8 to 10 years. Under these conditions there is nothing certain
except change. These meetings are educational, as I have men-
tioned. They are designed to provide information to keep the
plant propagator the key man in the ornamental plant business.
As someone once said, the beauty of a rose starts with the.vitali-
ty of its roots. As an organization, pledged to the dissemina-
tion of information and the provision for guidance and assist-
ance in the field of plant propagation, we here assembled dedi-
cate this meeting.

I have several appointments to make before we begin the
sessions. These are as follows: to the nominating committee,
the three immediate past presidents, Harvey Templeton, chair-
man: Bill Snyder and Martin Van Hof. To the auditing com-
mittee, Ralph Shugert, chairman and Leslie Hancock. The re-
solutions committee, J. S. Wells, chairman and Wayne Loveless.
If you gentlemen will prepare statements for presentation at the
annual business meeting Saturday afternoon, I will appreciate
it. Now, if vou will turn to your program you will see that Vice
President and program chairman John Roller, has arranged, at
your suggestion, a round table panel discussion. Before we
break up, I might also announce that anyone interested in join-
ing the Society and has properly completed the necessary forms,
see Peter Vermeulen, who is chairman of the Membership com-

mittee.

FEditor’s Note: The members separated into three round-
table discussions: one, Storage and care of cuttings, grafts, and
established nursery stock, J. P. Mahlstede, moderator, Jack

Hill, recorder; two, Sanitation and propagation — methods and
materials, James Wells, moderator, F. O. Lanphear, recorder;
and three, Cost control in propagation — lowering costs, George
Rose, moderator, Wayne Lovelace, recorder. Summaries of the
round-table discussions were presented Thursday evening. ]

PRESIDENT MAHLSTEDE: The first paper this morning will
be presented by Mr. Dale E. Herman, a graduate student at Pur-
due University.

THE EFFEC';' OF ETIOLATION UPON THE ROOTING OF CUTTINGS

DALE E. HERMAN AND CHARLES K. HESS
Department of Horticulture
Purdue University

[. Infroduction

Etiolation is known to play a definite role in enhancing the
rooting potential of many plants. A number of references at-
test to this fact in the literature, several of which will be cited
below.

Sachs (1864) noted that adventitious roots formed in great
abundance in darkness on portions of stems of a variety of plant
species, but that this phenomenon would not occur in light(23).
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Mevius (1931) found that light inhibited the rooting of cuttings
of Tradescantia species (14). Gardner (1937) successfully root-
ed cuttings of McIntosh apple made with the basal cut in an etio-
lated area(3). Reid (1922) and Blackie, Graham, and Stewart
(1926) used similar methods as Gardner to affectively root a dif-
ficult clone of camphor (21,1). Smith (1924) found that
etiolation enhanced rooting in the genus Clematis (25). Etiola-
tion was proven very beneficial in rooting avocado cuttings.
accord)ing to Frolich (1961) and Johnston and Frolich (1957)
(2, 10).

The process of etiolation is practiced most extensively in
the various layering methods of vegetative propagation, especial-
ly in relation to the stooling and etiolation methods used at the
East Malling Research Station. The advantage obtained in the
rooting of various fruit and ornamental species by these methods
1s borne out in references by Regel (20), Knight et al (11, 12,
13), Garner and Hatcher (4), and Sinha and Vyvvan (24). We
probably unconsciously take advantage of etiolation when we
stick cuttings into a medium to root.

Although 1t is well established that etiolation does exert a
pronounced effect in the rooting process of many plants, little
progress has been made in elucidating the actual physiological
and anatomical basis of such an effect. Therefore, this investi-
gation was started using four different approaches.

1. A rooting study to verify enhanced rooting as a direct re-
sult of etiolation.

2. An anatomical study to determine any differences in the
cells or tissues of etiolated stems as opposed to nonetiolated
stems.

3. An investigation of the extractable auxins from etiolated
tissues as compared with nonetiolated tissues.

4, A study to determine the level of extractable rooting ‘‘co-
factors” in etiolated as compared with nonetiolated tissues.

Etiolation 1s the development of plants or plant parts in the
absence of light. In this study, in contrast to most previous
discussions on etiolation, we were interested only in the light
falling on the actual tissue from which root initiation was to
occur. Thus, this was only a localized etiolation or a tissue
blanching.

lI. Root Initiation Study

A. Methods

Red Kidney Bean, Phaseolus vulgaris L., and Chinese Hibis-
cus, Hibiscus rosasinensis L., were selected as test plants for the
differential rooting study as well as other investigations. Three
varleties of Hibiscus were used: (1) Cornell Red, a relatively
easy rooting ‘variety, (2) Ruth Wilcox, intermediate in rooting
ability, and (3) Wilson’s White, a difficult to root variety. The
letters CR, RW, and WW will serve to designate the respective
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varieties, and the letters RKB are used to designate red kidney
bean.

The RKB’s were planted in 4-inch plastic pots 1n a loamy
clay soil mixed with one-third peat moss, 1 seed per pot. The
etiolation treatment was begun an average of 18 days after the
seeds were planted. By this time the first 2 unifoliate leaves
were developed. The apical bhud was pinched out of all plants
to maintain a relatively equal photosynthetic surface on all
plants.

Etiolation of the tissue was accomplished by wrapping the
stems with black construction paper. The paper covered the tis-
sue from the soil level to the second node, or the node from which
the unifoliate leaves arise. Thus, the hypocotyl, cotyledonary
or first node, and epicotyl tissue up to the second node were
covered. One-half of the plants were left unwrapped as a con-
trol.

After an average of 3 weeks etiolation the black construction
paper was removed and cuttings were taken slightly above the
soil level. They were rooted in flats of perlite under intermittent
mist without auxin treatment and the roots were counted at 4
and 8 day intervals. The average results of 7 replications are
shown in Table I.

Table T - Effect of Euolation Upon Root Initiaton m Red Kidney Bean
(Phaseolus vulgaris) .

Average Number of Roots per Cutting

Rooting Period Non Etiolated Etiolated
4 days 3.0 16.3
8 days 19.4 36.0

As a final RKB rooting test, an auxin synergistic study was
carried out. Forty etiolated and 40 nonetiolated cuttings were
taken of which 20 from each group were treated with IBA using
the concentrated dip method. Root counts were made at 4 and
6 day intervals and the results are shown in Table II.

Table IT — The effect of Etiolation with and without Indolebutyric Acid (IBA)
upon root initiation in Red Kidney Bean (Phaseolus vulgaris)

Average Number of Roots per Cutting

Non Etiolated Euclated
Rooting Period 4 days |
Without 1BA 4.2 31.0 °
With IBA* 1.4 125.4
~ Rooting Period 6 days
Without 1BA 27.3 39.4
With IBA 114.2 250. 4

*[BA conc = 0 3gm 1n 100ce¢ 50% ethanol, quick dip
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Three experiments to study the effect of etiolation on the
rooting of Hibiscus were conducted. Young, rather vigorous
growing shoots were selected for etiolation, which was accom-
plished in the following manner. Kxcept for the apical, primor-
dial bud and adjacent unexpanded leaves, the 2 to 3 leaves were
removed for an approximate distance of 4 inches below the bud.
This area of the young shoot was then wrapped with black polv-
ethylene plastic. After being wrapped for an average of 36 days.
the new vegetative growth was several inches above the wrap.
Cuttings were taken one-half inch above the base of the wrap
and were treated with IBA, again using the concentrated dip
method. The cuttings were placed in a plastic enclosed inter-
mittent mist chamber and root counts made after an average ot
26 days. Corresponding nonetiolated controls were taken the
same day and In all respects treated the same. The average re-

sults from the 3 experiments with all 3 varieties are shown in
Table III.

Table 11 — Eftect of Etiolation upon Root Imtiation in Hibiscus rosasinensis
Varieties |
Rooting Pertod-26 Days Non Eunolated Euiolated
Percent Rooting
Wilson’s White 6.7 13.3
Ruth Wilcox 88 3 93.3
Cornell Red 77.0 97.0
Ave. No. of Roots per Cutting
Wilson’s White 0.2 ; 0.6
Ruth Wilcox 10.0 18.2
Cornell Red 6.1 10.5

B. Results and Discussion

The RKB results show conclusively that etiolation promotes
root initiation. Table I shows that the rooting of the etiolated
cuttings was over 5 times as great as that of the nonetiolated
cuttings after 4 days rooting. After 8 days the rooting was still
almost twice as great. Since few roots would be initiated after
the 8th day, the 2:1 ratio would hold constant. Thus, etiolation
renders a very prompt or initial response in the rooting process,
which 1s evidenced in part by the much longer roots on the etio-
lated cuttings after 4 days. Etiolation not only strongly pre-
disposes the plants to root formation, but root initials are actual-
ly formed prior to supplying of the conditions normally favor-
able for the rooting process. This was very evident as the wrap
was removed, for the root primordia were already clearly visible
on many of the cuttings.

Although the RKB generally roots to some extent even
though no auxin or etiolation treatments are given, a final study
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was carried out to determine the response of etiolated and non-
etiolated cuttings to treatment with auxin. The results, shown
in Table II, demonstrate that etiolation dramatically enhances
the effectiveness of an auxin. The rooting of the etiolated cut-
tings was over 89 times greater than that of the nonetiolated
cuttings after 4 days rooting. This seems to definitely indicate
that some factor other than higher levels of endogenous auxin
1s 1Involved. A possible interpretation i1s that the etiolated tis-
sues contain a higher level of auxin synergists than the non-
etiolated tissues.

The Hibiscus, according to Table III, was somewhat less
responsive as a test plant. This, however, may be due to the
fact that herbaceous plants often root quicker and more prolifi-
cally, numerically speaking, than hardwood or softwood cuttings
of woody plants.

The WW variety is one that may parallel Hartmann and
Kester’s third grouping of plants in relation to the presence of
root-promoting materials (7). Thus, an exogenous application
of auxin gives little or no response due to the lack of other as
yvet unidentified factors—hormonal or nutritional or both. Even
after etiolation ot the cuttings, there is only a very slight re-
sponse. However, the slight rooting edge held by the etiolated
cuttings is also borne out in the percentage of cuttings rooted
after 26 days. After 40 days rooting, 309, more of the etiolated
cuttings were rooted as compared with the nonetiolated cuttings.

