1· the plant and the nutri­
ent, while rooting also va1·ies with the plant. Rooting percent­
age and root quality ,,,ere bette1· under nutrient mist ,vith 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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chamber 1\l1c/1 Ag, E~p St,, Q11,,1 I /i11/ 38 2:iS-267 
T11ke)', H ll Jr 1962 Leacl1111g of 111ctal>0!1tcs f10111 ,1liove-g1ou11d pla11t parts, 
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.41111 R1•11 Plr111/ P/11•,1,,/01-,')' 1(1 13-27 
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MODERATOR HESS: Anothe1· 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 fi1·st to combine the tech­
nic1ues 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 \V AXMAN 

Plnnt Science Depa1·t·11ie1it 
Unive1·sit!J of Co1111ecticut 

Sto1·1·s, Connecticut 

My talk will be confined to the use of light give11 du1·ing the 
11ight for the pu1·pose of extending the daylength to which the 
cuttings are exposed. As you know, many t1·ees and sh1·ubs that 
are give11 long days will not become dorma11t i11 late sum.me1· 01· 
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 eve1·y night until they have 1·ooted. 
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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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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. 

Dt1ring a 14 hour night, fo1· example, an accumulatio11 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 fo1· that year. 

There a1·e 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 co11centrations of inhibitors of growth a1·e 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 is not necessarily uniform. Some of the most sensitive 
species will 1·eact faster than others that are Jess 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 indiscri·minately. If the rooting and 
eventual growth of a particula1· 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 stirviva1. 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 Rliodo­
dendron calendulaceum cuttings rooted poorly if the cuttings 
were taken after June 22. He found. however, that cuttings 
taken in July or Augu:-1t 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 cutti11gs of the 
flame azalea could be taken and rooted. 

Experiments in which Co1·nus flo1·ida 1·1.tb1·ci cuttings we1·e 
given daylength treatments of 9, 18 and 24 hou1·s while unde1· 
mist showed that rooting occurred on all cuttings regardless of 
daylength. There were differences, however, in the size of the 
root systems. The average nu,mber of roots per cuttings dif-
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fered conside1·ably; the cuttings subjected to 18 hour days had 
three times the number of roots as those cuttings subjected to 
nine hour days and 11/2 times as many roots as those given na- ' 
tural days (Table I). In simila1· experiments, Piringer reported 
ea1·lie1· and heavier rooting of holly under long photoperiods (2). 

A serious p1·oblem in the propagation of some deciduous 
azaleas, the pink clogwood, VtlJi11·111t111 ca1·lesi and others is not 
on])' in rooting, but in the ove1·wintering and eventual survival 
of the 1·ooted cuttings. Fo1· va1·ious 1·easons, these plants suffer 
low rates of survival the fi1·st winte1·. Possible causes of the 
death of these cuttings may be the result of low carbohydrate 
level, and/or insufficient hardening of the tissues. As a result, 
stems may split and bt1ds may blast or withe1·, depending on the 
temperatures the cuttings were sto1·ed at. Although the exact 
causes of this p1·oblem have yet to be precisely determined, there 
a1·e some suggestions that may be used to insure a higher rate 
of su1·vival of these troublesome cuttings. Fo1· example, the 
deterioration or defoliation of the leaves before the cutting has 
had sufficient time to build up a 1·ese1·ve of stored foods, may be 
one good 1·eason 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. 

Co1·nus florida 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 thf,.,,e instances where defoliation is delayed or where addi­
tional buds develop the chances for survival are increased. 
Howeve1·, because the ct1ttings are kept green and active for 
longer periods of time than the)' 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. 

'I',tblc I. 'fl1c Effect of l'l1<>lopc11,xl1c ·1·1ca1111c111 011 tl1c Rooti11g of Co-111u~ 
flo,id,, c11tt111gs. 

Ph0topcr10J 

9 hou1·s 
18 hours 
24 hou1·s 

Normal Day 
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Percent 
Rout111g 

100 
100 
100 
100 

Avg Nt1mbcr of 
Ruots,ICutt111~ 

8.5 
25.4 
23.7 
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 because 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. 

Long photoperiods : 
1. Keep cuttings in an active state of growth. 
2. Can, in some instances, increase the percent rooting. 
3. Can, in some instances, increase the size and number of 

roots developed. 
4. Extend the season during which cuttings of deciduous aza­

leas may be taken. 
5. Retain foliage and extend the time during which additional 

roots may develop and carbohydrates are produced. 
6. Can induce 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. 

LITERATURE CITED 
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3. \Vaxman, S 1959 The developn1e11t of Woody plants as affected by photo­
pc1·1,1,J1c t1cat111c11t, 1'11 l) 'Tl1cs1~ Co111cll U11iversity. 

MODERATOR HESS: 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 ,vith rooting-growing media. 

ROOTING-GROWING MEDIA 
' J. PETER VERMEULEN 

,John Ve1·meulen & Son, Inc. 
N eshanic Station, N eiv Jersey 08853 

By no stretch 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 in 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 ar1·a11ge a11d modei·ate this ,vo11de1·ft1l symposium, how could 
I refuse. 

I imagine it safe to sa:ii that fi·om the time he stuck his fi1·st 
c11tting, man has been co11ce1·ned "'ith the medium. Th1·011gh 
the ensuing yea1·s, as he g1·adually became mo1·e sophisticated in 
his k110,,•ledge of the art a11d c1·aft of plant p1·opagatio11, there 
developed a long list of media that ha,•e bee11 ti·ied a11d tested. 
accepted and 1·e.iected and sometimes ti·ied again. Most often 
me11tio11ed i11 1·ecent lite1·atu1·e are: soil, sa11d ( ,·a1·iouslJ• 1·et'e1·­
red to as b1·ick, co11c1·ete, plaste1·, bank, pit, silica, to1·pedo, etc.). 
peat-moss ( German, Ca11adian a11d l\'lichiga11), sphagn11m moss, 
sifted ashes, flu ash, fl)' ash, pumice, sawdust ( se,•e1·al kinds), 
,vood shavings. 1·ice hulls, bark dust, ,,·ate1·, cinde1·s a11d mo1·e 
recently the ma11ufactu1·ed media, ,1e1·n1ic11lite, perlite, calci11ed 
clay particles and sh1·edded sty1·ofoam. I do not 1·ecall whe1·e 
or when but Hans I-less mentioned sto1·ed cuttings of Jle:1· c1·e11afct 
'Helleri' I believe, untreated and with nothing a1·ound the basal 
ends, rooting in sealed polj1ethylene bags. The litei·ature is 
replete with various combinations of the mentioned media, 
eithe1· unadulterated, mixed in varying proportions 01· in alte1·­
nate layers or both. 

I am not familia1· "'ith information 1·elating to the fi1·st use 
of a rooting medium as a gro,ving medium but ce1·tainly soil 
must have been. Possibly it ,vas in using the technique or lay­
ering, later that of sticking hard,,,ood cuttings and still late1· 
softwood cuttings. A look through ou1· own p1·oceedi11g shows 
papers on rooting i11 soil by George P. Bljrthe ( 1), Hent·)r Ho1ne1· 
Chase (2), Merton Congdon ( 3), Roge1· Coggeshall ( 4), Robert 
J. Eshelman (5), I,eslie Hancock (6), Donald J. lVIoore (7), F. 
L. O'Rourke (8) John B. Roller (9), Hugh Steavenso11 (10), 
Ha1·vey Templeton (11), Martin Van Hof (12), Phillip W. 
Worth (13) and Pieter G. Zo1·g (14). ' 

As the p1·acticality and economic benefits g1·adually en­
couraged g1·owing plants in containers it ,,,ould seem natu1·al 
that nurserymen ,vould 'discover' the technique of 1·ooting and 
growing plants in the same medium in a saleable contai11er. I11 
ou1· own society the techniqt1e has bee11 discussed by Charles 
Hess, Sr. in 1955 (15), J.B. I-Iill (16), Kenneth W. Reisch (17) 
and Henry Welle1· (18) in 1957, mj' self in 1959 and again i11 
1963 (19) and J. H. Tinga and Cha1·les Hayes, J1·. in 1963 (20). 

It is inte1·esting to 11ote the media mentioned in these pa­
pers. Hess used equal pa1·ts of ,,e1·miculite, pe1·lite and sty1·0-
foam (15). Hill used ''the standa1·d sand-peat mixt111·e'', no 
p1·oportions given (16), Reisch used et1t1al parts soil, J)eat a11d 
sand ( 17), Weller's comme11ts co11ce1·ned g1·owing pe1·e1111ia1s 
f1·om c11ttings to matu1·it)· t1nde1· mist i11 plastic l>ags bt1t he (!i(! 
11ot 11an1e the mediun1 used (18), Tinga a11d Hayes 1·e1J<i1·t.e(I a 
p1·0.1ect to test the 1·ooti11g fo1· ,,e1·j' la1·ge c11tti11gs i11 co11tai11e1·s 
a11d listed 4 mixes consisti11g of e<1ual JJa1·ts of: 1. ba11k sa11cl 
a11cl German peat, 2. ba11k sa11d a11d Canadia11 peat, :-3. coarse 
pe1·lite a11d Germa11 peat, a11cl 4. coa1·se pe1·lite and Canaclian 
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peat. They further reported no significant difference in root­
ing with any of the four. (20). Robert Ticknor in 1960 re­
ported successfully rooting Rhododendt·on catawbiense grandi­
florum in plant band and peat pots using a mix of equal parts 
of sand and sphagnum peat, (21). My paper in 1959 reported 
using 1 part soil, l part peat (German) and 20% by volume of 
shredded styrofoam; and in 1963 a medium consisting of 53 % 
German peat, 171/2 % #1 Horticultural perlite, 171/2 % finely 
shredded styrofoam, 9 % clean fine sharp deep pit sand and 3 % 
soil ( 19) . The latter is now our ''standard mix'' for all ''in 
container'' propagation. 

I must comment here on an area of confusion. The perlite 
we use is purchased from PerAlex of New Jersey, Inc., Pater­
son, N.J. It is offered in two grades, Horticultural #1 which 
is coarse and Horticultural #2 which is fine. Technical data 
in our files on Sponge Rock from Paramount Per lite Co., Para­
mount, California, indicate seven grades available, No. 000, No. 
00, No. 0, No. 1, No. 2, No. 3, and No. 4. Their graduations, 
however, run opposite to that of Per Alex with #000 grade being 
the finest or smallest particled and #4 being the largest or most 
coarse. Particular danger exists here in that reports on propa­
gation and/or growing media using perlite generally mention 
only the grade numb€r and not the particle diameter. An initial 
attempt this week to relate the difference in particle size to the 
grade numbers used, by compa.rison of furnished typical screen 
analysis, proved inconclusive since the screen sizes used did not 
correlate properly. This will be pursued in an attempt to 
eliminate the confusion and I bring it in here only so that there 
may be awareness of it. 

This past summer we tested two other mixes. One of equal 
parts of Gerrnan peat and #2 Horticultural perlite (PerAlex) 
and one of 2 parts German peat, 1 part sand and 1 part finely 
shredded styrofoam. The reason for the testing of new mixes 
is in part because of my belief that soil, even though in small 
percentage, by reason of its introduction of micro-organisms, 
contributes to the eventual development of a more effective root 
system and consequently a better plant. Others in our organiza­
tion do not particularly hold to this belief and are attempting to 
prove their point. I must say that the results initially seem to 
be in their favor. Lt remains to be seen however how the roots 
and the plants will' develop and we certainly will continue our 
tests. 

Looking through the literature published on rooting media 
it appears there are sundry media used but that throughout 
there is a consensus on the particular physical properties a 
medium must possess. These can be summarized as: 1. that it 
must hold the cutting in position rather fir.inly without excessive 
compaction, 2. it must provide at the same time both sufficient 
drainage and adequate water retention, and 3. it must provide 
for a proper oxygen-water relationship. Dr. 0. A. Matkin in 
his recent article in the Plant Propagator presents some very 
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interesting and useful ini·o1·mation on the physical prope1·ties of 
propagating media (22). 

A p1·ime 1·equisite in the rooting process is the p1·eventio11 of 
moisture loss f1·om the cutting until such time as 1·oots a1·e 
formed and the cutting can provide its o,vn water supplj•. The 
,vater i11 a medium is of 011ly little value to the cutting since 
there is insufficient uptake th1·ough the stem. In mist p1·opaga­
tion this ,vater loss is p1·evented by a1·tifically supplying a film 
of wate1· on the leat· Stlrface to prevent ,,,ate1· loss from the cells. 
Surplus ,,,ate1· falls down into the medium ,vhich dictates that 
the medium must lie ,veil drained. It it were 11ot, the water 
,vould displace the oxygen which is necessary to preve11t cellular 
breakdow11 01· rotti11g. Oxygen is also necessa1·y in the chemi­
cal and phj•siological procesS€s involved in root initiatio11. D1·. 
Matkin 1·efers to this drainage 1·equirement of a medium in te1·ms 
of free porosity, wate1· retention and wet density. He suggests 
that, in mist propagation, free porosity should not be less than 
20 % , explaining that free porosity is the air space within thf' 
medium afte1· drainage. He further advises that the medium be 
as deep as possilile in 01·de1· to provide a place for the excess 
wate1· to settle, thereby permitting the zone of the medium sur­
rounding the cutting an oxygen-water relationship condt1cive 
to root initiation. The type of medium used will dictate the 
depth of the medium according to its free porosity and water 
retention properties. 

Because we a1·e concerned afte1· rooting with gro,ving. at­
tention must be gi,·en those physical properties considered ideal 
in a gro,,,i11g medit1m. An excellent 1·eference on growing media 
is ''The U. C. Sj•stem for Producing Healthy Container - Grown 
Plants'' (23). The p1·operties 1·equired in a good 1·ooting medi­
um a1·e like,,•ise 1·equired in a g1·owing medium. Additionallj• a 
growing medium n1ust be capable of 1·eceiving actded nut1·ients, 
retaining then1 fo1· a sufficient length of time, meanwhile re­
leasing a balanced supply to the plant. Since adding nutrients 
brings ,vith it a salinity problem the d1·ainage or leaching prop­
erties of the medium become doublj• impo1·tant. ,ve ha,,e found 
that an applicatio11 of Aqua-Gro, a non-ionic organic wetting 
agent, at the rate of 1 teaspoon to 4 gallons of wate1·, in the 
initial ,vatering appreciablj• aids d1·ainage. Another propertj• 
is that the medium must permit maintenance of a proper pH fo1· 
optimum 1·ooting and subsequent plant gro,vth. 

Economic Co11siderations 
Gene1·al economics can 11ot be overlooked especiallj1 i11 a 

comme1·cial application of this technique. It would seem that 
many of a long list of ing1·edients can be utilized in c1·eati11g a 
practical rooting-gro,ving medium provided the forementioned 
1·equi1·ements are met. One of the prime considerations in eco­
nomics is consistancy, both that of perfo1·mance a11d availability. 
A good p1·og1·am can not be sustained with an eve1· changing 
medium. In this 1·ega1·cl a sufficient and constant suppl)• is 
more important in the long ru11 than initial price. S. Challenge1· 
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(24) and G. Smith (25) in 1961 both discussed the use of locally 
procured sawdust in preference to expensively imported peat­
moss in work they have done in New Zealand. 

Weight of the medium is principally a commercial consider­
ation. If light in weight, more containers can be handled by a 
given person in a given time with less effort. Also, if light in 
weight, shipping costs are substantially reduced. However if 
too light in weight. stability of the container in the growing 
area may be a problem in nurseries subject to much wind. 

Another saving results from the more rapid and uniform 
growth generally achieved. This tends to reduce or may even 
eliminate costs of culling and grading. It also enhances the 
saleability of the crop. 

The most appreciable saving however results from labor 
saved in transplanting and handling. Jack Hill referred some 
time ago to the phrase ''down-time'' coined at C. W. Stuart. I 
will take the liberty of refining or combining the phrase to ''up 
and down time'' or since this is the age of alphabetese - UP 
DOT. With only a bit of imagination one can perceive the huge 
savings in UPDOT using ROCISECIROGME, which means 
''Rooting Cuttings in Selling Containers in Rooting - Growing 
Medium." Seriously, however, I see the desirability of a suit­
able standard te1 in for this propagation technique and suggest 
for the consideration of our Glossary Committee the terms ROO 
TICON meaning ''rooted in containers'', SEEDICON meaning 
''seeded in containers'' and PROPICON to cover all phases of 
propagation in containers. 

Next year we are going to try a system whereby we will be 
taking the mist to the cutting - a portable mist system so that 
we can bring our filled containers to the greenhouse bench or 
growing area, insert the cuttings, apply the mist, remove it when 
ready and then V\1atch them grow. With Jack Hill's ''Black 
Box'', no UPDOT and using PROPICON we should soon catch 
up with PHYTOTEKTOR - and retire. 

Containers 
The present media available, properly used, permit rooting 

in almost any container, provided there is adequate drainage. 
About the only li,miting factor I see concerns the type of roots 
produced by the item being rooted. Some plants tend to send 
the roots out of the.container through any opening of appreci­
able size or through the walls of the peat pots to the extent that 
they must be later cut apart. To contain these roots and still 
stay with the peat pot we have successfully use the POLY-SKIN 
pot which is a thin walled peat pot with a skin or covering of 
thin polyethylene. Unfortunately they are no longer available. 
Plastic pots of many grades and sizes are economically available 
and are quite satisfactory. For lining-out stock that has to be 
shipped they do present a bit of a problem in packing and they 
do require labor to remove the pot before planting. The PUL­
LEN Hard Pot was tried this summer with success but it too 
must be removed prior to planting. For lining-out stock that 
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mt1st be shipped ,ve would like to see the POLY-SKIN pot back 
on the market. Bette1· yet, ,vhat we really need is a peat-moRH 
or similar pot so treated that root penetration will be prohibited 
for a chosen period of time after which the pot will deteriorate 
to permit root penetration and development. I do not believe 
this to be outside the realm of possibility considering all the 
other technological advances we have experience in recent years. 
This may be considered a challenge to the pot industry. 

l\1aterials Propagated 
Time does not permit a detailed list of materials propagated 

using PROPICON. A quick mention, however, will tend to sub­
stantiate the practicality of it. While we are not rushing pell­
mell into it, we are convinced that before too long a rather large 
percentage of our 1·ooting will be directly in containers. This 
past summer we handled a little over 29,000 in this manner with 
percentages ranging from O 7,, to 100 % . The O';lu was on some 
Flowering Crabapple that were hard when stuck. Several culti­
vars rooted practically 100 7,, however. In general, percentages 
centered around 85 % to 100 % . I realize that mentioning a 
100% strike in this Society raises some eyebrows but I will stand 
behind the claim. Successfull)' rooted were the following: Acer 
palrn.atum, 5 cultivars; Deciduous Azaleas, 31 culivars of Ex­
bury, Ghent, Knaphill, Mollis and Slocock hybrids; Evergreen 
Azaleas. 5 cultivars; Cotoneaster hor·izontalis and adpr·essa pra,e­
cox; Cornus florida, plena and rubra and kousa clii1iensis; Frank­
linia alatamaha, flex crenta 'Glory' and 'Green Thumb'; flex 
glabra compacta; flex opaca pyramidalis ('Brilliantissima') ; 
Jitniperus chin. 'Armstrong', Nick's Compacta' and pfitzeriana 
( only 40 % ) ; Jitniperus hor. plumosa, chin. gla.uca 'Hetz' and 
'Kallay Compact'; Magnolia, 6 cultivars; Pr·units serrulata, 3 
cultivars; Pyr·acantha, 4 cultivars; Rhododendron cataivbiense 
hybrids, 20 cultivars; Cotinus cogg. 'Royal Purple', and Ginkgo 
biloba, male selection. 

Nutrient Mist 
Dr. Hess asked me to include some work we had done with 

nutrient mist. In preparing this paper I1 have not had the op­
portunity to review that of Mr. \-Vott but do not feel there is an)'· 
dange1· of repetition since our experience has been limited. 

In 1964 during our summer mist propagation outdoors we 
introduced nutrient mist to our rooting cuttings. We used three 
mist beds, each 800 square feet and each with separate misting 
lines but we had only one proportioner. We therefore alternated 
the application so that each bed received nutrient mist every 
third day and regular mist the other two days. The nutrient 
used was Peter's soluble 20-20-20. Mist was controlled by clocks 
and the interval ,,,as adjusted according to the variables in 
weather. The average setting was one minute of mist every 
four minutes from approximately 8 a.m. to 8 p.m. Nozzles used 
were the Flora-Mist with .020 orifice, spaced 30 inches apart, 
120 nozzles per bed. At 25 lbs psi each nozzle delivered ?, gal-
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Ions of water per hour, each bed receiving a total of 108 gallons 
per day. The average crop remained in the bed 45 days so re­
ceived a total of 1.500 gallons (108 being rounded out to 100 to 
compensate for d1·ift and other factors and the bed receiving 
mist only every third day). At 4 oz. pe1· 100 gallons each crop 
of approximately 17,500 cuttings received about 4 lbs. of nutri­
ent. 

We are not .i ust sure what we achieved. From all appear­
ances we had real healthy rooted cuttings. Foliage was retained 
well into fall after hardening off. Prunus kwanzan, Acer pal­
matum cultivars and Cotinus cogg. 'Royal Purple' exhibited new 
growth that we had not experience before. An unsatisfactory 
result was that plants were not sufficiently hardened off and 
when we experienced a temperature of 18 degrees the first week 
of October many were split. Those that survived however came 
through and broke dormancy very well this spring. I should 
say plants were stored in a polyethylene covered deep frame, 
unheated. This year the frame is heated. Also this year, be­
cause of several reasons, we did not use nutrient mist. Since 
our results on everything were as good or better than that of 
1964, we can't really say at this point that nutrient mist gave us 
any appreciable immediate benefit. We will, next year, run ad­
ditional carefully controlled tests and will have some sort of a 
report at a future date. 
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MIST SYMPOSIUM 

DISCUSSION 
DR. HESS: Jim, at what time do you start the hardening 

off process? 
JIM WELLS: It's impossible to answer precisely; this is 

where common sense comes into the picture. I do believe that 
most cuttings are improved by a gradual reduction in misting 
as rooting develops. I think that you need to have a small bunch 
of roots on the bottom of the cuttings, 6-10 roots possibly, an 
inch or more in length beginning to become attached to the root­
ing medium. That is the cutting is beginning to establish itself 
again as an individual. About this time I think that a modest 
reduction in mist application is adopted. And this [reduction] 
needs to be slowly increased in amount as the plant develops 
over a period of 2 or 3 weeks. 

Now the difficulty in doing this lies particularly with the 
type of control such as a timer. It requires an on the spot in­
terpretation of conditions by someone and this is almost impos­
sible. Here is a 1·eal value of the electronic leaf control. One 
of the simple, very nice things which :r; think the control from 
England has is the sensing unit which has 2 carbon electrodes 
imbedded in a block of plastic. The sensing unit can be placed 
in any position in the bed in relation to the misting head. This 
provides an infinite variety of positions available to you in rela­
tion to the mist coming from the jet and landing on the sensing 
unit. I don't think there's any hard and fast answer to your 
question, Charley. I think the plant has to become essentiallJ· 
established on its own roots and then it requires a gradual taper­
ing off. 

MERTON CONGDON : I don't think I have anything to add 
to what Jim Wells has said, but in our operation we go by the 
general appearance and condition of the cutting as we reduce 
the mist. We have not found under our open air mist propaga­
tion that the reduction of mist in the hardening off process has 
been any problem. 
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DR. HESS : How do you handle cuttings which have differ­
ent rates of rooting? 

MERTON CONGDON: This is taken into consideration in 
planting the beds. 

PETE VERMEULEN: In our case we handle this by dividing 
the bed into segments in which the mist is put on at different 
rates. We can move the cuttings from one section of the beds 
to another. This is predicated on the fact that the cuttings are 
stuck in flats or pots and so they therefore can be moved. 

HARVEY TEMPLETON: We control all of our mist beds from 
one electronic leaf and we harden the cuttings off by using a 
series of timers. The first step would be a little bit before Jim 
recommends it. That is before all the cuttings are quite rooted. 
We don't want to wait too long because cuttings deteriorate very 
rapidly under mist once they have roots on them. The quicker 
you harden them off the better. The first step is to change one 
electrical connection on each bed and switch it over to a time 
circuit, which is one minute of mist every 15 minutes limited to 
the daylight hours. In the summertime this is from about 7 :30 
in the morning to about 5 :00 in the afternoon. Now that may 
be surprising but the fact is that as the temperature cools off 
in the afternoon, cuttings just won't need much mist; just cut 
it off a whole lot earlier than you think you can. Then after 
placing them under that regime for 3, 4, or 5 days, we shift 
them over to another control circuit giving one minute of mist 
every 30 minutes limited to an even shorter interval in the mid­
dle of the day and eventually they are shifted over to one minute 
of mist every hour. And then the mist is cut off entirely. We 
now do this by the book based on our experience with the cut­
tings in previous years. 

JAMES WELLS: I would just like to add something to what 
Harvey said about records. This may seem far removed from 
misting but it isn't. The important thing that I would urge you 
to do is to take clear records so that you can recreate in your 
mind, 5 years from now if you want, exactly what you were 
doing five years back. We have run into a lot of problems in 
rooting rhododendrons from time to time and this last summer 
I decided to throw out everything we had been doing and go 
right back to where we ,vere 7 years ago. I went back to my 
records, found out what we were doing, duplicated exactly what 
we did, and we got beautiful results this year. I don't know 
whether that says very much for the last 7 years, but it does say 
something for records. 

HANS HESS: I would like to make just this comment about 
how we harden off our cuttings. All cuttings are in boxes. 
When they're at the point where 75 % have initiated roots, we 
pick them up from the mist which is in full sunlight and put 
them in a storage frame with sasl\ and shade on them and with 
2 hand syringing a day we can harden them off without any loss 
whatever. 

DR. HESS: This question is directed to Harvey. You said 
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that you did not use your electronic leaf for hardening off. 
HARVEY TEMPLETON: Yes, that's right because in principle 

you couldn't possibly harden a cutting with an electronic leaf be­
cause it's designed to kesp the leaves wet at all times. Now of 
course Jim's McPinney Weaner unit is a very good deal. I 
should dream one up and use it in place of my timers. The only 
reason I haven't done it is that all our reco1·ds are based on the 
use of the timer and I don't "'ant to start all ove1· again usi11g 
the Weaner. 

DR. NELSON: We have never used hardening off at all. 
We transplant right into the field or seed beds and particularly 
in the field we got good results as long as we could put sprinkler 
irrigation on for 5 minutes 3 or 4 times a day. This doesn't 
even wet the ground; it just keeps the foliage wet a bit. We dicl 
this at Ottawa. 

DR. WAXMAN : I didn't hear anyone mention the light op­
erated inte1·val switch. It has a control on it "'ith which you 
can regulate the amount of mist applied. In this way you can 
very easily reduce the amount of mist during the hardening off 
period. 

MARTIN VAN HOF: The way we do it is this: we shut off 
every other fog nozzle, we keep the time the way it is and that's 
all there is to it. 

LEON ARD S,\. ,'ELLA : I would like to ask s id w axman if 
there was any difference in growth in the field of the pink dog­
wood which was rooted under lights as compared with natural 
day length. 

DR. WAXMAN : In this pa1·ticular group they were kept in­
doors and lighted and were not put out in the field. But I do 
have data on a group that was rooted under lights, kept in a 
greenhouse for a year, and then planted in the field and growth 
was fine. We have had cases, however, where there has been a 
delay of growth. If you light them until spring and put them 
in the field, you will get a delay of growth. If you light them to 
say November or December, turn the lights off and put them 
through a cold period and then they will grow normally. 

DR. SNYDER: Dr. Mahlstede called to my attention an 
omission I made in my paper. I did not recognize the tremen­
dous effort made by the field trials committee and many mem­
bers of this organization on mist trials and the reports that were 
presented. This occurred in, I think, 1955 or 1956. 

JIM WELLS: I would like to ask Sid Waxman a question. 
I was a little confused with the slides this morning. I would 
like it ve1·y much if he would run through what the light did and 
of what advantage it was to the cuttings. 

DR. WAXMAN: The cuttings that were taken early in Ju11e 
are no problem - they 1·oot quite well. But once you get be­
yond June and into ,July only those cuttings that we1·e lighted 
formed a decent number of 1·oots. 

JIM WELLS: The lighting of the cuttings in July enabled 
the leaves to be retained longer than on cuttings that were not 
lighted. It that right? 
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DR. WAXMAN : That's right. There were no additional 
growth but the leaves were retained. 

PETER VERMEULEN : Was there not a paper on the use of 
lighting on deciduous azaleas given at the Western Region meet­
ings last year? 

BRUCE BRIGGS: Yes, the experiment station at Victoria has 
worked with Bill Goddard for over two years. The work that 
they have done has shown a much increased growth response 
with the use of lights but after the second year they didn't give 
that tremendous surge of growth with lights. Another thing 
I'd like to mention is in regard to the early and late cutting. 
For example, ExbUD' azaleas taken early root very well, but 
taken later in the summer they root poorer. With an increase 
in fluorescent light you help the rooting. But at the same time 
you can take azaleas that have been put in the greenhouse and 
stimulated to grow and you can take your cuttings even late on 
towards the summer and they'll root tremendously fast and re­
tain their foliage and be equal to the cuttings taken in early 
spring. So there again you have a condition maybe of food, of 
co-factors, maybe condition of tissue, maybe it's a lot of factors 
involved. 

DR. HESS: Bruce, were the plants in Goddard's experi­
ments given a cold exposure between the first and second years? 

BRUCE BRIGGS : No, he kept them growing year round ; no 
rest period at all. He kept the temperature up at 60 or 55° F. 
because below those temperatures there is absolutely no influ­
ence of light. 

HARVEY GRAY: A further comment on this and I direct my 
remarks to Sid. This is in regard to seedlings of N aphill aza­
leas rather than to cuttings. The seed was sown on the first of 
January and these plants were brought along rather rapidly 
without any additional light until the 20th of Juue when the day 
length begins to shorten by 2 minutes each day or whatever that 
happens to be. Now we followed this along in the greenhouse 
and were careful not to let the temperature drop below 60° F. 
The lights were carried on a continuous basis rather than inter­
mittently or by a flashing system to bring the light up to a pe­
riod of 18 hours. However, the control plants that were away 
from this particular exposure were equal some 3 months later 
to those which received the light. Now I would like to ask Sid, 
how you explain that? 

DR. WAXMAN : Well, to go back to my talk, there are some 
plants that respond to photoperiod and others that do not. I 
have never worked with Naphill azaleas so I can't tell for sure. 
But if it was a plant that didn't respond to photoperiod, then 
there would be no difference between the treatment and the con­
trol. 

DR. HESS: Sid, do you feel that the azaleas should be give11 
a rest period or can you bypass this with long days? 

DR. WAXMAN: You can bypass the rest period but you end 
up with a leggy plant. It's far better to get a certain amount 

107 



of gro,vth and be content with that, turn off the lights, let them 
get dormant naturally on short days, give them a cold period and 
then you get a bette1· plant. You'll have more buds breaking 
all around. If you keep the plants under long days continuous­
ly, you will find the terminals growing but not the lower lateral 
buds. 

VOICE: Is there any difference between incandescent, fluo-
1·escent, or mercury vapor lamps? 

DR. WAXMAN: I have never worked with mercu1·~· vaµo1· 
but I do not see why it should not be just as good. Lt seems to 
be more efficient than the incandescent larpp. It has a highe1· 
intensity and the wave lengths are similar to the fluorescent 
lamps. 

GEORGE GOOD: I would like to ask Dr. Waxman what is the 
effect of long photoperiods on the hardening off of the cuttings. 

DR. WAXMAN: Anyone who is ready to use long days on 
his cuttings must also be prepared to protect these cuttings afte1· 
they are rooted. You have a time lag before you can subject the 
cuttings to low temperatures. If you have a plant in long days 
and suddenly give it short days, it may keep growing for about 
three weeks. Then you need some more time under short days 
to harden off the plant. So if you use long days you must be 
prepared to protect the cuttings from freezing weather for a 
longer period of time than they ordinarily would if they didn't 
light the plants. 

E. STROOMBEEK: I would like to mention something about 
leaching under mis'r. For two years I have been following the 
practice of spraying the mist bed twice a week with fertilizer, 
about a tablespoon to the gallon, and there was less chlorosis on 
evergreen azaleas and cottoneaster cuttings as compared to un­
sprayed cuttings. 

PETER VERMEULEN: The problem of light on reducing 
hardiness also raises one on nutrient mist as I think was borne 
out in my discussion this morning when we had difficulty with 
a rather severe frost. , Have others had similar proble,ms? 

JOHN WOTT: We have not had experience in this area as 
the cuttings were kept in the greenhouse over the winter under 
natural photoperiod after being removed from the mist. 

DR. HESS: Have yott encountered any problem of algae 
growth under nutrient mist? 

JOHN WOTT: This has been a problem that we have en­
countered. The algae appears to like the nutrient mist as much 
as the cuttings appear to like it. Therefore, the algae appears 
much faster and gro,vs better under nutrient mist. We have not 
experimented with any controls for· the algae as yet. 

PETER VERMEULEN: That was indoors. Outside with 
higher light intensity, we had less algae. 

JOHN WOTT: This could be; we haven't done this. 
VOICE: In relation to hardening off has anyone used some 

of the B-9 or Phosphon materials? We harden them off with 
the growth retardants before moving them out into the cold. I 
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was wondering if a lower application of these growth inhibitors 
wouldn't help alte1· the carbohydrate-nitrogen relationship and 

• 

harden the plants off pretty well. 
DR. HESS: We'll have a paper on the effects of growth 

retardants and hardiness from Dr. Conrad Weiser. 
JIM WELLS: I'd like to make a brief comment on that. 

We've tried two or three of these chemicals on rhododendrons 
and then having done so just filed the information away. In 
relation to this hardening off, we grow a variety called Roseum 
superbum which is a very vigorous growing variety, completely 
hardy in our area but it does have a tendency to make a late 
growth in September. lif we apply a dose of either CCC or B-9 
in early June when the first flush of growth is being made on 
the plant it will stop it making the third flush of growth in 
Septamber. The plant makes two perfectly normal flushes of 
growth and then stops. You have to be critical, of course, as to 
the concentration, but it doesn't apparently effect the plant in 
any other way .e,xcept stop that late growth. 

BRUCE BRIGGS: A comment that I'd like to make in regards 
to some research done in Western Washington Experiment Sta­
tion. They have done some research on rooting of blueberries. 
They studied the effects of fertilizer upon rooting. He found 
that a dry application in the rooting mix of a basic fertilizer was 
of much advantage in final output of your rooted cuttings. It 
didn't he,lp the percentage that rooted but it did help the final 
results and the plants were larger, uniform and the leaflets did 
not die. 

DR. HESS: Pete, have you considered the incorporation of 
a fertilizer in your rooting-growing medium? 

PETE VERMEULEN: I wouldn't say we haven't considered 
it, we have considered it, but we haven't looked too favorably 
upon it. Several years ago we tried to incorporate nutrients 
into the media at rooting but not in relation to rooting in con­
tainers. We found no appreciable value from it; we did after 
rooting do some fertilization on cuttings, and we did get some 
appreciable benefit. The question was raised this morning as 
to whether or not these new slow-release fertilizers would have 
some benefit. We haven't used them in the ''PROPICON'', but 
we have used them in growing established plants in containers 
and we've had som~ rather disastrous results from it when we 
used them in the greenhouse. Outdoors we have had very good 
results. Apparently when we use them in the greenhouse we 
had a much more rapid breakdown of the fertilizers than is 
normal under outside temperatures. Therefore we had a high 
nitrogen buildups which was detrimental to the roots and actual­
ly killed them. Other than that I haven't any other comments. 

DR. SNYDER: A great deal of florist crops are propagated 
in peat pots in the mediums in which the plant is growing. They 
commonly use 1/,: peat and 1,1;3 perlite and ½ soil to which is 
added certain of the mineral materials. In other words they 
use for propagation the same rooting medium including some 
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fertilizers as they use in the final potting up of the materials. 
They do not add any additional fertilizer, thot1gh, until they have 
been potted up or panned and are growing along. So with flor­
ists crops they do incorporate some fertilizer in the ''PROPI­
CON." 

DR. HESS: Just a kind of a summary statement here. So 
far the application of nt1trients in mist has not accelerated root 
initiation for most plants. The question is then, what happens 
to the subsequent g1·owth of the cuttings after they have rooted. 
Here positive results have been obtained in that those cuttings 
which have been fed seem to take off better. But as far as 
initiation per se, I haven't seen any consistent, real clear-cut 
evidence that the process has been accelerated by the use of nu­
trients. As John pointed out, it is a question now of when to 
apply nutrients during the rooting period. 

Now let's turn to another area, that of light intensity. I 
mentioned that yot1 can use higher intensities under mist unde1· 
outdoor propagating conditions. Should full light intensity be 
used or should there be a light shading? Harvey, what are your 
opinions on this subject? 

HARVEY TEMPLETON: When we started off years and years 
ago with a humidistat and timer control. the control was very, 
very poor. So we felt that we had to shade the cuttings. We 
used 46 % saran shade. That worked all right but after we got 
our better control, we concluded that they didn't have enough 
light because with certain plants we would get fungi in the bed. 
Now my experience is that you can correct that problem com­
pletely by giving the plants more light. So we took all the shade 
off the plants and grew them under just one sheet of 2 mil. 
polyethylene. Ancl. that eliminated the trouble. 

Now we still use shade on some plants. My guess is that 
with the exception of a few plants like this dwarf cypress and 
male Gink:go and a few others, we would be better off with a 
higher light intensity. No shade at all or at least very little. 

HANS HESS: We started out by using about 50 % shade 
and we thought this was quite the thing. In the fall we took 
the Saran off and one season we were short on time, so we plan­
ned to put the Saran on later and we never did put it on. We 
found out that we had better success with the full light as Har­
vey brought out. We have no shade whatsoever until we harden 
the cuttings off then we shade them as I mentioned before. 

JAMES WELLS: I'd _just like to comment on the use of this 
Saran material. We are convinced that there is a real difference 
in the quality of shade. When you apply shade through a Saran 
cloth it seems to me you are reducing the total light intensity by 
about 50 % depending on the mesh that you use. Now when you 
use a lath shade, you are applying bars of shade which is quite 
intense and between each bar of shade there is of course an 
equally intense bar of direct light. This bar of direct light is 
moving across the plants quite rapidly. We have not measured 
it, but we have observed it closely and it iR in fact moving across 
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the plant. I think that if it moves across fast enough so that 
the plant material cloes not heat tip before shade appears again 
from the next bar of shade we are having sufficient light inten­
sity to stimulate the plant to continue normal photosynthesis. 
I believe that there is a real difference in the system you use to 
apply shade. 

DR. HESS: vVhat about heating cables under mist condi­
tions? 

PETE VERMEUT,EN : I would like to mention first that there 
are a number of different types of saran and we use one that 
gives about 20 % shade. 

BOB BODDY: We grow a considerable number of plants 
under in Southern California. In the last two years we switched 
from wooden lath to saran shade. I don't know the exact effect 
of this on plants, but I've noticed an effect on people - under 
the wooden lath in the summer time, it's quite cool and very 
pleasant, under the, saran shade in the summer time it is un­
comfortable and it's hot. Also we found dust accumulates on 
the saran and you have a very close feeling. In the winter time 
under wooden lath at night time when we have frost it will be 
warmer under the wood lath and it will be colder under the 
saran. This is the effect on people. The plants seem to do 
equally well under both conditions, but I do believe that it gets 
hotter under the saran in the summer time when we are trying 
to keep it cool. 

DR. HESS: I believe a light shade, no more than 20 % , will 
allow sufficient light through for photosynthesis and at the 
same time reduce the· amount of mist that has to be applied. 
Reducing the amount of mist reduces leaching and drainage 
problems associa.ted with large amount of mist. Also, the shade 
will help contain the mist when it is on and reduce uneven dis­
tribution because of wind from any one direction. 

HARVEY TEMPLETON: In regard to the question of whether 
plants will grow better under full sunlight or saran screen, I 
i ust remembered an experience I had about five years ago. I 
built a semi-circular quonset type shade house, 108 feet long and 
about 14 feet wide. We filled it in early summer with plants in 
polyethylene plastic bands. We were trying it out so we used 
all the plants we had, a few hundred of each. We started with 
all of the plants under ~,aran which gave 46 % shade. When it 
came to abot1t July, I had the good sense to wonder if these plants 
would grow in the full sun or not. In order to see what the 
effect of full sun would be, we took off every other 10 foot sec­
tion. Sixty days later you could stand at one end of the house, 
look down it, and see just a series of stair steps. In every case 
the growth was better under the full sun as compared to the 
shade. Now that's in Tennessee in the middle of the summer. 

DR. WAXMAN: I recall some work Bill Snyder ancl I did 
with the rooting and growth of Taxus that were rooted unde1· 
shade, lath, and full sunlight. It was not so much on rooting as 
on the st1rvival and growth. 
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. DR. SNYDER: That goes back quite a long time. The cut­
tings were rooted and then brought out in the full sun or high 
light intensity and low light intensity. The plant material un­
der the shade for the first two years had higher survival and 
were larger plants. That carried through to the ,fifth year out 
in the field. One other point I would like to make. There are 
a number of plants that are known to do better in the shade 01· 
very poorly in full sunlight. Many tropical foliage plants, e.g., 
cocoa and Hevea, have rooted better "'ith the light intensity 1·e­
duced up to· 50 % . ' I think plants ,vhich do not grow well under 
full sunlight will do best if shaded while under mist. , 

HARVEY TEMPLETON: In my opinion and what I 'can read, 
most plants - not· shade plants now - but field crops'and so 
forth grow best with at least as much sunlight as· they get in 
central United States.. This compares ,vith a set of figures that 
show that alfalfa in England grows best at 250 7o of available 
light in the summer. · . · ' . 

DR. \V AXMAN: . Tomorrow I will discuss our experience 
with blueberry cuttings ,propagated under a range of light in-
tensity. . , 

' DR. HESS: Let us go back to the question of bottom heat 
and- mist, Pete. . , ' 

·PETER VERMEULEN,: We have had some experience with 
heating cables .. In our area in North - Central New Jersey we 
get some periods during the middle of the summer' when we 
have some relatively low temperatures and the medium tempera­
ture drops below the optimum of 65 - 70° F. Therefore, we 
tried some heating cables. These experiments were on jumper 
varieties with the heating cable 6 inches below the top of the 
medium. We had exceptionally good results. The following 
year we put heating ,cables under the entire frame and extended 
the range of plant material tested. We feel, very frankly, that 
we can not get optimum rooting, unless we maintain the medium 
temperature at 65 - 70P F. There is also a side benefit from 
using the heating cables for propagation. That .is by using the 
same frames for winter storage - we close the frame and cove1· 
it with polyethylene and turn on the heating cables. We -pot 
our cuttings and put them back in the frames. · We actually get 
a very low air temperature which· is good for -plant establish­
'ment while. tlie medium temperature is warm enough for good 
root development. · , 

• 

' 

' • 

I . , ' , ' I • 

, 

, 
, , , ' , ' . ' , 

' 
• , , • 

' 

- 112 , 



THURSDAY AFTERNOON SESSION. 
' 

December 9, 1965 

The afternoon session convened at 1 :00 p.m. A questio11 
' ' 

and answer session led by the mist sympqsium panel was hel<;l at 
the beginning of the afternoon session. The discussion is in­
cluded in the Thursday l\iorning Session of the Proceedings. 
At the conclusion of the mist symposium discussion, Vice Presi­
dent Peter Vermeulen introduced Mr. David G. Leach who served 
as moderator for the balance of the afternoon session. 

MODERATOR LEACH: We have three talks this afternoon 
with five minutes for questions after each talk. Our first speak­
er this afternoon is Dr. C. J. Weiser from the University of 
Minnesota. Dr. Weiser is a plant physiologist who specializes 
in problems of plant hardiness and as we all know he comes 
from about as tough a section of the country as anyone in this 
Society. 

' 

PRINCIPLES OF HARDINESS AND SURVIVAL 
AS THEY RELATE TO NEWLY PROPAGATED PLANTS' 2 

CONRAD J. WEISER 
H 01•ticultural Science Depa1·tmen t 

University of Minnesota 
· St. Paul l, Minnesota 

' 

Plant survival at low temperatures has been a vexing prob­
lem since man first gathered the fruits of the fields to provide 
sustenance for himself. Today a nurseryman in the Great 
Plains or an orange grower in Florida would both agree that 
lo,v temperature injury is a most serious problem. In fact on 
much of the earth's surface low temperature is the single most 
limiting factor to plant growth and survival. 

In the discussion to follow, we will attempt to provide a 
basis for the panel discussion to follow. I will emphasize re­
search at the University of Minnesota, not because it is neces­
sarily the best but because time is limiting and it is most fami­
liar to me. 

There are a number of factors which complicate the study 
of plant· hardiness. Winter damage can be caused by several 
different environmental stresses. For example, desiccation, 
early fall or late spring frosts, rapid temperature changes, and 
extreme low temperatures in midwinter can cause damage either 
individually or in combination. It is obviously necessary to es­
tablish what type of stress is causing injury before you can in­
telligently cope with it. Unfortunately the cause of injury may 
be quite different in diffe1·ent years or in different parts of the 
same plant. 
1Sc1ent1f1c Journal. Series Paper number 5'860 of the Minnesota Agr1ct1ltt1ral Experiment Station 
2The author expresses his grat1tt1de to Batley Nurseries, Newport, Minnesota for cooperation on 

some of the stt1d1es reportt'"d hrre and to the Lo111s W and Ma11d Hill Family Fo11nda11on for s11pport 
of the research , , • , 
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Newly propagated stock is frec1uently not well established, 
not in the best nt1tritional statt1R, <>ften has limitecl foocl reserves 
and probably has recently been sub.iected to an abrupt change 
of environme11t. It's easy to see ,vhy not many researchers 
have been willing to adcl these additional variables to a problen1 
which alr·eady has too many intangibles. 

To complicate matters even further, we still don't know the 
answer to the two basic questions: How does freezing kill 
plants? and, How do some plants acclimate to resist freezing 
injury? Attempts to find practical means of red11cing in.iur)' 
or increase a plant's cold resistance are often frustrated fo1· 
lack of the basic knowledge. 

To contribute something positive to the discussion, let's con­
sider what is known. Ice crystals in the plant are the factor 
which kills cells. Ice within a cell (intracellular) is invariably 
lethal, while ice between cells (extracellular) may or may not 
cause, death. 

If a hardy plant is exposed to gradually lowering tempera­
tures the first ice forms between the cells where water is purest. 
As the temperature continues to decline, water moves out of the 
cell to extracellular ice nuclei and the cell sap becomes increas­
ingly more concentrated with a lower freezing point and less 
water available to freeze. Most hardy plants survive this type 
of freezing, probably by avoiding intracellular ice fur·1nation. 
It has also been observed that the permeability of the cell mem­
brane to water increases as plants harden. This may be one 
facet of the cold af:climation process. 

If a hardy plant is exposed to rapidly decreasing tempera­
ture over the freezing range, however, injury frequently occurs. 
In such a case it is thought that water cannot move out of the 
cell fast enough to keep pace with declining temperature. When 
this happens. the cell contents supercool and then suddenly 
freeze intracellularly, causing death. This was illustrated by a 
study on American arborvitae (1) which would resist -125° F. 
when freezing was slow (9° F per hour) but which were killed 
at 15° F. when freezing was fast (18° F. per minute). Rates 
of this magnitude ,vere measured on arborvitae foliage outside 
in winter when the sun's radiation was suddenly interrupted by 
shading from a building or some other obstruction. 

If small pieces of living tissue are cooled extremely fast by 
plunging them into liquid nitrogen at -320° F., water in the cells 
may be converted into a solid vitrified state with no injurious 
ice crystals. There are cases where plant tissues have survived 
such treatment when they were warmed rapidly enough to 
avoid ice crystallization during warming. This observation 
substantiates the statement that ice cr)-·stals and not low tem­
perature are the cause of damage. 

There are several hypotheses about the destructive action 
of ice crystal formation. Some of the more frequently men­
tioned ideas include: A) A mechanical hypothesis considers 
that crystals puncture cell membranes or in some way disrupt 
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cell continuity. B) A second hypothesis is that the removal of 
water from cells to ice crystals concentrates the salts in the cells 
to such an extent that proteins are irreversibly salted out and 
denatured. C) Levitt (2) has suggested that freezing in.iury is 
due to the formation of disulfide linkages between adjacent 
proteins when they come too close together due to water removal 
to ice crystals. D) Heber ( 3) has hypothesized that certain 
proteins need a water shell a1·ound them to maintain continuity. 
Death of cells results when freezing of ,vater removes this water 
shell. At present, the first and fourth hypotheses seem the 
most reasonable. 

How do plants develop resistance to freezing injury and 
what can we do culturally to protect them? These questions 
would be easier to answer if we knew which of the hypotheses 
of injury, if any, are correct. 

Considering the first question, there are some ways in which 
cells could theoretically escape in.iury by avoiding freezing espe­
cially of the intracellular type. 1) High solute concentrations 
in the cell might give a freezing point depression .iust as a salt 
added to water lo,vers its freezing point. However, this usually 
can account for only a few degrees of protection. 2) Some in­
sects are known to produce antifreeze substances such as glycer­
ol and certain alcohols. But in plants, appreciable quantities 
have not been found. 3) Increases in water binding chemicals 
such as hydrophillic proteins may reduce the amount of free 
water available for freezing. Numerous workers have found 
that protein increases with cold resistance and we have recently 
verified this in red-osier dogwood ( 4). 4) Supercooling has 
been considered by some to be a means by which plants effec­
tively avoid ice crystallization. Our studies usually indicate 
only a few degrees of supercooling however. Further, super­
cooling may be dangerot1s to a cell in that when crystallization 
finally occurs, it is very rapid and violent and is more likely to 
be intracellular. However, the cell membrane is a barrier to 
ice crystals and the possibilit)' exists that the cell contents may 
supercool considerably even in the presence of extracellular ice. 
5) Increases in membrane permeability to ,vater have been ob­
served during hardening and could enable plants to avoid intra­
cellular ice by rapidly moving water out of the cell to extracell 
lular ice. 

In this regard recent work by Kuiper (5) has indicated that 
decenylsuccinic acid, when taken up plant roots, increases the 
water permeabilit:}r of the membranes six-fold. He also reports 
an increase in cold resistance of bean leaves and pear blossoms 
of as much as 10° - 12° F. after treatment. In nature an in­
creased unsaturation of plant lipids during hardening has been 
observed in some plants including red-osier dogwood (6) which 
could account for increased water permeability of membranes. 

In addition to escaping intracellular ice, there are some 
ideas about how plants may resist injury from extracellular ice. 
1) It has been observed that hardened plants have a more elastic 
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protopla.sm than their 11on-ha1~dened counterparts. This greater 
elasticity may a llow the p1--otoplasm to r esist breaking and other 
mechanical disrupt.ion during frost plasmolysis or extreme de­
hydration. No one knows what makes the protoplasm more 
elastic. 2 ) P erhaps the most comn1only observed chemical 
change in hardening plants i .... an increase in sugar and a de­
crease in starch. Heber (4), Sakai (7) , Tumanov (8) and 
other·s have found that sugars can exert a considerable protec­
tive action against freezing. Heber thi11ks the sugars can sub­
stitute for wate1,. molecules as the protective shell around sensi­
tive prote,ins by vi1,.tue of their -0 H groups. Salts reversed thE: 
protective effects of sugars and other polyhydroxy compounds. 

As introduction to the question of cultural means of increas­
ing a pla.nt's hardi11es.s, we should first conside·r the phenomenon 
of natural acclimation . Figt1r·e 1 shows the seasonal cold resist­
ance of the living bark of one year old red-osier dogwood twigs. 
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Figt1re I. Seasonal changes 111 the cold hardiness of red-osier dogwood bark and 
other pher10Jogical changes ~ indica tes t1"1at the bark was not injured 
at the lowest test tcmperatt11~e. 

The hardine·ss in this study wa•s determined by exposing 
excised stem sections six inches long to a series of low tempera­
tures in thermos bottles in a deep f ree1ze ( 4) . Thermocouples 
were used to measure the tissue temperatures which was gradu­
ally lowered at a rate· not exceeding 9° F. pe,r hot1r. After freez­
ing, injury was determined by visual examinat ion of bark cor­
related with regrowth a.bility and te·t.ra.zolium tests. 

Cold acclimation occurred in two stages in the autumn. The 
first stage· of hardening (to about 0° F.) occurred before a.ny 
frosts in the fall. The second, and more dramatic stage occur­
red immediately after the first fall fr·osts and rea.ched an un­
determined level somewhere below-120° F. Hardiness was lost 
in the spri11g a t the time: growth started. This same pattern haR 
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been obse1·ved several years on American arborvitae as well as 
dogwood. 

In trials to artificially cold acclimate dogwood plants in con­
trolled environment chambers, we found it necessary to first 
expose them to short days and then freezing temperatures. The 
short day treatine11t induced rest period and in some way pre­
conditioned the plants so they were capable of acclimating rapid­
ly when exposed to f1·eezing. Frost was necessary for maximum 
acclimation. For example, 35° F. following short days did not 
induce any cold resistance. Also short days or freezing tem­
peratures alone did not induce any acclimation, nor did a simul­
taneous short day and freezing treatment. It would be very use­
ful to understand the nature of the short day induction response 
and the triggering mechanism of freezing te,mperature. A num­
ber of people are studying this and perhaps someday sooneone 
will be able to artificially induce cold acclimation. 

The relationship of rest period, dormancy, and cold resist­
ance is worth considering because of its practical cultural impli­
cations. Although the relationships are not fully understood, it 
is evident in the V.'oody plants we have studied that: 1) Cold 
acclimation in the autumn begins at the time growth ceases due 
to short day rest induction. 2) Cold resistance is undiminished 
dt1ring the winter even after the chilling requirement for break­
ing rest has been satisfied. Arborvitae (1) and raspberry (9) 
maintained hardiness even when exposed to unseasonable de­
hardening conditions after 1·est was ended. 3) Cold resistance 
disappears with the beginning of spring growth. In summary, 
dormancy seems to be necessary for acclimation. Rest period 
may play a role in the induction of cold acclimation but does not 
appear to be absolutely essential for maintaining maximum cold 
resistance during the winter. 

~A.. great number of physiological changes occur during cold 
acclimation which may or may not be causally related to the 
process. In dogwood we have noted a decrease in starch and 
an increase in soluble carbohydrates (mainly raffinose) (10) ; 
a sharp increase in malic acid at the time of acclimation; an in­
crease in proteins and polar amino acids in proteins ( 4) ; in­
creased unsaturation of some lipid components (6) ; an increase 
in organic phosphorous and a decrease in inorganic phosphorous 
and an increase in ribonucleic acid. At this time it is difficult 
to say which if any of these changes bear a causal relationship 
to cold hardening. Perhaps the most likely relationship is be­
tween increase in sugars and hardening. 

011 the basis of this rather confusing background, let's go 
back to the beginning and see what possibilities there may be 
for increasing the survival of newly propagated plants. 

The first step is to correctly diagnose the problem. In 
many respects, this is a most difficult step. We spent two years 
establishing that winter burn on arborvitae was commonly due 
to rapid temperature changes in Minnesota instead of desicca­
tion. The third yea1· we designed a shading experiment to 
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eliminate rapid temperature change and most of the plants in 
the trial sustained cambium damage from what we believe to be 
an early fall frost instead. 

Some species have certain organs or tissues which are espe­
cially subject to injury. The susceptibility of flower buds of 
forsythia and apricots is well known. Pellett (11) found that 
winter damage on some usually hardy junipers was due to root 
killing when they were gro,vn in containers. In Minnesota, we 
have some strong reservations about the widespread use of Mall­
ing roots for apples because of thei1· limited hardiness. 

Recognizing the inherent limitations of the species, there 
are a number of factors we can influence to enhance prospects 
of survival: 

Well established plants have a better chance of survival than 
newly rooted cuttings or seedlings which are undergoing trans­
planting shock and other stresEes in addition to those imposed 
by winter. Proper timing of propagation, transplanting, and 
hardening off can overcome many of these difficulties. 

Mineral nutrition has been sho\\1n to influence hardiness in 
some instances. In contianer grown arborvitae and juniper, 
Coultas (12) recently found that high levels of nitrogen in­
creased injury while high levels of potassium generally reduced 
injury. This substantiates much earlier work. More unusual. 
however, was his observation that high phosphorous levels also 
predisposed plants to high injury. This is not generally recog­
nized but may be a problem in intensive nursery culture where 
nutrients are maintained at a high level for maximum growth. 

The reason that high K and P tend to decrease and increase 
winter damage respectively is not known. High N promotes 
vegetative development which does two things that may increase 
injury. Late autumn growth may delay hardening ( 13). This 
is especially true in plants which do not go into rest period early 
in response to shortening day length. Smithberg (14) found in 
red-osier dogwood that native clones collected at southern lati­
tudes went into rest later than northern collections. All 35 
clones in her study ultimately reached a high level of cold re­
sistance (below -125° F.) by mid-winter but southern and mari­
time collections which grew late in the fall were already injured. 
Many of our choice orname·ntal and fruit plants are being grown 
north of their natural r·ange and are subject to the same type of 
problem. 

The second deleterious effect of nitrogen induced growth is 
the depletion of the carbohydrate reserves o·f the plant. If sug­
ars have a direct protective action on cold sensitive proteins as 
suggested by Heber (3) this could reduce the plants capacity 
to harden. 

In summary, the productio11 of maximum growth by high 
levels of N and P fertility are sometimes not compatible with 
maximum cold hardening. High levels of K are generally bene­
ficial. In tender species which have a tendency to grow late in 
the autumn, it would be advisable to withhold N and possibly P 
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late in the g1·owing season to slow down growth and promote the 
accumulation of sugars. Although our discussion has centered 
around high fertility levels, it is generally recognized that un­
thrifty plants suffe1·ing from low fertility are also subject to 
winter damage. Cultural practices such as heavy late shearing 
or pruning which induce late fall growth in some plants have 
the same t1ndesirable effects as high nitrogen fertilization. 

Lig}1t is important in hardening plants for two 1·easo11s. As 
we have already mentioned, short days are the triggering mecha­
nism which induces rest period and preconditions plants to re­
spond to the hardening influence of low temperatures. It is im­
portant that plants to be overwintered out-doors, are exposed to 
short days in the autumn. This is especially a problem if artifi­
cial illumination is used to lengthen the day during or immedi­
ately after rooting of cuttings or seed germination. 

"\Vhile hardening may be inhibited by long days we want the 
plants to accumulate sugars through photosynthesis. This 
means that bright light during the short day is desirable. The 
common practice of shading newly rooted cuttings to harden 
them off after mist propagation limits their already depleted 
carbohydrate 1·eserves and probably reduces their capacity to ac­
climate to cold. Shading during autumn should be kept to an 
absolute minimun1. 

The undesirable effects of shading on winter su1·vival were 
graphically illustrated to us in a study where the effects of late 
and early fall shading, fall pruning, and high and low nutrient 
levels on winter survival of one year old globe arborvitae were 
evaluated. The plants shaded early in October with a 50 per­
cent lath shade covered with burlap was severely injured while 
the control and those shaded later, in early December, were in­
.iured much less. In this study the pruning and nutrient status 
had little if any effect. 

While intense sunlight favoring maximum photosynthesis 
is desirable during the autumn hardening period, it is often not 
desirable later in tl1e winter (1) because it contributes to rapid 
temperature changes in foliage or bark and to desiccation. Some 
type of shading put on as late as possible probably has merit for 
protecting many evergreens. In Minnesota rhododendrons (R. 
catawbiense and R. maxinium) have survived -35° F. when they 
are protected by heavy shade. We are presently testing reflec­
tive flocking agents which are sprayed on plants with a water 
soluble adhesive as a protection from this type of injury on 
rhododendrons, strawberries, Pachistima canbyi and American 
arborvitae. A large number of plants can be treated in a short 
time in massed plantings such as a container stock area in much 
the same way as Christmas trees are flocked. A majo1· prob­
lem is to find an adhesive which will wash off readily in the 
spring and yet withstand fall rains. 

Te·mperatu1·e is also critical to the process of cold acclima­
tion. As pointed out earlier, freezing temperature is necessary 
for the development of maximum ha1·diness in dogwood follow-
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ing the photoperiodically induced first stage of hardening. In 
the case of late propa.gated stock, it is important not to make 
the transition from the protected e·nvironment of the propagat­
ing area to an_ outdoor overwintering area too abrupt. At the 
same time, plants need low temperatures to hard~n providing 
it's not too low too soon. Good timing and semi-protected hard­
ening areas such as cold frames offer a possible solution to the 
problem. 

Little is known about root hardening, but in dogwood, low 
temperature exposure contributes to root hardening which can 
reach -4 ° F. ( 6). In apple rootstocks, preliminary field data 
indicate that the hardiness of roots is essentially the sarne under 
mulch as under bare soil or snow cover. The gradual cooling of 
the soil mass in nature probably gives ample time for root hard­
ening in most cases but in containers, root injury is more of a 
problem as in the case of juniper (11) and needs further study. 

Water is often discussed in relation to hardiness. Obvious­
ly if there is little free water in plant cells, there will be less 
available to form ice crystals. The danger in this reasoning is 
that withholding \vater may retard the cold acclimating process 
and also contribute to desiccation injury. The moisture level in 
plant tissues is lower in winter than summer (11), but this is 
largely internally controlled and heavy watering does not in­
crease tissue moisture appreciably unless the plants are quite 
desiccated. 

It is doubtful that withholding water is beneficial in hard­
ening most plants and may actually interfere with natural hard­
ening. Probable exceptions to this are plants which do not go 
into rest in the fall and need unfavorable conditions to stop their 
growth. Some herbaceous plants such as spring bedding stock 
develop a few degrees of hardiness from exposure to low water, 
high light, and cool temperatures but the contribution of low 
water to this type of hardening is unc~1-tain. Caution is called 
for in withholding water except in special cases. 

Spec-ial techniques of a mechanical and chemical nature are 
being used to aid in overwintering plants. The most widely used 
mechanical type of protection is the temporary plastic shelter 
erected over nursery beds and blocks of container stock. These 
shelters are kept reasonably air-tight to prevent drying out of 
stock over winter. They are apparently quite successful. If 
an appreciable degree of shading is involved, plants should be 
covered as late in the fall as feasible. Many evergreens main­
tain good color under such shelters. A complete discussion of 
this and other mechanical means of protection such as mulches, 
mulch in cold frames, and refrigerated storage would require 
more time than we have here. 

Chemical protectants for the most part have the property 
of either reducing desiccation or retarding growth. The bene­
ficial effects of such treatments have generally not been too ex­
citing. A polyvinyl chloride (Wilt Pruf) had no detectable in­
fluence on foliage moisture levels in overwintering arborvitae 
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foliage (1) but Smith and Chadwick (15) have reported that an 
acrylic copolymer (Foli-Gard) was more effective than Wilt­
Pruf in reducing water loss from transplants. 

Growth retardants such as B-Nine, Cycocel (16), Maleic 
Hydrazide and others have increased hardiness to a limited ex­
tent in some plants. The major potential of these chemicals may 
lie in their capacity to stop fall growth on species which don't 
go into rest. 

The report that the water permeability increasing substance 
decenyl succinic acid (5) induced a substantial increase in hardi­
ness was very encouraging, but the lack of substantiating evi­
dence from other sources suggests the need for further critical 
work. 
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JACK HILL: I would like Dr. Weiser to go through step by 
step the process which leads to cracking of stems in Arbor 1;itae. 
Would you repeat that in the ABC form? 
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DR. WEISER: The cracking of the stem showed up in the 
i:;pring as a kind of peeling back of the bark from the wood. 
We think that was due to a fall frost that injured the cambium. 
It didn't show up t1ntil the following spring. But we don't have 
any definitive information on this. I wish we had good data to 
support it but we think this is \vhat caused the injury. Do you 
have this type of problem? 

JACK HILL: Yes we do. I think there are very few people 
in the room who are not familiar with this problem. When you 
say a fall frost - ,ve always have a fall frost - what is the dif­
ference, if any, in the frost which causes the damage. 

DR. WEISER: We had plants in rather high nutrition that 
had been sheared rather heavily and they were let's say pushing 
in the fall. Our first frosts in the fall were rather se,,ere - we 
didn't have any 30° F. or 29° F. frost - we had one that went 
down to about 19 01· 20° F., the first frost of the fall. And at 
this time this is one place where the curve of frost resistance 
and the environmental tension do come close together. In the 
fall in Arbor vitae, it is a critical stage. 1\1ost of our data were 
recorded in the two previous years when we had not had any of 
that type of injury. We had only peripheral winter burn. 

CARL GULLO: Dr. \Yeiser, where do you get the decenyl­
succinic acid and at ,vhat concentration do you use it? 

DR. WEISER: It is available from a chemical supply house, 
I don't remember the name right now. It's used at 10-3 molar 
concentration. But in Wageningen, Holland, and in East Mall­
ing and in Germany research \\'Orkers have used the material 
without success. I am sure some of the other people in the room 
tried this. 

DR. LANPHEAR : We tried this on the roots of Taxus to see 
if we could increase hardiness and we were not successful. 

DR. WEISER: This has been the experience of most people. 
Maybe some one here from Connecticut is familiar with Dr. 
Kuiper. He has published in Science, has shown pictures, and 
has some very striking results - showing a very marked in­
crease in the hardiness of bean plants and also the flowers of 
apple and pear. So far no one else has been able to repeat the 
wo1·k. 

DR. FLINT: Have you tried bringing this material in dir~t 
contact with tissues. ,vithout having to go through external sur­
faces? 

DR. WEISER: We have in progress some root up take stud­
ies which is how Dr. Kuiper did it. So far we haven't tried any 
any spraying, its been mainly trying to reproduce what he re-
ported. · 

DR. FLINT: Have you tried any excised tissue? 
DR. WEISER: No. : 
DR. FLINT: I gather from the literature that perhaps part 

of the problem, anyway, may be getting the material into the 
plant to begin with. It might be interesting to see what the 
effect would be on excised tissues. 
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DR. WEISER: It's a paraffin like material, its rather hard 
to clissolve without <lissolving it in hot alcohol fi1·st and then in 
,vater. 

MODERATOR LEACH: Unfortunately Mr. Wagner ran into 
some mechanical difficulties at home and is not able to be with 
us. Howeve1·, Bill Curtis, president elect of the International 
has kindly consented to give Mr. Wagner's paper. This reminds 
me of the fellow ,vho gave up smoking because he feared cance1· 
- he rook to chewing toothpicks and died of Dutch Elm Disease. 

BILL CURTIS: Before I begin I should point out that the 
C and R nursery is located in Wenatchee, Washington and the)· 
have entirely different growing conditions, I think, than many 
of you people do here, at least entirely different from what we 
have in Western Washington and Western Oregon. 

PRE-EMERGENCE WEED CONTROL IN NURSERY STOCK 
RUDY "\:VAGNER 
C & 0 Nitrsery 

Wenatchee, Washington 
It is a real pleasure to be here ,,,ith you to-day to discuss a 

common problem which we all seem to have, WEEDS. As it is 
the nurserymen's n1ost costly problem, we are all searching for 
ways to bring down the high cost of weed control. In the spring 
of 1961 we at C & 0 Nursery decided to do something about it, 
and tried using Chemical weed control in our ornamental stock. 
I am here to-day to tell you of some of the experiences we have 
had in the last four years. 

The term pre-emergenc(' when in reference to weed control 
means an application of chemicals after planting but before 
emergence of weeds. The selection of the che,mical to be used 
for pre-emergnce ,veed control will depend on whether it is being 
used or applied as a direct or an over all spray on lining out 
stock. Certain sprays cannot be used on liners even if it is 
directed at the base of the plants, without taking some chance of 
p1·oducing some injury. But the same chemical may be used 
quite safely as a granual applied in dr)' form Vl'hen the foliage 
is dry, ,vith good results. We have se·lected Simazine as the 
chemical in our operation and we are using it exclusively for the 
time being as it has performed very well in tests made at one of 
the state experiment stations. Pre-emergence treatments seemed 
the best ;method to use in our case. Most weeds are much easier 
to kill about the time they germinate and it is very important 
to kill them before they get established. 

In pre-emergence applications of Herbicides a thin film of 
chemical is applied on the surface of the soil which will prevent 
growth of young weed seedlings. They are killed before they 
even become visible. We apply the herbicide as an over all spray 
and find this the easiest and most accurate way of application as 
it is very simple and can be accomplished with little difficulty. 
This brings us tci the equipment t<) apply the herbicide. The 
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sprayer must be in excellent condition as we cannot afford any 
breakdown during the actual application of the chemical. It 
could prevent an even distribution of the herbicide and could 
even result in crop damage. Exact calibration must be done to 
determine the· gallons of water sprayed per acre. The amount 
of chemical to be used depends mostly on the type of soil and 
stock it is used op. We have realized by using chemicals in our 
weed control program that when properly used it is one of the 
best money savers that has been introduced to the nursery busi­
ness in many years. The days of weeding and hoeing by hand 
are fast disappearing. 

Any material that will kill certain types of plant growth 
while allowing others to grow is dangerous if carelessly used. 
When using any of the materials on the market to-day it will 
certainly pay to follow the manufacturers' recommendations. 
With this in mind we ~.prayed our one-year established stock 
with very good results and no injury to the plants. But our 
big problem still remained. As we are using great amounts of 
manure previous to planting our new liners, this gives us a 
bumper crop of weeds but the manufacturer says to use this 
herbicide on established stock only. Now in order to find out 
what will happen if we disregard the manufacturer's warning, 
we did so in spring of 1962 and sprayed i,mmediately after plant­
ing and one heavy watering. We used the same rate of chemical 
as we used on the one year old stock. No sooner did we finish 
spraying when hot and windy weather set in and heavy irriga­
tion was needed, but we did not realize until too late that we had 
leached c;;ome of the herbicide down to the root zone. Bringing 
herbicides in contact with young roots is inviting trouble, which 
we got, but learned a great deal by it. The results were as fol­
lows: 

1. Weed control excellent 
2. Three species of plants a total loss 
3. Pines and spruces were badly burned but came out of it 

during the growing season. The remaining plants suffered only 
minor damage but came out of it quickly. 

