PRESIDENT KRAUSE: Would those new members whose
names have been read and who are present please stand? We
would like to recognize you. Let’s all give them a hand.

I wish to make a plug for the 1970 meetings, which will
be a joint venture of the Western and Eastern Regions of the
International Plant Propagators’ Society. This meeting will be
held in St. Paul, Minnesota, September 9 to 12. Both regions will
be participating in setting up the program and I am sure this
will be a very fascinating one. You will find envelopes de-
scribing this meeting on the table in the foyer; please take
several of these and hand some to your friends or fellow mem-
bers who are not here. We would like to see a real good repre-
sentation from the Western Region in St. Paul next year.

It is time to get on with our program, but first let me
make some announcements. Those who are participating in the
program, would you take seats in the front prior to the session
In which you will be participating. We are very time-conscious
at our Plant Propagators’ meetings; in fact, we are so bold
as to have a warning light that will flick on and off when
your time is up, and we will also even be so bold as to cut you
off. We want to hear what all the speakers have to say and
we do not want to deprive anyone of the time for his presen-
tation. All the proceedings of our meetings are printed. I
am sorry that we do not yet have our last year’s Proceedings

at hand now to show you; they are still in the process of be-
ing printed.

The first talk on our program today will be on root initia-
tion in easy and difficult-to-root plants, by Dr. Wesley Hackett.

THE INFLUENCE OF AUXIN, CATECHOL AND METHANOLIC TISSUE
EXTRACTS ON ROOT INITIATION IN ASEPTICALLY CULTURED SHOOT
APICES OF THE JUVENILE AND ADULT FORMS OF HEDERA HELIX

WESLEY P. HACKETT

Department of Environmental Horticulture
Unwersity of California, Davis

INTRODUCTION

One of the characteristics of the juvenile, non-flowering
phase of Hedera helix is its striking ability to form adventi-
tious roots on the stem of intact plants. In contrast, the adult
flowering phase of this species does not form aerial adventi-
tious roots and is difficult to root when leafy stem cuttings are
placed under favorable environmental conditions (7). Many
observations indicate that cuttings of most plants in the seed-

ling (juvenile) state initiate roots more readily than In any
other stage of development.

It has been known for many years that auxins stimulate
adventitious root formation (13, 17). However, cuttings of

many difficult-to-root plants, including the adult phase of
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Hederg heliz, respond very little to auxin treatment (2, 9).
There is evidence that endogenous factors, other than auxin,
are important in the control of adventitious root initiation (4,
7, 8, 9). More specifically there is evidence that phenolic
compounds such as catechol, pyrogallol, caffeic acid and
(E}éloi%enic acid interact with auxin to induce root initiation

Using root formation on mung bean cuttings as a biloas-
say, Hess has shown that fractionated extracts of easy-to-root,
juvenile Hedera heliz shoots contain several root-promoting
substances while extracts of the difficult-to-root adult form
have less activity (7, 8, 9). He postulates that the presence
of greater amounts of the root-promoting substances 1n the
juvenile form than in the adult form may account for the
higher rooting capacity of the juvenile form as compared to
the adult form. Fadl and Hartmann (4), also using mung
beans as a bioassay for rooting, found high levels of root-pro-
moting activity in fractionated extracts from easy-to-root ‘Old
Home’ pear cuttings. Extracts from difficult-to-root ‘Bart-
lett’ pear cuttings showed considerably less root-promoting
activity but did show high levels of inhibitory activity.

The general objective of this investigation was to deter-
mine if aseptically cultured shoot apices of Hedera helix could
be used to study factors influencing root initiation in easy and
difficult-to-root plants. A more specific objective was to de-
termine the root initiation activity of fractionated extracts
from shoots of juvenile and adult Hedera heliz plants when
shoot apices of these plants are used as a test for root initiation.

MATERIALS AND METHODS

Tissue for extracts and shoot apices for rooting tests were
obtained from vegetatively propagated juvenile and adult
Hedera helixz plants which originated from the same plant. Tis-
sue for extracts was from newly matured leaves plus the
node and internode directly associated with these leaves. The
tissue was lyophilized, ground to pass through a 40-mesh
screen and stored at -20°C until extracted. Tissue samples of
0.5 gm were extracted 3 times in 50 ml portions of methanol.
The extracts were combined, concentrated under reduced pres-
sure and an aliquot equivalent to 225 mg or 112 mg of tissue
was streaked on 4-inch wide strips of Whatman No. 3MM
chromatographic filter paper. The chromatograms were de-
veloped in isopropanol and water (4:1 v/v) after an overnight
equilibration period. Development was stopped when the front
had moved 10 inches from the origin.

Rooting tests were performed aseptically in 6-dram flint
glass vials using the basal culture medium shown in Table 1.
(Modified from a formulation described by J. A. Romberger
of U.S.D.A., Beltsville, Maryland, unpublished). Chemicals to
be tested for their effect on root initiation (auxins and catech-
ol) were added to the basal medium as supplements. A 0.5 x
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4-inch strip of Whatman No. 3MM filter paper folded and
placed in vials as shown in Fig. 1 served as a wick and a plat-
form for the shoot apices. The basal medium with supplements
was sterilized by passage through a bacterial Millipore filter
and vials, filter paper wicks and strips of paper chromato-
grams (where used) were sterilized by autoclaving at 15-lbs/
in® for 20 minutes. Ten ml of medium was dispensed into each
vial.

For experiments i1nvolving fractionated methanolic ex-
tracts, chromatograms were cut into 20 strips each equal to
0.5 R; unit. Each strip was put into 4 pieces and placed in a
separate vial prior to autoclaving and subsequently filled with
sterile medium.

Shoot apices 2-3 mm in height were excised aseptically and
placed on the filter paper wicks in the wvials. One apex was
used per vial and 10 vials were used per treatment. Rooting
tests were run at 21°C and, except as noted, a light intensity
of 500 ft. c¢. from daylight fluorescent lamps was maintained
for 16 hours per day. Roots were counted 28 days after the
apices were implanted.

RESULTS

Because of well established differences in the effects of
various auxins on promotion of adventitious root initiation in
cuttings, an experiment was performed to test the effects of
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Fig. 1. Juvenile shoot apices in place on filter paper wicks in flint glass vials
at the termination of a rooting test.
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indoleacetic acid (IAA) indolebutyric acid (IBA) and naphtha-
leneacetic acid (NAA) on root initiation in shoot apices of
adult and juvenile ivy. Although they elongated slightly and
unfolded new leaves, none of the 230 adult apices implanted
formed any roots with concentrations of 1AA, IBA or NAA
ranging from 0 to 50 mg/l. In contrast, juvenile shoot apices
(Fig. 2) displayed marked response to kind and concentration
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Fig. 2. The rooting response of juvenile shoot apices to kind and concentration
of auxin.

Table 1. Composition of basal culture medium. pH adjusted to 5.8.

Component mg/liters
KH,PO, 170.2
KC1 149.2
Na(Cl A
MgSO, ® 7TH,O 123.3
Na, Fe EDTA* 25.3
Ca(NO.,),*®4H.O 472.4
MnSO, ® H.,O | %7
KI 0.17
ZnS0O, ® TH.O 0.29
H.BO., 0.12
CuSO ®*5H.0 0.25
NaMO 0O, * 2H.0 0.24
myo—InOSJtol 90.1
thiamin - HC1 0.17
urea 300.5
sucrose 20,000.0

"T'etra-sodium-ferric-ethylenediaminetetracetic acid
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of auxin. Naphthaleneacetic acid was by far the most active,
with IBA intermediate and IAA least active. The optimum
concentrations were not greatly different for the three auxins,
bemng 5 mg/l (2.7 x 10°M) for NAA, 10 mg/l (4.9 x
10-°M) for IBA and 10 mg/1 (5.7x 10-*M) for IAA. This is
1in marked contrast to the great difference in rooting response
to the three auxins at their optimum concentrations.

Figure 3 shows the synergism of IAA and catechol in
promoting root initiation in juvenile shoot apices. Notice that
catechol has no effect on rooting in the absence of TAA. With
IAA at 10 mg/1 (5.7 x 10-°M) the optimum concentration of
catechol 18 6 x 10°M; with TAA at 5 mg/1 (2.85 x 10-"M) the
response to catechol levels off at 3 x 10°M. So it appears
that the maximum response to catechol occurs at a concentra-
tion equimolar to the TAA concentration. As was true in the
previously described experiment, none of the apices from adult
plants rooted.

The data presented in Figure 4 show that there is no re-
sponse of juvenile shoot apices to catechol when NAA is used
as an auxin. A combination of TAA at 5 or 10 mg/1 and
catechol at 5 x 10-°M gave a rooting response equal to or better
than that obtained with NAA at its optimal concentration of
o mg/l. Combinations of NAA and catechol were not effec-

tilve in stimulating initiation of roots on apices from adult
plants.
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Fig. 3. The synergism of indole-acetic acid and catechol in promoting rooting
of juvenile shoot apices.
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Fig. 4. A comparison of rooting response of juvenile shoot apices to IAA-catechol
and NAA-catechol combinations.

When fractionated extracts of adult and ]uvemle 1vy shoot
tissue were assayed for root promoting act1v1ty using juvenile
shoot apices, results as shown in Fig. 5 were obtained. The
histograms show peaks of activity at R;'s 0.3-0.4, and 0.5-0.65
and possibly a weak peak at R; 0.1 (See Fig. 8 also). The area
from R; 0.8-1.0 is somewhat inhibitory to rooting. The root-
promoting peak at R; 0.3-0.4 was not greatly affected by de-
creasing the amount of extract streaked from 225 mg equiva-
lent of dry tissue to 112 mg but the peak at R; 0.5-0.65 was
substantially decreased. Notice that extracts from adult and
juvenile shoot tissue give similar results when assayed using
juvenile shoot tips. Fractionated extracts of neither juvenile
nor adult shoot tissue were effective in stimulating initiation
of roots on apices from adult plants.

In an attempt to stimulate rooting of shoot tips from adult
plants, the quality and intensity of light under which the root-
ing tests were conducted was varied. The following four re-
gimes were used: 1) daylight fluorescent light at 500 ft. c¢.; 2)
incandescent light at 500 ft. c.; 3) incandescent light at 50 ft.
c.; and 4) darkness. Figs. 6 and 7 show the response of adult
and juvenile shoot tips to light and catechol. Notice that under
low intensity incandescent light, and in darkness, adult shoot
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tips formed about two roots per tip when IAA was provided at
10 mg/1. These treatments gave the first observed instance of
root initiation on adult shoot tips. Catechol had no effect on
rooting of adult tips in high intensity fluorescent or incandes-
cent light but promoted rooting by 100 to 3009, in low inten-
sity incandescent light and darkness. Rooting of juvenile
shoot tips was also promoted by reduction or exclusion of light.
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Fig. 5. Histograms showing the rooting response of juvenile shoot apices to
chromatographically fractionated methanolic extracts of juvenile (bottom)
and adult (top) Hedera helix shoot tissue. Extracts from 225 mg. of

lyophilized tissue chromatographed on paper with isopropanol and water
(4:1 v/v). Basal culture medium supplemented with IAA at 10 mg/1.
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ADULT IVY SHOOT TIPS
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Fig. 6. The influence of light and catechol on the rooting of adult shoot apices.

DARKNESS

However, with this tissue catechol was less promotive at low
light intensity than it was at high intensity. In darkness
catechol had little effect on rooting.

The results of the experiment with light indicate that
high intensity light 1s strongly inhibitory to rooting. A sub-
sequent experiment showed that etiolation of stems on intact
adult plants caused the stems to form aerial roots quite pro-
fusely. Because of the evidence that low light intensity or
darkness is promotive to rooting, fractionated methanolic ex-
tracts of etiolated and light-grown shoots were prepared and
assayed for root promoting activity under high intensity light
(500 ft. c.). Fig. 8 shows the results of this experiment using
juvenile shoot tips as the test for rooting. Fractionated ex-
tracts from etiolated tissue gave only one peak of root promot-
ing activity at R; 0.5-0.65 while the light-grown tissue once
again showed two large peaks and one small peak of activity.
The magnitude of activity at R; 0.5-0.6 was very similar for
extracts from etiolated and light-grown tissue and there was
no difference between extracts from adult and juvenile tissue.
When these same extracts were assayed for rooting using adult
shoot tips there was no stimulation of root initiation.
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- DISCUSSION

The experimental evidence reported here indicates that
auxin i1s an important factor in the control of rooting in juven-
1le ivy shoot tips. There is, however, a strong synergism be-
tween IAA (but not NAA) and catechol. This strong syner-
gism can possibly be explained on the basis of decreased de-
struction of TAA in the presence of catechol. It is known that
polyphenols such as catechol inhibit the peroxidase type indole-
acetic acid oxidase system 1n peas and wheat (15) and also
the photo-oxidation and chemical oxidation of TAA (1, 12).

The fact that NAA is much more active than TAA in pro-
moting rooting could also be explained on the basis of IAA de-
struction, as NAA is not destroyed by ITAA oxidase (3) and
1s much more resistant to photo-oxidation and chemical oxida-
tion. Indolebutyric acid which has intermediate root promot-
g activity is intermediate in its susceptibility to various kinds
of oxidative destruction (10). However, the fact that high
concentrations of IAA do not promote rooting of juvenile
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Fig. 7. The influence of light and catechol on the rooting of juvenile shoot
apices.
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Fig. 8. Histograms comparing the rooting response of juvenile shoot apices to
chromatographically fractionated methanol extracts of light grown
(lower left) and dark grown (lower night) juvenile and light grown
(upper left)y and dark grown (upper right)adult Hedera helix shoot tis-
sue, chromatographed on paper with isopropanol and water (4:1 v/v).
Basic culture medium supplemented with IAA at 10 mg/l.

shoot tips (Fig. 2) is difficult to explain unless it 1s assumed
that the products of TAA breakdown are inhibitory to rooting.

Destruction or inactivation of TAA is also indicated by the
fact that rooting is much higher in juvenile shoot tips at low
licht intensities and in darkness than at high light intensities.
Fletcher and Zalik (5) have shown that white light reduces
elongation of bean seedlings in comparison to those grown in
darkness and that there is a direct relationship between IAA
content and plant height. They also found a marked influence
of light on the metabolism of exogenously applied IAA and
speculate that red light stimulates the oxidation of TAA (6).
Light promotes oxidation of TAA In some crude enzyme ex-
tracts (16) and of course is essential for photo-oxidation.

The synergism between IAA and catechol 1n promoting
root initiation in juvenile shoot tips is very great in high 1n-
tensity light but much reduced or absent in low intensity light
or darkness. It may be that catechol and reduced light are
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promoting root initiation of juvenile shoot tips through a sim-
1lar mechanism.