The most significant results from etiolation were shown by
ihe intermediate rcoting RW variety. The rooting obtained in
the etiolated cuttings was nearly double that of the nonetiolated
cuttings. One cannot fully account for the abnormally high
rooting received in this variety. However, the high levels of
auxin synergists which showed up in the RW tissues as indicated
in the Avena first internode bicassays certainlv adds positive
evidence which may account for at least part of the response re-
ceived. Reference will be made to this point in the discussion of
the auxin synergistic study.

The CR variety tends to parallel Hartmann and Kester’s sec-
ond grouping ol plants, in which the internal root-promoting
substances of a hormonal or nutritional nature (suggested by
Van Overbeek et al. for a red Hibiscus rosasinensis variety to be
sugar and nitrogenous substances supplied by the leaves) (27)
are present, but auxin is limiting., Thus, this variety rooets well
with an auxin application. One can note in Table III the con-
sistently higher rooting obtained in the CR variety when etiolat-
ed. Also, significantly higher percentages of the etiolated as
opposed to the nonetiolated cuttings of RW and CR were rooted
after 26 days. An etiolation period of 36 days did not induce
the production of root primordia visible to the naked eye, as in
the RKB, but it certainly enhanced thelr rooting ability.

16



I1ll. Anatomical Study
A. Methods

Microtechnique methods used in this study were based on
those of Riker and Riker and Johansen (22,9). One-half to one
centimeter etiolated and nonetiolated stem sections were killed
and fixed in formalin-aceto-alcohol (FFA) for 24 hours under
partial vacuum. An ethyl alcohol-zvlene dehvdration schedule
was used. After the tissues were embedded in paraffin blocks,
they were softened 1n water and sectioned into 12 micron thick
ribbons. Safranin and fast green were used to differentially
stain the tissues. Individual stem cross-sections were then pho-
tographed.

B. Results and Discussion

The results of the anatomical study are illustrated in part
by means of the photographs of nonetiolated and etiolated RKB

: i SR ; : -I"r':'ﬁ'}_x +~ - Hhe ’*‘;?— q #} . L"‘ A;“": S
etiolated stem (hypocotyl) of Phas- stem (h?'l?“-’f‘f‘_t}'l)_ of Phaseolus vul-
eolus vulgaris. Magnification — X garis. Magnification — X1, E —
17, N — nonetiolated, RKB — Red ctiolated, RKB — Red Kidney Bean
Kidney Bean. a. reduction in quantity of starch

grains but an increase In pith

a. abundance of starch grains but 6 | =
area and cell size.

a decrease 1n pith area and cell

o b. pericycle fibers fewer in num-
_ " | ber and greater quantity of tis-
b. pericycle libers greater in puin- sue and slightly less lignified.
ber and slightly more lignified. ¢. abundance of };arench}'nm cells
c¢. parenchyma cells less abundant i a less differentiated condi-
and tssues more differentiated. tion.,
d. presence of increased amounts d. reduction in amount of cell
of cell wall deposits. wall deposits.

¢. indication of starch sheath.



and CR Hibiscus stem cross gections in Figures 1-2 and 3-4 re-
spectively.

In reviewing the literature in relation to the anatomical
basis of the effect of etiolation upon rooting, numerous papers
bv Priestlev et al. cite evidence that a functional endodermis
forms in etiolated shoots of various plants (17, 18, 19). Al-
though this phenomenon was discussed 1n regard to totally etio-
lated plant tissues, as opposed to only a localized tissue etiola-
tion in this study, it nevertheless warrants some attention. Ac-
cording to Priestley et al., the secondary endodermis 18 charac-
terized by the presence of the Casparian strip which becomes
very suberized and impregnated with unsaturated fatty sub-
stances which harden as theyv oxidize. This suberin lamella
renders the secondary endodermis relatively impermeable both
to water and solutes. When the sap is retained within a func-
tional endodermis only the parenchymatous tissues within that
endodermis are capable of active growth. Since the endodermis
completely retains the nutrient sap in the etiolated stem, 1t leads
to an active formation of endogenous roots.

In young angiospermous stems the innermost layer of the
cortex often contains abundant and large starch grains. Since
1t occupies the position where the endodermis would occur if it

Figure 2a. Cross section of an etiolated stem
ol Phaseolus wvulgaris showing an emerging
adventitious root. Magnification — X 24, E

— ctiolated, RKB

Red Kidney Bean.
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3ot G T il
Figure 4. Cross scction of an ctiolat-
cd stem of CR variety of Hibiscus

Figure 3. Cross section of a nonetio-
lated stem of CR vaviety of Hibiscus

FOSASINEN SIS, M:lgl'lii'ica{i‘(m — X 10 rOSASINENSIS. M;tgmllcat}nn —-—'I\ 10,
CR — Cornell Red. N — nonetio- CR -— Comell Red, E — etiolated
lated. a. xylem less differentiated, fewer
a. xylem more differentiated, ves- vessels. |
sels numMerous. h. vessels and other cells i xylem
h. vessels and other cells in xylem thinner walled.

phloem  fibers somewhat less
lonified.
d. pericycle hbers somewhat less
1enilied.

thicker walled. C.
c. phloem tibers more lignitied.
d. pericycle fibers more lignified.
¢. parenchyvma cells less abundant

and tissues more differentiated. ¢. parenchyma cells more abun-
. presence of increased amounts dant {““1 greater quantty ol

of cell wall deposits. 111.55111{' in less differentiated con-
dition.

developed, the starch sheath, according to Guttenberg (6), 1s
sometimes considered homologous with the endodermis.

The anatomical study revealed a number of differences in
the etiolated as opposed to the nonetiolated cells and tissues ana
these are summarized below.

1. A substantial reduction in starch in the etiolated RKB tis-
sues as opposed to the nonetiolated tissues.

2.  An endodermis with Casparian strip was not observed 1n
either etiolated or nonetiolated RKB or Hibiscus tissues:
however, there was an indication of a starch sheath in both
etiolated and nonetiolated RKB tissues.

3. Presence of root primordia in the etiolated RKB stem c¢ross
sections, with none observed in the nonetiolated tissues.

4, A reduction 1n development of mechanical strengthening
tissue, and a decrease 1n lignification in cells, e.g., In the
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phloem and pericycle fibers, in etiolated stems of RKDB as
well as Hibiscus. The presence of greater amounts of cell
wall deposits, e.g., cellulose and hemicellulose, in nonetiolat-
ed stems.

Greater pith area with larger cells in the etiolated RKB
stem as opposed to the nonetiolated stem.

An increase in content of parenchyma tissue in etiolated
cross sections of both RKB and Hibiscus.

The presence of thinner walled cells in etiolated tissues,
e.o.. vessels and fibers in xylem of Hibiscus.

An overall reduction in cell and tissue differentiation, e.g.,
a slight reduction in differentiation and total amount of
vascular tissue, in the etiolated cross sections of both RKDB
and Hibiscus as compared with the nonetiolated cross sec-
tions.

In conclusion, several hypotheses are suggested :

1. With the difference noted in starch content, 1t may be pos-
sible that there is an increase in the level of soluble sugars
in etiolated tissues.

2. The presence of increased amounts of parenchyma cells
and a greater quantity of cells in a less differentiated con-
dition may be very advantageous as a potential source of
enhanced meristematic activity leading to root 1nitiation.
Secondly, it may result in a more efficient utilization of
endogenous TAA, as well as exogenous applications. The
slightly higher endogenous level of IAA which appears to
be present in etiolated tissues may thus be of added sig-
nificance.

3. A reduction in mechanical strengthening cells and tissues
may render the egress of root primordia easler, as Kuster
has advocated (13).

4. Doubt is expressed that these anatomical differences are
substantial enough to account for the highly significant
difference in rooting encountered 1n etiolated versus nmon-
etiolated cuttings. Thus, the possible accumulation of
some other unknown substance or auxin synergist in the
localized etiolated area is by no means eliminated.

© N e

IV. Auxin Study

A. Methods

The extraction and bioassay techniques used 1n the compara-
tive investigation of the extractable auxins from etiolated and
nonetiolated tissues were based on the methods of Nitsch (15)
and Nitsch and Nitsch (16).

1. Extraction

Etiolated and nonetiolated cuttings were taken, placed 1n a
container with dry ice, and then lyophilized. Prior to freezing,
the outer bark — the tissues from the vascular cambium out-
ward — was removed, from the Hibiscus stems and only this
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outer bark cylinder, containing the phloem, was lyophilized.
The’ entire RKB stem was lyophilized. A 0.5 gram sample of
the dry, ground tissue was used for extraction with absolute
methanol as the solvent. Three 40 minute extractions were
made of each sample, and after each 40 minute period the ex-
tract was decanted ‘and fresh 'solvent added to the tissue. TFor
each extraction 25 ce. of methanol were used, giving a total of
75 cc. per sample. The extracts were then concentrated and
evaporated just to the point of dryness and were taken up in 2
cc. of methanol, 1 cc. at a time.

2. Chromatography

The concentrated extracts were spotted on a 2214 x 181/
inch sheet of number 3 Whatman chromatographic paper. The
etiolated tissue was spotted on one-half and the nonetiolated on
the adjacent half on a line across the width of the chromato-
gram 10 cm. from the top. The solvent system consisted of &
parts isopropanol and 2 parts water (v/v). Using descending
chromatography, the solvent was allowed to move down the pa-
per for a distance of 30 em. from the origin.

The chromatogram was prepared for biloassay by cutting
l1-inch strips into 15 equal pieces, beginning at the origin or
line of spotting and ending with the termination of the solvent
front. A piece of the chromatogram which had been saturated
with solvent and a piece taken from below the solvent front were
used as controls. Each segment of chromatogram was placed
in a corresponding test tube to which was added 2 cc. of citrate-
K-phosphate butter (pH 5.0) and 29, sucrose solution.