With the lesson we learned by this we knew we were nearer 
our goal of two sprays. The first spray immediately after 

. planting and the second the following year instead of spraying 
the second and third years after planting. We are using the 
same rates in both applications, 2112 lbs. actual per acre in our 
area and type of soil. We find two sprays over a two year 
period works fine in our case, a third application is not needed 
as we have from 50 to 60 percent control left the third year, 
from the previous two applications. The soil surface is partly 
covered the third year by the plants and would not make spray­
ing practical. I would now like to sum up our method in using 
herbicides in the nursery: 

We have adopted the pre-emergence over all spray program, 
spraying once a year in the spring only. Fall spraying we find 
not practical as there is great danger in run off and heavy con-
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cent1·ation could result in the lO\\'er part of the field. We have 
built a boom for ou1· 100 gallon Ha1·die sp1·aye1·. The boom is 12 
feet wide and 40 inches above the g1·ound ~,ith fou1· Tee Jet noz­
zles No. 6502. The nozzles a1·e aimed di1·ectl)' between the rows 
with a fou1· foot sp1·ead near the soil surface, but no overlap is 
tolerated. \\Tith this ec1uipment ,,,e are able to achieve a very 
even dist1·ibutio11 of the chen1ical. \\Te a1·e no,,, t1sing 21/~ lbs. 
of actual he1·bicide i11 60 gallons of ,vate1· pe1· ac1·e. As I have 
me11tioned, the imJ)o1·ta11ce of a11 e,,e11 dist1·ibutio11 of the mate-
1·ial is esse11tial 01· ,·ea! t1·ot1ble ,,·ill <1t1ite possiblj' develop. 

Before sp1•aj'ing, the soil su1·face must be clean and free of 
all ,veeds at 'che time of application. To get good control reduce 
culti,,ating to a minimum in 01·de1· to keep the he1·bicides in the 
upper Ie,,el of the soil. P1·e-eme1·ge11ce ,,,ill control most all ger­
minating ,,,eed seeds bt1t ,,,ill not cont1·ol established weeds and 
ce1·tain pe1·e1111ial ,,,eeds 8uch as quackgrass, artemesia and 
others. 

Wate1·i11g 11e,,,1~, planted etock that has bee11 sprayed must 
be handled very carefullj'. O,·e1· head ir1·igation is the only 
practical !c,p1·aj' in areas ,vith little rainfall like ours. I would 
like to point out that if herbicides are used as a pre-emergence 
the action can be greatlj' affected by conditions such as soil 
moisture, 1·ain fall, temperatu1·e. soil type, weed species present 
and othe1· factors. It would therefore be impossible to suggest 
,,,eed control treatments that cot1ld be safely used in various 
sections of the count1·y. In 1963 - 1964 we had real good 1·e­
sults with 80 to !10 ~;,; of all ge1·minating ~•eed seeds controlled 
in 3 - 4 months and a somewhat lo,,,er pe1·centage for the 1·e­
mai11der of the g1·0,,1ing season. 'I'his j'ea1· the first ,veeds ap­
pared the latter pa1·t of Septembe1·. vVe are no,,, able to control 
ou1· weeds i11 5 ma11 hou1·s 'ro the ac1·e pe1· month and this includes 
e,pot hoeing of son1e pe1·e11nial ,,,eeds that may show up. 

To-day the g1·0,,1e1·s of nursel'}' stock 1·ealize tl1e necessity of 
1·educing operational costs. Chemical ,veed control therefore 
can not be o,1e1·looked as a monej' save1·. Unfortt1nately the use 
of plant growth 1·egulato1·s for \veed cont1·ol is still very young 
and every gro,ve1· should get all the info1·mation possible and 
compare it with his needs. Due to many reasons no one can or 
should make any definite suggestions othe1· than to share his 
own experience gained by using herbicides in his ope1·ation. 

There are man)' chemicals on the market to-day and it 
would be t1nfair to say that one is bette1· than the other. As I 
have worked with only one chemical, I believe the more you 
kno\\' of a ce1·tai11 product the better and safer are the results. 
So until something more promising comes along, ,ve will con­
tinue with the chemical ,,·e have been using in the last four 
years (80 '.Ir W Simazine). The per ac1·e cost fo1· treatme11t 
comes to approximately $16.00 fo1· material and labo1· in our 
operation. 

I am glad that there are gro,vers ,vho are very cautions 
about going into a new program of this sort on a large scale. 
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However we are far past that stage and I am convinced that 
chemical weed control is an important part of the nurserymen's 
production practices at the present time. There are five points 
we must bear in mind : 

1. Timely application of an adequate amount of herbicide to 
weed free soil will prevent or interfere with seed germination 
and seedling establishment. 

2. Follow recommenclations and p1·ecautions in regard to the 
crop and operation. 
3. Realizing herbicides are 11ot an easy way out of an accun1u­
lation of perennial weeds. 

4. Applying the chemical when the weed seeds absorb water 
and begin to germinate will give the best possible control. 

5. Proper application techniques are important for effective 
control, but also fo1· crop safety and econom)'. 

Calibration of Spray Equipment 
For most sprayers calibration is a simple but necessary 

procedure. With any given sprayer one must determine the 
volume output of the sprayer at the speeds and nozzle pressures 
to be used in application. This is accomplished by the follow­
ing procedure: FILL THE SPRAYER TANK WITH WATER, 
DRIVE 660 FEET WITH THE SPRAYER OPERATING AT 
THE SAME SPEED AND NOZZLE PRESSURE AS WliLL BE 
USED IN ACTU~J\L PRACTICE. MEASURE THE AMOUNT 
OF WATER REQUIRED TO FILI., THE TANK, THEN COM­
PUTE THE VOI,U1\1:E OUTPUT IN GALLONS AS FOL­
LOWS: 

Gallon required to refill tank x 66 
Spray width in feet 

The desired output can be attained by varying the speed, nozzle 
size and pressure. 

100 Gallon Hardie sprayer 
1 cylinder Wisconsin 
Plungers 11/2'' 
Pressure can be reduced as low as 50 lbs. 

BRUCE BRIGGS: I might mention that he has quite a dry 
condition there and might be comparable to the middle states 
such as Nebraska and Iowa. This makes a difference and must 
be considered in weed control. In the west side of Washington, 
we have a lot more rain and the results in some ways are dif­
ferent. 

CARL WILSON : I can see the advantages of weed control 
in the field, but what do you do with containers? I have not 
found any manufacturer that knows how to handle this problem. 

BRUCE BRIGGS: This is one of our big problems - the con­
trol of weeds in containers. About five years ago there was 
some work at the Experiment Station in containers. At that 
time they ran a whole spectrum of herbicides. The best results 
was the granular simazine applied at the rate of about 21/2 
pounds of the material (80 % ) or 2 pounds actual. But he did 
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receive some damage. The1·e ,,·e1·e th1·ee 01· fou1· JJ1·oducts that 
lool{ed good. I an1 ct11·iot1s to see if a11.)'011e has had some ex­
pe1·ience, 011e of tl1ese is combi11atio11 ,vith 11it1·oge11 a11d in the 
\Vest it looks 1·eal good. \\Te ha,,e 1·11n Chlo1·0 I.P.C. a11d a lot 
of these othe1·&, ,,,e still fou11d IPC ,,•ot1ld11't do it because it 
,,·01·ked bj· b1·eakdo,,·11 b.',' the 1·oot sj·ste111. \\Te 1·ecei ved i 111 t11·~­
,111d fi11all,· die! ,,·ithot1t it . • 

JOHN ROLLE!{: I an1 ::;t11·e s<>n1e<>11e l1e1·e has S<>111e t)x1ie1·i­
c11ce ,,,ith Dacthal a11d Casa1·011. Dacthal is ,,e1·,, safe 1·01· c<i11-• 
tai11e1· plants, ho,,·e,·e1·, it's 1·athe1· expe11si,,e n1ate1·ial a11d sho1·t 
li,1ed. \\T e',,e had less experie11ce ,,,ith Casa1·011, but it looks like 
it might be good. eithe1· as a sp1·ay 01· as a g1·a11ula1·. 

BRUCE BRIGGS: \\Te have t1·ied both of those mate1·ials. 
011e thi11g ,,·e ob.iected to Dacthal ,,,as too sho1·t a life. This is 
ou1· p1·oblen1 beca11se i11 co11taine1·s it's not a matte1· of ,veecls i11 
the mix, .','OU can ste1·ilize this. It's a matter ,,•ith the blow in 
,vith us, the ,,·eeds that come i11 the 11ext fall. And this is the 
JJroblem ,,,e ha,1e to fight. Ma.',1 be this isn't t1·ue he1·e. With the 
other product, Casa1·on, it looks good, but with us it hasn't done 
anj· mo1·e than simazine. It is not as toxic, you ca11 use it 011 a 
broade1· basis of plants. \Ve did have some t1·ot1ble ,vith this 
yea1· 011 some things such as L)c1pl111c cr1eo1·u111. \Ve feel it needs 
a lot mo1·e researcl1. We are still holding on to simazine. 

ROBERT DEWlI .. DE: Just a comment on this ,veed cont1·ol 
in containers; if .','OU will attend the rot1nd table discussion 011 
,,,eed co11t1·ol, I'll give .','Oll a solutio11 fo1· ,,·eed co11t1·ol i11 co11-
taine1·s that \\'e feel is quite satisfactorj·. It ,,·ill last .','Oll at 
least th1·ee >'ears cont1·ol with no p1·oblems. 

MODERATOR LJ<:ACH: Ou1· next speake1· this afte1·noon is 
Dick Bosle.',', f1·om Bosley Nu1·series ,,,ho is going to give us a 
slide tot11· of Califo1·nia containe1· nu1·se1·ies. 

SLIDE TOUR OF CALIFORNIA CONTAINER NURSERIES 
RICHARD \V. BOSLEY 

Bo1:-:ley N·1t1·se1·ies, J11c. 
l'lf.e11to1·, Olzio 

111 Ap1·il 1965 I spent 4 days i11 Califo1·11ia ,1 isiti11g some of 
the la1·ge1· container g1·0\\1ing nu1·se1·ies. I ,,,ould like to sha1·e 
some of the things I sa,v ,,,ith you. 

The fi1·st stop ,,·as at the Oki nu1·se1·y i11 Sac1·an1e11to. l\11·. 
Geo1·ge Oki, ,,,ho is ,,·ell k11own to the Societ.',1 th1·ough the n1a11y 
pape1·s he a11d J1is P1·oduction Manage1·, 1\11·. Kt1bo, ha,1e p1·ese11t­
ed, ,,•as a n1ost g1·aciot1s host. Thei1· 01·g,111izatio11 1s di,1ide<I i11t<J 
t,,,o com1>a11ies, ( 1) the Sac1·,1me11to Nt11·se1·y, ,,1hicl1 1s the g1·(i,,·_ 
i11g 01·ga11iz,1tio11 a11<l. (2) Oki Nt11·se1·.',·, ,,·hich is the sales t'i1·n1. 

\\'l1ile ,,·e ,,,e1·e i11 tl1e oft"ice ,,,e lookecl at tl1e IBl\1 11t111l'.l1e<I 
ca1·cl dattl p1·ocess111g etJt1ipme11t that Oki Nt11·se1·.}1 has bee11 t1si11g 
fo1· se,,e1·al .','ea1·s fo1· tl1e 1·outi11e accou11ti11g fu11ctio11s ot· 01·de1· 
,,·1·i ti11g, i 11 ,,oil'.i 11g. }tccou11ts recei ,,a IJle, acc<1t111ts pa.}'a l>le, a 11<! 
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serves to gather sales data which can later be used with produc­
tion records to forecast sales and project production require­
ments. This equipment will allow them to move smoothly into 
IBM data processing equipment which they have on order. The 
Yoder Brothers a1·e now using an IBM 1401 tape-oriented com­
pute·r to schedule production much as Oki will. These people 
are keenly aware of the many phases of management as evi­
denced by this name plate leading into the propagation area. 
Evereyone knows their job title and what their job range is. 

A g1·eat deal of attention has been given to cleanliness in 
propagation in recent years. Mr. Kubo, the production man­
ager for Sacramento Nursery, outlined the procedures used for 
sanitation by them in the 1962 proceedings. It is based on the 
U.C. System. You can see in the pictures that they actually do 
what they preach. This room ,vas spotless, but more i,mportnt, 
it was arranged so that it was very easy to clean. The area was 
also arranged so that there was no unnecessary through traffic 
flow which may track in pathogens. In the background can be 
seen controlled climate rooms in which cuttings or seed can be 
held for one reason or another. The interior of their propaga­
tion greenhouses show the same care in sanitation that the cut­
ting make-up room did. The house is painted each year and 
washed down with a disinfectant. The benches are treated with 
Cuprinol after each crop. Few people are allowed into these 
antiseptic areas. 

Ventilation is by fans at one end exhausting air which was 
drawn through mats with water dripping over them at the other 
end of the house. When the air passes through the mats it is 
cooled as the humidity is very low during some of the hot sum­
mer months. It is possible to add a fungicide or algaecide to 
the water running over the mats if you wish. The mist system 
is controlled by a device that measures solar energy and trans­
lates this to plant moisture need. The external view of the 
propagation house better illustrates the header pipe that drips 
the water over the brown mats and also the fan towers at the 
far end. These greenhouses are steam heated with pipes under 
the benches and poyethylene skirts. The steam is also used to 
sterilize flats of medium prior to sticking cuttings. In this area 
of California the tempera.ture goes below freezing in the winter 
and the heat is needed not only fo1· propagation but also to pro­
tect tender containered plants. 

This picture illustrates poly covered houses used for grow­
ing tender material and the next picture illustrates the newest 
type of greenhouse they are using which is covered with clear 
PVC. It is a very pleasant, bright structure and I am sure 
could be put to very good use in the east for year around grow­
ing of container material. 

Many nurseries have to build their own equipment and the 
people at Oki are masters of the art. You probably read the 
article in the 1964 proceedings by Mr. Dick Oki entitled: ''Spe­
cialized Equipment, Canning, Material Handling Systems.'' 
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This small spray rig has a Bolens propulsion unit and was manu­
factured from there back by Oki. I show this to illustrate that 
often we may have some unit that is still useful from one respect 
that may be adaptable for another use. This Bolens was former­
ly a high clearance cultivator and has now become a spray rig. 
I might mention that most of their spraying is done by a mist 
blower. I am sure that they are proud of their auto assembly 
facility. They manufacture this rugged looking, versatile cargo 
truck. They found that the battery operated units did not have 
enough capacity to travel the distances needed every day so they 
developed and mant1facture this unit. It is powered with a four 
cylinder Chevrolet engine with an automatic transmission and 
is very substantial. This is one of the trucks on the production 
line. They have a well equipped shop that can handle ma.jar 
construction jobs. All of us are involved in material handling 
and container grown plant material is particularly well suited 
to handling on pallets. This shows their order loading area 
and illustrates how the large pallets can hold a good number of 
the 1-5- or 15 gallon containers that they grow in. The pneu­
matic tired fork lift truck can even go into muddy fields and 
lift loaded pallets. As you can see here they place a pile of 
empty pallets behind their truck at the beginning rather than 
tying up inside space. As the load is finished off this stack at 
the rear provides a place for the men to stand. 

Many of the California growers use a container medium 
which has a very high organic content. Very often the great 
part of the organic content is Redwood sawdust that has been 
treated with Nitrogen. Oki uses a container mix of 1/i sand, 1,la 
Redwood sawdust, and 1/3 rice hulls as reported ih the 1962 pro­
ceedings. The sand etc., is dumped in the background and then 
loaded, with a tractor, into this device which conveys it up to 
the revolving drum which mixes it and then another conveyer 
which can swing THROUGH A 180° arc, piles the medium into 
a semi-circular pile from which the containers are filled. This 
system can blend 150 cubic yards a day. The medium is brought 
up to an optimum fertility level in the mixing and then this 
level is maintained through periodic laboratory checks and con­
stant dilute feeding through a proportional injector in the water 
system. So-called ''canning machines'' are highly developed at 
Oki Nursery. This picture shows the detail of two dies which 
are dri,,en by air cyiinder into the medium of the two containers. 
Automation people will tell you that if you wish to increase out­
put that it is much better to do this sort of thing rather than 
make one cylinder work twice as fast. This machine works in 
the can placement area rather than at the mediu,m pile location. 
They feel it is better to move truck loads of medium to the 
n1achi11e rather than have many t1·ucks moving the finished can 
to the field. On the left of the green machine is a truck that 
supplies painted, crimped one gallon cans. The truck on the 
right supplies medium. Some of the other support equipment 
consists of a rather large air compressor, a gasoline powered 
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generator and special palletized racks that hold flats of li11ers 
in peat pots ready for the machine. A crew of five people and 
this equipment pot and place 10 - 12 thousand plants a day. 

After the ,von1an places the peat pot plant into the impres­
sion left by the die the plants run do,vn the conveyor to the men. 
This woman had not trouble making these men work ver:}' fast. 
They would pick up 4 cans at a time. The conveyor a1·m is on 
,vheels allowing it to swing in an arc that is at 1·ight angles to 
the forward travel of the machine. This allows them to cover 
a rather wide bed ,vithout ever walking ve1·y fat· from the end 
of the belt. 

Jin container gro,ving, drai11age is ve1°)' impo1·tant a11d this 
shows how the run off is handled in one location. I would im­
agine that they had the land graded to start with so that the 
water is alv.,ays under control. Many of the growers in Califor­
nia have settled on growing in 1, 5, and 15 gallon cans. I saw 
no evidence of plastic containers in the few nurseries I visited. 
The customers completely accept the used food can. There 
would be problems in stacking plastic containers when they are 
trucked. This detail pictu1·e shows a novel way of staking 
rather large trees. 

Proportional feeding through the i1·rigation seems to be 
standard practice v.1ith the better growers that I visited in the 
west. This shows the system that is now in use at the Oki 
Nursery. It is manufactured by BIF Industries in Providence, 
R.I. It is a proportional inJector; that is, it will in.iect the ·same 
proportion of concentrate liquid to water over a flow range of 
10-1, with an accuracy of + or - 2 5{, of the set rate. The green 
object in the foreground is a deep well turbine pump. The flow 
meters and injector pumps are in the background. The small 
black drums are for sulfuric acid which is injected to ove1·come 
the bicarbonate content of the water. They had installed tliis 
equipment as it was better able to tolerate the acid and sand in 
the water and is more accurate at the lower flow rates of its 
working range. Another advantage to this equipment is that 
you can use full strength 01· perhaps I should say a constant 
strength concentrate liquid. When you receive a report from 
the laboratory to change the proportion you simply tu1·n a dial 
on the flow transmitter and you are in business. With othe1· 
equipment you would have to wait until the tank runs out to 
change the batch strength and there is always the chance of 
making a mistake in figuring the dilution. 

Many of you will recognize the Smith injector shov.1n here. 
This is at the Bordier Nursery which is located on the Irvine 
Ranch. This is a new location fo1· them and they were starting 
with a clean sheet of pape1·, so to speak. They were bei11g forced 
out of their forme1· location due to a bad smog situation. 'l'he 
la1·ge wooden tanl< is fo1· fe1·tilizer concent1·ate and the silve1· 
tank is for a head of ai1·. Their pump turns 011 with a d1·op in 
line pressure. 

The Bordie1· people mix thei1· potting medium in an intei·-
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esting way. They put .the ingredients into individual piles and 
then scoop through it with a front end loader. The tractor 
turns the piles over several times. It seems to work and repre­
sents low capital outlay. As you can see there is a high Red­
wood sawdust content. 

'''··Empty cans are loaded on a trailer and then filled with a 
loader and scraped off. The liners are easily hand planted into 
this very light mix right on the trailer which is then towed with 
a JEEP to the placement area. The beds have been graded, 
covered with coarse stone, and sprayed with a weed control p1·ior 
to placing the containe1·s. Sp1·inklers are set to have at least 
100 % overlap. 

When transplanting from one gallon to five gallon contain­
ers the larger cans are lined up around the medium pile in. a 
wagon train fashion, sometimes in a double row as the next 
picture illustrates. The cans are filled from the pile and the 
plants dropped in; then the man on the shovel pt1ts more medium 
around the roots with the aid of the second man holding the 
plant. This works very fast with a limited amount of handling 
of either medium or containers; After they have finished a 
wagon is driven around the pile while the plants are picked up . 
..,,,.,.,;_-,,1f ·fne Keli11e - Wilcox Nursery, large trees are g1·own in 
their special break-away boxes. The sides are held together 
with steel strapping so that the box is re-usable when the tree is 
planted. This firm does a fine job with these trees and their 
quality material is in great demand. As you can see, they water 
with small tubes. The system is controlled with a time clock 
and so a large a.rea can be watered with a rather modest pump 
and injector equipment. 

• 

This last picture showing Dr. John Rodebaugh, of The Soil 
and Plant Laboratory, standing next to one of these tree boxes 
of Keline - Wilcox, gives you an idea as to their large size. 

I would like to suggest that the growers I visited were very 
friendly and open with information which would not be true in 
most industries. 

• 
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PROPAGATION OF RHODODENDRON CAROLINIANUM 
FROM STEM CUTTINGS 

THOMAS H.<\.LL" AND T. F. CANNON 

No1·th Ca1·olina State University 
Raleigh, 1Vorth Carolina 27607 

Commercial producers of Rhododendron caroli1iianu1n have 
been limited to propagation by seed or ''cutbacks'' ( collected 
plants with the above-ground parts and the majority of the root 
system removed), since the literature indicates that most previ­
ous attempts to root stem cuttings have met with poor success. 

The time required to produce ''landscape-size'' plants from 
seed is longer than would be required for the production of 
plants from either ''cutbacks'' or stem cuttings. The use of ''cut­
backs'' has been extensive in North Carolina, but several dis­
advanta.ges of this procedure will preclude its use in the future. 
Available plants of good quality for ''cutbacks'' are becoming 
limited and lando,vners hesitate to allow further exploitation. 
Since the preparation for planting results in large wounds on 
these plant parts, microorganisms frequently damage or destroy 
a large number of ''cutbacks'' and lower the efficiency of the 
procedure. 

Propagation by stem cuttings would insure the producer of 
plants with less variation in flowering and growth patterns. 
This report deals with the effect of timing, media for propaga­
tion and hormone treatment on rooting of stem cuttings of R. 
carolinianum. 

Procedure: Te1·1ninal stem cuttings were obtained from 
unfertilized, partially shaded, natural stands of Rhododend1·on 
carolinianum in ~<\very County, N.C. All cuttings, except tho~ 
taken in November, were gathered at random from a large num­
ber of plants with a minimum age of five years. November cut­
tings were taken from plants in a nursery row which had been 
planted with ''cutbacks'' in the previous planting season. All 
cuttings ,vere secured near the fourteenth of each month for ten 
consecutive months beginning in July, 1961. 

The cuttings, three to five inches long, were wounded by re­
moving a strip of bark about =/4 inch long from one side of the 
basal end of the stem. The basal ends of the cuttings then were 
dipped, for 10 seconds, in a 50 % ethanol solution containing 
5000 ppm of indolebutyric acid. All cuttings were stuck under 
intermittent mist in a propagation bench with bottom heat con­
trolled to 70° F. Air temperature in the greenhouse was ma.in­
tained at 60° F. during the winter. and as low as possible at other 
times during the year. 

Media consisted of equal volumes of (1) Ge1·1nan peat moss 
and sharp sand, (2) German peat moss and perlite (\1orticul­
tural grade) and (3) German peat moss and Weblite, 2, sintered 
clay-shale (-10 -f-14 grade). 

Following twelve weeks in the propagation ben,.:h, cuttings 
1Part of an M S thesis written hy Th11n1a, H.111 11n{l1 r th, .,11pcrvi<11,111 <1f T F <:an111111 
..!Prt'~tnt J.JJrt!>, \V111!>llHl•S.11L1n, N (' 
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were removed and graded according to the root ball diameter : 
up to 1,/~ inch , t/2 to 11/2 inches, an,d more than 11/2 in.ches. 

A split-plot design was used and all data were statistical})" 
analyzed. Four hormone treatments were replicated thre€ times 
in each of the three media. 

R esults: Rooting p ·ercenta.ges were low in July and Au­
gust, higher values were recorded throughout the fall and winter 
months, and a decrea.se was noted in April ( c ·hart 1). At least 
90 % of the IBA treated cuttings- rooted if they were made in 
the months of September and October or the period December 
through March. Rooting percentag€s for July, August and 
April were 36, 66 and 79, r espectively. Less tha.n 50 % of the 
November cuttings rooted, a result pr·obably related to, th,e: vigor· 
of the st-ock plants from which t.bey wer·e taken. These plants 
were one year from ''cutbacks," in ful l sun and fertilized, in 
contrast to the unf·ertilized, shade grown stock plants us·ed in 
other months. 

If IBA was not used to treat the cuttin.gs, less than 50 o/o of 
the cuttings were r·oote.d, except in the month of February when 
51 % were root.ed. 

Data presented in Chart 2 indicate that the peat-weblite 
combination prodt1ced the highe•st rooting percentage in most 
months. In contrast, the peat-perlite combination appea.red to 
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be the least desirable in many months. Statistical analysis in­
dicated that these were not 8ignificant difference8 each month 
during the sampling period. 

How well these various media would perform under differ­
ent misting cycles is not kno\\'n, since one time clock controlled 
the mist in all plots used in this study. 

The peat-weblite medium usually resulted in a larger num­
ber of cuttings with root balls in excess of l~/2 inches in dia­
meter. In contrast, the peat-perlite combination resulted in a 
larger number of cuttings with rootballs under 1/2 inch in dia­
meter. Such differences are shown for December, January and 
February in Chart 3. A large number of c'uttings in the larger 
grade probably indicates faster rooting and the possibility of 
earlier transplanting of these cuttings. 

Conclusions: Commercial propagation, by stem cuttings, 
of Rhododendron ca1·olinianum is feasible. Data indicated that 
most success would be obtained by taking cuttings in the late 
fall and winter months. 

The results indicated that the use of IBA, at 5000 ppm in 
50 % ethanol, as a 10-second dip was highly beneficial. The use 
of the hur1none could change an unsuccessful operation to a suc­
cessful one. 
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The p1--opagation medium used was of less importance tha.n 
t iming or hormone tr·eatment ; however, the data i11dicated that 
cuttings may r oot faster and be transplanted ea1--l i,er when the 
peat-weblite combi11ation is used. 

MARTIN VAN I-IoF: I would like to ask Dr. Cannon if those 
rhododendrons are all of one clone. 

DR. CANNON: I cannot say that they were· all of one clone ; 
they were seedlings. All had fairly uniform flowering and 
growth charact,eristics. But they we1"e seedlings. They were 
from a natural stand. 

CASE HOOGENDQORN: I didn't hear you mention percent­
ages of rooting. What were the percentages? 

DR. CANNON: We had, during the winter months at least 
90 % rooting when we used hormone. If we did not use hormone 
we had generally under ·5.0 % . 

JIM WELLS : Dr. Cannon, have you t.1 .. ied any cuttings with-
0L1t wounding? I ha1"p back to a presentation at thi,s Society, 
th1·e:e yea1--s ago I think Dr. Chadwic·k said that wounding wa.s o.f 
110 value. Do yot1 agree? 

DR. CANNON: No,. I do not. We have tried cutting·s with­
out wounding and they met without s·uccess. In addition to that 
we ha.ve found that most o.f t.he roots that arise· on these cuttings 
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wili arise from the wounded a1·ea. We have ,,ery few 1·oots f1·om 
the back side of the cuttings, for example. 

DR. HESS: 'Tom, what is weblite and secondly what do you 
attribute that big drop in rooting in November to? 

DR. CANNON : vVeblite is a sintered clay shade. This i8 
the description that "'as given me. Actually it is a clay-shade 
combination that has been ground and then heated. It is 
through the heati11g process that it is expanded to some extent. 
It provides very excellent aeration and moisture co11trol in the 
medium. In other words the particles will hold a considerable 
amount of water bt1t yet p1·ovide the aeration that is necessary. 
We feel that aeration was the cause of the difference we got 
between the media. 

The drop in November we felt was primarily the vigo1· of 
the cuttings. These November cuttings were quite large as 
compared to the thin cuttings that we had taken in the other 
months. We think it was the vigor of the stock plants. The 
November cuttings were from fertilized plants in the nu1·sery 
row. As it happened the man who cut the cuttings couldn't get 
up the mountain to get the cuttings in November so he took them 
from nursery rows. 

HANS HESS: The next topic is a new misting nozzle ,vith 
self contained, ad.iustable timer. Our speaker is l\'Ir. Werne1· 
Rexer. 

NEW MISTING NOZZLE WITH SELF CONTAINED 
ADJUSTABLE TIMER 

WERNER REXER 
Rexe1· Fo1·est Nu1·se1··y 

La Salle, Ontario 

A fe,v years ago, it got into my mind, that all the intermit­
tent-misting units are operated by a solenoid and some kind of 
a device. The solenoid-value itself, the way it is designed, needs 
little power, the water supply line, thinking in the way of h)·­
draulics, can be boosted to create power, a thousand times 
stronger than needed. 

From the day this idea entered my mind, I had only one 
thought, to design and build a valve, powered by the supply of 
water, and operated by the e,,aporation of ,vater, fully ad.iust­
able, for misting, light and heavy field irrigation. I was fully 
aware of the difference between theory and practice, and such a 
valve may have to be rebuilt a hundred times before being prac­
tical for production. I decided then, that just to prove my point 
that such a valve could be built, and to sta)' within my budget, 
to design a small valve fo1· one nozzle only, with adjustable tim­
ing, all in one unit,. 

This type of nozzle, would be impractical fo1· the use in 
large scale propagation, however, it would be handy fo1· experi­
mental purposes, and for isolated patches of cuttings, since each 
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nozzle is individually adjustable, and the cost of such a nozzle 
will be only a fraction of any standard intermitting misting sys­
tem now available. 

When we think of a timing mechanism, especially adjust­
able, we think of many wheels and springs, that are required to 
make it work. In modern inventions, we often overlook the 
ways and means our ancestors lived by, the timing device in this 
valve is based on the theory, that when one opens a valve where 
there is water under pressure, and set it to a steady drip, it will 
continue to do so. the more the tap is opened the faster the water 
will drip. 

In this nozzle, the water dripping through the valve, is com­
pressed by means of a piston with two different diameters, the 
small one faces the full pressure of the line, and acting as the 
spring, the large one is facing the steady buildup of water, fed 
from the valve, making the piston move slowly, a part of a small 
and simple designed valve follows the move of the piston, and 
when the chamber is filled to a certain point, the valve opens, 
forcing the water out, and closing again. 

I am not sure yet, of how and when the hydraulic system 
will find its place in our industry, but I do know, the advantages 
and the uses are many, the installation alone is like placing a 
tap in the line. 

VOICE: The question I have regarding the' adjustment of 
that value. How long does it take to adjust that valve? 

WERNER REXER: You can adjust it for one second or two 
seconds, anywhere up to 10 minutes. This is for the time off. 
The time on will always be the sa.me. ' 

HANS HESS: May I ask you this question? What ap-
proximately will be the cost of this valve? 1 

WERNER REXER: This would depend upon the material 
used to make the valve. "\Ve could make it out of aluminum 
alloy, but that would wear too fast. I do not have much on the 
way of cost as yet. 

HANS HESS: I along with many others will look forward 
to ,vhen you will have the nozzle ready for the market. Our 
next topic is success and failure in the propagation of Tsuga 
canadensis by cuttings. Mr. Carl Grant Wilson of Cleveland, 
Ohio. 

• 

• 

SUCCESS AND FAILURE IN ROOTING TSUGA CANADENSIS 
CARL GRANT WILSON 

Clevela·nd, Ohio 

The followi11g is such a peculiar observation that if I had 
11ot observed it myself I would discount it 100 % . But it oc­
cured under my direct observation. 

I am sorry I cannot deliver this paper in person but the ill­
ness of my wife makes it imperative that I get her out of this 
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severe northern ,veather until she recovers. This paper will, 
therefore, be read by my guest, John Fortney, or someone else 
assigned b.)· the committee. 

The Obse1·vatiori 
In 1962 I had about 200 12/18'' Tsuga canadensis in 5'' con­

tainers sitting on a 4 foot pile of sawdust where I intended to 
leave them for the winter. These were spaced abot1t 5'' apart. 
They needed pru11ing to bush them out so I pruned them and 
left the prunnings fall on the sawdust. This prunning was 
done at the end of October, 1962. 

In April 1963 T moved the abo,,e to sell .and was astonished 
to pick up some 20 6/8'' cuttings that were rooted; some with 4 
to 6 roots from 1'' to 2'' long. This ,vas the first time I had 
ever seen T. canadcnsis rooted. 

I thought I had made a discovery. So, to check on it I did 
the following: 

In April 1963 I put in the following hemlock propagation 
in peat moss: 

1st: - J 00 - No treatment, as check. 
2nd: - 100-Using Hormodin #3. 
3rd: -100 - Using 1 % Indolebutyric Acid 
4th: -100 - Using 2 '?lo Indolebutyric Acid 
5th: -100 - Using 3 'lo Indolebutyric Acid 
6th: -100- Using 4 o/o Indolebutyric Acid 

All were ,vounded, morning sun only, and they were sp1·ayed 
,vith water four 01· fi,,e times a day. 

Results: All died by September, 1963. 100 '/,, failure. 
Can anyone explain why, in 1962. the cuttings with no 

treatment a11d LAYING ON TOP OF THE SAWDUST should 
root but on a carefully prepa1·ed test as outlined above should 
result in 100 Ji! failure? 

It occurs to me that one angle I may have overlooked in the 
above account is ''Juvenility." 

The 1962 trimmings dropped on the top of the sawdust 
were, undoubledly, juvenile, in that they were trimmings f1·om 
12 / 18'' stock. 

The cuttings I put in peat moss in April 1963 were taken 
from stock plants 6 to 8' high. 

Seems to me I would still consider the 6 to 8' Hemlock in 
juvenile condition. 

ED HUME: l'd like to find out what kind of sawdust that 
was used. 

KLASS VAN. HOF: I wonde1·ed why you didn't continue 
using sawdust. l\1:aybe your mistake was going to peat moss. 

DR. HESS: I noticed in looking ove1· l\'11·. Wilson's ma11t1-
script that the fir:;;t .)'ear the cutti11gs ,ve1·e not treated in a11y 
way; the second ~'ea1· they were V.'ounded. 

CARL WILSON: The sawdust is .iust plain sawdust out of a 
sa,vmill. It was all mixed up. They don't keep that sawdust 
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separate. The reason I wounded them is because I have listened 
to Jim Wells. 

JIM WELLS: This happens to be the second time that I 
have seen or heard of this same procedure. A neighbor of mine 
trimmed hemlocks and threw the trimmings on the brush pile 
in his garden, and the following spring he came up with a hand­
ful of this stuff, brought it to me so I saw it. He said, ''Look, 
I've just gathered this from the top of the brush pile'' and there 
was a great mass of roots from these trimmings. I took cut­
tings from the plant froln which he had made trimmings and 
we rooted them in the greenhouse. I believe the answer is in 
the actual plant - a clonal difference between plants. We did 
root quite a lot of these particular hemlocks from this one tree, 
but I never bothered to take it any further because I wasn't 
interested in hemlock. But the coincidence of the system is 
rather remarkable. 

Roy NORDINE: A question regarding this kind of sawdust .. 
Was this sawdust old or new and was it from the sawdust in the 
woods or fresh sawdust from a finishing mill? 

CARL WILSON: This is brand new sawdust probably less 
than 2 weeks old. Jim, I want to thank you. I thought I was 
maybe off my rocker. 

PETER VERMEULEN: _l\.s a propagator in New Jersey, this 
is not in relation to Hemlock, but the procedure is almost the 
same. Tillman Gray in Manalapan Nursery used to root Thuja 
orientalis Be,rc~mann's golden by taking the cuttings and piling 
them outside the greenhouse and letting them freeze for about 
3 months. Then he brought them into the greenhouse inserted 
them in a medium of sand and they will root practically 100 % 
for him. Now we might draw a correlation there. 

HANS HESS : The effect of clonal selection of hemlock 
upon rooting is brought out very strongly at Curtis Nurseries in 
Calicoon, New York. They are growers of a lot of hemlocks. 
They have collected a lot of dwarfs in the woods and they have, 
I guess, the biggest collection of various types of hemlocks of 
any nursery in the country. And they have found that there 
are certain ones of these selections which root readily and then 
there are others which are virtually impossible to root. I think 
it might be a good future program to have one of the Curtis boys 
here or John Ruby to explain this to us. But this is very defi­
nitely brought out. There are types which they have been root­
ing very successfully for a number of years and other types 
which they have given up on and do not root at all. 

We ha,,e as the next topic, cutting propagation of Magnolia 
grandiflora by Mr. William J. Curtis, Wil-Chris Acres, Sher­
wood, Oregon. 
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ROOTING OF MAGNOLIA GRANDIFLORA 
WILLIAM J. CURTIS 

Wil-Cht·is .4.c1·es 
Sherivood, Oregon 

It is a great privilege to be here to present my method of 
propagating Magn,olia grandi.flora from cuttings. Magnolia 
grandiflora from cuttings is not at all difficult, at least I have 
not found it so. I11 Western Oregon Grandiflora will grow late 
- in fact on November 11 when I began to outline this paper 
several Magnolia gra:ndiflo1·a Pioneer were in bloom and one­
year old plants we1·e ready to break into flower. 

We have just now stuck our cuttings for this year - I feel 
cuttings should not be taken until the tern·1inal bud is well devel­
oped. The loss of the terminal bud will give a crooked tree to 
line out. The lower branches taken from two or three year old 
field grown trees are best. This growth is pencil size or less, 
and will run from three to twelve inches in length. Cuttings 
18'' long or longer will root but take up too much bench room. 
This side shoot has a well developed terminal bud. We sever it 
from the three year old field grown tree with a sharp knife, leav­
ing a piece of last year's wood on the cutting - we are taking a 
heel-cutting. 

These cuttings are taken to the propagation house, washed 
thoroughly, for being close to the soil line, they can be covered 
with mud. A thin slice of wood is removed from this heel, just 
enough to trim the cutting to ease its entrance into the firmly 
packed sand. Remove several of the leaves and make a heavy· 
scar or slice on one or both sides of the cutting. This scar is 
about one inch in length. A standard 4'' deep flat filled with 
firmly packed sharp and is used for the rooting medium. The 
cuttings are dipped in Hor1nodin #3 and stuck 30 to 40 to the 
flat, depending in the size of the cutting. A bottom tempera­
ture of 75 to 80 degrees has gi,1en the best results. vVater heavy 
daily. The cuttings ,vill be ready to pot or can when the termi­
nal bud shows a little activity. I take the cuttings from the 
flats myself, trying not to break a single root. If necessary, I 
will tear the flat to pieces to keep from damaging the roots. 

We use a pot or a container of a size into which the roots 
should go for the best growing conditions. The majority will go 
into I-gallon containers, a few in 2-gallon containers. The 
smaller ones into 4'' standard pots, which will be filled with 
roots be,fore the summer is over, then shifted into I-gallon con­
tainers. These liners stay in the greenhouse until November, at 
which time they are over-wintered in a plastic house that is not 
heated unless we have several days of 20 degree weather. 

Our soil warms up more slowly than yours does here in the 
East. By May first they are lined out in the nursery, two-foot 
spacing in the row 84'' apart. We plant a low growing or up­
right growing plant between the rows of magnolias - a crop ' 
,ve can dig in two years, for the finished crop of magnolias take 
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three ~rears, tho we dig 25 '.1/o a/4. at the end of the second year. 
The third year will give us a heavy '1/s and o/~ crop from which 
we take our cuttings. 

DICK STADTHERR: What is the condition of the wood when 
you stick these, or do you stick them each part of the year? 

' 

BILL CURTIS: We generally put in the cuttings of Mag­
nolia g1·andiflora along the first part of November and. the 
wood is good and firm and the t.erminal bud is well developed. 
I think that is the secret. Now, I have ta Ike d to them in 
California about pt1tting in Magnolia grandiflora from cut­
tings and they say they don't have good success because they get 
a flo,ver bud, and then they get a dog leg plant. From my ob­
servation in working with these, if you take that shoot down low­
er to the ground in most cases there is no flower bud. The flow­
er buds will generally form near the top. If you have some 
crooked ones, let them grow into shrubs because a lot of people 
prefer Magnolia ,q1·andiflora as a great big bush, so ,ve still don't. 
lose them. , 

STEVE O'ROURKE: I would like to ask you a question per­
taining to the rooting temperature of the cuttings. The 85° F. 
temperature is high. I would like to know if there is any cor­
relation between the high rooting temperature for the cutting 
and that for grafting. If Jim \Velis or anyone else in the room 
has grafted Mag1iolia grandiflo1·a, I would be very glad to have 
their name. 

JIM WELLS: We gave up grafting magnolias years ago, 
Steve. Any magnolias that I have grown in the last fifteen 
years have been rooted from cuttings. That includes all the 
magnolias. But I haven't grown Jl,fagnolia grandiflora. But in 
rooting the magnolias we have maintained a bottom tempera­
ture of 75° F. for the ordinary ones. And certainly what Bill 
says is borne out by the temperatures the fellows use in Semmes. 
Alabama. v understand they shut their house up and it gets 
over 100° F. 

DICK STADTI-IERR: What percentage of rooting are you get­
ting? You haven't told us anything about that. 

BILL CURTIS: Well, on the smaller sized cuttings, that is 
4 - 8'', many a time we have 100 o/,,. And· .. of course, maybe we 
stick a hundred and ten in the flat. That always helps. I had 
planned on this ahead of time, so I took the pictures ahead of 
time and I lost my percentages, I did some counting and on the 
smaller cuttings, we would get 100 % time after time. These 
are all in four inch deep flats. But on the larger ones, if you 
put them in too thick, you will be making a mistake. Don't get 
those large ones i11 too thick - don't crowd them too much. Be­
cause you won't have very good percentages on those large cut­
tings if you crowd them. You may have to get down to 25 cut­
tings per flat with those large cuttings. But that's the secret I 
think in getting the percentages, not having them too thick and 
then you must have heavy bottom heat, real stiff bottom heat. 
,,,e didn't have too good luck when we used normal bottom heat 

1 !3 



such as 65 - 70° F., like ,ve do ,vith many others. Even on the 
.lfagnolia .c;ouwngean,a types we used real stiff bottom heat 75-
800 and 85° F. and if you watch your water you won't have any 
trouble. But when you have that high a temperature you .iust 
about have to flood them every day. 

DON SHADOW: Were these cuttings under constant mist or 
intermittent mist? 

BILL CURTIS: We put these in old fashioned way. We 
just took a hose and syringed. By November we're not using 
any mist in Western Oregon. The Lord provides for us outside. 
it's plenty moist. 

DoN SHADOW: Are the Magnolia soulangeana, cuttings 
taken in the fall or are those taken in the summer? 

BILL CURTIS: The M. soulangeana type cuttings and M. 
stellata are taken in the month of July. We try to take those 
cuttings from plants which are lined out the spring before. By 
putting in cuttings in July we take them out and plant them 
early in spring or in August. These cuttings at that time in 
late July may have grown 5 or 6'', and we take them and allow 
3 leaves from the bottom. You can break the top off in your 
fingers - the soft tip. And if possible, we take a heal, but it 
doesn't seem to make too much difference. When I first started, 
we used heals because from the old stock plant of the M. souan­
geana or M. soul.arzgeana rustic rubra or M. stellata you would 
not get very much growth or at least we wouldn't get very much 
growth. But from a new vigorous growing plant you get a 
shoot 7 - 8'' long in late July. 

JIM WELLS: Bill, I notice that you wounded these cuttings. 
Have you tried any without ,vounding? 

BILL CURTIS: When a thing works I don't change it. 
JIM WELLS: Then I see you',1e found a value from wound-

• Ing. 
BILL CURTIS : I think a long time ago I read an article, bJ· 

somebody, I don't remember who it was, 20 years ago or so, 
somebody wrote an article in American Nurseryman about 
wounding Rhododendrons. And where I was working that time 
we tried it; it ,vorked, and whenever ] find that something 
works I stick with it. 

VOICE: What medium do you use in your containers. 
BILL CURTIS: We use about 1,f:: of soil and 2/.,i fir bark. 
VOICE: Do you fertilize? 
BILL CURTIS: Oh, yes. But I couldn't tell you exactly how 

much fertilizer we use. But I know one thing we put in what 
they call saldusto that will kill a lot of our insects that feed on 
the roots. I kno,v that's one item that we do use. Unfortu­
nately I do not recall exactly what we do use. 

VOICE: Do you use a liquid fertilizer or dry? 
BILL CURTIS: Well, we use a dry fertilizer, I know we use 

some bone meal. We generally allow a four inch pot of fertilizer 
to a wheelbarrow of the soil and, of course, we use a full bail of' 
peat. But this n1aterial we use for the Magnolia.c; is .iust the fir 
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bark and the soil and we figure about a 4'' pot of fertilizer to 
the wheelbarrow load of material. That's a pretty safe mixture . ' to use and, of course, we vary it and use some bone meal and ,ve 
use some other organic materials. The plants in the greenhouse 
are fed once a month with 25-10-10 soluble fertilizer through a11 
applicator. 

HANS HESS : Our next topic for this morning is weed con­
trol using compressed air, a new concept. Mr. Asper Laursen 
was originally scheduled to give this paper but since he is un­
able to be here, it \\1 ill be read by Mr. Ernest Otto Timm. 

WEED CONTROL USING COMPRESSED AIR, A NEW CONCEPT 
ASPER K. LAURSEN 

Bo1vman'l!ille, Ontario, Canada 

An entirely new concept in physical weed control was de­
veloped and tested in Europe 12 years ago, and is no,v used suc­
cessfully in hundreds of nurseries in Denmark, Ger1nany, Hol­
land and other countries. 

The machine, a so-called weedblowe·r, is basically a turbine­
unit mounted on a cultivator and powered from the tractor's 
P.T.O. 

Through an universal shaft and a transmission the turbines 
are brought up to between 15 - 20,000 R.P.M. 

The strong jet of air, thereby created, is channeled through 
flexhoses down to a steel nozzle on a cultivator base, at an 90° 
angle to the plants in the nursery-rows. 

Proper cultivation in the nursery rows will create a small 
ridge of soil along the base of the plants. 

The weed blower works on the principle, that, when very 
young, the weed seedlings' root system is much shorter, and 
,veaker, that that of the established nursery plants. 

So when the weed seedlings appear on the soil ridge in the 
nursery rows the .iet of air will remove the weed seedlings, to­
gether with the small soil ridge, entirely without disturbing the 
nursery plants, which have a much deeper root system. 

Immediately behind the air outlets are cultivator teeth 
which build up a new ridge of clean soil around the plants. 

In Canada I have worked with this machine for six years, 
and found it very useful. In large nurseries with long rows, it 
is possible to clean a block of nursery stock, between the plants 
in the rows, at the rate of 800 plants per minute, using a weed 
blower that takes two rows at the time. 

In hardwood cuttings planted in the fall, and hilled up to 
prevent winter heaving we used the machine to uncover the cut­
tings in the spring, as well as to control the weeds amongst them. 

At Brookdale-Kingsway Nurseries in Bowmanville where I 
aim now employed, we bud a considerable amount of understock, 
fruit trees, shade trees, roses, etc. 

This summer we tried the v.1eed blower to clean the soil 

145 



bark and the soil and we figure about a 4'' pot of fertilizer to 
the wheelbarrow load of material. That's a pretty safe mixture . ' to use and, of course, we vary it and use some bone meal and ,ve 
use some other organic materials. The plants in the greenhouse 
are fed once a month with 25-10-10 soluble fertilizer through a11 
applicator. 

HANS HESS : Our next topic for this morning is weed con­
trol using compressed air, a new concept. Mr. Asper Laursen 
was originally scheduled to give this paper but since he is un­
able to be here, it \\1 ill be read by Mr. Ernest Otto Timm. 

WEED CONTROL USING COMPRESSED AIR, A NEW CONCEPT 
ASPER K. LAURSEN 

Bo1vman'l!ille, Ontario, Canada 

An entirely new concept in physical weed control was de­
veloped and tested in Europe 12 years ago, and is no,v used suc­
cessfully in hundreds of nurseries in Denmark, Ger1nany, Hol­
land and other countries. 

The machine, a so-called weedblowe·r, is basically a turbine­
unit mounted on a cultivator and powered from the tractor's 
P.T.O. 

Through an universal shaft and a transmission the turbines 
are brought up to between 15 - 20,000 R.P.M. 

The strong jet of air, thereby created, is channeled through 
flexhoses down to a steel nozzle on a cultivator base, at an 90° 
angle to the plants in the nursery-rows. 

Proper cultivation in the nursery rows will create a small 
ridge of soil along the base of the plants. 

The weed blower works on the principle, that, when very 
young, the weed seedlings' root system is much shorter, and 
,veaker, that that of the established nursery plants. 

So when the weed seedlings appear on the soil ridge in the 
nursery rows the .iet of air will remove the weed seedlings, to­
gether with the small soil ridge, entirely without disturbing the 
nursery plants, which have a much deeper root system. 

Immediately behind the air outlets are cultivator teeth 
which build up a new ridge of clean soil around the plants. 

In Canada I have worked with this machine for six years, 
and found it very useful. In large nurseries with long rows, it 
is possible to clean a block of nursery stock, between the plants 
in the rows, at the rate of 800 plants per minute, using a weed 
blower that takes two rows at the time. 

In hardwood cuttings planted in the fall, and hilled up to 
prevent winter heaving we used the machine to uncover the cut­
tings in the spring, as well as to control the weeds amongst them. 

At Brookdale-Kingsway Nurseries in Bowmanville where I 
aim now employed, we bud a considerable amount of understock, 
fruit trees, shade trees, roses, etc. 
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away from the root11ecks prior to budding, it worked exceeding­
ly well, we saved a considerable amount of hand labor, and there 
was no ''bark scratching'' on the understock. 

The weedblower can of course also be used for uncovering 
the budded roses early in the spring prior to stubbing. 

Several large nurseries in Canada are now using this new 
concept in weed control, forest-nurseries, owned by Provincial 
Government, as well as private nursery firms. 

As the machine is available, custom made, to fit most trac­
tors, and row distances, it can fit into most nursery-operations, 
except perennial-nurseries. 

It can be used supplementary to a chemical weed control 
program or it can do the entire job. 

Where I am now employed as propagator, the labour saved 
by uses of the weedblower, was turned into a better and larger 
production of softwood cuttings, and our fields were cleane1· 
than ever before, without the worry of possible damage from 
chemical weed killers, or men with menacing hoes. 

For anyone intersted, the machine can be seen in operatior1 
at our nurseries in Bowmanville, Ontario next summer. 

CASE HOOGENDOORN : Can this machine be used for any 
,veeds, regardless of size? 

ERNEST TIMM: No, they can not be any higher than a 
foot, otherwise the roots are· too well established. 

JOHN ROLLER: Mr. Timm, could you give me the cost of 
that machine. 

ERNEST TIMM: $1600. 
RALPH SHUGERT: Mr. Timm, would be $1600 be for 1, 2, 

or 4 rows? 
ERNEST TIMM : For 2 rows. 
RALPH SHUGERT: What ,vould one row cost? 
ERNEST TIMM: About $1500 because you've still have the 

big unit there. It's _just more hos.es or less hoses, .iust more 
shoes or less shoes, to add the additional rows. 

RAJ.PH SHUGERT: Where is this manufactured? 
ERNEST TIMM: In Denmark. 
RALPH SHUGERT: No manufacturer in Canada or in the 

United States that you know of? 
ERNEST TIMM: No. 
RALPH SHUGERT: In your observation of the machine, 

when you were hilling over seed rows or hilling over buds how 
high can you have you soil mounded and the machine will still 
remove the soil? Will it take so,il away up to 12'' high? 

ERNEST TIMl\1: : Yes, it would. Just last week we demon­
strated it for a man who would like to use it for a stool bed like 
an EM type of any number. That's what he wants to use it for. 
Now you know how high they would be at least this high. The 
thing is that as you try to blo,v more soil you ha,,e to go slowe1·, 
but you can do it. 

CASE HOOGENDOORN: What is the amount of air pres8ure 
you have? 
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ERNEST TIMM: I'm so1·ry I don't know. 
VOICE: Did you notice any effect of the static electricity 

that you obtain when you blew that air over the soil so fast? 
ERNEST TIMM: No. It is no problem at all. 
J. RAVENSTEIN: Is this machine available in the United 

States? Can you tell me the name of the dealer; I've been look: 
ing for this fellow for five years. 

ERNEST TIMM: See me, I have some literature in back of 
the room. 

HUGH STEA VENSON: It looks from one of the slides as 
though the soil was being blo\vn away from the roots pretty 
badly. How do you get the soil back? 

ERNEST TIMM: You have cultivating teeth right behind it. 
HUGH STEA VENSON : your teeth bring it right back? 
ERNEST TIMM: Yes, you bring it right back so that if you 

want to blow next time, they are ready. Most people blow and 
leave it level. Next time they cultivate up the ridge, and the 
next time they blow it level again. 

HUGH STEA VENSON: How about wet soil or damp soil? 
ERNEST TIMM: The last time I was out, it rained 3 days 

solid and I had an appointment on Monday. And driving up 
that day I was quite worried if the thing would work. We had 
no trouble at all. In fact, that's when this slide was taken, after 
three days solid rain. And the thing is if you do get into heav­
ier soil you can't go as fast, but you can still do it. You can do 
it even in heavy clay in the spring. 

VOICE: How far does it move the soil laterally? 
ERNEST TIMM: Well, you get a shield which the soil blows 

against. It will not blow into the next row. The soil blows 
against the shield and the culti,,ating teeth are right behind. 

VOICE: Doesn't it create a problem for the operator when 
working in dry soil? 

ERNEST TIMM: Well, he uses a bathtub at night. 
HANS HESS: Our next speaker will be Mr. Hoy C. Grigsby 

who will tell us of his work with captan and the rooting of pine 
cuttings. 

• CAPTAN AIDS ROOTING OF LOBLOLLY PINE CUTTINGS 
HOY C. GRIGSBY 

Southern Fot·est Expe1·iment Station 
Fot·etst Service, U.S. DeJ)at·tment of Agriculture 

C1·ossett, Arkansas 

Since 1942, when researchers began selecting the southern 
pines for specific traits, there has been increased interest in 
propagating them from cuttings. But in spite of an early con­
cern with rooting techniques, accomplishments have been quite 
modest. 

In 1961, I reported obtaining up to 52 percent rooting of 
lohlolly pine (Pit1uts taeda I,.) cuttings with indolebutyric 1icicl 
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(IBA) treatment under intermittent mist, but could not regular­
ly repeat this success in subsequent research (3). 

In 1962, the Boskoop Trail Grounds in Holland reported 
good results with ornamental conifers from a combination of 
IBA and Captan ( 1). A little later Van Doesburg (2) doubled 
the rooting of conifers by adding Captan to IBA. Wells (5) at 
the thirtee·nth annual meeting of the Plant Propagators' So­
ciety, stated that the combined treatment decidedly improved the 
quality and quantity of rhododendron cuttings. Vanderbilt (4) 
tested the rooting response of the rhododendron hybrid cultivar 
Chionoides to 16 compounds, principally fungicides containing 
no hormornes. He reported that 88 percent of the cuttings 
treated with Captan and with Sevin were well rooted. None of 
the other treatments were as effective. 

In mid-December of 1963, I installed a loblolly pine study 
in which one treatment was obtained by c om b i n in g equal 
amounts of 10 percent Captan and 1.6 percent IBA. It produced 
24 percent rooting, or two and one-half times more than the 
Hormodin No. 3 treatment which, until then, had been the most 
successful stimulant. This accomplishment would not be con­
e,idered a success by most propagators, but it was encouraging 
nevertheless because loblolly pine is hard to root and the cuttings 
had been taken later than the time considered optimum. 

In N ovelnber 1964, I began a follow-up study in which ten 
treatments with stimulants, principally Captan and IBA applied 
in various strengths and by several methods, were used on cut­
tings from 6-year-old loblolly pine trees. Some cuttings re­
ceived a wounding pre-treatment before• being dipped into the 
powder mixtures or the liquid concentrations. 

The design was a split-plot randomized block with two bot­
tom temperatures, 72° and 78° F. It was replicated five times. 
Night air temperature was maintained at 72° F. Day tempera­
tures ran higher, especially on st1n~.hiny spring days, when the 
average was 82° F. The rooting medium was half coarse sand 
and half perlite of horticultural grade. Mist was provided by 
Supreme A-6 Humidomist nozzles, one for each seven square 
feet of bench space, opera.ting 30 seconds of each minute during 
daylight. . 

After 190 days in the bench, the Captan - IBA treatments 
were superior to those with IBA alone. The best, 25 percent 
Captan and 0.8 percent IBA, produced 40 percent rooting. This 
was three times be·tter than the Hor·1nodin No. 3 treatment. 
Quick-dip applications of IBA at 200, 500, and 1,750 ppm; nap­
thaleneacetic acid at 500 ppm; and 30-minute hot soaks of 105° 
F. before IBA treatment; all produced little rooting. Wounding 
with three equally spaced slits in the basal inch of the cutting 
before treatment with IBA did not significally increase rooting. 

Livability and rooting of cuttings were increased by the 
higher concentration of Captan and the higher bottom tempera­
ture (Table 1). 
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Table I. Effect of tl\"O concentrations of Captan (each in combinat1011 ,vith 0.8 
percent IBA) a11d two bottom temperatures 011 the livability and root-
111g of loblolly pine cuttings 

Bottom 
tLmperatl1rc 

72" F. 

78'' F. 

, 

Percent l1,·1ng 
10 percent 25 percent 

Cap tan Cap tan 

39 
79 

63 

98 

Percent rooted 
10 percent 

Captan 

10 

29 

2 5 percent 
Captan 

23 
40 

------- ----- ----------------- -------- ·-· 

At the end of the study (190 days) the living cuttings fo1· the 
treatments without Captan 1·an from 2 to 50 percent and the 
1·ooted cuttings for these t1·eatments ran from O to 13 percent. 

The combined treatments produced more roots per cutting, 
and the roots were stronger and better distributed around the 
base of the cutting. (Figure 1). 

The cuttings were drenched with a mercury-base fungicide 
e,·ery 10 days. 'fhis treatment aided in keeping down slime 
molds and had no apparent deleterious effect. 

In summary, the combined Captan - IBA treatments were 
clea1·ly superior to all others in their ability to stimulate rooting 
and produce quality 1·oots. The highly significant differences 

' 

Figure 1. Six-year-old loblolly pine cuttings after 104 days in the propagation 
bench. The two on the left were treated with 25 percent Caplan and 0.8 
percent IBA. Those on the right were treated with 0.8 percent IBA alone. 
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(0.01 level) in the efficiency of the two Captan levels indicate 
that concentrations higher than 25 percent may produce even 
better results. Differences (0.05 level) between the two bot­
tom temperatures suggest that the optimum temperatures may 
be above 78° F. Night air temperatures probably should not 
1·un lower than 75° F. (3). 
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BRUCE BRIGGS: Was any attempt made in the research to 
eliminate the captan applied to the cuttings, but rather applying 
it as a drench to the rooting medium? 

HOY GRIGSBY: That's one of my treatments this year; I 
tried it for the first time. 

CASE HOOGENDOORN : Have you tried to root other varie­
ties of pine besides this particular variety like P. cembra or P. 
mugo. 

HOY GRIGSBY: No, I have not, Case. I have tried short 
leafed pine which is another one of the southern pines and it 
roots a little better than loblolly. 

JOHN THOMPSON: Have you tried phygon with the cap­
tan? 

HOY GRIGSBY: No, I have not. 
BOB DEWILDE: Do you associate your increase rooting re­

sponse to control of pathogens or to some biological activity in 
captan? 

HOY GRIGSBY: Frankly, I do not know. I hope that some 
of these treatments that I've put in this year will give an answe1· 
to this. This is the first time I applied captan alone. There is 
a possibility that it does possibly react with the IBA or has some 
stimulatory effect. 

DICK FILLMORE: I would like to ask the reason for putting 
the nozzle on the high trees. I am sure it must be a very im­
portant one·. 

HOY GRIGSBY: Really I just threw that in as a matter of 
interest. It has nothing to do with the vegetative propagation. 
'fhat's in my controlled breeding work and it takes three years 
to get seedlings from pine if you count the year in the nursery 
and you don't like insects to inte1·rupt the work. 

VOICE: Was you1· percentage captan based on 100 % active 
ingredients or based upon a percentage of 50 % or whatever 
they use? 

HOY GRIGSBY: It's the commercial captan. It is based on 
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whatever is give11 on the package and if we want 25 7;_, captan 
in the final mix, we start out with 50 % . 

DICK STADTI-II-:RR: What size trees are you using? Are 
these big trees or small trees from which you are propagating? 

HOY GRIGSBY: I have tried all ages. We have not had 
good 1·esults in any of these as you have seen here, but the olde1· 
t1·ees do 1·oot more poorly as yot1 would expect and in working 
out these techniques we're working with six year old trees. 

HANS HESS: The next subject this morning is on the 
effects of medium, pH, and root inducing chemicals upon the 
rooting of Ga1·de11ia jr1s111irtoicles. It will be given by Dr. Booker· 
T. Whatley. 

THE EFFECTS OF MEDIA, pH, AND ROOT INDUCING 
CHEMICALS ON ROOTING OF GARDENIA JASMINOIDES 

BOOKER T. WHATLEY, McKINLEY MAYES & JACK H. JEFFERSON 
Southe1··n Unive1·sity 

Baton Roitge, Louisiana 
• 

A limited an1ount of published information on the p1·opaga­
tion of Gar·denia .1·asminoides is available. Southern growers 
propagate gardenia cuttings in open nursery or in cold fra,mes. 
The cuttings. six 01· seven inches long, are made in late winter 
01· ea1·ly spring. The cuttings a1·e stuck in sandy soil which 
covers two-thirds their length ( 1, 5). 

Watkins ( 5) in Florida has reported that high humidity,, 
constant temperatt11·e and moisture are necessa1·y for speedy 
rooting. The media used have been clean, sharp builder's sand, 
peat or sphagnum moss. Gardenias being susceptible to root­
knot and other diseases, sterilized or fresh media are required. 
Root inducing chen1icals are 11ot essential, but larger root sys­
tems a1·e formed i11 shorter periods on cuttings that have been 
dusted with one of the root-inducing agents. 

Hartmann and Kester (2) reported that leafy terminal cut­
tings may be rooted in the greenhouse under glass from fall to 
spring. A mixture of one-half sand and one-half peat moss was 
a good rooting medium. These authors further stated that gar­
denias were difficult to transplant and should be moved only 
v.•hen small. 

Lat1rie et al ( 4), in Ohio, repo1·ted that tip ct1ttings four to 
six inches long taken betv.•een December and March and treated 
with a growth substance· hastens rooting, which may be ex­
pected in four to six weeks . 

• l\,Jate1·ials and ."!Uetliods 
A 2 x 3 x 5 factorial experimental design with thre€ repli­

cations and ten cuttings plots ,,,as employed to study the effects 
of media pH and root-inducing chemicals on rooting of Ga1·dertia 
.iasminoides cuttings during a 45-day period. 

1Thc alttllor::, c>.prcss tl1c1r apprec1at1<Jn tc> Dr Barton R Farthing:, l'r<JfL::i::ior an<l Head, De .. 
partmcnt of E>..per1mt..ntal Stat1st1cs, L,,i.11s1ana State lTr11vers1ty, for his advice and assistance regard, 
1ng tl1t. stat1::it1cal anal}s1s 
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pected in four to six weeks . 

• l\,Jate1·ials and ."!Uetliods 
A 2 x 3 x 5 factorial experimental design with thre€ repli­

cations and ten cuttings plots ,,,as employed to study the effects 
of media pH and root-inducing chemicals on rooting of Ga1·dertia 
.iasminoides cuttings during a 45-day period. 

1Thc alttllor::, c>.prcss tl1c1r apprec1at1<Jn tc> Dr Barton R Farthing:, l'r<JfL::i::ior an<l Head, De .. 
partmcnt of E>..per1mt..ntal Stat1st1cs, L,,i.11s1ana State lTr11vers1ty, for his advice and assistance regard, 
1ng tl1t. stat1::it1cal anal}s1s 
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The root-inducing chemicals used were 3-indoleacetic acid 
and 3-indolebutyric acid at levels of 0, 25 and 50 ppm respec­
tively in talc. The root-inducing mixtures were prepared ac­
cording to the method described by Jefferson (3). 

Three of the media used were vermiculite, perlite and the 
Southern University potting mix. The following is a descrip­
tion of the Southern University potting mix; 

I rigr·edie1its by V olu1tie 
1 Part Top Soil 
1 Part Course Sand 
1 Part Peat Moss (Acid) 
2 Parts Sawdust (Old) 

Additives Pe1· Cubic Yar·d 
3 Pounds Superphosphate 

10 Pounds Dolomite Lime 
pH 6.4 

Steam treatment for 45 minutes at 180° F. 

Two additional media were prepared by adding two and fou1· 
pounds of aluminum sulfate per cubic yard of media respective­
ly to the Southern University potting mix. 

The pH of the media under investigation were vermiculite, 
6.0; per lite, 7.2; Southern University potting mix, 6.4; Southern 
University potting mix with two pounds of aluminum sulfate 
added, 5.1; and Southern Unive1·sity potting mix with four 
pounds of aluminum sulfate added, 4.3. 

The cuttings used were terminal soft wood and three nodes 
in length (31/2 to 4 inches) from three-year-old stock plants. All 
leaves were removed from the second and third nodes. The cut­
tings were approximate,ly five mm in diameter at the base. The 
rooting mixture was applied and the cuttings stuck in 21/4 inch 
round jiffy pots containing the respective media. The potted 
cuttings were placed on the propagation bench and watered in. 
The cuttings were then propagated under mist with bottom 
heat. 

The data were obtained by counting the number of roots 
that penetrated the peat pot in 45 days. (October 13 to Novem­
ber 26, 1965) . 

Results and Discussion 
The mean number of roots that penetrated the jiffy pots in 

45 days for the 1·espective media were vermiculite, 14.0; perlite, 
1.4; Southern University potting mix, 5.6; Southern University 
potting mix with two pounds of aluminum sulfate added, 7.4: 
and Southern University potting mix with four pounds of alumi­
num sulfate added, 5.9. Highly significant diffe1·ences were 
found between the media used ( Table 1). 

No significant differences were found betwee11 3-indoleace­
tic acid and 3-indolebutyric acid regardless of the level used. No 
significant interactions were found between any of the factors 
under investigation. 
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TABLE 1. ANALYSIS OF VARIANCE 
' 

Source of Variation d./f. S.Sq. M.Sq. F 

Replication 2 206 
Media (A) 4 14,965 3,741.3 27.35** 
Acid (B) 1 36 36.0 .26 
J_,evels ( C) 2 50 25.0 .18 
Media X Acid (AB) 4 752 188.0 1.37 
Media X Level (AC) 8 549 68.6 .50 
Acid X Level (BC) 2 615 307.5 2.25 
Media X Acid X level 

(ABC) 8 330 41.3 .30 
Experimental Error 58 7,936 136.8 
Sampling Error 810 45,983 56.8 

Total 899 71,422 

Summa1·y 

A 2 x 3 x 5 factorial experiment with three replications 
were employed to study the effects of media, root-inducing 
chemicals and three levels of these chemicals on rooting of Gar­
dnia jasmirwides terminal cuttings. Vermiculite was found to 
be significantly better than the other media tested. Perlite was 
by far the least desirable of the media. 3-Indoleacetic acid and 
3-indolebutyric acid at 25 and 50 ppm were no better than the 
control. The essentiality of root-inducing chemicals at the levels 
used was not shown. 

The data seem to indicated that rooting media for this spe­
cies should be from medium to slightly acid. 
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HARRISON FLINT: What temperature do yot1 try to main­
tain in the rooting medium? 

DR. WHATLEY: The thermostat was set at 68° F. plus or 
minus 2 degrees. 

DICK FILLMORE: I'm not clear on the volume of vermicu­
lite which was added to the basic mix or whether or not it was 
used in pure form. 

DR. WHATLEY: Vermiculite and perlite were used in the 
pt1re form. 

• 
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JIM WELLS: Any misting system? 
DR. WHATLEY: Yes, we had it under intermittent mist. 

One minute every fifteen minutes during daylight, from about 
7 :30 a.m. to about 4 :30 in the afternoon. 

HANS HESS : Our next topic this afternoon is by Sid Wax­
man on the propagation of blueberry cuttings under various 
light intensities. 

PROPAGATION OF BLUEBERRIES UNDER FLOURESCENT LIGHT 
AT VARIO US INTENSITIES 

SIDNEY WAXMAN 
Plant Sciertce Department 
University of Connecticut 

Storrs, Connecticut 

J,ntroduction 
The trend in propagation as well as in the growing of plants 

has been toward a ,more controlled environment. For example; 
shading, botton1 heat, mist and the plastic tent, all are forms of 
environmental control. By rooting cuttings under controlled 
conditions more consistently uniform results may be anticipated. 

Although the use of such expensive controls as growth 
chambers, in which light, temperature and humidity are closely 
regulated, is not economical; structures can be used in which 
these environmental factors are more easily and perhaps less 
expensively controlled. 

For example, a roof-covered pit house, built 7 - 10 feet into 
the soil and insulated, may be the most ideal unit for the rooting 
of cuttings. The buffering effect of the soil surrounding this 
unit could prevent temperatures from getting too high in the 
summer and too lo,v in the winter. With such temperature con­
trol the relative humidity would not vary appreciably. Sudden 
losses of water vapor from the leaves on a partly cloudy day 
could be avoided in this type of structure because the light source 
is always under control and at a uniform intensity. 

The deciding factor as to whether the use of such a struc­
ture is economical lies in the light energy input required, i.e., in 
the cost of lighting. There is no need to provide a light inten­
sity equal to that of the sun. Although the sun may provide up 
to 12,000 footcandles of light, most so-called ''sun-loving'' spe­
cies can grow normally with a maximum of 2,000 footcandles. 
''Shade-loving'' plants, are able to grow at intensities as low as 
from 200 to 500 footcandles. 

An experiment was made to observe the response in rooting 
of a shade-loving plant (blueber1·y) to various intensites of light 
in a plastic tent and under a mist system. Specifically, the ob­
ject of the experiment was to determine the minimal range of 
light intensity under which root initiation and development may 
occur. 
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M ate1·ials U'rid M etliods 
Two benches, one for mist propagation and the other for 

propagation under a plastic tent were constructed of galvanized 
sheet metal. 

The plastic tent bench was completely covered with 4 mil 
polyethylene, and ,vas tightly sealed. The mist bench was un­
covered, but had side walls of polyethylene to confine the mist 
spray to the bench. 

Heating cables, set at 70° F., were placed in each bench 
beneath a peat-pe1·lite medium; 65 % :35 % by volume. In the 
mist system an electric timer activated a solenoid value which 
turned on a mist spray for three seconds every 10 minutes. 
Within the plastic tent the cuttings were sprayed only when the 
tent was opened for inspection, about once every three weeks. 

The experiment was done in an unheated room that received 
no sunlight. Each bench was illuminated with six 8 foot cool­
white flourescent lamps plus six incandescent bulbs. The flou­
rescent lamp fixtures were hung from chains attached to the 
ceiling and ,vere placed over the benches at an angle so that the 
light striking the cuttings ranged from a minimum of 110 foot­
candles to a maximum of 365 f ootcandles. Seven varieties of 
blueberry cuttings, six to eight inches long, were obtained from 
a commercial blueberry farm on July 12, 1965. Each cutting 
was wounded at the basal end by removing a thin strip of bark 
one half inch long. A mixture containing 10 parts of 50 % wet­
table Captan and 100 parts Hormodin No. 3 was applied to the 
base of each cutting. 