Another possible explanation for the synergism between
IAA and catechol in root initiation is the formation of an I1AA-
catechol complex which is more effective in promoting root-
ing than either component. Polyphenol oxidase enzymes are
known to oxidize catechol to a quinone and quinones are known
to condense with TAA giving a colored pigment (11). Fadl
and Hartmann (4) have isolated a root-promoting factor
which has tentatively been identified as an auxin-phenol com-
plex. The results reported here would indicate that NAA is
active without formation of a catechol complex.

The three peaks of root-promoting activity found in frac-
tionated methanolic extracts of adult and juvenile ivy stem
tissue have R; values which correspond with three of the co-
factors reported by Hess (7, 9) using a mung bean bioassay.
Juvenile shoot tips showed no response to the R; 0.8-1.0 area
of chromatograms which was the area of highest activity re-
ported by Hess. While Hess (9) found greater activity in
extracts from juvenile than adult shoots, the results presen-
ted here using juvenile shoot tips to assay rooting show no dif-
ference between adult and juvenile extracts.

Whereas juvenile shoot tips grown in light respond to
auxins and combinations of TAA and catechol by forming more
roots, adult shoot tips do not respond to these factors. Like-
wise, adult shoot tips do not respond to fractionated extracts
of adult and juvenile stem tissue whereas juvenile shoot tips
do respond to these extracts. This indicates that these factors
do not limit root initiation in this difficult-to-root adult shoot
tissue and points out a danger in using easy-to-root tissue as

a rooting assay in studles of root initiation in difficult-to-root
plants.

Reduction in light intensity brings about a qualitative
change in the rooting response of adult shoot tips to auxin
and catechol (Fig. 6). There is essentially no response to TAA
and catechol when adult tips are grown in high intensity light,
but when grown in low intensity light adult tips respond
markedly to these factors, and in much the same manner that

ijm}flenlle shoot tips respond to these factors in high intensity
1ght

There is ample evidence for methanol extractable factors
which promote rooting in easy-to-root juvenile ivy shoot tips
but no evidence for similar factors which promote rooting of
difficult-to-root adult tips. Even the light controlled factor
which stimulated rooting of adult shoot tips was not methanol
extractable. Further work with different extraction solvents
is needed to determine: the factors that control rooting in adult
ivy shoot tips. It is possible that these factors reside in a

fraction of the cell which is not readily extractable or trans-
missible.
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PrRESIDENT KRAUSE: Thank you very much, Wes. After

our next two speakers we will have a Question and Answer
period, so reserve your questions until then. We will have
adequate time set aside for questions and answers.

Our next speaker will talk on etiolation as an aid in

propagation. Dr. George Ryan:
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ETIOLATION AS AN AID IN PROPAGATION

GEORGE F. RYAN
Western Washington Research and Extension Center
Puyallup, Washington

Etiolation results from the exclusion of light from plants
or plant parts. In this discussion we are concerned only with
the effect of excluding light from that portion of the stem
from which roots may develop. Effects of light, or absence of
light, on chlorophyll formation or other changes in the leaves
are not a part of this discussion, because in the use of etiola-
tion for propagation, leaves are allowed to develop normally in
the light above the etiolated portion of the stem.

One of the externally visible effects on etiolated stems is
blanching, resulting from the disappearance or lack of chlor-
ophyll. Etiolation is sometimes defined in terms of this blanch-
ing effect, but in relation to propagation, the presence or ab-
sence of chlorophyll in the stem probably is of no significance.

Eitiolation is generally thought of in relation to deliberate
exclusion of light during stem development, or for a period of
time prior to the rooting process, but exclusion of light in the
normal procedure of placing the base of the cutfting in a root-
ing medium probably also is a factor in the rooting of many
kinds of plants. For other plants an opaque rooting medium
18 not essential. The prlmary function of the rooting medium
i1s to support the cutting in an environment with a favorable
balance of moisture and aeration, and rooting of many plants
can be accomplished if the cuttings are suspended in a suitable
atmosphere without excluding light. Aerial roots on such
plants as philodendron, and the juvenile form of ivy, are ex-
amples of the capacity of some plants to initiate and grow
roots in the presence of light.

On the other hand, a number of observations have been
made of the inhibiting effect of light on rooting. Sachs (17)
reported that cuttings of Cactus speciosus (sic) kept in the
dark for several weeks formed adventitious roots, while cut-
tings kept in the light for the same length of time did not. He
made similar observations on cuttings of Tropaeolum majus
and Hebe speciosa (Veronica speciosa).

Galston (4) cultured asparagus stem tips in nutrient agar
containing indoleacetic acid (IAA) and found that they rooted
only in darkness. Hackett (7) noted that shoot tips of the
adult form of ivy (Hedera heltx) rooted in the presence of
IAA in low light (50 f.c.) or darkness but not in high light
intensity (500 f.c.). Rooting of juvenile tips was increased
by reduction or exclusmn of light. In all of these instances,
the entire cutting was 'in either darkness or light, which may
involve a different effect than exclusion of light from only
a section of stem.

Mevius (12) reported that rooting of Tradescantia cuttings
was Inhibited when the bases were exposed to light. Once the
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roots formed, however, they grew well in the light. The adult
form of ivy normally does not produce aerial roots, but when
light was excluded from a portion of stem, numerous roots
were formed (7).

Excluding light from the stem for a period of time before
taking cuttings influences rooting of some plants. Regel (14)
reported this effect on rose from mounding soil around the
bases of the shoots for some time prior to taking cuttings.

Wrapping a portion of stem of clematis with black paper
10 days to 3 weeks before taking cuttings resulted in roots ap-
pearing at the nodes instead of only internodally, and more
rapid rooting in the internodal region (19).

Herman and Hess (8) studied the effect of excluding
light from stems of red kidney beans for 3 weeks betore tak-
ing cuttings and reported over 5 times as many roots from
etliolated as from non-etiolated cuttings after 4 days, and near-
ly twice as many after 8 days. After treatment with Indole-
butyric acid (IBA), the difference between etiolated and non-
etiolated cuttings was even greater.

The greatest response to exclusion of light i1s from etiol-
tion during the early stages of shoot development. This 1s the
response that has been of the greatest value 1n propagating
plants that are difficult from ordinary cuttings.

In the stool method of rooting fruit tree rootstocks, estab-
lished plants of the desired variety are cut to the ground after
one season of growth, and as shoots grow in the spring, soil 1s
mounded around their bases. The most shoots are produced
when the crown of the plant is left exposed to light until the
shoots have made some growth, but rooting is best if the plant
is covered lightly with soil before bud break and more soil 1s
added at intervals as the shoots grow. In this way the basal
portion of the shoot, the portion from which roots will devel-
op, is never exposed to light. This procedure is essential for
success with most plum stocks, vigorous quince varieties, and
with pears and cherries. Most apple stocks will root well it
the shoots are allowed to grow in the light and mounded up
later (9).

The etiolation method of trench layering was developed
at the East Malling Research Station in England for propagat-
ing those stocks that do not root well in severely pruned stool
beds (9). An essential step in this method is the covering of
layered stems with 1-2 inches of soil just prior to bud break
in the spring, with more soill added as the shoots emerge.

Lambourne (10) used layering for a number of plants In
Malaya, but found that covering the buds with soil before they
began to grow was fatal to many of the evergreen tropical
species. He therefore made the first application of soil when
the new shoots were 4-6 inches high, covering them to half their
height. Even this delayed exclusion of light was beneficial, as
was noted earlier for rose, clematis and bean.

A different version of the etiolation principle was used
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by Gardner (6) for rooting cuttings from ‘McIntosh’ apple
trees. He wrapped black tape as close as possible to the grow-
ing tips of shoots on the tree so that light was excluded from
the differentiating stem. Cuttings taken the following spring
rooted from the eitolated portion. Herman and Hess (8) 1n-
creased rooting of 3 hibiscus varieties by the same procedure
using black plastic as a wrap. Gardner later developed a pro-
cedure of covering the shoot tip with a tube of black paper

through which the shoot grew, leaving the basal portion in
darkness.

Blackie et al. (1) used similar techniques for rooting
camphor cuttings. Reid (15) enclosed branches of a camphor
tree 1n an opaque bag and found that rooting was accelerated
on cuttings taken after 2 to 4 weeks.

Working with avocado, Frolich (2) developed an etiola-
tion method using plants in containers. The procedure as
finally developed consists of placing the plants in a dark cham-
ber until new shoots grow to a length of about 3 inches. They
are then moved to the glasshouse, and a tar-paper collar 1s
placed around the shoots and filled with vermiculite to exclude
light. After the shoots grow out and develop normal leaves
in the light, they can be cut off and placed in a cutting bed
to root, or girdled and left to root in the vermiculite-filled
collar. The method has been used extensively for propagat-
ing avocado varieties and rootstocks for experimental work.

Several studies have been conducted in efforts to explain
the effect of etiolation on root initiation. Gardner (6) work-
ing with apple and Frolich (3) with avocado both determined
that the shoo tip could be exposed to light without interfer-
ing with the etiolation effect as long as the stem immediately
below the tip was in darkness. If the apple shoots were taped
only to within an inch of the tip instead of as close as possible,
there was a reduction in rooting.

Exposure of etiolated avocado shoots to 12 hours of light
reduced the per cent rooting and the number of roots per root-
ed shoot, but In one experiment a third of the shoots still root-
ed after 7 daily exposures to 12-hour periods of light, with 1
root per shoot (11). Rooting was reduced by delaying the ex-
posure of etiolated shoots to light as long as 5 weeks after the
start of the rooting period, but the greatest inhibiting effect
was from exposure at the start or after 1 week. The time of
girdling the shoot was considered the start of the rooting per-
lod. By microscopic examination of stem sections, evidence
of root initiation was seen 3 weeks after the start of the root-
ing period, and counts of root initials Indicated initiation was
completed by the end of 8 weeks (11).

Exposure to light reduced the effect of IAA on rooting of
cuttings from etiolated pea (5, 21) and mung bean seedlings
(16). In some of our studies with mung bean, exposure for 30
minutes to red light at 100 f.c. measurably reduced the number
of roots.
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Galston’s studies with asparagus stem tips indicated the
effect of light could not be attributed either to lack of absorp-
tion of TAA in light or to light-activated destruction of 1AA
(4).

Asparagus stem tips repeatedly subcultured in the dark
without TAA lost their capacity to root when IAA was sup-
plied, suggesting that an ‘“accessory substance” necessary tor
root initiation was depleted. Addition of various materials to
cultures of ‘“‘depleted’” stems in the presence of IAA did not
restore the rooting capacity, although some of them greatly
Increased stem growth. The materials tested included ammon-
ium sulfate and arginine, which van Overbeek et al. (20) re-
ported were effective in combination with IBA in promoting
rooting of defoliated hibiscus cuttings.

Rooting ability was restored only by exposing stem tips
to light for a week or longer, after which they would root In
darkness. Apparently something essential for rooting was
produced 1n the light, but the actual root initiation process was
inhibited by light.

Naturally-occurring auxins were slightly higher in etio-
lated than non-etiolated bean and hibiscus stems, and in some
cases higher levels of rooting “cofactors” were found in etio-
lated stems. However, the etiolation effect on rooting was not
attributed to either of these differences. The presence of un-
known substance(s) which act synergistically with auxin were
postulated (8).

Hackett found no more methanol-extractable rooting co-
factor in etiolated than non-etiolated tissue of either juvenile
or adult 1vy, and there was no rooting response c¢f adult shoot
tips to extracts from etiolated shoots (7). He suggested that
a sultable extraction solvent had not been found, or that pos-
sibly the factors controlling rooting are in a fraction of the
cell which is not readily extractable or transmissible.

Frolich (3) found no evidence for translocation of the
etiolation response. When a shoot was grown with light ex-
cluded from only a marked section of stem, roots developed 1n
that section but not in adjacent areas above or below. Priest-
ley and Ewing (13) had earlier noted that etiolated portions
of plants show etiolation effects even though other parts of
the same plant are not etiolated.

In a study of anatomical differences between etiolated and
non-etiolated shoots, Priestley and Ewing (13) observed the
presence of an endodermis in etiolated shoots of Vicia faba.
They attributed the etiolation effect on rooting to stimulation
of meristematic activity by a restricting imfluence of the en-
dodermis, resulting in root initiation. On the other hand, an
endodermis was not observed in etiolated avocado shoots (11)
nor in etiolated hibiscus or bean stems (8). Less mechanical
tissue and less lignification were seen 1n etiolated than non-
etiolated shoots (8, 11, 18, 19), but these mechanical tissues
did not increase when etiolated stems were later inhibited
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from rooting by exposure to light (11). Several other anato-
mical differences were observed but none was thought to be
responsible for the rooting response (8).

Etiolated tissues generally contain less starch than normal
tissues (8, 11, 19). Smith postulated that the reduced starch
level resulted in a carbohydrate-nitrogen ratio more favorable
for meristematic activity and root initiation than in the ma-
ture non-etiolated stem (19).

It is clear that more research is needed to explain the ef-
fect of etiolation on rooting. Studies to determine how exclu-
sion of light promotes rooting may also contribute to an un-
derstanding of the factors involved In ease or difficulty of
rooting 1n general, and thereby help to improve the efficlency
of our propagating methods.

In the meantime, with our present knowledge of the root-
ing response to exclusion of light, the propagator can continue
to make use of the etiolation effect on otherwise difficult to
propagate plants without knowing why it is so effective.
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PRESIDENT KRAUSE: We now have time for questions and
answers. We have a floor microphone this year. When you
have a question we would appreciate your giving your name
and to whom you would like to address the question. Do we
have some questions? Yes.

AUSTIN KENYON: I would like to ask Dr. Hackett two
questions. One, I noticed that with catechol and IAA, you
just merely increased rooting up to the level obtained with
NAA or IBA. Did you try the other two rooting hormones
in this same test? In other words, with etiolation and red light?

DRrR. HACKETT: Are you asking whether we used catechol
in combination with red light?

MR. KENYON: No. It seemed to me that in your compar-
ison of the three hormones TAA was the worst, but combined
with catechol you increased rooting up to about the same as
the other two. So then did you try the other two in other
tests, such as the TAA — catechol combinations?

DrR. HACKETT: 1In one slide I showed the use of catechol
in combination with NAA, but there catechol gave no increase
1In rooting over NAA alone.

MRr. KENYON: Right. I understood that, but what I was
getting at is that it seemed like NAA and IBA without catechol

were equal to IAA with catechol.

DR. HACKETT: That’s right.

MRr. KENYON: And so I wondered, did you try the other
two in the same experiments without catechol, and 1 wondered
too, if maybe they would react better under etiolation and with
red light than 1AA plus catechol.

DR. HACKETT: We used NAA in the etiolation experi-
ments; NAA was always superior to IAA as far as root initia-
tion was concerned, even when the plants are grown In the
dark. The answer to your question 1s — yes; NAA 1s a pre-
ferable auxin to use, even with etiolation for ivv shoot tips.