3. DBloassay

The straight growth tests described by Nitsch and Nitsch,
(16) including the Avena coleoptile cylinder test and the Avena
first internode (mesocotyl) test, were used for the bioassay of
the auxins and inhibitors extracted from the stem tissues. Three
days after planting variety Brighton oats, the coleoptile and first
Internode sections were approximately 214 em. in length and
ready for use. Four mm. coleoptile sections were cut 3 mm. be-
low the tip. In the first internode test the short coleoptiles pro-
duced on the dark grown seedlings were cut off at the node and
discarded, and 4 mm. sections cut 2 mm. below the coleoptilar
node.

In both tests 10 seedling sections were added to the tubes
containing the chromatogram segments and incubation solution.
After 20 to 24 hours i1ncubation with rotation, the seedling sec-
tions were measured with a binocular microscope equipped with
an ocular micrometer.

In addition to the usual straight growth tests, a test to de-
termine the presence of auxin synergists was conducted. The
procedure was the same as stated above with the addition that
the incubation solution contained 1 x 10-® M. TAA. This level
of IAA was sufficient to stimulate growth but was considerably
below the optimum,

-
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B. Results and Discussion

The average results of 2 Avena coleoptile cylinder tests and
3 first internode (auxin synergistic) tests are expressed as his-
tograms in Figures 5-8 and 13-16, respectively. Each column
in the histograms represent the biological activity ot one chro-
matogram section, starting with the base line of spotting on the
left. The horizontal line across the histogram represents the
growth of the controls. i.e., Avena sections in the buffer-sucrose
solution with a piece of the chromatogram taken from above the
solvent front and with one taken from the base which had been
saturated with solvent. Columns above the control line indicate
growth promotion, columns below the line indicate an inhibition
of growth.

A comparative determination of the endogenous IAA auxin
levels in etiolated as opposed to nonetiolated tissues was the
primary objective at the onset of the investigation. Through
color reaction or development of the ‘“‘control” chromatograms,
the R-f value for the synthetically prepared IAA extract was
determined as approximately 0.79, or corresponding to chroma-
togram sections 12.0 to 13.7. This value corresponds very close-
ly with the chromatographic position of the predominant growth
promoting substance in the plant extracts, which occurs in the
histograms from sections 11 to 13. The slight lag in the growth
promotion or peak, which always occurred in section 12, is un-
doubtedly due to the plant extract, which tends to slow or hinder
the movement of the auxin in the solvent system, compared to
the movement of a synthetic preparation. Positive results were
also received by spraying chromatograms of the native plant ex-
tracts with Salkowsky’s reagent and also p-dimethylaminoben-
zaldehyde, but only after one gram samples of the tissue were
used in extraction (5, 26). The color reactions specific for indole
groups were verified by control chromatograms of svnthetic IAA
preparations. Thus, based on the above evidence, the predomi-
nant growth substance present in the plant extracts is probably
TAA. However, 1its absolute identity was not finalized.

Histograms of the Awvena coleoptile tests (Figures 5-8)
show a striking correlation between the extracts of the growth

Figures 5 - 8 Histograms showing biological activity ot chromatogiams of ctiolated

and nonetiolated stem utssucs of Phaseolus vulgaris and Hibiscus 1osasinensis,
var WW, RW, and CR 05 gram lyophilized ussue. extracted with methanol
for 2 hours Extract chromatographed in 1sopropanol-water (8:2, v/v). Bioas-
say-Avena coleoptiles 4 mm long, taken 3 mm  below fip Coleoptile contiol
sections given concentiations I X 10-7 and 1 X 10-6 TAA grew to final lengths
of 74 and 77 mm, 1espectively. Each histogram repiresents the average of 3

bioassays
E — etiolated
N — nonetiolated
RKB — rcd kidney bean
WW — Wilson's White

RW — Ruth Wilcox
CR — Cornell Red
IAA — 1ndole-acetic aad
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HISTOGRAMS SHOWING BIOLOGICAL ACTIVITY

OF CHROMATOGRAMS OF STEM TISSUE
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substances from the etiolated and nonetiolated stem tissues.
However, growth promotion due to the presence of “IAA” 1is
slightly greater in all cases from extracts of etiolated tissues.
Thus, the endogenous concentration of “IAA” in etiolated tis-
sues appears to be slightly higher than in the nonetiolated tis-
sues.

At an R-f of approximately 0.05 to 0.15 (chromatogram sec-
tions 2 and 3) an unknown auxin occurs. As shown by the de-
gree of growth promotion, this auxin also tends to be present in
slightly higher concentrations in the etiolated tissues. Inhibi-
‘tory substances do not appear to be present in highly significant
quantities in the stem tissue extracts, except in sections 14 and
15 of the RKB, where they occur in approximately equal quan-
tities in both the etiolated and nonetiolated tissues. A series of
Avena first internode (mesocotyl) biloassays was also run in
which the results coincided very closely with those reported in
the Avena coleoptile tests.

Because the root 1nitiation studies indicated the definite
presence of auxin synergists, and also since a substantial differ-
ence 1n the level of endogenous auxins in etiolated as compared
with nonetiolated tissue was not found, the growth response
due to auxin synergists was studied. When analyzing the his-
tograms in Figures 13-16, one must remember that the entire
level of growth or elongation has been raised due to the addition
of an exogenous [AA supply. Thus, the peaks from endogenous
auxin promotion appear to be somewhat masked. Likewise, one
may note that the growth peaks due to auxin synergists, e.g.,
rooting cofactors, are now greater than the growth peaks from
auxin 1tself. This phenomenon would be expected since the
synergistic response due to addition of an exogenous supply of
IAA would undoubtedly be greater in those test tubes previously
lacking 1n auxin than in one already containing an endogenous
supply. This observation may especially be noted in relation to
chromatogram section 12, and, in fact, may serve as indirect

evidence that this growth substance is “TAA.”

Figures 13 - 16 Histograms showing biological activity of chromatograms of
etiolated and nonetiolated stem tissues of Phaseolus wvulgaris, and Hibiscus
rosasinensis, var. WW, RW, and CR 05 gram lyophilized tissue, extracted with
methanol for 2 hours Extract chromatographed in i1sopropanol-water (8:2,
v/v) Bioassay-Avena first internodes 4 mm long, taken 2 mm. below the col-
eoptlar node IAA, concentration 1 x 10-*, was added to the sugar-buffer solu-
tion to study the growth promotion due to auxin synergism First internode con-
trol sections given concentrations 1 x 10-2 and 1 x 10-7 IAA grew to final lengths
of 60 and 83 mm, respectively Each histogram represents the average of 3
bioassays

E — etiolated
N — nonetiolated
RKB — red kidney bean
WW — Wilson’s Whitce
RW — Ruth Wilcox
CR — Cornell Red
TAA — indole-acetic acad
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With the addition of an exogenous supply of TAA, the fac-
tors or variables involved have now been increased, and the data
are Indeed difficult to analyze. However, one can still note a
significant correlation between the biological activity of the
etiolated and nonetiolated tissue. There does appear to be slight-
ly higher levels of auxin synergists present in the etiolated RKB
and WW Hibiscus tissues as opposed to the nonetiolated tissues.
In the RW variety, very high levels of auxin synergists are
noted, which, as stated previously, may at least in part account
for the very high rooting received in this variety. Significantly
higher levels of auxin synergists are again evident in the etio-
lated tissues, which also holds true for the CR variety, where
activity is very pronounced in the area of rooting cofactor 1.

V. Rooting ‘‘Cofactor’” Study
A. Methods

Extraction and chromatography techniques used in this
study of the extractable rooting “cofactors” from etiolated and
nonetiolated tissues were similar to those used in the auxin
study and will not be repeated.

In 1960 Hess developed a light grown mung bean rooting
bioassay for the detection of the rooting ‘“‘cofactors” (8). This
biloassay is based on the initiation of adventitious roots in cut-
tings taken from mung bean (Phaseolus aureus Roxb.) seed-
lings. The scedlings are germinated and grown in vermiculite
in the light chamber, and are ready for use in 9 days. Cut-
tings consist of the trifoliate bud, primary leaves, epicotyl, and
3 cm. of the hypocotyl. This light grown mung bean biloassay
was selected for this study.

Ten cuttings were placed In each shell vial containing a
chromatogram section and assayed with 4 cc. of a 5 x 10-* M.
solution of TAA. This solution was taken up by the cuttings
in 24 hours and was then replaced with double distilled water.
Roots were long enough to count in 5 days.

TAA, the natural plant auxin, is used because these root
promoting substances, although unrelated to IAA, require its
presence for maximum activity or expression. Thus, the root
promoting substances apparently serve as cofactors of IAA.

Figures 17 - 18 Histograms showing hiological acuvity of chromatograms of etio-
lated and nonetiolated stem tissues of Phascolus vulgaris and Hibiscus rosasinen-
sis, var WW. 05 gram lyophilized tissues, extracted with methanol for 2
hours Extract chromatographed n isopropanol-water (8.2, v/v). Bioassay-
cuttings of light grown mung bean (Phaseolus aureus) seedlings. Cuttings con-
sisted of the trifoliate bud, primary leaves, epicotyl, and 3 cm of the hypocotyl
Average number of roots per cutting in the double distilled water control was
90 The hisotgrams represent the average results of b bioassay rooting tests.

E — etiolated

N — nonetiolated
RKB —_red kidney bean
WW — Wilson’s White
JAA — indole-acetic acid
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This supposition 1s supported by the fact that easy-to-root cut-
tings respond more to auxin application than do difticult-to-
root cuttings. Mature and juvenile English ivy and easy-to-
r?ot CR and difficult-to-root WW. Hibiscus are typical exam-
ples.

The results of the bicassay of the extractable rooting “co-
factors” are expressed in the histograms in Figures 17-18.
Higher levels of rooting cofactors with etiolation are apparent
in the RKB and the WW Hibiscus, but the results with the CR
and RW Hibiscus were not consistent. However, since these
studies have been conducted, it has been found that cofactors
1, 2, and 8 are more soluble in 709, methanol than in absolute
methanol. Thus, in using the absolute methanol we mayv have
not been getting a complete extraction of the rooting cofactors,
at least the first 3. This problem will be further investigated.