Flourescent lamps, controlled by a timeclock, were operated 
for 20 hours daily. 

In ascertaining the rooting response, only cuttings having 
a root-ball (roots plus attached media) 11/2 inches in diameter 

l'ahle I. Rooting of Blueberry Cuttings tinder Mist While Exposed to Various 
Intensities of Flt1orescent Light 

Atlantic 
Coville 
Jersey 
Pemberton 
Rancocus 
Wareham 
Weymouth 

Mean 

Percent Rooted• 

110-195 
Footcandles 

83 
86 
92 

100 
74 

100 
64 

86 

155 

195-280 
Footcandles 

72 
96 
80 
89 
78 
93 
88 

85 

280-365 
Footcandles 

66 
100 
72 
96 
53 
92 
56 

76 



or greater were considered rooted. Cuttings having smaller 
root systems were considered as being too meager to be potted 
and were classified as not rooted. 

Results and Discussion 
Rooting was first observed four weeks after the cuttings 

were made. In October when the cuttings were removed from 
the benches, most had root balls approxi,mately three inches in 
diameter. The mean percent rooting on cuttings under mist 
and those in the plastic tent were similar except for the cuttings 
subjected to the 280 to 365 footcandle range (Table I and II). 

The highe·st rooting percentages occurred at the intermedi­
ate low intensities, ,,,hereas the lowest percentages were ob­
served at the highest intensities. 

There was a greater decrease in rooting at the high intensi­
ty range in the plastic tent than in the mist bench (Table II). 

It was also observed that the color of the foliage under the 
high intensity range gradually changed from deep green to 
bronze. 

At the intermediate range the foliage was reddish green 
while at the lowest intensity the foliage remained a dark green. 
These changes in foliage color we1·e also observed on the mist 
treated cuttings. 

Leaf temperatures within the plastic tent were approxi­
mately 4.5 degrees higher in the section receiving the high range 
of intensity than were those located in the low intensity range 
while those in the mist bench were relatively uniform through­
out (Table III). The decrease in rooting and increase in chlo­
rophyll destruction at the highest intensities of fluorescent light 
we1·e more prevalent on cuttings in the plastic tent. 

These responses may be attributed to the intensity of the 
fluorescent light, per se, or to the combined effect of high inten-

Table II. Rooting of Blueberry Cuttings under A Plastic Tent while Exposed 
tc> various Intensities of Fluorescent Light 

Atlantic 
Coville 
Jersey 
Pemberton 
Rancocus 
Wareham 
Weymouth 

Mean 

Percent Rooted• 

110-195 
Footcandles 

72 
80 

100 
86 
71 
71 

100 

83 

156 

195-280 
Footcandles 

69 
82 
76 

100 
65 
93 
92 

82 

280-365 
Footcandles 

54 
65 
80 
80 
59 
48 
36 

56 
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l'able Ill. Te111pc1att11e Readi11gs Within the Plastic Te11t• 

Degree Fahrenheit 

Light 
l\fediLIIU I11tensity Leaf .-\ir 

110-195 fc. 74.3 75.6 71.6 
195-280 fc. 77.0 80.4 74.0 
280-365 fc. 78.8 82.4 75.2 

* J\ 1111,L• .tt1111.~ trl~l'll ,\.1tl1 TJ1l 11n1~t111 1i111\il~ 

sity and high tempe1·ature. Stoutemj'e1· and Close usi11g a11 i11-
tensity of 400 footcandles also reported bronzing of foliage and 
decreased rooting (2). They reported that the p1·oble·m was 
overcome b.)' decreasing the intensity of light. 

Just why this type of in.iury occurs under fl11orescent light 
at about 300 - 400 footcandles is difficult to explain since similar 
c11ttings propagated in a greenhouse either unde1· mist or in a 
plastic tent received considerably higher intensities of sunlight 
and yet exhibited neither b1·onzi11g nor poor rooting. ~'-\.lso, 
temperatures within the plastic tent in the greenhouse were 
mainly in the 90's; higher than those in the plastic tent under 
the fluorescent light. 

In the earlier experiment, cuttings of Rhoclode11d1·on 1nu­
c1·onulatum propagated in plastic trays in a growth chambe1· 
having cool-white fluorescent and incandescent light sources ex­
hibited similar 1·esponses. Bronzing and decreased rooting oc­
curred on trays of cuttings 1·eceiving from 285 to 1200 foot­
candles, while cuttings receiving 92 to 220 footcandles had a 
higher percentage rooted. 

Generally, the highest percent rooting occurred on the cut­
tings receiving the lowe1· 1·anges of intensity employed in this 
experiment. The mist and the plastic tent method of propagat­
ing the blueberry ,vere equally effective at the low and inter­
mediate light intensities. 

New shoot development occu1·red from the base of all va1·ie­
ties ,vith the €xception of Weyn1outh. Initiation of new shoot 
growth occurred in response to the long photope1·iods employed 
(3). Similar varieties p1·opagated in the greenhouse under nor­
mal photoperiods did not develop new growth. The length of 
the new shoots varied from two to six inches, some having grown 
as long as the original cuttings. 

Apparently, the energies of light used in this experiment 
may have been n1ore than ,vhat was required for the bluebe1·rj,· 
to develop roots. With shade-loving species as the blueberry, 
the 11se of artificial light in an insulated building may be feasible 
!Jecause of the lo\\' e11e1·g~' in1)ut ret1ui1·ed. 

Su111111a·,·y 
Bluebe1·ry cuttings taken during July 1·ooted 1·apidl)' and at 

high percentages ,vith fluo1·escent and incandescent lamps as the 
sole light sources. 
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Both mist and the plastic tent technique of propagation 
were effective. The highest percentage of rooting occurred on 
cuttings exposed to lo,v and intermediate intensities of light. At 
the highest intensities rooting ,vas reduced and the foliage dis­
colored especially u11der the plastic tent. New growth developed 
on most varieties in response to the 20 hour photoperiod treat­
ment. 
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JOHN ZELENKA: I would like to know what time of the 
year these cuttings were taken. We1·e they soft wood cuttings'? 

DR. WAXMAN : They were taken July 12th; the plants had 
made their g1·owth and stopped. The terminals were firm. 

JOHN ZELENKA: They we1·e firm; they were not in the 
active growing stage? 

DR. WAXMAN : No. 
JOHN ZELENKA: In what medium :were they 1·ooted? 
DR. WAXMAN: Peat and per lite, 65 :35. 
JIM WELLS: Sidney, it wasn't quite clear to me the rela­

tionship between temperature in the rooting medium and the 
light intensity. Did you say that you had a higher temperature 
under the plastic and it went up to 85 - 90° F.? Is that correct? 

' DR. WAXMAN: You are comparing the n1ist and the plastic. 
The temperatures under the mist were cool, the medium as well 
as the air. Under the plastic the temperatures were very high. 
At the highest intensity area it got up to 97° F. and remained 
there. At the lower end of the same bench it was about 88° F. 
And they all rooted in a matter of 4 weeks and could stand this 
very, very high temperature. 

ARIE RADDER: Sid, did you have the lights on 24 hou1·s or 
did you use less? 

DR. WAXMAN : Twenty hours in this case. 
HANS HESS: Next, Dr. Stu Nelson will give a progress 

report on root promoting actiivty in juvenile and adult phases 
of J\.falus 1·obusta 5. 
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PROGRESS REPORT OF ROOT PROMOTING ACTIVITY 
IN JUVENILE AND ADULT PHASES OF MALUS ROBUSTA 5 

APPLE ROOTSTOCK 
S. H. NELSON AND J. M. PEPPER 

Departn1rnts of Ho1·ticultu1·e and Che·mist1·y 
Univc1·sity of Saskatcheivan 

Saskatoo11, Ca1tada 
Since W 01·Id Wai· II, .i uvenility in plants has gai11ed a ce1·­

tain prominence in the 1·esearch of a number of countries. Spe­
cifically with Malus, reports of .iuvenility began to appea1· in 
European literature in the late 1940's and a summar)· of this was 
published in 1956 Ly Blai1·. l\1acArthur and Nelson (3) to sub­
stantiate the finding of the juvenile and adult forms in Malus 
and Py1·us at Ottawa. Subsequent to that report, both physio­
logical growth phases were clea1·ly e,,ident on the same tree of a 
German 1·ootstock-stembuilde1· selection received from Professor 
Maurer of Berlin in the late 1950's. 

Of prime interest to the p1·opagator is the fact that the 
.iuvenile form of Malus roots readily f1·om softwood cuttings 
while the adult roots poorly; not only in Io,v percentages but 
also vl.'ith few points of attachment (11). Although there have 
been reports of the successful rooting of apples, I feel that the 
situation is fairly ,veil summed up in the East lVlalling Report 
for 1964 (1) and I quote, ''Some 30 scion varieties of apples 
have been propagated on their own 1·oots: none we1·e found to 
root as readily as even the sh)'est-1·ooting commercial root­
stocks." 

The quest for i11formation on .iuvenility is of prime commer­
cial importance as the propagation of own-rooted fruit trees 
,vould eliminate rootstock p1·oblems in all their ramifications. 
Conve1·sely, if it ,,,as found, by chance, that the adult growth 
phases contained the controlling growth substance and the .iuve­
nile could be so treated, tremendous saving of time to the plant 
breeder would greatly accelerate the long program now required. 
Although many environmental treatments have been tried in an 
attempt to shorten the juvenile period, it has been generally ac­
cepted that these have not been successful or could not be ap­
plied to an)' appreciable breeding p1·ogram. Recently, (Ander­
sen (2), a marked shortening of the Juvenile period was achieved 
b)' grafting to the ve1·y dwarfing rootstock, 3431, although con­
siderable extra work is involved. Although the rooting of mate­
rial is of greater importance to this group, we cannot ignore the 
other possibility and the plant breeder who is closely associated 
with us. 

Even thot1gh .iu,,enility i11 Malus had been identified at 
Ottawa and vl.'ork ,vith othe1· c1·ops by Hess ( 5) st1·ongly sug­
gested a further a 1·ea of investigation, it ,vas not t111til 1962 at 
the Unive1·sity of Saskatchewan that this ,vo1·k could be started. 
The first phase of the ,vo1·k by Quamme and Nelson ( 13) termi­
nated in 1963. B1·iefly, it was found that a typical cofactor re­
sponse, adopting Kefford's (9) ext1·action methods, was fourid 
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in the acid-ether fraction of the juvenile phase. The alkaline­
ether fraction failed to give a cofactor-type response although 
increased rooting occurred near the base line of the chromato­
gram in both the adult and ju,,enile phases. The aqueous ex­
tract showed severe inhibition of rooting and did not vary in the 
t,vo growth phases. Straight-growth tests with Avena coleop­
tiles were also conducted (Nitsch (12) ) and although some 
promotion ,vas present, it was not significant between the two 
growth phases and the greatest promotion occurred on the chro­
matograms in areas other than that of the cofactor response. 

Subsequent to this work, another student, Miss Hwang (7), 
concentrated on the alkaline-ethe1· fraction using thinlayer chro­
matography and varying solvent systems. The solvent system 
of normal hexane, ethyl acetate, as suggested by Hess (6), proved 
to give us the best visual separation under daylight and ultra­
violet light but, although responses in rooting have occurred, it 
was not demonstrated to the ,vorkers' satisfaction that a cofac­
tor response existed in this fraction of Malus. In this work, the 
acid-ether fraction was obtained in each extraction. As sug­
gested by Kefeli and Turelskaya ( 8) , toluene was used to remove 
fats and pigments. The alcohol extract was washed three times 
with toluene immediately after the sample was macerated and 
filtered. The area that only gave a cofactor response in the 
juvenile form for Quamme and Nelson (13) was now giving a 
cofactor-type response in both phases. This may be similar to 
the findings of Zimmerman (14) with Pinus. Obviously, by 
chemical manipulation, using toluene, something was removed 
from or released in the adult extract that allowed it to behave 
in the same manner as the juvenile. To date, no clues have been 
obtained from further studies with the toluene fraction. 

Du1·ing the summer, a chemistry technician was obtained 
and seconded to the Department of Chemistry under the direc­
tion of Dr. J. M. Pepper. A completely chemical approach was 
taken and exhausti,,e soxhlet extractions, with varying solvents, 
were made by the Department of Chemistry. The water soluble 
portions of the crude and fractionated extracts were returned to 
the Department of Horticulture and bioassayed with the mung 
bean rooting test without chromatographic separation. A num­
ber of root-promoting solutions were obtained and are illus­
trated in the three tables. Values listed in the upper left are 
number of runs, number of roots on water check and number of 
roots on the IAA (10-"M) check respectively. Values under the 
columns represent the mean percentage increase in rooting over 
the respective check treatments. 

(a) As show11 in Figure 1, root promotion was found in the 
ether a11d alkaline water soluble fraction. It will be noted that 
ether alone gave practically no response but when the ether waR 
washed with NaOH, the 1·ooting-promoting substance(s) went 
into the water portion. When the water portion was reacidified, 
the root-promoting substance (s) ,vere again ether soluble and 
were taken up in water when the ether was evaporated. lit 
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should be further noted that an inhibitor became evident in the 
ether after the alkaline wash. The level of root activity and 
inhibition was greatest in the juvenile. 

(b) Also in Figure 1, another solution is exhibited that con­
tained substance (s) which were ether insoluble, methanol solu­
ble and water soluble. This root promotion was found in both 
of the growth phases. 

(c) Rooting responses were obtained from both the juvenile 
and adult growth phases (Fig. 2) from substances that were 
benzene insoluble, methanol insoluble, ether soluble and water 
soluble. 

(d) Also in this Figure is exhibited a solution that con­
tained substance(s) that were benzene insoluble, methanol solu­
ble, ether soluble and water soluble. The very high response is 
likely the result of the greater amount of original material. 

(e) Still referring to Figure 2, another area of root promo­
tion was from substance(s) that were benzene insoluble, metha­
nol soluble, ether insoluble and water soluble. This residue 
showed considerable phytotoxicity but the 1/10 dilution yielded 
rooting levels far higher than experienced for this dilution in 
a11y of the other extractions. 

(f) Finally in Figure 2, substance (s) that were benzene 
soluble, ether soluble, alkaline water soluble, but retur11ed to the 
ether portion when reacidified and were finally water soluble 
when the ether was evaporated. 
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Because of t·e,,,e1· solve11ts i11 (a), it 1s possible that the SllU­
tances discussed in one of ( c), (ct) 01· ( f) could be the s1:1me as 
(a). Also (e) could be the same as (b). 
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can be characterized. An attempt will be made to correlate 
them to the root-promoting substances reported by Luckwill 
(10) but of the ''auxins'' he reported in apple, only two were 
said to have root-promoting activities. Furthermore, the co­
factor response found in this study will have to be character­
ized by chromatographic methods. This cofactor-type response 
is obviously not the same as that reported by Challenger, Lacey 
and Howard ( 4) as theirs was obtained in the acid fraction. 
The cofactor response, originally reported by Nelson and Quam­
me (13), however, may be the same as that reported by these 
workers in England but appearing at a different Rf. because of 
isopropanol :water (8 :2) was used at Saskatoon and isopropa­
nol :water :ammonia (8 :1 :1) was used in England. 
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Com-

HANS HESS: Our next speaker this morning is Ralph 
Shugert who will talk about Phomopsis blight. 

CONTROL OF PHOMOPSIS BLIGHT IN 
JUNIPERUS VIRGINIANA SEEDLINGS 

RALPH SHUGERT 
Plumfield Nurseries, Irie. 

Fremorit, N eb1·aska 

One of the most serious plant diseases of Juniperus vir·­
giniana is Phomopsis blight (Phomopsis juniperovora). In 
our seedlng operation at Plumfield Nurseries, Juniper vi1·gini­
ana is a valuable crop, since we drill one hundred pounds of seed 
each year, and take off about one hundred and fifty thousand 
seedlings, 2-0 and 3-0, annually. 

Anyone who has gro"'n an extensive amount of Junipe1·us 
virginiana is well acquainted "'ith cedar blight. I have never 
seen seed beds of this species that have not been infected with 
this insidious fungus to some extent. This particular fungus 
has the disconcerting characteristic of attacking the growing 
tip of the evergreen, thus necessitating a good spray program 
throughout the growing season. 

Over the yea1·s the Plains nurseries, including Plumfield, 
have tried several fungicides but the control has not been satis­
factory. For many years Bordeaux mixture was used, and this 
was followed by a material called Special Semesan, which is no 
longer manufactured. In the late 1950's Puratized Agricultural 
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was followed by a material called Special Semesan, which is no 
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Spray (Phenyl mercury triethanol ammonium lactate) was first 
used in the control of Juniper blight with good success. To de­
termine the effectiveness of P.A.S. (Puratized Agricultural 
Spray) a series of tests was conducted by Dr. Glenn Peterson, 
Plant Pathologists with the U.S. Forest Service. These tests 
,vere held in cooperation with Plumfield Nurseries and the Out 
State Testing Program of the Plant Pathology Department, Col­
lege of Agriculture, University of Nebraska. The tests that Dr. 
Peterson reported on, in the Plant Disease Reporter (Vol. 44, 
No. 9) Se,ptember 15, 1960, ,vere made to test the efficacy of 
P.A.S. and three other fungicides for the control of Phomopsis 
blight. Tests were made in 1-0, 2-0, and 3-0 seed beds with nine 
sprays during the summer on the two and three year beds, and 
six applications on the one year beds. In addition to P.A.S., at 
the rate of one and one~half pints per fifty-five gallons of water; 
the other fungicides used were Kromad, Cyprex at 0.2 pound per 
ten gallons of ,vate1·, and Actidione at 1.6 ounces per ten gallons 
of water. The dosage on both Cyprex and Acti-dione was re­
duced after severral applications to 0.1 pound and 0.11 ounce per 
ten gallons of water respectively. The results of these 1959 
tests showed that all the fungicides used reduced Phomopsis 
blight when compared to the check. Both Cyprex and Acti­
dione showed toxicity, and P.A.S. was far superior to the other 
fungicides used, particularly in the 2-0 seedling beds. Also the 
P.A.S.-treated plants averaged nearly two and one-half times 
more weight than the checks. Blight incidence· in the 3-0 beds 
from the experimental bed and in other beds throughout the 
nursery was very light. Treatments did not significantly in­
fluence the amount of blight in these 3-0 beds. 

Following the tests of 1959, another comprehensive series 
of tests was conducted in 1964. The purpose was to determine 
what rate of P.A.S. would be most effective against Phomopsis 
blight, and whether control could be improved if spreader-stick­
ers were used. Also it offe·red an opportunity to test some new 
fungicides. All the experimental beds were sprayed weekly, 
from May 19 through September 11, 1964. Tests were con­
ducted on both 1-0 and 2-0 beds. Materials used and treatments 
with rates per one-hundred gallons of water, were as follows: 
P.A.S. at 2 pints, 11/2 pints, and 1 pint; P.A.S. at the above rates 
with triton B-1956, 3 ounces; P.A.S. at the above rates with 
Plyac at 3 ounces. 'Both Triton and Plyac are spreader-stickers. 
The new fungicides tested were Difolatan at one pound; Brestan 
at one-half pound; D.A.C. 2787 at one and three-quarter pound; 
Polyram at one pound. 

These 1964 tests conducted by Dr. Glenn Peterson, were 
reported in Vol. 49, No. 6 of the Plant Disease Reporter. The 
tests concluded that good control was obtained ,vith P.A.S. in 
both 1-0 and 2-0 seed beds, and the most effective rate was two 
pints per one hundred gallons of water. It is to be note,d here 
that very good results were obtained with P.A.S. at the other 
two rates used also. The other fungicides used did not provide 
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satisfactpry control, and the addition of spreader-stickers to 
P.A.S. did not imJlrove the fungus control. In fact, it was (Jt1ite 
apparent that the seedlings treated with P.A.S. plus a spreader­
sticker had a marked color change a yellowing of the seedlings. 
The average blight incidence for all P.A.S. treatments in 1-0 seed 
beds was 3.2 <,¾, compared with 34.8 % for non-treated plants. 
In the 2-0 beds, P .A.S. averaged 9.9 % as against 49.5 % for 
non-treated plants. 

As a result of Dr. Pete·rson's tests in 1959 and in 1964, we 
are presently using P.A.S. at the rate of two pints per one hun­
dred gallons of water, on all of our Jitniperus vi1·ginixna seed 
beds. This includes all 1-0, 2-0, and 3-0 seedlings. We start 
our spray pogram in mid-11ay and religiously adhere to a week­
ly program. This past year we sprayed every W f•dnesday, and 
if we encountered rain on that day the spraying was completed 
the following day. It is my contention that weekly spraying of 
Juniperus virginia1ia seed beds is mandatory if you are going 
to bring off vigorous, thrifty seedlings. Anytime you have a 
crop of over one h11ndred thousand of anything, it will behoove 
you to do anything and everything in your power to insure that 
crop. 

Quite frankly, I don't like the cost factor of P.A.S. When 
purchased in case lots its cost is $12.00 per gallon, which we ap­
ply every week to cover our beds. This cost plus seven man 
hours at $1.60 per hour, plus tractor-sprayer cost, plus over­
head, certainly have added to the cost of producing this species. 
You compensate for this by increasing the price of the plants to 
give the proper profit margin. As best as I can determine our 
spraying cost annuall)r - for Jitnipc1-us virginiana only - is 
$4.40 per thousand seedlings. This is based on a productio11 of 
one hundred and fifty thousand seedlings, and using realistic 
equipment and overhead cost percentages. Like other growers 
of this species, we are hopeful that a fungicide will be available 
someday that will be less expensive, and not have to be applied 
,veekly. 

In conclusion, I would like to acknowledge the excellent 
scientific approach that Dr. Peterson used to perform these tests. 
I am also grateful for the use of his data and conclusions. We 
are indeed fortunate to ha,·e a Plant Pathologist of his magni­
tude in Nebraska. This again points out a situation that has 
been discussed many times at our Plant Propagator Society 
meetings, the importance of communication between the pro­
fessional nurseryman, the Universities, and related governmen­
tal agenc·ies. We all travel the same rocky road ... by working 
together we can 1nake this road much smoother. 
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Pete1·so11, (,le11n \V, D. R Su1n11er, a11d C, No1·n1a11 1965 Co11t1·0! of t>l10111op-
~is hlight of eastern red cedar seedlings. Plant Disease Reptr. 49 529-531. 

M . .\RTIN VAN HOF: Ralph, I think you have made a mis­
take. Did you say at one point that the cost was $44. 

RALPH s HU GERT: No, I said the cost per thousand seedlings 
was $4.40. 

MARTIN VAN HOF: Our pathologist from the University 
of Rhode Island has worked with us in Newport County on Ju­
niper Blight or Phomopsis. Now it is too bad that none of them 
are here, but we do have some representatives from the Univer­
sity. I wonder if they could give us any data on that work? 

R,\LPH SHUGERT: l\iartin, I have received through the 
very good fortune of being on the Rhode Island Nurseryman's 
mailing list, the article on Phomopsis Blight that was printed in 
your Trade Association Newsletter. Dr. Peterson has seen it 
also. Now the results you had in Rhode Island did not work in 
Nebraska. We did not get Phomopsis control with the material 
you were using i11 Rhode Island. We couldn't understand why 
or what the reason was that the Rhode Island Station was not 
using PAS (Puratized Agricultural Spray) in some of its tests 
and I didn't bother to write them. I have the reports of these 
papers, the reprints from the Plant Disease Reporter which I'll 
be glad to give you to take back and use. 

MARTIN VAN HOF: From last year? 
RALPH SHUGERT: I have all of them. 
MARTIN VAN HOF: '64 and '65 too? 
RALPH SHUGERT : Right. 
DON CATION: Ralph, have you tried any other mercury 

beside puratized? There are 4 or 5 of them, one of them is fixed 
which is in a powdered form and to get the same strength you, 
I forget what it is, an ounce or something like that per gallon, 
which is just a little cheaper. We did work with the various 
mercuries against f'.cab and they are all fairly equally effective 
against apple scab. 

RALPH SHUGERT: NO sir, Mr. Cation we did not. The 
reason as to the new fungicides tried in the 64 tests, Dr. Peter­
son wrote to all the chemical manufacturers explaining what the 
purpose of the test was going to be. It was going to cost both 
the Out State Testing Bureau and the Nursery a_fair amount to 
conduct the test. He received several replies from chemical 
companies stating that some of the mercuries they had on the 
market were not recommended for control Phomopsis. This 
may be because there were not enough tests out. While we did 
get tremendous results from Cyprex on cherry leaf spot, the tests 
on J. virginianum just did not do the job. No better than Bor­
deaux. I'm optimistic enough to believe there will be a fungi­
cide out that we can apply that is going to be longer lasting. 

DR. REISCH : Ralph, how prevelant is that disease in your 
area on landscape material? 

RALPH SHUGERT: It is not severe. But the disease is in 
all nurseries and quite frankly it is more apparent in the federal 
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nurseries - \\'e don't have state 11urseries in Nebraska. A11d 
the incidence of the Federal Nurseries is bad enough in seed 
rows that a million and three quarters J. vir·ginianum seedlings 
were destroyed. Now \\'e don't find it too bad, just in isolated 
plots. Here again, Dr. Peterson's theory is that if plants are 
spaced wide enot1g·h apart, and you don't have this high co11-
centration of plants as in the seed bed or the seed row the prob­
lem is reduced. It is very, very, minor in landscape work. 

CASE HOOGENDOORN: No,v you talk about Phomopsis blight 
in Juniperus virginiana. Do you also get that in Hetzi, Pfitzer 
or any other varieties? 

RALPH SHUGERT: Mr. Hoogendoorn, •I noticed in a Rhode 
Island paper they listed a bunch of host plants susceptible to this 
blight. I have never witnessed it in Nebraska or anything ex­
cept J. virginiana. We also grow quite a few J. scopulorum 
from seed - almost as much J. scopulorum as we grow J. vir·­
giniana and I've been told that I don't have to spray the J. scopu­
lorztm. Very rarily do you ever see it get it. If the disease 
which shows up is Phomopsis, I have a type of insurance pro­
gram and spray the 2-0 beds, but only two-zero. And even 
though the disease is light in 3-0 J. virginiana beds, again it is 
an insurance policy, we also spray the 3-0 beds. No, I have 
never seen it, sir, on any other than J. virginiana. · 

HANS HESS: Our final paper this morning is by R. E. 
Odom and W. J. Carpenter, Jr. on endogenous auxins and the 
rooting of cuttings. The paper will be presented by Dr. Odom. 

ENDOGENOUS ACIDIC AND NEUTRAL AUXINS 
AND THE ROOTING OF CUTTINGS' 

R. E. ODOM AND W. J. CARPENTER, JR.' 
Kansas State University 

Manhattan, Kansas 
Environmental and internal factors influence initiation of 

roots on stern cuttings. Indole auxins have been shown to be a 
major internal factor in root initiation. Other essesntial chemi­
cal substances have been found, but all require the presence of 

• auxins. 
The presence of and changes in endogenous indole auxins 

in bases of several species of herbaceous and woody cuttings 
during rooting were determined. The fiv·e herbaceous species 
were Alternanthera bettzick1'an.a 'Aurea Nana,' Coleus blumei, 
Chrysantherrium morif olium 'Dawn Star,' Pelar·gonium hortor­
um 'Pink Cloud,' Dian thus caryophyllus 'Alaska.' Those spe­
cies root readily but their root emergence varies from approxi­
mately 2 to 15 days. The two woody species studied were Pyra­
cantha coccinea lalandi, which is somewhat erratic in rooting, 
and Carya illinoe1isis, which is considered a nonrooter. 
1Contr1but1on No 375', Dcptarment of Hort1c11lture, Kansas Agriculture Experiment Station, Kansas 

State Un1vcrs1ty, Manhattan, Kansas 
ZGradt1ate st11dent and associate' flor1c11lt11r1st, respectively Thts .irt1r!c: 1s hasr<l on the PhD d1s.!lf"rt.1., 

t11ln tlf tht, .,t>n1,lr a11th,>r 
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Uniform terminal cuttings were sampled at propagation and 
predetermined intervals of 1 to 4 days during rooting. The 
sampling of pecan differed since changes in auxins were deter­
mined during 5 "'eeks of dormant storage of hardwood cuttings 
at 7-day intervals. 

The basal one-inch portion of the cuttings were lyophilized 
and extracted with methyl alcohol for 2 hours at temperatures 
below freezing. The extracts were purified (Nitsch, 1955) 
prior to se·paration by paper chromatography in a solvent system 
of isobutanol-methanol-water (80-5-15 v /v) (N itsch, 1956). 
The chromatograms were cut to 20 equal 1 cm. sections and bio­
assayed by the Avena coleoptile test (Nitsch and Nitsch, 1956). 
Those procedures permitted determination of both acidic and 
neutral 'free' auxins in the bases of the cuttings at sampling 
time. 

Selected data from the bioassays are shown in Plates I and 
II. The histograms illustrate auxin levels in fresh samples and 
when roots emerged in all species except pecan. Pecan bioas­
says were made from samples collected in November, February, 
and April. Compa1·isons are presented between auxin levels in 
fresh cuttings and after 5 weeks of dormant storage. 

The histograms indicate qualitative and quantitative dif­
ferences in auxins among the various species studied. Six aux­
ins were tentatively identified by Rf location of growth peaks 
in the bioassay as A (0.05-0.20), B (0.20-0.35), C (0.40-0.60), 
D(0.55-0.75), E(0.70-0.85), and F(0.85-1.0). They closely par­
allel Rf values of indolepyruvic acid ( lPya), indoleacetic acid 
(IAA), indolebutyric acid (IBA), an unknown, indoleacetoni­
trile (IAN), and ethylindoleacetate (IAE) when chromato­
graphed in the same solvent. Further identification attempts 
indicated that the substance tentatively identified as IBA in 
geranium probably was an unknown neutral precursor. 

Quantitative bioassays showed either high levels of one 01· 

more auxins in fresh samples or a tendency to increase rapidly 
during rooting of alternanthera, coleus, chrysanthemum and 
geranium. Carnation and pyracantha cuttings initially had 
low auxin levels, but some accumulation occurred prior to 01· 
during root emergence. The levels of auxins in pecan were 
higher in November and April than in February with very lit­
tle change during storage periods. 

Qualitatively, the presence or accumulation of acidic auxins 
occurred in alternanthera, coleus and chrysanthemum, while the 
presence or accumulation of neutral auxins were more predomi­
nant in geranium, carnation and pyracantha. 

Several indole auxins have been found in plant tissues. and 
several synthetic auxins have been shown to be capable of stimu­
lating root initiation on stem cuttings. The precise effects of 
those substances a1·e not known, but it is generally believed that 
their auxin activity may be due to conversion in plant tissue to 
IAA (Leopold, 196,1) (Fawcett, 1961). The accumulation of a 
substance at the Rf of IAA ,vas found in fairly high quantities 
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in alternanthera, coleus and chrysanthemum, but it was incon­
sistent in geraniurr1, carnation, and pyracantha. The inconsist­
ent appearance in those species may be caused by slow conver­
sion of neutral auxins to acidic types. Under such conditions, 
IAA could have been utilized in rooting as it was produced. 

Although added root promoting substances have not been 
studied in these tests, geranium and carnation have been shown 
to respond to added auxins by producing more roots per cutting 
and rooting more rapidly (Hartmann and Kester, 1959). ~imi­
Iar beneficial responses ,vere obtained in pyracantha when cut­
tings were s e 1 e ct e d in early spring and fall (Thimann and 
Behnke-Rogers, 1950). Alternanthera, coleus and chrysanthe­
mum normally root so rapidly and profusely that added root 
promoting substances are of little consequence. BenefiC'.ial re­
sponses to added rooting stimt1lants with the , species studied 
closely parallel the lack of or inconsistent accumulation of en­
dogenous acidic a11xins. 

The nonrooting of pecan and the erratic rooting of pyra­
cantha do not appear to be entirely related to lack of or low 
levels of auxins. Pyracantha and pecan have total auxin levels 
comparable with carnations, which indicates that substances 
other than auxins could be involved. Skoog and Tsui (1948) 
found a relationship between auxins and kinins in cell division 
and cell differentiation. Hess ( 1960, 1963) showed a correla­
tion between the capacity of certain plants to root and the num­
ber of rooting cofactors present in the tissue. These fin(lings 
also do not preclude the possibility of structural limitations. 

Ln summary, the vigor and rapidly of rooting in the species 
studied paralleled the presence or accumulation of acidic auxins. 
The species that sho,ved a delayed or inconsistent accumulation 
of acidic auxins are generally known to respond favorably to 
added rooting stimulant. Endogenous auxins did not appear to 
be the limiting factor in the erratic or nonrooting responses of 
the woody species studied. 
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FRIDAY AFI'ERNOON SES.SION 
December 10, 1965 

The session convened at 1 : 15 p.m. in the Cleveland Room, 
Sheraton-Cleveland Hotel. Mr. Thomas Pinney, Jr. was moder­
ator. 

MODERATOR PINNEY: Our first speaker this afternoon is 
Mr. Robert C. Simpson from Vincennes, Indiana. 

CRABAPPLE PROPAGATION BY CUTTINGS, GRAFTING, AND BUDDING 
ROBERT C. SIMPSON 

Simpson Orchat·d Company, Inc. 
Vincennes, Indiana 

Cuttings 
Propagation by cutti11gs is the preferred method only under 

certain conditions. Use of hardwood cuttings has generally 
given poor results. Softwood cuttings under mist have given 
satisfactory rooting with certain varieties. Where field space 
is limited and misting facilities already available this method 
may be desirable. It is suitable where understocks are not 
readilJ' available or where propagation is decided upon after the 
season is too far advanced to secure and line out understocks. 
Also it is the best method should it be desired to grow certain 
selections on their own roots. 

Disadvantages of this method are that a longer time is re­
quired to produce a tree suitable for field or landscape planting. 
It is generally less expensive to propagate in large quantities 
by budding or grafting. Little is known about the variation in 
rooting response of the large number of crabapple varieties 
being gro,vn. 

• Grafting 
Grafting methods have changed little over the years. Usu­

ally this method of propagation is utilized in order to give profit­
able employment to experienced help at a time when little other 
work is possible. Grafting is useful for production of small one 
year liners where l&rger trees are not desired, or where time is 
all important in producing crabapple plants and size is second­
ary. 

Grafting permits economy in use of understocks if this is 
important. Straight root seedlings are used, the root is cut into 
several sections and each short section is used with a relatively 
long scion. This method has been used to secure own rooted 
scion selections. Scion rooting is hastened by a copper or other 
non-rusting band around the graft, just above the union. As 
the graft enlarges with growth the band progressively girdles 
the root stock, tht1s encouraging o,vn rooting of the scion selec­
tion. 
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Grafting has the following disadvantages: 

(1) A longer time is generally required to produce a tree the 
size of one produced by budding. 

(2) Root systems of grafts are not as heav·y or well branched 
as those from budded trees, and are a year younger on a 
one year graft than on a one year budded tree. 

(3) The tops of one year grafted trees, grown on in the field 
for another year or two, generally are not as straight and 
well branched as a one year budded tree of the same size. 

( 4) There is an added danger of knot or gall infection at the 
graft union. Use of grafting tape with complete sealing 
of the cut st1rfaces has reduced occurr'ence of wound over­
growth and pathological galls. 

B,udding 
Budding is generally the preferred method of propagation 

for the crabapples, as well as for fruit trees. Advantages are: 
(1) Usually this is the simplest and easiest method. 
(2) It can be the least costly operation. One experienced man 

with the help of two grade or highschool boys (or girls) 
should be able to bud at least 100 trees an hour. One is 
needed to clean away and wipe each tree, the other to tie 
the trees as budded. 

( 3) Much larger one or two year trees are possible from bud­
ding. 

(4) It is possible to produce a better for1ned top and heavier 
rooted tree by budding. With grafting, a one year top is 
produced on a two year root system which has been re­
tarded by the removal of the seedling top. With piece 
root grafts the seedling root system is greatly reduced. 
With budded trees, the understock is planted and grown a 
full season before being cut back to the bud the second 

• spring. 
(5) If scion wood is limited, a tree may be produced from each 

good bud whereas the nor'tnal graft requires a scion piece 
of at least three buds. 

Consideration In Production 
Certain considerations apply equally to budding or grafting 

although the follo"·ing may apply primarily to budding. 
First, understocks must be selected and ordered. Although 

commercial apple understocks are generally available, hopa and 
dolgo seedlings may be available. These are favored in the 
north central states becausse of their hardiness. Baccata seed­
lings are sometimes available, and occasionally zumi seedlings. 
Malling or Malling-Merton dwarfing understocks have some­
times been used. 

Commercial apple seedlings are produced on the west coast. 
The seed is secured from the cider mills and usually consists of 
Jonathan and Delicious seed. This stock is carefully grown by 
firms who specialize in production of understocks. These seed­
lings are well gro,,,n and carefully graded, and are relatively 
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unif u1·1n. The l/.1, inch grade is better for budding stock, the 
No. 1 probably better for grafting. Branch rooted seedlings are 
superior for budding or whole root grafting. Straight root 
seedlings permit securing more than one graft per tree, although 
usually this is sho1-t sighted economy. 

Hopa seedlings tend to be more variable in size and vigor. 
The large percentage of seedlings with red wood and bronze 
leaves may lead to mixtures where similar type varieties are 
being grown. Too often a shoot from the root-stock is mistaken 
for the scion variety. 

Baccata seedlings also are quite variable in size and vigor 
and produce a less desirable root system characterized by fewer 
and larger roots tending to strong horizontal growth. For the 
three seasons used, the varieties on baccata understock made 12 
to 14 inches more growth in height, on the average. 

Dolgo seedlings are said to be satisfactory. 
Zumi seedlings are seldom available. Crabapples tried on 

this stock were not noticeably different above ground. The root 
systems, however, were typically heavier than apple understocks, 
with 'many more fine roots, and a more horizontal orientation. 
The difference was so marked it was not difficult to distinguish 
trees on this root stock. 

Malling or Malling-Merton understocks are for production 
of dwarf fruit trees. They have also been used to a limited ex­
tent for dwarfing cra.bapples. This would seem of questionable 
merit as many of the Asiatic species of crabapple serve as in­
dicators for a variety of latent ,•iruses. If these species or varie­
ties of these species were grafted or budded onto virus infected 
understocks, the results would not be satisfactory. Virus has 
been rathe1· wide spread in vegetatively produced clonal root 
stocks. 

Treatment of seedlings prior to planting is important. 
Careful pruning will assure a better branched root system, with 
less breakage at digging time. Powdery mildew may be a seri­
ous problem on the seedlings during the first season as the ap­
ple is highly susceptible. Several sprays may be necessary for 
control of this one disease. The recommendation for control is 
to dip the seedling tops in do1·1nant strength liquid lime sulfur, 
then include sulfur in the first two or three sprays. Later era­
dicant sprays requi,re much more costly materials. 

Seedlings for budding should be kept growing vigorously. 
Fertilizers to be effective should be applied prior to planting or 
very early in the first growing season. 

A soil treatment of Dieldren or similar material for control 
of soil insects prior to planting may be of great value. Such 
treatment followed by BHC in the sp1·ay program, has eliminated 
woolly aphids as a problem. Furthe1·1nore, the control of soil 
insects has practically eliminated incidence of root knots, hairy 
root and root rots. 

The budding process with crabapplf~ is simple and resultant 
stands should be high. A few varieties have been more diffi-
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cult. Among these are Dorothea, Katherine, Sargent and a few 
others. Baccata understocks have given better results with the 
first t,vo varieties in some cases. 

Best results normally are secured where scion wood is of 
such size and vigor that buds can be removed free of wood 
beneath the shield. This is done by making a rather deep cut 
beneath the bud, and a second cross cut just through the bark. 
The bud shield may be separated from the scion by a slight 
pinching action. This makes possible the union of cambium 
layers of stock and of the entire bud shield. Where a silver of 
wood is left beneath the bud, satisfactory union may or may not 
take place, depending upon the skill of the budder and the varie­
ty of crabapple. 

Where bush form trees are desired or in the case of varie­
ties giving poorer stands, double budding may be helpful. By 
budding a row normally and then rebudding, preferably 011 an­
other day, setting the second bud on the opposite side of the 
tree, the stand can be improved. 

Buds placed on the south side of the understock break dor­
mancy earlier in the spring and thus have a longer growing sea­
son. Buds placed on the side toward prevailing winds. nor1nally 
westerly, are less subject to separation from understock by wind 
and rain. Also they tend to produce a more upright main stem. 

Removal of the seedling portion above the bud should be 
done just as the bud breaks dormancy. The cut should be made 
at a 45 degree angle t/8 to l/4 inch above the bud, with the bud 
at the high point of the cut. A few varieties are reluctant to 
break dormancy unless and until the top is cut back. 

Proper attention to removal of shoots from the understock, 
staking, tipping, and early removal of lower scion side branches 
are all necessary for production of a well shaped tree. Some 
varieties do not respond to tipping and seldom can be induced to 
produce a branched tree until the second year. Response to tip­
ping is strongly influenced by time of year, possibly a combina­
tion of photoperiod and temperature. In the latitude of south­
ern Indiana it is possible to produce a shapely well branched 
crabapple from a bud in one gro,ving season. 

Under most conditions a better crabapple tree may be pro­
duced more quickly and at less cost by budding as compared 
with propagation by cutting or grafting. 

MODERATOR PINNEY: If you have any questions put them 
in the question box for tonight. Thank you very much, Mr. 
Simpson. Our next speaker will talk to us on the rooting of 
broad leaved evergreens, primarily Rhododend1·on cultivars and 
species. l\'lr. Richard Vanderbilt . 

• 
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ROOTING OF BROADLEAVED EVERGREENS, ESPECIALLY HYBRID 
RHODODENRONS AND SPECIES 

RICHARD T. VANDERBILT 
1'he Cona1·d - Pyle Compan/J 

TT' est G1·01,e, Perit1S'!Jl1·a r1,ia 

The rooting of Broadleaved E,,ergreens cove1·s so much te1·­
ritory that I find that I will only be able to cover the rooting of 
h)'brid Rhododendrons and even there limit myself to the big 
leaved types. In many phases of rooting Rhododendrons I fol­
low many of the practices put forth in these meetings and I here 
acknowledge my debt to those who cont1·ibuted this information. 

Before you can root a Rhododendron cuttings you must get 
the cutting. Where this cutting comes from and how it was 
treated before being cut determines not only your success in 
rooting or rotting it, but also ,,·hat kind of plant it will make 
after it is rooted. 

There is no real substitute for stock plants in Rhododend1·011 
production. I,f you grow enot1gh plants t1ntil they are six or 
seven years old, you might get by withot1t them. The fact 1·e­
mains that ideal conditions for plants in production do not yield 
ideal cutting material. Stock plants must be treated different­
ly than those being grown for sale if optimum g1·owth and bud 
set are to be maintained with the plants under pr·oduction, and 
optimum rooting is to be experienced with the ct1ttings. 'fhe 
amount of nitrogen in the cutting at the time it is taken is the 
main key as to how it will root. I find plants that are visibly 
running out of gas are the ones that will yield cuttings with the 
most root ability. A cutting taken from one of those dark and 
lustrous beauties \\'ill take mt1ch longer to root if it ever does 
root. When the nitrogen is high in the cutting, it Just won't 
root until the nitrogen is burned up. When nitrogen is exces­
sive the bottom of the cutting will rot and very often the leaves 
will tur11 black and compost in the bench. 

The care and feeding of stock plants becomes a p1·oblem 
since we want low nitrogen in the cutting when taken, but need 
enough nitrogen in the stock plants in the Spring to break into 
vigorous growth and produce c11ttings of the size and tJuantities 
needed. The amount of nitrogen necessary to do this will de­
pend on the conditions under ,vhich the stock plants are grown, 
the soil and the amount of shade. I used to feel that shade 011 
stock plants was essential. Further experience has proven that 
this is not at all necessary with most hardy cultivars. A plant 
will need a decreasing amount of nitroge11 as shade is increased 
to produce any given result in the plant. I hesitate to say .it1st 
how much nitrogen should be applied to stock plants because of 
the tremendous variability in soils. If you assume that your 
soil is going to yield very little nitrogen on its own, the11 40 
pounds of actual nitrogen per acre applied in the ammonium 
form in March or early April v1ould be ample fo1· the plants 
growing in the ground. For stock r>lants grciwing i11 Rome sci,·t, 
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of container it would not be quite enough, because of the tremen­
dous leaching that goes on in the containers. I am coming to 
think that constant, feeding at rapidly decreasing ratios as the 
season progresses might be suitable for stock plants in contain­
ers. The levels of phosporus, potassium, magnesium, calcium 
and available iron may· be maintained rather high without hurt­
ing rooting. 

The absolutelJ' worst stock plant is a one-year old Rhodo­
dendron. As the plant gets older and proportionately larger it 
becomes more useable as a true stock plant. When one-year 
plants are used as a cutting source, the chain cutting syndrome 
sets in rapidly. The effect of chain cuttings was first noticed 
and pointed out by Guy Nearing. Chain cutting is repeatedly 
taking a cutting from a cutting. This produces crops with ever 
decreasing vigor. Leaf size and the overall size of the plants 
are reduced with each succeeding crop. The ultimate result is 
the exhaustion of the cultivar. 

As we all know, small, slender, unbudded cuttings root very 
easily. I suggest that we not be deceived by this easy rooting. 
The important thing is ho,v rapidly an unrooted cutting turns 
into a saleable, budded plant. The larger the caliber of the cut­
ting the faster the rooted plants will develop. My suggestion 
then is to take the largest and fattest cuttings that are available. 
When there are enough large cuttings this means that no so­
called ideal cuttings ,vould be taken. I would further suggest 
that we pay no attention to flower buds and instead let's wel­
come them because they yield plants that do more branching at 
the first growth than those, without. This heresy would be mod­
erated only when the cultivar is very difficult. Dr. Dresselhuys 
would not be the best subject for these jumbo cuttings. 

About six years ago I became disturbed about how we were 
rooting Rhododendrons. It is true that our overall percentage 
was in the high eighties and nineties, but the amount of sticking 
back required to get this percentage was excessive. To try to 
reduce this double work I laid out a series of ho1·tr1one trials us­
ing all of the commonly available materials and a few uncommon 
materials in various combinations and in varying strengths. 

Every batch of cuttings taken over the next three years had 
cuttings taken from it to try these 14 different materials. 
Gradually the information began to take shape. There emerged 
materials that were consistently safe, and were consistently pro­
ducing heavy rooting, good attachment, and perhaps most im­
portant leveled the time required to root a whole batch of cut­
tings. In other words, markedly reducing the number needing 
to be stuck back. It was at this time that we were successful 
at rooting cuttings of the size usually considered to be too big. 
As you know, the first growth that a Rhododendron makes will 
root as will the second growth or the third. We know that if a 
plant makes two gro"1ths that each of the growths will root as 
separate cuttings. We wondered what would happen if the two 
growths were stuck as one cutting. Much to ou1· astonishment 
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these rooted as well as the single cuttings. The question arose 
whether this could be carried a step further. Could you get a 
first growth, then pinch it then get a branched growth on top of 
that and then root the whole shooting match as a sort of a 
branched little Rhododendron. We tried this and this, too, will 
root. The thing to watch out for here is that the leaves are 
thinned out enough so that they don't overlap each other to cause 
rotting. 

The three hormone materials that were the most useful are: 
1 % I.B.A. 

121/2 % Phygon 
50 P.P.M. Boric Acid 
2% I.B.A. 
121/2 % Phygon 
50 P.P.M. Boric Acid 
2% I.B.A. 
121/2 % Phygon 
50 P.P.M. Boric Acid 
.1 % N.A . 
. 25 % 245 T.P. 

Examples of cultivators used on: 
Roseum Elegans 
Catawbiense Grandiflorum 

America, Catawbiense Album 
' 

E. S. Rand and Dr. Dresselhuys 

I.B.A. plus Phygon as reported earlier by Jim Wells pro­
duced a noticeable difference in quality of rooting. Boric Acid 
plus I.B.A. has much the same effect. I.B.A. plus Phygon and Boric 
Acid has an affect much greater than either combination alone. 
This is what Jim Wells likes to call the synergistic effect. One 
good e,,eryday example of the synergistic effect is Irish Coffee. 

The combination of ingredients not only effects the quality 
of rooting, that is the size and attachment of the roots, it has 
several other marked effects. Speed of rooting is leveled. In 
other words, more cuttings are ready to transplant at the time 
they are first lifted. It acts as a safener. It tends to overcome 
mistakes that could otherwise become troublesome such as de­
gree of maturity or too much nitrogen. It also allows one to 
use much larger cuttings as I have already stated. 

After cuttings are taken and treated, they are stuck in mt1ch 
the same manner as described by earlier speakers. I use the 
sand-peat medium 50 - 50. Each medium will find its support­
ers and I am sure that many others may be used in place of this. 
Depth of the medium in the bench is important. Eight inches 
is comfortable. A cutting only needs 3 or 4 inches of medium 
depth if the medium would stay in good shape. However, with 
the use of mist this soon becomes overly wet even with excel­
lence drainage. It is here that the extra depth becomes useful. 
It acts as a cushion or a sponge. The bottom becomes rather 
soggy but out of ha1·1ns reach so to speak. 

The amount of mist used does not seem especially critical. 
The only thing to watch with the mist is that we don't use too 
much and get the medium too soggy. 

As I see it, the time to take Rhododendron cuttings is Sep-
, 
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tember. Earlier cuttings have consistently been a flop with me 
and later cuttings hang around too long to fit into the follow-up 
program of late winter growing on. 

Problems to look out for while the cuttings are in the bench 
are several. Leaf spotting is controlled very effectively by 
sprays of Parzate using two pounds per hundred gallons. Com­
posting is from too much nitrogen in the cutting or from stick­
ing the cuttings so close that the leaves overlap each other so 
that the washing effect of the mist is prevented. When you get 
bunchy root development where the roots do not grow out this 
is from the medium being so wet that air is excluded. When 
the medium is changed these roots will grow quite normally. 
Blackening and rotting of basal ends are from wetness or rather 
sogginess of the medium or from excessive nitrogen in the cut­
ting. I might mention at this time that if Phygon is used in 
the hormone mixture it will stain the bottom of the cutting and 
the wounded sides a dark and dismal black. This is only a stain 
and the material has not killed the cuttings although it looks 
like it. It differs in appearance from a dead cutting black in 
that the unwounded portion of the cutting remains a normal 
green. I bring this up to forestall any heart attacks among the 
members trying Phygon. Another side effect of Phygon is that 
very often rooting will occur without callousing. When cal­
lousing does happen it seems to erupt from the cutting. In 
other words, callous does not form on the outside, but seems to 
emerge from within. Following the above procedure and main­
taining bottom heat at 72 to 75 degrees, one should be able to 
root 85 % to 90 % of larger than average cuttings in 10 to 12 
weeks. 

CASE HOOGENDOORN : Do you find any diff eirence, Dick, in 
cutting your leaves when you make the cuttings or by leaving on 
the full-grown leaf? 

DICK VANDERBILT: If you can possibly leave the leaves, I 
think you'll get better rooting. 

CASE HOOGENDOORN: Full leaf? 
DICK VANDERBILT: yes. But I think you're going to have 

to cut most of them to get a decent cutting because otherwise 
they will be too big. -

CASE HOOGENDOORN: I know. I don't have enough green­
house room. What do you do? 

DICK VANDERBILT: Cut them. 
CARL WILSON : Did you say that you used IBA and Boric 

acid? What did you find was the optimum of IBA and what was 
the optimum boric acid? 

DICK VANDERBILT: The boric was consistent at 50 ppm; 
the IBA varied from 1 - 2 % depending upon which cutting you 
wanted to root. 

MODERATOR PINNEY: Our next speaker i8 Charley Hess 
from Purdue University. 
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ROOTING COFACTORS - IDENTIFICATION AND FUNCTIONS 
CHARLES E. HESS 

Depa1·tment of Horticulture 
Purdue University 

The presence of root promoting substances in cuttings has 
been postulated since at least 1880 ( 4). The hypothesis is that 
,,·hen a cutting is taken, substances synthesized in the leaves and 
buds move down the stem, accumulate at the base of the cutting, 
and stimulate root initiation. The basis for this hypothesis can 
be demonstrated experimently by removing leaves, and/or buds, 
reducing leaf area, or by girdling the stem of a cutting. In each 
case the rooting response of the cutting will be reduced. Selim 
(5) has been sho"'n in Pe1·illa cuttings, the lea,•es contribute up 
to 78 precent of the rooting response, the buds contribute 15 
pe1·cent and the stems, 7 percent. The fact that girdling the 
stem of a cutting belo,v the leaves, but above the rooting medi­
um, blocks rooting indicates not only the source of root promot­
ing substances, but also that the substances are translocated in 
the phloem. 

The presence of naturall)'· occurring substances can also be 
demonstrated in grafting experiments (3). If a scion from an 
easy-to-root plant is grafted on a difficult-to-root cutting, the 
rooting of the latter can be improved. If the leaves of the scion 
are removed, or if the stem is girdled below the graft union, the 
promotive effect of the scion is lost. 

Since girdling blocks the downward movement of root pro­
moting substances, the technique can be used to enhance root 
initiation and also to provide information as to the kind of sub­
stances which are n1oving down the phloem. Root initiation can 
be enhanced by girdling a stem prior to taking a cutting. The 
longer the girdled stem remains on the plant, up to 34 days, 
before the cutting is taken, the better will be the improvement 
of the rooting response. This is because root promoting sub­
stances are accumulating in the tissue above the gi1·dle. 

The accumulation of substances in the tisst1e above the gir­
dle can be shown by extracting the substances at several inter­
vals after girdling (6, 7). The substance which accumulates in 
the largest amounts is sugar. Amino acids accumulate in the 
first five or ten days after girdling and then decline in concen­
tration. As sho,vn in Figure 1, rooting cofactor 4 accumulates 
in the tissue above the girdle of an easy-to-root, red variety of 
Hibiscus rosa-sine1tsis but not in the difficult-to-root variety, 
Wilson's \Vhite, or in the tissues below the girdle of either varie­
ty (7). As will be mentioned later, rooting cofactor 4 is a mix­
ture of oxygenated terpenoid compounds (2). · 

Still another example of the accumulation of root promot­
ing substances is shown in experiments by Cooper ( 1). Cooper 
worked with lemon cuttings which were treated with Indoleace­
tic acid (IAA). In some cases the base of the_ cutting was cut 
off after the IAA treatment, and in others, the cuttingl? were 
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retreated after the base had been removed. The results are 
shown in Table J,. 

The control cuttings, treated with tap ,vater, produced an 
average of 1.7 roots per cutting. When the cuttings were treat­
ed with IAA, they produced 12.6 roots per cutting. When the 
treated area at the base of the cutting was cut off, the average 
number of roots dropped to 4.9. It could be said that the de-
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Fig11re I. The accumulatio11 of rooting cofactor 4 in girdled tissttes RA - 1-ed 
Hibiscus easy to root) , tissue above girdle RB - red Hibiscus, tissue below 
girdle. WA - Wilson's White Hibiscus (difficult to root) , tissue ,1bove girdle. 
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Table I Interaction between indoleacetic aad and other naturallly occurring 
root promoting sttbstances. 

Tap Water 
Base treated* 
Base treated and cut off 
Base treated, cut off, 

cutting retreated* 

*Treated - Fifteen hour soak in 0.1? mg/cc IAA. 
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Average Number of 
Roots per Ctttting 

1.7 
12.6 
4.9 

4.8 



crease was mainlv due to the removal of the IAA which had • • 

been absorbed during the 15 hour soak. How~,,er, as shown in 
the last column, cuttings which had been treated, then had the 
treated area removed, and finally retreated only produced 4.8 
roots. Even though the IAA was replenished, the cuttings were 
not able to initiate any more than 4.8 1·oots. The interpreta­
tion of the results is that a naturally occt1rring root promoting 
substance accumulated at the base of the cutting during the 15 
hour soak in the TAA solution. When the base was removed, 
not only was the IAA removed but also other root promoting 
substances which had accumulated. Apparently these sub-
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}1g11re 2 Histogram showing the b1olog1cal activity 111 dll e,tl,lll of J11ve111Je 
Hedera l1el1x Sevent)-five mg of Iyoph1l1zed tissue ext1·acted with 1nethanol 
and chr,,matographed with 1sopropan<>l dll<l Wdter (8 2. v /v) B1oas--ay. Mung 
bean r0<,t1ng te,t 
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stances are synthe8ized slowly in lemon cuttings and the supply 
was depleted because a retreatment of the cuttings, after the 
base had been removed, did not increase the rooting response. 

As has ooen previously described it is possible, to demon­
strate the presence of root promoting substances in extracts of 
easy-to-root plants such as the juvenile forrn of English ivy, 
Hedera helix (2). As shown in Figure 2 the extract is partial­
ly purified by paper chromatography and the active, root pro­
moting substances are located with the mung bean bioassay. 
There are four areas of activity and they are referred to as root­
ing cofactors 1, 2, 3, and 4, starting with rooting cofactor 1 
closest to the origin. 

By physical and chemical tests such as ultraviolet spectral 
analysis and functional group analysis, it has been deter1nined 
that at least part of the biological activity in the area of rooting 
cofactor 3 can be attributed to the compound isochlorogenic acid. 
The subsance ii:i. a phenolic compound which has at least three 
isomers. By feeding cuttings a combination of isochlorogenic 
acid and IAA c-1•- (radioactive indoleacetic acid), it was possible 
to find that a large part of the root promoting activity of isoch­
lorogenic acid and other phenolic compounds with similar ortho­
dihydroxy structures is due to their ability to prevent the inacti­
vaction of IA.i\. ·by the IAA oxidizing syst.em. Zenk (8) and 
others have found a similar relationship between IAA and phe­
nolic compounds in Avena coleoptiles. 

Rooting cofactor 4 is a group of oxygenat.ed t.erpenoid com­
pounds (2). These compounds appear to be the most active of 
all the naturally occurring root promoting substances. They 
react synergistically with indoleacetic acid, but it is not known 
as yet how they function in the cutting. 

A hypothetical scheme of where the rooting cofactors fit 
into the process of root initiation is shown in Figure 3. From 
the sta.ndpoint of an easy-to-root cutting, all four rooting co­
factors would be present, IAA would oo present, and a sufficient 
supply of carbohydrates and nitrogenous materials would be 
available for energy and synthesis. If the cutting is difficult­
to-root, it may lack IAA because of an active oxidizing syst.em 
which destroys it before enough IAA can accumulat.e to-stimu­
late root initiation. In this case a synthetic auxin such as Na.ph­
thalene acetic acid (NAA) could be used because the plant can 
not readily destro;}' this auxin. However, as is the case with 
many difficult-to-root cuttings, the synthe•tic auxin may have 
little or no effect. In this case it is oolieved that one or more 
of the rooting cofactors are missing. The degree of difficulty, 
which varies from variety to variety, is an expression of how 
many and/or how much of the rooting cofactors are missing. 
Theoretically, if all the cofactors could 001 supplied to a cutting 
and there were cells available to divide, the cuttings should be­
come easy to root. 
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MODERATOR PINNEY: Our next speaker is Dr. James Kel­
ley from the University of Kentucky. 

ROOTING OF CUTTINGS AS INFLUENCED 
BY THE PHOTOPERIOD OF THE STOCK PLANT 

JAMES D. KELLEY 
/Jepartment of Hor·ticulture 

U·nivet·sity of Kentucky 
Lexington, Ke1itucky 

Photoperiodism is the phenomena in which the relative 
length of light and darkness influences the development of plants 
and animals. The influence of photoperiod on the development 
of plants was first recognized in 1923 ( 1). Since then the ma­
.iority of plant physiologists have focused their attention on the 
flo,vering phenomena, however they were aware that photope~ 
riod influenced the vegetative growth of many herbaceous and 
wood}' plants. 

In more recent years the effect of photoperiod on woody 
plants has studied by Waxman (5) and others. It has been 
shown that if one divides a group of actively growing dogwoods 
(Cor·n1,1.s florida I .... ) into two groups and places one of them 
under long days of 15 hours or more and the other one under 
short days of 12 hours or less, one will observe that the plants 
under long days will continue to gro,v but those under short 
days will stop gro,vth within 2 weeks. In other words, these 
plants become dormant. 

Waxman (5) showed that when cuttings are taken from 
Cornus florida or W eigela plants growing under long days and 
rooted under various photoperiodic treatments, the number of 
roots produced pe1· cutting was lower under short-day than tin­
der long-day treatments. Piringer (3) has reported that the 
rooting of holly and boxwood was favorably influenced whe11 the 
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Photoperiodism is the phenomena in which the relative 
length of light and darkness influences the development of plants 
and animals. The influence of photoperiod on the development 
of plants was first recognized in 1923 ( 1). Since then the ma­
.iority of plant physiologists have focused their attention on the 
flo,vering phenomena, however they were aware that photope~ 
riod influenced the vegetative growth of many herbaceous and 
wood}' plants. 

In more recent years the effect of photoperiod on woody 
plants has studied by Waxman (5) and others. It has been 
shown that if one divides a group of actively growing dogwoods 
(Cor·n1,1.s florida I .... ) into two groups and places one of them 
under long days of 15 hours or more and the other one under 
short days of 12 hours or less, one will observe that the plants 
under long days will continue to gro,v but those under short 
days will stop gro,vth within 2 weeks. In other words, these 
plants become dormant. 

Waxman (5) showed that when cuttings are taken from 
Cornus florida or W eigela plants growing under long days and 
rooted under various photoperiodic treatments, the number of 
roots produced pe1· cutting was lower under short-day than tin­
der long-day treatments. Piringer (3) has reported that the 
rooting of holly and boxwood was favorably influenced whe11 the 
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short natural days of winter were lengthened with incandescent 
light. He extended photoperiod by interrupting the middle of 
the natural night 'A'ith 3 hours of light. In general the long 
photoperiod or light interruption resulted in earlier and heavier 
rooting on both boxwood and holly. 

It is well known that the ct1ttings of most species of plants 
root better at certain times of the year. The reason for this 
being environmental. One environment factor that is of par­
ticular interest is photoperiod or day length. The longest day 
of the year in the northern hemisphere is June 21 and after this 
date day length becomes increasingly less. For example here 
in Cleveland the longest day is 15 hours and 11 minutes on June 
21 while the shortest day is 9 hours and 10 minutes on Decem­
ber 21. This is a net change in day length of about six hours. 
However, when we take cuttings from a plant at various seasons 
in order to study rooting response as influenced by photoperiod 
we have other environmental factors that influence the condi­
tion of the stock plant such as temperature, soil moisture, 
changes in stored food within the plant, etc. 

We were interested in the e,ffect of photoperiod only and 
what if any influence it would have on the stock plant. The 
purpose being to more clearly understand the role that it might 
have on stock plants and cuttings in the rooting bench. 

/lex crenata 'Hetzi' was the plant used in our work. Stock 
plants were grown in containers during the summer months and 
on July 26 all plants were given long days (18 hours). The 
supplemental light source was 100-watt incandescent lamps with 
reflectors spaced at 4-foot intervals 4 feet above the plants. On 
August 25 the plants were divided into 5 groups. One group 
was placed in a short day (10 hour) environment provided by 
using black shade cloth. Every 10th day thereaft,er an addi­
tional group was placed under the short day environment until 
4 groups had received short days. On October 4 we had five 
groups of stock plants that had received 40, 30, 20, 10 and no 
short days. At this time cuttings were taken from plants in all 
treatments. The cuttings were then divided so that 1/2 the cut­
tings from each treatment could be rooted under short days (8 
hours) and the other I/2 under long days (16 hours). This re­
sulted in 10 treatments. Cuttings were rooted in Perilte and 
under inte1·1nittent mist. Root-inducing chemicals were not 
used. In mid-December, 72 days after the cuttings were stuck 
they were removed from the rooting medium and the number 
of primary and secondary roots as well as the length of each 
primary root was deterrr1ined. 

The results of this work indicated that the stock plant as 
well as the cutting responded to photoperiod. Cuttings taken 
from plants receiving the greatest number of short days rooted 
best. Total root length ,vas greater, more root were initiated, 
length of roots was increased and the number of secondary roots 
was doubled. Cuttings taken from stock plants receiving no 
short days rooted least (Table 1). 

, 
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Table l. Rooting response of l!ex crenata 'Hetzi' as influenced by photoperiodic 
treatment of the stock plants and cuttings. 

No of short 
days received 

hv stock pla11t 

0 
10 
20 
30 
40 

0 
10 
20 
30 
40 

L.S.D. 5 % 
L.S.D. 1 % 

1Mcasured 1n cm 

L.S.D. 5 % 
L.S.D. 1 % 

Total length 
of 

fllOts/ c11tt1ng1 

4.5 
5.4 
5.4 
7.0 
7.4 

5.8 
6.8 
6.9 
8.0 
R.9 
0.5 
0.6 

Cuttings Received Short Days (8 hrs ) 

No of roots 
1111t1ated/ 
cutting 

4.4 
4.7 
4.9 
5.5 
5.6 

Av length 
of 

roots/ ct1tt111g 

1.01 
1.14 
1.12 
1.24 
1.30 

Cuttings Received Long Days (16 hrs) 

4.5 1.28 
4.8 1.44 
4.9 1.41 
5.2 1.55 
5.5 1.62 
0.2 0.02 
0.3 0.03 

Differences Due to Daylength Cutting Received 

1.1 
2.5 

NS 
NS 

.23 
.31 

No of 
secondary 

f<)Ots/ cutting 

6.9 
9.4 
9.1 

12.8 
13.7 

9.9 
12.9 
12.4 
15.5 
16.1 
1.2 
1.6 

2.0 
NS 

Cuttings rooted under long days produced more total root 
length and a greater number of secondary roots than those re­
ceiving short days. However, photoperiod received by the cut­
ting did not affect the number of adventitious roots produced. 

This work demonstrates the role that photoperiod might 
play in the seasonal variations found in rooting. At least it 
has been demonstrated in the case of /lex crernata. It has been 
shown by others that the number of root primordia produced on 
cuttings is related to the level of plant auxins. The fact that 
increasing numbers of short days on the stock plant increased 
the number of roots formed as well as their growth suggests 
either the accumulation of certain inducing substances that ac­
cumulate to the greatest degree under shorter days or the pos­
sible destruction of natural rooting inhibitors when the plants 
receive short days. At present we are attempting to deiertnine, 
by using Hess's bioassay method, the relationship in plant re­
sponse and the presence of cofactors. 

188 



The effects of photoperiod on stock plants has been also 
shown in the case of Populus canadensis that had been exposed 
to 0, 4, 6 and 13 weeks of a 10 hour day. Our results differ in 
one important way. Roots initiated per cutting were less with 
increasing numbers of short days for Populus, for Jlex the re­
verse was true. It appears that with some plants conditions 
which tend to stimulate active growth inhibits rooting while 
with other conditions that tend to inhibit active growth stimu­
late rooting response. 

In summarizing let me emphasize that day length of the 
stock plant of the cutting plays a role in rooting response. We 
cannot at this time by chemical analysis determine when a cut­
ting is in an optimt1m condition, neither are we restricted to the 
old rule of thumb method. Great improvements can be made in 
propagating techniques without having a complete knowledge of 
how or what the plant does from a biochemical standpoint, but 
simply by recognizing that light, temperature, water and other 
environmental factors influence stock plants as well as cuttings. 
By using the limited knowledge of how they affect rooting we 
can improve rooting response. It very well may be that at some 
date in the near future it may be desirable to control growth of 
stock plants by regulating photoperiod and other environmental 
factors just as, today we partially control the rooting environ­
ment in order to obtain "better rooting percentages and better 
1·oot development. 
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STEVE O'ROURKE: I believe that there is an item misu11der­
stood, that is blossoms are born on the same stem as the leaves 
in early Spring. This would indicate that floral formation is 
on the short day of the preceding seasons. Now if these plants 
were grown under short days and floral initiation did not take 
place, does this mean that these cuttings were in a more vegeta­
tive state and that the flower-forming substance, if any, was 
depressed? 

DR. KELLEY: Certainly. With short days, we certainly 
inhibit our induced vegetative growth. In othe1· words, the 
plants that had neve1· received any short days were the most 
vegetative, if you want to put it that way. They had the most 
vigorous growth. 

STEVE O'ROURKE: Did you carry the stock plant on to see 
if they bloomed the following spring? 

, 
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DR. KELLEY : No, we didn't. We just had too many. 
RALPH SHUGERT: Dr. Kelley, have you ever done any work 

or read of any work in using light on an item such as Juniperus 
Chinenis Pfitzeriatla which in my case roots slowly, poorly and 
I was wondering if light would promote 75 t;{J - 80 % rooting in 
four months. 

DR. KELLEY: You mean light on cuttings or on the stock 
plant? 

RALPH SHUGERT: Light on cutting bench. 
DR. KELLEY: It would be rather difficult. The only work 

I know of is some work at Illinois and they found that junipers 
rooted better under short days. 

RALPH SHUGERT: This is the cuttings under short days or 
the stock plants? 

DR. KELLEY: Cuttings. This was done several years ago. 
VOICE: Did you have a check in regard to the evaporation 

and desiccation caused by your lights? In other words, was the 
moisture content of the plants that are shaded the same as mois­
ture content in leaves of the ones that had additional light? 

DR. KELLEY: We hope so. Shall we say, they all received 
the same treatment other than a variation in photoperiod. 

DR. WAXMAN: Jim, we did some work with the lighting 
of stock plants and got the same results you described in work­
ing with poplar. Now I was wondering about the plants you're 
working with. Do they have to keep on growing or did they 
grow and then stop and remain dormant all summer? 

DR. KELLY: No, Ilex continues to grow all summer. And 
we made them g1·ow all summer by putting all stock plants ini­
tially under 18 hours so that we would be sure that they would 
grow. 

DR. WAXMAN: So then couldn't it be that you were taking 
cuttings from plants of active growth, the ones which were 
receiving zero short days as compared with one that had stop­
ped. Therefore that plant would have a greater food supply 
than the cuttings receiving zero short days and be in active 
~~- -

DR. KELLEY: Yes,· except that the only thing that was 
somewhat different is that we could get this response with just 
10 days. In other words, a very short time. Of course, we 
can't say that you don't get any food build up in the ten days but 
this significant difference seemed to be more than you would 
expect in just these 10 short days. 