MR. KENYON: One more question; in your light experi-
ments how did you obtain the red light — what wavelength
was it — and what type of light was used?

DRrR. HACKETT: We used fluorescent tubes and then used
a cellulose acetate, (red cellophane) film to wrap the lamps 1n.

DoN DILLON: Another question for Dr. Hackett. What
was the wavelength you obtained with the red light?

Dr. HACKETT: About 650 millimicrons. This 1s more a

characteristic of the fluorescent lamps then of the cellophane.
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The lamps we used were Grolux fluorescent and their red peak
comes at about 650 millimicrons.

Ep SCHULTZ: Dr. Hackett, can you convert milligrams per
liter to parts per million?

DR. HACKETT: Milligrams per liter is the same as parts
per million.

VOICE: Dr. Leiser, has foliar analysis been used as an
established technique for determining the levels of nutrition
In rooting cuttings?

DRr. LEISER: Foliar analysis has been used but the prob-
blem is: what is standard? Normal levels vary considerably
from variety to variety in a similar nutrient regime, whether
1t 1s chysanthemums or azaleas. Most foliar analyses with
ornamentals therefore become meaningless. The figures are
there but they don’t mean much. As a side light, you might be
interested to know, there has been organized just this year
a Council on Soil and Plant Analysis to which individuals will
be invited to subscribe or join. It will attempt to determine
standards of analysis for particular plants. Through this Coun-
cil we finally may arrive at some standards which will be
meaningful.

Referring to the previous question on parts per million vs.
milligrams per liter, this is really a “plug” for the metric
system as opposed to the English system of weights and mea-
sures. One reason we like to use the metric system 1s that
milligrams per liter equals parts per million. It is an easy
switch back and forth.

JIM BROWN: I have a question for Dr. Leiser. You said
that calcium is essential for new cell division in meristematic
tissue. K was wondering if this would be a pH relationship or
a nutrient relationship?

DR. LEISER: Calcium is essential for the middle lamella —
calcium pectate — which is the adjoining line between two
cells. Calcium is an essential element in this part of the
“building blocks”, the structure of cell formation; whether
there are other relationships or not, I don’t know. Calcium is
just an essential nutrient for proper building of the tissue
structure. The cell wall has a lot of calcium in it. We might
make an analogy of the child who needs good calcium to build

strong bones. It is not a pH factor — it is a nutrition factor
as far as I know.

LEs CLAY: Another question for Dr. Leiser. I understand
you to say something about sodium salts being detrimental to
the Initiation of roots. What would be the effect of the con-
centration of sodium salts in the water supply?

DR. LEISER: This adverse effect of sodium probably
doesn’t concern you in British Columbia, western Washington,
or western Oregon, like it does us in California. Levels of so-
dium in the water supply that are detrimental to rooting are
found in much of California. For example, the Los Angeles
basin gets a lot of their water from the Owens Valley and
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much of it is rather high in sodium. At Davis, California, we
have some well water which is rather high in sodium — high
enough to inhibit rooting.

DR. HACKETT: I might add to that. Some city water sys-
tems may be softening their water. If you are in a city that
1s softening the water for general use, then the sodium in that
softened water is going to be high enough to be detrimental to
root initiation in cuttings.

DoN DI1LLON: On the same point — how high is high;
what levels are we talking about, Andy?

DR. LEISER: We have no trouble getting 100 parts per
million at Davis, California. Certainly the sodium in your
home water softener, if it happened to be hooked up wrong,
and you were getting it through your cold water line, into your
propagation area, would give you trouble. I think some people
may toy with the idea of a water softener unit to avoid the cal-
cium buildup in their misting nozzles. This could be disas-
trous. You could offset it considerably by just using gypsum
in the existing beds, because calcium is held on peat more
strongly than sodium. It will displace the sodium, and the so-
dium will leach on through. Certainly the prevention of calcium
buildup on mist nozzles by the use of a table salt rejuvenated
water softener is very bad. If you use ion exchange beds you
are all right. This is quite different than the wusual water
softeners.

RICHARD THOMPSON: Dr. Hackett, did you make any at-
tempt to locate any inhibitor for root initiation rather than
a root promoter 1n the initiation of roots in the plants that
were grown In the light as compared to those under etiolation?

Dr. HACKETT: If you will recall from our graphs, our
untreated control plants rooted quite poorly. When we used
IAA at 10 parts per million as the auxin, the control plants
had only approximately 1 root per cutting. So this left little
leeway to assay for inhibition of rooting. Our assay really was
not the kind of assay to detect inhibition of rooting so I don’t
%hink I could comment whether or not we had rooting inhibi-
ors.

BiLL, HALL: Dr. Leiser, I just wondered about your
statement of using mineral nutrients in the mist system 1n
rooting of cuttings. Does this disprove the old theory that you
get best results in either clean river washed sand or peat —
perlite or vermiculite, or combinations of these?

DR. LEISER: I think one of the reasons for use of ‘“clean
river-washed sand’’, and so on has been in regard to disease
control. Certainly, with nitrogen in the rooting medium, if
pathogens — fungl or bacteria — exist, there will be a great
Increase in these diseases.

PRESIDENT KRAUSE: Thank you very much. We must cut
off our question and answer period now. For those of you who
have further questions to address to these gentlemen, take ad-
vantage of our Question Box.
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Our next talk will deal with effects of age, origin, storage

and hormone treatments on the rooting response of cuttings,
by Dr. A. N. Roberts. Dr. Roberts:

TIMING IN CUTTING PROPAGATION
AS RELATED TO DEVELOPMENTAL PHYSIOLOGY

A. N. ROBERTS
Oregon State University
Corvallis, Oregon

We were impressed with a statement made several years
ago by Dr. Vernon T. Stoutemyer of the University of Calitfor-
nia at Los Angeles, to the effect that possibly the reason cut-
ting propagation research has remained quite primitive is that
we have not solved the problem of timing to the extent that
we can duplicate an experiment from one year to the next. We
have taken this comment rather seriously, because we respect
the research done by this worker over the years, and his con-
clusion matches precisely our own.

With the help of several graduate students, we have been
attempting to establish a morphological time scale for predict-
ing rooting potential in certain woody species, and to corre-
late physiological condition and developmental events with
shoot rootability (1, 3). We have had some success, and have
changed many of our ideas, but much remains to be done. In
the beginning, it was our concept that seasonal changes in
shoot rootability were associated with tissue and physiologi-
cal aging. Now, we are of the opinion that certain events,
such as flower induction and dormancy can temporarily
change the rootability of shoots, and tissue aging »er se is not
the answer.

One of our gradaute students, Charles Johnson, has re-
cently published results which help elucidate the influence of
flowering on shoot rootability in rhododendron (4). This work
throws some light on the complex problem of relating such
events to timing, and the importance of shoot age, position and
stock plant environment in bringing about these events.

We thought some of you might be interested in our recent
findings with Douglas fir, which illustrate the correlative rela-
tionship between the onset and removal of bud dormancy and
root regeneration in this species. We will try to summarize
briefly some of our results and relate these to propagation
management problems.

As with all species, we have found the usual differences in
rootability attributable to cultivar and plant age. We have
clones of Douglas fir that can be rooted almost any month of
the year, and others that resist all our rooting treatments.
However, in classifying clones as easy-or difficult-to-root, it is
well to remember that these should be qualified as to time. We
have found some to be difficult of rooting at certain times of
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the year, but quite easy at other times.

When Dr. Holger Brix, who spoke at these meetings two
years ago (2), told us that Douglas fir could be rooted most
readily in January and February, we considered this indica-
tive of a dormancy relationship. Our results during the past
2 years strongly sustantiate this conclusion. When we subject-
ed terminal and lateral cuttings, taken on November 1, 1967,
to 15, 30, 45, 60, 75 and 90 days of 32°F storage, we found
rooting increased progressively with duration of storage to
60-90 days, if treated after storage with a 5-second dip of 509,
Jiffy Grow (0.5% indolebutyric acid, 0.5% naphthaleneacetic
acid, 0.019% phenylmercuric acetate, and 0.0175% boron as bor-
1c acid). (Fig. 1). The reduced rooting in some cases with 75
days of storage was attributed to lack of control over rooting
bed environment during a critical period for this sample. An
unseasonable hot spell occurred shortly after this sample was
placed in the rooting bed. Later studies have confirmed this
diagnosis.

Another preliminary study showed that terminal and
lateral cuttings from non-flowering trees responded different-
ly to such treatments as bud removal and auxin treatment (5-
second dip, 560 % Jiffy Grow) as shown in Fig. 2. Termianl
cuttings were superior to laterals in rooting only when buds
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Jifty Grow after storage and before placement in rooting bench.
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Fig. 2. Effects of bud removal and auxin treatment after chilling on rooting
of terminal and lateral cuttings of Douglas fir. Cuttings received a b5-
second dip of 509, Jifty Grow.

were present and/or no auxin treatment was given, indicating
that during cold treatment the buds were releasing a root-pro-
moting substance similar in action to the synthetic auxin. Al-
though the applied auxin did not enhance the rooting of ter-
minal cuttings receiving cold treatment, it increased that of the
laterals by 30 percent. Auxin treatment actually reduced the
rooting of terminals, if buds were left on these cuttings after
cold storage (February). Where auxin was not applied to the
cuttings, the presence of buds was very important to rooting
of terminals but not laterals. It appears that the buds are
more 1mportant to the rooting of terminal than lateral cut-
tings, and may be responsible for the terminal’s greater root-
ability. Only where the buds were removed did the laterals
approach the terminals in performance. With auxin treatment,
bud removal enhanced the rooting of both terminal and lateral
cuttings, possibly as a result of removing a competitive growth
center or “sink’’.

These preliminary studies convinced us that bud develop-
ment and dormancy plays an important role in root regenera-
tion 1n Douglas fir cuttings and that cold treatment to break
dormancy, among other things, releases one or more root pro-
motors similar in action to the rooting compound composed of
IBA and NAA. The terminal cuttings appeared to contain
more of this natural rooting stimulus.

With this background, a detailed study was made this past
year of the seasonal changes in rootability of Douglas fir ter-
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minal and lateral shoots and their relationship to the presence
or absence of bud activity, with and without auxin treatment.
A number of clones were used which show a variety of rooting
responses, but since all followed a more or less basic pattern
we will confine our report at this time to one of the more easy-
to-root selections that illustrates this basic response.

Terminal and lateral cuttings were taken on the first of
each month from July, 1968, to April, 1969, and rooted under
mist with bottom heat at 65°-75°F and a house temperature of
50°-60°F. The buds were removed from half of the 6-inch cut-
tings, while the others were kept intact. The monthly samples
were further divided to include auxin treatment (5-second dip
of 10 or 509 Jiffy Grow), so that the final treatment unit was
5 terminal or 10 lateral cuttings. The cuttings were given 120
days in the rooting bench, then lifted and evaluated on basis
of percent rooting and root quality (3 classifications). A root-
ing index, based on the number of cuttings rooted and the qual-
1ty of roots produced, was determined for each treatment. The
i'?qsulg; obtained in this study with clone ‘12’ are presented in
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Fig. 3. The rootability of terminal and lateral cuttings of Douglas fir clone ‘12’
sampled monthly from July, 1968, to April, 1969, with and without buds
and auxin treatment.
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after 120 days in the rooting bench from time of monthly sampling. July,
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The terminal cuttings of this cultivar could be rooted
without special treatment in July and August and again In
late winter or early spring (January-April), if buds were
present. However, when the buds were dormant (September-
December) there was poor rooting, unless the cuttings were
given auxin treatment. Even this treatment failed to increase
rooting in September and October. Auxin treatment replaced
the need for buds after October, but in February and March
lateral and terminal cuttings with buds rooted better without
auxin treatment. Both terminal and lateral shoots showed
similar seasonal curves of rootability and response to auxin
treatment. In general, rooting in the untreated shoots coincid-
ed with bud break (Fig. 4). These results are similar to those
reported by Fadl and Hartmann with dormant pear cuttings
(3). Results obtained in more recent experiments show cold
treatment of September and October cuttings to be effective in
breaking dormancy and promoting rooting.

We conclude from experiments to date that the buds on
Douglas fir cuttings have a great deal to do with their roota-
bility. These buds appear at various times to be a source of
inhibitors, promotors and competition. It appears that -cold
treatment, either on the tree or in storage removes inhibitors
and releases root promotors. By removing the shoot from the
plant before cold treatment, polarity is established and promo-

tors are trapped in the cutting. If synthetic auxin is substituted
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for that naturally coming from the buds, some of the latter can
be removed to prevent their becoming competitive “sinks”
during bud break and elongation. Cuttings taken before suf-
ficient natural chilling has occurred must be cold-stored to re-
move inhibitors to bud break and root initiation.

Studies are being continued to substantiate in detail the
conclusions outlined in this paper.
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PRESIDENT KRAUSE: Thank you, Al Save those ques-
tions for the end of our session this morning. Now we wili
consider techniques in misting; first a talk on under-bench
misting by Bruce Usrey. Bruce:

ECONOMICS OF A CONTROLLED HIGH HUMIDITY
ENVIRONMENT FOR PROPAGATION

BRUCE USREY
Monrovia Nursery Company
Azusa, California

In 1964 Monrovia Nursery designed and built a controlled
environment greenhouse. This plastic house was designed to
provide the best possible environment with the least operating
and maintenance cost. Along with this was the hope of increas-
ing rooting percentages and decreasing the amount of labor
used in airing, watering, and shading the hot frames.

In designing this house a number of problems had to be
solved. These were:

Control of humidity

Efficient heating

Control of air temperature
High light with minimum heat
. Low maintenance cost

First, atmospheric humidity is electronically controlled by
use of an Hygrodynamics, Inc. humistat. This humistat is ex-
tremely sensitive in the range of 70% to 97% humidity while
being almost maintenance free. This humistat is tied into the
hydraulic and pneumatic mist systems by relays and solenoids
and operates either, or both, as needed. The hydraulic system
1s ‘under the bench and is capable of maintaining a humidity of
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for that naturally coming from the buds, some of the latter can
be removed to prevent their becoming competitive “sinks”
during bud break and elongation. Cuttings taken before suf-
ficient natural chilling has occurred must be cold-stored to re-
move inhibitors to bud break and root initiation.

Studies are being continued to substantiate in detail the
conclusions outlined in this paper.
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809%, when used by itself. The nozzles are Flora Mist and
spaced 4 by 8 feet with an operating pressure of 90 pounds.
This system uses 75,000 gallons of domestic water per day
which, for economy, is recirculated through sand filters.