VI. Summary and Conclusions

Eliolation plays a definite role in enhancing rooct initiation
in manv plants. Using Red kidnev bean and 3 varieties of Chi-
nese Hibiscus. this physiological role was investigated by em-
ploying 4 different approaches, including differential rooting
studies and anatomical, auxin, and rooting ‘“cofactor’” investi-
gations. The etiolation treatment involved a localized blanch-
ing of the tissues from which root initiation was to occur. The
basic conclusions derived from these studies were:

1. Root initiation studies significantly revealed a marked
promotion in rooting incurred as a direct result of etiola-
tion. Not only was there a higher numerical rooting per
cutting, but the per cent of cuttings rooted was greater
when the stems were etiolated prior to taking the cuttings.

2. The anatomical study revealed various anatomical modi-
fications in cells and tissues of etiolated plant stems, e g..
decrease in starch content. mechanical strengthening tis-
sues, cell wall thickness and cell wall deposits, and in total
amount of vascular tissue; also an increase in parenchyma
cells and a greater quantity of tissues in a less differen-
tiated condition were present in the etiolated as opposed
to the nonetiolated stems.

3. The investigation of the endogenous auxins showed a
slightly higher auxin content in the etiolated tissues as
opposed to the nonetiolated tissues.

4. An investigation of the extractable rooting *“cofactors”
indicated a somewhat higher rooting “cofactor’” level 1n
at least some etiolated as compared with nonetiolated
plants. However, the relationship was not consistent and
the postulation was made that some unknown sub-
stance(s) or auxin synergist(s) e.g., rooting ‘“cofactors,”
accumulate in etiolated tissues, but which were not re-
leased in large enough quantities with the extraction sol-
vents utilized in this study to be detected in the bioassays.
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Also, the fact that there was a great response on the part
of the etiolated cuttings to an exogenous auxin application
indicates most strongly the presence of some other sub-
stance(s) which acts synergistically or as a cotactor in
determining the overall rooting response.

It is evident from the preceding summary that the physio-

logical role which etiolaton plays in the rooting process cannot
be ascribed to any one factor. In the contrary, the marked in-
crease In root initiation incurred from cuttings which arz pre-
viously etiolated may be attributed to a complex of factors.
These factors interact, some synergistically, in a final realiza-
tion of the rooting response of a plant.
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PRESIDENT MAHLSTEDE: Thank you very much, Dale, for
vour very interesting paper. We will have a few minutes for

questions.

MR. JAMES WELLS: How long were the Hibiscus and the
beans etiolated?

MR. HERMAN: The Hibiscus were etiolated for five weeks
and the beans, three weeks.

VoICE: Did vou identify any of the compounds on the
chromatograms?

MRr. HERMAN: We have good evidence from R-f values
and color reactions that the principal auxin was indoleacetic
acid, but we have not crystallized it. We did not identify the
other active areas as yet.

MR. PETER VERMEULEN: Will a short exposure to light
eliminate the root promoting effects of etiolation?

Dr. C. E. HEss: No, a short exposure will not eliminate
the promotive effects of etiolation upon rooting. There are sub-
stantial changes in the structure and chemical make up of the
stems during etiolation. It would take a period of several hours
or more to remove the effects of etiolation. You may be think-
ing of Seymour Shapiro’s paper about the growth of preformed
root initials as are found in willow and poplar. If branches are
placed in a moist, dark environment for approximately three
days and then are exposed to a very short period of light, par-
ticularly red light, the outgrowth of the preformed roots is inhib-
ited. ‘

MR. AL LOWENFELS: How can etiolation be used practical-

ly ?
MR. HERMAN: It is already used in layering.
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THURSDAY AFTERNOON SESSION
December 5, 1963

FIRST SECTION

The first section of the afternoon session convened at 1:15
p.m., Arthur J. Lancaster, Jr., Coleman Nurseries, Portsmouth,
Virginia, moderator.

MR. ART LANCASTER: The first paper this afternoon will

be given by Dr. Charles E. Hess, Department of Horticulture,
Purdue University.

WHY CERTAIN CUTTINGS ARE HARD TO ROOT

CHARLES E. HESss
Department of Horticulture
Purdue University
Lafayette, Indiana

I would like to begin by describing some of the factors which
can affect the rooting of a cutting, then go into how some of
these factors may work, and end up with a few techniques which
are used to increase the rooting capacity of difficult-to-root cut-
tings.

JUVENILITY

Figure 1 summarizes some of the factors which affect
rooting. Juvenility, in my opinion, has a profound effect upon
the rooting ability of a cutting. Cuttings taken from young
plants almost invariably root better than do cuttings taken from
older plants. For example, 319, 189, and 99, rooting was ob-
tained with cuttings taken from 1, 2, and 3 year old Pinus strobus
plants respectively. In each case the same type of cutting was
taken, using one year old wood (18). Therefore, even though
you may use ‘vyoung’ wood, if it is taken from an old plant, it will
still be difficult-to-root. There are exceptions, of course, but
tllle generalization is particularly applicable for difficult-to-root
plants.

Most, 1f not all, plants go through a period of juvenility
between the time they are in the seedling stage and until they
flower. In some plants, the juvenile phase is quite clear be-
cause the plants actually look different. One striking example
is Hedera helixz, the English Ivy (9). During the juvenile
phase, the plant 1s a ground cover with lobed leaves, redish
stems and aerial roots. Mature plants are woody shrubs with
entire leaves, green stems, and no aerial roots. Other plants
have less obvious indicators of juvenility such as the presence of
thorns on apple seedlings and the presence of needle-like leaves
‘on junipers in the juvenile phase and scale-leaves in the mature
phase. The length of the juvenile period is quite variable be-
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tween species. It may be indefinite in the case of Hedera as
long as the vines are allowed to grow along the ground (the
mature form usually appears only after the plants have grown
up a wall or a tree). In contrast, using the example of Pinus
strobus given above, the juvenile period appears to be rather
short as far as rooting ability is concerned. The plant may not
have reached the seed producing stage and already be considered
difficult or impossible to root. Therefore, there exists a transi-
tion between the highly juvenile, easy-to-root, seedling phase
" and the difficult-to-root mature phase.

An interesting feature of juvenility 1s that a plant does
not become completely mature. The lower portion of the plant,
close to the root system and including the root system, remains
juvenile or at least has the ability to produce juvenile shoots.
Thus, when an apple tree is severely pruned and shoots develop
from the base of the plant, they are juvenile. They are called
water sprouts, epicormics. or suckers and have characteristics
of juvenility such as thorniness, rapid growth rate, and no
fruiting spurs. Similarly, it i1s very common to find juvenile
shoots of Hedera at the base of the mature, shrub form, Hedera
helix aborescens.

Leaf retention late into the fall and winter is also an indica-
tion of juvenility. The triangle of leaves seen at the base of
beech and oak trees indicates that part of the tree which is still

juvenilie.

The fact that the lower portion of a plant retains its juve-
nile condition is reflected in the rooting ability of cuttings tak-
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en from the upper and lower portions of a plant. As shown In
Figure 1 cuttings taken from the upper portion of a cone bear-
ing spruce plant rooted 489, while those taken from the lower
portion, rooted 869, (5). Another example 1s the presence of
recot nodules (bubbles) on the stems of certain conifers such
as Juniperus chinensis ‘Hetz’ and Thuja occidentalis ‘wood-
ward.” The nodules, which are preformed root initials and
develop into roots very quickly in the proper environment, are
found on the lower portion of the plants (24).

ENVIRONMENT

The environment also plays an important role in the abili-
ty of a cutting to root. As shown 1n Figure 1 some of environ-
mental factors which have a major role in rooting are light.
nutrition, and a complex of several elements of the environ-
ment expressed as seasonal variation.

LIGHT

Light is of major importance because it is the energy
source used 1n the process of photosynthesis. The sugar which
1s produced by photosynthesis provides the energy needed for
the thousands of reactions within the plant and also provides
the raw material from which new substances are made.

In addition to heing the plants’ energy source, light affects
plant growth and development in another way. The length of
the day or the photoperiod can regulate the flowering of a plant.
For example, a chrysanthemum is classified as a short day plant
because under natural conditions it flowers in the fall when the
days become short. Nitsch (11), Waxman (20), and Peringer ./
(13) have demonstrated that long days on stock plants or on
cuttings enhances the rooting response, either by faster rooting
or by a larger. more branched root system. Plants such as Weu-
gela, Ilex, Buxus, and Cornus florida are benefited by long days.
However, the response is quite variable and it is not possible to
generalize and say that long days should be used on all cuttings.
For example. long days used on dormant evergreen cuttings may
stimulate vegetative growth before rooting. Another complica-
tion 1s that in some cases the presence of flower buds decreases
the rooting ability of a cutting (2, 12). Therefore, if a long
photoperiod also promotes flower initiation, the stimulatory
etffect upon rooting may be lost or neutralized.

We have stated that light must be supplied to the stock
plant because it provides the energy required for photosynthesis.
In contrast, the actual process of initiation appears to be favored
by darkness — that is darkness in the area where the root in-
itials are being formed. As has been discussed this morning
" (8) and in previous Proceedings of the Society (17) etiolation
(the development of plants or plant parts in the absence of light)
has a great stimulatory effect upon root initiation. The process
of etiolation is utilized each time a cutting is stuck into a medi-)]
um, soil 1s placed around the base of a plant in layering, or!'.
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when sphagnum moss is wrapped around a stem in an air layer.
However, the beneficial effects of etiolation are greater when
the stem section is truly etiolated (i.e. it has developed without
having been exposed to any light) as compared to blanching
(covering a stem after it has developed iIn light). The blanched
stem may look similar to an etiolated stem, but the internal
structures will be different. For example, there will be more
fiber tissue present in the blanched stem,

A phenomenon, probably related to etiolation, 1s that some
cuttings taken from shade grown plants root more easily than
do cuttings taken from plants grown in sun (15). There 1s a
smaller amount of lignification and fiber formation in shaded
plants with the result that a greater number of cells are available
to form root initials.

NUTRITION

The nutrition of a stock plant can affect the rooting ability
of cuttings taken from it (6, 14). Of the major elements, nitro-
gen seems to have the greatest effect upon rooting. A high level
of nitrogen is generally detrimental as compared to a medium or
low level of nitrogen particularly when soft wood cuttings are
taken (14). The reasons why a high level of nitrogen i1s detri-
mental may be associated with a stimulation of vigorous vegeta-
tive growth. The soft, succulent growth 1s believed to be low
in sugars which are essential for rooting as has been mentioned
above. In addition there is some evidence that other substances
essential for rooting may be in short supplyv in rapidly growing
shoots.