DR. WAXMAN: How many more roots per cutting was that'? 
DR. KELLEY: About a 1/::.! or =Y.i. roots per cutting. How­

ever, this was a significant difference in this case. 
MODERATOR PINNEY: Dr. Makoto Kawase from the Mor­

den Experimental Farm, Manitoba, Canada, will be our next 
speaker. 
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CENTRIFUGATION PROMOTES ROOTING OF SOFTWOOD CUTTINGS ' 
1\1.t\J{OTO l{A WASE 

E,t'J)<'J'i>>1r·11tal F(11·;11, /~(' ,<::: ( ' ( f J'(•/1 BJ'ClJlc'l1 

c--r ci , 1 < t < 1 < 1 D ( > 1) c1 1 · t· , > 1 ( • , l t <) 1· A r 1 1 · i c: 11 l t z ( , · ( · 
.. 11 r J, · rl (' , 1 • .~ 1 ~l , 1 it r J 1 > ct . Ca > l < t < l ct 

Ac l ' c) 1 • < 1 i 11 g t <) (.,, <) <) pl'.) 1 · ( 1 ) <i 11 (i \\re 11 t ( --1 ) • the l ) <) 1 cl 1 · t 1 ·, t 11 s­
l > < ) 1 · t <1 f ,l t 1 x i 11 c a t 1 ~ti~ i t t < ) a c.· ( • t1 m l 1 l ,l t (.1 <l t t l 1 e l >as e· { 'l ·f ,t l' t 1 t t i 1 1 g 
,l l1(l tr1e r·e~t1lti11g ;.3t1xi11 g 1·cl(lie11t cat1:-:;es cl <l<)\\'ll\\·a1·<l n1c>,·en1 l \11t 
<)i. 1·hizoc)ali11e tc>,,·a1·cts tl1e l)ase <>f' t l1t} ct1tti11g. Rl1i z<>('<lli11e c:111cl 
a11xir1, t11t1~ acct1n1t1lt1te(l at tl1e l>ase <>f tl1e c·t1iti11g. ,1<·t tc)ge1 11 e1· 
i11 1·oot f <)r·mati<)11. ThiR <.)las.sic al l1>'P<)tl1eRis sugge~t e<l a se<l1·cl1 
i·c)1· som e n1efl:r1s c)t· moclif~~i11g th(\ J)<)la1· t1·£-111s1)01·t C)i~ at1xi11 ,t11cl 
1·}1izoca1i 11e ir1 c·t1tti11gs. Ce11t1·ift1gc1l fc)1~ce ,,·~1~ a111)]j(\cl 1<) ,\~iJ]c),,. 
c·11tti11gs ( S(tli .i· a1l><l IJ. ) \,·hic·l1 a1·e <):ls)~ 1·oclte1·s a11ci it ,,·as f'ot111<1 
that ce11 t1· ifugatif)11 p1·c)n1otes 1--oot i11g ir1 tl1it--; s1)ecies. Althot1g}1 
this 11e,,· f'inding ha~ al1·eaci>'" l)ee11 J)tll)lishecl (2, B), l \\1 C)L1lct l1kl1 

t<) l)r·i et·l~· 1,e,·ie,,,. 1n>'" ,,·01~k 1·<)1· ,·c)ll j11clt1di11g 1·e~~t1lt~ <>t· cl p1·elin1i­
t1a1•,r 11a ture. 
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( .., (' >lf1·if'z1.rJrtficJJl <t,zrl R()r>ti>lf/ 
Leai--less or lea1·~- soft,,·oc)(l ct1tti11gs \\1'e1·e placer1 i11 cl ce11t1·i­

f'uge t.lll)e ,,·ith di~t il lec1 \\'",1t e1· a11<l te11t rift1 ged L1si11g ,:i.11 01·cii11a1·}' 
labo1·ato1·)r ce11t1·if.l1ge. Ce11t1·ifL1gal force "\\'a.s cli1--ecteci f1·om the 
t i 1, to the base o ·f the c tl tt j n g. T 11 e r· o o t-J) 1,. om C) t ing e ff er t of c e 11 -

t1·i·f t1gatio11 i11c1·e,1 ed not 0111~" c1epe11(1i11g c)11 the i11c~1·ease ()f ce11-
1( 111\ t11l--11r1 1111 ,, "" . M ,11,L 11 i:,r1 I 1111, lll,d f . ,r 111 . ,~. :-, .1 1,h 1~1.111,h. ( .111,1J,1 I), p,t l lll l, 1, 1 l I 
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I1igl..1re I . Effect of cen t1·i£ L1gation 011 rooti r 1g of willow cut ti 11gs. Ctt ltin gs were 
cer1tr1ftrgc-<l for 011e l1ot11~ "\-Vit l1 spL-etls ()f 0, 1000 .. 2,()()() a11<l 400<> 1~1'>111 c>r "½11111 
gra\il ~1ti<J1tal for ces <> f (). 160, (,10 ~111<l 2510 g. 



trifugal force but also depending on the duration of centrifuga­
tion (Fig. 1 and Fig. 2). 

Physiological Implication of Centrifugation 
It was, however, found that the more the proximal ends 

were cut back afte1· the centrifugation, the fewer the roots that 
were formed (Fig. 3). Willow cuttings were next centrifuged 
in the up-side-down position, i.e., the force was directed from 
the base to the tip of the cuttings. By this up-side-down method, 
rooting of the cuttings declined proportionally to the increased 
duration of centrifugation (Fig. 4). 

What these results suggest is that some root-promoting sub­
stance was forced to move down towards the direction of the 
force. This idea \\-·as emphasized by a new finding. As men­
tioned earlier, cuttings were centrifuged in a centrifuge tube 
with distilled water. When the water or diffusate was tested 
after the centrifugation by mung bean rooting test, it showed a 
strong root-promoting effect. As seen in Fig. 5, root fortnation 
of centrifuged willow cuttings increased proportionally to the 
increasing gravitational force over the range between O to 2540 
g. It is, however, most interesting that the root forming ac­
tivity in the centrifugal diffusate as tested in the rooting of 
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Figure 2. Duration of centrifugation and rooting in willow cuttings. Cuttings were 
centr1fL1ged with a force of 640 g (Kawase, 1964). 
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l'1g111c 3 Effect of cutback on the rooting of centrifuged c11tt111gs Cutti11gs were 
ce111r1f11ged for I ho11r with a force c,f J()!)(J g Shaclowy ,111d black parts of the 
c11tt1ng.~ rep1·ese11t parts wh1cl1 were c111 l1ack before and after the centrifugdtton 
(l>raw11 frc,1n Kawasc, 1964), 

mung bean cuttings also increased with the greater force of cen" 
trifugation within the range between O to 1940 g. The results 
clearly suggested that there was an accumulation of root-form­
ing substance (or substances) at the proximal ends by the cen­
trifugation and also that a part of it diffused into water. 

Rooting Substarices irt Centrifitgal Diffusate 
Paper chromatographic study of the diffusate revealed that 

because of its immovability on the paper chromatograph with 
80 ~1o isopropanol, the major root-promoting substance in the 
diffusate is not indoleacetic acid (Fig. 6). Paper chromato­
graphic study also showed that the major root-promoting sub­
stance in the diffusate promoted mung bean rooting by itself 
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c11tt111gs (Kawase, 1964) 

and its effect was enhanced by the presence of indoleacetic acid 
(Fig. 6 and Fig. 7). 

On the other hand, centrifuged cuttings which are supposed 
to contain a high level of the same rooting substance as seen in 
the diffusate, showed an interesting result when treated with 
indoleacetic acid. As seen in Fig. 8, the root-promoting effect 
of centrifugation was enhanced by the presence of indoleacetic 
acid. Rooting of centrifuged cuttings was also enhanced by 
etiolation treatment (Fig. 9). Etiolation treatment for the cut­
tings was recently found to delay the destruction or disappea1·­
ance of indoleacetic acid in the cuttings (3). 

It is noteworthy here that the diffusion method is one of 
ideal methods to extract rooting substances from cuttings be­
cause it enables one to extract the substances in the form in 
which they exist in the living plant tissue without any chemical 
treatment. 

Conclusively, the rooting substance ( or substances) in the 
diffusate is thought to be similar to rhizocaline, and it is pro­
posed that centrifugation accelerates the transport of rhizocaline 
and thus the accumulation of rhizocaline at the proximal ends. 
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Future Application 
Centrifugal root promotion is not limited to the specific 

species, Salix alba L. As far as I have studied, centrifugation 
promoted rooting of softwood cuttings in Salix, acutifolia, S. 
pentandra, S. fra,qilis, Viburnum dentatum and Populus alba. 
More studies are needed before we find out how widely this cen­
trifugation method can be recommended to the nursery indus­
try. One point which has to be mentioned is that the centrifu­
gation process can damage the leaves of cuttings. Thus a root­
inhibitory effect instead of root-promoting effect was found in 
centrifuged Philadelphus and Cornus cuttings. My preliminary 
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1''1g11re 5. Effect of ce11trifugation on w1Ilow rooting (A), and the effect of the 
d1ffusate on m11ng bean rooting (BJ Willow cuttings we1·e ce11trifuged a11d 
their root111g wa, ,,bserved i11 d1stilled water (lower) , while their centrifugal 
d1ffusates were assayed by mung bea11 c11tt1ngs (upper) (Kawase, I 964) 
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bean a1ttings (Kawase, 1964) . 
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results sho,v that many easy-to-root species apparently contain 
diffusilile r1ioti11g st1bstance (s). The root substance was shown 
to be effective also in cuttings such as E1tonynius obovata, Sy­
rir1ga 1i11hesce11s anll Coto11easte1· l1tci£la. Therefore when more 
is know11 al>l>t1t the chemical 11att1re of the substance, there will 
be a gre~tt i11terest i11 its future use to promote rooting. 
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Figure 9 Comh111e<l effect of centr1f11gatior1 a11d et1ola11011 on 1ooting of willow 
cutu11gs. Centrifuged cutti11gs were et1olated (E) or not etiolated (L) (Kawase, 
I 965) . 

HOWARD STENSSON: Dr. Kawase, I just wondered if you 
tried the diffusate from the tips on the bases of the cuttings. 

DR. KA WASE: I have tried upside down diffusion and it is 
as concentrated as the base. However, root formation at the 
base is retarded when the cuttings are centrifuged upside down. 

HOWARD STENSSON: And a second question. Did you try 
the diffusate from one species on another species? 

DR. KA WASE: Most species I have tested on the mung bean 
cutting test. I have extracted from willow and then retreated 
willow. It was most effective on the cuttings not previously 
centrifuged. 

TREVOR SYKES: It's been known for a long time that wil­
lows root very easily or many of the \\7illow species do because 
of the presence of primordial root initials. Have you fot1nd or 
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exami11e(l the cuttings for any c)f these rc>ot initials? 
DR. K,\W,\SE: I cannot ans,ver the t1uestion directly. IIow­

ever, I ca11 say that the cliffusate liicl promote rooting i11 mu11g 
bean c11ttings as well as increase rooting in the willow c11ttings. 
The mu11g bean cuttings have no t)erformed root initials. So I 
know that it will p1·omote root i11itiation as well as development 
of the initials. 

Vo1c;E: Dill you observe a11y ,,ascular cell tissue (lamage 
on your herbaceous material at 11000 rpm? 

DR. KAW,\SE: Yes, this is son1etimes a problen1 even ,vith 
,villow at the higher speeds. 

DR. IIEss: We could acl<l a11<)lher species 'here, l\'Iokato, 
ll edra helix also works except that ,ve get both 1 a11d 4 cofactors 
out fron1 the diffusate. 

DR. KAW.<\SE: Yes, I unclersta111l that was reported i11 the 
last Proceedings. 

DR. IIESS: rrhat was .iust straight diffusion but we've also 
11Hed your centrifugation techni<111e. 

DR. KAW,\SE: Oh, you have usetl jt. 
DR. IIESS: Yes, I thi11k cent1·if11gatio11 is bette1· llecause 

,vith cliff11sio11 over a period of time yo11 have bacterial cc)ntan1i­
nation, b11t by centrif11ging just for a11 hour I think yo11 get re­
latively pure materials without cc>11t11111inatio11. 

l\'lODERATOR PINNEY: The 11ext sub_ject, prc>pagalio11 of 
Picea 711t11r7e11s gla11,ca will be give11 liy l\·Ir. Leo11ard Savella. 

PROPAGATION OF PICEA PUt,JGEf'JS GLAUCA CULTIVARS 
LEC)NARD S,\ VELLA 

Bnl1l llill 1V111·.se1·ies, Inc. 
P11ntiac, P.Ji111le lslan(l 

The pro1)agatio11 of Blue Spr·ucc fron1 either see(!, layeri11g 
or grafti11g has been a p1·actice ftit· r11any years. It was !)e!ievecl 
that these "'·ere the only metho<ls t<i reproduce this species co111-
mercially ancl make it profital)le. 

With the introd11ction of the n1ist system of propagation, 
the Spruces, like many of the other orname11tals that were re­
produced in one of these three ways, have become easy to root 
from cuttings. The procedure· is very much the same as most 
of the orr1amentals propagatecl ur1cle1· mist, except that .i 11st a 
little more care shoulcl be taken i11 tin1i11g your cutti11g. 

The following is a step by step metholl that we 11se at Daiei 
Ifill Nurseries, Inc. ,vhich has prove11 to be very successf11l: 

An outlioor mist bed 6' wicle is prepared ,vith a layer of peat 
moss 1 Vt - 2'' thick. Then a layer of sharp sand 6'' thick is pt1t 
on top of the peat moss. The sar1d is then rolled with a roller 
filled with water for compactio11. The sa11cl is leveletl off sc) 
that the surface area is as level as pc)ssible. The mist pipes are 
then placed on top of the be<l anll connected, Our s,ystem is 
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exami11e(l the cuttings for any c)f these rc>ot initials? 
DR. K,\W,\SE: I cannot ans,ver the t1uestion directly. IIow­

ever, I ca11 say that the cliffusate liicl promote rooting i11 mu11g 
bean c11ttings as well as increase rooting in the willow c11ttings. 
The mu11g bean cuttings have no t)erformed root initials. So I 
know that it will p1·omote root i11itiation as well as development 
of the initials. 

Vo1c;E: Dill you observe a11y ,,ascular cell tissue (lamage 
on your herbaceous material at 11000 rpm? 

DR. KAW,\SE: Yes, this is son1etimes a problen1 even ,vith 
,villow at the higher speeds. 

DR. IIEss: We could acl<l a11<)lher species 'here, l\'Iokato, 
ll edra helix also works except that ,ve get both 1 a11d 4 cofactors 
out fron1 the diffusate. 

DR. KAW.<\SE: Yes, I unclersta111l that was reported i11 the 
last Proceedings. 

DR. IIESS: rrhat was .iust straight diffusion but we've also 
11Hed your centrifugation techni<111e. 

DR. KAW,\SE: Oh, you have usetl jt. 
DR. IIESS: Yes, I thi11k cent1·if11gatio11 is bette1· llecause 

,vith cliff11sio11 over a period of time yo11 have bacterial cc)ntan1i­
nation, b11t by centrif11ging just for a11 hour I think yo11 get re­
latively pure materials without cc>11t11111inatio11. 

l\'lODERATOR PINNEY: The 11ext sub_ject, prc>pagalio11 of 
Picea 711t11r7e11s gla11,ca will be give11 liy l\·Ir. Leo11ard Savella. 

PROPAGATION OF PICEA PUt,JGEf'JS GLAUCA CULTIVARS 
LEC)NARD S,\ VELLA 

Bnl1l llill 1V111·.se1·ies, Inc. 
P11ntiac, P.Ji111le lslan(l 

The pro1)agatio11 of Blue Spr·ucc fron1 either see(!, layeri11g 
or grafti11g has been a p1·actice ftit· r11any years. It was !)e!ievecl 
that these "'·ere the only metho<ls t<i reproduce this species co111-
mercially ancl make it profital)le. 

With the introd11ction of the n1ist system of propagation, 
the Spruces, like many of the other orname11tals that were re­
produced in one of these three ways, have become easy to root 
from cuttings. The procedure· is very much the same as most 
of the orr1amentals propagatecl ur1cle1· mist, except that .i 11st a 
little more care shoulcl be taken i11 tin1i11g your cutti11g. 

The following is a step by step metholl that we 11se at Daiei 
Ifill Nurseries, Inc. ,vhich has prove11 to be very successf11l: 

An outlioor mist bed 6' wicle is prepared ,vith a layer of peat 
moss 1 Vt - 2'' thick. Then a layer of sharp sand 6'' thick is pt1t 
on top of the peat moss. The sar1d is then rolled with a roller 
filled with water for compactio11. The sa11cl is leveletl off sc) 
that the surface area is as level as pc)ssible. The mist pipes are 
then placed on top of the be<l anll connected, Our s,ystem is 
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made of I/2'' copper tubing and can easily be placed and con­
nected, by simply making one connection _joining the two 20' 
sections of mist heads and then joining the system to a regular 
garden hose which is joined to the spigot. The mist heads are 
spaced 30'' on center and are made by ''Spraying System Co." 
They are ¼'' T Jet #TNSW stainless steel tip nozzles. 

The bed is now ready to receive the cuttings. We go to our 
two stock plants of Koster Spruce and after carefully examining 
the new growth, we start to take the cuttings. I say careful 
examination because this is very, very, important. The cuttings 
are taken when the new growth is about 2'' to 4'' long and when 
the ter1ninal buds of each cutting are just about to show or are 
just showing. If the cuttings do not show a bud, they can be 
taken because they will root and form buds. The location of the 
cutting will determine· yot1r percentage of success in rooting. 
Cuttings of the terminal growths are more difficult to root. The 
cuttings, usually six in number, on both sides and behind these 
lead shoots root more readily. Then if you look carefully be­
yond these cuttings toward the main truck and setting on top 
of the branch, you will notice cuttings of about ry4,, to l'' long. 
These cuttings will root almost 100 % . 

The cuttings are cut just below the node but also making 
sure the husk covering the node is left with the cutting. THIS 
IS _MOST CRITICAL. The cuttings are taken and are immedi­
ately dunked into a pail which is half full of water. The reason 
for this is that the cuttings are so very tender they may dry out 
unless you handle them this way. When we have taken about 
(300) cuttings. we then go to the mist bed where they are made 
ready for sticking. The cuttings are taken from the pail of 
water and shaken to remove the excess water. They are then 
dipped into #2 Hormodin powder and set in an empty seed flat, 
or any kind of flat container and covered with wet burlap to 
protect them from the wind and sun. Now they are ready for 
sticking. We take a metal straightedge and cut a line in the 
sand about 11/2'' deep so that when you stick the cuttings they 
will go in ,easier and undamaged at the base. The cuttings are 
taken from under the wet burlap and stuck into the medium. 
We use a lath as a spacer. When the first row of cuttings are 
stuck, we tamp the lath gently to firm these cuttings. At the 
same time, the sand is cut on the front side of the lath to make 
ready for the next row. This procedure is followed until we 
have the desired amount of cuttings stuck. 

The system is on and operating during the sticking so that 
the cuttings do not dry out. When we have finished, we water 
down the entire bed until it is thoroughly soaked. The mist 
clock is set at 30 seconds every 2 minutes and is set to go on 
(1) hour after sunrise and off (11/2 ) hours before sunset. This 
must be progressed as the St1mmer days get longer. During 
the very hot and dry days of Summer, the beds should get a 
thorough drenching about once a month. On very cloudy or 
rainy days, the system should be shut down completely 80 as 
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not to induce leaching. If leaching starts to show, the cuttings 
will become more difficult to root and many will just simply 
rot; therefore, this should be watched very closely. 

By the middle to the end of September the cuttings should 
be ready to lift. They are lifted being very careful in the pro­
cess, not to break any of the roots for they are extremely tender 
and br·ittle. Those that are rooted are transplanted in flats 
containing a mixture of 1/2 peat and ~/2 sand. They are planted 
54 and 63 to a flat. When flatting the cuttings a hole is made 
with a J)€g so that the roots can be placed in this hole. This 
will eliminate much of the root ''break-off'' when transplanting. 
Also when the cuttings are pressed in, they must be pressed very 
gently. Let the watering do most of the packing. 

Many of the cuttings that die in the flats, die because the 
roots were broken off in the transplanting. When the flats 
have been filled, they are brought into the greenhouse and 
placed on the benches. They stay there for about 4 - 5 weeks 
during which time they have made new roots and are now ready 
for hardening. They are put in beds wheire sides and shades are 
placed over them. We are very careful in making sure they get 
proJ)€r watering dt1ring this period. Before the real cold weath­
er sets in, we cover these beds ,vith sash and shades. This pro­
tection brings them through the Winter with light losses due to 
frost heaving and cold. On ,varm days during the Winter, we 
OJ)€n the sash slightly to air the cuttings and at night they are 
closed. When Spring arrives. we take the sash off leaving the 
shades on and the plants are, watered and cared for in these beds 
for 2 years. After this time, the cuttings have formed very 
good root systems and can now be planted in beds for further 
growth or can be field lined, depending upon their size. 

We have been rooting Blue Spruce for 4 years and they 
show great promise. The plants are full and have many buds. 
They show a leader early and seem not to need staking when 
field lined. I would say that many more Propagators should 
adopt this method. 

VOICE: Sometimes in grafting we experienced that the 
terminal bud doesn't come out and one of the lateral buds must 
be able to take the lead. Is this true with cuttings also or does 
the tertninal bud grow out? 

LEONARD SAVELLA: The terminal buds grow out because 
actually it's the one 'bud that forms first and that's the one that 
takes over. 

JIM WELLS: Have you tried any other form of the spruces 
and have you tried any diffe1·ent misting periods? 

LEONARD SA VELLA: No, I haven't. This whole thing was 
llone accidentally. We were grafting in the wintertime and 
when ,ve were cutting off some of these lateral shoots some of 
them looked so really nice that it seemed a shame that there 
were no roots on them. So I stuck them in the bench in some 
peat and, low and behold, some of them did root. I said if they 
can root there, they may be able to root outdoors. So the next 
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' . ' ' ' ' year we tried it and I was just flabbergasted. ~ith, the· results. 
So that's what we did and we've been doing it every since. 

VINCE BAILEY: I noticed in the pictu1·e.s a few. unrooted 
cuttings. Do yot1 1·estick them? 

LEONARD SA VELLA: Yes. If you restick un1·ooted cuttings 
indoors with heat those that are good will root very fast. prob­
ably in 2 weeks. And if you look in the back of the room, the 
one with the longest roots is the one that was restuck. 

RALPH SHUGERT: Do you have cost fig,ures on the three 
year cutting and grafts of the spruce? 

LEONARD SA VF.LL.<\.: No, like everybody else, I just do it. 
I don't know how mt1ch it costs me. . 

E. STROOMBEEK: I have t,vo questions. Have you taken 
cuttings from different stock plants and whe1·e did the stock 
plants originate? 

LEONARD SA VELLA: The stock plants were bought, from 
Case Hoogendoorn. They are true Kosters. We have tried othe1· 
varieties and we find Moerheim ,more difficult and the Hoopsi 
true to its name, it's tough. 

BRUCE BRIGGS: Did you try some with 'pulling off and 
leaving the heal rather than cutting thelm off? 

LEONARD SA VELLA: Yes, we tried pulling them, but we had 
better results with cutting them. It seemed that the right time 
to take them is just when the pulling stage is past. 

BRUCE BRIGGS: We know that spruces root bette1· when 
they have lots of free air. Can you root the same way inside 
the greenhouse having it completely open? 

LEONARD SAVELLA: There again, I never tried it out, but 
getting the 85 % outdoors, I thought I'd leave well enough alone. 

PETER VERMEULEN : Did you find any difference on the 
position on the stock plant or between the lower cuttings and 
cuttings higher 011 the plant? 

LEONARD SA VELLA: That's a good question, Pete. We took 
cuttings as far as we could reach. 

HANS HESS: Was this a continual mist that you had on 
these cuttings or was it intermittent mist? 

LEONARD SA VELLA: Intermittent. Here again, I never 
took the trouble of timing these things. I just put the mist on 
and when I thought it was enough I left them alone. lVIayl>e if 
I figured this thing out, they wouldn't root. 

MODERATOR PINNEY: Next, we shall learn about cell cul­
ture and plant propagation from Dr. John Mahlstede. 

CELL CULTURE AND PLANT PROPAGATION 
J. P. MAHI.STEDE', F.' C. L.4.DD2

, AND J. PELTIER'' · 
Jou1a State University 

' 

, 

Plant propagation, defined simply as the 1nultiplicatio11 of 
plants by eithe~ sexual or asexual mea:ns involves the use of 

' 1Profcs&or of Horticulture, Iowa t,tdtt- Un1ver&1ty, ,1. Sister, Mou11t t,t Cl.irt- Cllege, C!111tc,n~ low.i, 
3Techn1c1an, Iowa State U11vers1ty, Ames, Iowa 

202 



' . ' ' ' ' year we tried it and I was just flabbergasted. ~ith, the· results. 
So that's what we did and we've been doing it every since. 

VINCE BAILEY: I noticed in the pictu1·e.s a few. unrooted 
cuttings. Do yot1 1·estick them? 

LEONARD SA VELLA: Yes. If you restick un1·ooted cuttings 
indoors with heat those that are good will root very fast. prob­
ably in 2 weeks. And if you look in the back of the room, the 
one with the longest roots is the one that was restuck. 

RALPH SHUGERT: Do you have cost fig,ures on the three 
year cutting and grafts of the spruce? 

LEONARD SA VF.LL.<\.: No, like everybody else, I just do it. 
I don't know how mt1ch it costs me. . 

E. STROOMBEEK: I have t,vo questions. Have you taken 
cuttings from different stock plants and whe1·e did the stock 
plants originate? 

LEONARD SA VELLA: The stock plants were bought, from 
Case Hoogendoorn. They are true Kosters. We have tried othe1· 
varieties and we find Moerheim ,more difficult and the Hoopsi 
true to its name, it's tough. 

BRUCE BRIGGS: Did you try some with 'pulling off and 
leaving the heal rather than cutting thelm off? 

LEONARD SA VELLA: Yes, we tried pulling them, but we had 
better results with cutting them. It seemed that the right time 
to take them is just when the pulling stage is past. 

BRUCE BRIGGS: We know that spruces root bette1· when 
they have lots of free air. Can you root the same way inside 
the greenhouse having it completely open? 

LEONARD SAVELLA: There again, I never tried it out, but 
getting the 85 % outdoors, I thought I'd leave well enough alone. 

PETER VERMEULEN : Did you find any difference on the 
position on the stock plant or between the lower cuttings and 
cuttings higher 011 the plant? 

LEONARD SA VELLA: That's a good question, Pete. We took 
cuttings as far as we could reach. 

HANS HESS: Was this a continual mist that you had on 
these cuttings or was it intermittent mist? 

LEONARD SA VELLA: Intermittent. Here again, I never 
took the trouble of timing these things. I just put the mist on 
and when I thought it was enough I left them alone. lVIayl>e if 
I figured this thing out, they wouldn't root. 

MODERATOR PINNEY: Next, we shall learn about cell cul­
ture and plant propagation from Dr. John Mahlstede. 

CELL CULTURE AND PLANT PROPAGATION 
J. P. MAHI.STEDE', F.' C. L.4.DD2

, AND J. PELTIER'' · 
Jou1a State University 

' 

, 

Plant propagation, defined simply as the 1nultiplicatio11 of 
plants by eithe~ sexual or asexual mea:ns involves the use of 

' 1Profcs&or of Horticulture, Iowa t,tdtt- Un1ver&1ty, ,1. Sister, Mou11t t,t Cl.irt- Cllege, C!111tc,n~ low.i, 
3Techn1c1an, Iowa State U11vers1ty, Ames, Iowa 

202 



many and diverse techniques which you as plant propagators are 
quite familiar. The asexual propagation system that you use 
to supply that plant part with the missing organ or organs has 
as its basis the satisfaction of certain basic physiological proc­
esses founded on plant biochemistry and related to plant ana­
tomy. There are many challenging and fascinating problems 
in plant reproduction. They are as di\·erse and intricate as the 
numerous enzymes, amino acids, proteins and auxins that con­
trol plant growth and development. Answers to these questions 
come slowly, and new break-throughs often represent the inte­
gration of many accumulated facts that are put together into a 
workable and sensible hypothesis. These are then assimilated 
by the resourceful horticulturist and applied directly to the solu­
tion of some propagation problem. 

In 1963, Wetherell (2), of the University of Connecticut, 
described a system for growing whole plants from single cells. 
While the idea was not new and had been previously demon­
strated by Steward (1), of Cornell University, the fact that 
vegetative cells of the type contained in the tissue systems of the 
cuttings you propagate, could be manipulated through a series 
of embryogenetic steps which approached that of the fertilized 
zygote of sexual propagation, was a breakthrough. By using a 
defined growing medium, callus tissue could be1 broken apart 
into single cells, and each single cell be induced to divide, dif­
ferentiate and to eventually for111 an intact plant. The use of 
2,4-D and adenine stimulated callusing. Kinetin substituted 
for adenine induced specialization and establishment of the 
familiar tissues systems and the formation of organs. Removal 
of the auxin 2,4-D stimulated embryo fur111ation and the addi­
tion of coconut milk provided the impetus of after ripening and 
permitted the embryo to develop into a normal plant. 

The technique appears simple, and it is for carrot. It is 
not simple for many of the types of plants which nurserymen 
grow and propagate. 

We might pause a moment to reflect on the application of 
this technique to the problems that we have in propagation. The 
technique of tissue culture provides a tool by which we can study 
the effects of auxins and related balance systems on cell differ­
entiation, growth and development. By providing precise con­
ditions of environment, the effects of pH, aeration and many 
other conditions of the mirco-environment can be critically 
studied as they are related to the propagation techniques that 
we now apply grossly. As info1·1nation is gathered, the propa­
gator will become more deeply involved with refinements in the 
propagative skills and management practices he now employs. 
Propagation will be truly a science. 

This trend has bee,n evident since the founding of this So­
ciety. The development of mist propagation and the refine­
ments and ingenuity applied to the regulative· devices sequencing 
the application of \\'ater to best meet the physiological require­
ments of the cutting as \veil as the use of a form of tissue cul-
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ture to index and develop pathogen-free plant material are other 
indications of the rapid, progress which is taking place in the 
science of plant pr'opagation. They further 'illustrate the im­
portance of science to the plant propagator. 

At.Iowa State University we have been experimenting with 
the techniques of plant tissue ct1lture for a period of four years. 
Cultures of carrot tissue ,vere first used according to the p1·0-
cedures developed by Steward and Mapes. Chrysanthemum, 
geranium and Kolkwitzia, are the plants currently ·under study. 
in our laboratory. Our objectives, together with studying dif­
ferentiation in these cell cultures are those of breeding and-the 
de,1elopment of ne"· clones and cultivars: · 

• 

Using Kolkivitzia amabilis, the common beauty bush, as an 
example, let me describe briefly our approach to the application 
of this technique. As you know, Kolkivitzia amabilis, and the 
variety K. a. rosea are the only forms in this genus. Any varia­
tio,n from. these two ,vould, in fact, represent a new clone. . 

In the spring of 1965,· developing ovaries were collected 
from· ·established plants at regular intervals. Developing em­
bryos were then excised and cultured on a Marashige-Skoog 
medium with and ,vithout the addition of 2.5 mg/liter IAA, .2 
mg/liter kinetin and lOOmg/liter of yeast extract. When a solid 
medium was required, nine grams of agar was added to the basal 
medium. In one series of experiments the MS medium was fur­
ther ·modified by the -substitution of arginine and lysine for 
glycine, each alone as well as 1 :4 and 4: 1 proportions, all in 
equimolar concentrations to glycine. 

Embryos were then cultured and segrnents of root, hypo­
cotyl and epicotyl transferred to separate culture tubes and cal­
lused.' · The developing callus mass was ·then broken into single 
cells (which is'the only way in which mutations can be cloned) 
by the use of a chelating agent, Fe EDT A ( ethylendiamine 
tetraacetic acid .01-.02 per cent). This chemical reduced the 
binding calcium of the middle lamella between cells. Separa­
tion was further activated by the use of magnetic stirrers and 
sterile Bellco flasks. These single cells were then transferred 
to a-MS medium with IAA, kinetin and tyrosine. The individu­
al study with lysine and arginine indicated that there was an 
optimum balance of these two arnino acids as they affected the 
gro)Vth of the callus. Both ratios gave higher dry weights than 
either. alone or glycine alone. From this it was obvious that 
each callus type may require its own organic nitrogen source, 
which can only be determined by trial and error. , 
. , By further s11bjecting these single· cells to chemical mu­

tagens, :we hope, in the not-too-distant future to give to the nurs­
ery and arboretum inventory a whole ne,v complex of Kolwitzia! 
cutlivars :, .. through a system of micro-propagation, a technique 
off, the drawing boards of fantasy, but one that ,ve hope will 
s~rve ,to ,further the. science and practice of plant propagation 
. ~• ~ and a better living through plants. , , 

. ' . 
J ' . • ,, • ' ' • 
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HAROLD EPSTEIN : The meristem culture technique is al­
ready in use for orchids such as the desirable plants that every­
body v.·ants like the bright red cattleya and things like that and 
selling them as young plants for $7.50 and $8.50 apiece. Un­
fortunately, most of this is being done in France and the plants 
are exported to the rest of the world. France at this moment 
seems to have, the production monopoly on meristem culture of 
orchids. So it's beyond the experimental stage. 

DR. MAHLSTEDE: This is correct, but there is basically one 
difference between meristem culture and the type of technique 
that I discussed. We're getting down to the individual cell 
rather than a group of cells. And it's the process of differentia­
tion that forms the apical meristem or root meristem that is al­
ready formed in the segrnent of the tissue that you have men­
tioned. It's e!;!sentially the same type of thing with the basic 
difference being the number of cells and the organization of the 
cells you start with. 

DR. STOLTZ: Just a follov.r up on what you have said, 
John. We are also doing this type of work with orchids at the 
University of Kentucky. It does, of course, have the very basic 
difference that you pointed out. 

JIM WELLS: John, have you been able to grow the single 
cells to complete plants yet? 

DR. MAIILSTEDE: I was afraid you'd ask that, Jim. No 
we haven't. \Ve have with carrot and with Chrysanthemum but 
not with the Kolkit•itzia. In the past they have been using an 
agitated culture in which they take the Erlenmeyers and put 
them in a gently swishing solution. The single cells then are 
forced apart and land on the edge of the glass at the juncture 
of the back and forward movement, and from there they grow 
and develop. We've used flasks with a magnetic stirrer and 
this gently rotates - there is no violent action and then by the 
use of ET A the cells are gently split apart. And, of course, it's 
interesting how these cells develop when taken out of the frame­
work of an entire plant part. And of course, we're doing ex­
actly the same type in our propagation techniques. You and I, 
\vhen we stick a cutting, try to provide an environment for it to 
grow. We are doing exactly the same type of thing on defined 
media using some of the results that Charlie has and some of 
the products he is using specifically in tissue culture and I'm 
sure that Len back here is doing the same thing. In other 
words it's a refined mirco-technique that I'm sure will have ap­
plication in the future. 

DICK STADTHERR: Have you irradiated any of these cells 
as yet? 



DR. MAHLSTEDE: 
set up this dosage yet. 
sensitive at this time. 
so far. 

We've irradicated them, but "'·e haven't 
As you might imagine that it is pretty 
We've killed everything we've treated 

VOICE: Have you been able to find any chromosomes yet 
in these cells? 

DR. MAI!LSTEDE: 
are dfficult to find. 

Yes. bt1t of course, with Kolkwitzia they 

JIM ILGENFRITZ: John, do you have any data on the num­
ber of generations or div·isions or the length of time before we 
begin to get differentiation from a single call? 

DR. MAHLSTEDE: We haven't determined the exact num­
ber of divisions but certainly there are a great number of them. 

MODERATOR TOM PINNEY: At this point v,e have asked 
five Canadian Nurserymen to discuss propagation of difficult. 
unusual and rare plants. At this time it gives me real pleasure 
to introduce the first of these gentlemen whom all of you I am 
sure kno,v, Mr. Ray Halward of the Royal Botanical Gardens. 

PROPAGATION OF DIFFICULT, UNUSUAL AND RARE PLANTS 
R.<\.Y E. HALWARD 

Royal Botanical Gardens 
Ilamilton, Ontario, Canada 

The plants included in this article are not necessarily dif­
ficult to root, but certainly could be classified as unusual, espe­
cially in our area. The IJavidia or Dove Tree has been men­
tioned in pre<vious papers. In 1958, Miss Mary lVIilton, former 
propagator of the Morris Arboretum, related its perfor111ance in 
the Philadlephia area. In 1960, Alfred Fordham, explained the 
best treatment for seed germination. My interest in Da.vidia 
was aroused in 1960, when I observed a 30' specimen growing in 
Hamilton. It was imported in 1935 a 6' plant from Daisy Hill 
Nurseries, Neury, Northern Ireland, and given some protection 
with evergreen bot1ghs for four years. In 1947 it flowered for 
the first time, and has flowered every year since that time. I 
tried rooting softwood cuttings on two occasions and was unsuc­
cessful. In the meantime, seed I had received from Denmark 
and the Arnold Arboretum in 1960, had ger111inated and were 
doing quite well, in an acid medium under lath house conditions. 
On July 14th this year I took the cuttings from the seedling 
plants which were over six feet high. The cuttings were six 
inches long and the large leaves were reduced in size. They 
were dipped in a mixture of one half Captan 50 W and one half 
Seradix No. 3 and they were put in boxes with a mixture of 
four sand and one peat, and put under intermittent mist with 
bottom heat supplied by a cable set at 70°. 

In the first lot of 22 cuttings from the Danish source, only 
six were rooted by October 31st. In the second lot of all cut­
tings from the Arnold Arboretum's seedlings, five of which had 
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propagator of the Morris Arboretum, related its perfor111ance in 
the Philadlephia area. In 1960, Alfred Fordham, explained the 
best treatment for seed germination. My interest in Da.vidia 
was aroused in 1960, when I observed a 30' specimen growing in 
Hamilton. It was imported in 1935 a 6' plant from Daisy Hill 
Nurseries, Neury, Northern Ireland, and given some protection 
with evergreen bot1ghs for four years. In 1947 it flowered for 
the first time, and has flowered every year since that time. I 
tried rooting softwood cuttings on two occasions and was unsuc­
cessful. In the meantime, seed I had received from Denmark 
and the Arnold Arboretum in 1960, had ger111inated and were 
doing quite well, in an acid medium under lath house conditions. 
On July 14th this year I took the cuttings from the seedling 
plants which were over six feet high. The cuttings were six 
inches long and the large leaves were reduced in size. They 
were dipped in a mixture of one half Captan 50 W and one half 
Seradix No. 3 and they were put in boxes with a mixture of 
four sand and one peat, and put under intermittent mist with 
bottom heat supplied by a cable set at 70°. 

In the first lot of 22 cuttings from the Danish source, only 
six were rooted by October 31st. In the second lot of all cut­
tings from the Arnold Arboretum's seedlings, five of which had 
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been wounded lightly, eight were well rooted by October 31st. 
It wa8 obviouR that wounding had aided considerably in the root 
formation. 

Other plants "'hich I have had success in rooting under ex­
actly the same conditions as for Davidia are listed below, and 
may act as a guide for someone wishing to propagate the same 
species. · 

Date Name No 
Cuttings 

Hormone 
Used 

Transplanted 
Date 

7/20/61 

7 /'12./00 

7/20/61 

7 /13/60 

7/13/60 

5/30/62 

7/8/6', 

7/19/6', 

Acer Sendix 
tegmento,1,n1 84 #3 Sept. 27 
Acer Seradix 
carpi II i ,,,/ i11 Ill, I,', #3 Oct. 7 
Corylopsz, Seradix 

• 
!\O #l Sept. 22 ,1nens1s 

Hnlesza Seradix 
montico/a 50 #l Oct. 7 
Pteroity111,: Seradix 
h11pida 24 #l Oct. 6 
Parrotia Seradix 
pe1·sica #3 Aug. 27 
Pr1,11u, ½ Seradix #3 
i\fnackii IO V2 Caplan 50W Sept 28 
.'itewartia ½ Seradix #3 
P,e11docame/l1a 44 ½ Caplan 50W Sept. 29 

PROPAGATION FROM CUTTINGS OF 
PICEA PUNGENS 'GLAUCA GIOBOSA' 

JENS PEDERSEN 
Rose Ar·bor· Nurseries 

Oak1Jille, Ontar·io, Canada 

No 
Rooted 

50 

II 

48 

35 

16 

5 

7 

40 

We have propagated this dwarf blue spruce from cuttings 
in cold frames i11 the shadehouse for the last few years with 
fairly good results. \-Ve take the cuttings about June 20th with 
a good heel, this is important. We do not strip the needles off. 
We put the cuttings in flats as we find this is an easy way to 
move them. It takes 18 months to get a good root before trans­
planting by the first fall. We leave them in the cold frames 
for the winter and about June the following summer, we take 
them outside in the shadehouse. As our medium has very little 
nutrients, if any, ,ve use some fertilizer at this time. 

The following spring we plant them out in beds with 40 % 
shade. Our medium is 50 % sharp sand and 50 % perlite or 
similar material. Be very careful not to over water. Our 
catch is about 65 to 75 o/,, and we use the same method for all 
d,varf spruce. 
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' . 
, WINTER ROOTING OF EVERGREEN CUTTNGS IN COLD FRAMES 

' ' 
' ' PETER R. NIELSEN · ' 

Robe1·t Nielsen and Son Nurser·ies, Ltd. ' 
·· · Oakville, Ontario,· Canada 

' 

. , ' ' 

: . This method , may not 'be considered· too unusual and it is 
definitely not a ne,,· method but being such a simple and inex­
pensive method, it may prove to be of some interest to certain 
propagators attending this meeting. _ 

My ·Dad first saw it used a few years ago here in Lake 
County, Ohio and thought then that it would be an ideal system 
for us. Not having a propagation house a.nd being financially 
unable to construct one and running a business which included 
landscaping and the operation of a Garden Centre as well as 
regular nursery operations, time was always short, good 'help 
was always scarce and money even scarcer. Tht1s we decided 
this would be an ideal method for us to adopt. 

The evergreen cuttings were taken and made in the winter 
as soon as we were able to get at it, which was usually in late 
February. When ,ve had made enough cuttings to fill three or 
four frames, we would set· the frames up out in the shadehouse 
right on the frozen ground. (This really made them cold 
frames). Sand was put in the frames and the cuttings stuck 
immediately. A mild day -was usually chosen to do this. · We 
have used both glass sashes and poly covered sash with equal 
success. A reed ruat was immediately rolled over the frames 
and we then proceeded to completely neglect them until about 
early April when the reed mats were removed and replaced with 
40 o/o lathe shade. 

Again they "'ere shamefully ignored and neglected, until 
towards the end of May, when more time was available and we 
suddenly remembered we; had them and gave them a drink. 
Here the similarity between the plant and the propagator is 
quite evident - both perk· up considerably with a little drink. 
At this stage rooting was apparent. Watering continued and 
gradually the hardening-off process began. The rooted c1,1ttings 
were left to winter in the frames and set out in beds the follow-
ing June. , · . 

Straight sand :was ,the only medium we ever used. No in­
secticid~l or fungicidal treatment was given to either the cuttings 
or the medium and no hormones were ever used during· the six 
or sev·en years we have been employing this method. Periodi-

. cally when the notion hit us, we applied a solution of ·20-20-20 
fertilizer to th~ rooted _cuttings. · · · · 
· Now this method is' only good for easy to root types. We 
have rooted the following with excellent results · Juniperus 
pfitzeriana, pfitzeriana aurea· & pfitzeriana compacta - Juni­
'perus sabina, · ·sabina hicksi, sabina Blue Danube and sabina 
:ta'.mariscifolia - Juniperus liorizontalis plumosa ·and Juniperus 
Jietzi. , - · , . . . . 

This may appear to be a rather hap-hazardly -ru11 system. 
Well, it is - but, it certainly helped us to increase our ever-
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green stock, took very . little of our time and the costs were 
• minor. 

I might add that we are presently engaged in constructing 
a glass propagat.ing house and boiler room workshop and if all 
goes well, we will be· able to plant otir ctittings inside this year . 

• ' CORYLUS AND CORNUS FROM CUTTINGS 
' 

' ' JOERG LEISS 
Sheridan Nurseries. Limited , , l ' , 

Oakville, Ontario, Canada . 

. This paper represents some of the trials conducted at Sheri­
dan Nurseries over the last two years, 1964 and 1965. The 
trials were to find a way to root such plants from cuttings 
which were previously propagated by all other means but cut­
tings. It was our thinking that for instance if a layer would 
root why not a cutting, which would be much quicker made and 
also give a much greater yield per plant and would do away with 
large stool blocks: · On grafting, the raising of understocks and 
subsequent sucker growth from this understock coul'd be· elimi-
nated. , , 

· Corylus maxima -atrop1trp1trea was our first trial and in 
1964 100 4 - 6 inch tip cuttings were made after the first flush 
of growth had hardened. This would be in the middle of July 
in our region. Half the cuttings were treated with Seradix #2, 
the other half with Seradix 3# (Seradix is both in content: and 
formulation similar to Hormodin). 

The cuttings were placed in a greenhouse bench under inter­
mittent mist controlled · by time clock. The medium, was sand 
of a coarseness known as concrete sand. Cuttings were in­
spected after five weeks and the following observations were 
made: - ' 

Small cuttings had excessive callus in both treatments and 
were also swollen as far as dipped. No rooting on either. There 
was a· good portion of rooted cuttings in the #3 treatment while 
only few cuttings were rooted with #2 treatment. Especially 
heavier cuttings showed no sign of rooting. 

' · We also stuck at this time cuttings of Cornus mas aurea, 
treated with #3 Seradix, into the same medium and mist sys­
tem. No roots were found at the end of eight weeks when cut­
tings were taken up. 

· Rooted Coryl1t.~ cuttings were heeled in a cold frame, but all 
were .dead by Spring 1965. 

·. . After these experiences the following changes. were made 
in 1965 :, - Only heavy tip and shoot cuttings• were made of 
Corylus max. atropurpurea, Co1·ylus avellana, aurea and, Corylus 
avellana co1ztorta. Rooting was over 50 % and to, prevent win­
ter~death, /cuttings were either potted or planted.-out direct into 
-beds; ·The. plants showed quite a good root development in the 
bed· wh4ch was much better than the potted plants. Hormone 
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t1·eatn1e11t ,,·as 1·est1·icted to #3 Seradix. 
( '1111111.<; li1·<>t1ght on the foll<l\\'ing changes: 
1nt!11t \\ as ch,111ge<I t1J: 

I) t1·eatrnent ,,·ith Chloron11Jne 100 '/,,. 

Our failure with 
Hormone Treat-

~) <1t1ick clip in 2 '·, i11dolelJt1ty1·ic ,1cid (IBA in 50 grams 
alcc>h<Jl i11 4n0 !!1·a111s ,,·ater) -t1·eatn1e11t \Vith a Ii11uicl clip 15 minutes in 1.5 ';;- indolebu-
tJ·1·1c acic! solt1tion clilL1ted in equ'al parts of water as 

. ) ) 
,) 

al)c1,·e (2). 
ftl><Jti11g cc>n1n1e11cec! ir1 th1·ee ,,,eeks a11d roots showed all along 
the JJ<>1·tio11 111se1·tecl i11 tl1e meditim. Our best results were with 
c:hlci1·1Jn1011e a111I <1t1ick dip· 2 '/, : tip to 751/c· heavy rooting was 
<>l1t,1i11ec! ,,,ith both t1·eatme11ts. 

'fo me11ticJ11 litit ,1 t·e,,· of othe1· rilants where partial rooting 
,,·,1s <>l1tai11ec!: -
. lc·1·1 ,c1cc·l1<11·11111 c·1·ec·t11111 

:lc·1:1· 111[J1·11111 ''A1·mst1·1J11g'' 
1·>,, 1·11li1r i111·11{11c1·11t11 

I I 111{ Ill 11 I/I'll Ji<: t 111l1r I 1., 

.\'[(ll>Elt-\'f()R 'f<Ji\I PINNEY: \\Te no,v have tin1e for some 
<1t1t•st1<111s f1·11n1 the last fi,·e pape1·s . 

• \L I,cl\Vr:NI:-'EI.~: I ,voL1ld like to ask how you got the Da-
1·i,li11 -,;ee1I l<J g1·c1,, lJec,1t1~e !:1st ,vi11ter at the meeting one of our 
111t.•111 l >e1·s g,1, e n1e s<,1ne seecl a11cl 11either he nor I could get them 
t<> g1 <,,,. c·a11 ~-1,t1 tell us hc,v j'Oll g1·ow your see[!'? 

l~.-\ '1 I-l.\I,W . .\ltll: 'fhese seeds I 1·eceived from the Arnold 
.\1·l>111·ett1n1 1111cl I clc111't thi11k the}' had any previous t1·eatment. 
\\' e 11,1 ,·e 11 IJl,1ck 11111ck ,,·hich is ,·e1·y acid in nature. I don't 
k11<1,,· ,, hethe1· the :-,eecls a1·e comi11g through this year, but I 
k11<l\\·11 <Jt11te clet·i11itelj• ,.,,·e dicln't give them any treatment. They 
c<1111e th1·11t1gh <1t1ite f1·e<111ently, although they are slow in genni-
11,tt i11g ,,·he11 ,,·e s(1,,· then1 i11 the fall of the year as soon as we 
gt't t !1e st'e<l. 

l'ET~~R \TERMElTLI<~N: \,Ve got some se·eds from Hal too and 
,,·e',·e l1ee11 t1si11g the hot - colcl treatment with good success -
fc11 l.\' cl:1.,·s hc>t. \Vt! t:1ke ot11· l>a 1·idia seeds and put them in a 
1>l,1stil' l1ag ,,,1th (!am11 German peat moss and put them in the 
gree11 h<>t1se ,,·ith a G(l - 75 01· 80° F. night and day and then 40 
1la_vs i11 the ice lJ<lX :1t ,tl>oL1t 40° F. and then again outside. Then 
\\'t! sta1·t ,,·,ttchi11g f111· ge1·min,1tion. 

'J'ol\>I l'INNEY: \\7hen clo they germinate? 
l'E:Tt:R VERMElJI,F:N: This ,viii vary, sometimes it might 

Ile 25 - ;\() 1lavs afte1· the,· a1·e ot1t the second time in the heat. • • 
'fl1e~· ,viii cle,·elop 0ve1· :1 periocl sometimes it may be 2 - 3 weeks. 

ItA Y I-l.\.LWAitD: I sta1·ted the heat treatment during l\iay 
a11cl .Jt111e i11 the colcl f1·ame. They don't show any roots until 
Jt1l)•. I llon't gi,·e them a11y other treatment and they seen1 to 
lie (tt1ite happy. 

}~ILL FLEMER: I woulll like to ask Ray Halward how those 
I J111·i1l i11 ctittings gJ'(l\V up. I know we rooted many cuttings 
l>11t the~• cl<111't g1·0,,· ve1•:ir vigcirc>usly as compared to seedlings. 
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RAY HALWARD: I'll tell you next year. 
CASE HOOGENDOORN: Ray, you're talking about difficult 

to root things. Did you ever try to root Ace1· griseum? 
RAY HALWARD: Two years ago I took cuttings of Ace1· 

g1•iseu11i from five year old plants. We took them about the end 
of May and they 1·ooted ,1ery quickly. I think you'll find this 
,vas also written up in one of the quarterly bulletins. 

CASE HOOGENDOORN : Did you use any hormone? 
RAY H . .\LWARD: Sephadex #3 I believe. I'd have to check 

back. It might have been Rootone but I don't think it was. 
GERALD VERK.<\DE: When Mr. Peterson took the spruce 

cuttings in April or March, did you check in September to see if 
any of them were rooted? 

JOERG l,EISS: Yes, I think Mr. Peterson mentioned that he 
spot removed cuttings in September or even August. We are 
using the same procedure and are getting roots by August. It 
takes generally about ten weeks. I feel that timing isn't very 
essential as long as you can provide those 10 long weeks you get 
roots on just about e,,ery spruce you can name. 

CASE HOOGENDOORN: You said you rooted Acer griseum. 
Do you still have them or do you lose them after you took them 
out of the medium or did you loose them after the first winter? 

RAY HALWARD: As a matter of fact, Case, we still have 
them. We don't lift them out of the medium. 
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FRIDAY EVENING SESSION 

December 10, 1965 

PLANT PROPAGATORS' QUESTION BOX 

The Friday evening session convened at 8 :00 p.m. in the 
Cleveland Room. Mr. Gerald Verkade was moderator. 

MODERATOR VERKADE: Have any growers rooted directly 
in the new plastsic flats or cube flats in which individual plastic 
pots , are formed into a single flat? Also, after rooting and 
hardening off, have the liners been put into the field? 

PETER VERMEl•LEN: This is getting to be a rather common 
process as we discussed here at the mist symposium. There are 
quite a few people, comparatively speaking, rooting directly in 
the pot and then going directly to the field. We've done quite 
a bit of this and I'm sure others have, too. There is no par­
ticular disadvantage or difference in going from the pot to the 
field with a plant whether it be potted in the pot subsequent to 
rooting or rooted directly in a pot. I don't quite understand 
the question. 

ANDREW ADAM: What I was trying to get across are these 
new cube-type trays which are being used for rooting of a plant 
or liner under the mist, hardened off and taken directly to the 
field eliminating the process of going from bench to the pot and 
then to the field? 

PETER VERMEULEN: There is a tray similar to the one you 
are referring to put out by Vaughn called ''multi pot''. And it 
comes in various sizes such as 11/t inch square. 

JOERG LEISS: This thing Mr. Adams is referring to is a 
tray made out of plastic just the same as a flat. It is molded in 

• one piece. 
PETER VERMEl,LEN: Well, essentially it's just a matter of 

form, is it not? Is it not just a plastic flat that is compart­
mentalized? 

JOERG LEISS: No, not exactly. 
MODER1\TOR VERKADE: I would like to know a recommend­

ed disinfectant for cleaning greenhouses, flats, tools, etc. 
VOICE: Chlorox. 
GERALD VERKADE: It also says here - when do you change 

your medium for placing the next crop? 
ROBERT DE\VILDE: There is a phenyl mercury product that 

you buy that's a hospital disinfectant. It's quite satisfacto1-y 
for killing all types of fungus and bacterial organisms. I can­
not remember the name of it precisely, but it was purchased 
from Geigy Co. 

VOICE: It will also kill some plants. 
LINCOLN PEARSON : There is a material that is on the mar­

ket labeled as LF-10 which can be used even on the naked hands, 
although I prefer to wear gloves and can be used as a germicide, 
bacteriocide, and fungicide and is being used in the geranium 
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industry and in their culturing processes. And t•his is much 
ahead of, Chlorox and formaldehyde. , · : · 

MODERATOR VERKADE: Is it toxic to plants also?'. ' 
LINCOLN PE1\RSON: No, we dip, pots in it; we dip plan is in 

it and where· other products kill, this does not. What they do 
is mix up a barrel of the material in a 55 gallon drum and soak 
things in it for a period of 20 minutes and take them out and let 
them· air dry and then immediately plant. · · · 

' ALBERT WILL: In Florida quite a number of nurserymen 
are using this LF-10 product and quite successfull)'. It has no 
phyto-toxicity. That is you can sterilize pots or cleari the 
benches or walls or anything like that. 

MODERATOR VERKADE: Where can I obtain a #6 Bard Park­
er blade holder and blades as recommended in a paper last year? 
Any surgical or scientific supply company such as Fisher Sci-
entific Company, of Chicago. · 

DONALD CATION: That ,was my question and the catalogs 
of this Bard Parker don't have a #6 blade ·that was recom­
mended. They have a number 2 and 3. 

JOHN ROLLER: Those blades can be purchased in your lo-
cal drug store. ·. . 

MODERATOR VERKADE: What is considered the best grow-
ing medium for Taxus in containers? . 

BOB DEWILDE: We gave it up. We tried a great number 
of things; peat ancl perlite, sand, peat, and sand and peat· mix­
tures. We could not grow them as well in containers - one of 
the few plants we could not grow as well in containers, as you 
can in the field. · · 

-MODERATOR VERKADE: \Veil, ,vho is growing them in con-
tainers? There should be somebody in this room. . ' . 

. HARRISON FLINT: They aren't growing perfectly for tis 
but we are at least growing. them. Bob. We do grow then:i,, in 
our experimental program; l1f:1 perlite, lf:1 peat, I/2 sandy loam. 
With the right additives and careful watering we experience no 
problem. Not necessarily growing as well as then do outdoors, 
but we have reasons for wanting to do it this way. 

BRUCE BRIGGS: Actually we grow Taxus in quite a few 
forms in containers and we c'an grow them twice as fast in con­
tainers as :we can out in the field. And we use pretty much 
100 o/o bark mix supplemented with a lot of organics. 

VOICE: 100 c1o bark mix? What kind of bark is that? · . 
BRUCE BRIGGS : Actually we are not too particular about 

the kind of bark but the bark we have ·is hemlock. We prefer 
hemlock because it -has no splinters. I· presume fir would be 
just as good. .No,v you probably don't have either orie of these 
two; the main thing ,ve want is a very light fluffy mix that the 
water will go through very rapidly. We have ·used a compost 
of sawdust which we have sometimes as a mix. It is made up 
of soil,' sand, and ~~ sawdust decomposed with ingredients· put· 
in for a period of maybe ,6 months to neutralize the loss of ni-
trogen and it works just as well as ,the other mixes. .. · • 

, 
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DR. PRIDHAM : \Ve have had the same experience as Har­
rison Flint with the exception that we try to take our Taxus 
cuttings with a base of 1 year or 2 year wood that was men­
tined earlier today. We take those in November or December, 
carry them on to the Sp1·ing and move them into plastic con­
tainers, using the same mix as Harrison mentioned - 1/3 each 
peat, ve1·1niculite and soil. In September they're ready for 
planting. We do pick up a good deal of root growth during the 
summer so that we have ,1ery little in the way of loss in Sep­
tember and October. 

MODERATOR VERKADE: Can anybody identify the nozzle we 
saw in use at Yoder Brothers? 

DR. HESS: They had it specially made for them and they 
called it a Boston nozzle. 

VOICE: I don't know whether it's made in Boston or not 
but it looks like a ''Mister 100''. They said they were going to 
give us the address and we never did get it. 

MODERATOR VERI{ADE: Do we have a policy prohibiting 
commercial propagating equipment at our meetings? 

No, we haven't. We had a whole panel on equipment in the 
round table discussions. There's no policy against any equip­
ment used in propagation. 

PETER VERMEULEN: Well, there's a policy against com­
mercializing, because it might lead to an embarassing situation. 
If the product is relatively new and hasn't been exposed to the 
Society before and it has potential benefit, then it should be 
shown, such as Laursen's nozzle. But we have to be careful in 
that we don't allow any commercialism in the Society. 

MODERATOR VERKADE: How long are the scions of bud­
wood immersed in water prior to budding? 

BOB SIMPSON: From 2 - 3 hours to maybe 24 or 48 hours. 
For example, from Saturday afternoon to Monday morning. 
They go into refrigerated storage. 

GERALD VERKADE: You let them soak all the way from 
Saturday to Monday? 

BOB SIMPSON: Yes. We let them soak sometimes from 
2 - 3 days sitting at temperatures of about 35° F. 

PRESIDENT BAILEY: In regard to the question and answer 
that was proposed, we've budded quite a few ornamental crabs 
and I assume that is what is referred to in the question. We 
also feel that the buds should be submerged in water to keep the 
budwood moist and we have no trouble taking the bud away 
from the inner part of the stem. 

BOB SIMPSON: \Vhen you talk about de-wooding, do you 
cut the bud and then pull the wood out, or do you take the bud 
off leaving the wood on the stick? 

PRESIDENT BAILEY: We leave the wood on the stick. They 
are carried in a very moist container. We have boxes that each 
budder carries with him lined with burlap or cloth. When he 
cuts a bud, he cuts from the bottom up and makes the cross cut 
on the top being careful not to cut through the wood on the top. 
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Then he picks the bud off and leaves the woo·d on the stick. 
BOB SIMPSON: We had many cases where scions wouldn't 

do that so we started keeping them in ,vater. It works so well 
and it's so simple that we have them .iust carry a bucket full of 
sticks out into the field. 

HARRY HOPPERTON: Everyone has their own process here 
of handling these, but that bucket can get awfully heavy car1·y­
ing it along the row all day long. We take a ,..,et burlap bag 
and ,vrap our scions. ml:!ybe 50 sticks, and tie it around ou1· waist 
rather than carry that heavy bucket. 

DR. NELSON: Maybe this is not a firm rule a11d ce1·tainly 
,ve have broken it a few times, but with all the work at Ottawa 
it has been shown quite clea~ly that de-wooding is not ~ssential 
at all. As a matter of fact 1n some cases we ha,,e had greater 
success with the wood in the bud rather than without the wood. 

MODERATOR VERKADE: '\Vhat a1·e the directions for root­
ing Cercis canaden.sis? They \\'ant to know what time to take 
it, what hormone to use and what rooting medium to use. 

HAROLD DAVIDSON: This past year we had an opportt1nit)· 
to try rooting Cercis canadensis. ~f\ very large branch of Ce1·cis 
broke on campus and \\'hile doing some othe1· rooting experi­
ments, I just took a series of cuttings from the Ce1·cis, softwood 
cuttings, and put them in a mist house where we did not have 
bottom heat. The temperatures 1·an about 65° F. We got about 
zero rooting. Where ,ve maintained a temperature of about 
75° F. we got about 90 % . \Ve used Hormodin #2. 

VOICE: We have been quite successful with outdoor root­
ing just as soon as the leaves have reached their full size. The 
stem is still qt1ite soft. 'fhis outside without any bottom heat. 

MODERATOR VERKADE: Has anyone been working with 
Euo1iymus veget21:;; standa1·ds? What is the procedure? How 
does grafting compare with budding? 

JOERG LEISS: We use Euony1nus europaeus as an unde1·­
stock. We cut it back after the second year, and shoot it up into 
a whip. We either double bud in the summe1· 01· graft in the 
winter or until early Spring \\'ith defoliated plants with good 
success. 

MODERATOR VERKADE: What, if anything, is being done 
with fogging systems? 

PERCY EVERETT: I'm the one \Vho asked that question. I 
have been trying to find something out about fogging systems 
because we have one in our small nursery operation. I know 
the Monrovia Nursery has one i'n Azusa, California. We've had 
pretty good success with it. Tlie reason we installed it was 
because we had rathe1· a high mineral content in our water and 
many of the plants that ,ve p1·opagate had a lot of hairs on· the 
leaves and they ,,,ere slowe1· to propagate. They collect t1uite a 
bit of this mineral, calcium, and after they're 1·ooted and we 
begin to wean them off - the leaves will drop. Oftentimes 
even the buds will be so covered with this material that they 
won't leaf out. So along ,vith the intermittent mist' we have 
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insta]Jed this high pressure fogging system. AJI it is four jets 
that are above the inte1·1nittent mist and we can regulate these 
as much as we want. With the low pressure water and high 
pressure air it pulls out the water into a fog. On cooler days 
it's just exactly like a fog. We can maintain a high percentage 
of humidity without using much intermittent mist. Oftentimes 
,ve can bring things in from the field or from the wild as bare 
root plants and establish them very well with the use of this 
system. Also, we have some plants that drop their leaves im­
mediately or within a few days or a week after growing under 
intermittent mist. You'll have to take them out of that mist 
and put them up in the individual pots and just root them with 
fogging. I was wondering if there was any other work being 
done anyplace else? 

DR. NELSON: Sir, are you talking about a centrifugal sys­
tem or an air pressure system? 

PERCY EVERETT: Air pressure. 
PRESIDENT BAILEY: We have used a humidification sys­

tem and from the comments I suspect our system is about what 
you're talking about. We carry some clones in storage at 96 % 
humidity - it looks like it's pretty foggy in some of these 
rooms. In the propagation house we don't carry that high a 
humidity. llowever, we find this humidification system is a 
great benefit in the greenhouses for propagation. It is uni­
form at least. 

l\lODERATOR VERKADE: I think this would be a good sub­
ject for next year. 

CASE HOOGENDOORN: Is that what they call a Swiss humi­
difier? 

PERCY EVERETT: I don't know if it's Swiss or not. We 
had it installed by a local greenhouse company. It has a little 
tank about 12 inches square. It is rectangular and probably 
doesn't have more· than a coup]e or 3 gallons of water in it. It 
is kept full all the t.ime by a regulating valve. Then outside the 
greenhouse we have a 7 horsepower compressor and every so 
often according to the clock - the way it's set - that compres­
sor will come on and the needle will go up to 60 to 70 pounds. 
'fhe fogging system will shoot a stream of 4 jets from each one 
of their heads. 

DR. PRIDHAM : I think at one time we had one of these at 
Cornell and it's called a Binks Humidification system. 

DR. SYNDER: The 1954 Proceedings contained a very good 
articles on humidification by Vince Bailey. 

MODERATOR VERKADE: This one is to Dick Vanderbilt. 
llave you used peanut hulls on your cans of rhododendrons as a 
mulch? 

DICK VANDERBILT: No. 
MODERATOR VERKADE: Any herbicides 011 your rhododen­

drons in cans?' 
DICK VANDERBILT: No. 
MODERATOR VERKADE: How do you keep them clean? 
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DICK VANDERRILT: We .i ust pull the weeds out. 
MODERATOR VERKADE: I understand that Mert Congdon 

has used Treflon on the entire nursery. Has any stock been af­
fected adversely? 

MERTON CONGDON: It's not quite true that we use it on 
the entire nursery, certainly not on seed beds and so fo1i;h. But 
we did use it on an excess of 100 acres, I would say closer to 200 
acres, with a wide range of material and no adverse results at 
all. And we did have check plots, too. 

MODERATOR VF.RKADE: Any other growers have experience? 
BOB DEWILDE: This past spring we applied two quarts 

per acre and then stuck hardwood privet cuttings in it. The 
material was incorporated immediately in the soil after it was 
applied. We had absolutely no effect upon the rooting - they 
all rooted very well and we only had to hoe the block as a skip 
hoe job once during the season. 

MODERATOR VERKADE: What effect does a weed killer have 
upon ct1ttings taken from treated plants? 

KLAAS VAN HOF: We use simazine as a direct spray over 
yews, arborvitae, and junipers. We have taken cuttings not 
immediately, but maybe a week or ten days after with no ap­
parent effect. 

PRESIDENT BAILEY: vVe've used simazine at 1.5 pounds per 
acre active ingredients on scion blocks. We have found no ad­
,,erse effects in either conifers or deciduous material. 

MODERATOR VERKADE: The manufacturer of Casaron has 
been cautioning against its use on Japanese hollies especially on 
light soils. We have been told that the manufacturer has now 
withdrawn this warning this Fall. Does anybody know any­
thing about this? 

DAVE PATERSON: We used it last year about this time to 
clear up a mixed plot that was fairly heavily infected with quack 
grass and there happened to be /lex in this particular area. We 
used it at the rate of 150 pounds per acre. I think now they've 
moved that up to 200 pounds per acre. We found no damage to 
the /lex. 

BRUCE BRIGGS: West Washington Experiment Station has 
used it over 3 years on trial plots ,vith /lex convexa at the rates 
of four pounds actual and eight pounds actual and they also used 
other herbicides along with it. He did get a little discoloring 
- the very end of the leaf turned a little bit yellow. On the 
whole, at the end of the season, the growth compared to the 
check was just as good on Casaron as it was with the others. 
As I said we did have a little difficulty with the foliage at the 
time of application. . . . 

JIM WELLS: We've been using Casaron for a couple of 
years now. and this last summer we used it on azaleas and rho­
dodendrons up to 350 pounds per acre of the 4 % granular. No 
damage, whatsoever. Just weed control. 

RICHARD STADTHERR: We have used it on /lex c-r·enata 
con1Jexa and we do get damage. This is especially true on the 
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real sandy soils in co11trast to planti11g soil. I11 the mountains 
this is not trtte ,vith the heavier '-Oil ,vhere y<)tt get more clay 
content. Bttt ,ve get a regular chlorosis, an(l actually some of 
the plants have been kille(l. This is at three pou11ds active n1a­
terial per acre. 

DR. PRIDil,\M: \Ve have ,vorke(l with Casaron for quite a 
,vhile in comparison with a number of other herbicides. Casa­
ron will co11trol artemisia, quack grass, bind weed, nut grass, 
Canada thistle, horse tails and I don't know how many other 
weeds. This group is characterized by underground stems. So 
I think you can bring this fact down to horticultural plants with 
undergrouncl stems and with them I think there ought to be 
trouble. tio,vever, no,v is the hour. It is December 10th. Casa­
ron put down at this time of year will take care of these peren­
nial weeds listed here a11d, you don't have to work it into the 
soil. As a matter of fact I think it's better if it is used only 
on the soil surface and in granular form. Mr. Wells, I think 
said something in the neighborhoo(l of 300 pounds granular, 
this is 4 '7o active material and therefore 12 pottnds Casaron ir1 
the 300 pounds. This is more than ,ve have found necessary to 
cleal with the artemisia, quack grass, a11d these other weecls. 
Probably in the neighborhood of 7 pouncls or 71/:.! pounds of ac­
tive chemical is all that's really needed. Five pounds will do a 
pretty goocl .iob on these ,veeds. They'll be places where for 
some reason you can't get a complete kill. Ten pounds is the 
rate we star·tecl ot1t ,vith, and ,vith these perennial weeds in 
among stock stich as lle:c, rholloclenclro11s, Taxus, and the normal 
run of narrow leave(! evergreens. it has given consistently goo1l 
results over the last five years. We hacl a paper in Northeast­
er11 Weed C(introl C1inference last year inclicating that soil sa1r1-
ples after five year·s with repeatecl treatments of Casaro11 
showe(l no i11clicatio11 of Casaron bei11g present. What we ttse 
is a soil sample a11cl grow ordinary garden beans in it. Usu11l­
ly, if Casaron is present, the beans may grciw with a bit mc>re 
red color in the hypocotyl tha11 yot1 might usttally expect to fi11tl. 
If yot1 add fertilizer it usttally greens up and the plant is 1111 
right. If there's any serious c1t1antity of Casaron present, usu11l­
ly the bean root as it first emerges begins to decay. If this is 
the situation, then it might be worthwhile not to use that soil 
for immediate planting of nursery crops particularly those, that 
have soft fleshy roots or stems. Under field conditions with 10 
pounds per acre of Casaron, we have planted garden flowers a11cl 
things of that sort in the spring after a fall application. That 
is just a little backgrouncl in terms of the few serious wee1ls 
that this particttlar chemical is doing a better job than the sin1a­
zine. Simazine does a goocl job on c1uack grass but not c1uite as 
good on the artemisia. It seems to make the, bind weed gr11\v, 
encourages the nut grass, ancl the horse tail still seems to gr,,\v 
when we treated with simazine. So as I say this is a useful 
thing from that point of vie,v. In comparison with the spri11g 
treatment of weeds, I· tlon't think that Casaron needs to be 11He1l 
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at anythi11g like the 10 pou11d rate. You chop it do,vn to fou1· 
pounds or two pounds. The other material that I think shoulrl 
be mentioned here is amizine. This is a combination of amino 
triazol and simazine. It does almost the same _job that the Casa­
ron will do, either t1sed as a spray this time of the year or t1sed 
during the growing season. 

CARL KLEHM: Do I understand that if it's applied in the 
fall or winter you should not transplant during the spring for 
hollies? 