The pneumatic system cost is about ten times that ot the
hydraulic system but it was necessary in order to maintain a
humidity above 809% on summer days. This system will main-
tain a relative humidity above 95% at all times and greatly
reduces the hand-watering of flats. It also reduces the constant
moisture associated with an intermittent mist system. The
pneumatic nozzles are placed overhead in the walkways to pre-
vent drip on the flats. These nozzles are Spraying Systems Co.
pneumatic 14” atomizers. This system uses 1%” 0O.D. plastic
tubing for transporting the 50 p.s.i. water and the 60 p.s.i. air.
This combination seems to give the most efficient fogging.

The air temperature can be maintained at 75° F. during
the hottest days by using evaporative coolers with the capacity
to change the air once each minute. By keeping the air temper-
aures low, preferably between 60° and 70° F. and providing
alr movement even on cold, cloudy days, fungus problems can
be controlled and excessive top growth 1s reduced.

Heating requirements are met by circulating warm water
In a copper tube grid system placed In concrete, insulated
benches. This direct-contact heating, conserves 839, of the
fuel as compared to indirect heating. Direct heating also keeps
air temperatures down which makes it easier to control the
humidity. Rooting media temperatures are generally main-
tained at 65° to 75° F. depending on the cuttings.

This house was constructed with pipe, steel, concrete and
plastic. It has less maintenance than if wood and glass were
used. Kpoxy paint was used and appears to be in good condi-
tion after 5 years even under high humidity conditions.

One of the most important considerations in the propaga-
tion of any plant is providing the correct amount of light to
aid in disease control and for the plant to carry on photosyn-
thesis. When photosynthesis exceeds respiration (consump-
tion of carbohydrates), the plant will accumulate carbohy-
drates, hormones, and other necessary organic compounds for
proper root initiation. However, excessive light causes heat and
transpiration problems within the plant, especially when the
humidity cannot be properiy controlled. For this reason, we
use fiberglass sheets that transmit approximately 14 of the
light available. In our area, this results in 1500 to 2400 foot-
candles of light on the cuttings throughout the year. Over the
last five years the fibers have raised on the panels, which have
discolored, and collected dirt. This has lowered the light iIin-
tensity to 500 to 800 foot-candles, causing a considerable in-
crease in disease problems.

I would like to discuss at this time, some of the rooting
results obtained in the house, and the techniques used to achieve
them. In making these tests, an equal number of cuttings were
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placed at the same time inside the house and in the hot frames.

In the propagation of junipers, thirty varieties were tested
with a total of 53,000 cuttings involved. After one resetting
we had 45% rooting inside and only 18% in the hot frames.
Our standard practices were used in propagation: cuttings
were made in the middle of January using firm wood, cut 14”
below the node, or heel cuttings were used, with quick-dip iIn
3000 ppm IBA. The cuttings were placed in sterilized flats of
1:3 peatmoss—perlite. Cuttings were then placed inside the
plastic house with bottom heat of 70° F., air temperature of
75° F. and relative humidity of 949%. Others were placed 1in
hot-frames with bottom heat of 70° F and with wvariable air
temperature and relative humidity. Some of the varieties test-
ed and rooting results obtained are: Cupressus sempervirens
‘Glauca’: inside 67%, hot frames 3% ; Juniperus scopulorum
‘Table Top Blue’: inside 33 %, hot frames 6% ; Juniperus chin-
ensis ‘Hetzl Columnaris’: inside 339%, hot frames 12 %.

Tests were also run on camellias and it was found that
those inside the house had a rooting percentage of 899, while
those 1n the hot frames had a rooting percentage of 67%. This
test was run on nine varieties comprising 80,000 cuttings. For
the camellias, relative humidity was maintained at 969% inside
the plastic house.

Other ornamentals that we propagate in this house are aza-
leas, with 90 to 959% rooting, as well as genista, ericas and leu-
cothoe.

To sum up the advantages of propagating in a plastic
house with a controlled environment:

Rooting percentages are increased

Heating expenses are reduced

Humidification and cooling are readily controlled
Whitewashing, hand ventilation and rolling of cur-
tains is eliminated and watering is reduced
Maintenance of the structure, painting, glass break-
age, ete., 1s reduced or eliminated

Light i1s increased (2500 foot-candles compared to
500 foot-candles in the hot frames), with a decrease
in fungal infections and an increase in photosyn-
thesis.

By eliminating the frames, production was increased 5
times by greater utilization of area and increased rooting per-
centages. This increase justifies the cost of construction, which
was $6.00 per square foot for 14,500 square feet of house.

I would like to thank Mr. Conrad Skimina, Research Di-
rector at Monrovia Nursery, for the use of research reports in
preparing this talk.

In conclusion, I would like to mention the summer trainee
program Monrovia Nursery has for students interested in the
wholesale nursery industry. This program runs for ten weeks
starting the middle of June and exposes the student to all as-
pects of a wholesale nursery, including sales, propagation,
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shipping, supervision of a crew, etc. while 20 hours of lecture
are presented by supervisors and management. I would like
you to strongly urge any students you know who are interested
in the wholesale nursery industry to attend this ten-week sum-
mer course.

- PRESIDENT KRAUSE: Thank you, Bruce. Continuous mist-
Ing 1s our next topic, by Rudy Wagner. Rudy:

CONTINUOUS MISTING

GOTTLOB (RUDY) WAGNER
C & O Nursery
Wenatchee, Washington

Propagating under continuous mist has limited use and de-
pends upon the plants and type of cutting to be propagated. The
location is also very important to consider as it is most usetul
In outdoor propagation.

We are using continuous mist for summer propagation of
ornamental broadleaf evergreen and deciduous stock. We also
propagate some fruit rootstocks by softwood cuttings under
continuous mist: Prunus besseyi, P. tomentosa and some other
plum rootstocks. One must be selective as there are a few gspe-
cies that do not tolerate continuous mist. Since our mother
stock block is near our lathhouse, we moved our propagating
benches right into the lathhouse to avoid drifting mist-and to
provide some shade from the hot sun. The benches are 30 inches
off the ground, four feet wide with eight inch sides. The water
1s brought in through a one-inch line that runs along the base
of the bench’s front side with a 3/ inch outlet every four feet.
This gives every four square feet of bench space an individu-
ally operated line using a 100 Mister nozzle that sprays ap-
proximately nine gallons of water per hour at 25 lbs. pressure.
The nozzle is manually turned on and off by a 34 inch gate
valve. After the benches were constructed and the pipes laid,
146 inch holes were drilled in the bottom, then they were {filled
with 2 inches of gravel and 5 inches of sharp sand. This gives
good drainage and the sand is an excellent medium for contin-
uous mist.

When making the cuttings it is very important to avoid
wilting. Once they wilt it is almost impossible to revive them.
I am referring to very soft cuttings. The best time to bring in
the material is early in the morning before sun-up. The cut-
tings are at once rinsed in cold water and dipped in a weak so-
lution of Morten’s Soil Drench, 14 oz. to 20 gallons of water.

In preparing the cutfings, we remove the bottom Ileaves
and pinch out the center. This helps keep the cuttings from
wilting and saves later pinching, especially in shrubs. The cut-
ting is then cut below a node and dipped in a 1-20 Jiffy Grow
solution as a 5-second dip. When sticking the cuttings we al-
ways try to complete a 4-foot square with one nozzie so that the
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water can be turned on to stay on without interruption during
the entire callusing and rooting period. This usually takes 12
to 18 days depending on the weather. As soon as there 1s a
slight showing of roots, the water is turned off for the night.
When fully rooted, the water is turned off completely and on-
ly a light hand-watering is required once in awhile.

As sand produces very brittle roots, the cuttings should be
left sitting in the benches to mature some before potting. The
cuttings are then potted in 21l4-inch black, whale-hide pots
and set in cold frames to be lined out the following spring.
Most of these liners make the 18-24” size the first year. For
larger plants they are grown for one more year.

Producing plants by this method is undoubtedly one of the
least expensive and most trouble-free ways of propagating.

PRESIDENT KRAUSE: Thank you, Rudy. Next on the
Erogram is Ron Klupenger who will talk on misting in storage,
on:

MISTING IN COLD STORAGE

RON KLUPENGER
Klupenger Nursery & Greenhouse, Inc.
Aurora, Oregon

There have been many problems in cold storage of nursery
material in the past, such as plants drying out, plants left in
the cooler too long without lights, etc.

I think that misting has helped in solving some of these
problems. It eliminates dehydration and drying-out of plants.
With misting you don’t have to be “Johnny on the Spot” with
watering. There has been a great deal of loss without humidi-
ty control. We have experienced this over a number of years
in precooling azaleas. It was all due to lack of knowledge of
misting in cold storage.

Our first experience with misting came a few years ago
when we had to rent cooler space and there were humidifiers
in them. We were using the coolers for summer chilling, giv-
ing the azaleas six weeks of cold storage to produce late Sep-
tember and early October bloom. After the plants were in these
coolers for six weeks, we could tell the difference in forcing.
They came ou with more lush foliage and dseemed to react bet-
ter to forcing. Also, we didn’t have to watch the watering as
closely while they were in the coolers. It does not work to put
plants in coolers with mist that are showing colored buds, or
in bloom. We tried this also. The flowers bleach out, fungi
develop, and very few, if any, of these plants are saleable. So
it is very important to pick off all colored buds and flowers

before putting the plants into cold storage.
. We have now narrowed down the time for summer pre-
cooling to a minimum of four weeks at 42° to 44° K. with mist

plus 12 hours of daylight (about 18 to 20 foot candles). If the
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plants are watered when put into high humidity cold storage,
they can go for the full four weeks without being watered.

When chilling at temperatures of 36° to 38° F. it 1s not
necessary to use lights, but it is necessary to continue the mist-
ing. The misting cycle is the same for summer or winter pre-
cooling. |

Misting can be accomplished by mist nozzles or by use of
a humidifier. We use the Bahnson mister manufactured by
Bahnson Company, Winston-Salem, North Carolina. It has a
4 H.P. motor. .-

The misters should operate from 14 to 15 of the time while
precooling. This can be regulated either by a time clock — 1
hour on and 1 hour off — or by a humidity web control which
holds the cooler at about 909, humidity. Our misters are con-
trolled with the web control. We have found this to be very
successful because — with this control — you don’t over or
under mist. However, I have seen the one-hour on and one
hour off precedure — with a time clock — used very succes-
fully on some types of nursery stock. The Bahnson unit which
we use puts out a fog vapor at 315 gallons an hour. We have
two units in a 32" x 60’ cooler.

PRESIDENT KRAUSE: Now, do we have some questions for
these gentlemen?

RAY BURDEN: 1 would like to ask Al if he has done any
work with Libocedrus cuttings?

DR. ROBERTS: No we haven’t. Our work thus far with
conifers has been confined to Douglas Fir. The information re-
ferred to regarding Taxus is from work being done at Michi-
gan State.

RAY BURDEN: I have done about 50 or 60 experiments
%?Vith Libocedrus cuttings, and have been 1009, unsuccessful so

ar.

ANDREW LEISER: Al I noticed in your cutting storage
periods that you used 32°F. In storage to overcome seed dor-
mancy, it often appears that somewhat higher temperatures
are more effective. Have you made any comparisons between
32°F and say 40° or 45°F as to how soon this chilling require-
ment of the cuttings is filled?

DR. ROBERTS: This is a good question and is of interest
to me also. Dr. Westwood at Oregon State finds the chilling re-
quirement for pear seeds 1s quite close to that of the buds, and
40°F 1s near the optimum for both. We find the vernalization
optimum for lilies is near 40° I also. Dr. Lavender in Forestry
at Oregon State has shown that 120 days at near 40°F is opti-
mum for breaking the rest of Douglas fir. However, we find it
difficult to store evergreen material for long periods in dark
storage at 40°F because of respiration and depletion of re-
serves, hence our use of 32°F storage for these long periods.
You noticed, however, that we are trying cool (40°-45°F air tem-
perature) rooms, with lights, and .bottom heat of 70°-75°F as
a rooting environment. Our reasoning here is that bud dor-
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mancy will be broken sufficiently to release rooting factors for
mobilization at the base where, hopefully, root initials will be
formed.

STAN WALTERS: Dr. Roberts, you made reference to a
preliminary report regarding Taxus. This year I was a little
bit behind schedule in making cuttings. About April 15 we
made cuttings of a couple of varieties of Taxus; they already
had an average of an inch of new shoot growth. We put them
in cold storage in plastic bags until May 380, and then stuck
them in the usual way for Taxus cuttings. They are now root-
ed, which is to me quite interesting in the sense that, although
I got behind, I could hold them in cold storage and still come
out with good rooting.

DRr. ROBERTS: This is the reason we have been closely fol-
lowing Dr. Hartmann’s work with dormant pear cuttings at
the University of California. It appears we have a compromise
in attempting to release root promoters from the buds for stim-
ulating rooting but before bud dormancy is broken and shoot
growth becomes competitive. We would like to keep the buds
dormant while root initiation is taking place. Once rooting
has occurred there is the problem of achieving terminal dom-
inance in the cutting again. We find that considerable “‘push”,
whatever that means, from the roots is required to re-establish
terminal bud dominance. It is similar to tree budding. We cut
the stock back to a single bud in the spring, and with a 2-year-
old rootstock force a vigorous whip from this single scion bud.
So, we are trying to root the cuttings in the fall and have a
fairly well-established root system before the cuttings start
breaking bud in late winter or early spring and put the cutting
under stress.

EUGENE BAcCIU: In regard to the lateral cuttings you
made from the conifers, do you find that in some species the
new plants seem to refuse to form a trunk and become a tree,
and tend to grow laterally for many years?

DR. ROBERTS: This phenomenon is what the botanist re-
fers to as topophysis, or the cutting persists in its phageotropic
habit of growth. Spruce, Douglas fir and many other species
present a problem in vegetative propagation because of this
lack of terminal dominance in the cutting or graft. We can re-
turn apical dominance to Douglas fir in 2-3 years by pinching,
pruning, staking, etc. This is as much a problem as rooting in
some of these species and is another reason we are going to
fall-rooting of cuttings. We feel that the “stress” needles form-
ed on the first growth flush in the rooting bench before or af-
ter rooting is due to lack of certain substances from the roots
at a critical time. This growth flush under stress will usually
not form a strong terminal bud and in some cases it will abort.
The fact that terminal buds also have a higher chilling require-
ment than lateral ones may also present a problem if the cut-
tings have not received adequate chilling. This may complicate
further our ability to get a strong growth flush and terminal
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bud formed on the newly rooted cutting. As a result, we often
see the lateral buds near the base of the cutting breaking ahead
of the terminals. Does this mean that something other than
water and mineral nutrients are needed from the roots to es-
tablish strong terminal dominance to the cutting?

EUGENE BACIU: Would there be any hormones or nutri-
ents that you could feed them to overcome this?

DR. ROBERTS: Of course, one thinks of such things as
GA, or benzyl adenine, etc. We have ftrials underway, but
haven’t been too successful so far. I think our problem 1s get-
ting the right material at right concentrations into the cutting
at the right time. You see, in rooting a cutting one must first
mobilize everything to the base first. After one has initiated
roots at the cutting base then one has the job of re-orienting
the cutting completely, that is, returning acropetal orientation.