Two minor elements have been shown to have an effect upon
rooting. One 1s zinc (16) and the other 1s boron (7, 22). Zinc
1s essential for the synthesis of tryptophane which i1s a precursor
of indoleacetic acid. Boron does not appear to stimulate the ac-
tual process of root initiation, but does stimulate the growth of
the roots once they have been initiated. Low concentrations are
used. For example, Weiser used 50 and 100 ppm (50-100 mg/1)
when treating deciduous azaleas and dwarf rhododendrons (23).

The addition of nutrients to cuttings i1s receiving increasing
attention, particular in the application of nutrients through
mist. At present there does not seem to be any beneficial effect
upon the rate of root initiation. However, the establishment
and growth of the cuttings after rooting was greatly enhanced
with the addition of a complete fertilizer in the mist (19).

SKASONAL VARIATION

We all recognize the fact that for each plant there seems to
be a time which 1s best for taking cuttings. The use of mist
and softwood cuttings has increased the time when cuttings may
be successfully rooted. However, timing is still very critical
with plants which are difficut-to-root. For example, Waxman
reported a very short period of time near the end of March when
Sciadopitys verticillata could be rooted 1n commercial feasible
percentages (21). The causes of seasonal variation are very dif-
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ficult to explain because the variations are a result of complex
interactions between such factors as temperature, moisture sup-
ply, and light — both intensity and day length. I will not say
more about this area because Dr. Lanphear will present a paper
on seasonal responses in evergreen cuttings later in the pro-
gram (10).

VARIETAL DIFFERENCES

Perhaps one of the most intriguing problems 1n plant propa-
gation Is varietal differences in the rooting ability of cuttings.
Why 1s it that closely related plants grown under identical con-
ditions vary so much in their rooting response? Take, for ex-
ample, three varieties of Hibiscus rosa-sinensis grown under the
same conditions and using similar cuttings from plants of equal
age. Cuttings from a red variety rooted 1009, 809, rooting was
obtained with Ruth Wilcox, and 59, rooting with Wilson’s White.

We feel that a part of the cause of the varietal differences
can be attributed to differences in the ability of the cuttings to
manufacture substances essential for rooting. Auxins, such as
indoleacetic acid (IAA), do not seem to be limiting in the diffi-
cult-to-root cuttings. However, other substances which may
act as cofactors with IAA are found in smaller amounts in the
difficult-to-root cuttings (9). The chemical nature of the root-
ing cofactors has yet to be established, but present indications
are that purines, phenolic compounds and terpenes are involved.

A frequently observed characteristic of difficult-to-root va-
rieties is the presence of fibers, particularly outside of the
phloem. Beakbane (1) has made a correlation between the con-
tinuity of the phloem fiber ring and rooting ability of apple cut-
tings. If the ring was only 419, complete, rooting was excellent,
649, continuity resulted in good rooting, 759, continuity — fair
rooting, and 849, continuity — poor rooting.

There are two ways in which the problem of lignification
can be overcome. One is by using very soft cuttings which have
not developed secondary tissues. In fact, the reason the cuttings
are ‘“‘soft” 1s because lignification and fiber formation have not
taken place. Etiolation provides a second way in which lignifi-
cation can be prevented. Lignin is a complex substance made
up of phenolic acids, and light is essential for one of the steps in
phenolic acid synthesis. Etiolated tissues are very low in phe-
nolic acids and little or no lignin is formed.

A very interesting side benefit from blocking lignin forma-
tion by etiolation may be the accumulation of precursors of phe-
nolic compounds which in turn may be stimulators of root initia-
ton. Thus, etiolation may have a dual effect. One, it blocks
lignification and fiber formation and therefore more cells are
available for cell division, and two, it may cause the accumula-
tion of a root promoting substance.
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Figure 2 shows the technique used to etiolate a Hibiscus
stem and Figure 5 shows the appearance of etiolated and non-
etiolated Hibiscus stems. Notice that root initiation took place
during the etiolation process.

I mentioned In the discussion of varietal differences that
some cuttings may be difficult-to-root because they do not manu-
facture a sufficient quantity of the substances essential for root-
img. A technique which can partially overcome this problem is
to girdle a shoot, leave 1t on the stock plant for a period of time.
and then make the cutting as shown in Figure 4. The longer
the shoot 18 left in the girdled condition before the cutting is
taken, the better will be the rooting response. Figure 5 shows
a comparison of the rooting response of an easyv (Red) and an
intermediate 1n rooting ability (Ruth Wilcox) Hibiscus after
being girdled for 0, 9, 18, and 27 days. Notice that the easv-to-
root red variety exhibited the greater response to the girdling
treatment. The reason 1s believed to be due to a higher produc-
tion of reot promoting substances in the red variety and there-
fore more were availlable for accumulation above the girdle.

I started out by saying that juvenility plaved a very im-
portant role in the ability of a cutting to root. I would like to
finish by giving two examples of commercial practices which
perpetuate the juvenile phase. The examples are shown dia-
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Figure 2. Technique used to etiolate Figure 3. A comparison of an etiolated
a HMibiscus rosa-sinensis stem. The and non-etiolated stem of Hibiscus
virmiculite was added every other rosa-sunensis. Root 1mnitiation took
day as the shoot grew up through place during ectiolation.

the cone.
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Figure 4 Gndling to promote the accumulation of 100t
promotng substances befoie taking a cutting.

and stool beds perpertuate the juvenile state because the stock
plants are continuously cut back. Thus, the new, vigorous shoots
arise only from basal, juvenile portion of the plant.

Finally, the process of root initiation seems to cause a de-
gree of rejuvenation, at least in respect to rooting ability. It is
commonly reported that cuttings taken from cuttings root hetter
than the original cutting taken from a mature stock plant. For
example, Dr. Sylvester March made this statement in the 1962
Proceedings; “We have propagated Freeman (Magnolia) hy-
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brids, using cuttings from young plants. We find this 1s the
key to the whole problem. If a cutting is taken from the origi-
nal iree, the results are very poor. It is a matter of getting
some of the original cuttings to root and then to take your cut-
tings from the young juvenile plants.”

The process of root initiation is very complex and can be
influenced by many factors. However, we are gradually identi-
fying the important factors affecting root initiation and are
learning how they actually work to alter the rooting process. 1
hope that the information we have covered will provide a better
understanding of why certain plants are hard to root and per-
haps give you some ideas of what vou can do to improve the
rooting ability of difficult-to-root cuttings.
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MR. ART LANCASTER: Thank you very much, Charley. The
next paper will be given by Dr. Richard Zimmerman, Texas Ior-

est Service, College Station, Texas.

ROOTING COFACTORS IN SOME SOUTHERN PINES

RICHARD ZIMMERMAN
Texas Forest Service
College Station, Texas

INTRODUCTION

The Tree Improvement Program of the Texas Forest Serv-
ice is concerned with the selection and breeding of superior
strains of southern pines for paper pulp and lumber. One of the
problems encountered in this program has been the vegetative
propagation of selected trees. Since only mature trees are se-
lected, rooting capacity is-low (6,7) and the selections have
been propagated by grafting in the past. For our purposes,
this has the disadvantages of (1) a different genetic constitu-
tion of the stock and scion, (2) possible incompatability between
the stock and scion, and (8) higher cost.

Attempts at working out a satisfactory technique for propa-
gating older pines from cuttings met with little success. Ac-
cordingly the decision was made to begin a basic investigation
of rooting in pines. The purposes were, first, to study root in-
itiation in pines and, second, to determine the relationshp be-
tween juvenility and root initiation. The first phase of the re-
search has been to determine if the rooting cofactors that Hess
(1) reported are present in pines.

MATERIALS AND METHODS

Pine needles are collected and dried by lyophilization or
‘“freeze-drying.” The dried tissue is ground up and a 100 milli-
gram portion weighed out. This is extracted with absolute
methanol for two hours at 0° C. The extracts are filtered, dried,
and dissolved in a small amount of 959, ethanol. The concen-
trated extract is applied as a streak on a two inch wide strip of
Whatman 3MM chromatographic paper. The chromatograms
are developed by ascending chromatography with isopropanol-
water (4:1 v/v) following a 15 hour equilibration period. De-
velopment of the chromatograms is stopped when the solvent
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has ascended 22.5 ¢cm above the line where the extract was ap-
plied. The chromatogram is dried and cut into fifteen 1.5 cm
sections, each corresponding to 0.067 R-f unit.

To determine root initiating activity of the substances 1n
the pine needle extract, we use the mung bean rooting bloassay
developed by Hess (3) with some slight modifications. The
mung bean seeds are sowed in water-saturated vermiculite and
placed in a controlled environment chamber. The growing con-
ditions in this chamber consist of a 16-hour photoperiod with a
light intensity of 2000 foot-candles at plant level, a temperature
of 77° F in the light and 73° I¥ in the dark, and a relative hu-
midity of approximately 409,. At the end of ten days, cuttings
are made from the seedlings by making a cut 3 cm below the
cotyledonary node. At this time the primary leaves are fully
developed and the first trifoliate leaf is in the bud stage Five
of these cuttings are placed 1n a vial containing four mailliliters
of 5 x 10-* M indoleacetic acid plus a section from the chromato-
gram. After 15 hours, the cuttings have taken up nearly all
the solution and glass-distilled water is added to the vials. Glass-
distilled water is added twice daily until the roots are counted.
The roots are long enough to count after four or five days.

RESULTS AND DISCUSSION

The research was started with seedlings ot loblolly pine and
has been expanded to include older trees of this specles and
trees of other species as well. In needles of seven month old
seedlings of loblolly pine, several substances are present which
stimulate root initiation in the mung bean cuttings. The most
active substances were found at R-f values of 0.45, 0.55 and 0.85.
These correspond approximately to the values Hess has publish-
ed for cofactors 2, 3, and 4 respectively (2,3). In addition, a
shightly active substance was found at R-f 0.1, corresponding to
cofactor 1 (2, 3).