MODERATOR VERKADE: Yes, that.'s the ,vay I took it. Dr. 
Whatley, what is the pH of the vermiculite and the perlite t1sed 
in your experiments? 

DR. WHATLEY: The pH of the vermiculite was 6.0 and the 
per lite was 7 .2. 

MODERATOR VERI<:ADE: Have the1·e been cases where 11a­
tural plant extracts have improved the rooting of cuttings'! 

DR. HESS: '!'hat's a loaded question. There is a product 
that is well known; it is called chloromone. It is supposed!~, a 
natural plant extract, extracted by the ''2 x 4 method'' as best 
we could find out. It is supposed to be extracted from alfalfa. 
We did check it out one time and it does have a high concent1·a­
tion of naphthalene acetic acid in it. It may also have ·some 
other materials in it that we haven't been able to identify. I 
know Dick Vanderbilt tried using the same concentration of 
naphthalene acetic acid that we estimated Chloromone contained, 
and he felt that he had better results using Chloromone. This 
may indicate that maybe• it does have something else in it. 
Other than that as far as commercial products are concerned, I 
don't know of any natural plant extracts that have been ttsed. 
There is one other case·, however. also rather notorious. A num­
ber of years ago a man wa·s offering for sale a method to pro­
duce rooted blue spruce cuttings. It was supposedly an extract 
of Norway spruce seedlings, and I don't know if anyone has had 
good results with this extract after paying their $50.00. 'l'he 
trouble with natural plant extracts is that the total extract is 
likely to contain inhibitors as well as promote1·s. Until you get 
the extract refined. and purify the substances you want, you'1·e 
liable to have more trouble than positive results. 

DICK CRO~S: I tried this spruce formula that Charley Hess 
_just mentioned. I obtained the procedure from a gentlemen at 
a Garden Club meeting held a few years ago. I wasn't success-· 
ful with it. This solution was made up of bark of spruces pt1t 
into liquid solution. The cuttings were supposed to be dipped 
into it. I followed his directions implicitly, bt1t they didn't 
produce results. There is a variation in the climatic conditions 
and that may have been the reason it wasn't successful. 

MODERATOR VERKADE: Have continuous or repeated hor­
mone treatments been used during rooting and compared with a 
single treatment? 

JIM WELLS: \Ve have done this continuously for years and 
I think it's a sign of failure. When we lifted the cuttings 



a11y that h11\e r<,<>te<I, <>f C<>t11·se, r11<ive <)11. ,,\,11.\· that are just 
likely l<> l,e t'<><>tl•<I ,tt l! ,\lit liitck t<> r<><>t liettt!t· a11<l a11y that are 
11<>t r·ci<>te<l ,tt ,111 ,tre 1·L•ct1t ;111cl retreatecl. This i11 theo1·y shoulcl 
tl(>t lie 11ecessa1·y. It· ~-(>ll ]1;1ve a gc><><l batcl1 <>f c11ttings that are 
getti11g alo11g \Veil, tl,ej· \viii ftll 1·oc,t, <>1· ve1·y 11e,11·Iy all of them. 
Yot1'1·e \v;ty ;1l1e:1tl ti, tl11·<i\\' those ct1ttings a\\',lY 1·ather than re­
sticki11g ag;1i11 a11(! the11 sta1·t \Vith another batch. 

Jfoy (;RIGSBY: The U11iversity of Arkansas put out a fold­
e1· on the 1·01)ting <lf cypress trees which they g<>t goocl results 
treati11g ,vith 2() r>1>n1, :::ticking them. and after ,15 days retreat-
111g tl1en1 ,vith 5(lll 1>11111. I trie<l the same thi11g on pine and 
\Vith1i11t any r>c>siti,,e results. 

i\loDER,\T<>R VEltK . .\DE: C1·1111to11ie1·a - can they be rooted 
fr·om cutti11gs '? If ~.<>. clescril)e ti111i11g, hormones, etc. 

I>ICK VANDERBILT: \Ve have been fairly successful in root­
ir1g (Jttite a few cl(111es particularly the dwarf ones of Crypto-
111r,;·a. We root then1 t1s11,1lly i11 [)ecember to micl-January in a 
n1e<lit1n1 of san<I a11<I 11se IIormodi11 #3. 

AL LOWENFEI,S: I j11st wanted to know if a11yone has been 
;1hle to root that s11bject. I haven't hacl goocl success. 

CASE llOOGENilOORN: \Vhich variety? 
AL LoWENFEI.S: I clo11't know, it's _just C1·11pto11iera. 
CASE IIooGENDOORN: 'rhe only one that ,ve've been able to 

root is the Crypto1111·1 (l ir17Jo1iica which is the seeclling that we 
t1se as an t1nclerstock. B11t ,vhen you try Lobbii, then you have 
a problem. \Ve have r1ever rooted them yet. 

DICK VANDERBILT: We rooted that Lobbii compacta once. 
\Ve took a gra<lt1atecl set of r11ttings from ver)' small to some­
thing unbelievable - 2 feet tall and :i;~ or a 1;.~ inch thick. The 
only ones that rootecl ,vere these 2 feet tall things; they rootecl 
very 11icely. \Ve pla11ted them 011t; they grew mt1ch more slow­
ly than grafted plants. I never triecl it again. 

CARL ()RNDORF: I have rooted C1·11ptr>111era japonica com­
/Jactct, the cuttings being taken in the latter part of July. We 
g-et about 70 - 90 er,, of them. I have also rooted quite a few of 
C1·ypton1e1·ri I,obbii cr>>1ipacta in the gree11house; 40 - 50 % is 
about all we get. It's just 11ot consistent. 

J\:IoDERAT(lR VERK1\DE: \Vhat hormone, what time, etc.? 
CARI, ORNDORF: We took the cuttings in the latter part of 

J t1ly ancl , 1 ;eel intermittent mist in the greenhouse. We used 
perlite for the me<lii1m ancl no hormone treatment. 

JOIIN VERMElTLEN: We should ask the Western members 
l<> pt1t 011t a paper on r<>oting C1·y7Jfr>11iera. They r<)()t a number 
of varieties which gro,v i11to very nice plants. \Ve bt1y a num­
t1er f>f roote<l c11tti11gs from the West coast. 

l\IoDER . .\ TOR VER KADE: Sh o u Id one stri11 needles from 
evergreen cuttings before inserting i11 rooti11g metlium? Maybe 
I can answer that. I believe you have tc> strip Tax1ts so that 
the rotting clc>es not get ahead of the rooting. IIowever, I saw 
today that riot stri1>1>ir1g the needles on sprt1ces \Vorks very well. 

BILL ClJRTIS: I 11 the northwest we used t<> strip the cut-

220 



• 

tings such as Picea albertiana and you1· dwarf spruce - the low­
growning ones, but we found that this was not necessary. And 
we don't have too much trouble with rot. I visited Mitch's 
Nursery near Aurora, and he was putting out Albertas, heel cut­
tings in July and .iust before I left to come out here he was pot­
ting them up. He took a heel cutting and just took the end of 
the heel off and put the cuttings in sand with bottom heat and 
no mist and no hormone treatment. 

MODERATOR "\'ERKADE: This question is for Dick Vande1·­
l.>ilt. Do you expose rooted R/1ododend1·011 ct1ttings to long day 
treatment bef 01·e canning? 

DICK VANDERBILT: Yes, after they're rooted and trans­
planted they are then chilled for a period of 20 days under 40°F. 
After the 20 day cool period, the heat is raised to 70 degrees and 
then they are lighted. 

MODERATOR VERKADE: Mr. Savella, how old are the blue 
spruce you have grown from cuttings? 

LEONARD SA VELLA: The oldest plants we have are four 
years old and one of them is in the back of the room. 

MODERATOR VERKADE: There is another part to the ques­
tion and I think you may have answered it this afternoon and 
that is, do they grow straight? 

LEONARD SAVELLA: There again, I can only tell you to look 
in the back of the room. They seem to be growing straighter 
than the grafts. 

MODERATOR VERKADE: How may an adult clone be revert­
ed to the juvenile condition for propagative purposes? 

DR. HESS: ~4.ctually there are a number of ways. Com­
mercially a stool bed may be used. The reason the stool bed 
works, for example, with the l\ialling apple stock, is that the 
plant is kept cut back and shoots develop from the base. Juve­
nility is retained at the base of a plant, and if you can get shoots 
to develop from the base, they are usually juvenile. Sometimes 
these are seen as water sprouts from mature trees. Another 
technique that has been successful with the mature form of Eng­
lish ivy has been the application of gibberellic acid. I don't 
know whether this is applicable to other plants. Another way 
of obtaining juvenile shoots from mature plants is seen in the 
English holly - /lex aquif olium. You can find growing on the 
trunk of mature trees, small bubbles of tissue called sphero­
blasts. These may be broken off and planted as seeds. They 
will form a plant ,vhich will be .iuvenile. Stoutemeyer at the 
University of California, has been able to induce spheroblast 
formation in apple shoots by continuously removing the vegeta­
tive buds. The shoots ,vhich develop from the spheroblast are 
juvenile. The best commercial technique, however, is severe 
pruning to induce shoot development from the base of the plant. 

DR. NELSON: Another example is to take the bud from a 
mature plant such as MacIntosh apple and bud it onto the base 
of a juvenile seedling such as robusta 5. You will obtain a juv­
nile form of the l\'laclntosh. 
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DR. HESS: There is another specialized example in the case 
of the nucellular seedlings of citurs. These seedlings develop 
from tissues within the seed but not the embryo. They have the 
exact genetic makeup as the mother plant. These plants are 
highly juvenile. 

VOICE: Mangos and avocados also have a high proportion 
of nucellular seedlings. 

MODERATOR VERKADE: \Vhat is your procedure in rooting 
of blue spruce cuttings? 

PETER ORUM :\Ve take a cutting in the beginning of July, the 
first week in July, and ,ve dip them in hot water mixed with 
Hormodin, Hormodin 3 powder. The water is 120° F. and leave 
them in there for half an hour and stick them outside with mist 
and no shade. 

VOICE: Do you use heel cuttings or is the cutting stripped? 
PETER ORUM: No, we just use a plain cutting - no heel 

cutting. 
VOICE: What is the concentration of the Hormodin in the 

water? 
PETER ORUM: I can't give you that exactly now. 
MODERATOR VERKADE: Could I have some information on 

the propagation of Yucca glauca? 
JOERG LEISS: You can propagate them from seed from 

Northern and Southern Italy. 
HUGH STEA VENSON : You can raise a dandy liner from seed 

• 1n one year 
MODERATOR VERKADE: What is DMSO? 
VOICE: It is a by-product of the paper industry and is 

called Dimethyl sulfoxide. It is manufactured by the Crown­
Zellarbach on the West Coast. We have used it on the rooting 
of rhododendrons and the results have been less than desirable. 

PETER VERMEULEN: I have some literature here on DMSO. 
The compound has the ability of enhancing the penetration of 
chemicals into plant tissues and may have some potential for 
getting plant growth promoters and retardents into plants more 
efficiently. . 

JAMES WELLS: We have obtained some DMSO from 
Crown-Zellarbach, but we are not about to use it. We have been 
told there may be dangerous side-effects such as affecting the 
eyes. It has an extraordinary penetrating effect; if you put it 
on your skin, within a few moments you can taste garlic in your 
mouth. Our purpose in getting it, and I still think it's a good 
idea, was to use it as a carrier with some of the newer fungi­
cides to try and control rhododendron wilt. 

DR. STOLTZ: I know of some work with DMSO on orchids 
in an attempt to use a smaller concentration of IAA or IBA and 
obtain maximum effect. There was no promotive effect at all 
and by itself it had a slight retarding effect upon root initia­
tion. 

J1\MES FLEMING: There iH one, use that has not been men­
tioned, and I've seen reports of it in European literature. They 
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stated it would stimulate seed ge1·mination and suggested that 
,vater penetration 1night be more 1·apid. 

PETER VERMEULEN: Treating Py1·us seed with 50 - 100 
ppm of DMSO in ,,·ater stimulated ge1·minatio11 and sho1·tened 
the chill requirement. Other seeds with chill 1·el1ui1·en1ents are 
now being studied. It has al,:o been shown that vi1·us infections 
of f1·uit t1·ees st1ch as stony pit in pea1· and leaf mosaic in peach 
appear to be cont1·olled 01· 1·etarded by DMSO applicatio11. 

1\1:0DERATOR VERKADE: Ralph Shuge1·t, is the 100 pounds 
of Juniper seed yot1 sow clean or in the be1·1·j1 ? 

RALPH SHUGERT: Yes, it is clean. 
MODERATOR VERKADE: Do you sp1·ay mo1·e tha11 011ce a 

,,·eek in verv wet weathe1·? • 
RALPH SHUGERT: That's a good question, Je1·1·y. No, I 

set up this weekly sp1·ay program and don't miss a week from 
,vhen we start till frost. By never missing a week I believe I 
obtain as good a cont1·ol as I can get and still keep the cost 
1·easonably in bounds. \Ve can't afford to spray afte1· everj1 

1·ain. For example, in Nebraska we have in the month of Sep­
tember, 17.3 inches of 1·ain which meant of the 30 days of Sep­
tember, I believe rainfall was 1·ecorded on 23 da.)1S. 

MODERATOR VERKADE: Dr. Waxman, ,vas any bud breaking 
01· top growth apparent prior to rooting on bluebe1·ry cuttings 
under light? 

DR. WAXMAN: No, usuallj' you see 1·ooting first and then 
bud break on top. 

MODERATOR VERKADE: Jim ,veils, ,vhat do you think of air 
as a rooting medium for cuttings? 

JIM WELLS: I should really give this l}uestion to Dr. Chad­
,vick; he is the expert on mediums. However, I would say that 
if we had all factors under control, I don't see any reason why 
we couldn't use air as a medium. 

DR. HESS: I disagree with you, Jim, in that j1ou may get 
a side effect from the medium which you wouldn't get from the 
air. In a medium the bottom part of the cutting would be in 
darkness and therefore b 1 an ch e d or etiolated. As yot1 well 
know, etiolation has an excellent stimulatory effect upon root-
• • 1n1g. 

JIM WELLS: You're right. Charley, absolutely right, but 
yet I feel that when we have complete control of our cuttings 
including water loss I feel we can get rooting of a wide range 
of materials right in the air. For exa.mple, this year we have 
had excellent rooting of rhododendrons and in a few cases cut­
tings which have been lef·i: on the top of the bench have sent 
roots out of the wound which curved down and found their own 
way into the medium. N o,v of coc. 1·se, all things wer·e just 
1·ight. 

ALBERT WILL: I had some expe1·ience down in Ft. Laude1·­
dale, Florida with Ficus. I had a bunch of 18 inch Ficus cut­
tings which Ir didn't have time to stick and I .iust th1·ew them 
under the bench to keep moist. Although this selection was 
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fairly difficult to root, when I went back to them four weeks 
later they already l1ad four inch roots on them. I potted them 
up and they are doing beautifully. 

BRUCE BRIGGS: We have be€n doing some rooting of cut­
tings suspended in air and I'll have to report that they root 
faster in the air than in the medium. We used an enclosed 
chamber and the cuttings \Ve1·e stick through a black poly sheet 
and sprayed the bas..e of the cuttings with warm water. The 
base of the cuttings \Vas enclosed but the top ,vas open. [Edi­
to,,·'s Note: In this case you would still have the benefit of 
blanching or etiolation of the base.] In this set up this sum­
mer Japanese .maple cuttings rooted in 10 days and that was 
much faster than similar cuttings in the medium. Clematis 
gave up similar results. 

JIM WELLS: Did you use a clear plastic or a white plastic? 
BRUCE BRIGGS : When we started out, we thought we ne€d­

ed the light so we started with clear plastic using Daphne Cneor­
um and azaleas. Now this didn't get started until Christmas. 
The Daphne didn't root for six weeks and the azaleas didn't root 
for three months a11d so we discarded the whole thing. Then 
along towa1·d the spring, we tried the whole thing over again. 
But this time we used black poly. When we used black poly, 
the Daphne cuttings rooted in about 20 days as compared with 
30 in the summer and so f1·om now on we are using black poly. 

MODERATOR VERKADE : What type of paint is best for use 
on polyethylene for shading during the winter and what type of 
thinner is safe to use with this plastic? 

KLAAS VAN HOF: I use a rubber base paint and I thin it 
clown with \Vater about 1 :5. I take a one gallon can of rubber 
base paint and add four gallons of water and spray it on. 

PETER VERMElTLEN: We use ''solar shade''. This is a com­
pound on the market for shading purposes. I can't give you 
the exact dilutions at the moment. But it's a little more ex,,.,....,,.. 
pensive than the rubber base paint. 

MODERATOR VERKADE: How do you patch holes in plastic 
greenhouses? I noticed some patches over at Yoder Brothers. 

PETER VERMEULEN: I have some of that material; it is 
called ''miracle tape''. We're not satisfied with this material; 
however, we did purchase some material in a hardware store 
called ''contact'' and it was still in place when we took the plastic 
off this past spring. 

RALPH SHUGERT: If you will write Minnesota Mining, 
they have several tapes manufactured especially for polyethyl­
ene. 

JIM KYLE: We had a little trouble putting this tape on in 
the winte1· time because of frost on the inside of the plastic 
house and we found that a woman's hai1· dryer did an excellent 
.iob of heating the plastic up, making the patch stick and almost 
welding them together. 

MODERATOR VERKADE: Dr. Cannon, have you experimented 
with rooting Rhodoclendron ca1·olinianum using a hormone-talc 
dip? 
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DR. CANNON : Yes, we used Hormodin #3 with good suc­
cess. 

MODERATOR VERKADE: Has anyone further experience in 
trying to increase plant hardiness through the use of Decenylsuc­
cinic acid as described by Dr. C. J. Weiser of Minnesota? 

DR. MECKLENBURG: I tried it on a variety of plants at 
Michiga.n State with no success at all. 

MODERATOR VERKADE: What are the possibilities that gov­
ernment may consider entering the production of nursery stock 
to supply the needs of the President's National Beautification 
Program? 

PRESIDENT BAILEY: I think this Society has a great stake 
in that very problem. As I said in my opening remarks, one of 
the problems is likely to be a shortage of plant materials as this 
highway beautification program moves forward. I can foresee 
the calling for bids in various states or areas and not being able 
to get any bids. What will be their answer if they want it in 
the next week? ''We'll have to have federal nurseries.'' And 
as nurserymen and plant propagators we could not sa.y a thing. 
If we can't furnish the stock, they'll say they've got to have it. 
I think the shortage of plant materials is a more serious prob­
lem than over production from the plant propagators standpoint. 

RAY BRUSH : This is a very real problem. We as an in­
dustry need to at all times maintain the best possible liaison 
wit}} your state and federal agencies that will be working in the 
beautification program. Now, part of this problem is a lack of 
their understanding of our industry and its problem. It is up 
to us to make these contacts and to see to it that they understand 
the problem. Some of the things that have happened in the 
past couple of weeks leads us to believe that they are beginn,ing 
to comprehend the problem of this industry in producing the 
masses of material they are thinking they will want. So we are 
in hopes if we can get to these people, tha.t they will be reason­
able with us. I think those people we contacted so far are most 
cooperative, and they are understanding. They are sincere in 
wanting to accomplish these goals as set forth. So, we as an 
industry have an obligation to establish and maintain contacts 
and I think we can come out of this much better and do a won­
derful job both for our Society and for our own industry. 

HUGH STEAVENSON: I have been on both sides of the 
fence, being employ.ed by the government for a decade or so. 
And I do know this, that many government agencies now are 
aware of this problem, and see an opportunity to expand their 
bailiwick so to speak, I don't know why, but government agen­
cies love to have nurseries. It seems to be popular amongst 
pe.ople and whenever they have an excuse to do so, they will take 
hold of it. There is 110 (1uestion that the people here in this 
1·oom and the i11dust1·y we represent ca11 do a much better _job of 
producing this material as required, mo1·e quickly and expedient­
ly than any government agency could do. It's obvious that we 
can do a far better job and that not only, the agencies, but our 
representatives in Congress must be constantly aware of this. 
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We must be darn sure our congressmen and senators a1·e fully 
cognizant of that, and ,ve must insist that they not permit agen­
cies to set up government nurseries to produce nu1·ser)' stock. 
Obviously, we have the facilities, ,ve have the land, the et1uip­
ment, we have the know how which the agencies would have to 
acqui1·e. So we certainly could do a far better .iob and get the 
job done more effectively. But it's ridiculous for an agency to 
call fo1· something that we have no idea in the world they wanted, 
and they must understand we must get advance notice before it's 
going to be needed so the program can be orderly carried out. 
Also the members in Congress must know this, so they do not 
appropriate funds for any agency to set up federal nurseries. 
That's a political problem we have, if ,ve are alert I'm sure we 
can help. 

RAY BRUSH: May I add one other comment on alerting 
and knowing what we have. I question whether the nursery 
industry itself kno,vs as a whole, what we have available at any 
time. Now one of the problems that is going to be with us fo1· 
some time, is the location and availability of plant materials. I 
think the area of the country that probably has come the fastest 
in this area is in the Eastern Region where we built express­
ways, and have the housing agencies, the highway contractors, 
landscape architects, landscape contractors. These people are 
maintaining membership in LMIS, landscape materials informa­
tion service. This type of service is set up in other regions of 
the country. We feel that it should be, but it may be that in 
some other areas of the country it should be set up on a differ­
ent basis. This I do not know. But it is something that cer­
tainly should be explored and considered in other sections of the 
countrJ'. In this ,vay all of these different groups that are in­
terested in the use of plant material, will at all times as near as 
possible know what is available and where it is available. 

JOHN VERMEULEN: I think we are trying to do something 
that is no business of our organization whatsoever. We all have 
a state organization. Our state organizations are alert to those 
things and they have written about them in the papers. We 
have a wonderful American organization which is willing and 
has been taking care of the thing you people mentioned. It is 
none of our business at all. We are propagators, not sellers. 

MODERATOR VERKADE: With plants which produce leggy 
growth would it not be beneficial to light them from the side or 
the bottom? 

DR. HESS: Sid mentioned in his discussion that wl1en 
plants were grown under continuous light they do tend to get 
''leggy''. He recommended that you give them a rest with short 
days, next, give then1 a cold treatment and then long days again 
to stimulate late1·al bud development and g1·owth. Lighting 
from the side vs. lighting from the top would not be any differ­
ent as far as inducing lateral bud growth is concerned. 

MODERATOR VERK_.\DE: What is a propagator? 
JIM WELLS: I'm not going to even attempt to answer that 
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question, but I will refer you to the first Proceedings of this 
Society and first Proceedings of the Western group in which 
that was fully covered. There is a little item I would like to 
bring in here; it's part of the mist symposium and it's in the 
current issue of the Royal Horticultural Society Journal. It 
was written by a man named Hannibal in California and is en­
titled: The Sprouting of Seeds on Brass Sieve Screens. 

The various methods 'cried in sprouting seed are almost 
legion, but basically the problem is to provide sufficient mois­
ture at gennination temperature without promoting damping 
off. This may sound elementary in areas where the natural 
hurriidity is high, but in dry climates a high humidity is an im­
mediate invitation for every spore of fungus to become active 
and seed mortality can be a very serious problem.' 

Some twenty years back the use of live sphagnum moss was 
suggested as a planting medium for Lilium and Hippeastrum. 
It was effective but had definite limitations. Vermiculite, ex­
ploded perlite granules, quartz sand, fine glass beads of the 
''Scotch-lite'' variety and other sterile sprouting mediums have 
all been tried, and of all the materials tested the perlite granules 
in a sealed plastic container was one of the best. Recently the 
Auckland Lily Society of New Zealand suggested the trick of 
floating seed on water to have it sprout, and the results have 
been rather startling. But several annoying things occu1·red 
for the writer, in a half-dozen instances the water became stain­
ed and made a good paramecium culture, and in another glass he 
found a good crop of mosquito larvae. 

Recently the writer had picked up some used laboratory 
screens with the thought of using these to winnow seed. Sever­
al of these units had 100 to 200 mesh brass wire screening such 
as used to sieve out fine clays or flour. What would be the re­
sult of using these sieves to retain seed while exposing it to a 
slow drip? This has now been tried quite thoroughly and the 
results have exceeded our fondest hopes when the screens were 
stacked one above the other in a mann,er such that the water 
could trickle down from one deck to the other. Practically 100 
per cent germination is possible, starting with Pinus seed in 
late winter and terminating with Zephyranthes, Hippeastrum, 
and Australian Wattle during the mid summer. Most seed can 
be left upon the sc:r;eens until the primary leaves have devel­
oped, then picked off and planted in a satisfactory planting ma­
terial. Trace of copper may be present as no difficulty with 
damp off or decay has been encountered on the screens, and as 
long as the tap maintains a slow drip there is no problem in 
trying to retain a high humidity level throughout the stack. 

The only seed giving difficulty thus far has been Calliste-
11ioti and this was due to it being so fine that it passed through 
a 100 mesh screen. Possibly this seed could have been suspend­
ed on a piece of filter paper, but in this instance some of it was 
floated on water in a watch crystal and the bulk of it sprouted 
in six days. Even that which sank sprouted as readily. 
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Initially there ,vas some speculation whether brass or cop­
per enhanced the aeration of the tap water by catalytic action 
creating conditions comparable to rain water, but it was soon 
learned that many seeds contain strong growth inhibitors which 
have to be leached out by water before germination can proceed. 
In fact the success of embryo culture depends partially upon the 
removal of the endosperm which contains such growth inhibi­
tors. Perhaps the old gardener ,vho insists that there is nothing 
better than a good gentle rain to sprout seed never heard of the 
technical reasons, but it is plausible that the wetted su1·face 
areas on the screen both enhance aeration and leaching of the 
enzymes as germination is good. The arrangement is so simple 
and yet so natural that we wonder why it hasn't been suggested 
previously. [Editor's Note: The author of the above, article 
was L. S. Hannibal, Fairoaks, California.] 

' 

' 
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SATURDAY MORNING SESSION 

December 11, 1965 

The Saturday morning session began with the annual busi­
ness meeting at 8 :30 a.m. in the Cleveland Room. The minutes 
of the meeting are recorded elsewhere in the Proceedings. At 
10 :30 a.m. a panel discussion of 'Concerns and Practices in Cut­
ting Selection' was conducted. Mr. James S. Wells served as 
moderator. 

INTRODUCTION 
JAMES S. WELLS 

James S. Wells Nursery 
Red Bank, New Jersey 

In preparation for this meeting I spent a few quiet eve­
nings, last month, reading through the Proceedings of the meet­
ing in Rochester. I did this, of course, with particular interest 
because, unfortunately, I was not able to attend. But I do this 
every year and what never ceases to amaze me is the mass of in­
forrnation which is poured forth at these meetings. As one con­
templates the whole picture, it is surely clear that the work of 
the plant propagator has become a science as well as an art, and 
in the operations of our Society we see a unique blending of these 
two facets of human behavior. 

As I read, 1 was coll_ecting my thoughts for this introduc­
tion and I believe that one of the most clear aspects which comes 
to the top of this mass of information is the greatly increased 
efficiency in propagating techniques which we have acquired 
over the past twenty years, especially in the propagation of a 
much wider range of plants, from cuttings. 

I was thinking back to the training which I received as a 
young man on my father's nurse.ry. It was considered essential 
that we take the most meticulous care of every operation in­
volved in our work. Some of the things which were required 
make strange reading, now. For instance, it was almost manda­
tory that we use ''good sharp sand.'' But what was meant by 
this was never def{ned. When the truckload of sand was de­
livered from the source we knew to be the best, the propagator 
would go out and feel a little between his fingers and then would 
repeat the magic formula, ''good sharp sand.'' We were re­
quired to fill pans with this sand, or any rooting medium, and 
to pound it firmly to be sure it was really hard before the cut­
tings were inserted. 

The cuttings themselves were carefully cut and graded to a 
unifo1·n1 and quite minute size. Once they were inserted, water­
ing was carried out by hand, using a watering can rather than 
a hose, and with water from a tank which had been carefully 
brought up to greenhouse temperature. These and many simi-
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lar procedures were considered essential to st1ccess, and success­
ful we were, to a degree. 

But the ease and relative simplicity with which we now 
propagate ,,ast quantities of plant material under a mist system, 
or by the Phytotektor method, or perhaps using the Burlap 
Cloud, makes us realize that v.1e have both simplified our sys­
tems and adopted new ideas and techniques which have im­
measurably increa~,ed our efficiency. This increased efficiency 
has been due, in no small measure, to an increased understand­
ing of how plants work. We have examined most of the inter­
nal and external factors which affect the development of the 
plant material a11d have determined, with. some degree of ac­
curacy, the optimum conditions for reproduction. 

This Panel has been assembled with the thought of con­
sidering the four facets which can combine to achieve first class 
production. We hope to show how these facets react, one with 
the other, and properly combined, produce a substantial propa­
gating force which can enable us to root, from cuttings, many 
plants which might previously have been considered difficult. 

We have somewhat arbitrarily limited our speakers to five 
minutes in the hope that they will reduce their comments to 
pithy and pungent sentences which will arouse your interest and 
perhaps your disagreement. We want to leave plenty of time 
for you to exercise your prerogative to speak. 

Our first speaker will be, Merton L. Congdon. 

TIMING AND ITS RELATION TO CUTTING SELECTION 
MERTON CONGDON 

Congdon's Wholesale Nurserie.<i 
North Collins, Neiv York 

I feel most fortunate in having the subject of ''Timing'' as­
signed to me because I believe in the past I have devoted as ,much 
to timing as to any other problem in propagation. Certainly, 
we have led off this discussion with the proper topic. If we do 
not select our cuttings at the right time there is not much point 
in continuing the discussion because we are not going to have 
any cuttings to discuss, at least in the more difficult sub.iects. 
In the easier sub.iects we are going to be laboring under unneces­
sary difficulties. 

I should tell you that my experience is limited mostly to a 
wide rf!.nge of deciduous shrubs and a few of the easy broadleafs. 
Also, it is entirely to outside bed work either with conventional 
sash or intermittent mist. So you see when this discussion 
turns to such items as Evergreens, Rhododendrons and Azaleas 
or to elaborate glass-house installation, I am entirely out of my 
realm. My observations, however, are that a lot of effort has 
been put into elaborate installations to try to bend the ways of 
nature to the will of the propagator when in many cases, a more 
desirable result may be obtained in working more closely 111itl1. 
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nature in a more natural setting. To digress for a moment 
more, I must say that in recent travels I have made in the Unit­
ed States and Canada, I see too few propagators working on a 
commercial scale that are really dedicated to their work. I 
would not want to suggest that a successful propagator should 
devote so much time to his work as to constitute drudgery - he 
should be able to assign out a good portion of the duties. How­
ever, the attention to detail, the periodic inspection, the study 
of environment are all being slighted by too many so-called 
propagators. 

Now back to the, subject at hand, ''Timing''. Anyone who 
has tried rooting French Lilac from softwoods soon learns that 
this is one of the first groups to select if you are working under 
outdoor conditions. In our latitude each day further into June 
only multiplies our problems in rooting Syringa. Taken late in 
May they not only may be rooted, but they may be taken to the 
field later in the summer and become very well established. 

In western New York we are blessed with a long period of 
mild weather in the Fall and the first killing frost is generally 
not experienced until late October. For that reason a whole 
range of material is rooted and taken to the field without pot­
ting. "\iVe must, however, draw a deadline of about August 10th 
for transplanting to the field in order for the stock to become 
well established. To transplant too late will only lead to sus­
ceptibility to winter injury or to heaving out due to alternate 
freezing and thawing. It only follows then that these cuttings 
must be selected in early June in order for them to become well 
enough established to stand field conditions within eight or nine 
weeks. Timing then is the answer to a successful chain of pro­
ced ure that often produces material in salable sizes in only a 
year and a half of field growing. 

Poor timing often produces odd results. Kolkwitzw ama­
bilis is one o-f the old time shrubs that no longer should be grown 
from seed as there has been at least one selection made that is a 
worthwhile improvement. Take Kolkwitzia any time after Mid­
June and all you will get is a callous as large as a marble on 
those little, slender cuttings. Taken in late May or early June 
and they will root normally. 

While I have mentioned a couple items that are rather in­
flexible in their requirements as to when they should be taken, I 
should also mention that the advent of interr1·1itent mist propa­
gation has allowed a great flexibility in timing with many va­
rieties in comparison to the comparatively tight schedule re­
quired in cold frame or greenhouse methods. 

Most experienced propagators use little aids to help them 
in their timing. They know that the calendar is not the answer 
because weather conditions vary greatly between seasons and it 
is the condition of the wood that matters and not the date. Any­
one rooting the whole range of Spirea should know that they 
should be taken when wild blackberries are in bloom. This is 
an old propagators' trick and I have never seen it fail. Of 
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course, the test of having the cutting bend 11eatly between the 
fingers - neither snapping because of being too immature nor 
breaking because of being too mature - is so fundamental that 
it should need no further dis.cussion here. Time and again we 
read in the old propagators manuals the term, ''firming at the 
base.'' 

While I, assume that this group is mainly interested in soft­
wood cuttings, I have devoted most of my time to this sub.iect. 
However, if we were to consider timing as it applies to hard­
wood cuttings we would open up another whole range of discus­
sion. One brief comment, however, concerning hardwoods -
it is generally better to time the gathering· as early in the Fall 
as the wood is mature, rather than to wait until the rigors of 
winter have had their effects. Certainly, in practically all 
cases, wood should be gathered before sap flow begins in the 
Spring. 

To sum up, I wish to emphasize that one should devote a 
great deal of time to the stt1dy of ''Timing'' as it effects the po­
tential success of propagation, no matter what subject he is 
working. Correct timing eases the task and produces better 
results. 

MODERATOR JIM WELLS: Timing is one of the few proce­
dures which we carry out in which the real skill of the propaga­
tor is called into full force. I would like to call next Mr. Dick 
Fillmore who will discuss the position of the cutting on the plant. 

POSITION IN CUTTING SELECTION 
RICHJ\RD H. FILLMORE 

Sarah P. Duke Gardens 
D·iike University 

Dit1·ham, North Ca1·olina 

The position of the cutting in relation to the entire plant is 
always a consideration in the successful rooting of cuttings. 
This position may not only affect their potential ability to root 
but also the configuration and stature of the resulting plants. 

Terminal tip cuttings are necessary for the development of 
properly shaped plants of certain clones of Taxus r,pp. In other 
instances, such as Thuja spp., where apical dominance is ap­
parently equally pronounced, nor11·tally shaped plants may arise 
regardless of the position from which cuttings are taken and 
cuttings from all positions may root with equal ease. 

Success in rooting Ulmits carpinifolia cult. ''Christine Buis­
man'' is apparently almost absolutely dependent on the position 
from which the cuttings are taken. 

If root cuttings are made in spring at almost the time when 
Norway maple blooms in the same area, they will form both 
roots and Rhoots concurrently. There will generally be several 
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To sum up, I wish to emphasize that one should devote a 
great deal of time to the stt1dy of ''Timing'' as it effects the po­
tential success of propagation, no matter what subject he is 
working. Correct timing eases the task and produces better 
results. 

MODERATOR JIM WELLS: Timing is one of the few proce­
dures which we carry out in which the real skill of the propaga­
tor is called into full force. I would like to call next Mr. Dick 
Fillmore who will discuss the position of the cutting on the plant. 

POSITION IN CUTTING SELECTION 
RICHJ\RD H. FILLMORE 

Sarah P. Duke Gardens 
D·iike University 

Dit1·ham, North Ca1·olina 

The position of the cutting in relation to the entire plant is 
always a consideration in the successful rooting of cuttings. 
This position may not only affect their potential ability to root 
but also the configuration and stature of the resulting plants. 

Terminal tip cuttings are necessary for the development of 
properly shaped plants of certain clones of Taxus r,pp. In other 
instances, such as Thuja spp., where apical dominance is ap­
parently equally pronounced, nor11·tally shaped plants may arise 
regardless of the position from which cuttings are taken and 
cuttings from all positions may root with equal ease. 

Success in rooting Ulmits carpinifolia cult. ''Christine Buis­
man'' is apparently almost absolutely dependent on the position 
from which the cuttings are taken. 

If root cuttings are made in spring at almost the time when 
Norway maple blooms in the same area, they will form both 
roots and Rhoots concurrently. There will generally be several 
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shoots per root cutting. If these shoots are removed and treat­
ed as stem cuttings, they will also root satisfactorily. 

If the tree trunks were pruned <;luring the previous season, 
the short shoots which arise around these wounds will also root 
well. Apparently comparable short shoots taken from the main 
mass of the tree at the same time and placed in the same condi­
tions will not root in reasonable percentages. 

The author ,vishes to acknowledge the helpful advice of fel­
lov.,-member Mr. Ralph Crawford concerning the p1·opagation 
of the Christine Buisman elm. 

l\'10DERATOR JIM WELLS: Thank ;}'OU very much, Dick. I 
would next like to call on Mr. James Kelley to discuss nutrition. 

ROLE OF STOCK PLANT NUTRITION ON ROOTING 
RESPONSE OF CUTTINGS 

JAMES D. KELLEY 
JJeJJartment of Horticiiltu1·e 

University of Kentucky 
Lexington, Kentucky 

As we have .iust heard, many factors influence the rooting 
response of cuttings. Today, considerable evidence ind1icates 
that the nutrition of the stock plants exerts a strong influence 
on root initiation and development. This is particularly true in 
the case of nitrogen, and more recent findings indicate that zinc 
and boron also may play a role in rooting. 

Kraus and Kraybill (8) as early as 1918 demonstrated the 
effect of the carbohydrate-nitrogen ratio on rooting of tomatoes. 
Cuttings high in carbohydrates but low in nitrogen produced 
many roots but weak shoots, whereas those high in carbohy­
drates and higher in nitrogen produced fewer roots but stronger 
shoots. Cuttings made from succulent stems, very low in car­
bohydrates but high in nitrogen, all decayed without producing 
shoots or roots. Subsequent experiments by others have shown 
that a high ratio of carbohydrates to nitrogen favor rooting (3, 
13, 15) in tomatoes and grapes. 

Winkler (19) showe,d that grape cuttings highest in starch 
rooted better than cuttings with a low starch content. More re­
cent work (1, 4, 9) has re-emphasized the importance of a fa­
vorable carbohydrate-nitrogen balance using geraniums, azaleas, 
and roses as examples. 

This favorable carbohydrate-nitrogen ratio in a cutting is 
regulated primarily by two things: 1) the amount of nitrogen 
applied to the plant, and 2) the stage of development of the cur­
rent season's growth. 

The commercial propagator achieves this condition by 1) 
1·educing the nitrogen supply to the stock plant in orde1· to allow 
carbohydrate accumulation, 2) allowing plants to have full sun­
light in order that photosynthesis may be maximum, 3) by 
withholding water, and 4) by a combination of the above. 
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Stems low in carbohydrates and high in nitrogen con'cent 
are soft and flexible whereas those high in carbohydrates are 
firm and stiff. This is related back to time of taking the cut­
ting. Knight (7) noted that firm cuttings which had ceased 
growth were much superior to actively growing shoots and at­
tributed be•tter rooting to a higher carbohydrate content. 

The effect of zinc and boron on root initiation has also bee11 
studied. Samish ( 12) found that the tryptophan content of 
g1·ape cuttings increased after fertilization with zinc, and he 
has suggested that increased auxin production from acct1mu­
lated tryptophan may explain the beneficial effects of zinc ap­
plications since zinc is required for tryptophan production which 
in turn is required for the production of LAA. Tackett ( 17) 
showed that chrysanthemum cuttings containing less than 35 
parts per million boron did not root as well as cutting contain­
ing greater amounts of boron. To date, little information is 
available concerning the effect of trace elements on rooting, but 
the effect of nitrogen on root initiation and root growth cannot 
be overlooked. 

Even though we are well aware of the importance of the 
carbohydrate-nitrogen ratio, a quantitative measure of its rela­
tionship to rooting has not been worked out. In other words, 
the optimum ratio for maximum 1·ooting is unknown. Research­
ers have shown limited interest in this area and, until they do, 
we will all continue to take cutting based on firmness of stems 
which is believed to be associated with a desirable carbohydrate­
nitrogen ratio. 
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MODERATOR JAMES WELLS: It's a wonder someone hasn't 
borne down on this problem yet. It is a wide open field for 
someone. The last and by no means the least, but in my opinion 
the most difficult subject for our panel to cope with, is weather. 
And Al Fordham of the Arnold Arboretum is going to do that. 

WEATHER AS IT CONCERNS THE PRACTICE OF CUTTING SELECTION 
ALFRED J. FORDHAM 

Arnold Arboretum of Harvard University 
Jamaica Plain, .-,it assachitsetts 

Although the literature abounds with information regard­
ing cuttings, few references are directly concerned with the re­
lationship of weather to cutting selection and these are usually 
generalized or sketchy. Weather and the seasons, or timing, are 
difficult to separate in this context and many of the references 
give approximate dates with qualifying remarks such as, ''de­
pending on the season'', or, ''varying with the weather''. 

"Two references dealing with the collection of lilac cuttings 
recommend that cutting wood be taken when the blooms first be-­
gin to open (1), and just as the terminal buds are formed (2). 
The dependence of these development stages upon the weather is 
shown by the lilac flowering dates at the Arnold Arboretum 
which reveal that propagators in the Boston area, using these 
stages as guides, ,vould find variance up to three weeks in dif­
ferent years depending on the weather. 

Bos (3) observed that warm days in early spring led to a 
start in growth on his stock plants of Philadelphus coronarius 
aureus which were later damaged by periods of cold rain or 
light frost. Cuttings made after this damage led to a 50 % 
propagational loss no matter how carefully they were handled. 
He recommended that such stock plants be protected. 

Zorg (4) in discussing Juniper cuttings pointed out the 
difficulty of selecting the time when cuttings were in proper 
condition. It was self-evident that weather had a great influ-
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ence on cutting material, for during periods of heat and drought 
plants would cease growing and ripen off, while during seasons 
of well spaced rain and favorable temperatures the ripening 
would take place at a later time. 

Leach (5) states that it is not the time of yea1· which is 
important but the condition of the plant tissues as they mature 
under the influence of rainfall, temperature and their inherent 
constitut.ions. This factor has been the origin of endless con­
troversy in the propagation of Rhododendrons. For the occa­
sional year when an exceptionally hot, dry summer hastens the 
maturity of the tissue or an unusually warm moist autumn de­
lays it, the period when cuttings are takeri should be advanced 
or postponed according to the condition of the plants. 

He also recommends that if there has been drought, it wili 
pay to irrigate the stock plants the day before the cuttings are 
taken. Furthermore it is a good practice to remove the clip­
pings in the early morning, or on an overcast day, so that none 
of their turgidity ,vill be lost. 

Wells (6) has drawn attention to the fact that weather and 
the season are related and have to be considered together. A 
,vet spring and lack of sunshine will delay maturity and keep 
young plants in a soft condition so that the collection of cuttings 
may have to be put back two or thre€ weeks. In a hot dry 
spring, the converse is true. 

He says weather is also important for cuttings which are 
taken in a condition of relatively inactive growth. There are 
well authenticated results which show that most hardwood cut­
tings of conifers, taxus, etc., root mo1·e readily after they have 
been subjected to one good stinging frost. Similarly, (7) the 
varieties of juniper which can be propagated from cuttings give 
the best percentages only after the stock plants have been sub­
jected to some hard frosts. This usually means that we do not 
take cuttings of this kind until December or January. 

There has been much controversy concerning the collection 
of propagating material in cold weather, I would like to say that 
on a number of occasions when there was no choice, we, at the 
Arnold Arboretum, have gathe1·ed cuttings and scions during 
periods of extreme cold. Detrimental effects in the ensuing 
propagants have never been noticed. Perhaps the shrunken ap­
pearance of some frozen propagating wood, together with the 
fact that it may ha,,e been ,vinter-injured, led to the opinion that 
it is unfit. However, we do follow a procedure with frozen cut­
tings and scions. On returning to the greenhouse they are seal­
ed in polyethylene plastic bags and placed in a 40° F. refrigera­
tor to thaw slowly. After a day or two of such treatment the 
wood resumes a no1·mal appearance and is ready for use. 

Those who are dismayed by the unkind manner in which 
weather may deal with their p1·opagating material should ponder 
the plight of Dr. Richard H. Washburn (8) our fellow member 
from Palmer, Alaska. He reports some of his weather problems 
as follows: Even Vi1ith the hardiest Vi'oody materials more prob-
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lems are found in winters of heavy snowfall than in mild ones 
with practically no snow. When the snows pile up in the moun­
tains the moose descend to the valleys and eat the terminals on 
many of the ,veil-adapted shrubs and trees. But they seldom 
prune in a desirable manner; they may stand up on their hind 
legs and break do,vn the centers of tall trees just to get the ten­
der terminal growth. Unfortunately, last winter the mice were 
active under the sno"', so that some six-foot trees were entirely 
debarked from ground level to the tips of their branches. Por­
cupines seem to confine their feeding to raspberry canes. 
These hazards associated with weather appear to have solved 
Dick Washburn's problem, for it would seem that after some 
winters he has no cutt.ings left to be concerned about. 

Getting back to the topic of this paper, the effects of weath­
er and climate, one may conclude with the thought that plant 
propagation, in this aspect, is more an art than a science. For 
a propagator must rely on his own skill and _judgment based on 
a true understanding of the plant's condition. 
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MODERATOR ,JAMES WELLS: Thank you very much, Al. 
There was a fifth item on this program entitled ''etc,'' by James 
Wells. f just meant to try and pull this together briefly and 
turn it ove•r to you for discussion. Obviously timing is of ex­
treme importance and we have a number of well documented ar­
ticles on this - Sid Waxman's article on Japanese umbrella 
pine, Larix, and deciduous azaleas. The position is important 
as to the type of plant produced. All of us are a"'are of the fact 
that you take terminal cuttings to get Taxus capitata and you 
get spreaders if yoµ take cuttings from the side of the plant. 
The same is true on cuttings o·f the Norfolk Island Pine, Arau­
caria - you have to take terminal shoots in order to get a 
symetrical plant. J uvenility hasn't been mentioned, bt1t the 
physiological age of the cutting is important - cuttings from 
cuttings and the type of cutting you would take say from a Ju­
niper excelsa stricta with the sphearoblasts on the stems. these 
are cuttings: from the· base of the plant rather than from higher 
up. I think the weather is one of the most difficult things to 
consider, to be precise about, because it effects the condition of 
the wood very much and it brings into full force the skill and 
.iudgment of the propagator. The water C(,ntent of the soil and 



the temperatu1·e of the soil affect soil bacterial and the 1·elease 
of nutrients and that affect8 the balance of the carbon-nitrogen 
ratio, whatever that is, or it affects the squeeze-ability of the 
cuttings which I do understand a little. The affect of frost on 
cutting wood and preconditioning - incidentally in regard to 
taking cuttings at very low tempe1·atures - when I was out in 
the midwest, .iust for fun one day at Jack Hill's I took some 
Taxus cuttings at 15 below zero and walked straight in and 
stuck them in a bench of 75° F. And they rooted beautifully. 
On nutrition, I was very surprised to learn that so little was 
known about it - only one other thought, we have found, in 
rooting rhododendrons that a very high calcium level seems to 
be desirable. Now when I say fairly I don't really know what 
I'm talking about. The tests probably should indicate a level of 
calcium of 1000 or 1200 lbs. to the acre. Also, you can get bet­
ter results if you apply the calcit1m in the form of gypsum 
which will not effect pH but which will increase the available 
calcium to the plant. We haven't considered any of the tech­
niques, which we have considered in detail these last four days: 
mediums, which I consider to be very important, inspite of Dr. 
Chadwick's disapproval, I feel there is an absolute void or vacu­
um of knowledge of the effect of mediums and it was high light­
ed by the work of the fellows in the state of Washington who 
are rooting cuttings in the air. I didn't touch on wounding -
that's been covered pretty thoroughly I think. There are a fe'\\· 
other sub.iects that should at least be brought into our general 
thinking on this whole problem - the care of stock plants, the 
time to gather the cuttings, the condition of the cuttings on the 
stock block, and whether we should water stock plants before 
taking cuttings and so on, the care of cuttings while they are 
being processed - here is something I feel a lot of people fail 
miserably on, light intensity and I think we have learned a great 
deal at this meeting on that. So much for the ''etc'' and now I 
welcome discussion, comments, and questions from the floor. 

JOHN ROLLER: Did I understand Al to say that it was de­
sirable to have frost on Juniper cuttings before they are taken? 

MODERATOR JAMES WELLS: I think it is desirable and I 
think you get better rooting from cuttings taken from stock 
plants after they have been subjected to 2 or 3 frosts. Am I 
right, Al'! 

AL FORDHAM : vVell this is what is said in your book. 
MODERATOR JAMES WELLS: If that's so I substantiate this 

in that the work ,ve had done at Dundee seemed to indicate this, 
John. 

JOHN ROLLER: Then how do you account for the high per­
centages of some of the field stuff in late summer or September 
in the Southern states? Pfitzer juniper for instance. 

MODERATOR JAMES WELLS: I think that the answer to that 
is because they are taking older wood. More mature wood. We 
are talking, I think, about frost effect8 upon current Reason's 
growth. 
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BILL FLEMER: These fielcl cutti11gs 1·emain through the 
winter in the grot1ncl ancl get their cold there. They are not 
rooted by the time winter comes along. 

JOlIN ROLLER: Some are rooted before the winte1·. 
fl,\NS flESS: I hate to dispute you1· theo1·y, bt1t we make a 

lot of J u,1ipe1· cuttings in the summer time. They do fine in the 
open mist in full sun light. They haven't had any frosts on 
them. 

MODERATOR JAMES WELLS: I can see it's time I brought 
out a revised edition of my book. 

BILL CURTIS: I would say the majority of Juniper cuttings 
taken in California, from plants grown in California never even 
know what a frost is. And they have real good rooting. Thou­
sands and thot1sands of them all rooted in the summer time, pot­
ted, and chances are by next spring they are saleable plants. 
They never have a frost on them. 

CASE HOOGENDOORN: Will they live in the East? 
PETER VERMEULEN: We have had a chance to compare 

this. For the past several years, we have been sticking Ju1iiper 
cuttings in the rooting-growing medium in the summer. We 
have found that the J. chinensis varieties tend to root rather 
poorly. We d_id get a very high take the first time we tried 
them. This yea1· we tested 250 each of the various J. chine1isis 
varieties we gro\"\' and compared them with the J. squa1,iata va­
rieties and the .J. horizontalis varieties. We found that the J. 
chinensis rooted very poorly whereas the others rooted very 
highly. I would also like to make a comment, in view of the 
papers that were presented at this meeting on the rooting-grow­
ing media, I would consider your remark that there is an ab­
solute void on this subject to be rather challenging. 

MODERATOR JAMES WELLS: I seem to be challenged in all 
directions! 

VOICE: I have worked in the New York Botanical Garden, 
propagating woody plants and I found that the tighter I packed 
the sand [rooting medium] the better were the rooting results. 

MODERATOR JAMES WELLS: In defense of myself, I would 
like to come back to a quote somebody made that we have to 
treat each plant as an individual. I really do think we are deal­
ing here with specifics about particular plants. The generali­
ties which were stated in my book and quoted by Al seem to 
hold true for a broad spectrum of plants we grew while I was in 
Dundee. That is, if we stuck cuttings of Junipers prior to 
Christmas or prior to a hard frost, we would get rooting, but 
we would not get the quality of rooting and the percentage of 
rooting which we would get if we waited until later. 

HARVEY GRAY: Jim ,v ells, could you or some other mem­
ber of your panel give me a little guidance on this, which I will 
briefly state. Many years ago, when I got into the subject of 
propagating plants, J, visited many English gardeners and sup­
erintendents of estates and I was aware of the fact that they 
ancl their diffict1lt plants to root st1ch as for an illustr·ation, 
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flowering guince, were done in very late winter, brought into 
the greenhouse, caused to develop soft growth, and it wag with 
this according to them, they got their best rooting of these cut­
tings or in man)' instances cuttings rooted ,vhere they were 
never able to root them otherwise. Now, is there any explana­
tion of this point. I know it is a fact, I have practiced it, it 
works, now is there an explanation? 

MODERATOR JAMES WELLS: I don't know the explanation, 
do you Dick? 

DICK FILLMORE: I have no explanation, but I will men­
tion a few things which are obvious. When one compares the 
outdoor and the indoor cli·matic condition, that is out of doors 
versus a greenhouse, one finds right away that ultra-violet and 
some other qualities of light do not come through the glass used 
on those greenhouses and propagating structures. 'fhat's num­
ber one, there is a different quality of light. There is generally 
a lower intensity of light. There is generally a higher night 
temperature and less difference between day and night and ex­
tremes of temperature in a greenhouse. In the greenhouse there 
is likely to be, even from the workman's breath, a significantly 
higher level of carbon dioxide. There is also likely to be in the 
greenhouse some little bits of combustion products or from a 
man smoking a cigarette adding a little ethylene. And don't 
think plants aren't sensitive, they are. Now I would like to see 
an analysis in the Rame area of these various factors within a 
greenhouse and without a greenhouse at the same season and 
make some more definite determination of this sort of thing. 

MERTON CONGDON: ,In addition to what has been said here, 
I think there is a whole range of plants whose cuttings should 
be taken when they are in a flush of growth. And this, of 
course, is what I hear mentioned under timing. Now, Philadel­
ph1ts aureus, is a perfect example. Many members have had 
trouble with this plant. I can't say at the beginning of the year 
when I'm going to make my Philadelphus aureus cuttings in 
June or July or possibly even August, due to the fact that] want 
to catch them in that flush of growth when I can get the soft, 
long cuttings that I desire. .i\.nd I think perhaps in the Chae­
n.omeles that this is one of the plants that fall into this categor)' 
also. 

MODERATOR ,JAMES WELLS: Incidentally on the Chaenome­
les the treatment with the 1 % potassium salt of IBA is almost 
specific for it. 

BRUCE BRIGGS: Just to confuse the issue a little bit more, 
a couple of questions, maybe someone could answer. We have at 
times secured in Southern California ''Tams'' [Juniperus Sab·ina 
ta·mariscifolia] lining out stock in August for long runners. We 
have taken these cuttings off, put them into the medium and in 
less than a month they have rooted readily. The temperature 
may be 80 - 90° F. The same thing, we've seen Rhododencl1·on, 
not with us but with many others, commercial growers, they 
have taken cuttings from Southern California brought them 
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North and they're much superior to anything we can take off, 
they root much better, much faster than our cuttings. Cam,ellia 
cuttings taken off under the same conditions in California 
brought North. pt1t in our greenhouses root and are much sup­
erior to anything that we can grow. Also going back to the 
wo1·k with ''Tams'', the most peculiar thing is that those cuttings 
taken off in California, when stuck in California did not root as 
good as under our conditions. The same was true for Rhododen­
dron and Camellia. 

VOICE: It must be the smog. 
MODERATOR JIM WELLS: I would suggest to future pro­

gram chair·1nan that more time be allotted for discussion. I wish 
to thank the panel very much for their participation. 

PETER VERMETJLEN: I would like to introduce the modera­
tor for the next portion of the program, Mr. Michael Johnson. 

MODERATOR ,JOHNSON: Each round table moderator will 
be allowed six mint1tes to summarize what went on in abot1t an 
hour or an hour and a half of discussion. Our first moderator 
is John B. Hill. 

AUTOMATION AND/OR MECHANIZATION IN PROPAGATION 
NEW TOOLS, PRACTICES AND TECHNIQUES 

JOHN B. HILL, Mode1·ator 
THOMAS \VHEELDON, Recorder 

l believe that I cari sum this up rather quickly by saying 
that the consensus indicated at the conclusion of our round table 
was that actually there were precious few new tools, new in the 
strict sense of the word. The solution to our problems lay not 
so much in sitting back and ,vaiting for a latter day Cyrus Mc­
Cormick to develop for us sophisticated complicated equipment 
to aid us in propaga.tion or field culture, but rather to adopt the 
equipment we do have to do the best possible job. I define a 
machine as any tool we use - very simple tools such as knife 
or a relatively complicated piece of machinery such as the device 
for measuring the average CO. content of the air in a propaga­
tion house as we saw at Wooster. I'm not sure that as practical 
propagators ,ve need be concerned nearly so much with the ac­
quisition of complicated sophisticated equipment as we do better 
utilization of the tools we already possess. A very quick study 
of the understandable desires and needs to mechanize _t e propa­
gation part of any nursery operation, let alone the fie d or con­
tainer operation leads to the following thoughts. Quickly, to 
bring this around t,o one hang up point, that is in comm9n with 
all food and fiber agriculture, we nurserymen are denied the 
single principle which Henry Ford is given credit for develop­
ing, and that is the very simple thing of bringing the work to 
the worker. It is impossible to put a propagation bench on an 
assembly line, and let the workers sit at one place and have the 
work pass in an orderly way. The same applies to any field 
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crop. Although ,,·e a1·e clenied that in ot1r fielll of agricultt1re, 
,ve shot1lcl 11ot thi11k that the foocl ancl fiber people are denied 
that. The· i11dustry is of st1fficient size that it early attractecl 
Cyrus 1\1:cCormick a11cl John Deer ancl the othe1· people ,vho have 
th1·ough the years developecl sonie ver·y elaborate ,1ncl very fa11cy 
ecruipment to use on a highly c)·clical basis. After all they are 
harvesting once a year most grain crops and yet the food and 
fiber people do possess that sort of el1uipment. It is unrealistic, 
however, to expect that type of ec1uipment will be developed for 
the nurseryman. We are therefore stuck with the necessity and 
need for improving ancl more or less building that equipment 
ourselves. That specialized eqt1ipment that fits our particular 
need and not necessarily the need of somebody else in the next 
county. When the cost of any machine·, device, any form of au­
tomation - and automation incidentally is best defined as any 
machine or process that is directed by impersonal means - i11-
stead of being directed by a person it is directed by a power de­
vice - the cost of any machine mt1st take into account that ours 
in a highly cyclical business. vVe're not in the manufacture of 
stove bolts. They can buy a machine, put it on three shifts a 
day and in a periocl of one or two years turn out a simply in­
credible amount of work. We vvould have, for example, a ma­
chine which does all of our field balling. I woncler hovv many 
hours a year we v,·ould use it to accomplish the task well and 
quickly. Therefore I wonder if we can afford truly expensive 
and complicated machines. In whipping out this true cost of 
this machine, the operating cost must be taken into account along 
with the price, and the cost of maintainence, and/or ics depri­
cated value after it has been used for the length of time, like a 
used tractor or earthmoving equipment. It is a little hard for 
me to think of an analogy in the plant propagation area. 

But there are also very good reasons for having machines 
and it must not be construed that the censensus around the round 
table was that machines have no value. Obviously, very clearly, 
we have to continue to search for a11d look for machines that will 
do the job better for us. Afte1· all it is impossible to put a dol­
lar value on being able, for example, to get all that B + B dug 
on the first week of the digging season, it would be possible to 
lean back and solicit further orders. As it is most of the time, 
I am sure, we are guaging hovv many plants we must dig, what 
labor force we can effectively focus, and that isn't just in terms 
in numbers of people, it's numbers of people that can be ade­
quately supervised, against the time element envolved. Until 
finally sometime through the middle part of the season we are 
bound to get that once a year phone call ''ship it'' or ''cancel it." 
All of tls then are seriously looking for a machine that can ac­
complish the job. It sa,,es us the necessity of facing that issue. 
I'd like to conclude here quickly - there was no cons1:nsus at our 
table as to how to gt1age the price of a machi11e - and say yes. 
I can afford this or I can not affo1·d it. Looki11g around for in­
dt1strial standards I fot1ncl that ther·e was almost no standard. 
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Just for the sake of discussion I said that any machine to be 
worth purchasing must gave its price and its cost of operation 
in terms of labor 01· personal relations, whatever you want, with 
in the first season or first }Tear of operation, whichever is less. 

MODERATOR JOHNSON: Ot11· second round table disct1ssion 
,vas moderated by Bob DeWilde. 

WEED CONTROL IN POTTING SOILS, 
SEED FLATS, BEDS, AND FRAMES 

ROBERT C. DEWILDE, ModeratO'/' 
FREDERICK 0. LANPHEAR, Recordet· 

Toda)T each nurser~rman realizes the economic importance 
of developing a weed control program for potting soils, seed 
flats, beds, fields, and frames. Properly executed control pro­
grams will reduce production costs, improve quality, as well as 
increase the number of saleable plants per acre. We apply the 
epithet ''weed'' to those unwanted plants which compete with 
our ornamental plants for wate1· and nutrition. 

Essentially the1·e are three ways of controlling weeds: 
(a) Mechanical Control achieved by the use of tools f1·om 

cultivators, rototillers, flame throwers, and compressed 
air through the expert use of the hand. 

(b) Physical Control through the use of mulches or physical 
barriers ,vhich prevent weed growth. 

(c) Selective Chemical weed control through the use of 
chemicals which kill specific weeds without injury to 
the ornamental crop. 

With regard to physical control of weeds, this was the tech­
nique used to obtain three year weed control in container gro,vn 
stock. A black plastic circular disc of two, or four mil poly­
ethelene was cut ,vith a slit to the middle. The disc is placed on 
the pot so it fits around the base of the plant and extends to the 
edge of the pot. A little sand is then placed on the polyethylene 
disc to hold it in place. Only a scattering of easily pulled weeds 
may appear around the edge of the container during a three year 
period. The polyethelene disc does not interfere with watering. 
In practice the disc will reduce the frequency of watering by 
50 % in some cases. 

Numerous mulches were discussed and a list of some of the 
types discussed appear belo'\\T. All the mulches listed seemed to 
have some drawback, but many are used as they are usually 
cheap to purchase if locally available, authough expensive to ap­
ply, and they will control weeds particularly if used or mixed 
with a weed control chemical. Mulches may of course provide 
some additional benefits by preventing soil erosion, aiding mois­
ture retention, and supplementing the nutrient supply. 

, 
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lvlulches Used For Weed Control 
,v,,,,,ILl1,r~ 

(,toLkpiled J,,r I year pr1,,r to 11,111g) 
S11gar Ca,11e 

(relatively expensive) 
Cocoa H11lls 

(f1111g11s .111d other p1ol)le111,) 
Prne Needles 

(fire hazard, d1ff1c11lt-to-handle) 
Pecan Shells 

(<lf1f1c11lt-to-handle due to sharp edges) 
Buckwheat Hulls) 

(diffic11lt to obtain) 

l'eatlllll 1-11111~ 
(1)os,1 b1!1 t y of 11cmatodes-ster1lize) 

Cr11shecl Corn Cobs 
Swamp Marsh Grass 

( 1,,c,1lly .1va1lable-proble1n 111 cliggi11g) 
L1cor1ce Roots 

(m11shroom flies, high pH) 
Spent M11shroom Soil 

Redwood or Pine Bark 

Selective chemical weed control is a relatively new science 
that is being expanded every day. New and often better chemi­
cals are appearing as fast or faster than they can be tested fo1· 
nursery use. 

The activity of these chemicals and the resultant degree of 
weed control obtained is dependent upon a number of factors 
such as soil type, soil moisture, soil organic matter, soil and air 
temperature, humiditJ', wind movement during application, form 
of the active chemical (wettable powder, granular, liquid), con­
dition of cultivation, incorporation requirements, types of weeds 
to be controlled, and the age and variety of ornamental plant 
upon which the chemical is being used. It can be easily shown 
that results will vary according to local conditions. It cannot 
be stressed too strongly that each operator must test chemicals 
to be used before applying them on a wide basis. Detailed rec­
ords of all weed control work should be maintained and the 
manufacturer's recommendations should be closely adhered to. A 
good program ust1ally starts with healthy weed free plants and 
with clean potting soil through the use of steam sterilization or 
chemical soil fumigation with materials as Vapam, methyl 
bromide, and Dowfume. 

This discussion group compiled a list of thirty-eight weeds 
that are problems in our nursery operations and a. list of over 
thirty chemicals currently in use to control them. In general 
discuss.ion the factor of ''time of application'' was found to be 
quite important. Fall treatments often have practical value and 
increased effectiveness from several standpoints. 

(a) Low evaporation of volatile chemicals ,vhen the temper­
ature is cool. 

(b) Lower bacterial activity that usually cause chemical 
degradation. 

( c) Fits well into late fall or winter nursery work schedules. 
Time of application is also very important with regard to 

the type of weed you want to control. Some chemicals work 
quite well when applied on snow in middle of winter, but avoid 
hard frozen ground where the wind will blow granular materials 
into small pockets of concentration. 

Considerable discussion followed concerning the possible 
residual problem of Simazine. The low cost, broad spectrum 
control of this chemical has made it the most popular chemical 
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in the nursery today, but there ,vas concern about 1·esidual ef­
fects. This problem can be some,vhat minimized or checked 
upon by some of the follo\\'ing considerations. 

(a) Use of combination chemicals to reduce the level of 
simazine as well as to control some weeds that are not 
controlled by simazine. One such chemical combination 
• • • 1s am1z1ne. 

( b) Use a charcoal slurry to dip roots of simazine sensitive 
plants. Or apply charcoal directly in the soil p1·ior to 
seeding. 

(c) Decrease the amount of active simazine each year it is 
applied to the same piece of ground. 

(d) Use corn or high organic cover crop 1·est periods be­
tween crops \\'hen simazine has been applied for several 
years. 

(e) Oats may be used as an indicator plant since they are 
,,ery sensitive to low levels of residual simazine. 

Other materials such as Diphenamid, Casaron, and Tri­
floralin were discussed and since there was considerable interest 
in a number of other chemicals, your moderato1· asked Dr. A. M. 
S. Pridham, Dr. Chico Hiramaki, and several others to continue 
comments on these chemicals. 

Many thanks to Dr. Fred Lanphea1· for his assistance as 
recorder. 

GENER~<\L COMMENTS ON HERBICIDES 
\111izi11e 
post-eme1 ge11ce he1·bic1de - good i11 
l.i1·ge shaped t1·ee pla11tings wl1e1e ct1!­
tivat1on 1s difficult Dorma11t appli­
C,ttio11 s.ifer. Applied to establ1sl1ed 
pla11ts 1inl}', 1101 011 s1n1.iz111c scns111ve 
(llants. 

\ 111itrole 
post-eme1ge11ce he1 b1c1de - 11sc1l as 
spot treatme11t for pe1e11111al ,veeds 
(;ood for po1so11 fo1 ivy co11t1ol - do 
11ot 11:;e 1>11 n11rsery plants Never ap­
appl1ed at high rates - toxicity re­
mains 1n the soil for several months 

. .\llyl Alcohol 
Used as a soil ,!1·e11ch bt1t 1101 as ef­
fective as f11m1gat1on. 

.\trazine 
pre-emergence a11d post-emerge11ce -
somewhat risky to use in 11111sery 
stock dt1e to great solt1b1l1ty. 

(:asoron 
p1·e-emerge11ce l1e1 b1cide - S,1fc t,11 
111ost ge11eral 11u1·se1·} stock G1an11l.i1 
111atenal best applied i11 late fall ap­
plication. Effective against hard to 
control perennial weeds s11ch as \\11ld 
Chrysanthemum, q11.ick g1ass, a11d 
nutgrass if applied at higher rates. 

• 

If applied 1l111111g pe1i0<l of l11gl1 tc111-
pc1at11re 1t should be \\'ate1ed 111 or 
incorporated. Short resid11al life 11ot 
11s11all~ 111ore tl1an l growing seaso11 

('.IPC 
Fairly gvo1l fo1 ge11e1al 11111sc1 y 11,c 
1l11e to safety facto1· J,11nited pc111>1l 
of ,veed co11t10I 1\pply in spring 111 
\\'he11 it is n1oist 

(:l1lorop1cr111 
prepla11t1ng ft11111g.1111 

D1phenamid 
pre-emerge11cc l1crb1c1de Safe 011 al­
most all nt1rscry plan ts Fairly 1011g 
lasting ccintrol but has l1m1ted effec­
tiveness on certain broad-leaf weeds. 
Can be applied at a11y ti111e of tl1e 
,·ear. 

Dactl1al 
Very gO<>d for sp1i11g .i11d ,11111111c1 
11se L11111 te1I 1 c,1d11al affect. Sho11 lle-
110,l of wec1I Lo11111>l 

1)1111011 
\ 1e1·y good co11t1ol 1f .ippl1c1I 1l111111~ 
,pr1ng 01· sum111e1· S01newl1at ,elec­
tive as to weed, 1t ,viii k1ll Also 
,lightly risky to u,c part1c11la1i}' w1tl1 
l,roadleaf everg1 cc11s 



Dalapon 
Good quack grass co11trol when used 
3 months to I year before planting. 
Post-emergence herbicide. Do not ap­
ply 011 n11rsery stock 

Diquat 
Contd.ct lierbicide with si111ila1 prop­
erties to paraqttJ.l 'I lie latter be111g 
prefet 1ed 

lli11itiu 
Post-en1ergc11cc hc1·liicidc • Good c1,1i­
tact herbicide. Useftil i11 fall or eai·lv , 

l~ptan1 
Pre-emerge11ce l1erbicide !\,lust be 111-
corporated into soil and can be used 
as a pre-planti11g application. Bare 
root cuttings may need some protec­
tion, but potted liners can be safelv 
used 1n treated soil. · 

Mylone 
pre-planting steril1zatio11 • gran11la1 
material not as effective as other 
sterilants. 

Methyl Bromide 
Very good pre-plant sterilization pro­
ced11re. Req11ires air tight cover De-
11e11ding 11po11 dosage, it will c1111trol 
1lisea;es J.s well as weeds. 

Paraquat 
Excellent contact herbicide a11d foli­
age killer. Useful around dormant 
n11rsery stock. • 

Stoddard Solvent 
Post-emergence herbicide. Good co11-
tact herbicide but must kept off 
11ursery stock foljage. May be 11sed 
between beds. 

Sesone 
Pre-emergence herbicide • short last­
ing May be useful on seedling weeds. 

Sodium Arsenite 
Too risky to use. Other co11tact her­
bicides are more generally acceptable 

S1n1azine 
Pre-emergent herbicide. Very good 
particularly 011 narrow leaf ever­
greens. It is somewhat risky to 11se on 
1na11y broadleaf evergree11s and ccr­
ta111 deciduo11s species Long res1d11,1l 
J.<.tivity which tends to create ac­
c1111111lation with repeated 11sage. Not 
effective in controll1ng crab gra;s 111 
ge11eral, do 11ot use 011 lilacs, privet, 
e11onymous, honeys11ckles or azaleas. 

Telvar 
Pre-emergent herbicide • Similar to 
Diuron but more risky to 11se. Ma11y 
narrow leaf evergreens and larger 
deciduous plants ate tolerant. 

Vapam 
A good pre-plant ster1lan t • 1ncorpo­
ra te into soil using water and prefer­
ably a plastic sheeting as a seal. 

Vernam 
A pre-pla11t herbicide s1m1lar to 
EP'rC. Must be incorporated into 
soil. 