MARGARET FLEMING: Dr. Roberts, you mentioned polari-
ty being important. Would you describe, in handling the cut-
tings, just how important it is.

DR. ROBERTS: We have had to change our ideas about a
lot of these things; for instance, I have always thought of tim-
ing the taking of cuttings as a matter of tissue age and matur-
ity. Now we think physiological events more than physiologi-
cal age may be the important thing. Regarding polarity, 1
have been impressed by comments made in a recent paper 1 re-
celved from Dr. Gorter of The Netherlands. She says that
polarity is not induced in the shoot until it is severed from the
plant. Even where we have preformed root initials, as i1n
willow, she finds these organized systematically through the
internodes. It is only after the shoot is severed that we find
an accumulation of certain materials at the base and a concen-
tration of initials developing in that zone. I think these observa-
tions are highly significant, and are reasons we are studying the
cold treatment of Douglas fir cuttings on the tree as against
in storage after severing. We find we can double shoot roota-
bility by giving the cutting cold treatment I1n storage rather
than on the tree.

BiLL. WIND: We have long observed, at least in Douglas
fir cuttings, that quite often the roots come out from one side
at the base of the cutting. Would you give us your thoughts on
preventing this by some initial treatment of the cutting, or
describe what can be done after such roots have been formed.

DR. ROBERTS: A German forester who visited us this last
week, and I think he is at this meeting today, has observed this
problem you speak of. We have also observed the same thing
and find it is a problem in some clones. If we wound the cut-
tings up the sides, some will root nicely along the wounds while
others will root only at the base, Others will root only at the
base, and when the first root forms no others appear and this
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one root will elongate for great distances without branching.
Root pruning or breakage in transplanting will encourage root
branching and formation of more root initials. Workers in New
Zealand report similar results. This may be much like termin-
al dominance in the shoot and needs study as a horticultural

practice.



WEDNESDAY AFTERNOON SESSION
September 3, 1969

VICE-PRESIDENT BRIGGS: The moderator for the second
session of our meeting will be Dr. Harry Lagerstedt, who is
now a horticulturist with the USDA stationed at Oregon State
University, Corvallis. Dr. Lagerstedt will also start the ses-
sion off by giving the first talk. Harry:

GRAFTING: A REVIEW OF SOME OLD AND SOME
NEW TECHNIQUES

HARRY B. LAGERSTEDT
Agricultural Research Service, USDA
Oregon State University
Corvallis, Oregon

The technique of grafting is over 2,000 years old, so it
might be presumptous to assume that something new can be
added. Yet the wheel, which is thought to be over 5,000 years
old, is continually being improved as new materials are de-
veloped. There can be no change in the basic design of the
wheel, only in its size or the materials utilized. In the same
way, there can be no change in the basic principles involved in
grafting, only in the tools, materials, or methods used in pre-
paring the grafts. It is the objective of this paper to review
certain grafting techniques and to present some materials and
methods which have improved nut tree grafting success. This

will be done while considering the basic principles involved in
grafting.

History:

Grafting involves joining a stock and scion in such a way
that they will unite and grow. It is a practice that has been
subject to much folklore and misconception. Grafting was first
recorded by the Greek philosopher Aristotle (384-322) and his
pupil, Theophrastus, the ‘“Father of Botany” (370-287 B. C.)
(2). Their casual mention of grafting suggests that it was al-
ready a well-established and common practice during their
time (5).

Virgil (70-19 B. C.) the Roman poet (2) wrote of graft-
ing in the following terms: (1)

“But thou shalt lend

Grafts of rude arbute unto the walnut tree.

Shalt bid the unfruitful plane sound apples bear,

Chestnuts the beech, the ash blow white with pear,

And, under the elm, the sow of acorns fare.”

We are now aware that grafts of such distantly related
tree types are impossible. What the ancients had construed as
a grait was probably the germination and growth of a tree
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seed In the crotch of a mature tree. It is presumed that this
observation and that of naturally occurring grafts was the
basis for the first true grafting attempts (3).

Pliny “The Elder” (23-79 A. D.), a Roman naturalist (2)
wrote, “It 1s a point most religiously observed, to 1nsert the
graft during the moon’s increase’” (1). This was a common
misconception associated with ancient grafting. Pliny may have
contributed more factual information when he asserted, “A
graft should not be used that is too full of sap, no, by Hercules,
no more than one which is dry and parched” (1).

During the Dark Ages grafting knowledge became the
secret possession of a few practitioners, and little in the way
of improvement was added to the technique for several hun-
dred years. Some of the vell of mysticism was lifted from
grafting with the writing of herbals, approximately 1475-1625,
and the establishment of botanical gardens in the 16th and
17th centuries (11).

One of the first illustrations of grafting occurred as a
crude woodcut by P. Crescintiis in 1548 (11). By 1672 Shar-
rock’s ‘“History of the Propagation and Improvement of Veg-
etables’” showed and described most of the kinds of grafting
and budding that are known today (1).

As a young man George Washington was an avid garden-
er and grafter. Washington’s detailed diary states that 1n
I(Wéa)rch, 1760, he grafted 165 trees of cherry, pear, and apple

The development of new grafting techniques is rarelv re-
corded, yet there 1s one improvement attributed to an Ameri-
can, Joseph Curtis. In 1802, as a young nurseryman, he was
acquainted with the common forms of budding and grafting.
When seedling apple rootstocks were in short supply, he tried
short pieces of root from an apple tree his father was remov-
ing. These grafts produced sturdy trees and the technique of
piece-root grafting was quickly and widely adopted by nur-
serymen. Curtis later developed the collar or crown grafting
technique where scions are joined to the rootstocks at the
ground line. Later still, he developed nurse-root grafting where
grafts are planted deep to promote scion rooting (6).

Grafting Principles:

The major principles involved in grafting are:

1. Use stocks and scions having a close genetical rela-

tionship.

2. Mateh the cambiums of stock and scion.

3. Promote rapid callusing of the graft union.

4. Prevent drying of the graft union.

These principles will be examined individually to deter-
mine where improvements might be made within their frame-
work.

1. Genetical Relationship:

Generally speaking, all trees of the same “kind” intergraft

satisfactorily. Botanically speaking, this means that most
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varieties of a given species will intergraft. Many species with-
in a given genus will also intergraft. For example, most of
the species of the walnut (Juglans) intergraft satisfactorily,
but one combination, J. regia on J. hindsit, sometimes fails.
This graft incompatibility is known as “blackline” and may
take 40 years or so to express itself. Grafting between two
genera of a plant family is frequently unsuccessful, and gratt-
ing between two families is always unsuccessful. The closer
the botanical relationship of stock and scion, the greater are
the chances of obtaining a functional union.

An attempt to employ this knowledge has been made
in grafting the filbert tree. The orchard filbert tree 1s train-
ed to a single trunk, but in nature it is a large shrub consisting
of many stems which arise from underground suckers. These
suckers sprout throughout the growing season, and their con-
tinual removal consumes a great deal of time and effort annu-
ally. A suckerless rootstock would be an obvious solution to
this problem, and several species within the {filbert genus
(Corylus) have been tried with limited success. A glance at
the taxonomic chart below shows the filbert to be a member of
the birch family which consists of two sub-groupings called
tribes (8, 9). The sub-groupings suggest that there 1s a closer
genetical relationship between the genera of the tribe Cory-
leae than between their genera and those of the tribe Betuleae.
The possibilities for intergeneric grafting of the shrub forms
of Corylus with the tree forms of Carpinus and Ostrya are now
being investigated.

A taxonomic classification of the birch family, Betulaceae:

Tribe I. Betuleae Tribe II. Coryleae
Genus A. Betulus Genus A. Corylus
B. Alnus B. Carpinus
C. Ostrya
2. Match Cambiums D. Ostryopsus

The principle of matching the cambium of the rootstock
and that of the scion is absolute. This principle limits com-
mercial grafting to plants which have a continuous cambium.
In all the plant kingdom only a relatively few plants meet this
criterion. None of the lower plants possess a continuous cam-
bium and of the higher plants, only the gymnosperms and di-
cotyledonous angiosperms have it. Thus, for all practical
purposes, grafting is limited to the cone-bearing plants and the
members of true flowering plants.

3. Promote Rapid Callusing of the Graft Union:

Sitton showed that the optimum temperature range for
promoting callus tissue formation on black walnut grafts was
from 70°-85° F. (13). In Oregon, where cool spring tempera-
tures prevail, successful field grafting of walnuts 1s frequent-
ly a problem. Nurserymen have sought to increase the tem-
perature by tying a brown paper bag over the graft. This tech-
nique not only increased daytime temperatures, but provided
some frost protection and has become a standard practice.
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The 1dea of “hot caps” used by tomato growers was en-
larged upon by the contruction of long plastic tents over por-
tions of grafted walnut nursery rows. For each of seven weeks
starting March 19, 1969, 50 walnut trees were grafted of
which 25 were covered by a plastic tent 2’ wide, 2’ high, and
approximately 40’ long. Hygrothermographs were placed 1n-
side and outside the tent to obtain a continuous record of hu-
midity and temperature. Humidity differences were slight, but
averaged somewhat lower for the tented grafts. The striking
difference was the influence of tenting on temperature. The
hours of temperatures over 70° F. were added for a seven-week
period. Tented grafts totaled 331 hours while grafts in the
open totaled only 59 hours. The grafting success varied from
28 to 100 percent and was strongly in favor of the tented trees
during the first, fifth, sixth and seventh weeks of the experi-
ment. The percentage difference was very slight the other
three weeks. The influence of tenting on growth, height and
uniformity of grafts was striking. Tented grafts leafed out
sooner and were several inches long when the buds on graitts
in the open were just beginning to swell. Ultimately, the tent-
ed trees were taller and more uniform in height than those
grafted in the open.

When bench grafting deciduous fruit or nut trees in the
fall, before the rest period of the buds has been broken, a heat-
ing cable has been used to promote rapid callusing of the
union. The heating cable was laid in moist sawdust and cov-
ered with sawdust. The roots of the stock were heeled-in and
covered by more sawdust. This technique provided protection
for the root system, left most of the stem tissue exposed to
normal outdoor temperatures, and applied heat only to the
union. If done too late in the season, the buds forced, but done
In early fall this method of promoting callusing was highly
successtul. ,

In 1914, Lowther and Worthington (10) described the use
of paper cones to protect pecan grafts in southern United
States where excessive heat may retard callusing. Sitton (13)
has shown that the rate of callusing decreased as the temper-
ature exceeded 85° F. In 1966, Romberg and Madden (12)
combined aluminum foil and polyethylene bags to shade the
graft union while maintaining a high humidity. The combina-
tion foil-and-bag seal usually resulted in more growing scions
than where the conventional wax seal was used.

In addition to various methods used to modify tempera-
ture, applications of plant growth regulators have occasionally
been used to promote rapid callusing. While a few successes
have been reported, there are as yet no reports of a “hormone”
which has broad general application or provides consistently
good results.

4. Prevent Drying of the Graft Union:

One of the most important principles in biology states,
“Where there is no moisture, there can be no life.” The fourth
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principle of grafting is based on this fact. The ancients were
aware of this requirement and prepared a mixture of clay and
cow dung called a grafting “pug” (3). The pug was molded
around the graft union and bound with strips of cloth. Since
this had serious limitations as a sealing compound, the pug
was eventually replaced by waxes which continue to be used
to this day. An important requirement of a sealing compound
1s that it must be elastic enough to stretch as growth occurs be-
neath it. Waxes often crack, allow air to enter, and drying to
occur. Some waxes have too high a melting point and injure
tissues when applied; others have too low a melting point and
tend to melt in sunny weather.

Now there are polyvinyl acetate paints available which
are water soluble, non-phytotoxic, and elastic. These paints do
not require heating and are applied as they come from the can.
They are available in various colors and are used for pruning
cuts and other tree injuries as well as to seal graft unions. Ex-
periments are now in progress combining these paints with
plant growth regulators to promote rapid callusing.

Smooth cuts on both the stock and scion insure a close fit
of the union without gaps where air can enter. Use of small
stems and long cuts makes the union more pliable and provides
for a closer fit. Firm binding of the union not only provides
support, but helps bring the two cut surfaces into tight contact.

Rubber grafting bands remain one of the best materials
avallable for binding the graft union. They provide a constant
pressure yet will stretch with growth. If successive turns of
the band are overlapped they form a moisture-tight seal which
may not require waxing. However; rubber grafting bands
may deteriorate slowly and frequently need to be cut off the
union. String, raffia, various adhesive tapes, plastic strips
and even nails have been used to hold stock and scion together.

A paraffin film sold by biological supply houses for use in
laboratories has also been tested for binding grafts. A small
square of this film 1s commonly used to seal test tubes. The
heat of the hand causes it to seal. Being a thin film of soft
wax, 1t has some elasticity when warmed in the hand during
application. Successive wraps around the union make a firm
binding. Subsequent removal is not necessary because the bind-
ing breaks and drops off as the union grows.

The opposite of the grafts “drying out’” is having grafts
which ‘‘flood” or “drown’”. This occurs in certain plants, such
as the walnut, which “bleed” excessively in the spring. ‘“‘Bleed-
ing’’ 1s believed to be due to several causes: a lack of forma-
ion of ttyloses, bladder-like cellular intrusions which block
water-conducting vessels (4); a combination of root pressure,
abundant soil water supply, and a lack of transpiration (7).

Walnut nurserymen in California sever the tops of the
rootstocks a day or two prior to grafting. This technique per-
mits some advance ‘“bleeding’” to occur and will improve the
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percentage take. Frequently nurserymen cease grafting all
together during periods of active ‘“bleeding”.

An Oregon walnut nurseryman, Mr. Scott Parrott of New-
berg, discovered a technique to solve the graft ‘“flooding” prob-
lem. He drilled a 3/16” hole through the rootstock a few
inches above the groundline. This acted as a “safety valve” in
that “bleeding’” occurred from the hole and not at the union.
This technique allows grafting to proceed uninterrupted
through the entire spring and improves the percentage of suc-
cessful grafts.

The above illustrates that new ideas, new techniques and
new materials are continually being employed to improve graft-
ing. All the possibilities and opportunities for Iimproving
grafting have not been exhausted. All that is required 1s some
imagination or the ability to see a new application for a famil-
jar item.
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EXTERNAL DETECTION OF INCOMPATIBLE DOUGLAS-FIR GRAFTS

DONALD COPES
Forestry Sciences Laboratory
Pacific Northwest Forest and Range FEaxperiment Station
Forest Service, U.S.D.A.
Corvallis, Oregon

Early detection of incompatible stock-scion combinations
has been a problem for many years. External symptoms of in-
compatibility may not become evident until 10 to 40 years after
grafting (7). Delayed incompatibility losses impose a serious
handicap to nurserymen and orchardists. Internal incompati-
bility symptoms which are diagnostic of the relative compati-
bility of the graft have proven accurate for peach, pear, and
plums (4), apricots (5), pear (6), and for Douglas-fir
(Pseudotsuga menziesii [Mirb.] Franco) (2,3). Unfortun-
ately, internal detection requires destruction of the grait, a mi-
croscope, and some knowledge of microtechnique procedures.
Obviously, nurserymen and orchardists would be better served
by a simple visual test based exclusively on external appear-
ance of the grafted plant.