Preliminary results .with slightly older loblolly pines 1in-
dicated a significant reduction in the rooting cofactor content
of the needles. Upon repeating this work and extending it to
even older trees, we found no apparent reduction 1n rooting co-
factor content occurred even in trees 22 years old. There were
definite indications of wide variation from tree to tree however.

In one eight vear old tree, active substances were found only
at R-f values of 0.5-0.6 and 0.8-1. 0, corresponding to cofactors
3 and 4. Another tree of the same age, from the same seed
source, and growing under the same conditions gave very dif-
ferent results. Active substances at R-f values of 0.1, 0.65, and
0.9-1.0 correspond to cofactors 1, 3, and 4 respectively. In ad-
dition active substances occurred at R-f values of 0.3 and 0.45.
The latter probably corresponds to cofactor 2. It appears that
there may be more than four co-factors in some trees. As yet
we have not compared the rooting ability of cuttings from these
two trees.

We have also sampled needles from twelve yvear old loblolly
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pines from the same seed source and growing on the same site
as the eight year old trees. These contain active substances at
R-f values of 0.5, 0.65, and 0:9-1.0, which correspond to cofac-
tors 2, 3, and 4. A slightly active substances has been found
occasionally at an R-f of 0.75, between the normal positions ot
cofactors 3 and 4 on the chromatogram.

While the eight and twelve yvear old trees were old enough
to flower, we could find no evidence that these individual trees
had flowered. Samples were collected from branches with and
without cones on 22 year old trees. The results were similar in
both cases. Active substances were present at R-f values of
0.45, 0.55-0.75, and 0.9-1.0 and a substance with a slight amount
of activity at R-f 0.1.

Extracts were made from needles of eleven month old
seedlings and eight year old trees of slash pine. The seedlings
contained active substances at R-f values of 0.4-0.6, 07, and 0.9-
1.0 with a slightlyv active substance at 0.1-0.2. The older trees
contained active substances at 0.5-0.65 and 0.9-1.0.

After we had determined that rooting cofactors were pre-
sent in pine needles, the next problem became that of identity-
ing the active substances. On this we have just begun.

Hess has reported that cofactor 4 can be separated from
the others by partitioning the extract between water and chloro-
form (4). Cofactor 4 and the chlorophylls will be found in the
chloroform layer while the cther cofactors will be found in the
water layer. Cofactor 4 can then be separated from the chloro-
phylls by running the chloroform fraction through a column ot
activated charcoal and celite (4). Hess has also reported that
cofactor 4 consists of four separate compounds (5).

Working with extracts from loblolly pine seedlings, we
have been able to separate cofactor 4 from the other active sub-
stances by the same technique. We have also been able to sepa-
rate cofactor 4 from the chlorophylls in the same manner. By
using different solvent systems for developing the paper chroma-
tograms, we have found that there are several components to co-
factor 4 extracted from loblolly pines alsa Our only attempt to
separate the cofactors in the water layer so far have been un-
successful.

We have observed an interesting phenomenon with the sub-
stances which have R-f values of approximately 0.45-0.5 and 0.6-
0.65, that i1s cofactors 2 and 3. Often on the mung bean cuttings
used to test the chromatogram sections carrying these sub-
stances, the roots which are initiated develop very little. In
some cases the epidermis of the stem will not be broken; in
others, the roots will be no more than 2-3 mm long. The base
of the stem is usually dead At times, the number of roots in-
1tiated will be greatly reduced, even to the point where none are
initiated. In the same amount of time, roots will be at least
8-15 mm long on cuttings used to test other sections of the same
chromatogram and on the control cuttings. At first, the cause
of this inhibition of root development appears to be too high a
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concentration of the active substance. Yet, when the crude ex-
tract is diluted so that inhibition of root development no longer
occurs, stimulation of root initiation is greatly reduced or dis-
appears. The same phenomenon has been found when mung
bean cuttings are treated with such compounds as thiamin, as-
corbic acid and arginine.

SUMMARY

From the results just presented, it is clear that needles of
loblolly and slash pines contain substances which are very active
in the mung bean rooting bioassay. Most of these substances
appear to be very similar to, if not the same as, the rooting co-
factors Hess has discovered in Hedera and other plants. Wheth-
er these substances will stimulate rooting in pine cuttings as
well as they do in mung bean cuttings 1s not yet known. The
quantities of these rooting cofactors appear to be as great In
22 year old flowering trees as in seedlings less than a year old.
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MR. ART LANCASTER: Thank you very much, Dr., Zimmer-
man. The next paper will be given by Peter Ver’meulen John
Vermeulen and Son Nursery, Neshanic Station, New Jersev

MIST PROPAGATION OF CUTTINGS INSERTED
DIRECTLY INTO THE ROOTING-GROWING MEDIUM

J. PETER VERMEULEN
John Vermeulen & Son, Inc.
Neshanic Station, New Jersey

The subject of Mist Propagation of Cuttings Inserted Di-
rectly into the Rooting-Growing Medium is not a new one. 1
recall saying to this society last year that none of us have com-
pletely original thoughts. I am sure that there are many propa-
gators who have at some time or other rooted cuttings inserted
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directly into soil, peatmoss or a combination of these. We
could all benefit from their experiences. I hope that you can
benefit from ours which I will briefly relate this atternoon.

Leslie Hancock has twice described before this society his
Burlap Cloud Method of rooting soft wood cuttings in soil (1).
Harvey Templeton has given us the detaills of the Phytotector
Method for rooting cuttings (2). C. W. M. (Charlie) Hess, Sr.,
talked on the subject in 1955 (3), as did Jack D. Hill (4) and
Kenneth W. Reisch (5) in 1957. In 1959 I very briefly de-
scribed some little work we had done that vear in rooting some
woody ornamentals inserted directly into peat-moss pots (6).

Rooting Media :

Before going on I wish to comment briefly on an area that
may cause some confusion. Most of us are to varying degrees
presumptuous. I know I tend to be so. This can be difficult,
dangerous or even disastrous at times. To preclude this pos-
sibility in our discussion of rooting-growing media I wish there-
fore to take a moment to discuss media.

Just what is a medium? What distinction exists between a
rooting medium and a growing medium? A thorough discussion
would fill a greater period than we are permitted at this time
and the subject has been discussed and documented frequently
before. You may wish to be reminded of three publications of
recent import. These are the well known “U.C. System for
Producing Healthy Container—Grown Plants” edited by Ken-
neth F. Baker (7), “Mist Propagation ‘of Cuttings” by Pa..trlcla
Rowe-Dutton (8) and the paper of Dr. Wendell H. Camp pre-
sented at our Sixth Annual meeting in Cleveland (9). There
are of course numerous others of 1mportance whlch your own
particular research can seek out.

At this time it would appear to me that there need be very
little difference between a rooting medium and a growing medi-
um. A rooting medium must be one that holds the cutfings in
position, must provide adequate drainage and in so doing and at
the same time provide for a proper oxygen-water relation dur-
ing the process of root initiation. A growing medium must have
all of these attributes and at the same time be capable of accept-
ing and retaining and in turn releasing a nutrient supply of
proper balance for optimum plant growth, With the materials
now available all of these requisites can be met. It then seems
entirely feasible to use a rooting medum as a growing medium
and vice versa by merely adding the nutrients once rooting has
occurred. It has always been our thinking that soil per se
should be incorporated in a good, well balanced growing medi-
um. Our thinking has not been prompted by scientific research
entirely but mostly by ‘green-thumb’ reasoning. Dr. Camp, In
his discussion of micro-organisms in soils and their action on
plants (9) tends to lend validity to our thinking.

Our present rooting-growing medium therefore does contain
some soil but only a very small part. It is formulated as fol-
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lows: 18 parts (53%,) German peat-moss, 6 parts (171469%) #1
horticultural grade perlite, 6 parts (171469)) finely shredded
stryofoam, 3 parts (99%) clean fine sharp deep pit sand and 1
part (39,) soil. I must add that our soil is a Birdsboro silt-
loam and that which we add to the medium has been prepared
with a liberal quantity of rotted cow-manure after which it is
fumigated. All of the ingredients, including sufficient Dieldrin
to satisfy USDA requirements for Japanese Beetle certification.
are thoroughly mixed. Other formulas may and I am sure can
be used. Nutrients are added as required after rooting has oc-
curred and after the plants have been hardened-off.

Purpose :

Our primary consideration in this endeavor was to establish
a plant in the container in which it was to be grown and ulti-
mately sold or from which it would be transplanted for growing
on. We had been discouraged many times in the. past by fail-
ures of quantities of excellently rooted cuttings shortly atter
the transplanting operation. If we could eliminate transplant-
ing we would not only gain more plants but we would also elimi-
nate a major production cost. Another substantial gain would
be the realization of increased growth by eliminating the ‘set-
back’ usuallyv concurrent with transplanting. We therefore
looked for a technique and a container.

Containers Used:

Based on our past experiences we were alreadv convinced
of the many attributes of peat-moss pots for growing lining out
stock and so naturally used them for the bulk of our experi-
ments. We have also used some clay pots and plastic pots and
find them acceptable but with the usual limitations, chiefly the
labor of removal of the pot at chipping or planting time.

A most important consideration in the use of any container
is drainage. To facilitate good drainage in the peat-moss pots
we punch holes in the bottoms. This is easily and effectively
accomplished by using a long skewer or pointed rod which 1s
pushed through a whole row of pots at the time they are re-
moved from the shipping carton. Good drainage is also essen-
tial in the flat or tray the pots are placed in as well as in the
mist frame into which they are set.