Treflan 
Pre-emergent herbicide or as pre­
plant treatme11t when incorporated 
into soil. Most nursery species appear 
to be tolerant. Some broadleaf weeds 
1nay not be controlled. 

2,4-D 
Low volatile ester 'Or amide fo1m for 
spot treatment of field fine weed. Do 
not apply to foliage of nursery spe­
cies. Can be 11sed for br11sh and 
broadleaf weed co11trol i11 non-crop 
J.reas. Preferably in combi11ation 
with 2,4,5-T. 

2,4,5-T 
Similar to 2,4-D. Somewhat bette1 
when used for br11sh co11trol. Do 11ot 

• use on nursery speaes. 

LIST OF NURSERY \VEEDS COMPILED IN 
ROUND TABLI<~ DI·SCUSSION 

Carpet weed 
Chickweed 
Blue Grasses 
Canada thistle 
Chrysanthemum weed 
C1·ab grass 
Da11delion 
!'oxtail 
Lan1bsq 11J.1·ters 
l\[ustard 

Nightsl1ade 
Pigweed 
Plantain 
Purslane 
Quackgrass 
Oxalis 
Johnso11 Grass 
Bum1uda Grass 
Milkweed 
Spurge 

Wild Garlic 
Wild Artichoke 

Horsetail 
Dollar Weed 
Horse nettle 
Dodder 
Quickwecd 
Pursley 
Ragweed 
Smar tweed 

Saw thistle 
Wild Oats 
Witch grass 
Nutgrass 
Dock 
Poison Ivy 
Bi11d weed 
l\Io1·11ing Glo1 y 

MODERATOR ,JOHNSON: 
round table with Harrison 

We 'will now go 011 to the third 
' 

Flint. 

246 



WINTER HARDINESS OF NEWLY POTTED AND CONTAINER MATERIAL, 
PREPARATION FOR AND PROTECTION IN STORAGE 

HARRISON I,. FLINT, Mode1·ato1· 
R.<\I,PH SHllGERT, Reco1·de1· 

Conce1·11 ±'01· ,vinte1· ha1·diness of plant mate1·ial is shared 
b:},' all of us in the tempe1·ate zo11e, even though ,,,e ma:i' be con­
ce1·11ed with different degrees of hardiness and different plants. 
Hardines& is ce1·tainlJ' enough of a p1·oblem in a field produc­
tion - but it's e,,en more se1·ious in overwintering young pot­
g1·own plants. 

With this introduction. discussion commenced: 
Several overwintering p1·oblems with specific plants ,ve1·e 

brought up. It \\'as pointed out that failure to overwinter 
C or'lius el egantis,'-ii11ia, so-called, has been observed, appa1·ently 
because of too much cold in some cases and too little cold for 
breaking dormancy in others. Ha1·dening of young plants is 
accomp,!ished by some: growers by withholding water. The 
need for a considerable exposure to temperatures around 40°F. 
or below for breaking internal do1·mancy was 1·eviewed. 

A variety of methods have been used b:i' members of the 
group for storing young propagated stock: 

Pit storage has been used successfully at the University of 
Rhode Island. Rooted cuttings are placed in tight polyethyl­
ene bags. These are imbedded in perlite in a pit in the ground. 
Results in one yea1· compared favo1·ably with those from 1·efrig­
erated storage. 

Several persons desc1·ibed plastic structures used for over­
wintering young plants. These ranged from relatively small 
quonset-type or A-frame structures to full-size greenhouses. 
Some used heaters during cold weather - others did not 
depending upon the location and the nature of the plants being 
protected. 

The point was made that propagators can't afford to give 
plants minimuni protection - only maximum protection is 
truly economical when plant losses are considered. 

Further discussion centered on the need for ventilation in 
plastic structures and ways of accomplishing it. Methods in 
use among members varied fron1 simply lifting a flap of plastic 
on a frame to thermostatically-controlled exhaust fan ventila­
tion. There was good agreement on the need for ventilation 
in spring but some disagreement as to whether ventilation is 
necessary during \\1arm pe1·iods in winter, probably due to dif­
ferences in experience in different locations. Some growers 
use shade over plastic structures - some do not - some use 
shade only in spring. 

Nurserymen i11 seve1·al a1·eas including no1·thern Ohio, a1·e 
sto1·ing stock in opaque buildings such as polyethylene-lined 
barns, with good 1·esults. 

Burlap shades over plants are giving good results in Ore­
gon. Burlap shades are also being used experimentally at the 
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University of Minnesota. Also at that institution, sticky coat­
ings are being applied to Rhododendron leaves and then flock­
ing material is stuck to them to insulate them from rapid tem­
perature change,s. 

Rooted cuttings are being carried overwinter in refrig­
erated storage in Rhode Island with good results. Growers in 
other areas are keeping shrub lining-out stock and scions for 
spring budding an,i grafting in refrigerated storage. Storage 
temperatures commonly run in the mid 30's. The point was 
made that rooted cuttings potted and stored in sash houses get 
a head start in the spring over cuttings stored bare-root in re­
frigerators. 

Discussion then centered upon special treatments used 
with problem species such as Cor·nus florida rubra, Viburnum 
carlesi, and deciduous azaleas, to help overwinter survival. 
Several growers stressed the in1portance of propagating early 
in the summer to allow time for new top growth in the same 
season. Some use lights to increase the daylength and force 
ne,v growth, as recommended by Sid Waxman. Others sug­
gested that leaving the root system undisturbed in the rooting 
medium over winter will accomplish the same thing, at least 
for some plants suc:h as deciduous azaleas. 

The last question raised probably could have sustained the 
discussion for another hour or two. The moderator was gra,te­
ful that it came near the end of the allotted time. The ques­
tion is a familiar one - '' Are plants obtained from warmer 
areas likely to be less able to winter-harden than si1milar plants 
grown in colder areas?'' Conrad Weiser was asked for a pro­
fessional opinion and replied, in essence, that the ability to win­
ter-harden is a genetic charactristic, not one determined by en­
vironment. 

MODER . .\.TOR JOHNSON: I am su1·e there are comments on 
this report. -

HANS HESS: I would like to make this comment. Seed­
lings of various plants grown by nurserymen including sweet 
gum, Albizzia, and many others, which are grown from seed 
gathered from northern sources without a question will be 
hardier particularly in the younger stages than those from seed 
from southern sources. I believe Bill Flemer will bear this 
out. 

HARRISON FLINT: A1·e you assuming, Hans, that such 
source,s would be very genetically? 

HANS HESS: It has nothing to do with genetics, it's a 
matte1· of sources - from areas of colder temperatures seeds 
of sweet gum, red bud and bayberry a1·e far hardier especially 
in the fi1·st and second year. 

DR. HESS: Hans is right about the hardiness being better 
from northern seed, but I do believe this is due to genetic vari­
ability. The plant will look like a sweet gum plant but there 
are subtle genetic ,,ariations which affect hardiness. As a re-
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sult of natural selection, they are mo1·e hardy and the southern 
grown plants have evolved with less hardiness. 

JOERG LEISS: I would saJ' that if you took a red maple 
from Northern Canada and propagated it in Texas and brought 
it back to Canada it would be .iust as hardy as it was before. 
It is more or less the source of the seed which determines the 
hardiness. If it is genetically hardy, it stays hardy no matter 
where you propagate it. 

MODERATOR JOHNSON: The report of the fourth rot1nd 
table discussion will be given by William Flemer. 

ROOTING CHEMICALS, LIQUID VS. POWDER, USE, ETC. 
AND ROOTING MEDIA, NATURAL, ARTIFICIAL, ADDITIVES, ETC. 

WJT,LIAM FLEMER, Ill, M9der·ato1· 
.TAMES D. KELLEY, Recorder 

Various methods of hormone application used were tabu-
lated as follows: 

Soak Treatment - 11 participants 
Quick Dip - 9 participants 
Talc Treatment - 24 participants 

Soak Treatment - Reports of 18 hour soak, cuttings were 
bundled "'ith rubber bands during soaking in idole­
butyric acid solutions. Such solutions were usuable 
for two days before discarding was necessary. 

Hormones in general were not found to be useful for im­
proving rooting of hard wood cuttings. There were two excep­
tions reported in which deciduous hard wood cuttings of Ber­
beris thunbergi Crimson Pygmy in which ho1·1none soak in IBA 
greatly increased rooting percentages. A Dutch paper was 
also cited which indicated that Laburnum vossi hard wood cut­
tings rooted better with hormone treatments. 

David Leach observed that: ''Theoretically the activity 
of any hormone should double with every 10°C temperature in­
crease but this does not appear to be strictly so." Comments 
from the floor bore out this contention of increased activity was 
true, and instances were cited in which increased heat caused 
stem burning of cuttings from excess hormone activity. Mar­
tin Van Hof reported using weaker ho1·1nones for sum.mer than 
for ,vinter Juniper cuttings. 

Jim Wells reported no decrease in the activity of stored 
hormones but others had experienced a decline in effectiveness 
during the shelf life of the materials. All agreed light was 
harmful to hormones. 

Leach reported on rooting Exbury, Knaphill, and 11am hy­
brid deciduous azaleas and generalized that yellow hybrids re­
quired a weaker hormone concentration than orange or red 
clones. He also reported a wide difference in the use of clonal 
stock. Cecile for example roots very easily and some of the 
11am varieties are very difficult. 
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It was generally agreed that hormone powder was ab­
sorbed only through the cut surfaces of the cutting and that 
excesses applied should be tapped off before inserting the cut­
ting into the medium. 

For the general run of deciduous soft wood shrub cuttings, 
most propagators used straight ~.and as a rooting mediu,m. 
Joerg Leiss reported best success using a layer of peat with a 
layer of sand over the peat in ,vhich the cuttings were actually 
stuck. The control of moistt1re was improved, and after root­
ing has taken place and the roots have grown down into the 
peat, growth and root mass are greatly improved. Martin Van 
Hof reported excellent rooting in beds of carefully prepared 
soil, covered with a plastic tent. 

Nobody reported using Vermiculite or expanded mica at 
the present time. 

One man reported using calcined clay for rooting cuttings, 
but others felt that it had no discernable advantages. 

It was generally agreed that sphagnum peat was in all 
cases greatly superior to sedge peat or ''peat humus'' for root­
ing cuttings. Dutch, German and Canadian sphagnum peats 
were used. 

Shredded sphagnum moss was reported to give good re­
sults in rooting Viburnums but was too expe·nsive for extensive 
use. Also it was difficult to separate rooted cuttings upon re­
moval from the sphagnum moss. 

Two disadvantages of Perlite were: 
1. It was abrasive to the lungs of the workers when it was 

being benched and moistsened. 
2. It gave a fleshy and ve1-y brittle root system which frac­

tured badly when the cuttings were removed and hand­
dled. 

A member from Florida wondered why more propagators 
do not stick cuttings directly in oots and root them there. 
Reasons for the rarity of this. practice are that it ties up too 
much space, especially hooted space in winter which is at a 
great premium. 1\lso if a poor stand occurs, all the expense of 
potting and the space u~.esd has been wasted. For very slow 
rooting crops, space would be tied up for too long a -period. 
Peter Ve1·1neulen said that he rooted quite a list of ordinarily 
considered ''difficult'' items by this method of sticking unroot­
ed cuttings directly in pots of a peat, perlite1, styrafoam, and 
sand mix. 

Several growers reported good results with a 50 % peat 
and 50 % perlite mixture used for Juniper and other coniferous 
cuttings stuck on a greenhouse bench. Its advantages are good 
moisture retention coupled with very rapid drainage. 

Two cases were cited in which dry slow release fertilizers 
were mixed in the rooting medium with success. One was for 
blueberry propagation and the other was in California in which 
Osmocote, plastic coated fertilizer 20-16-14 was mixed in the 
rooting medium for a wide range of ornamentals. 
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In summation. the concensus of the members present was 
that the best rooting medium should combine a maximum of 
aeration with sufficient retention of moisture to maintain cut­
ting turgor. 

MODERATOR ,JOHNSON: The summar)' of the fifth rotlll<l 
table discussion will be given by David B. Paterson. 

SELECTION, TESTING AND INTRODUCTION OF NEW PLANTS 
AND TEST GARDENS AND ARBORETA AS THEY RELATE 

TO PLANT PROPAGATION 
DAVID B, p ATERSON, M ode1·a t()1' 

OLIVER D. DII ... LER, Reco1·de1· 

The moderator started off by briefly describing the joint 
Longwood Gardens-USDA Plant Exploration Program which 
has sponsored 8 expeditions since 1956 and is planning one to 
Korea in 1966. 

The word ''new'' as applied to plants was re-defined to in­
clude not only new-born (for example brand new hybrids or 
selections) but plants that are new to a particular area, for 
example, Azaleas are now being grown in St. Louis where it 
was said it couldn't be done. They are· new plants. 

The New Crops Program at the University of Minnesota 
Arboretum has been testing potential ornamentals for about 
ten years and about 150 introductions have been made. Many 
of these are examples of little known plants that have been 
buried in collections for years and are now available to the 
nursery trade. In l\1£innesota there has been a fine relation­
ship between University and nurserymen. 'fhe nurserymen 
help support to research section. A seven man committee 
meets twice a yea1· with the University Arboretum staff and 
helps to decide whether a new plant is worthy of introduction. 
An introduction date is set and budwood given to nurse,rymen. 
A fee is paid to the Research Committee. The plants are not 
patented. 

It was pointed out that some time ago the AABGA pub­
lished a list of names of Arboreta willing to participate in a 
plant testing program. American Nursery Association shoV11ed 
interest in the idea but nurserymen have not participated. Ef­
fort is being made now to re,rive this program. 

Test gardens in various parts of Europe were described. 
At least one or two are run by an association of nurserymen 
who establish and maintain the collections. This not only tests 
new varieties and shows V11hat is available but provides an op­
portunity to check nomenclature. Old private estates are good 
sources of unusual material but must be taken advantage of 
right away as many are being disbanded. 

It was pointed out that one source of ''new'' plants was 
Ame1·ican natives - many of which have to be imported from 
England. 

• 251 



In summation. the concensus of the members present was 
that the best rooting medium should combine a maximum of 
aeration with sufficient retention of moisture to maintain cut­
ting turgor. 

MODERATOR ,JOHNSON: The summar)' of the fifth rotlll<l 
table discussion will be given by David B. Paterson. 

SELECTION, TESTING AND INTRODUCTION OF NEW PLANTS 
AND TEST GARDENS AND ARBORETA AS THEY RELATE 

TO PLANT PROPAGATION 
DAVID B, p ATERSON, M ode1·a t()1' 

OLIVER D. DII ... LER, Reco1·de1· 

The moderator started off by briefly describing the joint 
Longwood Gardens-USDA Plant Exploration Program which 
has sponsored 8 expeditions since 1956 and is planning one to 
Korea in 1966. 

The word ''new'' as applied to plants was re-defined to in­
clude not only new-born (for example brand new hybrids or 
selections) but plants that are new to a particular area, for 
example, Azaleas are now being grown in St. Louis where it 
was said it couldn't be done. They are· new plants. 

The New Crops Program at the University of Minnesota 
Arboretum has been testing potential ornamentals for about 
ten years and about 150 introductions have been made. Many 
of these are examples of little known plants that have been 
buried in collections for years and are now available to the 
nursery trade. In l\1£innesota there has been a fine relation­
ship between University and nurserymen. 'fhe nurserymen 
help support to research section. A seven man committee 
meets twice a yea1· with the University Arboretum staff and 
helps to decide whether a new plant is worthy of introduction. 
An introduction date is set and budwood given to nurse,rymen. 
A fee is paid to the Research Committee. The plants are not 
patented. 

It was pointed out that some time ago the AABGA pub­
lished a list of names of Arboreta willing to participate in a 
plant testing program. American Nursery Association shoV11ed 
interest in the idea but nurserymen have not participated. Ef­
fort is being made now to re,rive this program. 

Test gardens in various parts of Europe were described. 
At least one or two are run by an association of nurserymen 
who establish and maintain the collections. This not only tests 
new varieties and shows V11hat is available but provides an op­
portunity to check nomenclature. Old private estates are good 
sources of unusual material but must be taken advantage of 
right away as many are being disbanded. 

It was pointed out that one source of ''new'' plants was 
Ame1·ican natives - many of which have to be imported from 
England. 

• 251 



It was felt by some that distribution of plants could be 
done in a more organized way. 

Several suggestions as to a central clearing agency or an 
organization to diseminate inf or1r1ation as to what was avail­
able and where. 

This could be done by an organization of Arboreta, it 
could be done by nursery growers, it could be done by plant 
societies such as being done by the Iris Society. It was gener­
ally agreed that a. terrific amount of work was involved, and 
that no one would make any money doing it - probably quite 
the contrary. 

The greatest problem that exists between the nurseryman 
and the Arboreta is one of poor communications. While a 
clearing house system could probably facilitate the spread of 
information as to what plants are available, the individual 
nurseryman will probably always have to take the initiative if 
he wants tp find new and unusual plants. 

It was expressed that plant taxonomy should be an im­
portant interest of the plant propagator and this society could 
do much to further interest and better understand·ing of this 
important subject. 

[Editor's Note: 
Daniel who helped 

Mr. Paterson expressed thanks to Joe Mc­
record the discussion.] 

-
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THE PHYSIOLOGY OF GRAFTING 
DALE E. KESTER 

/Je7J<t1 t111,ent uf Po11iolor111 
[J11i1Jersity of Califo,·nia 

l)a1,i:s, Cc1lifo1·1tia 

The ,lrt of g1·afting two plants togethe1· is p1·obably as olcl 
as civilization. Ou1· ancesto1·s undoubtedly lea1·11ed it afte1· ob­
se1·ving natt1ral g1·afts in the tops 01· 1·oots of forest trees and 
,,ines. The basic reaso11 fo1· g1·afting is to p1·opagate clo11es 
which clo not 1·eadily p1·oduce ac1,,e11titious 1·oots on cuttings. It 
is also importa11t as a means of changing plant form 01· to take 
~1d,,antage of SJJecial 1·ootstocks and inte1·stocks. 

Sten1 St1·t1ctt1re and Ft1nctio11 
111 01·cle1· to i11telligently discuss g1·afting physiology, some 

t111derstandi11g of the st1·uctu1·e of a sten1 and the functio11 of 
some of its main pa1·ts is 1·eliuired. A summa1·y of the essen­
tial functions, the locations and the cell types i11vol,1ecl is given 
i11 Table 1 a11d illustrated i11 Figu1·es 1 ancl 2. 

Growth and Heali11g 
The grafting operation mostly concerns those parts that 

make up the vasc11la1· cyli1iclc1· - (a) the cambium laye1· ancl 
the fu11ctioning ( b) xylem and ( c) phloem, which immediately 
ad.ioin it. In the sp1·ing of the year. the cells i11 the cambit1m 
layer a1·e activated by s,ome stimt1lus from the opening buds. 
Side walls of the cells become thin and division occurs. As a 
result, the ba1·k hecomes loose and easily separated from the 
wood. It is said that the ''bark is slippi11g." New cells de­
veloped from the dividing cambium g1·adually change into the 
specialized cells that make up the stem. Xylem cells are pro­
duced on the inside; phloem cells are produced on the outside. 
The activation of the cambit1m takes place in a ,vave from the 
top of the plant do,,,n and ma;1• not be complete until several 
weeks have passecl. Once the cambium is activated, the cells 
will continue to divide until such time as the plant goes dor­
mant in the fall or is inhibited from growing by aclverse e11vi-
1·011me11tal conditions, such as lack of water 01· clefoliation. 

When a plant is wounded, there is a somewhat different 
chain of events in the healing of this wound. This is what oc­
ct1rs in the grafting process. The basic difference between 
healing a wound, such as a pruning cut, ancl graft healing is 
that a scion f1·om another plant is inserted into the stock with 
the expectation that the two parts will heal togethe1·. 

Phases of G1·aft Union Formation 
The fo1·mation of a g1·aft union can be discussecl in terms 

of the separate problems that n1ust be solved in order to have 
a successful graft combination. 

I. The pla11t has to be able to heal the ,,,ot111cl that ,vas 
c,·eated whe11 the graft was made. 
a. F.xp<)Sf'<l livi11g cells (r~l.\' cPlls, c·an1!1i111n ;111cl its in1-
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Table I. Important parts of stems of woody perennials of significance in grafting. 

Fti11ction 

Pla11t stipport and strength 

External protection from drying 
01it and adverse environment 
factors 

\V ,t ter condtiction 

Food cond11ct1on 
(translocat1on) 

Food storage a11d deposition of 
01·ganic n1ater1als 

G101vth and prod11ct1on of nc1, 
tlSSlle 

-

Location 

,voody portion of the stem Includes the 
""old'' xylem. Also ''old"' phloem in the 
bark 

Ot1 termost corky la yet· of bark 
(pe, 1derm) 

011ter layer of 1vood ''New'' xyle1n 

l1111er layer of the bark ''New·• phloem 

Deposited in inner layer of bark 
(,Pf1loe1n) and ottter layer of wood 
(:v:yle,n) 

Ca111b1111n layer 

Elongated, narow 
re ids) ; both dead; 

Cell types involved 

cells 
thick 

(fibers) 
walls. 

or shortei·, rot111dctl (sclzle-

Co,k cells - dead, rot1nded cells with deposits of lig11in and 
s11 ber1n in ,val ls. 
Co,k c.11nb1u1n layer - layer of l1v1ng cells that p1<1dt1ce~ the 
cork cells. 

''essels. Long, barrel shaped, dead cells with thick 1v,1ll, ,1i1d 
perforations in end and side walls Tracheids narrower. dead 
cells 

S1e,1e cells - special eloi1gated cells, coi1ta1i1 p1otopl,1,111 ,,•ith 
spcL1al openings on the end (sieve plates); associated ,v1th 
1•ertical d1str1btition of organic materials. 
Co111p{1n1t1n cells - living cells adjacent to sieve cells; ft1i1ction 

• 11ncerta1n. 
fin)• cells - l1v1ng cells that provide some h·or1zo11tal d1,t11li11t1011 

. . 

Ray cells - laterally distributed living cells of both pl1loen1 and 
xylem (see above) . 
Xyle1r1 and phloem parenchyma - rot1nded, living cells that may 
show starch deposits. 

Ca111/1111n1 initials - single layers of cells that d1v1de to 1111t1atc 
growtl1 
l1111nat1tre xylem and phloem cells and ray cells. 



·Bo,rk 

Wood 

enlarged phloem 
se cf ion ro ys 

' . 
' 

' 
Xytem~ :1--J 

rays 

0- old phloem 

r--;........__)Q- new ~htoem) va-st-ulo., 

) 
cambium . 

- new xyfem cyl1nd·er 
• 

o ld xy lem 

I◄'ig. I . ( '. r(>Ss-section of wc)0<iy ste1n shOv''S parts in1portant in grafting. Re<lrawn 
frc)111 EsaLt, K. Plar1t A11atoroy. N.Y.: Wiley. 1953. 

media,te derivatives) that ar·e dama.ged turn brown 
and die (Fig. 3 ). This layer may be several cells 
deep, depending upon the length of exposure and par­
ticular drying factors. A plate of dry, necrotic tis­
sue is produced over the cut surface ( 13). 

b. Living cells, including ra.y cells and young xylem and 
phloen1, below the necrotic surface begin to divide 
and to produce large, rounded parenchyma cells. The 
ma.ss of white, solid tissue compose.d of these cells is 
known a.s callus tissue. It is produced on wounded 
ste·ms, bases. o.f cuttings a,nd can be grown in an a.rti­
f icial media a s. t issue· culture. The ability of the 
stock and scion to produce callus is the fir·st pre­
requis.ite fo1-- a succe·ssful gr·a.ft union. 

c. Exposed c_iead cells (tracheids, vesse,ls,) are s.ealed off 
with a deposit of gum (1). The ability and speed 
of gum format ion can be important. In one study, 
it was shown that apple (which is easily grafted) 
had the ability to plug and seal off the, ve-ssels quick­
ly, whereas the more difficult-to-g1·aft black walnut 
was much slow er and desiccation was a problem 
(10). 

d. Forma.t.ion of a. peridern1 or· cork layer 011 the· outside 
of the wounde·d area. 

A. F act-01"s affecting call1ts fo1~mation 
a . Genetic co·r1 ,<:!, f it11tion. Some varietieR and some Rpe·-



cies are poor callus producers, 111 some cases this i's 
evidently related to grafting difficulties. Slow cal­
lus producing plants can be sometimes combined by 
approach grafting, keeping both stock and scion on 
the.ir own roots until the union heals. 

b. Supply of endogenous hor·mones CLnd gro:wth sulJ­
stances. Callus formation is a function of at least 
two kinds of growth substances: auxins and kinins. 
Treatment of cuttings with growth regulators of the 
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l◄'ig. 3. Iso la t io 11 la) e r f roin d ,t111 ;;1gc<l eel ls at st11·facc < >f wot1nd a11d pr<JJ tict io t1 of 
new c~1llt1s ce lls f1·01n the ra)·s. Fron1 Tl1icl (13) . 

auxin-type (l ... .\A, N ;.L\A, IBA) sti·n1ulate callus 101·­

m,ation. If 011e takes a piece· of sten1 (without buds) 
01~ I'oot or other plant organ and gr·ows it without 
N AA 01"' some other similar substance, ·some .species 
vvill p1·oduce callus; others v\1ill not. If one takes a 
piece of calius and tries to keep it alive in artificial 
n1ec.lia by continual ret.ransf ers to new media, it will 
not sur·vi\Te without auxin ( except in certain spe·cific 
cases) . 

Kinin-like subst.a11ces, such as kinet in, \Vhich are 
k11own as cell-division factors, also play a role in 
call11s f ormatior1. For example, almond stems col­
lected in ~1i11ter l"espond to kinetin slightly but r e­
spor1d strongly to NAA (5) . For conti11ued main­
t er1ance of almon(i tissue in culture, kine·tin is essen­
tial a11d certain othe1" substances, e.g., thiamin ( vita­
n1in B 1 ) may be helpful. 

A numbe1,. of years ago Skoog (11) showed that 
1·elative amounts of IAA and adenine (a kinetin-re­
lated compound) would control th e typ1e of growth 
on tobacco pith cultu1--e. 
- high or intermediate auxin plus high or inte1,.medi­
ate· adenine === callus 

- high auxin plus low adenine === l"'oots 
-l ow auxin plus high adenine === shoots 

The application of v a r i o u s externally-applied 
g1·owth substances in grafti1·1g operations has not 
~hovvn consiste111t pra.ctical benefit ( 4). Some ex­
l)e1·in1e11t.e 11s have 1·ep.orted be11eficial 1'"esults; 111ost 
clo 11ot. It seen1s that othe1 ... factors, such as titne of 
yea1·, p1 .. oper scionwood, correct technique, etc., are 
rno1 .. e in1portant factors than supplying external 
g1·owth regulating chemicals. 
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c. Time of year and stage of development. Callus pro­
liferation varies with time of year. Sussex and Clut­
ter (12) took pieces of stem every six weeks and 
dete1·1nined callus formation at different times. It 
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Fig. 4. Effect of storage ternperature on callusing of apple scions. From Shippy 
(9). 
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was greatest in spring when new growth occurred, 
decreased gradually into fall and winter. It in­
creased again several months before bud break even 
though l:iuds were dormant. 

In some plants grafting must be done during the 
time of year the plants are in active growth. Bud­
ding operations and bark grafting require that bark 
be slipping. Side grafting of junipers is done when 
the plants are in active growth. 

d. Te·niperatu1·e. Warm temperatures p1·omote callus 
formation; cool temperatures reduce or inhibit it; 
high temperatures may be injurious or result in too 
much soft callus which is easily injured. 

Figures 4 and 5 compare the effect of temperature 
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on cailusing of apple and black walnut. Apple is less 
sensitive to temperature than walnut. where the range 
of effective temperature is narrow. 

e. Moisture. High humidity is essential for callus for­
mation. Holding cut potato tubers, for instance, un­
der somewhat dry conditions results in the formation 
of a periderm and deposits of suberin which seal over 
the wound; high moisture suppresses suberization and 
induces callus formation (2). 

Probably the same thing is involved in a graft. 
High hun1idity of near saturation, and even free water 
deposit is conducive to high callus formation (Fig. 6). 
This is why it is essential to enclose the graft wound 
to keep it from drying out. 

f. Aeration is important and different species vary in 
their response to the oxygen supply. Some reduction 
in aeration is per1nissible, at least in some species 
(Fig. 7). 

g. Polarity is also important. Callus develops mostly at 
the base of cuttings or scions. This is related to the 
downward movements of auxins and other substances 
in the stem. 

A scion placed upside down will usually fail to unite 
although a single inserted bud will reorient itself and 
grow to produce wide-angled branches. 

An inverted bridge graft or bark strip may heal in 
place but does not grow nor1nally. T h e latter 
has been used to some extent to produce dwarfing. 
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Fig. 6. Effect of moisture on callus formation of apple cuttings 1n relation to tem­
perature. From Shippy (9) . 
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Fig. 7. Effect of oxygen sttpply on call11s formation of apple cuttings. From Ship­
py (9) . 

If conditions are favorable, callus proliferates and fills a 
large part and possibly all of the cavity between stock and scion. 
Callus from stock and scion meet and intermingle and form a 
more or less continuous bridge. This may be completed within 
5 - 7 days. 

II. A connection must be established between water conduct­
ing elements (xylem) of the stock and scion. Water sup­
ply is the immediate problem of the scion. 

Xylem formation is closely associated with new cambi­
um formation and it is not always certain in the studies 
made whether one is pre1·equisite to the other. At any 
rate, new cambium and new xylem cells can be observed 
to have differentiated within one or two weeks from some 
of the calluR cells. New xylem anct cambium begin to ap-



pear at the vicinity of the end of existing vascular strands 
of both stock and ,·scion. These may be parallel to the sur­
f ace. As a result the appearance seems to be progression 
toward the center. 

It has been demonstrated adequately that this is an ''in­
duction phenomenon''. brought about by a stimulus from 
the existing vascular region. This can be illustrated by 
some experiments on grafting buds onto pieces of root tis­
sue in culture (Fig. 8). A new vascular stand is initiated. 
The physiological basis for initiation is not understood. 
except there is evidence that auxin is involved. 

The practical application of this info1·1nation is the well 
known need to have a reasonably close match of the cam­
bial region of the stock and scion. A large area of con­
tact is not usually necessary, however, since once a con­
tinuous connection of the vascular systems is achieved at 
any one point, it will continue to develop rapidly. 

III. The next step is that a continuous connection between the 
food connecting elements of stock and scion must be 

Bud Groft 

Cambium 

Induced 
, 

Vascular 
System 

Phloem 

Root 

Fig. 8. Induction of a vascular cylinder by grafting a h11d on a piece of 1oot tiss11e 
}'rom Gautheret (3) , 
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achieved. Timing is less critical since the scion usually 
has considerable stored food. Once a continuous cambium 
is present, it will begin to form phloem cells. 

Studies with movement of viruses through graft unions 
i11dicate that this connection occurs somewhat later than 
the xylem connection (2). 

V. A strong supporting framework within the branch must 
be established between stock and scion. 

Once a vascular system is established, cambium will pro­
duce fibers and other strengthening elements at the union 
just as above and below it. The union should be just as 
strong as an~' other place in the plant. However, it may 
require some time after a graft is made to develop full 
strength a11d support. 

In some graft combinations a continuous permanent 
connection between stock and scion is never achieved. The 
plant grows well for a time, has phloem and xylem con­
nections evidently, but has no strength. 

Some time after the graft is made, the top can be broken 
off at the union to leave a clean break (7. 8). This may 
occur in one-year-old nursery trees of some combinations, 
e.g., apricot/almond (5). Clean breaks have been known 
to occur after 20 years of seemingly norrr1al growth in 
other cases - for example, peach/almond. 

V. The stock and scion parts must be able to grow together 
and exist in relative harmony for a long period of time. 
If this occurs, ,ve say they are compatible. If for any 
reason the combination fails or one part has an adverse 
effect on the other, we sa~r they are incompatible (7, 8). 

Incompatibility takes a number of forrns and much more 
understanding of the physiological basis for most kinds is 
needed for reliable methods to make an early forecast of 
incompatibility. 

Fig. 9 shows growth rate during a seven-year-period of 
a series of varieties of almond grafted to Marianna 2624 
plum. Some (Texas and Peerless) are perfectly compati­
ble and grow at constant rate. Other varieties are gradu­
ally inhibited in growth, become unhealthy and (some­
times) die. In other cases, as in ''blackline'' in walnuts, 
trees may be normal for 15-20 years and then breakdown 
at the union. 

Examination of the union in the almond/Marianna 2624 
case shows a failure in the region of the phloem (ba1·k) 
resulting in gradual girdling of the tree, although the 
wood portion appears normal and strong. Inserting a 
compatible interstock bet,veen the two incompatible parts 
does not overcome the bark breakdown in this kind of in­
compatibility. Instead, whatever it is that exists in the 
incompatible top that causes the bark breakdown moves 
across the interstock and cauRes breakdown at the union 
lielow it. 
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• 

In other kinds of graft combinations, for example pear/ 
quince, obvious breakdown occurs at the graft union throughout 
the xylem (wood) area. In this case an interstock of a compati­
ble variety will overcome the incompatibility, although some re­
ports suggest that environmental conditions, notably tempera­
ture, can influence this effect. A very small piece of interstock, 
inserted by double budding, is known to be sufficient to correct 
this kind of incompatibility. Recently Gur in Israel has given 
evidence that incompatibility of pear/quince is due to accumula­
tion of hydrocyanic acid resulting from breakdown of amygdalin. 
Rootstocks differed in their ability to produce this compound. 
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MODERATOR BRIGGS: Thank you, Dale. To continue on this 
morning we are going to hear about teaching college students 
some of the methods of grafting. We have with us Mr. 0. A. 
''Jolly'' Batcheller. He is the Chai1·1nan of the Department of 
Ornamental Horticulture, California State Polytechnic College, 
Pomona, California - J oily : 

METHODS OF TEACHING GRAFTING 
0. A. JOLLY BATCHELLER 

California State Polytechnic College 
Kellogg - Voorhis Campus 

Pomona, California 

The theory of grafting and budding is easily learned. The 
conditions and after-care also present no problem, but to teach 
individuals the actual skill and manipulative practice of budding 
and grafting is more difficult. It is to this matter I am going 
to direct my presentation. 

Our senses which help us learn : sight, hearing, and touch, 
are perhaps the most important in this experience because the 
actual material we are working with is so small that class dem­
onstration does not have the desired effect and can actually de­
tract from the presentation, unless accompanied with larger 
models. If the students cannot see what is actually being done, 
they may get the '\\'rong impression or lose interest and be dis­
tracted. 

The use of the blackboard is helpful, but not always do our 
drawings appear to others as they do to us. The use of colored 
chalk improves this, but still this is a two-dimensional presenta­
tion while the actual material is three-dimensional. 

I have found that after a preliminary presentation by lec­
ture of the reasons for grafting, the limitations, the conditions, 
and the after-care, that an actual demonstration with living ma-
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and the after-care, that an actual demonstration with living ma-
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terial a11d the app1·opriate model leave a11 i11delible impression 
<>n the stuclent. T,t clearly ~hO"\\'S him what has to be done and 
the manner in which it is actually accomplished. 

For some institutions this would be adec1uate. At Cal Poly 
we believe that a perso11 should be able to perform the skill of 
budding a11d grafting. We do not contend that this must be 
learned to the degree of a commercial budder 01· grafter, but to 
the degree that he can put in a bud or make a graft and expect 
it to grow. Further, he shot1ld be able to direct others, and 
check the work of others to see that it is done correctly. 

To make sure a student knows exactly what the bud or graft 
will look like when completed, and to insu1·e that all will see 
exactly the stock a11d scion in the same position, I pass around 
an actual bud or graft. The variation from normal comes in 
the fact that the bud or graft are in large test tubes filled with 
water. This protects the graft from being changed. The round 
tube with the wat,er actually magnifies the image. Even with­
out preservatives the bud 01· graft ,vill keep several weeks in ex­
cellent condition. 

A sharp knife is an essential tool in proper budding and 
grafting, and the students are taught how to check a knife for 
sharpness, and also how to correctly sharpen their own knives. 
We recommend that each horticultural student purchase a good 
knife, but we do supply Henkle 302~/:! straight knives for the 
laboratory work. 

Prior to the start of the laboratory period the knives, the 
whet stones, rubbe1· bands and a supply of freshly cut material 
suitable for practice is assembled. In addition, there is the test 
material tied in bundles "'ith a plant tag which I pass out after 
the student feels he thoroughlv understands and is capable of 
performing the required graft or bud. I then give another 
demonstration of the require,d graft, and pass out the grading 
sheet. While the students look on I tear the graft apart and 
grade it. In the case of a large lab of twenty students I may do 
it two or three times EO that each student is thoroughly aware 
of the points he is to be graded upon. · 

Following this demonstration the students are allowed to 
practice on the supplied material while I circulate observing, 
making suggestions, and actually grading their practice grafts; 
checking their knives for sha1·pness and assisting in every way 
possible. 

Because of the varying abilities, some students are ready 
for their test before others; and the new and different material 
is handed out. I station myself at one end of the lab, and as they 
complete the test they label it with their name and bring it to 
me. While they are standing beside me watching, I tear the 
graft apart and grade it for them. They can see what they have 
done correctly, and what they have missed. In the case of bud­
ding, the students bring the bud stick from which at least ten buds 
have been removed. From observing the cuts on the bud stick 
I can tell a great deal abot1t the buds re·moved. 
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As matching the cambium is the most important part of a 
good graft, I check this by stripping the phloem tissue from 
either side of the scion and observe the match with a hand lens. 
After checking in this manner I also strip off the phloem from 
the scion and by sight and touch ( dragging the tip of the knife 
across the stock and scion) I can dete1·1nine how closely the 
match has been made. 

For large cleft grafts we bring in branches from trees on 
the campus, and tie them upright to the legs of the benches. The 
students complete their graft all but waxing and bagging and 
are then graded as mentioned above. Their label is marked with 
the grade for the lab and becomes the attendance record for the 
day. 

Following the grading of the graft, students may work on 
actual material I have brought in gallon container stock, citrus, 
hibiscus, or camellias. The students are free to graft them over 
to selected varieties which we have and are then at liberty to 
take these home for their gardens. 

I urge the students to practice before class and to take home 
the budding rubbers or grafting tools to try something at home. 

MODERATOR BRIGGS: Thank you very much, Jolly. 
Our next speaker is again from the University of California 

at Davis who will speak to us on the materials and equipment 
used in budding and grafting - Mr. Curtis Alley. Curtis: 

MATERIALS AND EQUIPMENT USED IN GRAFTING AND BUDDING 
CURTIS J. ALLEY 

Department of Viticulture 
University of California, 

Davis, California 

Grafting Materials 
Rubber budding strips of various sizes are used for graft­

ing. Exposed to air this material loses it elasticity and will fall 
off. Below ground there is no change so the strip must be cut 
after a period or it will girdle the graft union. 

Raffia is used particularly with bench grafts of grapevines. 
This material is very good in that it rots in the soil. However, 
the material must be kept moist prior to planting. If allowed 
to dry it becomes loose and untied. 

Medium to heavy cotton string is frequently used in field 
grafting. When covered with soil this material disintegrates in 
two to three weeks. Irf used in the air then it must be cut. 

There are the various types of tapes that are used for graft­
ing. Cloth nurseryman's tape has adhesive on one side. It is 
commonly used for whip grafting. This item is becoming more 
difficult to find. The cloth tape will deteriorate in the soil. 
Plastic nurseryman's tape is often used now in place of cloth 
tape. It is waterproof and very long lasting. Plastic tape is 
resistant to weathe1· and soil and must be cut. 
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As matching the cambium is the most important part of a 
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ing. Exposed to air this material loses it elasticity and will fall 
off. Below ground there is no change so the strip must be cut 
after a period or it will girdle the graft union. 

Raffia is used particularly with bench grafts of grapevines. 
This material is very good in that it rots in the soil. However, 
the material must be kept moist prior to planting. If allowed 
to dry it becomes loose and untied. 

Medium to heavy cotton string is frequently used in field 
grafting. When covered with soil this material disintegrates in 
two to three weeks. Irf used in the air then it must be cut. 

There are the various types of tapes that are used for graft­
ing. Cloth nurseryman's tape has adhesive on one side. It is 
commonly used for whip grafting. This item is becoming more 
difficult to find. The cloth tape will deteriorate in the soil. 
Plastic nurseryman's tape is often used now in place of cloth 
tape. It is waterproof and very long lasting. Plastic tape is 
resistant to weathe1· and soil and must be cut. 
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For topworking of fruit trees tl1ere are the common hot 
grafting waxes containing rosin, heeswax, linseed oil and some­
times lampblack in various p1·opo1·tions. For such compounds 
an alcohol lamp or the equivalent is needed in the field to main­
tain the wax in a melted condition. Overheating, or insufficient 
heat are problems encou11te1·ed i11 the field. 

The Gashell Grafting Compound is a type of grafting wax 
that is semi-solid. It is flexible at ordinary temperature and 
does not require heat for application. It is applied over the 
graft by forming with one's hand. It is used in the Pacific 
Northwest where is appears to be very satisfactory. 

Then there are the cold type compounds such as Treseal and 
Treeheal, which have an asphalt base and are applied with a 
brush. These are wate1·-soluble materials, that are good for 
most forms of grafting. Ho,vever, there are two big defects: 
one is the compounds tend to crack, necessitating one or more 
return trips to reapply the material. Second is the fact that the 
material is black and has to be whitewashed in those areas sub­
.iect to hot spells so as to prevent injury to the scion and stock 
from high temperatures. 

Another cold type brush-on material is Farwell's grafting 
compound that is also used in the Pacific Northwest. It is a 
latex type compound that is made in several colors. This com­
pound drives to form a waterproof flexible coating over the 
graft. As the graft grows the coat will also expand with the 
graft and does not need a reapplication as the coat does not 
crack. Being of a light color. yellow or red, it does 11ot absorb 
heat like Tree Seal or Treheal. Some grower have had difficulty 
with this con1pound by ''dro,vning'' the scions from the bleeding 
of the stock due to the impervious nature of the coating. It was 
used this year on grapevines and appeared to be satisfactory. 
Bitdding Mate1·ials 

Rubber budding strips are still the most popular item used 
for trees, grapevines, and many ornamentals. There are a few 
other rubber materials that may be used. One is the Speed 
Easy Patch, which is a small rubber patch having a wire staple 
stuck through one edge. The patch folds over the inserted bud 
and the two sides are fastened together with the wire staple. 
Rapidix budding strip is another type of rubber strip that re­
sembles a modified Band-Aid. The center part of the Rapidix 
patch is placed over the bud. Then the sides are wrapped 
around the branch and tied in front and over the corners of the 
bark thus holding i11 place the bark and bud. 

The above-mentioned cloth and plastic nurseryman's tape is 
also used for budding. 
TJitdding arid G1·afting Knives 

There are many types of budding and grafting knives avail­
able. These are different depending on the size of the stock and 
scions to be worked and whether we are using trees, vines or 
ornamentals. Prices range from low cost fixed-blade knives 



that cost $ .75 to $1.25 to the more elaborate forms of folding 
blade knives that cost $4.50 to $7.50. Some budders prefer to 
make their own knives from an old file. 

Even though knives may be inexpensive they are still satis­
factory if they are made of good steel and will hold an edge. 
Such knives are primarily for instruction purposes or those who 
do little budding or grafting. Propagators who do considerable 
budding generally buy the more ex p e n s i v e European made 
knives that have a folding blade. One of the best characteristics 
of a good budding or grafting knife is a large, round handle. 
One of the best that I have seen is an Italian knife used for chip 
budding and light grafting of grapevines. The Ger1nan knives 
are of excellent quality but the handles are small and more or 
less rectangular. These are more difficult to hold steady, and 
are not comfortable to handle all day. 

Most budding and grafting knives have a curved blade on 
both sides. The better knives, however, can be purchased as 
right or left-handed, being curved on one side and flat on the 
other. 

When knives are sharpened they should be sharpened only 
on one side. This permits a cut to be made below a bud or on a 
grafting stick in which the knife will make a straight cut ob­
liquely through the wood very easily. The knife that is sharp­
ened on both sides requires the angle of the blade to be much 
greater. Thus it is much more difficult to get a smooth flat 
cut with such knives. 

Knives should be sharpened with a medium and then a fine 
grit stone for the initial sharpening. It should be finished with 
a very fine stone that nearly resembles marble or with a leather 
strop. Knives can not be sharpened in three or four minutes. 
This requires a minimum of ten minutes and preferably longer. 
When sharpening a knife it is recommended that the blade be 
moved in one direction, going against the edge of the blade very 
similar to the way in which a wood chisel is sharpened. After 
the blade has been well-sharpened, then it is only a matter of 
touching up the blade at intervals to keep the keen edge. 

Once a good knife is well-sharpened it should be used only 
for grafting and budding, not for general purposes, such as cut­
ting string, paper, or carving wood. When not in use, knives 
having a straight blade should always have a guard placed over 
the blade. This can be made easily by folding a piece of card­
board over the blade and fastening firmly with Scotch tape, 
masking tape, etc. This affords a very inexpensive and quickly­
made shield which will protect the fine edge. 

There are several methods of determining when a knife has 
been properly sharpened. An experienced budder or grafter 
can tell by running his thumb lightly o,,er the edge of the blade 
when it is sharp. Another easy method is to try to shave one's 
amn. Still another method is to see if the knife edge will easily 
cut a thin sheet of paper on edge. 

A good budding or grafting knife given good care and not 
abused will last for years. 
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MODERATOR BRIGGS: Thank you, Curtis, for a most inter-

esting presentation. 
Our next speaker will be Don Sexton, who is a propagato1· 

with the Monrovia Nursery Company, Azusa, California. He 
,vill discuss grafting procedures for certain ornamentals: Don 
Sexton: 

GRAFTING OF SELECTED ORNAMENTALS 
DON SEXTON 

111 o·;i1·o·via Nttrse1·y Conipariy 
Azusa, California 

Many desi1·able ornamental plants are propagated by graft­
ing. This is necessary because of seedling variation and the fact 
that cuttings of ce1·tain plants are difficult to root in high per­
centages under available conditions. In other cases, cutting­
grown plants are very slow or weak-growing. 

Fruit trees and certain shrubs, including junipers, have long 
been propagated commercially by grafting and budding. Fifteen 
or twenty years ago we grafted about 20,000 junipers each year 
at Monrovia Nurse1·y Company. Now we are producing at least 
200,000 grafted plants each year and the amount is still grow­
ing. The demand for grafted junipers has increased, particu­
larly for forms of J. scopulorum, so that we grew 90,000 grafted 
junipe1·s last year. Also, in recent yea1·s, grafting of ornamen­
tal trees has become a common practice. 

Grafted plants, of course, can offer many advantages. 
When the scion and stock are compatible and a good union is 
made, rapid and vigorous growth can be expected, provided the 
stock and 1·oot system we1·e in good condition and this is main­
tained. Un.iformity of the grafted plants depends largely on 
the uniformity of the rootstock, since the scion wood is of a par­
ticular clonal selection. If clonal 1·ootstocks grown from cut­
tings are available, this is best. Otherwise, seed from selected 
plants known to produce uniformly vigorous seedlings should be 
obtained. Clones of ornamental trees may be selected on the 
basis of many different characters. Some of these are habit of 
growth, foliage quality, time and intensity of fall coloring, ab­
sence of undesirable fruit as in Ginlcgo and Fraxinus, cold hardi­
ness, and disease resistance. 

At Monrovia Nursery Company, grafting of ornamentals is 
generally done in tl1e following manner. All of the stock used, 
with the exception of Pyt·us, is in containers. Most plants are 
in four-inch pots moved up from rose pots the previous summer, 
or in gallon cans. Junipers are moved up about August 1st. 

The understock plants, such as Juniperus, are carefully 
cleaned up so that side shoots and stubs are removed and the top 
cut half way back and thinned. Side grafts with a tongue are 
generally made, resulting in more surface for the union to take 
place; the top of the stock ''draws up'' sap and nourishes the 
scion.' The grafts are tied with rubbers and are thoroughly 

278 



• 
MODERATOR BRIGGS: Thank you, Curtis, for a most inter-

esting presentation. 
Our next speaker will be Don Sexton, who is a propagato1· 

with the Monrovia Nursery Company, Azusa, California. He 
,vill discuss grafting procedures for certain ornamentals: Don 
Sexton: 

GRAFTING OF SELECTED ORNAMENTALS 
DON SEXTON 

111 o·;i1·o·via Nttrse1·y Conipariy 
Azusa, California 

Many desi1·able ornamental plants are propagated by graft­
ing. This is necessary because of seedling variation and the fact 
that cuttings of ce1·tain plants are difficult to root in high per­
centages under available conditions. In other cases, cutting­
grown plants are very slow or weak-growing. 

Fruit trees and certain shrubs, including junipers, have long 
been propagated commercially by grafting and budding. Fifteen 
or twenty years ago we grafted about 20,000 junipers each year 
at Monrovia Nurse1·y Company. Now we are producing at least 
200,000 grafted plants each year and the amount is still grow­
ing. The demand for grafted junipers has increased, particu­
larly for forms of J. scopulorum, so that we grew 90,000 grafted 
junipe1·s last year. Also, in recent yea1·s, grafting of ornamen­
tal trees has become a common practice. 

Grafted plants, of course, can offer many advantages. 
When the scion and stock are compatible and a good union is 
made, rapid and vigorous growth can be expected, provided the 
stock and 1·oot system we1·e in good condition and this is main­
tained. Un.iformity of the grafted plants depends largely on 
the uniformity of the rootstock, since the scion wood is of a par­
ticular clonal selection. If clonal 1·ootstocks grown from cut­
tings are available, this is best. Otherwise, seed from selected 
plants known to produce uniformly vigorous seedlings should be 
obtained. Clones of ornamental trees may be selected on the 
basis of many different characters. Some of these are habit of 
growth, foliage quality, time and intensity of fall coloring, ab­
sence of undesirable fruit as in Ginlcgo and Fraxinus, cold hardi­
ness, and disease resistance. 

At Monrovia Nursery Company, grafting of ornamentals is 
generally done in tl1e following manner. All of the stock used, 
with the exception of Pyt·us, is in containers. Most plants are 
in four-inch pots moved up from rose pots the previous summer, 
or in gallon cans. Junipers are moved up about August 1st. 

The understock plants, such as Juniperus, are carefully 
cleaned up so that side shoots and stubs are removed and the top 
cut half way back and thinned. Side grafts with a tongue are 
generally made, resulting in more surface for the union to take 
place; the top of the stock ''draws up'' sap and nourishes the 
scion.' The grafts are tied with rubbers and are thoroughly 

278 



~ 
<C 

~pec1es 

ORNAMENTALS GRAFTED AT MONROVIA NURSERY COMPANY 

Rootstock Grafting 
Metl1od 

Time Grafted Remark~ 

--------------------------------:-----:::----::-------:--:----------
Side graft · .1ce1 /Ja/11111tun1 

A za/ea 1/1. 
C.i111el/1a !.fJ. 
Ced111s atla11t1ca 

Ct tr11s sp 

Same 
Same 

Jan. before sap flO\\'~ 
April-1\fay, or fall 
Febr11ary 

Leave outside 

C11pres,u1 r1r1z1Jn1ca 

Er1obot1 ya def/ex11 
Eriobotryc, japon1cr1 
F,a,,:11111s 11l1dr1 

(~111kgo b1/oba 

Heder<1 he/1,,: 

}11n1per111 sp. 

Liq111dambar for111osa11a 
L1qu1d,,1nbar sty, ac1flua 
Lonzcera /11/1/cbrandiana 

Magnolia gra11diflor,1 
Per;ect a111er1cana 

Pl1ot1111a arbut1fc1/1a 
111acroc11rpJ 

Py, 11s calleryanr1 

P)'' us kawak11111i 

IV11te11c1 f/or1/1u11r/11 

C. 7apon IC/l 

C. dedara 

Ro11gh Lemo11 
Trifol1ate Orange 
Same 
E. jopon1rr1 

Same 
Same 

Same 
Fat1/1edera l1ze1 

}. v1rg1niana 
}. chinens11 l1Ftz1 g/1111ra 
L. styrac1fl11a 

Same 
L. japon1ra /1r1[/1r11111 

Same 
Same 

P. ,er111/r1lr1 nrJVtl 
P con1n1un1s 

P. rom111un1; 

Same 

\Vh1p graft 
WJ1ip graft 
Side graft 
'f-b11cl 

Side graft 
Side graft 
Side graft 
Whl)l grdft 
'f-b11d 
Whip graft 
Cleft g1 aft 
Side graft 

T-b11cl 
'f .)>lid 
Whip graft 
Side graft 
Side graft 
T-b11cl 

Side g1·af t 
Whip graft 

(Bench graft) 
Whip graft 

(Bench graft) 
Whip graft 

December 
Spring 

Winter 
Dec. - January 
Dec . Ja1111ar'I' 
Until April 

Jan.• Februar} 
Anytime 
Nov. 15 - Jan. 15 

J11Iy 
J 11ly 
October 
Late December 
J11ne 

Febr11ary 
Jan11ary 

January 

February 

Tied ,v1th tl1read, not waxecl 

\Vhile dccid11011~ 
Use firm scion ,,·o,,d 

Bare rootstock 

Bare rootstock 

As b11ds start t,, s,,·ell 
-



waxed. 011ly the cut a1·eas of the stock are waxed in junipers 
and azaleas. The11 the pots are plt1nged at an angle into a bench 
having t,vo inches of moist peat moss over wrapping paper. 
Ca11ned pla11ts a1·e set upright. After being watered in and 
dusted with a ft111gicide, a layer of plastic is fastened to a frame 
over the bench. Afte1· t,vo weeks the plastic is raised for air­
ing two hou1·s, three days a week. The plants are watered only 
,vhen necessa1•~r. A fte1· a month or five wee,ks, the plants a1·e 
taken out as they become 1·ead~r. Two weeks later the tops of 
the stock a1·e completely cut off and the cuts waxed. The plants 
1·emain in the g1·eenhouse another week ,vhen they are taken to 
the lath house and canned up after two weeks or more. During 
the fi1·st few ,veeks after the grafts are r e m o v e d from the 
benches they are sprayed with water twice a day if the weather 
is overcast or cool and at least fou1· times if it is warm and 
sunny. 

MODERATOR BRIGGS: Thanks very much, Don. Due to a 
lack of time now, David G1·aves' talk on grafting of walnuts will 
be delayed until the evening session. We will now board the 
busses fo1· the field trip to Sunnyside Nursery, Hayward, the 
California - Florida Plant Corporation, Fremont, and the Four 
Winds Nursery, Fremont. Our first stop, however, will be for 
lunch at the International Kitchen at F1·emont. Thank you. 
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THURSDAY EVENING SESSION 
' 

October 21, 1965 

The Thursday evening session convened at 8 :00 P.M. with 
President Robert Boddy presiding. 

PRESIDENT BODDY: At this time I will call on Bill Curtis, 
the chairman of the Nominating Committee, for the report of 
his committee. Bill Curtis ! 

BILL CURTIS : Here are the results of the nominating com­
mittee: for President, Howard Brown; for Vice-President, Hen­
ry Ishida; for Executive Board Member from the North to re­
place Bruce Briggs, whose term expires, Dr. Ticknor. He will 
be nominated for a two-year te1·1n. For the Executive Board 
Member to replace Phil Barker, whose two-year ter1n expires, 
Dr. Andy I..eiser. Now if you decide to elect ~enry Ishida as 
Vice-President, we will need a replacement for Hank for one 
year on the Executive Board and we nominate Dave Arr11strong. 

PRESIDENT BODDY: Thank you, Bill. The election for 
these off ice rs will be held at our Business Session tomorrow 
afternoon. At that time we will also receive nominations from 
the floor for these same offices. Now I will return the meeting 
to our Program Chai1·rr1an, Howard Brown. 

PROGRAM CHAIRMAN BROWN: Thank you, Bob. I think 
the order of business this evening will involve first, letting our 
speaker who was scheduled this morning and was willing to 
speak later because of the shortness of time, present his paper 
now. So in order to do that, I would like to call our morning 
Moderator, Bruce Briggs, to make the introduction. Bruce! 

MODERATOR BRIGGS: Thank you very much, Howard. We 
are very glad to have Dave Graves with us. Dave is here from 
Stuke's Nursery, which is some few miles north of Yuba City, 
California. For many years they have been engaged in graft­
ing of walnuts; this is a particular field which, to me, has al­
ways been a difficult one. I am very glad to see him on the 
program. Dave! 

GRAFTING OF WALNUTS 
DAVID L. GRAVES 

Stuke Nursery Company, Inc. 
Gridley, California 

IIJl my talk the emphasis will be on our commercial method 
of grafting walnuts by use of the whip, or tongue, graft. Suc­
cess with this method of grafting is dependent on a number of 
factors, all of which must be coordinated. They are: -

( 1) Healthy seedlings of sufficient size. 
(2) Preparation of seedlings prior to grafting. 
(3) Good graft wood. 
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( 4) Proper tools and materials. 
(5) Prope1· time for the grafting. 
(6) A good .iob of the actual grafting, and 
(7) Careful follow-up. 

I shall later use some slides to show in more detail the above 
operations and the results obtained. 

It is someti1nes necessary to mention brand names in orde1· 
to describe as completely as possible the tools and grafting tech­
niques. Ho\vever, we are not endorsing or recommending any 
particular brands as we recognize many others are comparable 
in quality and as satisfactory as those we use. 

The seedlings that we graft in our nursery field are one 
year old trees. Under proper care these seedlings will have 
reached a height of 4 to 7 feet and have a caliper of 1/2 to one 
inch. A spacing of about 9 inches apart in the rows gives ade­
quate room for satisfactory growth. 

We start preparing the seedlings for grafting before they 
have stopped growing in the fall. In early September the lower 
branches are trimmed off to a height of 8 to 10 inches above the 
ground. A week or tv.10 later this is repeated and all side branch­
es for an additional 8 to 10 inches are removed. Thus we have 
seedlings that are free of any side growth on the lower 16 to 18 
inches of the trunk. Trimming is done in two .'!tages so there 
will be little or no shock to the seedlings and they will continue 
their no1·mal growth. This trimming operation is necessary, 
other\vise these lov.,er branches would be in the way of the graft­
ers when the grafting is performed in the spring. It could be 
done during or at the end of the dormant season, but we prefer 
to do it earlier so the cuts will have begun to heal. 

The graftwood is cut from selected orchards during Janu­
ary and February when the walnut trees are dormant. Wood 
which grew the previous seaso11 is taken and only the basal por­
tion of the shoot, \Vhich usually comprises about one half of the 
shoot, is used. This part is more matu1·e with a greater density 
to the wood. The other half, 01· terminal portion, of the wood 
is discarded because it is pithv and soft and not desirable for 
use as graftwood. The wood is carefully selected and stored in 
2 by 2 by 4 foot boxes \vith moist peat moss or cedar shingletow 
distributed throughout, keeping the wood from drying and at 
the same time not over-saturating or causing sogginess. 

The prepared wood is placed in refrigeration at a main­
tained temperature of 33° to 35° F. which holds it in a dormant 
state until the time it is used. The range of storage tempe1·a­
tures for holding graftwood a long period of time is quite nar­
row, and the above temperature has been found to be the most 
satisfactory. A temperature above 37° F. for any length of 
time has been observed to cause the buds to swell, the bark to 
slip, callus formatio11 to start on the cut ends and to weaken the 
wood. Freezing temperatures are likely to dehydrate the woocl 
in addition to damaging the tissues of the cambium layer. Dur­
ing the grafting season only enough wood is brought out of stor-
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age for each days grafting, and any not used during the day is 
put back in storage for the night. 

The most important tool the grafter uses is his knife. It 
must fit his hand comfortably for it will be used 8 to 10 hours a 
day during the grafting season. The blade must .be of high 
quality steel that will hold an edge well, and be of sufficient 
thickness so it will not bend when the sloping cuts are made on 
the rootstock and scion. The blade must be flat steel, not hol­
low ground, so it will be easier to make a smooth straight cut. 
Our grafters prefer a No. 8 Case knife which is a heavy duty 
grafting knife that has a 21/2 inch blade and a fixed handle. A 
Corona No. 80 hand shear is usually used for cutting off the 
seedlings and cutting the graftwood into scions. Larger two­
handle pruners are used to top off seedlings too big for the hand 
shears to cut. Whetstones and a leather strop are needed to 
keep the tools razor sharp and are used frequently during the 
day. For field use, this equipment is kept in individual wooden 
boxes about 2 feet long, 10 inches wide and 12 inches high. The 
box is constructed to provide shade for the scions so they won't 
dry out before being used. Only one-third of the box is used 
for the tools, the balance being for the storage of about a one­
hour supply of scions of all calipers to fit the different sized 
seedlings. These scions have been cut about 5 to 6 inches long 
and usually have two nodes with two buds at each node. 

About the first of March, the seedlings are cut off 16 to 18 
inches above the ground. They are cut off 10 to 14 days before 
grafting starts thus giving the sap' a chance to flow and ''dry 
up'' the seedlings. Experience has shown that a much higher 
percentage of the grafts ''take'' if this is done. The time for 
topping the seedlings varies each year. A cold wet spring slows 
the start of growth and the topping is delayed until it is time 
for them to start growing. Conversely, a warm dry spring en­
courages early growth and per·1nits starting several days earlier 
than usual. If there are cold or frosty nights or a day or two 
of steady north winds after the grafting has started, there is a 
tendency for the sap to start flowing and the grafting must then 
be stopped until the seedlings are again dry. 

When the grafter is ready to begin, the hand shears are used 
to re-cut the seedling. Only an inch or two is cut off - just 
enough to remove the dry surface that fo1·med on the cut after 
it was topped some 10 days earlier. A smooth straight upward 
draw is made with the grafting knife and repeated several times 
until the desired slope is obtained. The knife is then placed in 
about the middle and across the face of this slope, and a cut is 
made straight do'\\1n into the seedling about l/4 to ¼ inch deep. 
This is done so the corresponding cut made on the scion will in­
terlock when it is placed, or slid, into the understock. A scion 
the sa:rne diameter or slightly smaller than the rootstock is cho­
sen from the box and a sloping cut is first made to match the 
face on the rootstock. The next cut on the scion is made by 
placing the knife across the slope cut, parallel with the grain of 
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the ,vood, a11cl abot1t ~ : ot· the dista11ce f1·om the toe e11d. It also 
i8 ahout 1/~ to ·y8 i11ch cleep. ThiR ft11·niRhe8 the tongt1e which 
\Viii inte1·lock intc, lhe same incisio11 in the 1·ootstock. The scion 
is then slid onto the face of the rootstock with the two split 
pa1·ts, or tongties, ,vedgi11g tightly into each othe1·. The top of 
the scio11 is the11 lightly tapped ,vith the k11ife to be stire the 
cambitim layers match at the toe, 01· base, of the union and 011 
at least one side. 'fhe g1·after next makes two 01· three cuts on 
the seedling close to the grot111d. These cuts are made just 
th1·ot1gh the cambium layer a11d allo\\' the sap to escape should 
it start flo,vi11g agai11 befo1·e the g1·aft has take11 hold a11cl started 
t<l gro,v. 

A cloth cellt1lose tape. simila1· to ,vhite adhesive tape, is 
11ext c~11·efull.)' ,v,·appecl a1·ot111cl the t1nio11 to hold the scion 
tightly against the 1·ootstock a11d to make it airtight. The tape 
is :;11 i11ch wicle a11ct cor11es in 1·0Ils 60 ya1·ds long. Tree Seal, an 
asphalt compot111d clesigned fo1· coveri11g wou11ds and cuts, is the11 
l1rt1shed all over the tape a11<l 011 top of the scio11 to keep it from 
cl1·ying and to elin1i11ate any e1·1·01·s in tapi11g. It is used cold 
ancl when dry is ,,,ate1·p1·oof. 

About an hot11· later, whe11 the Tree Seal has d1·ied, white 
,vash is carefully SJ)t·ayed or brt1shed on so it completely covers 
the rootstock ancl scio11. 'fhis also prevents d1·yi11g and helps 
elimi11ate possible st1nbu1·n. 

B.)' follo,ving the abo,,e p1·ocedures there is llct1ally bette1· 
tha11 a 90 ';r ''take'' the fi1·st time over the block of seedlings. 
Any misses a1·e re-g1·afted 3 or 4 weeks later and eventt1ally the 
block winds up with bette1· than a 95 7,, to 98 o/<, stand of grafts. 

The careful follo,v-up that is 11ecessary for success in graft­
i11g takes place in the ,veeks immediatelv following the actual 
grafting process. This i11cludes st1ch items as stickering the 
seedlin.<~s to fo1·ce out the scion buds. selection of the best grow­
ing bud, and cutting of the tape. Ho,vever. these are primaril.)' 
problems connected with the g1·owi11g of the yot111g walnut trees 
a11d ,viii 11ot be cove1·ed he1·e. 

PROGRAM CHAIRMAN BROWN: Thank you. Well, the sched­
ule calls right now for h,1ving a discussion of today's field trip. 
All of you received ca1·ds on which you cot1ld write down ques­
tions. These cards have been collected, I· believe, and turned 
over to the Mode1·ator. I ,vould like to ask the representatives 
from the companies we visited today if they would come forward 
please and join us here on the panel. I would also like to in­
trodt1ce the Panel l',1oderator. Certainly he needs no introduc­
tions because of the fi11e .iob that he did in organizing and con­
ducting the Tour today. Mr. Byrne is a graduate of UCLA in 
Flo1·iculture and Soils. He is responsible for the florict1ltt1re 
11ursery prodtiction work in Alameda County where, he has 
served as Farm Advisor in the Agricultural Extension Service 
for the past six years. Mr. Thomas G. Byrne -

MODERATOR BYRNE: I would like to int1·oduce the pa11el 
men1lie1·s to11ight: 1\ifargaret Fleming, Proclt1cti<i11 Manage1· <>f 



California - Florida Plant Corpora'cion, Fremont; lVIr. Deiter 
Luck, Sunnyside Nurseries, Hayward; and Mr. Don Dillon and 
Mr. Fred Real from the Four Winds Nursery at Fremont, Calif. 

First of all, Margaret, you mentioned earlier today that 
your orga.nization ,vas anticipating getting more into breeding 
and selection of chrysanthemums in the future. In general, 
what is the type of problem that you're facing? What do grow­
ers want? The people that you're growing for - do you know 
what they want? Can you give them what you think they want? 

MARGARET FLEMING: My impression is that in the florist 
industry - since the war - the price received by growers for 
their products is hardly any different than it was twenty years 
ago. The costs of production must have increased at least 300 % . 
The only reason any of us have been able to stay in busine,ss is 
increased productivity, efficiency, etc. It's the job of the propa­
gator to help the grower increase productivity, to improve varie­
ties, to help with breeding, and with selection to produce varie­
ties which will be uniform so that there will be hardly any dump­
age. Varieties must be vigorous so that growing time will be 
reduced. A few years ago there were no decent white pot 
chrysanthemums. Breeders realized this, and started working 
on white pot plants. I'll bet there are fifteen of them now. 
Selection is exceptionally important. I think fifteen of the va­
rieties which are among the top fifty in chrysanthemums now 
have been in the trade since 1920. These varieties have been 
selected and reselected to the point where the originator would 
hardly recognize them. Selection is toward size because grow­
ers are paid by the inch on the standard. You get more for 8 
inches than for 7. We select toward vigor. If growers can 
produce in 14 weeks what took 15 weeks two years ago, they 
have saved one week of growing time, and in a short time can 
have another crop. This is very important. The schedules 
which are followed now are totally different than what they used 
to be, not only because of varieties but because of improvements 
in cultural practices. Just recently, working with a grower in 
St. Louis, he gave us a schedule he followed for March flower­
ing. He finished some Indianapolis varieties, and some pompom 
varieties in 13½ weeks. When we first started supplying him 
4 years ago, he required around 16 weeks for the same crop. He 
improved his culture. We improved our varieties. We both 
learned something. "'vVe deliver him a certain type of cutting 
which he prefers; it is a big, husky plant with tremendous roots 
by comparison with what used to be considered a good cutting. 
Then he never lets them rest. He plants them and nurses them 
right up to the finish and sells them well. He, therefore, oper­
ates at a profit in spite of increasing costs without compensat­
ing increase in returns. In breeding we wish to fill needs; there 
are no pink standards. We tried hard to supply pink standards 
but we still have no pink standards. We had a feeling that pot 
plant growers needed more varieties so we concentrated on pot 
plant varieties and did much better there. There's still room 
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for improvement but some of the varieties which you saw at 
Sunnyside this afternoon and some of the varieties on the floor 
are new to the trade within the past 12 months - not more than 
3 years old with us - and there are many more coming. Pot 
plant growers like new varieties, and they can sell more pot 
plants because theJ· have them. Cut flower growers are per­
fectly satisfied wit,h Indianapolis, Albatross, and Good News; 
the variety ,vould have, to be .iust fabulous to knock these off the 
list. I ,von't say that such a variety might not come someday, 
but it won't be in the near future. 

MODERATOR BYRNE: Thank you, Margaret. Deiter Luck, 
I would like to ask you about growth retardants. Deiter has 
been using g1·owth retardants for some time on pot chrysanthe­
mums. 1 would like to ask him what his program is and how 
he gets the right amount applied to 80 different varieties. I as­
su·me they all don't take the same amount. l\'Iaybe they do. 
Would you elaborate on this a bit? 

MR. DIETER I,UCK: To answe1· Tom's last question first, 
do 80 different varieties take the same amount of B-9 (B-995). 
Yes, they do. When B-9 became first available on an experi­
mental basis, we started ou1· ,vork. We used many different 
concentrations, starting with 0.05 % up to 1.00 % . We found 
that the majority of varieties respond quite well to 0.25 % al­
though there are certain varieties that respond to 0.15 % and 
others, like ''spiders'', would do much better at 0.30 % or 0.35 % . 