Past attempts to find such a test have generally failed.
Symptoms such as chlorosis, leaf drop, Initiation of cambial ac-
tivity, initiation of first-year bud elongation, amount of scion
and stock growth, abnormally early flower-bud formation, me-
chanical breakage, scion dieback, and excessive scion growth
have been checked for their correlation with incompatibility
(1, 4). Unfortunately, most symptoms do not appear in de-
layed incompatible grafts until a number of years after graft-
ing. Even then, they are not specific to Incompatibility but
may, instead, result from disease, insect attack, or other envi-
ronmental stresses. One growth characteristic that has been
positively correlated with degree of incompatibility 1n pear,
plum, and peach combinations is delay in initiation of root
growth each spring (7). Root growth was delayed up to 6
weeks in the most incompatible combination. Unfortunately,
the usefulness of this correlation is limited because of the dif-
ficulty in observing root systems under field conditions.

In 1967 and 1968, observations on vegetative bud burst
of Douglas-fir grafts starting their second year of growth
showed bud burst to be delayed in a number of the normal-ap-
pearing grafts. Anatomical examination revealed that these
were incompatible (unpublished data). From this, it appeared
that a correlation might exist between delayed bud burst and
graft incompatibility. This report presents results of a study
on 116 Douglas-fir clones to determine 1if such a correlation
actually exists.

METHODS

In April 1968, 947 Douglas-fir grafts, consisting of 116
different clones, were cleft-grafted for compatibility testing.
Grafts were made on 2-0 stocks of a Willamette Valley seed
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source and grown throughout the study in a lathhouse at Cor-
vallis, Oregon.

Observations on stage of vegetative bud development
were made at the start of the second year. Bud development
was checked at 7-day intervals, starting March 25 and ending
May 20. Stage of development was based solely on the termin-
al bud of the scion. All 947 grafts were examined at each
date. Stage of bud development of each graft was compared
with all other grafts of the same clone. Grafts of different
clones were not compared because of the inherent differences
among clones in time of vegetative bud burst. Kach graft
which appeared to be retarded was recorded; also, an average
bud development stage of each clone was noted for the nonde-
layed grafts.

The developmental process of bud burst was partitioned
into the eight stages as listed in Table 1. The resulting classi-
fication represents a workable system for quickly scoring
Douglas-fir buds. Characteristics used to determine a develop-
ment stage were: (1) extent of bud elongation in length and
diameter, (2) bud scale color, and (3) shape of the bud tip
(Table 1, Figure 1).

_ All 947 grafts were sacrificed and anatomically examined
In June and July 1969; the graft unions were cut into cross
sections 30 microns thick with a sliding microtome and an ab-
breviated safranin-fast green staining schedule (2) was used.
The stained cross sections were examined under a microscope

Table 1. Stages of vegetative bud development in Douglas-fir.

Stage of .
Development Bud Characteristics

1. None No expansion in length or diameter. Bud color
dull, like that of an overwintering bud. Bud tip
acute.

2. Slight - Slight increase in length, but little or no increase
in diameter: Bud color yellow-red. Bud tip acute.

3. Slight to medium Acropetal  one-fourth  to one-half increascd 1n

length, but little increase in diameter. Color sim-
ilar to stage 2. Bud tip acute.

4. Medium Acropetal one-halt to three-fourths increased in
length, but only shight increase in diameter. Color
similar to stages 2 and 3. Bud tip acute.

5. Medium to maximum Bud increased in length over the entire bud sur-
face and exhibited a marked increase in diame-
ter. Color similar to stages 2, 3, and 4 Bud tip
blunt (obtuse).

6. Maximum Buds much increased in length and diameter
over stage 5 buds. Color much Ilighter than In
the previous stages due to extreme expansion of
bud. Bud tip rounded.

7. Burst Bud scales separated; needle tips exposed. The
new stem not visible,
8. Expanded 1-7 inches New stem visible, and stem elongated 1 to 7 inches.
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Fig. 1. Bud development stages used to detect incompatible grafts in Douglas-
fir at the start of the second year. Bud stages are, from left to right:
(1) no expansion, (2) slight, (3) slight to medium, (4) medium, (5)
medium to maximum, (6) maximum, (7) burst.

for regraft areas (wound-xylem), which indicate incompatible
grafts (2). The anatomical data were then compared with
bud-bursting data.

RESULTS AND DISCUSSION

The anatomical test revealed that 35 percent (328/947) of
the grafts were incompatible. Average compatibility among
clones varied from 100 percent to 0 percent. These extremes
undoubtedly represent sampling variation because previous
tests have shown no Douglas fir clones to be either 100 percent
compatible or 100 percent incompatible when grafted onto a
random group of stocks.

Bud observations before April 29, 1969, were too early for
meaningful differences in development to be detected. On April
22, 1969, only 65 of the 116 clones had progressed to develop-
ment stage 1 or 2. On April 29, 81 percent of the clones were
at stage 4 or higher, and on May 6, 93 percent of the clones
were at stage 4 or higher (Table 2) ; these were the periods of
most accurate bud determination. An evaluation before or af-
ter these dates in 1969, except for the seven latest clones, re-
sulted in much lower accuracy in the prediction of compatibil-
1ty from external bud characteristics.

During the collection of bud-bursting data, differences
among ramets as small as two stages were recorded. For ex-
ample, when nondelayed grafts of a clone were at stage 6,
other grafts of the same clone had to be stage 4 or less to be
recorded as delayed. But when bud-burst data were compared
with the anatomical test results, it was apparent that differ-
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Table 2. Average bud development of 111 to 116 Douglas-fir clones on four ob-
servation dates, 1969.

Stage of * Mav 20
bud development April 29 May 4 May 13 ay

Number of clones

1. None 3 { 0 0
2. Slight 12 1 0 0
3. Slight to medium 6 6 0 0
4. Medium 38 13 2 0
5. Medium to maximum 15 20 0 0
6. Maximum 37 52 9 2
7. Burst 0 16 21 4
8. Expanded 1-7 inches 0 5 84 110
Totals 111 113 116 116

ences of three stages or larger were required for the differences
to be significantly related to incompatibility. Also, to reduce
human errors in bud ranking and data recording, a graft was
not predicted to be incompatible unless it had been recorded as
delayed in at least two different observation periods. If these
two criteria were not met, the probability of incorrectly pre-
dicting a compatible graft to be incompatible was much In-
creased.

Delay in second-year bud development in Douglas-fir
grafts was directly associated with incompatibility. Of the
191 grafts predicted to be incompatible by delayed bud devel-
opment, 184 proved to be actually incompatible by anatomical
test. Thus, only 1.9 percent (7/619) of the compatible grafts
had been incorrectly identified as incompatible.

Of the 947 grafts making up the study, 328 were shown to
be incompatible by anatomical test. External bud development
observations were effective in identifying only 184 of the 328
(56 percent). An examination of bud development and ana-
tomical test data indicated that all degrees of detection accur-
acy exist among clones; in some clones, all of the incompatible
ramets could be detected externally, yet in other clones with the
same percentage of Incompatibility, none of the incompatible
grafts could be externally detected. To investigate the cause of
this variation, externally detected and undetected incompati-
ble grafts were anatomically rechecked for possible tissue dif-
ferences. Microscopic examinations suggested that the ability
to predict incompatibility from bud-burst data was directly re-
lated to the number of xylem union areas connecting the stock
and scion and the size of the regraft areas (wound-xylem) as
seen in cross section. Delayed bursting grafts generally had
fewer union zones and larger regraft areas. Apparently vascu-
lar discontinuities resulting from necrotic phloem and cambial
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tissues at the time of bud expansion in the spring caused the
delay in bud development until the stock and scion regraited
and re-established vascular connections in the phloem and cam-
bial regions. Grafts with many union zones of contact and
small regraft areas were not noticeably slowed in stage of bud
development; thus, they escaped external detection.

Although 100 percent detection of incompatible grafts has
not been attained, the 56-percent success is high enough to rec-
ommend bud development screening to Douglas-fir seed or-
chardists. If, for example, the present group of 116 clones had
been externally checked, and if the delayed grafts had been
rogued, an 81-precent compatible orchard would have resulted
rather than the unrogued 65-percent likely to result without
bud screening.

The correlation between bud development at the start of
the second year of growth and graft incompatibility in Doug-
las-fir suggests that horticulturists might benefit by recheck-
Ing the relationship of these phenomena in all graft combina-
tions that form regraft areas similar to those found in Doug-
las-fir grafts.

l

SUMMARY

Delay in vegetative bud development was correlated with
the presence of internal incompatibility symptoms for 116
Douglas fir clones. Of 191 grafts classified as delayed in de-
veloping, 184 were found to be incompatible when anatomical-
ly checked. Of 619 compatible grafts, seven were incorrectly
identified by the delayed bud development as being incompat-
ible. Delay in bud development was found to be related to the
number of union areas shared between the stock and scion and
by the size of the regraft areas (wound-xylem). Regraft areas
occurred in all delayed incompatible grafts. Incompatible grafts
that had numerous union zones between stock and scion, plus
small regraft areas, were not detected by bud characteristics.
E?}'tér-four percent of the incompatible grafts were not iden-
1f1ed.

External screening is a usable tool for Douglas-fir seed
orchardists. This study showed that an 81 percent compatible
seed orchard could have been produced if the grafts showing
delayed bud burst had been rogued, as opposed to a 65 percent
compatible orchard that would have resulted if no roguing
were done.
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MODERATOR LAGERSTEDT: Thank you, Don. Next, Barrie
Coate will discuss some aspects of sanitation in the nursery.
Barrie:

THE IMPORTANCE OF CLEANLINESS
IN THE PROPAGATION HOUSE

BARRIE D. COATE
Pacific Nurseries
Colma and Mt. View, California

Many important propagation procedures become SO rou-
tine that we often relax our attention to them. I'm speaking
of the day-to-day details of cleanliness in the propagation pro-
gram. Disease organisms can and do travel all the way from
the cutting bench, through the greenhouse into 1 and 5 gallon
stock, as the diseased crop is transferred to larger containers.
It is very difficult to convince some nurserymen that meticul-
ous disease control in the propagation department is worth the
man-hours it requires. However, consider the value of 25 b5-
gallon saleable plants lost to disease in a month as compared
with one man-hour per day spent on cleaning propagating ta-
bles, floors, and equipment per month.

25 5-gallon plants @ $3.00 ea. — $75.00

256 hrs @ $2.50 per hr. ~— $62.50
Even if only 25 5’s per month are lost to disease, and this can
be prevented, money would be saved. Another point in favor
of good sanitation practices is the fact that chemical control
over disease, once the disease 1s present, 1s poor at best.

Once Rhizoctonia solany or Phytophthora sp. are established

enough for detection of the symptoms, at best we can only hope
to prevent its spread to the remainder of the crop or to other
crops. It is virtually impossible to eliminate these diseases
once they begin to affect a crop.
. Many nurserymen are “living with” infected stock main-
tained under “low stress’” conditions. When this diseased
stock 1s shipped to higher stress conditions (retail nurseries,
high temperature areas, poor water areas) 1t often declines or
dies, leaving the purchaser with a poor memory of the supplier
and no repeat orders.

One question we should ask ourselves periodically 1s,
“when did I last empty and disinfect my greenhouse?”’ The an-
swer should be — ‘“‘not more than 6 months ago.”

. Probably the easiest, least costly, and most rewarding
single sanitation effort one can make is as follows: a 2% for-
maldahyde' drench applied through a large sprayer. This will
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enough for detection of the symptoms, at best we can only hope
to prevent its spread to the remainder of the crop or to other
crops. It is virtually impossible to eliminate these diseases
once they begin to affect a crop.
. Many nurserymen are “living with” infected stock main-
tained under “low stress’” conditions. When this diseased
stock 1s shipped to higher stress conditions (retail nurseries,
high temperature areas, poor water areas) 1t often declines or
dies, leaving the purchaser with a poor memory of the supplier
and no repeat orders.

One question we should ask ourselves periodically 1s,
“when did I last empty and disinfect my greenhouse?”’ The an-
swer should be — ‘“‘not more than 6 months ago.”

. Probably the easiest, least costly, and most rewarding
single sanitation effort one can make is as follows: a 2% for-
maldahyde' drench applied through a large sprayer. This will
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take only an hour for a 50’ x 100" house, including preparation
and cleanup; if done twice a year this will provide a sani-
tary environment for cuttings.

The next most basic, and inexpensive step is to paint all
interior greenhouse surfaces from table height down with cop-
per naphthenate, including the gravel In the benches. Any
disease organisms landing on this green copper surface will
be killed. In other words — ‘‘green is clean”, iIn a propagating
house.

Here i1s a list of procedures which have produced good re-
sults for me.

General

1. Flats dipped in copper naphthenate often enough to keep
them green.

2. Greenhouse sprayed twice a year with a 2% formaldehyde
solution and allowed to stand, tightly closed, for three days.

3. Cutting flats and seed flats filled with planting medium
sterilized with either methyl bromide, or steam, in small

enough batches to prevent recontamination before each
batch i1s used up.

Cutting propagation

1. Cutting material taken only from healthy, vigorous plants
and only from areas off the ground.

2. Cutting material washed outside propagation house to re-
move all dust.

3. Headhouse benches as well as the immediate area of the

benches, washed every morning with LF-10" before cutting

material 1s handled.

All workers hands and all tools rinsed in LF-10.

Cutting material placed in a sink in propagation house,

from which rough cuttings are made onto a prewously

sterilized propagation table.

6. Cuttings dipped in Morsodren or SD-345°. Personnel
should use rubber gloves or large salad forks for removal.

7. Cuttings stuck in previously fumigated flats.

8. Full flats carried to copper-naphthenate benches and wat-
ered-in with a Morsodren mix from watering can.

Ot

Seed propagation

1. Seed sown In previously-fumigated moist seed flats.

2. Flats placed in cold frames, previously sprayed with cop-
per naphthenate.

:z. Seen watered-in with a Morsodren mix.

Fumigated burlap placed over flats and watered with
Morsodren mix.

In conclusion, it is far more efficient and less costly to
prevent disease than to attempt to cure it.

1LF-10 1s a hospital disinfectant manufactured by Lehm & Fink Products, Toledo, Qhio 43612.