Peat-moss pots we have used are the 214" regular, 214"
Polyskin, 2146” Xtradeep or rose pot and the 3”7. The 214" regu-
lar and 3” pots were unfertilized. The others are from stock
and we are told that they contain some nitrates “to replace those
lost in the breakdown of the wood cellulose fiber in the pot wall.”
We recommend and try to use only unfertilized pots which are
made up for us on special order. This year, for the first time
in these experiments, we used Polyvskin pots which are regular
thin wall peat-moss pots covered on the outside with a “skin”
of polyethylene film. Our purpose in using them was to attempt
to contain the roots. In a past experience with Acer palmatum
and Pyracantha we achieved very good rooting only to find that
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the roots persisted in growing away from the pot.” At time of
shipment this created quite a problem. Results have been ex-
cellent. Rooting percentages this year of Acer palmatum Oshio-
beni, ‘Bloodgood’ and ‘Burgundylace,” while not exceptional, are
commercially acceptable at 819, 839, and 87%, respectively, with
all roots in the pot and sure to go along with the plant at the
time of sale or transplanting. The polyskin is easily removed
at time of transplanting. Here again caution must be observed
with regard to drainage. The pots are furnished by the manu-
facturer with holes prepunched in the polyskin. We find it
necessary however to punch additional holes in the bottoms of
the pots, right through the poly.

The pots are filled with the rooting-growing medium and
firmed but not packed. Square pots or the newer Jiffy-strips
lend themselves to quick filling since thev can be placed in the
flats and the medium poured over the entire flat. After firm-
Ing, a stralght-edge 1s used to level the medium even with the
rim of the pots. The flats are then watered lightly and piled
so as to be ready for the stickers. This operation is usually
accomplished a day or so in advance but if room and time per-
mit a week’s supply can be made up at one time and covered
with some polyethylene.

Selection, Preparation and Treatment of the Cuttings:

We recognize the importance of good judgment and practice
in the maintenance of strong and healthy stock plants and in the
selection and subsequent care of strong and healthv cuttings.
Cuttings used in our experiments were not specially selected nor
did they receive any care or treatment not otherwise given.
When brought in from the nursery, cuttings are dipped in a solu-
ticn of Malathion and Morton’s Soil Drench in water and drip-
ped dry. They are kept fluffed up, covered with polyethvlene
and cool. After making up, the cuttings are treated and insert-
ed directly into the pots containing the rooting-growing medium.
When a number of flats are completed theyv are thoroughly soak-
ed with a solution containing Morton’s Soil Drench and water.
They are carried outside to the mist frames later in the day when
the sun 1s not so high and hot.

The Mist Bed or Frame:

All of ocur work iIn these experiments has been with soft-
wood cutting starting in June and continuing through the sum-
mer. We use outdoor mist frames without shade. The flats
are set directly into the frames. Intermittent mist is supplied
under pressure which we attempt to maintain at 125 lbs.. We
favor low capacity nozzles because of the drainage factor and
have used successfully 1.5 gallon per hour oil burner nozzles
both outdoors and in our greenhouses. These have a spray angle
of 90 degrees and are hollow cone nozzles. They require an
adapter and a nipple as well as tapping when installed. Mate-
rial costs are $1.01 per nozzle not counting the pipe. This vear
we used some Flora-Mist Foggers with an .020” orifice. They
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require no adapter, nipple or tapping and cost 36¢c. They do give
7 gallons per hour under our pressures however. A full sum-
mer’s experience has shown them to be completely acceptable.

Mist is controlled by a 24 hour on-off time clock and a 30
minute repeating timer. The timer is adjusted manually ac-
cording to the weather and the condition of the cuttings in any
desired increments of 30 seconds.

Last summer and the one before we experienced low night
temperatures in August at a time when we still had quantities
of newly inserted cuttings in the frames. Medium temperatures
fell below the optimum rooting level of 65 to 70 degrees. In a
newer mist bed for Junipers we had installed heating cables and
there we were delighted with exceptionally heavy and quick
rooting in spite of the cool nights. Needless to sayv all of our
mist beds next year will be so equipped. We find one 120/, 800
watt cable sufficient to heat 145 square feet of frame. Bear 1in
mind that this is for Summer or early Fall operation in USDA
Plant Hardiness Zone 6a. Cables are spaced 7”7 from the walls
and 14”7 apart toward the center of the frame and are operated
on 220 volts. FEach section should be thermostatically control-
led.

Our frames are dug out 12”7 and may be considered an adapta-
tion of the Boliver Pit Frame described by Steve O’Rourke in
1955 (10). They are lined with 6” hollow cinder blocks. On
the bottom i1s placed approximately 4” of drainage material such
as stone, gravel, cinders, broken pots, etc. On top of this, in the
heated frames, should go 2”7 of shredded stvrofoam — this to
prevent loss of heat to the ground. One inch of sand 1s placed
on top of the styrofoam and the cable laid on it. Over the cable
1s spread evenly another 1”7 of fine sand. Next comes a protec-
tive barrier of 1”7 mesh braided or welded wire. In those sec-
tions which are to hold flats of cuttings, we then spread 2” of fine
sand. The flats are placed on top of this layer of sand. In
those sections in which cuttings are to be inserted directly into
the frame, we are more particular to use clean fine sharp deep
pit sand and the depth is increased to 4”7 or 5”.

We think that this frame, with a polyvethylene tent cover
can also be used to overwinter newly rooted plant material and
at a low heating cost.

Plant Material Tested :

Following 1s a list of cuttings attempted this past summer.
It 1s obvious from i1t that our work has been limited and that
results have not all been those hoped for. They are sufficient,
however, to encourage us to go forward with further experiments
with additional material as well as to expand quantities on those
with which we have had apparent success. Proof of the pud-
ding was made clear to us this past year in our experience with
Prunus Kwanzan and Magnolia stellata ‘Royal Star.” With
those inserted in the pots we achieved 989, success with Prunus
Kwanzan. In sharp contrast however was our failure with
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those inserted in sand and later transplanted to peat-moss pots.
Of 1936 cuttings inserted 1195 or 609, rooted and we lost 700 in
the transplanting operation leaving us with a net of only 23Y.
With the ‘Royal Star Magnolia,” whereas we had a 939, success
with the cuttings inserted directly into the rooting-growing
medium, we had only a 539, net with those stuck in sand and
transplanted. Our male Ginkgo also did much better i1n the

pots.

Item Date No Stuck Rooted %
Acer pal. ‘Bloodgood’ 6/21 940 786 83
Acer pal. ‘Burgundylace’ 6/24 504 439 87
Acer pal. dissectum 6/19 360 96 27 *
Acer pal. dis. atropurpureum  6/21 540 93 17 *
Acer pal. Oshio-beny 6/19 504 410 81
#Azalea Exbury & Knaphill Hybrids:
Balzac 7/1 25 6 24
Basilisk 7/1 61 ff 11
Berry Rose 7/1 36 32 89
Cecile 7/1 108 73 68
Harvey Moon 7/1 47 27 H&
Hotspur 7/1 108 70 65
J. Jennings 7/1 76 48 63
Strawberry Ice 7/1 72 41 o'(
White Swan 7/1 108 90 83
Cornus florida plena 7124 150 138 95
Cornus florida rubra 7 ]24 200 190 95
Franklinia alatamaha 8/15 1500 1300 86
Ginkgo biloba pyramidalis 7/3 50 42 84
Ginkgo biloba fastigiata 7/3 100 93 93
Ginkgo biloba, selection #9 7/3 50 47 94
Ginkgo biloba, selection #1 7/3 150 139 93
Ginkgo biloba, selection #7 7/3 150 145 96
Magnolia stel. ‘Royal Star’ 7/23 200 185 93
Prunus ‘Kwanzan’ 6/28 500 490 98
Rhus cotinus atropurpureum 6/25 280 260 93
Rhus cotinus ‘Royal Purple’ 6/25 880 820 94

# All Azalea cuttings should havc been taken 1 week earlier

* Cuttings were hard

Summary :

In view of the experience mentioned we feel that there are
distinct advantages and possibilities in the propagation of cut-
tings inserted directly into a rooting-growing medium, so much
so as to make 1t commercially practical. The medium must be
chosen and formulated with great care. Utmost attention must
be given to drainage throughout all operations. The advantages
apply primarily to plant material difficult to transplant but al-
most equally as a substantial savings in the costs of labor in
transplanting operations. Where operation of misting facilities
is a high cost factor different criteria must be established. As
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we carry on our work at Neshanic Station we will be most will-
ing and happy to exchange information with anyone who is in-
terested in doing likewise.

I Hancock, Leslie, 1953 “Shirubs fiom Softwood Cuttings”. Proceeding PPS —
3 151-164 1955 “The Buarlap Cloud Method of Rooting Softwood Cuttings”.
PPS — 5 56-58

2 Templeton, Harvey M, 1953 “The ‘Phytotector’ Method of Rooting Cut-
tings” PPS — 3 51-52

3 Hess, C W M, Sr, 5. “Rooting Cuttings m Containers under Mist” PPS

— 5.135

4  Hill, Jack D, 1957 “Propagating Plants Durectly in Containers”. PPS — 7:75-
78

5 Reisch. Dr Keneth W, 1957 ‘ Propagaung Plants Directly m Containers by

Mecans of Hardwood Cuttings” PPS — 7.78-79
6 Vermculen, J Peter, 1959  “Propagation of Woody Ornamentals Under Mist

in Peatmoss Pots” PPS — 9 207-210

7 Bakei, Kenneth F, 1957 “The U C System for Producing Healthy Container-
Grown Plants” Calif Agn Exp Sta, Berkeley 4, Calf

8 Rose-Dutton, Patricia, 1959 “Mist Propagation of Cutungs” Commonwealth
Bureau of Horuculture & Plantation Crops, East Malling, Maidstone, Kent,

England
9 Camp, Dr Wendell H. 1956  “Micro-Oi1gamsms 1n Soils and Their Action on

Plants” PPS — 6 107-121
10 O’Rourke, F L (Steve), 1955  *“The Bolivar Pit Method of Rooung Cuttings™.
PPS — 5 54-56

MR. ART LANCASTER: Thank you very much, Pete. The
final paper for the first section of this afternoon’s session is by
J. Paul Wilms, Gwenn-Gary Nursery, Inc., Columbiana, Ohio.