B-995 is no magic chemical, but it can really help to im­
prove chrysanthemums, especially in quality. You can use it as 
an eme1·gency stop. If the crop gets away because the plants 
a1·e crowded, or light conditions are poo1·, you can apply B-9 and 
it will stop the growth whe1·eve1· it is. There is really no danger 
in using it. I have used high concentrations 1·ight up to the 
stage where the buds a1·e showing color and I have never seen 
any in.iury with ·s-9. That is, without adding any additional 
wetting agent. If you do add wetting agents, then you may get 
some slight burns, but not without them. We a1·e using B-9 as 
part of our growing progra.m, .i ust like we use fertilizer or in­
secticides. We take advantage of g1·owing conditions which we 
could not do if we did not have B-9. Instead of delaying pinch­
ing in order to hold our pot plants to a decent height, we give 
them three or four extra days of light in order to get better foli­
age. We get deeper flowe1·s, larger flowers, and even better 
color. Then in order to offset the height we gain by lighting 
them for three or four days extra, we use the B-9. I think every­
body has his own recipe for how much or when to apply it. For 
tts it wo1·ks fine about three weeks after pinching. You have to 
have at least two inches of ne,v growth. The ''break'' should be 
about t,vo i11ches. If you apply it too ea1·ly, then the plants 
gro,v out of it .iust before they'1·e saleable, and then you might 
get 1·eal weak ''necks''. Certain spide1· varieties create a bit of 
a problem because they have long necks or soft necks; you can 
spray them with B-9 just about dis-budding time, and eliminate 
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the necks and get rather decent pot plants. We have grown 
fairly nice pot plants out of standard pot mums like Iceberg, 
which I have seen five or six feet tall. Makes a nice pot plant 
if you want to do it; so I think it has a place. It doesn't grow 
your crop for ~•ou, but it v:ill certainly help to improve quality; 
with so many varieties, we would not be able to produce them so 
uniformly as ,ve are able to do ,vith B-9. That is what I have 
to say on B-9. The1·e are othe1· growth retardants; Cycocel is 
t1sed on poinsettias; I know some people a1·e still using phosphon 
on mums but I thi11k B-9 is much easier to apply. It certainly 
works well fo1· us. The cost is not excessive. The material will 
run between 2c and 21/2c per pot. You almost have to use power 
spray if you want to treat 2000 01· 2500 pots a week, but with low 
pressure and fairly small nozzles, where you can direct your 
spray into individual pots, it will run about 2c per pot, plus the 
labor - depending on how much you pay your personnel. If 
you figu1·e $3.00 an hour, it costs 3/ic per pot using a power 
sprayer; it is one of the easiest materials to apply and I think it 
is almost foolproof. 

MODERATOR BYRNE: Thank you, Deit2r. Now the last 
question I have is kind of a perennial one; in Alameda County's 
nurseries-the ones with v,,hom I deal1-container-g1·own plants, 
in general, are grown in a medium that has some dirt in it. and I 
am from the school - the dirt school I guess you would say -
where I studied under Dr. Ray Lunt, and some of this rubbed 
off - where you grow good plants if you have some dirt in the 
soil. So, Fred, I ,vould like to ask you why you ai·e the only one 
in our county using an artifical soil mix. What advantages does 
it have for you? 

MR. FRED REAL: After coming from southern California, 
and using the soil there, to northern California, we found the 
soil here even wo1·se than that we had down there. With the Soil 
and Plant Laboratory people working with us, we· decided to go 
into the UC mix. We were supposed to use peat moss but the 
financial condition of the nursery at that time was such that 
we could not afford peat moss, so we decided to use sawdust and 
everybody thought we were crazy. But now I find that we can 
hardly get sawdust ourselves anymore because some nurseries 
are getting it from us. We are real satisfied ,vith the UC mix. 
There were times when ,ve wondered, but we have finally got 
some dirt into it. At one time we were getting too much saw­
dust into it and the water was going thot1gh it pretty rapidly 
and we couldn't really get the mixture the way we wanted, but 
I think we are now where we really have it at its best, at least 
the way we like it. Also the cans are lighte1·; with the soil mix 
we have, we find it holds moisture quite well 'in ou1· operation. 
We do not wate1· our plants outside but 011ce a week and we wa­
ter every can by hose. Personally I like the soil mix and I can't 
see why a lot of nursery plant materials would not do well in it. 
I think that redwood sawdust may not be satisfactory for some 
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nursery materials or flower plants on account of toxicity, but 
otherwise I think it is fine. 

MODERATOR BYRNE: Thank you, Fred. At this time we 
will open the discussion to questions from the floor. 

MR. RALPH PINKUS: I want to know the soil mixture you 
are using with the redwood sawdust. What percentage is red­
wood and what is the percentage of other materials? 

MR. DON DILLON: As close and as accurate as you can get 
with a skip loader in a transit mix, our mixture is composed, 
roughly speaking, of ::21;1 redwood sawdust and 11;1 sand. Sand is 
a great big wide ,vorld of wonder, and we have gone all the way 
from white sand, Kaiser sand that is white as snow - beautiful, 
not a thing in it, and we know it, to the by-products from the 
gravel quarries for the silt and the real fine sand accumulates. 
Where this can be obtained in some uniformity, we find this is 
very good. At the present time we are using a similar material 
unwashed as it comes from about 25 or 30 feet down, a mixture 
of very fine particle sand with a slight amount of clay or silt in 
it. To this is added the usual ingredients of the UC mix, calci­
um, dolomite lime, blood meal, superphosphate, and so on. I 
think one of the reasons why we use it is the fact that we do have 
some control over "\\'hat is in it. It is uniform. It may be uni­
formly bad in the opinion of some people; we think it is uni­
formly good, but it is uniform. It is the same as we can make 
it from one batch to the next and this is its great quality. I 
think in everything we do in the nursery business, we should 
try to standardize, to get into known quantities, whether root­
stocks, scions, or soil mixes or amounts of fertilizers. When this 
man starts talking to me about percentage of 1.0 % of B-9, we 
are talking about known quantities. The soil mixes fit into the 
same category. 

MODERATOR BYRNE: I have another question that ties into 
this as redwood sawdust becomes less available, and it is be­
coming so; more of it is going into landscaping purposes. Ap­
parently it is just not much available in the southern part of the 
state. What thought have you given to using other types of 
sawdust? There is a vast quantity of sawdust of other species 
available in the state. ~i\.pparently other types or species are 
being used in the Northwest and other areas. 

MR. DON DILLON: We have not given much consideration 
to other materials. We have been holding our breath and hang­
ing on with the redwood as long as it will last. I understand 
studies are being made, tests of many other materials, and it 
seems from what I have heard - I have not read any of this 
material - most of the wood by-p1·oducts, after a period of time, 
come into a certain common denominator. They react at about 
the same rate. They decompose at the same 1·ate. We have 
held to 1·edwood by the virtue of the fact that there is very little 
shrinkage. There is very little decomposition and very little 
nitrogen demand, but as far as finding another material, we 



haven't investigated this. Up until just a short time ago, Tom, 
you mentioned we are the only ones using this material, but I 
have been supplying sawdust to six other nurseries in our im­
mediate area. 

MODERATOR BYRNE: Do we have another question from the 
floor? Yes, Sir -

MR. BRUCE BRIGGS: Mr. Luck mentioned that if he used a 
wetting agent with B-9 he had burning. If he used B-9 plus the 
wetting agent could he dilute the B-9 and get the same results? 

MR. DIETER I ,UCK: I have never tried to do this; I was 
using various concentrations of B-9 but I did not see any dif­
ferences in effect by using wetting agents vs. just plain B-9. 
The reason I used wetting agents was that there are certain va­
rieties that just don't seem to take the material easily. You can 
see it. The leaves are waxy and they just don't want to accept 
it, but after getting :come burning, I have gone back to using just 
straight B-9. It wo1·ks quite satisfactorily. 

MR. PETER LI<~RT: I might add to that question. The origi­
nal B-9 material, the experi,mental material, contained no wetting 
agents and so had to have them added. At that time I ran rather 
extensive tests - all pointing up basically what Dieter has said. 
Added wetting agent is not a good substitute for concentration. 
If you increased the wetting agent enough, you induced injury. 

MODERATOR BYRNE: I· do not know if you noticed out at 
Cal-Florida that the girls were dipping the chrysanthemum cut­
tings in rooting hormones. \Vhy would they do this on mums? 
I can stick these things in a glass of sand or water at home and 
they root very fast. 

MARGARET FLEMING: Chrysanthemums root very well 
without rooting hormone of any kind. In years past we used to 
use it on some varieties and not on others, but that is one more 
classification. \Ve have dozens of other breakdowns, so why 
save a couple of dollars on rooting compound and have people 
work separating all these out. Really, now that we know the 
difference we woulfl still use it, regardless. It gives more roots 
over a bigger area and more uniform rooting. If we don't use 
rooting compound, or if (other people have quality control prob­
lems, too) by chance, the mixtu1·e is not too good, or they forget 
to put in the IBA, then ,ve get roots only from the bottom of the 
cutting in about th1·ee 1·ows and this is not very satisfactory. 
As a matter of fact, about th1·ee weeks ago we delivered a whole 
week's produc'Lion of cuttings with 1·oots only at the very butt 
of the cutting. We had a new batch of rooting compound and 
it did not take long to find out that something was wrong with 
it. With. hormone, the cutting stands up better, takes hold 
faster, a11d we thi11k it is m11ch better than one with .iust a cou­
ple of skin11y 1·oots co111ing 0111· of the base. 

MR. ALBERT NEWCOMB: Do you know how deep the soil is 
sterilized by the stean1 rake t1·eatment? 

MARGARET !<,LEMING: Deeper than we used to think be­
cause now they tell us that 140° F. is enough. We used to be 



told that 180° F. was necessary; we think that we are steriliz­
ing to 180° F. in the top several inches and then to 160° F. 
some more inches do,vn and then to 140° F. some more inches, 
the total of which is about 14 inches; it depends upon the soil 
preparation. We rotovate. \Ve sub-soil once a year. We have 
to have a certain moisture content. All of these are factors. 
Steam pressure is no factor, whatsoever, because we have too 
much. It has to be cut do,vn. With the chrysanthemum, a 
shallow rooted crop, and a very fast crop, it has proven to be 
adequate even though there are still people who still doubt it. 
If you have verticillium wilt, as I said this afternoon. on old 
tomato ground, you must sterilize your soil-. 

MR. CURTIS ALLEY: Why are plastic pots not used mo1·e 
than they are? 

MR. DIETER LUCK: We have to serve two markets with 
our chrysanthemums - super markets and retail stores. Re­
tail stores prefer clay pots. · Super markets, they don't care. 
They take plastic pots or clay pots because the clay pots are 
covered with foil and they can't see the pot; they will accept 
the plastic pot and use it without the foil because it usually 
stays cleaner than a clay pot. We do use plastic pots in sizes 
smaller than four inch because they are much easier to care for 
since they do not take so much watering. They hold a little 
more soil and are easier to care for, but again it would make 
things more difficult to plant some of each variety in clay pots 
and some in plastic pots; that is the main reason why we are 
using clay pots. Otherwise, we have grown just about every 
crop in plastic pots and they do quite well. I would say just 
as well as in clay pots if you treat them accordingly - but one 
of the main reasons is to si·mplify things. 

PROGRAM CIIAIRMAN How ARD BROWN: We would like to 
take this opportunity to show our appreciation to the hosts of 
today's Tour. We have plaques here that we would like to pre­
sent to each of these representatives for letting us visit their 
fine operations and for taking all the time to show us through 
and answer our questions - Don Dillon, Sho Yoshida, and 
Margaret Fleming. 

We will now have a second panel of the evening to answer 
questions on this morning's talks. Bruce Briggs will moder­
ate. 

MODERATOR BRIGGS: Our panel will consist of the morn­
ing speakers: Dr. Dale Kester, Dr. 0. A. Batcheller, Dr. Curtis 
Alley, Mr. Don Sexton and Mr. David Graves. To start, we 
have a question submitted to the panel. The question is: Over 
in Europe, in the Mediterranean area, I understand the general 
practice in T-budding is to remove the wood from the shield. 
Is there any advantage to this and, if so, elaborate. Would 
you answer this ,Jolly Batcheller? 

DR. 0. A. BATCHELLER: Well, this is sometimes called a 
June or ''flip'' bud here in the United States. We cut in rather 
deeply in our initial cut underneath the bud. The second cut 
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above the bud goes merely through the phloem tissue and then 
you take your finger or thurrib nail and merely peel off the 
phloem tissue and that part of the cambium that adheres to it. 
J;t was one time thought that in June budding early, removing 
the xylem, you get a closer contact of the cambium layers. The 
buds would heal faster and grow faster. The time involved 
makes it expe11sive and difficult to do and, if the bark is not 
slipping, it is nearly impossible because you have nothing to 
push to give your buds strength in order to insert it. I do not 
believe there are any great advantages to it here in California 
or where we have good gro,ving weather and the bark slips 
rather quickly. 

MODERATOR BRIGGS: Thank you. Is there anyone in the 
audience who would like to add to this? 

MR. I,LOYD JOLEY: There was considerable work reported 
in England some time back, probably in the 1920's or 1930's, in 
which they found no difference in removing the wood from the 
bud vs. the wood left in the bud. Professor Bradford, working 
at East Lansing, Michigan, did considerable work along that 
line at one time. He never published on it, I believe; but he 
found no difference. At Chico, California, I have tried bud­
ding Pistachia, both with wood removed from the buds, and 
wood in the bud and it made no diffe·rence. 

MR. WILLIAM CURTIS: In the n o r th w e s t we use de­
wooded buds when we want to get started earlier. The wood 
is soft. The buds are a little bit soft, not quite matured enough. 
Sometimes you can get started a few days earlier in your bud­
ding. We found that it works very well with flowering cher­
ries, where it is sometimes difficult to get a good stand with 
ordinary budding. 

MODERATOR BRIGGS: Dale Keste1·. In double budding, do 
you permit the interstock bud to leaf out? 

DR. DALE KESTER: The interstock is a small piece of 
wood, or a thin slice, a quarte1· of an inch thick, at the most, 
with no bud on it. The bud is removed to make a budless 
shield. 

MODERATOR BRIGGS: Thank you. Curtis Alley, should 
the string for budding be waxed? 

DR. CUR1.'IS A4LEY: I have not used wax st1·ing in the 
budding I have done. If you use a wax st1·ing and cover it with 
soil, I believe you'1·e going to be in trouble because it will not 
rot out. If you uRe wax st1·ing and leave it above ground in 
the air, you will have to cut it. However, I am sure wax 
string would make the particular seal much more waterproof. 

MODERATOR BRIGGS: Don Sexton, what time of the yea1· 
do yott graft M rt gnolia. g1·a11dif lo1·a? 

MR. DON SEXTON: At l\'Ion1·ovia Nu1·se1·y i11 southe1·11 
(.'.alifo1·11ia, ,,,e graft llfcig1iolia g1·a1icliflo1·a, I believe, i11 Ja11u­
ary and February; this is the best time and, of cou1·se, it takes 
a while to heal in and to develop. Some te11d to be a little slo,v. 
They don't all come on quite as rapidly as we would like them. 
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When the scionwood is reasonably dormant is the time we do it. 
MODERATOR BRIGGS : Do you do any budding as well as 

grafting on Magnolia grandiflora? 
MR. DON SEXTON: No, we are not doing any budding on 

these at all at the present time. The understock is t1sually 
reasonably la.1·ge and by selecting, just as with walnuts, the 
scions for size to match the understock, we can g1·aft both 
rather large and small understocks. 

MODERATOR BRIGGS: Don Dillon, have you tried in your 
work to check the amount of foliage you have to keep on your 
cuttings under mist. 

MR. DON DILLON : ~.\.s I mentioned this afternoon, on our 
citrus we intend to retain all leaves. The wood that we use is 
not soft wood or very recent growth. It is pretty well harden­
ed off. We do try to retain all the leaves wherever possible. 
As far as any experiments to see how it works with and with­
out, we have done this against our ,vill, so to speak. Some­
times when the mist goes haywire, we lose the leaves and we 
know that we don't make any money doing it. The plants just 
don't root properly, the grafts don't heal properly, and we have 
them headed for the dump pile. 

DR. DALE KESTER: In rooting cuttings of the type that 
Don is doing, he is rooting them and grafting at the same time. 
If he removed the leaves, as he said, he would just completely 
inhibit root initiation. 

MR. LLOYD JOLEY: In the case of double working apples, 
you will get better increase in the diameter of the interstock if 
you take the leaves all off. That has been done in work at 
Michigan. 

MR. ALBERT NEWCOMB: Dr. Ford, in Florida, carried out 
an experiment where bare-rooted citrus trees, on which they 
left a large number of leaves, were found to be likely to wilt 
and not grow- well. If they took all the leaves off, the trees did 
not transplant well; but if they left on a moderate number of 
leaves, the plant grew the best. These were rooted, budded, 
bareroot trees ready to set in an orchard. It was a rather com­
plete experiment; we followed this program ourselves and veri­
fied it in our own work. Citrus trees with some leaves re­
tained seem to be able to transplant better, start, and grow bet­
ter than if they are completely defoliated. 

DR. DALE KESTER: In this whole case where you are deal­
ing with a leafy plant, you are working with two processes that 
are opposed to each other. On the one hand, the leaves stimu­
late rooting. At the same time, there is a loss of water from 
the leaves which may result in wilting; the two processes 
work against each other, so the end result is a compromise 
between the two. 

MODERATOR BRIGGS: Thanks, Dale, for the clarification. 
Dale mentioned this morning that if you added a hormone. such 
as naphthaleneacetic acid, to the inserted bud or scion, it did 
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not seem to help the grafting percentage. Has this actt1ally 
been proven, or is it a matter of timing? 

DR. DALE KESTER: What this statement was based on is 
that although naphthale·neacetic acid and other growth regula­
tors stimulate callusing and theo1·etically should help grafting, 
no practical benefit has been consistently repo1·ted. lVIany peo­
ple ha,,e tried it in various ways, and although a few people have 
reportecl some be11efit, most people have reported none. Fail­
tire to produce practical benefit may due to incorrect methods, 
timing, etc. Since there a1·e 1·eports i11 the literature where 
some people have p1·oduced some benefit, pe1·haps more work 
needs to be done. 

MODERATOR BRIGGS: Tha11ks, Dale. Anothe1· question, 
what type of graft would you advise fo1· azalea grafti11g? 

MR. DON SEXTON; We llSe a side g1·aft, usually with a 
tongue. These are usually ,,e1·y small azaleas. We also grow 
the sta11da1·d type, the so-called t1·ee azaleas on the southern 
1:12clica stock that may be 2 01· 3 feet tall. These are a little 
huskie1· a11cl we a1·e able to wo1·k them in much the same man-
11e1· as other g1·afts and then we tie them with a strong thread. 
¥,re use .iust a regt1lar, good quality, white thread; we do not 
,vax it. Then the gr~.fts are plt1nged and held under polyethyl­
e11e for seve1·al ,veeks, .i ust as a1·e all the othe1· items. 

DR. 0. A. B,\1'CHELLER: I have seen Roy Wilcox grafting 
azaleas that ,ve1·e less than ~1: inch in diameter. In grafting 
them they n1erelJ' cut one side, the11 made their scion rathe1· 
taperecl, forced it in and then tied the grafts with cotton thread 
ancl pt1t them i11 peat moss; they got a ,,er)' good union. It was 
[l modified cleft graft. 

l\'lODERATOR BRIGGS: Is it possible to apply some kind of 
''antidote'' to buds to prevent such g1·owth as the sucke1·s aris­
i11g from the base of plants. Dale Keste1·, will you answer this? 

DR. DALE KESTER: I,f kineti11, adeni11e, and such sub­
stances a1·e aEsociated with g1·0,vth of bt1cls, the11 I suppose 
someo11l) ot1ght to be able to i11ve11t a11 anti-kineti11 that woulcl 
i11hibit !)ucl g1·ovvth. In the expe1·ime11ts where kinetin has 
been stt1died, the initiation of buds is involved. In bt1d inhibi­
tion \\'e a1·e t,1lki11g abot1t a bucl that is al1·eady fo1·mecl bt1t is 
clorma11t. To keep ~t from gro,ving we are talking about a dif­
fere11t process. Growth is associatecl ,vith both auxins and 
ki11eti11s bt1t bttd i11hibition is p1·obably mo1·e apt to be produced 
by an ,lnti-atixin. The other problem here is that we might 
inhibit the v.1hole plant rathe1· than ce1·tain buds. This c1ues­
tion cot1lcl come up again tomo1·1·ow in the symposium on 
''Growth Made to Order." 

MODERATOR BRIGGS: We have a lJuestion he1·e for Don 
Sexto11. Will Ju1·liJJe1·2ls 'W i11te1·green' 1·oot well f1·om cuttings'? 

lVIR. DON SEXTON: No. We have 11ot had any success 
growi11g this particular junipe1· f1·om ct1tti11gs. We have not 
really t1·iecl to g1·0,v any the last couple of years because ,ve 
have 11<lt had ,111~' 1·est1lts. No,,,, 'Rcl\)usi,t G1·ee11', ,ve do g1·ow 



from cuttings and we do get reasonably good results although 
it is somewhat difficult and we do not get nearly the quantity 
we would like to have. It is rather slow in every respect and 
in growth afterwards, too. vVe get more rapid growth by 
grafting. 

MoDER,\TOR BRIGGS: I \Vould like to mention the use of 
shellac as a seal in grafting. \Ve used it a little this summer. 
I know the Saratoga Horticultural Foundation has used it for 
maybe the last two or three years. It looks real fine. It is 
easy to apply. It dries real quickly. The alcohol in it does 
not seem to hurt the plant. Shellac itself is pretty much made 
up of bugs, it is a protein. Therefore, there is nothing injuri­
ous to the plant. 

MR. w ALTER VAN VLOTEN : Somebody told me years ago 
that the black, cold grafting wax - we call it in Canada, 
Bracko - has some oils in it. 'It is an asphalt product. That 
is, would it be harmful to the tissues of your graft? Is there 
any truth in that? 

DR. CURTIS ALLEY: If this is the same compound as Tree 
Seal, or Treheal, which has an asphalt basP,, I am not aware 
that it is toxic to plant material. I· have not heard of this pro­
duct that you are talking about. These are the only two that I 
am familiar with - still there is one other compound, too, that 
is black, which is manufactured at Merced, California, that has 
a slightly different solvent; we have tried it and found it to be 
non-toxic to grape material. All three of these have an asphalt 
base. They are water soluble. You can thin them out with 
water. 

DR. 0. A. BATCHELLER: One comment I would like to 
make. In horticultural class, when I was in college·, we spent 
three laboratories making grafting wax with beeswax, tallow, 
lamp black, etc. In my first class in grafting at Cal Poly in 
1946 we wanted to graft over some avocados; down there they 
chop them off six inches from the ground and stump graft 
them. I prepared the proper wax with beeswax, tallow, resin, 
and lamp black and had just the ideal mix to withstand the hot 
temperature. Now down there we put paper bags on the top 
after grafting to protect it from the heat; so the next lab pe­
riod we went out to check. Of course, we tear holes in the 
corners to provide ventilation, but the bees are hungry in 
southern California and they had gone in - because it con­
tained beeswax - and had taken all the beeswax out ; in fact, 
they had stripped all the wax off the graft and, of course, it 
was dead. Tree Seal or Treheal is good and, as far as I 
know, the range of distillate they use in the emulsion is such 
that it is not toxic or hartnful to plants. 

MR. FRED RE;\L: Has anyone used plastic tape in bud­
ding? 

MR. DAVID GRAVES: We do not use it ourselves. We have 
never tried it but I know that there are nurseries who a1·e using 
plastic material to wrap around grafts. 
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DR. DALE KESTER: v.,r e have used it in class work quite a 
bit and it is reall~, quite successful. I have seen published re­
ports from Australia that certain plastics contain some toxic 
material and were injurious. 

MR. WALTER KRAUSE: We have used polyethylene 1/2 inch 
tape on walnuts and had some burning beneath the plastic. The 
plastic was also co,,ered with Tree Seal as a grafting compound. 

MODERATOR BRIGGS: This question occurs in our area; 
some people get more growth on plants in a metal can than in 
a plastic container with the same it.em under the same conditions. 
I am again wondering is there a toxic condition from the plas­
tic that we are also facing. 

DR. 0. A. BATCHELLER: J\lly guess is that up in Washing­
ton the black can absorbs more heat and therefore the plants 
have a little ,varmer root condition. 

MODERATOR BRIGGS: They are both black though, Jolly. 
DR. 0. A. BATCHELLER: In Wageningen in Holland, I sa\\· 

reports of their investigations regarding the use of plastic pots 
versus clay pots.; under proper watering conditions, they claim 
there was better growth of roots in the plastic container than 
in the porous clay which everyone says, ''breathes and provides 
better conditions.'' 

MR. WALTER KRAUSE: I have a question for Mr. Graves. 
After the grafting process in walnuts, what do you do with the 
sucker growth? Do you retard it or do you keep it absolutely 
cleaned off entirely? That is, below the graft union. 

MR. DAVID GRAVES: We leave the sucker growth on for a 
certain period of time. We ,vant this sucker growth to absorb 
all the material from the roots until the scion has had a chance 
to knit into the rootstock. Now, we do not want to let the 
sucker growth get too long or it will overgrow the scion; after 
six or eight weeks we go in and strip off any sucker growth 
that has come to see if the graft can take it; if the graft does 
not wilt or show any signs of going backwards. we can go ahead 
and strip off all the sucker growth. This will force all of the 
gro,vth into the English variety that we are growing. 

MODERATOR BRIGGS: Is it harmful to apply water to a 
graft union during healing? In making an evergreen graft, 
you put it in the gr,eenhouse and maybe wait twenty-four hours 
before you water it; or vou may apply water immediately after 
grafting. Is there any harm in doing this? 

DR. DALE KESTER: Well, I do not know too much about 
the evergreen situation. In general, free water or at least a 
very high humidit.y on the union is not desirable. With a lot 
of water, you might get a fungus problem which would cause 
some trouble. This may be the thing causing the problem, but 
as far as getting callus to grow, free water, as I understand 
the situation, is not harmful and probably would be beneficial. 

MR. WALTER VAN VLOTEN: I would like to ask about 
chemicals used in keeping grafts clean under mist, instead of 
,vhat they t1Re to call double glass grafting. 



MR. DON SEXTON: We apply Captan dust after the graft­
ing is completed and .iust before the polyethylene cover is put 
on. Our house, of course, is periodically c l ea n e d out and 
sprayed with Bordeaux or some other fungicide. We try to 
maintain clean conditions. Usually the knives are dipped in 
something - sometimes Agramycin - we try to maintain 
clean conditions at all times. But we do not heal any of our 
grafts under mist because they are all grafted on a rooted un­
derstock. As I pointed out, while they are placed in moist con­
ditions under the polyethylene, they are not watered any fur­
ther for several weeks unless it is noted that they happen to be­
come dry. They normally would not dry 6ut under polyethyl­
ene, especially with the small amount of foliage they have at 
the time of grafting. Remember we have thinned out the foli­
age on the stock and cut it back rather severely. The scion it­
self has a relatively small amount of foliage, not soft foliage, 
so that we do not have a great water loss, especially when the 
humidity is maintained at a high level under the polyethylene. 
We have rather different conditions than at Four Winds Nurs­
ery where they are healing a graft union and rooting the un­
derstock simultaneously under mist. 

FRIDAY MORNING SP".SSTON 

October 22, 1965 

This session convened at 8 :00 A.M. with Moderator Tokuji 
Furuta, Extension Specialist in Ornamental Horticulture, Uni­
versity of California, Riverside, California, presiding. 

MODERATOR FURUTA: In the realm of nursery production 
and marketing, including propagation, I should like to think of 
it as a system -just as we have systems of rockets which orbit 
man, and a system of communications in which we can com­
municate vast distances in a very short time, so our systems 
of production and marketing will enable us to profitably pro­
duce plants in a very efficient manner and, hopefully, at the 
highest net profit for the firm. I think that we need to use 
the concepts of systems engineering to analyze our problems, 
and, of course, basic to the concept of systems engineering and 
analysis is the fact that we have to know what each component 
will do and how it functions in relationship to other parts of 
the system and particularly the limitations of each component. 
In 01·der to understand the components of the systems that we 
are working with we have to have research at the various levels 
of basic research and development research in order to put this 
to use. 
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This morning we will consider several topics, the informa­
tion of which has been or is being developed by research per­
sonnel in this state and in every other state in the Union. It 
is only a little over a sco1·e and ten years that we have begun to 
understand the nature of plant growth regulators and what 
they will do. And yet, in this short period of time, we have 
gone from a very infantile knowledge of plant growth regula­
tors to the point whe1·e we cannot only say that we can control 
plant growth, but we can say that we can control it profitably 
and practically. 

Our first speaker this morning is Peter Lert, who will dis-
cuss Plant Growth Made To Measure. Pete: 

PLANT GROWTH MADE TO MEASURE 
PETER J. LERT 

Agricultural Extension Service 
University of Californi,a 

San Jose, California 

Historically, man has always shown much interest in tai­
loring the growth of plants to his economical and aesthetic 
needs. All of our cultural measures, to some extent, involve 
tailoring plant growth - even if this only means the growing 
of larger and more vigorous plants. However, most people 
think in terms of 1-egulating plant height when we talk about 
tailoring plants to measure. 

At our meeting at San Dimas, California. in 1962, Dr. 
Harry Kohl presented a paper in which he pointed out that a 
variety of factors independently and interacting can influence 
plant height. These include genetic changes, clonal selection, 
pruning of tops or roots, light, temperature and moisture. But 
in this modern age of scientific marvels, people are less inter­
ested in some of these very effective but ''old hat'' ideas than 
in the use of chemical plant growth regula.tors. 

While many chemicals may alter plant growth, including 
fertilizers, herbicides, auxins and kinins, it seems well to re­
strict today's discussion to gibberellins, growth retardants, and 
the growth inhibitor, maleic hydrazide. 

So much has been said and written about the discovery and 
development of the gibberellins that it seems superfluous to 
say much about them at this time. However, for a better un­
derstanding of the mode of action of growth retardants, it is 
necessary to remember that gibberellins occur naturally in all 
plants and are responsible in part for the mechanism of elonga­
tion. Strangely enough, this particular aspect of gibberellins 
has not found too mt1ch practical application in commercial hor­
ticulture. However, other influences on flowering and fruit­
ing have been developed to improve quality or time of maturity. 
Our moderator for this panel, Dr. Furuta, demonstrated that 
high rates of gibberellic acid could be substituted for the cold 
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treatment, which is normally needed for the flowering of aza­
leas. Early flowering of Camellia japonica can also be induced 
with massive application of GA. Cluster for1r1ation and berry 
size of grapes, and maturity of lemons and limes can also be 
influenced, and may result in substantial economic gains for 
the grower. 

Work done by Dr. Mark Cathey at the U.S.D.A. Station at 
Beltsville, Maryland, and by myself in California, demonstrated 
that it is possible to improve the shape of the spray of certain 
cultivars of pompon chrysanthemums by elongating the flowe1· 
stalk. Unfortunately - or perhaps fortunately - the plant 
breeders since then have eliminated the necessity for this treat­
ment in pompon chrysanthemums by developing cultivars 
which have naturally satisfactory spray shape and to the best 
of my knowledge, no use is made of gibberellins in chrysanthe­
mum production at this time. Dr. Vernon Stoutemeyer has re­
cently used GA to improve the linear growth of carob tree seed­
lings. 

Development of growth retardants began in 1948 with the 
discovery at Beltsville that certain nicotinium compounds could 
retard the growth of bean plants without adversely affecting 
flowering, fruiting, or other normal growth mechanisms. In 
1950 it was discovered that certain quaternary ammonium com­
pounds retarded growth more effectively and on a wider range 
of plants. The best known of these compounds was designated 
as AM0-1618. However, its high price and effectiveness on a 
narrow range of plants. limited its commercial use. Next came 
the development of the material designated as· Phosfon, a ma­
terial which is still being used at this time as a commercial 
growth retardant on chrysanthemums. Next on the scene was 
Cycocel, or CCC, which is currently being used on poinsettias, 
azaleas and to dwarf carnations for use as a pot plant. The 
latest o fthe currently available materials is B-Nine (B-995), 
which appears to be effective on a wide range of plants. One 
of its features is the fact that it can be sprayed rather than re­
quiring soil application; another is its low rate of phytotoxici­
ty. Commercial uses at this time include applications to chrys­
anthemums, hydrangeas, poinsettias and numerous annuals be­
ing used as bedding plants. Undoubtedly, additional com­
pouds may be developed in the next few years, and wider uses 
found for those now on the market. 

The most notable feature of this group of growth retard­
ants is that they reduce the length of internodes without sub­
stantially inhibiti11g the development of leaves, flowers and 
fruits. Additional effects may include a deeper green color of 
the leaves, increased resistance to water stress, some resistance 
to air pollution and soil salinity and, i11 some cases, an increase 
in winter hardiness. The shorte·ning of internodes is often ac­
companied by an increase in stem diameter. Precocious flow­
ering is induced in some species, including fruit trees; and bud 
counts may be increased in azaleas. 
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In order to extend the usefulness of growth retardants, it 
is important to understand something about their basic action. 
Stem elongation takes place in the sub-apical meristem tissue 
( the area immediately behind the terrninal growing point) , and 
it is he·re that the growth retardants are most effective by re­
ducing the number of cell divisions and the amount of cell ex­
pansion taking place. The apical meristem itself is relatively 
unaffected and continues to produce leaves and flowers more or 
less normally. The action of the retardants appears to be 
based on a mechanism which is antagonistic to the naturally 
occurring gibberellins in the plants, and in most cases it has 
been possible to reverse the action of retardants by applying 
GA and vice versa. In looking at plants which respond well 
to the presently available growth regulators, it seems that the 
majority of them are plants which in one way or another are 
day length or photoperiod responsive in either their growth or 
flowering habits. 

Effectiveness of growth regulators can vary considerably 
depending on such factors as available light intensity, duration 
of photoperiod, temperature and, in the case of soil - applied 
materials, the growing medium. In the case of spray applica­
tions, the formulation of the material and the selection of the 
proper surfactent may influence its absorption; and it may well 
be that the lack of response of some of the woody species is due 
to failure to obtain proper absorption of the retardant. Gen­
erally speaking, the greatest percentage of growth retardation 
is obtained under conditions of maximum elongation. 

So far, I have carefully skirted the special case of the 
growth inhibitor, maleic hydrazide. Unlike the growth retard­
ants, it is most effective in the apical meristem tissue and in­
hibits the development of new leaves and additional shoots once 
it has been applied. It actually stops cell division and perhaps 
should be better classified as a herbicide. Nevertheless, it 
seems to have found some application as a substitute for prun­
ing certain ground covers, shrubs and trees. However, the 
rather limited amount of work done so far indicates that the 
tolerance between effective control of growth and phytotoxicity 
is extremely narro,v, and widespread side effects often accom­
pany the inhibition of plant growth. 

Indications are that we will see the development of more 
growth retardants and that we will learn ways of making far 
better use of the ones we already have. After all, it is only 
in recent years that we are beginning to make optimum use of 
such an old material as 2,4-D. Undoubtedly, future research 
will explore in greater detail modifications other than retarda­
tion of linear growth such as the effects on flowering and fruit­
i11g, 1·educed moisture sti·ess, smog tolerance, and others. 

MODERATOR FURUTA: Tha11k yotl, Pete1·. We would like to 
focus for a little while now on a relatively new development -
I don't know if you really want to call it new - but at least 
there has been a lot of emphasis on it the last few years - and 
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that is the possibility of fertilizing plants by increasing the 
carbon dioxide content of the air; fertilization in, perhaps, a 
different fo1·1n from that we are used to. Dr. Harry Kohl of 
the Department of Landscape Horticulture, University of Cali­
fornia at Davis. Harry: 

CARBON DIOXIDE FERTILIZATION 
HARRY C. KOHL, JR. 

Depar·tment of Landscape Horticultu;·e 
University of California 

Davis, California 

The idea of carbon dioxide fertilization is not a new one. 
In 1913 the first attempt at commercial application was report­
ed from Europe and for some 20 years thereafter a fairly large 
amount of work was reported in this field. However, the prac­
tice was not adopted most probably because of the presence of 
injurious contaminants in the carbon dioxide used although 
lack of good control was also a problem and the limitations on 
its use were not u11derstood. 

In the mid 1950's the practice was revived largely because 
of the findings of Goldsberry at Colorado State University with 
carnations and has remained as a controversial, ill-understood 
practice since that time. A summary of a carbon dioxide sur­
vey made by Kennard Nelson in 1964 indicated that 1,478,600 
sq. ft. under glass, almost all of which was in the northern tier 
of states, was receiving some added carbon dioxide. In the 
same summary a brief report of research work on flower crops 
by workers at six universities indicated mixed results. About 
half the findings showed significant gains ( 10 o/o to 100 % ) 
from carbon dioxide fertilization. The other half showed es­
sentially no gain. Only one reported a lower production by 
carbon dioxide fertilized plants. 

Such varied results - even on the same crop - would 
seem to indicate that we should be thoroughly familiar with 
what carbon dioxide can and cannot do if a wise decision on if, 
as, when and ho,v to use it is to be made. Presenting this 
necessary background is the reason for this paper. 

Growth Efficiency 
For most ornamental and vegetable crops the production 

is, grossly, the fresh weight of the crop produced. The 
amount of fresh weight produced per unit area per unit time 
is a measurement of the efficiency of production. But for each 
unit of fresh weight produced there is a minimum dry weight 
if the crop is of acceptable qual,ity. In a sense then the good 
grower can be defined as one who can cause the plant to pro­
duce the maximum amount of fresh weight of acceptable quali­
ty from a given amount of dry weight. Temperature, water 
relations, mineral nutrition and photoperiod play primary roles 
here, not ca1·bon dioxide, and hence if production is being re-
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stricted by inefficient use of d1·y weight it is unlikely that car­
hon dioxide fertilization will very effectively remedy the situa­
tion. 

Dry Weight Production 
Supposing that the dry weight available is being used as 

efficiently as possible the next concern is providing more dry 
weight (photosynthates) per unit area to be used in the pro­
duction of the crop. Carbon dioxide can certainly play a di­
rect role here, but before considering it let's look at some other 
possibilities. The first I would like to consider is conserva­
tion of photosynthates for the purpose of growing the crop, 
which means having as low an overhead in terms of stems, roots 
and non-functional leaves as possible. Since this is not of ma­
.ior concern in this paper we will not go into the details of this 
further but immediately suggest another possibility which is to 
increase the amount of light either by increasing the intensity 
during the light period or extending the light period. How­
ever, if light i11tensity is already high this can only be done effec­
tively by increasing the duration of light. The addition of light 
should result in higher dry weight yield per unit area per unit 
time, provided said increase does not result in in.i ury such as wilt­
ing due to increased water stress. The reason for the effective­
ness of added light is, of course, to be found in its role in photo­
synthesis: 
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CO 2 + H :!O + light - t [CH~OJ + 0 2 
Again light is not our prim·ary concern and so we will not 

attempt a complete discussion although we should not leave the 
topic without noting that addition of a quantity of light to a crop 
receiving a r elatively small amount of light will result in a much 
larger absolute ga.in than if the salme qu.antity of light is added 
to a crop growing under high light conditions as can be deduced 
from experimenta.l data generalized in Figure 1. 

Now let us examine1 photosynthesis as a function of carbon 
dioxide concentration. Gaastra has published data on photo­
synthesis of leaves of several species which in general show the 
following: , 

1. At very lo,v light intensities (circa 300 f. c.) CO:! concen­
trations greater than normal ambient, i.e. 300 ppm, did not re­
sult in higher photo•synthetic rates. 

2. At higher light int.ensities there was a distinct increase in 
the rate of photosynthesis at increased carbon dioxide levels. 
The avera.ge maximum increase was to 200 o/<i of the photosyn­
thesis at ambient CO., levels. Saturation occurred at about 1000 -
ppm CO~ although the gain at concentrations over 750 ppm was 
slight. (Fig. 2). 

3. At higher temperatures (circa 85 ° F.) the gain in photo­
synthetic rate was greater than at lower ones (circa 70 ° F.) 
when CO:! \Vas increased to the same level. (Fig. 3). 
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The above information would appear offhand to make a 
decis ion in favor of CO., fertilization inevitable if th.e cost of the 
gas and its clis)cribution and cont rol is at all reasonable. In fact 
it ,vould appear inconce1ivable that a ll experime,ntal wo1--k with 
CO., fertilization d'id not r est1lt in increased yield and yet this 
has not always be·en the c·a.se. \Vhy? 

answer lies • 1n one of It is my considered opi11ion that t.h e 
two place·s . Either ct1ltural p•ractice·s are not ad.j usted t.o take 
advar1tage 0,f incl'·'eased d1--y weight production or t he ca.rbon d i­
oxide fertiliz.ed plant is ma.de more suscept ible to dar k weather. 
Allow me t.o give exan1ples. Fi1,st, r egarding th e adjustment of 
cultu1,.al practices, iet t1 consider the production of som e crop 
s uch a s standard chrysanthemums upon \vhich c·o .. fertilization 
is superimpose,d. The spacing, f 'ertilization prog1 .. ·am, tempera­
tt1re, r1umber of flower per square foot, the ve•ge,tative per·iod, 
and the r esponse groL1p (flower de·velopme·nt time) are all fixed 
knowingly or unknowingly, to the light intensities a.nd carbon 
dioxide content normally ava ilable· s·o that under those .conditions 
a cr'OP of good Q.uality can be produced. Within such a restric­
tive framew·ork an1r potential increase in dry weight production 
clue to carbon dioxide fertilization can express it.self only 
mo·st limited form. P erh,ap.s duri11g the vegetative pe1~iod a 
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But the spacing is too close for these leaves to be of more use to 
the plant than the fe,ver, smaller le·aves which the non-fertilized 
plant grew in the same length of time. The extra leaf surface 
actually becomes a parasitic burden with time since it cannot 
receive enough light to be useful. Again, during early growth 
the fertilized plants might produce somewhat thicker stems and 
a larger root system. Normally this would be an asset as a 
foundation for a superior plant but for the plant restricted to 
growth in a limited area such a root system is a luxur'y, so to 
speak; it costs more dry weight to maintain and isn't needed ex­
cept to help supply the excess, parasitic leaf surface. With the 
above in mind it is a moot question whether the crop which is 
harvested from the fertilized plants will be worth more than 
that from the unfertilized plants. If the amount of eventually 
parasitic tissue is large and light is unusually low during the late 
stages of production the CO, fertilized crop could well be worth 
less. It may have a higher dry ,veight overall but not in the 
flower and useful stem harvested. On the other hand with some 
changes in growing practices a considerable positive gain might 
have been realized from carbon dioxide fertilization. For the 
problem of producing these standard mums I would suggest that 
the vegetative period might be reduced so that the leaf surface 
per unit area is essentially nur1nal. The flowering period might 
be reduced as well by using a yariety having a shorter response 
time. The net result could well be the produ-ction of equal worth 
in an overall shorter time. 

Unfortunatel)', the above explanation is rather long and 
tedious and, even so, not complete. Even more serious is that 
the reasoning has not been tested by appropriate experiments. 
It can, however, be tested by experiments and enlarged upon in 
the process. 

An example of the second way in which I feel negative re­
sults might be reco1·ded following carbon dioxide fertilization is 
by an increased Sl1sceptibility of the plants t0 a low light period. 
As an example of what I mean here let us assume that we are 
giving supplementary carbon dioxide to a winter rose crop dur-

. ing relatively bright \\'eather and further let us suppose that the 
crop is responding beautifully with half again the no1·1nal num­
ber of breaks about two weeks away from full bloom. At this 
point let us assume that the weather becomes overcast and re­
mains so for two ,veeks. What result can we expect? Near 
disaster, I expect, for we have built up a very large overhead in 
the fo1·1n of dry weight needed to support t.he large canopy and 
at the crucial moment the productive ability of the leaves has 
been reduced not only proportionately to the reduction for the 
unfertilized plants bt1t, as Fig. 3 indicates to essentially the 
same low rate as that of the unfertilized plants. Proportionate­
ly the photosynthetic potential is reduced much more for the 
fertilized plants. Immediate cessation of growth, excessive leaf 
drop, small - perhaps unsalable - flowers, and an injt1red 
plant which will take a long- time to recover productiveness 
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,vould be expected. The t1nfertilized plants will, of cou1·se, also 
he reduced in productiveness during this period but their lesser 
crop should at least be salable and the plants should recover 
more quickly. With this situation as with the chrysanthemums 
a change in cultural practices may have allowed us to take ad­
vantage of carbon dioxide fertilization without st1ch serious risk. 
In this case I wot1ld suggest that rather than build up the excess 
number of shoots per unit area that the grower slightly increase 
his growing temperature in the fertilized houses during the 
bright period not forgetting to reducP them immediately with 
the onset of overcast weather. In thiE, way production can at 
least be increased during the bright weather. It is my under­
standing that tests on roses using highe1· temperatt1res along 
with carbon dioxide fertilization are in progress at Pennsylvania 
State University. 

In Summary 
There is considerable evidence that carbon dioxide f ertiliza­

tion can be worthwhile. Ho,vever. it is neither foolproof nor a 
cure-all as some might suggest. In its use the grower should 
try to decrease growing time for a cron rather than increase the 
plant load per unit area. For most crops, especially young 
plants, an increase in growing temperature during bright weath­
er - but not during dull weather - is an appropriate proce­
dt1re. 

Effective concentrations above 7fi0 ppm are probably not 
worthwhile. Furthermore, during dull weather, concentrations 
of more than 300 ppm are not worthwhile. This last statement 
should not be interpreted to mean that there should be no carbon 
dioxide input during dull weather for, if there is no ventilation, 
greenhouse carbon dioxide concentrations may fall below 300 
ppm which should result in a reduction in photosynthesis even 
at low light intensity. 

The above points are of major importance but two other 
points are of interest as f ollo,vs: 

1. At the £nd of the night the carbon dioxide concentration 
in a closed greenhouse is higher than normal and for the first 
hour after sunrise the stomates are opening so that it would 
seem wasteful to add carbon dioxide during this period. 

2. Unless there is a reasonable amount of air circulation in 
the greenhouse the carbon dioxide concentration near the leaf, 
i.e. the effective carbon dioxide concentration, may be consider­
ably lower than the average concentration. 

The economics of carbon dioxide fertilization are difficult 
to figure out because of many factors such as importance of 
quick turn-over for a holiday, percent of time the vents can be 
closed when the weather is fairly bright, the cost of the equip­
ment, the cost of the gas, and, of course, the possible overall 
additional production. Each business situation is unique and 
it is beyond my competence to advise as to whether a particu­
lar enterprise should use carbon dioxide fertilization. 

What I hope I have been able to do in this paper is to in-
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form you on the way to try carbon dioxide fertilization properly. 
As a final encouraging statement for you as propagators. 

interested particularly in the gro,,rth of young plants, I would 
say that it is here where plants are relatively uncrowded and i11 
an exponential phase of growth that I feel the largest gains from 
carbon dioxide fertilization are likely to be realized. 

MODERATOR FURUTA: We ha,,e ,vith us this morning Ar­
thur Myhre from Western Washington Research and Extension 
Center, Puyallup, \\'ashington. He will discuss with us at this 
time, ''Chemical P1·e-Emergence Weed Control''. Arthur: 

CHEMICAL PRE-EMERGENCE WEED CONTROL IN 
WESTERN WASHINGTON 

ARTHUR S. MYHRE 
Weste1·n Washington Research and Extensio1i Center 

Puyallup, Wa.shington 

The need for ,,,eed control in orname•ntal nursery plantings 
is without doubt one of the ma.ior problems which confront nurs­
erymen in weste1·n Washington. Our moderately cool summer 
temperatures and abundant moisture cause weeds such as pig­
weed, laimbsquarter, chickweed, smartweed, groundsel annual 
blue grass, horsetail, quackgrass, etc. to grow and spread with 
much rapidity. These weeds are commonly found here and are 
widespread in their distribution. 

Extensive weed control research investigations involving 
the testing of chemical herbicides on different kinds of species 
and varieties of ornamental shrubs have been underway for nine 
years at the Western Washington Research and Extension Cen­
ter, Puyallup, Washington. Cooperating on this pro.iect is 
Dwight V. Peabody, Jr., Northwestern Washington Research 
and Extension Unit, Mount Vernon, \Vashington. Our weed 
control studies have been designed especially for nurserymen. 
The procedure for te,sting pre-emergence herbicides is as fol­
lows: Rooted shrub cuttings are taken directly from the propa­
gation frames and are lined out in the spring in nursery row 
plots. Approximately one month later herbicides are applied 
by machine prope1·IJ' equipped to provide good agitation of spray 
materials, accurate calibratio11. and adequate and uniform cov­
erage. Previous to spray application, soil is cultivated and crop 
plants hoed so that soil is ,veedfree (no existing weeds). Weed 
seeds common to this area are sown to insure adequate and uni­
form infestation throughout the plots. In order to activate the 
chemical and to bring about fast ,veed seed germination in the 
surface soil, irrigation follo,vs spray application when rainfall 
does not appear imminent. Generally, the herbicides are sprayed 
directly upon the plant foliage and between the rows and the 
soil thereafter is left undisturbed. However, certain herbicides 
were incorporated into the soil directly after application and 
were found to be more effective ,vhen treated in this manne1·. 
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Each year, for a period of at least four years, herbicides are ap­
plied at the same rates upon the same group of shrubs. At the 
end of this period, the shrubs are taken out bare-rooted, the soil 
in the rows of the most promising treatments is rotovated and 
sown to a test plant, (oats), which are extremely sensitive to 
herbicides. This test is made because nurserymen are much 
concerned regarding persistence of chemicals in soils that have 
had repeated yearly applications. 

Results obtained from these investigations indicate that 
when properly applied certain chemicals will do an excellent .iob 
of controlling many kinds of weeds with little or no damage to 
a wide range of ornamental shrubs. It was observed that the 
correct application rates for a particular herbicide varies to 
some extent with the type of soil, the amount of soil moisture 
and the kinds of ,,•eeds to be controlled. Repeated herbicidal 
treatments applied on the same group of shrubs over a period 
of years show that different species vary considerably in their 
tolerance. It cannot be assumed that when one varietv of shrub • 
shows tolerance, then all varieties within the same group or 
family likewise will react similarly. An example of this can 
be cited from results obtained on holly. No plant in.iury was 
noted on English holly upon receiving yearly herbicidal applica­
tions. Japanese holly, however, has shown foliage discoloration 
and decreased plant growth with similar chemical treatments. 
Other shrubs that also show varying degrees of tolerance are 
rhododendrons, azaleas, boxwood and viburnum. 

More than sixty herbicides have been tested to date. Of 
those that have been tested for five years or more, Simazine, 
Casoron, and Herban have perfortned best. Treflan, tested 
only in 1965 also shows promise. Combinations of Paraquat, a 
contast herbicide, with Simazine and Casoron applied as a di­
rected spray, has merit and should be useful for certain situa­
tions. 

Simazine 80 W has been on test for nine years. It has long 
residual life and has given good to excellent all st1mmer control 
of annual weeds at 2 and 4 pounds, respectively. 

Coniferous evergreen shrubs have shown much tolerance to 
this herbicide, whereas some broadleaved evergreen shrubs are 
somewhat sensitive. These a1·e Az,zleas 'Hinodegiri', 'Caroline', 
'Mollis', Buxus sempervirens. 

No plant damage has been noted on the following shrubs at 
four pounds: Arctristaphylos Uva-ursi, Chamaecyparis pisifera 
'Cyano-viridis', C. Laivsoniana 'Ellwoodii', C. pisife1·a 'Plumosa', 
Cotoneaster hori.zont,zl·1'.s, Er1:ca carn.P-a, Erica darlP-11e11.sis, Eu­
onymus radicans, /lex aquifolium. Juniperus chinensis 'Pfitzeri­
ana', Pritnus Lau·rocereasits ,,ar. Zabliana, Pernettya mucronata, 
Potentilla fruticosa. Rhododendron varieties 'Blue Diamond', 
'Cynthia', 'Jock'. 'Sapphire', Taxus baccata and 'Repandens', 
Thuja occidentali:;; 'Globosa' and 'Umbraculifera', Vero1iica 
c11pre.,;soide.,;; two pounds: /lex c1·enata ( established plants), 
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Os;11arithus Delavaui, P'ie1·is j(tJIV'ltica, ltliod<)der1,d1·rJ'n 1riuc1·onat-
1,,m, Vih1-l1·n1t111 n·,11,i(l'ii, 11. T1:ni1.<:. 

Results to <late indicate good assurance that new plantings 
of ornamental shr11bs can be set out within a reasonably short 
time in soil that has previous!)' been treated with Simazine 80 
~r. Oats ,vere planted for several years in soil that had applica­
tions of this chemical at 2, 4, 8, and 16 pounds for three con­
secutive years. Amount of damage to oats varied the first year 
from no in.iury at 2 pounds to complete kill at 16 pounds, the 
seecond year from no in.1ury at 4 pounds to moderate injury at 
16 pounds, the third year no in.jury at 16 pounds. Good tilth 
,vas found to be essential to rapid breakdown of the chemical. 

Caso1·on 50 W has, been on test for five years. I·t has fairly 
long residual life and has given good to excellent control of sum­
mer annual weeds at rates ranging fro·m 8 to 12 pounds, respec­
tively. 

No plant in.iL1ry has been observed on the following shrubs 
with application rates of 12 pounds: Azrrleas 'Hinodegiri', 'Mol­
lis', Rhodocler1d1·or1 t1iuc1·0'11at u11i, 'Blue Diamond', 'Sapphire', 
Bitxus se1npe1·vir·eris; 8 pounds: Azalea 'Caroli11e', 'Rosebud', 
Rhododend1·011 'Bov:bells', 'Jock', pe1na,koense, Pie1·is japonica, 
Vibi11·num Da1,icli:i, Osmant/111s Dalavayi, flex c1·e1iata ( estab­
lished plants). 

Casoron 50 \,\T has given excellent control of field horsetail, 
a common perenni?.l ,veed in western Washington. Applied in 
June to freshly ,vorked soil at 8 and 16 pounds, 75 o/<· and 98 % 
control, 1·espectively, was in e,1idence one year later. A two 
year treatment at the same rates seems to have completely 
eliminated it from the plots. I,ess control was obtained when 
it ,vas applied to eme1·ged horsetail in Septe1mber. 

Prelimi11~.ry tests in ~1hich the 50 7r wettable powder at 12 
and 16 pounds, and the 4 7<· granules at 150 pounds and 200 
pounds were incorporated into the soil, show 100 % kill of 
quackgrass for all t1·eatments. Plots badly infested with this 
perennial weed ,,,e1·e 1·otovated thoroL1ghly in l\'la)' .iust previous 
to applicatio11. 

H e1·ba1i 80 W has bee11 on test for five yea1·s. It has fairly 
long residual life and has given good to excellent all summer 
control of most annual weeds at rates of 4 and 8 pounds, respec­
tively. 

No plant damage was observed on the following shrubs at 
8 pounds: Osmantl11ts Delava11i, Pie1·is japo11ica, Rhoclodend1·on 
J11uc1·or1(1t21m, 'Blue Diamond', 'Bo,,,bells', 'Jock', 'Sapphire'; 4 
pounds: Azalea 'Ca1·oline', 'Hinodegi1·i', 'Mallis', 'Roseb11d', 
R/1ocloclencl1·011 JJe 111,ak11er1se, Jle:i: c 1·ertl1ta, V il1u·;·rtitm. Davidii. 

Plant perforn1ance of the majority of the shrubs tested with 
the above chemicals at the desirable rates has been consistent!)' 
better i11 compa1·ison to untreated shrubs. It is a well known 
fact that weeds dep1·ive plants of moisture, nutrients, sunlight, 
and inte1·fere with thei1· root development, thereby resulting i11 
1·ed11ced plant g-rci,,·th and pcior <1ualit.\· plants. It is inevital>le 
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that the use of "'eed killing chemicals will have an enormous 
influence on future ornamental nursery operations. 

MODERATOR FURUTA: Thank you, Arthur, for a most in­
teresting presentation. We ,vill now open our question and an­
swer period on the talks we have heard so far this morning. 
' MR. DAVID ARMSTRONG: I would like to ask Harry Kohl 

,vhat is the effect of air pollutents on CO_, in the air and what 
is the natural level of CO. in the air. 

DR. HARRY KOHL: The natural level of CO. in the air is -
about 300 parts per million. The effect of pollutents on CO_, is 
nothing - directly - but the air pollutents can affect the photo­
synthetic mechanism and make it impossible for carbon dioxide 
to do anything valuable. 

MR. JOHN DR UECKER: What is the effect of the various 
pre-emergence weedicide chemicals on large-leaf rhododendrons? 
Have you had any experience with them? 

DR. ARTHUR l\1YHRE: No. The only rhododendrons we 
have used like those are the large-leaf Cynthia; some of these 
large-leafed rhododendrons seem quite tolerant - things like 
Sapphire, Jock, and Beau Belle; but in our experiments we have 
limited arnount of ground. It would take acres and acres to try 
all these different plants. W try to hit the high spots and take 
one or two rhododendrons. Generally the broad-leafed ever­
greens tend to be quite tolerant to the chemicals we used - at 
least with the varieties that we had. 

DR. 0. A. B . .\TCHELLER: In co11nection with Peter Lert's 
comments about growth control in plants and the use of maleic 
hydrazide, one of our students wrote an undergraduate thesis 
on foliage plants; ,,,ith Aralia elegantissima, and Dieffenbachia 
he found beautiful control. It gave branching on Dieffenbachia. 
On Aralia elegantissima there was beautiful breaking and plant 
compaction. I feel this is a perfect thing for indoor pot plant 
growers. 

MODERATOR FURUTA: At this time I would like to turn the 
program over to your next moderator, George Dobbins, so we 
can get on to the next group of speakers. 

MODERATOR DOBBINS: Our first speaker on this symposi­
um on Propagation by Seeds and Spores will be Pe1·cy Everett, 
who we really don't need to introduce at all because you all know 
him, our past leader, from the Rancho Santa Ana Botanic Gar­
den in Claremont, California. He was given the title ''Native 
Plants of Commercial Value''. Percy: 

NATIVE CALIFORNIA PLANTS OF COMMERCIAL VALUE 
PERCY C. EVERETT 

Ra1t<'liu Sarita Ana Botanic GaJ·cle11 
Cla·1·emont, Cali/01-nia 

I am not quite sure ho,v the title of my discussio11 fits into 
a ''symposium on propagation by seeds and spo1·es'' as it will 
deal in only a minor way with the role of seeds i11 the productio11 

30!J 



that the use of "'eed killing chemicals will have an enormous 
influence on future ornamental nursery operations. 

MODERATOR FURUTA: Thank you, Arthur, for a most in­
teresting presentation. We ,vill now open our question and an­
swer period on the talks we have heard so far this morning. 
' MR. DAVID ARMSTRONG: I would like to ask Harry Kohl 

,vhat is the effect of air pollutents on CO_, in the air and what 
is the natural level of CO. in the air. 

DR. HARRY KOHL: The natural level of CO. in the air is -
about 300 parts per million. The effect of pollutents on CO_, is 
nothing - directly - but the air pollutents can affect the photo­
synthetic mechanism and make it impossible for carbon dioxide 
to do anything valuable. 

MR. JOHN DR UECKER: What is the effect of the various 
pre-emergence weedicide chemicals on large-leaf rhododendrons? 
Have you had any experience with them? 

DR. ARTHUR l\1YHRE: No. The only rhododendrons we 
have used like those are the large-leaf Cynthia; some of these 
large-leafed rhododendrons seem quite tolerant - things like 
Sapphire, Jock, and Beau Belle; but in our experiments we have 
limited arnount of ground. It would take acres and acres to try 
all these different plants. W try to hit the high spots and take 
one or two rhododendrons. Generally the broad-leafed ever­
greens tend to be quite tolerant to the chemicals we used - at 
least with the varieties that we had. 

DR. 0. A. B . .\TCHELLER: In co11nection with Peter Lert's 
comments about growth control in plants and the use of maleic 
hydrazide, one of our students wrote an undergraduate thesis 
on foliage plants; ,,,ith Aralia elegantissima, and Dieffenbachia 
he found beautiful control. It gave branching on Dieffenbachia. 
On Aralia elegantissima there was beautiful breaking and plant 
compaction. I feel this is a perfect thing for indoor pot plant 
growers. 

MODERATOR FURUTA: At this time I would like to turn the 
program over to your next moderator, George Dobbins, so we 
can get on to the next group of speakers. 

MODERATOR DOBBINS: Our first speaker on this symposi­
um on Propagation by Seeds and Spores will be Pe1·cy Everett, 
who we really don't need to introduce at all because you all know 
him, our past leader, from the Rancho Santa Ana Botanic Gar­
den in Claremont, California. He was given the title ''Native 
Plants of Commercial Value''. Percy: 

NATIVE CALIFORNIA PLANTS OF COMMERCIAL VALUE 
PERCY C. EVERETT 

Ra1t<'liu Sarita Ana Botanic GaJ·cle11 
Cla·1·emont, Cali/01-nia 

I am not quite sure ho,v the title of my discussio11 fits into 
a ''symposium on propagation by seeds and spo1·es'' as it will 
deal in only a minor way with the role of seeds i11 the productio11 

30!J 



of commercially valuable native plants and certainly not at all 
with spores. Further, I am not altogether sure a discussion of 
the salable qualities of a plant is proper when our main concern 
is with the various means whereby we can produce by the most 
economical procedu1·es. 

And I am not at all certain that I am the one to carry on 
this discussion. A ''dyed-in-the-wool'' enthusiast by nature, I 
am often accused by some of my close friends of gross exaggera­
tions known as ''E,,erettisms'' ! Be that as it may, I shall en­
deavor to look at the sub,ject \Vith a critical eye. 

One has only to peruse the literature as far back as the early 
years of the 19th century to gain an understanding of the role 
the native plant of California has played in the worldwide field 
of horticulture. Especially is this true in the European and 
British literature. Through the earliest pages of the Gardener's 
Clironicle, Cur tis' Botanical .~fagazine, and Revue Hor·ticole, to 
name a few, one finds numerous references to our native plants. 
In our day many notable publications such as S1tnset Magazine 
and the Jou·rnal of the Califo1·nia Horticitltural Society as well 
as many other periodicals seldom fail to have some article on the 
qualities of our native plants. You have even requested a dis­
cussion of California native plants in this symposium. 

Yet what does one find in the nursery trade today? Almost 
daily, by phone, mail, and personal visit, I am continually asked 
the question, ''Where can I buy such and such a native plant?'' 
True, there are many of the more common varieties found almost 
universally in the California trade, but by and large there is a 
woeful lack in nurseries of many of our fine plants. And I 
know the chief reason - at the least I think I do! Probably 
our native plants are in the same category as American Indians 
- too much competition from more vigorous races! While there 
are few plants offered for sale that can hold a candle to our 
native plants for profuseness of flowering, the natives should 
probably have the foliage and flo,vers of camellias or rhododen­
drons, the fragrance of roses or jasmine, the disease-resistant 
roots of any number of introduced plants, the ability to grow 
under a11y kind of cultural condition. It is not their fault that 
the native plants "rere born and raised in an arid climate and 
were not introduced here from a faraway country - you know, 
the grass is greener on the other side of the fence - nor is it 
their fault that nursery salesmen, both wholesale and retail, 
have to know something about them. There is a woeful lack of 
information concerning our native plants among those endeavor­
ing to move them into commercial channels. 

How much time and effort have been spent on the hybridi­
zation and breeding of the native plants? Comparatively little, 
when balanced against the time and effo1·t spe11t with many 
other groups. However, let us now examine a fe·w that may 
hold some interest. My choices will 11ot follow the usual line of 
Ceanothus, Arctostaphylos, Baccharis, Toyon, or Rhus. "vVe all 
know about them. I shall discuss four plants and show you how 
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theJ' look. If we may have the slide now, we'll go ahead. 
(Slides with talk from this point) 

H euchera 'Santa Ana Cardinal' 
Among the several species of Heuche1·a native to California, 

there is a rather vigorous insular entity known as Heuchera 
1naxima. It has large, roundish leaves that may turn a deep 
crimson any time of the year, and 18'' to 2' stems surrounded 
by a large inflorescence of small creamy-white flowers. Under 
best cultural conditions it is moderately rapid in growth. 

After observing this plant for several years, growing on a 
shady hillside with rocky adobe clay soil, and noting its hardi­
ness, we began to wonder if a more colorful plant could be pro­
duced by hybridizing it with H. sanguinea. Although this com­
bination had been attained by others, the upshot of it was that 
nothing very successful was produced until Dr. Lee W. Lenz, 
Director of Rancho Santa Ana Botahic Garden, .started serious 
work on the project. 

The most vivid and deepest red strains of H. sanguinea were 
searched out. Then began the processes of crossing and back 
crossing; along the way a number of interesting clones were pro­
duced. However, we were searching for the plant with the 
brightest flowers combined with a sturdy, tall, upright stem, 
relatively large inflorescence, and the general growth habits of 
H. maxima. 

The study of many clones gradually narrowed down to the 
final selection of the clone we offered for introduction into com­
mercial channels. We have preserved at the Botanic Garden 
many of the other clones, but although we have noted a demand 
from nurserymen and landscapers, no other clones have been re­
leased. 

Flowering peak for H euchera 'Santa Ana Cardinal' occurs 
during l\Iarch to July with sporadic flowering through the year. 
Since asexual reproduction is necessary for continuous produc­
tion of the clone, it fortunately is relatively simple. As soon as 
each plant is large enough to produce several branches, it can be 
lifted and the branches cut from the main stem. By careful 
procedures, 100 % rooting can be attained. Our gardeners often 
dig up a large clump, tear it apart, and replant the unrooted 
branches. A very large percentage will take root and quickly 
fill in vacant spots. 

Deigaard Nursery, Monrovia, California, undertook the 
process of naming and introducing Heuchera 'Santa Ana Cardi­
nal' to the nurserJ' trade. 

Pacific Coast Iris 
Searching for novelties to satisfy the inc1·easing appetite of 

the specialist and enthusiastic amateu1·, the iris growers have 
brought into the trade many interesting color combinations pro­
duced naturally among the widely scattered species throughout 
the Pacific Coast states. Most of these were color selections of 
Iris douglasiana and I. innominata. More thorough searching 
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during the past 15 years has revealed a wealth of what is pre­
sumed to be natural hybrids. 

Seeking to improve upon what Mother Nature already had 
done, Dr. Lenz sought out and studied all the nati,·e species, and 
brought together in one place a wide selction of color forms. It 
appeared that to produce an acceptable clone for the commercial 
interests, several qualities had to be introduced into the various 
strains. Most of the native species flower rather profusely, but 
their flowers may be small, down among the foliage; they may 
have poor standards or very narrow falls, or spindly weak stems. 
These needed to be corrected, and this we set out to do. 

Since then a multitude of color combinations and tall, up­
right, strong-stemmed clones with flowers above foliage, broader 
falls, and stronger and broader standards have been developed. 
They have become extremely popular with our visitors. 

If seed were sown, still greater color combinations would be 
produced, and iris seed is relatively simple to germinate. Just 
sow the seed either in its site or in a flat and wait for about a 
month. Of course, embryo culture can be employed, but on the 
whole the simple methods are the quickest and best. The tech­
nique of dividing the clone needs only one strict rule to follow 
- start irrigating the plants in early fall and when examination 
shows white new roots about an inch to two inches long, then 
dig them up for clonal increase - never during the dormant 
summer periods. 

Bcrberis 'Golden Abundance' 
The progeny f1·om seed harvested in the Botanic Ga1·den are 

always observed with a critical eye for some unusual feature. 
Invariably we have discovered that Botanic Garden harvested 
seed will produce any number of hybrids when, of course, more 
than one species of a genus is present. 

This was the case with our immediate subject. While 
nothing particular!)' unusual among a large group of Berberis 
amplectens seedlings showed up in the seedling stage, after two 
years in the Botanic Garden the wide variation among the plants 
was quite evident. 

When the first flowering season was in full swing, we noted 
,vith considerable interest one plant with masses of large, some­
what drooping clusters of golden flowers, later followed by an 
equally attractive fruiting period. Here was an exceptional 
plant. The plant continues to prosper, and is even more beau­
tiful with large leaflets of shiny dark green leaves and a rather 
compact habit of g1·owth. It is now about 5' tall, 4 years from 
seed. 

Although we first considered it a cross between B. am.plec­
tetis and B. pipe·t•ia,na, we are now quite confide11t it is a cross 
bet\\,een B. a·1nplecte·1ts and B. aquifoliu11i. 

What about its asexual production? The va1·ious species of 
Berberis have al,vays been somewhat difficult for us to root. 
Yes, we have had nominal success, bl1t not what could be called 
good. However, this hybrid was rooted reasonably well, in the 
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65 % - 751/o average, with best results occu1·ring in November 
when cuttings were fi1·rn and beginning to turn a slightly red­
dish color - treated with regular Rootone and put under mist 
and fogging conditions in 50 % perlite and 50 % peat moss. 

I believe this clone is worthv of introduction to the trade . • 
It looks good in a gallon container, is moderately fast in growth, 
has clean dark shiny green leaves, and produces an abundance 
of flowers in large drooping clusters to be followed by equally 
beautiful bunches of dark purply-blue fruits. Above all, it can 
accept plenty of water. Do I have any takers? 

J,~r·emontia 'California Glory' 
In the winter, 1962, issue of ''Lasca Leaves'' (Vol. XII, No. 

1) a publication of the Los Angeles State and County Arbore­
tum, Arcadia, California, there was published my fomnal de­
scription and other pertinent information concerning this culti­
var. 

' 
We had observed this presumed hybrid of F. californica x 

F. mexicana for some ten years I After our formal introduc­
tion, rooted cuttings were sent at their request to the Royal Hor­
ticultural Society testing garden at Wisley, England. Some two 
)'ears ago I visited Wisely and there saw our cultivar growing 
reasonably well in a protected site adjacent to the administra­
tion building. Nearly a year ago a picture and an extensive 
article about it appeared in Gardener's Chronicle. 

Just recently I received a letter from Lord Talbot de Mala­
hide who grows all sorts of plants in his castle grounds nea1· 
Dublin and who ,•isited the Botanic Garden about two years ago. 
Lord de Malahide discussed some of his results with California 
native plants, some of which we had sent him. In his discussion 
he referred to various types of fremontias he was cultivating, 
with comments on growth and results. He went on to say that 
just recently Frank Knight. Director at Wisley, had shown him 
a branch of Fre11iontia 'California Glory'. Lord de Malahide's 
comment was ''An astounding plant''! Now watch out for an 
''Everettism''; his sentiments are exactly our own because this 
plant at the :renith of its flowering is certainly a most glorious 
spectacle. Visitors by the hundreds have told us they wait until 
after the middle of April to visit the Botanic Garden so they can 
enjoy the beauty of this plant. 

To my knowledge descriptions of methods for clonal produc­
tion of Fremont·ia by asexual means had not appeared in litera­
ture, at least I could not find any, and _judging from questions 
put to many propagators I thought failure would be our lot. 
(Even the propagators at Wisley have rooted only one!) Such 
was not the case, and with some experimentation we have been 
able to produce all the plants "\\'e need and have some left over 
for others. 

While we have taken and rooted the cuttings in various sea­
sons, we get best results in the fall from fi1-trn tip growth, treated 
with Rootone, and bottom heat. An expert propagator tells me 
that he has had nearly 100 % rooting, and I believe him, and 
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have seen his results. But other professionals have not fared 
so well. 

In a gallon can, this would be a good, salable item because 
huge flowers clothe the stem the first season. But like the spe­
cies, a weak root has been inherited and ,vhile our mature plant 
losses are minimt1m, they might not be so for the commercial 
producer. While some fine plants are produced, seedlings are 
highly variable and losses are high from the many weaklings in 
every lot. So what does one do until a satisfactory root system 
is found for this fine cultivar? We continue to search for and 
to study various characteristics of other genera within the same 
family. And until ,,,e find a suitable understock, this beautiful 
flowering shrub may never be fully accepted. 