28D-345 15 a soil fungicaide, a product of Shell Development Co. and available from Moyer
Chemical Co., 1310 Bayshore, San Jose, California. "
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MODERATOR LAGERSTEDT: We will now entertain questions
for any of the three previous speakers.

DALE KESTER: I would like to ask Don Copes two ques-
tions. First, do all Douglas-fir grafts fail?

DoN CoPES: No, with a group of 947 grafts, 35% of them
died from incompatibility. This is fairly normal; we have an
average of compatibility with random clones of 60 to 65 per-
cent.

DALE KESTER: You have some that you can select?

DON COPES: Yes, even from our most incompatible_com—
binations, some of those scions put on random stocks will be
compatible.

DALE KESTER: The stocks are different, but the clonal tops
are the same — 1s this right?

DoON COPES: Yes, we don’t have clonal lines for under-
stocks yet but we are working on it. From our testing we de-
termine which stocks are compatible with certain clones; for
the severely incompatible clones we root the understocks. This
%s very easy to do with two, three and four-year-old Douglas
1T,

DALE KESTER: Another question. In our almond-plum
graft combinations, the most sensitive test we have to Indicate
incompatibility is early defoliation of the trees in the fall. Do
you see anything in Douglas fir grafts comparable to this?

DoON CoPES: No, this delay in bud-burst is the very first
thing we can pick up. The amount of needle drop we have in
Douglas fir during the first winter is very small, probably less
than 1 or 29%, depending on the year. Oregon has quite a bit
of precipitation in the winter and I think that the scions could
be totally dead and still not drop their needles until June.

RALPH MOORE: [ was interested in the drilling technique
described by Dr. Lagerstedt to stop “bleeding” in walnuts. All
you need though, i1s some knife slashes below the graft; on large
trees we use an axe and cut several slashes to alleviate this
“bleeding” from the graft union and it works fine. It is very
simple.

HARRY LLAGERSTEDT: Yes, I know this has been done with
a knife slash; we feel, though, that it may not go deep enough.
Such cuts may only go into the primary phloem whereas the
main root pressure is involved with xylem tissue. Do going all
the way through as by drilling a hole, the trunk bleeds from
both sides; this procedure seems to work better for us.

CURTIS ALLEY: On grape vines, we use a pruning saw and
make a cut below the graft after they are growing. Also, if
the grape vines are in leaf if you leave a nurse branch below
the graft then they will not bleed at all.

HARRY LAGERSTEDT: This bleeding is not a problem
throughout the season. It will happen for perhaps two or
three weeks and can be related to certain temperatures situa-
tions. With a lot of ground moisture and cool, muggy, days
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and with the plants starting active growth, bleeding can be a
problem.

VICE-PRESIDENT BRIGGS: For the second half of this af-
ternoon session, Dr. Dale Kester of the University of Califor-
nia at Davis, will be our moderator. Dale:

MODERATOR KESTER: This afternoon we have some very
interesting topics. The first talk will be given by a speaker
that you heard this morning — Wes Hackett. His topic now
18 on bulblet formation under aseptic conditions. Wes:

ASEPTIC MULTIPLICATION OF LILY BULBLETS
FROM BULB SCALES

WESLEY P. HACKETT
Department of Environmental Horticulture
Unwersity of California
Davis, California

It has been known for many years that individual lily bulb
scales when separated from the mother bulb will form adven-
titious bulblets at their base when placed in favorable environ-
mental conditions. Three to five bulblets will usually develop
from each scale depending on the species and cultivar. This
propagation technique is called “scaling” and is useful for
rapid build up of stocks of a new cultivar or to establish path-
ogen-tfree planting stocks.

The objectives of the experiments reported in this paper
were to find methods of producing bulblets under aseptic con-
ditions and to increase the efficiency of bulblet production from
scales. Accomplishment of these objectives would increase the
commercial feasibility of multiplying and maintaining patho-
gen-free stocks and also increase the rate at which planting
stocks of new cultivars could be built up.

In performing these experiments, bulb scales of Lilium
longiflorum ‘Croft’ about 1.5 em wide and 3.0 cm long were
used. ‘Croft’ is a cultivar used as a flowering potted plan tfor
Easter. Early experiments showed that scales can be steriliz-
ed by washing them for 10 minutes in a 1:10 dilution of com-
mercial bleach (Clorox or Purex) followed by thorough rins-
ing in sterile (autoclaved) water. After sterilization the
scales were asceptically cut into a proximal and da distal sec-
tion each 1.0 cm’, as shown in Figure 1, and kept separate for
experimental purposes. These scale sections were implanted
aseptically in glass vials (See Fig. 2) on a culture medium con-
sisting of inorganic salts, vitamins, sucrose and agar (3). The
vials with implanted scale sections were placed at 70°F under
fluorescent lights with an intensity of 400 ft. ¢. (Bulblet for-
mation will occur just as well at 100 ft. c. light intensity and
1n the dark).

In one experiment, the plant growth regulators, indole-
acetic acid (IAA) and kinetin were incorporated into the me-
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Fig. 1. Diagram of lily bulb scale showing the proximal and distal sections used
in the experiments.

dium at various concentrations to test their influence on bulb-
let formation. The scales were implanted with their abaxial
side (convex surface) in contact with the medium because
bulblets naturally form at the base of the adaxial side (con-
cave surface) of intact scales (2). This experiment showed
that the proximal sections form more bulblets than do the dis-
tal sections. With regard to plant growth regulators, IAA has
a much greater influence on bulblet formation than does kine-
tin. When no kinetin is added, IAA at 10 mg/1 gives a 100%
increase in bulblet formation and the response has not reached
its maximum with this concentration. When no IAA is added,
there is little or no response to kinetin. However, there is an
interaction between IAA and kinetin and maximum bulblet
formation occurred when IAA was incorporated into the me-
dium at 10 mg/1, along with kinetin at 0.1 mg/1l. Figure 2 il-
lustrates bulblet formation on proximal and distal sections.
Notice that there are not only more bulblets on the proximal
sections but the bulblets formed are larger.
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Orientation of the scale section on the medium is very im-
portant. When distal sections are placed with their abaxial
surface on the medium, an average of 4.1 bulblets form on the
adaxial surface. In contrast, when similar sections are placed
with their adaxial surface on the medium, only an average of
0.4 bulblet forms on the abaxial surface and knobs form on the
adaxial surface in contact with the medium. This difference in
potential of the two surfaces to form bulblets is not nearly as
great 1n proximal sections. This means that when proximal
sections are bisected parallel to their two surfaces and the two
pleces placed with their cut surface on the medium both pieces
will form bulblets. When both proximal and distal sections
are bisected parallel to their two surfaces and the pieces im-
planted with the cut surface on the medium, a total of 12.5
bulblets are formed per scale. This production occurs when
using a suboptimal combination of TAA (1.0 mg/1) and kine-
tin (0.1 mg/1) and is a great increase over the 3-5 bulblets
produced with whole scales. If the TAA concentration were in-
creased to 10 mg/1 the production would be even greater.

~ These procedures have also been successfully used with
Lalium longiflorum ‘Ace’ and several aurelian and oriental hy-
brids which do not form bulblets profusely on whole scales.

From the standpoint of producing pathogen-free plants
these results have considerable implication. Kohl and Nelson
(1) showed that pathogen-free bulbs can be obtained by use of
heat treatment and meristem techniques. Using aseptic propa-
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Fig. 2. Aseptic cultures of lily scale sections showing bulblet formation and
growth. Proximal sections above and distal sections below.
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gation of bulblets from scales, these plants could be rapidly
multiplied and maintained pathogen-free.

LITERATURE CITED
1. Kohl, Harry C, Jr. and R. L. Nelson. 1966. Meristem culture of Easter
lilies. The Plant Propagator 12 (2) :6-9.

2. Walker, R. I. 1940. Regeneration in the scale leaf of Lilium candidium and
Lilium longifiorum. Amer. Jour., Bot. 27:114-117.

3. White, P. R. 1943. Handbook of Plant Tissue Culture. Jacques Cattel Press,
Lancaster, Pa.

MODERATOR KESTER: Qur next speaker is Dr. Hudson
Hartmann of the University of California at Davis and Editor
of the Western Region of the IPPS. He will discuss some of

the factors involved in rooting hardwood cuttings. Hudson:

SOME PHYSIOLOGICAL FACTORS INVOLVED IN
PROPAGATION BY HARDWOOD CUTTINGS

HuDpsON T. HARTMANN
Department of Pomology, Unwersity of California
Davis, California

Some of our most ancient cultivated plants, as the fig,
olive and grape, are ones that are readily propagated by hard-
wood cuttings. With these plants early man was able, when
he turned to agricultural pursuits, to easily establish clones of
superior types merely by inserting Into the ground sticks
broken from desirable seedlings, thereby producing great num-
bers of equally desirable plants.

Propagation by hardwood cuttings is, no doubt, the simp-
lest and least expensive method of vegetative propagation. It
would be most desirable to be able to extend this type of propa-
gation to a much greater range of plants. It would be particu-
larly desirable to be able to utilize hardwood cuttings in place
of the more laborious layering methods now widely used In
propagating clonal fruit tree rootstocks and other difficult to
propagate plants. Furthermore, hardwood cutting propaga-
tion procedures lend themselves readily to mechanization prac-
tices which are more and more being utilized by the nursery
industry. However, as is well known, striking differences are
encountered among the various species and clones in adventi-
tlous root initiation. Some plants, as the willow, poplar and
citron, have preformed root initials in the shoots of the intact
plants. Cuttings made from such material quickly develop
roots when placed under the proper environment. Hardwood
cuttings of many other plants too, as the grape, rose or privet,
will rapidly form adventitious root Initials after the cuttings
are prepared, with new roots forming soon after planting so
that the developing buds and subsequent leaves are supplied
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with water to replace the water loss resulting from leaf trans-
piration.

Hardwood cuttings of more difficult-to-root plants may
form adventitious roots after the cuttings are made and plant-
ed In the nursery row in the spring but so slowly that the open-
ing buds and developing leaves dessicate the cuttings, causing
Ehem to die before roots can appear and begin water absorp-
ion.

Cuttings of many other kinds of plants have failed to pro-
duce adventitious roots under any circumstances and their
propagation by this method has not yet been accomplished. The
stem tissues of such plants may contain a high level of one or
more rooting inhibitors, or they may lack a biochemical com-
ponent essential to reactions which lead to critical changes In
certain groups of cells that are the starting point of adventiti-
ous root initials. It i1s likely that the explanations for the dif-
ferences in root initiation between difficult and easily-rooted
plants lie in biochemical factors rather than in anatomical re-
lationships.

There are many naturally-occurring plant regulators, as
the auxins, cytokinins, gibberellins, inhibitors, vitamins and
undoubtedly others. It was postulated by Skoog (30) 25 years
ago from research using tissue culture techniques that cell dif-
ferention and organ formation is most likely based on certain
combinations and balances among these naturally—occurring
growth substances. Galston and Davies (12) state that these
hormonal materials are probably producing their effects by
controlling the synthesis of particular enzymes, through some
yet unknown mechanism concerned with nucleic acid metabol-
1sm.

Successful rooting of cuttings of some plants may not be
accomplished until further basic information is developed con-
cerning the biochemical reactions and components essential for
root formation.

The most fruitful area at present for extending the prac-
tical use of hardwood cutting propagation would seem to be
with those plants which will form adventitious roots but slow-
ly and sparsely.

It 1s now well accepted that auxins, such as indoleacetic
acid, are a required component of, perhaps, a complex of sub-
stances in the plant necessary for root initiation. Many plants
have ample amounts of auxin in their tissues and do not re-
spond to added synthetic auxin by increased root initiation.
Many other plants, however, may have native auxins in such
slight amounts that they will show a definite response to added
auxin by increased numbers of roots forming, or by a reduced
time of root development or both. In rooting hardwood cuttings
of all but the easiest-to-root plants, treatment with a synthe-
tic auxin — as indolebutyric acid — is likely to be of consid-
erable benefit.

In attempting to root hardwood cuttings of “difficult”
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plants, temperature control during the root Initiation period
can be most useful for those kinds which will produce adven-
titious roots — but slowly; some method of inducing root ini-
ation well in advance of the time of bud break and leaf devel-
opment in the spring is essential. For plants which have a dei-
inite bud dormancy (‘“rest’’) condition, this characteristic can
be used to good advantage. Buds of deciduous woody plants,
in the fall before exposure to winter-chilling, are usually in a
pronounced physiological “rest” or dormant condition. Hard-
wood cuttings made during the autumn, with buds in the
“rest”, can be treated with auxin, then held at warm (70° to
75° F.) temperatures, packed in a moist, well-aerated, relative-
ly sterile medium — such as peat moss. They will then often
develop adventitious roots quite profusely at the base of the
cuttings 1n 2 or 3 weeks. Such treatments were shown by
Chadwick (6) almost 40 years ago to be beneficial in roocting
hardwood cuttings of several deciduous ornamental shrubs.
Since the buds on cuttings taken in the fall are blocked from
developing, probably by an unfavorable i1nhibitor-promoter
complex, unwanted leaf production at this stage does not occur.
Once there is evidence of root emergence after the auxin-warm
temperature treatment, however, the cuttings must be prompt-
ly planted, if outside nursery conditions permit, or moved to
cold storage (35° to 40°F.) to prevent further development of
the roots, while awaiting suitable nursery conditions for plant-
ing (14). In either case, the chilling given the cuttings will
lead to physiological changes in the buds, changing the inhibi-
tor-promoter complex in favor of promoters so that the buds
will start growth upon the advent of warm weather in the
spring. But at that time, with cuttings handled as described,
roots will have been initiated and will quickly resume growth,
along with the shoots. Hardwood cuttings of some plants, how-
ever — as the peach (15) and walnut (27) — do not seem to
tolerate any disturbance of even quite Incipient roots. Fall-
planting directly in place in the soil where they are to grow,
once they have been made and treated with auxin, seems to be
the most successful procedure, utilizing the warmth of the soil
in the autumn to obtain the necessary temperature levels to
stimulate rooting.

Warm storage plus auxin treatment procedures, such as

these, have been perfected by various researchers to success-
fully rcot hardwood cuttings of the pear (2, 16, 17, 18, 35),
plum (14, 16, 21), peach (15, 29) and apple (21).

Warm temperature treatments following auxin applica-
tion, as described above, when given the entire cuttings, result-
ed 1n good root initiation with some plants, such as ‘Old Home’
pear, but have given poor results, in some instances, when used
with other clones, for example the ‘Bartlett’ pear (18). To root
‘Bartlett’ pear it was found necessary to increase the temper-
ature at the base of the cutting to stimulate root activity while
simultaneously chilling the buds on the upper portion of the

110



cuttings. Subsequently, Fadl and Hartmann (11) determined
that in the ‘Bartlett’ pear, rooting inhibitors produced in the
buds depessed root initiation, but chilling the buds, or bud re-
moval, reduced inhibitor production and increased rooting.

This practice of applying heat to the bases of hardwood
cuttings, while the tops are maintained at a lower temperature,
has also been used in the successful rooting of apples in Eng-
land (24, 25) California (19) Italy (13) and apples and
cherries in Michigan (5). Such procedures probably involve
the same physiological principles used in the old practice of
storing cuttings out-of-doors, buried in pits upside down ver-
Eicglly to warm the bases of the cuttings while keeping the

uds cool.

The presence of rooting inhibitors was noted by Spiegel
(31) In grape cuttings over 15 years ago. These inhibitors
could be leached out with water, and when subsequently recov-
ered, caused reduced rooting if applied to cuttings of easily-
rooted grape clones. Buds seem to be a source of such rooting
inhibitors, the production being related to bud activity. In
hardwood cuttings of ‘Old Home’ pear (10), for example, the
presence of buds promoted rooting when they were in a non-
dormant stage, etiher in early fall or late winter. But if the
buds were in a physiologically dormant condition in early win-
ter, their presence on the cuttings inhibited rooting. Bud re-
moval increased rooting. In Fadl’'s (9) studies with pears, such
an effect of bud removal was related to the absence of the bud
1tself and not just to a possible wound stimulus arising from
cutting out of the bud, as was noted by Howard (26) in rooting
plum and apple hardwood cuttings.

Apparently, too, certain root-promoting factors — other
than auxins — exist In hardwood cuttings — in greater
amounts at some periods of the year than at others, and in
greater quantities in some clones than in others (1, 7, 11, 36).
There 1s evidence that these factors are phenolic compounds,
which probably interact enzymatically with applied or native
auxins to form substances responsible for triggering differen-
tiation of groups of cells, leading to adventitious root forma-
tion (4, 1, 22, 23). An increase in the activity of such native
rooting factors was noted by Challenger, et al. (7) when tem-
peratures were elevated at the base of ‘E.M. 26’ apple cuttings
during pre-planting warm storage periods, which may, in part,
account for the beneficial rooting effects of such temperature
control treatments.

Van der Lek pointed out (33) many years ago the influ-
ence of buds on the rooting of hardwood cuttings. As previ-
ously mentioned, this influence is likely due, at least in part,
to the production of rooting promoters or inhibitors, or both,
varying according to the activity of the buds at different times
of the year. However, this effect of buds on rooting and pos-
sible explanations for such effects is complicated by the fact
that active buds utilize stored foods for growth and are in
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competition with metabolic processes involved in root initiation
(2). Warm storage periods, following auxin application, which
have been shown to promote rooting, also increases the respira-
tion rate of the cutting’s tissues and, if prolonged, can deplete
stored food reserves.

In considering the propagation of plants by hardwood
cuttings, a clear distinction must be made between the Inter-
nal mechanisms involved in root initiation and in the survival
of the cuttings in the nursery. For example, profuse rooting
can often be obtained in the laboratory with auxin-treated
cuttings enclosed in plastic bags (28) or set in containers of a
sterile medium under precisely controlled conditions of tem-
perature and humidity. Similar cuttings set in the nursery
where they may be obliged to contend with unfavorable weath-
er conditions, fungal attacks, or less than ideal soil situations
often succumb even though roots may have been initiated.

There seems to be rather convincing evidence from vari-
ous studies (32, 34) that fungicide applications, particularly
Captan, 1s of real benefit in protecting cuttings from fungus
attack in the nursery, which apparently is its primary benefit,
rather than a direct stimulus of root initiation (20). It 1is
probable that more widespread use of such fungicidal treat-
ments is justified and would be helpful, particularly in years
of wet springs and in heavy soils.

Ciampi and Gellini (8) and Beakbane (3) have proposed,
to account for the variability in rooting among clones, that the
ability of stems to produce adventitious roots is related to the
anatomical structure of the primary phloem. In supporting
this theory it is pointed out that difficult-to-root cuttings, as
those of ‘Conference’ and ‘Bartlett’ pears, have an almost con-
tinous cylinder of mature, thick-walled fiber cells encircling
the secondary phloem, whereas in easily-rooted cuttings, as
‘E.M. V', EEM. XI’ and ‘E.M. XIII’ apples, this sclerenchyma
ring 1s not continuous, and would permit the emergence of
roots formed inside the ring. However, while such anatomical
relationships may influence root development, it is unlikely
that they are primary factors in root initiation. ‘Bartlett’ pear
cuttings, for example, even with an almost continuous schler-
enchyma ring can be rooted in fairly high percentages with the
proper procedures (18). Studies by Sachs, et al. (29) with
olive, cherry and pear stem cuttings failed to show any clear
relationship between continuity of a schlerenchyma ring and
rooting ability.

There are, of course, many other factors which can influ-
ence the success attained in hardwood cutting propagation,
such as the source and type of cutting material, the concentra-
tion of auxin used, weather, and soil conditions of the nursery
site. It 1s certainly advisable for each propagator to do some
experimenting with the variable factors at his disposal under
the fixed conditions with which he must work and with the
particular clones he is attempting to propagate.
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MODERATOR KESTER: Thank you, Hudson. I will now
present some results we have obtained in rooting hardwood
cuttings of peach/almond hybrid clones.

ROOT INITIATION IN HARDWOOD CUTTINGS OF
PEACH-ALMOND HYBRID CLONES

DALE E. KESTER
University of California
Davis, California

This report summarizes results of experiments -carried
out during the fall and winter, 1968-69, as part of a program
to select clonal rootstocks for stone fruits (Prunus), with em-
phasis on peach x almond, F, hybrids. Earlier, we found that
cuttings of almond clones were impossible to root; peach was
relatively easy-to-root and hybrids of peach and almond (P-A)
were Intermediate, with a range among clones from easy to
difficult (3, 4). Hansen (1) has selected P-A clones that are
nematode resistant and Hansen and Hartmann (2) reported
good survival of hardwood cuttings of P-A clones if taken in
the fall or early winter, treated with IBA and Captan, then
planted directly into the nursery.

The purpose of the experiments reported here was to
evaluate rooting of different Prunus clones. To do this we
wanted to develop a screening procedure whereby we could ac-
curately and easily evaluate the genetic ability of individual
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clones to initiate roots. We also wanted to distinguish “rooting
ability” from ‘“survival ability” in the nursery although we rec-
ognized that the two characteristics were closely related.

PROCEDURE

The basic procedure was to make cuttings of 3 lots of 25
each, treat them with IBA and Captan, and either store in
damp peat moss for weekly examination of root initiation,
shoot development, and callusing — or plant cuttings directly
in the nursery. Three clones were tested at various tempera-
tures and treatments, with one group in storage and a compar-
able group planted directly in the nursery. Fifty-two other
clones were evaluated in storage only at 68°F.

RESULTS

Data on root initiation and cutting survival of the three
clones is given in Table 1. Contrary to what was expected, the
best rooting in all cases was obtained with cuttings planted di-
rectly in the nursery. The values obtained can be taken as the
upper limit for rooting under the conditions used. Factors in-
volved in determining rooting iIn particular cases were (1)
clone, (2), time of collection; (3), method of handling:; and
(4), temperature. Being able to judge the best rooting clone
therefore required the evaluation of the effect of a number of
factors on both root initiation and survival.

Table 1. Percent rooting (storage) and percent survival (nursery) of hardwood
cuttings of peach x almond (P-A) clones.

Collected Collected
Clone Treatment November 22, 1968 January 16, 1969
Storage Nursery Storage Nursery

‘P-A 2-16-8°  Direct planting — 60 — 69
50°F storage 30 — 32 —

59°F storage 60 — 40 —

68°F 4 days! 46 69 9 31

68°F 10 days’ 60 64 24 42

68°F continuous 22 — 45 —

‘P-A 3-8-9 Direct planting — 77 — 50
50°F storage 38 — 15 —

59°F storage 70 — 25 —

68°F 4 days? 46 74 15 57

68°F 10 days? 50 57 b5 54

68°F continuous 5 — 18 —

‘P-A 2-16-5’ Direct planting — 62 — 17
50°F storage 17 — 0 —

59°F storage - 23 — 12 -—

68°F 4 days? 14 45 3 16

68°F 10 days': 8 46 0 17

68°F continuous 0 — b —

IFollowed by 50°F storage or direct planting.
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(1). The easiest-rooted clone appeared to be ‘P-A 2-16-8’.
Rooting was best at 59°F storage at the December -collection
and equalled direct planting. Storage at 50°F gave poorer root-
ing in both collections. Exposure to 68°F decreased rooting;
the limiting factor at this temperature with this clone was
greater decay at these warmer temperatures.

Cuttings taken in January rooted as well as November
collections if directly planted, but all storage treatments re-
sulted 1n poorer rooting.

Cuttings taken in November required 50-60 days to develop
roots in storage (Fig. 1), depending on temperature. During
this long period, decay developed at the higher temperatures,
thus decreasing rooting. The buds were evidently Iin a rest
period since few shoots grew. In contrast, roots developed
rapidly and completely (once started) on ‘Marianna 2624
plum taken at the same period without any decay appearing.

Cuttings taken in January (Fig. 2) were not in the rest
since shoots grew readily. Roots developed in 20-30 days but
decay occurred and survival was reduced.

(2). ‘P-A 3-8-9’ had a better rooting capacity in general

ool  ROOTS

MARIANNA 2624
68°F
80

40

t SHOOTS

59°
%
20}

30 40 50 60 70 80
DAYS

Fig. 1. Root and shoot development on hardwood cuttings of ‘P-A 2-16-8’, peach,
and ‘Marianna 2624’, in storage at different temperatures. Cuttings col-
lected November 22, 1968. Numbers in parentheses refer to days at 68°F,
after which the cuttings were shifted to 50°F.
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Fig. 2. Root and shoot development on hardwood cuttings of ‘P-A 2-16-8' held
in storage at different temperatures. Cuttings collected January 16, 1969.

(at least with the November collection), but survival tended to
be low in many of the treatments. Temperature responses were
the same as for ‘P-A 2-16-8’. The January collection resulted
in lower survival possibly because of more susceptibility to rot
at that stage.

(3.) ‘P-A 2-16-5’ was the poorest rooting clone but i1t was
uncertain whether this was due to inadequate rooting or poor
survival. Storage was damaging but difficulties were over-
come by direct planting. Collecting these cuttings in January
decreased rooting markedly.

CONCLUBSIONS

Evaluating clones for rooting ability is not easy because
one must consider thelr response to various factors. It appears
that P-A clones would produce consistently good results 1f di-
rectly planted in the nursery under conditions used here. How-
ever, storage of the cuttings at 59°F might be a better test of
rooting potential since it could bring out possible differences
in survival ability that would not be apparent by direct plant-
ing.
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MODERATOR KESTER: OQOur next speaker is going to talk
about rooting hardwood cuttings of a specific plant, the red
smoke tree. He 1s Lee Rosenkranz of Doty and Doerner,

Portland, Oregon. Lee;

EXPERIMENTS IN ROOTING HARDWOOD CUTTINGS
OF RHUS COTINUS ‘ROYAL PURPLE’ — RED SMOKE TREE

LEE ROSENKRANZ
Doty & Doerner, Inc.
Portland, Oregon

Initial work on rooting cuttings of RhAus cotinus °‘Royal
Purple’, (red smoke tree), was started in the summer of 1965
with an attempt at rooting softwood cuttings taken at several
intervals. This resulted in a complete failure, and a decision
was made to look into the prospects of hardwood cuttings.

In the past all smoke trees had been propagated by graft-
ing, but a shortage of understocks, and the tendency toward
Ereak grait unions, prompted a consideration of rooting of cut-
ings.

In January, 1966, the first cuttings were stuck in pure
sand In a heated greenhouse with a bench temperature of 70°
to 72°F. One hundred cuttings were put in a regular cutting
bench, and another 100 were placed under intermittent mist.
All were terminal cuttings. Most cuttings leafed out, but those
in the regular bench failed even to callus. Those under the
mist lasted longer, and a few rooted, but the roots decayed be-
fore they were ready to dig.

In December, 1966, a cutting bed was built in an unheated
poly house which used the heated greenhouse for its south wall.
The bed was on the ground against the north wall of the green-
house, and was equipped with bottom heat. The cable was under
five inches of fine sand. Depending on the outside tempera-
ture, the bed remained between 60° and 72°F. Terminal cut-
tings were made 8 inches long, and half of them were wound-
ed. The cuttings were treated with Hormodin #1 or #3, or
Jiffy Grow, diluted 1 to 10 with water; an untreated check was
included. A few sub-terminal cuttings were used to fill out
the counts. Four batches of cuttings were stuck at two-week
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intervals, starting on December 6. The rooted cuttings were

dug 12 weeks later. |

The results were:

1. Cuttings rooted nearly 1009% in the two December groups
while the second two taken in January, ran 50% and 20%
each.

2. Wounding seemed to have little effect on the rooting.

3. Jiffy Grow produced a slightly better root formation than
Hormodin.

4. Wood from any part of the current year’s growth rooted
as well as the terminal wood. This included cuttings up
to one-half inch in diameter.

5. Rooted cuttings placed in gallon cans kept in the heated
greenhouse sustained a 309% loss, which was largely due
to a weak root system.

In 1967 the same procedure was followed except that only
Jiffy Grow was used. Again, the results were much the same,
and pointed conclusively to the taking of cuttings as soon as
the stock goes dormant. The plants this year were canned
and put in a cool poly house. This resulted in a 60% loss, al-
though most of these, again, were the ones with weak roots.

In 1968 conditions prevented putting in cuttings before
mid-December. Two small batches of cuttings were put 1n a
week apart in the same bed as before, and a third, larger group
of cuttings was put in a new bed on the east side of the green-
house in an unheated poly house. Cuttings were used from all
parts of the current year’s growth, and treated with Jifty
Grow. None of the cuttings were wounded.

Between Christmas and New Year’s Day a storm hit. No
more cuttings were taken until late January. The cable in the
new bed failed during the hardest freeze, and could not be re-
paired. The cuttings froze in place. The cuttings taken in late
January were a complete failure. From a total of nearly 2000
cuttings only 150 survived and these were from cuttings taken
1n mid-December.

MODERATOR KESTER: Thank you, Lee. Now Rudy Wagner
will discuss some of his experiments in propagating fruit tree
rootstocks by hardwood cuttings.

ROOTING HARDWOOD CUTTINGS OF FRUIT ROOTSTOCKS

GOTTLOB (RUDY) WAGNER
C & O Nursery

Wenatchee, Washington

Propagation by hardwood cuttings is known to be the least
expensive and easiest way of reproducing plants vegetatively.
The cuttings are easy to prepare and no special equipment is
needed during the -callusing and rooting period. Hardwood
cuttings are made usually from one-year-old dormant wood.
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