MODERATOR DOBBINS: Thank you very much, Percy. We 
will move on no,v to our next speaker, Mr. Eugene Baciu, from 
Santa Barbara, California, who will speak to us on seed collect­
ing. Gene. 

METHODS OF SEED COLLECTING 
EUGENE B,\CIU 

Mi.c;tletoe Sale.,;, Wholesale Seeds 
.. -::arita Barbar·a, California 

There are many ways to get started in the see•i harvesting 
bt1siness. In 1952, I was gathering dry materials for the florist 
trade, and one day on the way to the disposal area a nurseryman 
stopped me and asked what I was doing with the load of Stre­
litzia nicolai podds. He was informed that the color was not suit­
able for the florist trade and the pods had to be discarded. His 
reply was that the nursery growers ''could surely use the seeds 
in those pods." So the pods were· returned home, the seeds ex­
tracted, and a trip to Los Angeles was made. I received .02 cent 
each for the seed and a list of different shrub and tree seeds 
that were in demand. Now all that was necessary was to match 
the odd latin names to the trees, so you can imagine what a time 
one would have, not knowing one plant from another. After 
mt1ch misinformation, many mistakes and much time stt1dying, 
the list was ready to go out to the growers. The first years were 
spent in supplying seed brokers. 

There are many problems that arise in harvesting seed; I 
will attempt to gi,1e a fe,v that cover the wide ranges of methods 
t1sed. 

Many of the trees and shrubs do not bear fruit every year 
and some will go n1any years before they set a crop. A good 
example of this is Araitcaria bidivellii, which has a very good 
crop about every fourth year; in bet,veen, the crop is almost nil. 

The method used in harvesting A. bidivellii is to gather the 
cones from the ground, or fro·m the trees when the cones are 
beginning to fall very heavily. These are brought into the yard 
and aR they fall apart, each petal iR handled separately. There 
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are many empty seeds, and these must be separated from the 
viable seed. Cleaning steadily, one can get about 3000 seeds in 
8 hours. These seeds must be kept fresh, with the moisture con­
tent at 60 % , or the seed loses its viability. This is a good spe­
cies to illustrate one of the biggest problems a seed collecto1· 
faces; this is to let the grower know how best to plant and care 
for the seeds. \Vith Araitcaria bidivellii, the seed is covered 
just enough to hold it in place. Then after about one month you 
dig up a small root or tuber and plant it with about a quarter of 
an inch above the soil line in the container. This gives you a 
plant in a short while. Otherwise it takes up to one year for the 
leaf shoot to come out above the soil level. 

Cedrus deodora seed has always been a problem. Imported 
seed, after its long transportation period and fumigation, has a 
lo,v percentage of viable seed. 

After much looking in a very wide range of climatic con­
ditions from San Diego to Oregon, sufficient trees were located 
that would give a crop each year. First there must be a rain in 
October, and more than one tree in a locality is necessary to in­
sure good pollination. In August of the following year you can 
start checking the cones. At this time they are starting to firm 
up from the milky stage of the immature seed. Along in mid­
September or the first of October the cones will start to pop 
(shatter) and the seeds will be lost. You have to work fast 
when the cones are ready to harvest. The way to do this is to 
climb the tree with a pole ten feet long and a strong curved hook 
attached at one end. A quick pull will usually get the cones 
from out at the ends of the limbs. The smaller trees are best 
for ease in picking. 

After the cones are gathered, they must be put in the sun 
so that the pitch ,,,ill drJ· and the cones can be broken. This 
must be done with care, so that the seeds are not damaged. This 
is done by hand - using a hammer to open the cones. Next is 
the screening so that the seed can be separated from the bracts. 
This presents quite a problem since the wings on seeds are about 
the same size as the bracts. With 11/4 inch wire screen you can 
get about ¾ of the bracts out of the seed at the first screening. 
The next screening is done with a 3/4 inch hardware cloth, and 
this gets the rest of the bracts and part of the wings. Removing 
the rest of the wings is done by putting the seed in a sack and 
working them gently back and forth and around, then blowing 
the wings from the seed. Next, increase the velocity of the wind 
and by so doing you can remove the empty seed from the viable 
seed. For storage of Cedrus seed the best method is to mix the 
seed with about ~~1 bracts and 2f:1 seed in paper cartons of about 
3 cubic feet capacity. In this way the seed can be kept six to 
eight months without loss of ge1·1r1ination, as long as the seeds 
do not become overheated or lose their moisture. 

Mahonia aquifolium is an unpredictable plant. It is the 
state flower of Oregon, and is spread all over the state. About 
the end of July is the best time to gather the seed. After many 
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years of travelling along 01·egon's highways and secondary roads 
the locations of m;:tJ1j' acres of Ma,J1,rJ11,ia, aq11,if nl-iit-111, plants have 
been found. There are a few large groupings of this plant but 
most are found in patches along the fence lines and roadways. 
A la1·ge percentage of time in,,olved is in travelli11g along the 
roads looking for a patch that is covered with berries. We use 
twent)r-gallo11 plastic pails a11d a stick about two feet long. 
Gather a bL1nch of stems i11 the pail, and hit the stems with the 
club till the ber1·ies fall off i11to the pail. This is much more 
simple than picking by ha11d and n101·e prodL1ctive. You can 
pick about 400 potinds in a daJ' this way but ,vhen the crop is 
poor it may take a ,veek to get half that amount. 

To clea11 the seecl VOLi ca11 Lise a vacL1um cleaner. At the 
• 

1·ight speed this will mash the ber1·ies ancl release the seed. Wash 
a11d drain the seed b11t clo 11ot dr)'. No,v they are ready fo1· 
planting or storage. 

To obtain Pltilnde11d1·n1i seed, first you have to conside1· the 
pollinatio11 of the flo,ver. Afte1· about three mo11ths, the fruit 
will ripen. This occtirs ,,,hen the t1ppe1· part of the fruit falls 
off, leaving the lo,ve1· part for the birds to eat and distribute . 
. A.t this ti,n1e, cut the f1·uit from the plant and remove the berries 
into a cloth sack. Tie the sack tight and work the .iuices and 
pulp throL1gh the mesh of the stack till yoL1 have only seed and 
the large parts of the f1·L1it left. Screen this f1·om the seed, 
'\\1ash and put out to dry in the shade. Afte1· the seed is dry, 
store in an air-tight, clark container. 

Pine seeds do not p1·esent too many problems. The numbe1· 
one .iob is to get the cones at the 1·ight time. The cones a1·e 
gathered by climbi11g the t1·ees a11d picking by hand. Some 
cones open easily duri11g the heat of a fo1·est fire; the next best, 
n1ethod is to take them to the clese1·t. With a tempe1·ature of 
110° in the shade ancl, of coL11·se, 110 shade, the cone·s open rapid­
ly. P·inu.,;; 1·adiatri co11es, L111de1· the 1·ight co11ditions, ,vill open 
in one day. All that is left tc1 clo is '\\1i11g the seecl ancl blow the 
empty hL1lls OL1t of the voocl seed and they a1·e reacly fo1· planting 
01· storage. Son1e co11ife1· seec!, like Se1z1tnia 1,e111:p<;1·vi1·en,c;, can 
be shake11 f1·on1 the t1·ees. All ~'Otl 11eecl fo1· this is enoL1gh tarp 
to cover the area a1·0L111d the tree. A goo~l n1ate1·ial for tarp is 
polyethyle11e sheeti11g. The ,,,eathe1· must be right to SL1ccessful­
ly gather seecl this ,va~'- Y ot1 climb the tree, a11d starting at the 
top, whe11 the wind is i11 the 1·ight directio11, shake the limbs, 
completing the wo1·k befo1·e the wi11d changes. 

Harvest time is an e,1e1·-changi11g time. Son1e pla11ts that 
ha,,e been transplantecl to 0L11· Weste1·n sho1·es 111st do11't kno,,· 
when to flowe1· a11d the seecl to ripe11. Some will have a harvest 
time variatio11 of two to three 111011ths 01· mo1·e, so yoL1 have to 
check on your seed sou1·ces eve1·y so ofte11 - fi 1·st to see if the1·e 
is going to be ,1 crop and the11 '\\'he11 to ha1·vest the seed. Some­
times wincl or heavy 1·ai11sto1·n1 will dest1·oy the crop a11d some 
of these sources a1·e foL1r 01· five ht1nclrecl 1niles a,vay. The onlj' 
,,,ay to overcome this is t<l have ·ma11y cliffere11t climatic C<ltldi-
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tions. This will give different maturity times and give one a 
better chance. 

Another example is Arbutits unedo. The plants might be 
ready for seed harvest any time of the year. First one must 
find a tree with good character and a heavy crop of fruit. When 
the fruit starts to drop, pick it from the ground at least once a 
week. Wash the small seed and pulp through a -n inch mesh 
screen, then through a small-meshed window screen. This will 
wash the small sand-like material from the seed. Dry inside, 
out of the sun, and then keep under refrigeration until planted. 

Soft seeds mt1st never be exposed to sun or heat. Most seeds 
of soft-fruited plants should be dried inside or kept moist until 
planted. Other seeds must be cleaned and planted as soon as 
possible. Syzygiitni p~niculatiim or Eugenia myrtif olia are 
good examples of this. Just spread a tarp under the tree, climb 
up the tree, shake it vigorously and if the berries are ready, 
down they come, ,vith flowers, leaves and stems. Blow the 
leaves and flowers from the berries, then mash the berries and 
wash the fruit pulp from the seed. Keep the seed moist until 
planted. Permission to gather seeds in most instances is no 
problem. lVIost home owners are happy to let you have the seed. 
Often it is a problem to explain for what purpose you are col­
lecting seeds, since some people do not analyze how a nursery- ' 
man gets his plants. Some think all nursery plants g1·ow from 
cuttings only. 

MODERATOR DOBBINS: A \7ery interesting talk, Gene. Now 
our last talk this morning will be by David Roberts of El Mode­
na, California, who "'ill discuss a subject we do not hear about 
often - propagation of ferns. David: 

MODERN PROPAGATION OF FERNS 
DAVID J. ROBERTS 

Roberts Wholesale Nurse1·y 
El Modena, California 

Two decades ago, comme1·cial fern sporing firms in the 
West were generally small, ''hit and miss'' operations with in­
sufficient scientific knowledge and capitalization to insure con­
sistent production in an expanding market. Today, increasing 
availability of new insecticides and fungicides, as well as ample 
help from State Universities, County Agricultural Offices, and 
private soil laboratories, contribute much to our knowledge and 
efficiency. 

With all this help at our back those of us in the trade still 
have our everyday problems in this devious art of artifically 
encouraging sporogenesis. It is through exchanges of informa­
tion ,such as we are participating in today, that difficulties will 
be alleviated or resolved. 

To be•gin let tts revie,v and discuss some of the mysteries 
about ferns that botanists have unfolded for us. 
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The probable ancestors of ferns and mosses were liverworts, 
which appeared on earth long before seed plants. Yet, while 
they resemble liverworts and mosses, ferns also bear a resem­
blance to plants propagated f1·on1 seeds. Both mosses and ferns 
require water to fertilize, and both have similar structures. 

Ferns are widely distributed throughout the world in cli­
mates 1·angi11g f1·on1 moist to dry, and species native from Brit­
ish Columbia to Tasmania are propagated and distributed here 
in California, where a variety of climates exists. 

Ferns as we know them with roots, stems, and fronds are 
the asexual 01· sporophyte generation. The sexual or game­
tophyte generation is a small, independent plant devoid of roots, 
stems and leaves, and is called p1·othallium. Interestingly, then, 
ferns go through two separate processes, and in the second, they 
transcend the liverworts and mosses so majestically that they 
become the soaring, sixty foot tree f e1·ns of New Zealand, match­
ing the beauty of ''higher'' plant forms. 

The spores appear as brownish 'dots'' under fronds in clus­
ters of sporangia, or spore cases. The sporangia form small 
groups called sori. I·n some ferns the sorus is covered by a pro­
tective outgrowth called indusium. The tissue of each sporan­
gium forms sixteen spore mother cells. Each of these divide 
into four spores. 1\'lost fern spores have two coats, or wall lay­
ers. The tough ot1te1· laye1· ( exine), and the delicate inner layer 
(intine). 

The chromosome laden spo1·es are discharged from the spo­
rangia, and the under favorable conditions of moisture and tem­
perature, water is absorbed by the spore, the exine is ruptured, 
and the spore contents su1·rounded by the intine protrude as a 
short tube. 

Cells elongate and multipl)' until the flat, green plate of 
cells called p1·othallium is formed. This develops temporary 
roots called rhizoids. In most ferns each prothallium bears. both 
male and female gametangia. Some species, however, have male 
and female parts on separate gametophytes with the female be­
ing the larger and developing later. 

The male chlorophyll-bearing cells (antherida) develop into 
sperms. In the presence of ,vater the neck canal of the female 
cell (Archegonium) swells, and the cover cells open allowing 
the sperms to swim down the neck canal to the egg. A number 
of sperms may be attracted to the Archegonium, but only one 
fuses with the egg. 

At fertilization the chromosomes double, and the resulting 
nucelus in the fusion of sperms and egg is called a zygote. The 
zygote nucelus has male and female chromosomes in equal n11m­
ber. 

After fe1·tilizatio11 the zygote divides a11cl develops into the 
''fe1·11 pla11t'' 01· sporoph)'te. No,v, the prima1·y 01·ga11s of the 
embryo a1·e developed. These a1·e: 

1. The foot which temporarily connects the sporophyte with 
the prothallium, and supplies food and water to the young 
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embryo until it develops its own roots. 
2. The root which grows downward into the soil. 
3. The primary leaf which is a temporary leaf little resem­

bling the pe1·1nanent fronds, but serving as the first photo­
synthetic organ of the sporophyte. 

4. The stem which becomes the rhizome from which fronds 
and permanent roots arise. 

In the early stages of embryo development the young spo­
rophyte is entirely parasitic upon the prothallium. As soon as 
the primary root and leaf are developed, however, an independ­
ent organism is formed. The gametophyte withers, and the 
foot ceases to function. Of the four structures mentioned, only 
the stem (rhizome) is pe1•111anent. This soon develops fronds 
and roots, and the primary root and primary leaf die. The fern 
as we know it is ''born''. 

Now, let us reveal some of the practical procedures by which 
we in the commercial nursery propagate ferns from spore. As 
we go along, keep in mind the two separate processes just cov­
ered, the sexual or prothallium generation, and the asexual or 
sporophJrte generation. 

Commercially, spore is asquired in several ways. In addi­
tion to gathering spore from a nursery's own stock plants, it is 
possible to secure spore from foreign seedsmen, fern collectors, 
campuses, parks, a1·boreta, and from other nurseries. 

Those ferns that are low-growing, ground cover types, ma­
ture early, making it possible in some cases to collect ripe spore 
from one gallon size plants. In this group would be the Maiden­
hair and the Rabbitsfoot ferns. Intermediate height species 
usually mature for spore collection at about five gallon size. In 
this class would be Leather leaf, and the Brake ferns. Tree ferns 
must be about seven gallon specimen size, or larger before ripe 
spore may be taken. 

Let us now suppose that we have located a mature plant at 
the right time of year, and that the specimen appears to be spo­
riferous. With our magnifying glass we will now examine the 
underfrond, checking to see that the spore cases are neither an 
unripe ''green'', nor that the sporangia is open, and its contents 
spent. It is possible to remove a frond that inclt1des an unripe 
to over-ripe sequence. By so doing we can be reasonably sure 
that ripe spore will be included in the gathering. 

The frond no,,, removed is put into a large manila envelope 
and allowed to dehydrate for a week or two at dry room tempera­
ture. This causes the spore laden cases to be released from the 
withered frond. When the crisp frond is finally removed from 
the envelope we see inside a composite of sporangia, indusium, 
spore, and waste matter which we will call chaff. 

This done, the task is now to extract the ''pu1·e'' spore frorn 
its protective tissue and from the chaff. This is done by a 
series of usually three screenings. The spore of some species is 
so minute that the final screening is performed by passing the 
spore through a ,vomen's nylon stocking. After refining, the 
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nearly pure spore can be poured into small vacuum tight jars, 
and stored for future use. 

Growers differ in their opinions as to what is the best 
medium upo11 which to sow fern spores; this disagreeme,nt is un­
derstandable when one visits the native habitats of ferns, and 
sees the wide1 range of soils upon which the plants fertilize and 
thrive. In Africa, "rater Ferns grow upon lakes with no soil 
at all present. 111 ot1r own San Diego County of Califo1·nia we 
see Maidenhai1· Fe1·ns clinging to sandstone banks, where rain­
fall is less tha11 fifteen inches a year, and precipitation occurs 
only in ,vinte1· and spring. 

Most fe1·ns can be spored successfully on a mixture of t,vo­
thirds peat moss, and one-third perlite (Sponge Rok). An ordi­
nary nurse1·y flat can be filled, and carefully levelled for this 
purpose. All soil components, tools, flats, and greenhouse sur­
roundings should be sterilized befo1·e the spore is sown. Green­
house temperature should be held in the range of 65° to 75° 
th1·ough the use of evaporative, or other cooling, and ther­
mostatically controlled heat. Bottom heat, also, has proved to 
be a11 aid in accelerating fertilization. At this early stage a 
heavy whitewash coating on g1·eenhouse glass should be supple­
mented with an ot1tside saran covering, or the inside draping of 
cheeesecloth. 

These prepa1·ations made, the spo1·e is poured from the small 
ai1· tight jars onto a clean sheet of ordinary 81/2 x 11 inch writ­
i11g paper. By cupping the sheet in the palm of one hand, and 
tapping at the bottom of the paper with the opposite hand, the 
spore can be dusted evenly onto the soil medium. The spore is 
ft11·ther pt1rified during this process by the gravitational sliding 
of the paper's contents. Ca1·e must be taken that the distribu­
tio11 is performed ,vithout wasteful caking 01· neglect of sowable 
a1·ea. This is especially so, since the dark spore color of cer­
tain species blends inconspicuously with the moist peat moss 
mixture. 

After sowing, the flats are covered with 18 x 18 inch sheets 
of glass, and kept moist by frequent misting. To avoid damage 
f1·om salts 01· chlori11e in tap water, distilled wate1· is dispensed 
ft·om Hudson type pressure sprayers. 

''Fertilization'' usually takes place within three to six weeks. 
Beyond this time cell growth is unlikely. We have no answer 
to the 1·iddle of wh,\' apparently ripe spore, taken fresh from 
healthy specimens fails to fe1·tilize. The sexual generation now 
appears on the soil su1·face as a green ''moss''. As the cells con­
tinue to elongate and multiply, a fairly even lfii inch thick 
''stand'' soon covers the soil in the flat. 

Some t1·ot1bles may no,v appea1· in the form of the fu11gal 
<lisease, Rliizoctor1in solan,i, ancl i11 the p1·esence of fungus g11atH, 
a11d thei1· la1·vae. A11y b1·owni11g 01· g1·eyi11g of the felt-like sur­
face of the culture is the indication that pathogens are p1·esent. 
The spread of the fungus may usually be stopped through the 
local use of a mild, protectant fungicide solution. The gnats are 
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able to pass around the glass covering, and produce larvae which 
attack from just below the surface of the soil. Sprinkling diel­
drin granules over the forming prothallium generally controls 
these gnats. 

It is now time for the first transplanting. Again, an ordi­
nary nursery flat is filled with soil mix. The Sponge Rok, how­
ever, is replaced with screened, steamed leaf mold. Using a 
sterilized dibble, small indentations a1·e made in the new soil 
surface in the amount of about 324 per flat. Small ''dabs'' of 
prothallium (about the size of a 6 d nail head) are removed 
from the original flat with tweezers and transplanted to the ac­
commodating recessions. Light feeding with a mild chemical 
fertilizer may be introduced as the tiny pads grow and expand. 

Our original flat contained several thousand potential spo­
rophytes. The prothallia discs in the subsequent flats will ex­
pand to about the size of a dime. These plates in turn will be 
divided several times as the primary leaves appear. 

In the second removal we will transplant, along with bits 
of prothallia, the connecting feet, primary roots, primary leav­
es, and stems. 'The sporophytes at this progression are still 
parasitic upon the prothallia. They are planted into the peat 
moss - leaf mold mixture in the number of about 160 per flat. 

Finally, the feet wither, primary roots and leaves die, and 
the remaining stems become the rhizomes with their fronds and 
permanent roots. Thus after two transplantings we have pro­
duced the ''seed'' flats of the fern-growing trade. 

Not all the young ferns will be eligible for shifting to liner 
pots. For in the continuing development of plantlets at vary­
ing periods, a lack of uniformity develops. The rejects are 
graded according to size, and replanted into flats where they re­
main until ready for potting. 

So, with the help of modern facilities, fungicides, and in­
secticides we have retracted a prehistoric and marvelous process 
of Nature. Through the continuation of this work, and with 
the help of scientific organizations and educational institutions, 
we are hopeful that many more of the 9000 species of ferns may 
be made available for the enjoyment of Westerners. 

MODERATOR DOBBINS: Thank you, David. Now we will 
open the meeting for questions. 

MR. WALTER VAN VLOTEN: I would like to ask Percy if 
this Freniontia 'California Glory' is hardy in British Columbia. 

MR. PERCY EVERETT: Well, I really don't know. It has 
not gone far enough astray yet. It was growing rather satis­
factorily in Wisley Garden in England. In Dublin, Ireland, 
there was a specimen, not of Fr·emontia 'California Glory', but 
of a F1·e;nontia hybrid which undoubtedly ,vas very close to it 
and it ,vas 25 feet tall. It had su1·vived there. I it1st clon't 
know. This is something that ,ve have to find out. I ,vould be 
glad to have some plants tested. 

MRS. IRENE BURDEN: I was interested in the hardiness of 
the H euche1·a. 
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MR. PERCY EVERETTS. Well, H euchera sanguinea has con­
siderable hardiness in it. It is a native of Arizona and the 
Southwest. One of the parents - the one that was used - was 
obtained from Carl English around Seattle. I would say that it 
would probably be the same hardiness as H euchera sanguinea. 
It is a much larger plant, of course, and produces a great amount 
of tall, upright stems. I counted as many as 150 stems on it. 

FRIDAY EVENING SESSION 

October 22, 1965 

The Sixth Annual Banquet was held in the Main Banquet 
Room of the Los Gatos Lodge. 

The speaker of the evening was Dr. Hudson T. Hartmann, 
University of California at Davis who spoke and showed slides 
on the subject, ''Plant Propagation in Italy''. 

---------

SATURDAY MORNING SESSION 

October 23, 1965 

The session convened at 8 :00 A.M. in the Conference Room, 
Los Gatos Lodge, with Dr. Andrew Leiser, Department of Land­
scape Horticulture, University of California, Davis, as modera­
tor. The session started with a Question and Answer period 
covering the tour of the Saratoga Horticultural Foundation. Mr. 
Maunsell Van Rensselaer, Director, Mr. Dwight Long, Mr. Bar­
rie Coate, and Mr. Brian Gage, all of the Foundation, were on the 
Panel. 

MODERATOR ANDREW LEISER: Two people have asked es­
sentially the same question - Jack Crossley and Mary Ryan. 
Both have asked in essence, ''What is the modified U.C. mix and 
feeding program of the Foundation for your container trees?'' 
Jack Crossley is referring particularly to the 15-gallon Liquid­
ambar specimens. 

MR. BARRIE CO . .\.TE: Our modified U.C. mix, as you might 
call it, is composed of two-thirds fine redwood sawdust and one­
third sandy loam. It is based on a redwood sawdust, sandy soil 
mix with nutrients added, as the U.C. Mix prescribes. The 
sandy loam is a 60 % fine sand, 27 % clay, and 13% silt loam. 
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ve1·y cl1·op-tolerant and this clone is, of course, a selection fo1· a 
frt1itless 11uality. lt is a dioeciot1s species; we have selected a 
male form, a frt1itless form, and one with an upright, well­
branched head. The species itself is a very good tree; bright 
gree11, always healthy, very drop-tolerant, and then the male 
clone, of cot1rse, additionally eliminates the possibility of any 
seed \vhich \voulcl lJe mess)'· if it were used as a street or yard 
tree. 

• 

MODERATOR T~EISER: Our next speaker on this symposium 
is Jack Crossley fr·om the Canada Department of Agriculture, 
Saanichton, B.C., Canada. His crop specialties are flowering 
bulbs, chrysanthemums, holly and nursery crops; his current re­
search is in the latte1· two areas. Today he will tell us of some 
of that research, 'The relatio11ship of temperature and light to 
the growth ancl flo,vering of seedlings and cuttings of Rliododen­
d1·01i 11iolle hybrids''. Jack: 

MR. J. l-I. CROSSLEY: I have enjoyed the visit to Califor11ia 
immensely. I fot111cl it very stimulating and certainly entirely 
c\ifferent from ,vhat I ha,,e bee11 used to. I do want to thank 
you in all since1·ity, on my o,,1n behalf, and I am sure the dele­
gation - the othe1· seven from British Columbia - are equally 
grateful for the ,,·ay you throw things open to us with no holds 
barred. When )'011 come tip ot1r way we hope ¥:e can reciprocate 
in some small waJ'. 

LIGHT AND TEMPERATURE TRIALS WITH SEEDLINGS 
AND CUTTINGS OF RHODODENDRON MOLLE 

J. H. CROSSLEY 
Resea1·cli B1·anch, Experitriental Farm 

Canri(la Depart,ment of Agriculture 
Saanichto12, B.C., Canada 

Plant propagators are al,•;ays searching for ways to reduce 
the growing period of seedlings a11d rooted cuttings. This pa­
pe1· (leals ,vith onlJ· t,vo factors, supplemental light and t.emper­
att1re, as ai(\s to gro,,,th stimt1lation, marketable size and flower 
initiation of Rlio(l<1<le12cl1·011, 111olle. 

Stimulation of shoot growth bv supplementary lighting of 
Rl1odode11d1·on ni(Jlle ,vas reported in 1960 and 1963 by Weiser 
ancl Blaney ( 1, 2), by Spicer ( 4) and in 1964 by Goddard (3). 
Stimulation of seedlings of rhodoclendron (R. cata1vbiense), 
azalea ( R. ja7Jonicil11i x R. 11iolle) and their hybrids with sup­
pleme11tary illumi11atio11 was reported in 1955 by Doorenbos (5). 
Weiser a11d Blaney showed that shoot growth of several clo11es 
,vas greatly stim11lated by suppleme11tary low-intensity fluores­
cent light (150 f.c.) between c\usk and dawn. They also reported 
stimulated gro,vth \\1ith prolongecl illumination at light intensi­
ties of 35 to 50 f.c. and by incandescent light. They experi­
mentecl ,vith cleci(\t1ot1s azaleas t1ncler constant illumination ancl 
gre,,, them to ma1·ketable size in less than a year from time of 
taking the cuttings (2). Spice1· ( 4) ,vo1·king with I·lam deci<l11-
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ous azaleas of which R. molle is a parent, reported satisfactory 
shoot growth with as little as three hours' supplementary illumi­
nation using 100-watt globes, 3 feet above the bench covering 12 
square feet. Spicer also stated that if plants were left under 
the lights, kept pinched and fed, they would make strong well­
fo1·111ed plants, 18 to 24 inches high, in a 3-inch pot. This, 
Spicer claimed, was undesi1·able; his preference was to give only 
sufficient time to get them into growth and shift them to a cov­
ered frame to harden off, when the cover was removed for win­
ter. 

Goddard (3) in 1962 used dusk-to-dawn supplementary 
illumination to produce winter cuttings f~om summer-rooted 
stock plants and concluded that growth under 60-watt incandes­
cent lamps in a 45° F. night minimum plastic greenhouse was 
unsatisfactory. On the other hand. excellent results were ob­
tained with Gro-Lux in standard fixtures under similar condi­
tions. He stimulat.ed stock plants derived from June cuttings, 
18 inches high at 12 months and well branched after yielding 
3.5 cuttings each. At 3 months, these made salable 6-inch liners. 

Doorenbos (5), exploring the possibility of shortening the 
breeding cycle of seedling rhododendrons and azaleas found opti­
mum results when plants were grown in the greenhouse at a 
photoperiod of 24 hours (natural days extended to 24 hours) by 
''weak incandescent'' 60-watt lights. Lateral shoots were kept 
removed. When pla,nts were kept in a ''very long'' photoperiod 
at 59 to 68° F., t,he number of growing periods was increased; 
the majority of the plants grew about twice as fast ac; plants 
grown in natural days and in one experiment, 7 of 10 azalea 
seedlings initiated flowers in about 16 months from s.owing. 
When 30 plants ,vere moved outside in May, 14 months after 
sowing, only twelve formed flower buds. 

Materials and Methods 
Experiment 1 (1963-64) Effect of light duration on seedlings. 

Two hundred R. molle plants sown in January, 1963, and 
potted in August were grown under five different light regimes 
in a greenhouse maintained at a 45° F. minimum from Septem­
ber 6, 1963 to February 14, 1964. 

The five light treatments were: 
1. 24 hours light {nurrnal daylight, then Gro-Lux fluorescent 

dusk to dawn). 
2. 20 hours light (normal daylight, then Gro-Lux fluorescent 

commencing at dusk) . 
3. 16 hours light (nu1·1nal daylight, then Gro-Lux fluorescent 

commencing at dusk). 
4. Normal daylight plus one-half hour Gro-I,ux fluorescent 

at midnight. 
5. No1·1nal daylight. 

Each plot received supplementary light by two 40-watt 
tubes, 20 inches above pot rims covering a 3 by 4 foot bench. 
Plot layout was four randomized blocks.A plot consisted of 20 
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plants in 41/2-inch square plastic pots. Plants were fed and 
pinchecl periodically to encourage bushiness. On February 14, 
1964, plant grade and height were recorded. 
Exper·i11ient 2 (1964-65) Effect of temperature and light on 

seecllings. 
Fi·om September 13, 1964, until April 29, 1965, 800 spring­

sow11, ha11d-pollinated R. molle seedlings were grown in green­
houses under two temperatures and four light treatments to 
cletermine the effect on growth and subsequent flower-bud for­
mation. The tempera.tures were 45° and 65° F. night minimum 
provided by eight identical compartments equipped with auto­
matic se,parately-controlled light, temperature and ventilation 
facilities. Each compartment was divided into four sub-plots, 
41/2 by 41/2 feet consisting of 25 plants, by curtains raised at 
dusk lowe,red at 8 :00 A.M., providing the four light treatments. 
Lights were placed 24 inches above the pot rims. Plants were 
pinched to encourage bushiness, an given liquid feeding until 
mid-August. 

1. 24 hours light (normal daylight, then Gro-Lux fluorescent 
160 watts, 50 to 70 f.c. dusk to dawn). 

2. 24 hours light (normal daylight, then incandescent 400 
watts, 30 to 100 f.c. dusk to dawn). 

3. 16 hours light (normal daylight, then Gro-Lux fluorescent 
160 watts, 50 to 70 f.c. commencing at dusk). 

4. Normal daylight only. 
Light-temperature treatment terminated April 29 (228 

da)'S). After a hardening-off period, April 29 to May 29, in 
unheated greenhouses, the plants were transferred to fully ex­
posed outdoor conditions to complete their gro,vth. 

Growth increment data and plant grade were first recorded 
March 2 and again on September 15 when flower buds were also 
counted. 
·Expe1·iment 3 ( 1964-65) Effect of light quality on rooted out­

tings. 
From November 6, 1964 until April 29, 1965 ninety plants 

from August cuttings were given dusk-to-dawn supplementary 
illumination with five different kinds of lights. The object was 
to determine the effect of light quality on shoot growth and sub­
sequent flower-bud formation. 

Lights as listed below were placed 36 inches above the pot 
riins. Plot area was nine square feet of bench. 

1. Mercury vapour (H.P.) Total wattage-400; f.c. 180-300 
2. Fluorescent, Gro-Lux Total wattage-400; f.c. 20- 38 
3. Fluorescent, Daylight Total wattage- 80; f.c. 50- 95 
4. Fluorescent, Verd-A-Lite (industrial) 

Total wattage- 80; f.c. 40- 90 
5. Fluorescent, DSW /29 (industrial) 

Total wattage- 80; f.c. 40- 70 
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Night minimum greenhouse temperature was 65° F. Cul­
tural methods were similar to Experiment 2. 

Results 
Experiment 1 (Table 1) 

Increasing the total hours of light to 16, 20 or 24 hours by 
supplementary illumination with Gro-Lux fluorescent in a green­
house set for a night minimum of 45° F. resulted in graduating 
increase in height (3.9, 4.5 and 5.3 inches respectively) and also 
in percentage of grade one plants (17, 35 and 50 percent respec­
tively) for the 161-day test period. While one-half hour of sup­
plementary illumination at midnight with Gro-Lux resulted in 
a significant increase in height compared to natural day treat­
ment, it was valueless for production of grade one, and nearly so 
for grade two plants. 

Table I. Effect of supplementary illumination on growth increment a11d grade 
of R. mo/le seedlings, 1964 

Light treatment 
Sept 6 to Feb 14, 161 days 

(min night temp 45°F) 

24 hrs (Gro-Lux dusk to dawn) 
20 hrs (Gro-Lux starting dusk) 
16 hrs (Gro-Lux starting dusk) 
Natural days + ½ hr. midnight 
Natural days 

Hgt 
Iner 
Av 1 

ins 

5.3a 
4.5ab 
3.9b 
3.3b 
0.6c 

1Values with a letter 1n common are not s1gn1f1cant!y different (P == 05) 
'Arbitrary grade based on leafiness and bushiness 

% 
Good 

50 
3:; 
17 
0 
0 

Plants grad1ng2 

Fair Poor 

13 37 
35 30 
10 73 
7 93 
0 100 

Table 2. Effect of temperature ranges and supplementary illum1na11011 011 R. 
1nolle seedlings, I 965 

Trt 
No 

I. 
2. 
3. 
4. 
5. 
6. 
7 
8. 

45° F. 

65° F. 

Treatment Growth results1 1n 170 days 

- Light 
(Sept 13 to Apr 29, 

228 days) 

24 hrs (Gro-Lux dusk-dawn) 
24 hrs (lncand. dusk-dawn) 
16 hrs (Gro-Lux start dusk) 
Natural days 
24 l1rs (Gro-L11x d11sk-dawn) 
24 hrs (lncand. dusk-dawn) 
16 hrs (G ro-Lux start dusk) 
Natural day~ 

Hgt 
Inc 

tns 

0.7c 
I Oc 
O.la 
O.la 
2.4d 
2.3d 
1.2b 
0 la 

Av 
Pinches/ 

Plant 

I.Ob 
I 7c 
04a 
0.5a 
2.7d 
2.Sd 
1.4c 
0.4a I 

% Gr 1' 
Plants 

19.lb 
35 3c 

O.la 
O.la 

61 7d 
73.9d 
39.7c 

O.la 

1Valucs with a letter 1n ommon arc not s1gn1f1cantly d1ffcrcnr (P == 01) 

Gradel 
Index 
(all) 

19.2b 
22.7c 
10.0a 
10.2a 
260d 
27.7d 
230c 
10.7a 

2V1st1JI grJd1n~ for li:af1nt.Sb, fol1JgL color, plc111t vigor JnJ bl1bh11tLt:.~. Gr.1ck. 111JL\ 3 - Gr I, 2 = 
Gr 2, 1 = Gr 3 

Experiment 2 (TalJles 2, 3, arid 4) - Initial effect. 
Data for the initial gro,ving pe1'iod in the greenhouse. Sep­

tember 13 to April 29, 1965 incticated that growth stimulation 
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Table 3. Resid11a1• effects in 139 days of temperature ranges and supplementary 
1ll11n11nation 011 R. mo/le seedlings, 1965 

Trc.,\tmcr\t Pcrcct1taie of p\,i.nts1 

Night 
N,, Min Light Gr I Gr 1 & 2 v..•/flou.cr buds 

Temi1 
' 

I •15 ° 11 2,1 ]11, (Gt ,,-l 11x d11sk-cl,1w11) 3 7a1Jc 10 5b 42 3cd ,, 2,1 ]11, (lt1<a11cl. <l11sk-1law11) 3 ll<1bc 11 21> 47 (Jd -· 
:1 11, 111, (G11>-L11>.. ,t<11 t d11sl...) I. 7 ,th (J 5J 22 01> ., N,1t11ral davs , 4.7c I '.I Ill> 30 ()I)(, 
• (J·Jo I· 2·1 Ii,·~ ((;, 1>-I,11x d 11,k-(IJ \VII) 5 0c 10 2b liO 7ef ' ' 
(j 24 hrs (lnl.,11111. dusk-daw11) 4.0bc 11 Ob 65.7f 
- 16 111 s (G11i-l,11x start d11s!...) 3 5abc 10 71> 47.4dc I 

8. Natttral da}'S l Oa 6 Oa 7.0a 

1V,ilut..s v.·1th a letter 111 C(im1ntn1 arc 11ot s1gn1f1c,111t!; different (P = 0)) 
"fJascd on or1g1nal tredtrncnt period, 228 days (Sept 13 to April 29) and total growth period of 36i 
days (Sept 11 1964 to Sept 15, 1965) 

of R. molle during the dormant season is governed by both tem­
perature and daylength. For example, the responses in height 
increment and a\·erage number of pinches per plant were prac­
tically nil under natural days at both 45° and 65° F. minimum 
temperature ranges, but under 24 hours light, growth increased 
significantly, particularly at the higher temperature. 

Data also show that growth of grade one plants. and grade 
index \Vere most satisfactorily promoted by the higher tempera­
ture and 24 hours of light (illumination dusk to dawn, treat­
ments 5 and 6). At 65° F. the two kinds of supplementary 
illumination ,,vere not significantly different. Reducing the 
total light period materially reduced growth and the number of 
grade one plants from 61.7 <Jo for 24 hours to only 39.7 o/o for 16 
hours (treatments 5 and 7). 

Resid·ual Ef feet 
Plants with flower buds. Dusk-to-dawn illumination with 

either Gro-Lux or incandescent lights (24 hours) plus a mini­
mum night temperature of 65° F. resulted in over 60 percent of 
plants initiating flo\ver buds. This compared with only 30 per­
cent from the higher yielding check treatment (natural days at 
45° F. night minimum). 

For 65° F. night minimum 16 and 24 hours of total light 
were equally effective when Gro-Lux was the supplementary 
source, but 16 hours with Gro-Lux \Vas not as effective as 24 
hours \vhen incandescent was supplementary. 

Plant grade. One hundred and thirty-nine days following 
termination of lighting, with grade based on plant size and ap­
pearance but not flower buds, no improvement was shown from 
st1pplementary illun1ination. 
f,,';t·pe1·i111er1t 3 ( TalJle,'! 5 artd 6) 

In general, gro,vth stimulus during the 122-day test period 
,vith mercury vapour and four fluorescent supplementary light­
ings was not appreciably different though mercury vapour did 
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Table 4. Residual effects of temperature ranges and supplementary illum1nation on R. molle seedlings after treatment, comparing 
Saanichton (SG) and Goddard (GG) gradings. 

Trt 
No 

Min 
N,ght 

Temp 

Or1g1nal treatment1 

L,~ht 

1. 45° F. 24 hrs (Gro-Lux dusk-dawn) 

2. 

3. 

4. 

24 hrs (Incand. dusk-dawn) 

16 hrs (Gro-Lux start dusk) 

Natural days 

'\ (i',° F 24 hrs (Gro-L11x dusk-daw11) 

6. 

-I 

8. 

24 hrs (lncand. dusk-da,vn) 

16 hrs (Gro-L11x start dt1sk) 

Natural days 

1Sept 13 to April 29, 1965 (228 day•) 

SG 

3.7abc2 

3.0abc 

l .7ab 

4.7c 

5 Oc 

40bc 

35abc 

l .Oa 

Grade I 

Percentage of p1ants 

GG 

29.3c' 

242bc 

II.lab 

28.lc 

30.lc 

22.9bc 

21.3bc 

7.la 

Grade I &' 2 

SG 

10.5b' 

1 I.2b 

6.5a 

I3.0b 

I0.2b 

II Ob 

JO 7b 

60a 

'Values with a letter 1n common w1th1n colun1ns arc not s1g1f1cantly different (P = 05) 

GG 

60 5bc' 

72.7cde 

54.0ab 

71 .4cde 

82.lde 

87.Se 

6!1.7bcd 

42 Sa 

Percent plants 
w/flower buds 

all grades 

42.3cd' 

47.0d 

22.0b 

30.0bc 

60.7ef 

65 7£ 

47 4clc 

7.0a 

-



Table !i Growtl1 results (122 days, November 6 to March 8) with five supple­
mentary l1gl1tings on rooted cuttings of R. molle, 1965 

Treatment 
(24 ho11rs light (suppl 1llum1n 

dusk to dawn l 

I . :\lcrc11ry vapo11r 
2 Fl11orescent G10-L11x 
3 Fl11orescent Daylight type 
4 Fl11oresce11t Verd-A-Lite 
r, Fl11orescent DSW /29 

Growth1 

1ncr 

,ns 

I Sc 
06a 
I 4bc 
I 4bc 
09ab 

Av 1 

No 
pinches/ 
plant 

I lb 
0.4a 
05a 
05a 
0.5a 

Percent 
Gr I 

10 0 
10.0 
12.5 
15 0 
25 

N.S. 

Grade 
Index 

all 
plants 

I 7 
I 8 
I 8 
1.9 
I 8 
N.S 

1Valucs v..1th a letter 1n common w1th1n columns are not s1gn1f1cantl}· different (P == 05') 

result in more pinches per plant. This is not surprising as 
energy output is greater from mercury vapour than fluorescent 
(in this case, 400 compared to 80 watts). What is surprising is 
that with daylight fluorescent or the industrial Verd-A-Lite, 
growth increment surpassed the Gro-Lux fluorescent treatment, 
a type primarily designed for optimum plant growth. Results 
are inconclusive but it appears that with dusk-to-dawn supple­
mentary illumination, quality of light is not a highly important 
factor of growth stimulus and early flower initiation of young 
azalea plants. 

Table 6. Resid11al growtl1 effect of five supple111e11tary illumi11ations on rooted 
cutti11gs of R. n1olle, 139 davs after treatment 

I 

Or1g1nal treatment1 (24 hrs 
light " suppl 1!lum1nat1on 

dusk to dawn) 

l\fercury vapour 
2. Fluorescent Gro-Lux 
3 Fluorescent Daylight type 
4 Fluorescent Verd-A-Lite 
- Fluorescent DSW J29 :, 

% Grade 
I 

plants 

5.6 
0.1 

11.l 

277 
11.1 
NS 

% Grade 
I & 2 
plants 

33.3 
16.6 
22.2 
499 
38.8 
NS. 

% Plants 
w/flower 

buds 

72 
77 
44 
77 
38 
N.S. 

1Bascd on or1g1nal treatment period, 174 days (November 6 to April 29, 1965 a11d total growth per~ 
,od. 111 days, (November 6 to Septemher 15, 1965) . 

• 

Summa1·y and Co,nclusions 
Three experiments dealing with the effect of supplementary 

illumination on grov,th stimulus, grade of plant and flower bud 
initiation of young R. nwlle seedlings and rooted cuttings were 
carried out in 1963-64 and 1964-65. A total of 1,090 plants were 
subjected to not less than 161 days of treatment in which tem­
perature, and fluorescent, incandescent and mercury vapour 
lightings were variables, though not necessarily in all experi­
ments. 

Maximum gro,vth response, initially determined immediate­
ly afte1· the lighting period, and based on height increment, 
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number of pinches per plant, percentag~f grade one plants and 
grade index, resulted from 65° F. night minimum plus 24 hours 
light (supplementary illumination dusk to dawn). Gro-Lux 
fluorescent and incandescent were equally effective. 

Final independent gradings by a nurseryman and the author 
in September, 139 days following termination of lighting with 
grade based on sire and appearance only, revealed no improve­
ment as a result of supplementary illumination. 

On the other hand, dusk-to-dawn illumination with either 
Gro-Lux fluorescent or incandescent plus a minimum tempera­
ture of 65 ° F. resulted in over 60 percent of the plants initiating 
flower buds compared to 30 percent for the higher yielding 
check (natural days and 45° F. night minimum). Light for 16 
hours, where Gro-Lux is supplementary, is equal to dusk-to­
dawn lighting with lighting with Gro-Lux, but less than equal 
to dusk-to-dawn with incandescent. 

Light quality from mercur)r vapour and four kinds of fluo­
rescent used in this experiment, is not considered critical for 
dusk-to-dawn supplementary illumination where growth stimu­
lation of R. molle i~ the objective. 
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some of ou1· own rootstocks. As clonal rootstocks ca11not be re­
produced true-to-type from seed, we 111ust therefore resort to 
asexual methods of propagating. The methods used for propa­
gating clonal rootstocks comn1ercially is either by mound layer­
ing 01· by co11tinuous layering, but mound layering seems to have 
the p1·eference by n1any propagators. I think the reason for 
this is the lower cost in establishing the stool beds. But we must 
not cot111t out other methods such as hardwood cuttings, root cut­
tings and soft,vood cuttings. All these will eventually be as im­
portant commE•rcially as the la)'eri11g methods. In either case 
a fertile, well-drained, soil should be used in establishing the 
stooling or layeri11g beds. Before pla11ting we apply the follow­
ing fertilizers: ( actual per acre) 320 lbs. nitrogen, 320 lbs. 
phosphate and 160 lbs. potash as early in spring as possible. 

We use the continuous layering method in our operation. 
It reqt1i1·es n1ore labor and care in establishing the beds and the 
initial cost is mt1ch highe1·, btit contint1ous layering has the ad­
vantage of distributing the shoot growth over a larger area 
111uch faster tha11 the mound la)'ers and produces more uniform 
layers of the c1esired medium sizes. But once the layflring beds 
are establishecl, the layers are easily managed and the results 
are st1pe1·ior to other methods. 

Sp1·ing planting is the most suitable in our region. We 
plant our rows 8 feet apart, 16 inches in the row, ancl the mother 
pla11ts are set at a 45° angle for easy layering and preferably 
pointecl to the south for good light exposure down the 1·ows. To 
get the sawdust into the layering beds has always been a big 
chore. We now haul the sawdust directly from the• mill right 
into the rows and unload the truck from both sides. This of 
course must be done early and Roon after planting while we still 
can straddle the rows. The 8' rows give us plenty of room to 
pile enough sawdust between the rows for several years of cov­
ering. Having the sawdust in rows between the mother plants 
is also a good weed control. After a full year's growth and root 
clevelopment of the mother plants, the shoots are. then pruned 
and prepared for the actual layering. Any branches that can-
11ot be held flat against the soil should be pruned off. The whole 
top and the lateral shoots are then pegged down on the grouncl 
and spread in alte~·nating directions for a good distribution of 
the shoots. We prefer "''ire over wooden pegs because wire is 
easier to pin with. We use No. 10 galvanized wire cut in 24'' 
le11gths and bent in a ''U'' form; near the end of the prong we 
put an extra little bend which helps in holding the shoot to the 
soil. This operation is very important; the shoots must fit and 
be held very firmly to the soil. other\vise the mother plants can­
not establish a good root system if left dangling between the 
sawclust and the soil. If the plants are planted in a slight de­
pressio11 or ft1r·row 2 to 3 inches deep it will make this operatio11 
n1uch easier. A ,vedge of soil shoulcl be removed from the base 
of the plant to help bend the stock. It will al80· relieve pressure 
011 the sho<lt ancl less poppi11g tip will occu1·. For the base we 



use double prong hooks and for the top and lateral shoots a 
single hook will hold. After the shoots are firmly pegged down, 
the entire layer is then covered with an inch of soil or sawdust 
before bud activity starts; this is to bring about etiolation and 
better rooting of the new shoots. The layering must be done in 
early spring before the buds break into growth and care must be 
taken that the soil or !'lawdust is in a good moist condition when 
the hilling-up operations are carried out. The root fu1·1nation 
on the new shoot is influenced by hilling-up early in the growing 
season before the shoots become hard and woody. The hilling-up 
is done usually in four stages and the last one should bring the 
mound up to at least 12 inches if sawdust is 'Used as the medium. 
Soil requires only 6 to 8 inches. With every hilling-up, the saw­
dust must be thoroughly worked in around each shoot. After 
the hilling operation is completed often prolonged periods of dry 
and hot weather occur, in our region, which sometimes creates a 
serious problem for us through overheating of the stool block 
medium. If not corrected at once it will hinder the root f orma­
tion and the base of the shoots can easily become hard and 
woody. To lower the temperatures in the beds, we have changed 
our method of watering; instead of one heavy watering every 
few days, we now water several times daily. With our cold 
Columbia River water this drops the temperature from 10° to 
15° degrees very quickly. This has or seems to have a very 
satisf~ctory effect on root fo1·ination. 

The layering beds are by now in full operation and a close 
watch must be kept on the perfor1nance of the layers. If saw­
dust is used it can create a problem in available nitrogen and 
phosphorus. To overcome this we make two applications of am­
monium phosphate (16-20), 50 lbs. actual nitrogen per acre; the 
first application is made just before the first covering of the 
shoots and the time of the second application depends on the 
vigor and color of the leaf. Neither very vigorous nor weak 
plants make- good layering material; medium sized shoots are 
the most likely to have a high percentage of rooting and produce 
the most desirable medium size plants. 

Insects can be troublesome in the layering beds, but can be 
controlled without much difficulty. If the terminal shoots are 
attacked by leaf hoppers or aphids and damaged, the results will 
be short lateral shoots and spurs instead of a clean slim stem of 
a rooted layer. Such short lateral shoots and spurs must be 
trimmed off before the shoots can be used as lining out stock. 
But much more serious damage can be caused by the woolly 
apple aphid. The aphid colonies can become established on the 
root of the mother plant, as well as in the rooting zone of the 
young shoot growth, therefore it is very important to keep this 
insect out of the layering beds. We are able to control them 
with two applications of Lindane, 2 quarts per 100 gallons of 
water. The first application is applied by drenching the plants 
thoroughly just before the first cover goes on the new shoots 
and a second application is applied after the hilling-up operation 
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is completed, which is usually about the middle of July. We 
sometimes encounter slight attacks of powdery mildew; usually 
a few sprays of Karathane, 1/2 to 1 lb. per 100 gallons clears it 
up pretty fast. 

Harvesting the rooted layers can be done anytime after leaf 
fall if the roots are sufficiently hardened off. We prefer fall to 
spring cutting of the rooted layers as it gives us the exact count 
of stock on hand for spring planting; harvesting in the fall in­
volves some extra work, however, as the crown of the mother­
stock must be protected in winter and the wi11ter protection must 
again be taken off in spring to expose the crown to the all-im­
portant sun rays. When cutting the rooted layers from the 
original layered stock (as close to the base as possible), we leave 
some of the unrooted shoots stand. Such shoots serve to main­
tain the layering beds; if all the shoots are rooted we leave some 
of the most vigorous rooted shoots stand in the beds to fill in 
the gaps if so needed. Eventually older plants of the layers will 
die out or break out through harvesting, so care must be taken 
each year that some new shoots remain to replace those that 
have been lost. 

Yields of the layering beds depend on many circumstances, 
like any other crops, such as variety, location, fertility of the 
soil, variation of the season and, above all, the ma.nagement 
practices used. The layering beds usually colme in full produc­
tion during the 4th and 5th years. Well-established and well­
kept layering beds will produce with EM VII and EM 1X ap­
proximately 50,000 per acre; EM II, if good, 25,000 per acre. 
Our MM 104, 106, and 111 rooted exceptionally well this year and 
indications are of a 60 to 65,000 yield of rooted la}·ers per acre. 

Clonal rootstocks are with us to stay from which the indus­
try will not turn back, but ,vill move steadily towards an even 
greater exactness in predictable control of orchard performance. 

ROUND TABLE DISCUSSION ON PROPAGATION OF DIFFICULT PLANTS 

• 

WILLIAM J. CURTIS, Moderato1· 
Wil-Chris .4.cres 

Sherivoocl, Oregon 

MODERATOR CURTIS: I would like to have Mrs. Whalley 
come forward as the first member of our program. Mrs. Whal­
ley has a wholesale nursery in Oregon and does custom propaga­
tion; there is no one that does a better job of this than Mrs. 
Whalley. In fact, when we have trouble with some items, we 
take them over to Mrs. Whalley. Jean: 
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PROPAGATION OF DIFFICULT PLANTS 
JE,\N WHAI,LEY 
~Vhltlley Nitrse1·y 

T1·oittdale, 01·egon 

' 

I will remind yot1 of some 1·t1les to follo,v i11 dealing ,vith 
hard-to-root plants. 

First - Study your st1bject. It may take several years of 
observation before you know the pect1liarities of the plant in 
question. (Unless yot1 are lucky enough to heat· abot1t it at a 
Plant Propagators' Society Meeting, that is.) The parent plant 
ma)' need to have special care, perhaps more 01· less water than 
most, more or less fertilize1·, shade 01· st111. 

We have trot1ble in the No1·thwest i11 1·ooting Junipe1·us 
torulosa ( Hollywooc! Ju11iper.) It seen1s the 011ly way we can 
get it to root is by riutting it in and afte1· it has callused, take it 
out, remove the callt1s, 1·edip with horn1one, after which it roots 
(}Uite well. Of cou1·se, this is not very practical. I've been told 
that cuttings which are very small a11c! soft ,viii root readily, 
but ours merely rotted. Bruce B1·iggs told me he hacl hac! the 
very same trouble, but when he took cuttings from some plants 
he got from Califo1·nia they rootecl ''like crazy''. I believe this 
means the parent plants were in the right conditio11 for the ct1t­
tings to root. Perhaps this year ours ,viii do bette1·, as we have 
had so much more st1nshine than usual. 

Daphne cnerJ11t1,1 is c1uite diffict1lt to 1·oot. I-Io,vever we 
learned some years ago that if we took ct1ttings from more 01· 
less neglected parent plants, where the cuttings were small and 
hard they do very well. Ou1· books had told us that cuttings 
from plants brought into the greenhouse and forced into lus!i 
growth rooted well - but they didn't fo1· us! 

That brings up another important point - environment. 
Every propagator will tell yot1 to find the way that is best for 
you in your own en,,ironment a11d not to change because some~ 
one else does it differently. I know people who <lo root soft lush 
.cuttings of Daphne cneo1·u11i, but ours do best treated as I have 
said, and we have also lear11ed to keep them away from the mist 
- .iust water when the s,111cl starts to dry ot1t and try not to 
1lrench the foliage. 

Timing may lie very importa11t. 111 Rhododenclrons, for 
example, some varieties like to be put i11 early, others do better 
when stuck cruite late in the season. If I'm working with a 
hard-to-root variety and fi11cl ,t elate when it does well I try to 
put it i11 on that date every year. Sometimes a difference of 
two weeks or even less will be the differe11ce between success 
or failure. In Rhododencl1·ons, too, some need more misting 
than others. Uni<1t1e and Bowbells have rather cupped leaves 
,vhich hold the ,, .. ater; Blue Peter has a soft textu1·e ,vhich also 
l{eeps moist, but J ea11 lVIarie looks d1·y as s0011 tts the mist is off 
of it. 

' 

We usecl to have trouble 1·ooting T liuj(i (l'U'l·e11 11ar1lt ( Berck-
man's Arborvitae) ,vhe11 ,ve 1iut it i11 i11 the ,vi11te1· with ot11· 
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other narrow-leafed evergreens. One year we put it in in early 
March and had great success, so now we always put the cut­
tings in then and they root almost 100 % . 

Some cuttings just take lor1ger to root than others of the 
same genus. This year we have reserved one bed for slow 
and hard to root varieties of Rhododendrons, so that we can 
leave them all on the heat for a longer period of time instead 
of taking out cuttings here and there as they root and wasting 
our electricity in the empty part of the bed. 

Of course sometimes success or failure comes as a sur­
prise, when you think you've done exactly as usual. For ex­
ample we've tried Britannia Rhododendrons just about every 
month in the year, with different hot"inones, straight sand, 
mixtures of sand and peat, etc., with very little success. How­
ever, last year we gave them one more try with our own cut­
tings and, as usual, some of our optimistic customers brought 
us cuttings to root. They all did fine - ours rooted 90 % or 
better. We don't know why, although we do know that last 
summer was very cool and rainy and perhaps that put the par­
ent plants in better condition than usual for good cuttings of 
that particular variety. 

On the other hand, Susan, which is a very difficult-to-root 
rhododendron, did quite well for us year before last and didn't 
root at all last year. 

Last year a customer brought us cuttings to root of tall, 
second-year gro,vth holly with berries already developed on 
them. We were ,,ery dubious about taking them, but they 
rooted beautifully. This year the same kind of cuttings look 
quite poor. Last year, as I have said, we had a cool rainy 
summer and this summer was hot and dry. These people don't 
irrigate their holl~' orchard, so the parent plants apparently 
were not in the right condition to take cuttings. Also they 
were just loaded with berries, which of course had used up a 
lot of strength; then - to top it off - they brought them a 
week later. So in this case it could be a matter of the parent 
plants being in poor condition and possibly the timing was a 
little off also. 

In closing, I ,vould like to mention an experiment we have 
run with Jiffy Grow. Mr. Jackson, the representative of Jiffy 
Grow, told me about the carnation growers putting their cut­
tings in with no hormone, then sprinkling over the bed with 
the Jiffy Grow. ,ve tried a small plot of Rhododendron cut­
tings this way. He said the carnation growers did this to 
avoid conta,nination from one cutting to another as they were 
dipped in the same solution, also to save time in dipping, as it 
would be quicker to spray over the whole bed than to dip each 
cutting. However, we are finding that the small plot which 
we sprinkled after planting is rooting much faster than the 
same variety dipped in the usual way. Bruce Briggs tried 
sprinkling some Daphne odora cuttings with the Jiffy Grow 
solution some time after planting and is finding it is also root-
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ing much better than the rest of the same cuttings, which he 
did not sprinkle. I l)elieve these cuttings had been dipped in 
his usual hormone when they ,vere planted. About two weeks 
ago we sprinkled the holly bed I mentioned with the Jiffy Grow 
solution and are no,v hoping it will work as it did for Bruce 
with his Daphne. We had dipped them previously when plant­
ed about a month before. I'll let you know later if this turns 
out as we hope. 

Finally, lest ,,,e gro"' conceited, each one of us should re­
member what Paul ,..,rote - ''I planted, Apollo watered, but 
God gave the gro,vth." 

Thank you. 

MODERATOR CURTIS : I do not believe our next gentlema11 
~ 

on the program has need for a lengthy introduction. He ',is 
head propagator for Oki Nursery, Sacramento, California; he 
was one of those that did so much work to help make our pro­
gram last year s11ch a great success at Sacramento. Mr. Ed 
Kubo: 

' 

PROPAGATION OF XYLOSMA CONGESTUM , 
ED KUBO 

Oki Nursery, Inc. 
Sacramento, California 

Defoliation of Xylosma congestum during the rooting and 
liner stage is of great concern to most propagators. Defoliated 
Xylosma cuttings or liners, regardless of rooting, will not grow. 

We, at Oki Nursery, have tried to deter1nine how to pre­
vent defoliation. Hormone applications of different concen­
trations have been used - for example, 650 ppm to 10,000 ppm 
of indolebutyric acid. We have tried interval misting and no 
misting, and collecting cuttings from new and old wood at dif­
ferent times of the year. Different ingredients for liner soil 
mix, rooting medium and variable temperatures and humidity 
have also been tried. 

For the present time, with our experience, we have come 
to the following conclusions: 

Time of Taking Cuttings: "\Ve have found that the time 
of year cuttings are taken has a great effect on the ai1noun~ of 
foliage drop. In our area we have found the best time to take 
cuttings is from August through the middle of October. 

Type of Wood: The first and second cuttings, below the 
tip, are the best cuttings to take. The older the wood, the 
greater the problem of defoliation. 

Rooting Mediu1n and Rooting Hormone: For the rooting 
medium we use 25 % sphagnum peat moss and 75 °1£, per lite. 
We have found 5,000 ppm of IBA in 50 7,, alcohol to be best , 
for rooting of X ylo.c;11ia congestit1lt. 

Misting and Hardening Off: Interval misting is required 
in rooting of Xyl<isnia with bottom heat of 70° F. After the 
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cuttings are rooted, frequency of misting should be cut off 
gradually. The hardening-off stage is very critical. We have 
found that by utilizing greenhouses that are equipped with 
evaporator coolers, using the pad and fan system, losses are 
considerably reduced during the hardening-off process. By 
using the pad and fan system, our greenhouses are always at a 
relative humidity between 60 and 80 % with temperatures be­
tween 70° and 80° F. 

Handling of Liners: The handling of liners is as critical 
as handling of cuttings. It is important that the greenhouse 
in which the liners are handled not be extremely cold nor hot. 
The ideal temperature is between 70° and 75° F. Our liner 
greenhouses are also equipped with the pad and fan system of 
cooling. 

Firbark or redwood sawdust used as component parts of 
a liner mix will also cause defoliation. We know that both fir­
bark and redwood sawdust have chemicals that are toxic to 
plants. Also, there are certain varieties that are more sensi­
tive to the chemicals. Fifty percent sand and fifty percent 
sphagnum peat moss, which has been steam sterilized, has been 
found to be best for X ylosma liners. 

Condition of Stock Plants for Propagation: We suspect 
that the fertility requirements of stock plants have great in­
fluence on success or failure of Xylosma propagation. We feel 
that by experimenting with zonal fertility, interesting facts can 
be obtained. For example, X ylosma stock plants that are low 
in fertility, propagate better than those that are high. On the 
other hand, Camellia cuttings propagate better if fertility is 
high. But what is the optimum range? This can only be de­
termined scientifically by block testing and data accumulation 
of performance through zonal fertility. When such data is ac­
cumulated, we are confident that plants such as Xylosma con­
gestum can be grown for a specific purpose. 

MODERATOR CURTIS Our next speaker, Mr. Ed Wood, is 
a graduate of Oregon State University in Ornamental Horti­
culture. He has a nursery operation in Portland where he 
grows ground covers. Mr. Wood: 

MR. ED WooD: Bill asked me to talk about difficult to 
propagate plants. I should not be up here. If I find they're 
difficult, I wax enthusiastic, think they should be in the trade, 
find somebody like Bill who thinks they're beautiful and let 
him propagate them; I throw them out because I can't make 
any money on them. Primarily, in growing ground covers, 
obviously most of our plants are not hard to root, so what we 
,vant to do is to find a way to make the easy rooting ones, 
easier. I am glad to hear that more and more florists are 
corning into this organization. For twelve years we were mix­
ing up concentrate dips and spraying carnations, and we were 
plating out for bacterial wilt to avoid contamination. It 
worked beautifully. Here I changed to a nurseryman, and 
promptly forgot all about what I was doing as a florist, so I 
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think the more we get a11 interchange between these fields, the 
more we are all going to learn. 

They say the average small grower sometimes is not set up 
to mix rooting promoting ''ho1·mones'' in large quantities but 
there is now a ne\\1 liquid concent1·ate preparatio11 on the mar­
ket. It is being 11sed quite st1·ongly in the Northwest; it is 
called ''Jiffy Grow''. I have hacl some questions on how it is 
formulated. There is no secret about it. In this solution there 
is 175 parts per million of boron, added as boric acicl. It con­
tains 5000 ppm of i11dolebut)1 ric acid and 5000 ppm of 11aph­
thaleneacetic acid; it also contains phenylmercuric acetate as a 
germicide and, of course, alcohol as a solvent. Now, on the 
directions it says use it st1·aight; it is implied that you should 
try it out with your own crop which is a wise thing to do no 
matter what the label says. 1VI1·s. Whalley mentioned some of 
the hard-to-root rhododendrons. A friend of mine in Oregon 
tried it last year on rhododendro11s - dipped them straight and 
burnt the bottoms right off, but then they just rooted like the 
dickens right above the dead part. This year he cut down the 
concentration, using two tablespoons pe1· gallon. I dilute mine 
a different way. I usually use it about 1 to 10 in water. But 
,vith these rhododendrons he has had real success. He stt1ck 
them to root in individual pots about the middle of August; I 
looked at them about the middle of October and they had beau­
tiful roots out in all directions on some of the real toughies, so 
I think it is worth a try. Someone mentioned spraying the 
rooting hormone on the plants. I think with heavily cutinized 
plants you may have a little more difficulty than on some of 
the others with absorption into the plant. I figure, though, 
this may speed application up a little. On Euonymus we found, 
with soft cuttings - if we spray it - right at the rooting medi­
um line we get a great big ball of roots where this liquid ran 
down the cutting. We have gone back to dipping because it is 
quite rapid. We Jt1st take large quantities of cuttings and give 
them a s,vish. Now, whether it is one second, or five seconds, 
or ten seconds, it doesn't matter too much, because you do not 
dry the cuttings off after they are dipped. You set them down 
and the chemical soaks in anyway, so I do not think it is criti­
cal. I do believe that the concentration is critical, even on the 
same plant, de,pending upon the hardiness of the wood. In 
many plants, we have burnt the bottoms right off of them, but 
it didn't matter, they rooted right above the dead part. It was 
a very definite deliniation line where the concentrate dip solu­
tion came. These are just a very few things to mention; I 
think this material is available now to the average small grow­
e1·. I would certainly recommend trying it. It has helpecl us 
a lot. Thank you. 

MODERATOR CURTIS: The next n1en1IJe1· of the p1·og1·an1 is 
\\'ell known to all you folks here. Bruce Briggs has a whole­
sale nurse1·)' in Washington. Bruce is always experimenting. 
Bruce's nursery is a real interesting place to go. It is one of 



the places that, if you come North, you should go to visit be­
cause Bruce is always trying something new. I would like to now 
present Bruce Briggs : 

PROGRESS REPORT ON THE ROOTING OF JAPANESE MAPLES 
' BRUCE A. BRIGGS 

Briggs Nurse,r'y Co. 
Olympia, J,J' ashingtori 

We will attempt, with the aid of some colored slides, to 
cover the highlights of our experience during the last eight 
years or so on the rooting of the many forms of palmatum 
maples. 

Soil Mixes: Our first work was with the same mix used 
for Rhododendron cuttings, 50 % each of sand and peat. The 
rooting was good, but we had trouble hardening them off for 
winter. We then tried many other soil mixes, such as saw­
dust, charcoal, pumice and perlite, looking for one which would 
give good drainage when the cuttings are set outside for the 
winter. 

Perlite offered many advantages such as drainage, sterili­
ty, lightness, and obtainability. However, with perlite alone. 
the maples failed to root. This was also true with Rhus coti­
nits 'Royal Purple' cuttings tried the sa,me year. This year we 
did root Rhus cotinus, R.P., cuttings in perlite alone, but un­
der heavy mist. 

At the present time, we prefer a mixture of some 40 to 
50 % peat and Sponge Rok, #3 medium. This mix gives lots 
of air and drainage with enough peat to bring rapid rooting. 
We root the maples in this mix in deep plastic pots, where they 
are left through tl1e first winter. 

Treatment of Citttings. Cuttings are taken from actively 
growing tips and are prepared by removing all except the top 
few leaves. A heavy wound aids rooting and in some cases, a 
double wound on the heavier wood is used. The cuttings of 
normal length are then put into a bath of Morton's Soil Drench 
or a 5 % solution of household Clorox. ( Clorox as it comes 
from the store is diluted 20 to 1). Either drench seems to give 
excellent disease control. 

After draining, the cuttings are given a quick dip in a 
solution of 5000 ppm each of indolebutyric acid and naphthal­
eneacetic acid. We have found here on the West Coast, as did 
Mr. James Wells (1) on the East Coast, that the maples react 
well to a high strength of hormone. A close examination of 
the roots shows that at times, the high strength of hormone 
burns some l/2 inch of the bottom of the cutting. However, 
they still root much better and faster, even with the burn. 

Overwintering of Rooted Cuttings. A large percentage 
of palmatum 1naples are successfully rooted during the sum­
mer, but are lost during the first winter. Various methods of 
overwintering have been tried, including: removal of all soil 
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from the plant and storage in plastic bags under cool conditions, 
leaving the cuttings in flats and storing them outside, or putting 
them under lights in the greenhouse. Because maples are so 
subject to verticillium wilt, we have found that it is best not to 
cut, transplant, or in any way disturb the plant going into the 
fall and winter season. 

Ha1·divo1id Cuttings. It would be desirable to fincl a feasible 
way to root palmatum maples by hardwood cuttings, as they 
would then have a longer growing season to become established 
and there would be fewer losses in overwintering. \Ve took cut­
tings of maples late i11 the fall, treated them with hormones 
and stored them for callusing, following procedu1·es triecl on 
fruit tree cuttings at Oregon State (2) a11d the University of 
California ( 3) . Our results were no better than the check. 

Better results have been obtained when the cuttings were 
taken earlier while the plants were more active. However, this 
presented the problem of storing the callused wood. 

This year we intend to try the method reported by John 
Ravestein ( 4) on magnolias, maples and other deciduous mate­
rials. This calls for completely covering the dormant wood 
with sphagnum moss in a propagation bench with high bottom 
heat. Then after callusing, potting up the cuttings to carry 
through the winter in the greenhouse. 

Sitmma1·y. Take cuttings from young plants in vigorous 
growth, such as those growing in greenhouses or plastic sheds. 

Root maples as early as possible in the spring, in order to 
get one summe1·'s growth before winter dormancy. The faster 
they root, the better they grow. 

Uses a strong hormone with a heavy wound, even on soft 
\VOOd. 

Never let the soft leaves dry 01· burn on the edges, as this 
will stop the rooting. 

Give them a high humidity and lots of water in well drained 
soil. If a closed case is used, remove the cuttings immediately 
after rooting. 

There is evidence that top applications of hormones every, 
10 days or so onto the foliage of the harder-to-root A. palmatuni 
forms will increase the hormones within the cutting and produce 
faster rooting, 

Rooting directly in a pot has many advantages. 

1WLl1::.. Jamt...::, ~ P\,111t Propagat1t)t1 Pr,1ct1cL::- p 1s;,192, Macm1llJ11, NY 19)) 
.!R,ihL1f!-, A N Pr,1p.tgatj1>n {1f Chcrr" R<.H1t.!it11Ck.!i Pr11ct...cd111g::. Fot11th 1\1111t1,1l MLLtlng. \\'cstL1ll 
RLg11>11 P!.111t P1c1pagcttor.!i' Soc1ct; r 269.-271 1Q61 

JWc.!it\vu1id, M N and Brooks. L A Propagation 1,f Hard\\oud Pear C11tt1ngs ProCLL<l1ng::. fut1rtl• 
A11n11c1l M<.ct1t1~. Wc~tcrt1 Rcg11)11 Plart Prup,1gJtor::,' S11c1cty p 261-268 1961 

.-R,1vcstc1n, John. 19)8 Ro<it1nf.! <if Magnolia and Viburnum from Har<l,,tHi<l Cuttings J>rncLcd111g~ 
E1gl1th A1111uc1.I Meeting, Pla11t Pr(>gagatnrs' Society r 96-98 1958 
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