PROBLEMS AND PROPAGATION PROCEDURES OF
A SMALL TO MEDIUM SIZE OPERATION

J. PAUL WILMS
Gwenn-Gary Nursery, Inc.
Columbiana, Ohio

Back in 1937, when the J. P. Wilms Nursery began, bud-
ding of roses and fruit trees was the only propagation work
done. At the end of the next three years, after the name had
been changed to Gwenn-Gary Nursery, rooting of evergreen cut-
tings was begun. The nursery of 10 acres supplied most ot the
cutting wood which was set in either cold frames or in rented
space 1n nearby greenhouses. -

In using rented greenhouse space, several problems occur-
red. (1) The cuttings had to be made in advance In large quan-
tities, and some drying out occurred before the cuttings could
be set. (2) Alternating temperatures, such as when the cut-
tings were brought in from the cold, made up in a room at mod-
erate temperature, and out in the cold again to be transported
to the greenhouse before being set in a controlled temperature
environment. (3) However, the most critical problem was the
inability to oversee watering and care after the cuttings were
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set. At best, using rented space was inconvenient, but much
better than nothing at all.

Lining out stock was purchased to compensate for losses and
to obtain items that were ‘“‘unrootable” or required special tech-
niques and operations, such as grafting or growing seedlings.
The preceding operation was continued for about 10 years and
the nursery acreage was increased to 25.

In 1950, an extensive bullding program was inaugurated.
The principal building was for storage, office facilities, potting
and garage areas, but also 1ncluded two attached, adjoining
greenhouses. It was a four-level, two-story building designed
by Mr. David Metzger of Terrace Gardens, Inc. of Youngstown,
Ohio, with revisions made by Dr. .. C. Chadwick of Ohio State

University and some of his students.

An oil-fired boiler supplies hot water heat for the building,
and underbench heating in the greenhouses.

The two greenhouses (1414 feet by 52 feet) each hold three
benches. The outside and end benches measure 30 inches wide
and 6 inches deep; the center one, 57”7 by 6” and are constructed
of redwood. Four two-inch pipes extend under the outside
benches, and six under the center bench. Two pipes also run
along the outside walls of the two houses to provide ample heat.

In the fall of 1950 cuttings of Taxus, Thuja, Juniperus, and
Ilex varieties, in respective order, were made, prepared and set
in the houses. Washed sand was the media used, Hormo-Root
“B” and “C” were the growth regulators tried, and hand water-
ing methods were employed.

In the next three or four years the immediate problem was
the every-day care required to maintain a good crop. One man
with the right touch was the key to successful rooting of cut-
tings. (Rooting percentages in these first years were similar
to those of the usual beginner’s luck.) Another problem was
created when the building and the greenhouses were built. The
bullding shaded the southern portion of the greenhouses about
b feet. Overwatering and subsequent losses occurred until the
“touch” was acquired to prevent overwatering. The third prob-
lem to arise at this time was the uneven heating which occurred
in the houses. The above-bench locating of the thermostat was
the cause, and also the reason for detrimental, early bud break-
age, as bench temperature was often less than that of the house
temperature. To alleviate these problems, the thermostat was
placed beneath the benches and the benches skirted with muslin
to retain the heat under the benches. Increased rooting per-
centages and lower heating costs were the result. Also, at this
time, I became a charter member of the Plant Propagators’ So-
clety.

Each fall the greenhouses were thoroughly cleaned out and
new sand was brought in to replace that from the previous vear.
The benches were repainted with “Cuprinol” or copper naptha-
nate solution every two years. We tried silica sand for a media,
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but rooting percentages did not improve enough to merit the
extra cost and, was dropped after two years of use.

In a statement made by Mr. Case Hoogendocorn at one of
these meeting, he said that the selection of cuttings taken from
the base, or near the base of Juniper excelsa stricta had bubbles
on them and rooted very readily. This information was incor-
porated into our program at home, and although it was neces-
sary to stand on your head to get the cuttings, the percentage of
rooting increased about six-fold — from 159, to 909.

The rooted cuttings of all varieties we grew were trans-
planted into the open field in rows 18 inches apart and 5 inches
In a row. All varieties came through wth the exception of Taxus
species. Through inquiry and information obtained from this
organization, we discovered the need of Taxus to receive some
protection In the first few years after rooting. Thus, we con-
structed a bed area where all our Taxus have been grown for
the first two years after rooting. These beds are covered with
shades, allowing 50 percent light to pass through.

After these first two years, the Taxus are transplanted into
the field in rows 4 feet apart and 8 to 12 inches in the row for
two more years.

The yews are then transplanted again into field rows 4 feet
apart and 26 inches apart in the row, and from here are balled
and burlapped. 'The other varieties go directly to the field from
the greenhouse for two years in the liner area, and then into the
field row of 4 feet and 26 inches in the row.

In 1958, three nights of constant watch over a balkyv oil
furnace, with 85,000 cuttings in the greenhouses and the tem-
perature near zero, was sufficient reason for us to purchase an
auxlliary furnace to avoid a possible recurrence of this emer-
gency.

During the years of 1958 and 1959, while my son, Garv, was
attending Michigan State University, Steve O’Rourke guided
him in several experiments. One of these was the rooting re-
sponse of cuttings 1n various types of media. A mixture of
styrofoam and peat moss repeatedly showed good results with a
mature root system that did not break easily when handled.

In 1960, one greenhouse was used to experiment with dif-
ferent media to see if 1t would improve our rooting, and produce
a more easily handled root system than was produced in sand.
The expense of styrofoam, and the cost to break it up, resulted
in our substituting perlite for the styrofoam 1n our mixture.
One bench 1n the greenhouse was filled with a mixture of sand.
perlite and peat moss 1n equal portions by volume; another
bench with peat moss and perlite in the same proportions; and
the other bench filled with sand.

The cuttings rooted in the peat moss-perlite mixture were
the best developed, and easiest to handle, that we had ever work-
ed with. We are still using this mixture today, but with a great-
er percentage of perlite (roughly 609,) than we started with

A new idea was developed in this year, too, to improve the
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water drainage and heat penetration into the media. The center
boards in the benches were removed and replaced with 1/4.-inch
wire mesh and covered with a thin layer of peat moss to prevent
the loss of the media through the screen.

Also, the greenhouses, with the exception of the vents, were
lined on the inside with plastic to cut off drafts which had de-
veloped with age in the house. (Separation of glass and rib-
bing, and little pieces of broken glass and at joints of overlap-
ping glass. Other advantages soon were apparent with the 1n-
stallation of the plastic. It was easier to maintain humidity,
and the water drawn from the media condensed when 1t touch-
ed the plastic and dropped back to the media. Less watering
was thus needed. The area between the glass and the plastic
provided 2 inches of air space insulation, and the heating costs
were reduced somewhat.

The water-retentive qualities of the peat-perlite mixture
made 1t necessary to adjust the “touch” in watering to prevent
excessive moisture detrimental to obtaining healthy-rooted cut-
tings. One problem of this media that we have had was re-
dampening this media when it dries out. Water applied to the
dry mixture would saturate a layer on the top, but flow through
the lower portions more or less in channels, and drain out, leav-
Ing only a small portion of the media with moisture.

With background information received at several Plant
Propagators’ Society meetings, I began grafting scions of up-
right Junipers on unrooted ‘“bubble,” cuttings of Juniper excelsa
stricta 1n the fall of 1960. There were 25 to 30 grafts in each
of four different varieties. ‘Twenty out of 27 Juniper scopulo-
rum ‘Blue Haven,” 27 out of 29 Juniper keteleeri, 23 out of 27
Juniper ‘Hill's Pyramaidal, and 20 out of 25 Juniper virginiana
cupressifolia were successful.

With this encouragement, 1500 grafts were made in 1961.
Half of these were grafted on Juniper chinensis hetzi “bubble”
cuttings, and the remainder on Juniper excelsa stricta. The
same relative percentage of take occurred with those grafted
on Juniper excelsa stricta as in the year before, but only 20 to
259, were successful on Juniper chinensis hetzi.

In 1962 (last year) 3500 grafts were made on Juniper ex-
celsa stricta ‘“‘bubble’” unrooted cuttings. Initial progress was
good, with substantial callous formation and union beginning to
take place. However, while on vacation last winter, it is my
opinion that excessive watering caused the rotting of a majority
of these grafts and the mortality rate was quite high this past
spring.

In this year, also, we added further insurance to growing a
successiul crop of cuttings by purchasing a tractor-driven power
generator which will supply enough power to maintain the
building, greenhouses, and near by house in case of extended
power failure.

In this subject I have ‘covered some of the procedures, tech-
niques, and problems encountered in the small to medium-sized
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operation that we have at Gwenn-Gary Nursery, Inc. However,
the most important thing of all to give particular attention to is
the care of cuttings after they are set in the bench. A good
1llustration of what I mean is clearly pointed out with the loss
of our grafts last winter. The “‘after-care,” as I call it, requires
a man with what can best be described as a ‘‘touch,” seasoned
with experience, guided with the help which comes from above,
and with perseverance to toil day after weary day to meet the
challenge of Mother Nature, and the constantly changing pic-
ture in the greenhouse with success. This requires work, sacri-
fice, and persistence to make good, but the reward i1s great in
seeing a crop of well-rooted cuttings being planted out in the
ground, or sold to a happy, satisfied customer.

MR. ART LANCASTER: Thank you very much, Paul. We
will now entertain questions for the four papers you have just

heard. -

MR. LESLIE HANCoOCK: Has any work been done with' the
application of nutrients during the rooting of cuttings?

DRrR. Hess: Dr. Harold Tukey from Cornell reported on
experiments with mist fertilization last year, and I’ll turn this
question over to him.

DrR. HArROLD TUKEY, JR.: Our experience with feeding
nutrients, primarily nitrogen and phosphorous, through a mist
system, is that it does not speed up the rooting process, but the
plants grown from the rooted cuttings are vastly superior.

MR. JACK HiLr: 1 would appreciate some more detailed
information about Ginkgo biloba cuttings.

MR. PETE VERMEULEN: The cuttings were taken from
the tops of large male trees. The cuttings were 6-8 inches
long, they were taken in July, just after the wood had matured.
The cuttings were treated with number three Hormodin or with
the Germain formulation. We used intermittant mist with a
medium of sand, peat, and perlite, 14 of each.

MR. JACK HiLL: How soft are the cuttings?

MR. PETE VERMEULEN: It’s rather hard to describe, but
the cuttings will crack if you bend them.

MRr. ARIE RADDER: What time do you take the blue spruce
cuttings? ’

MR. PAUL WILMS: We took the cuttings after the first
of August. We used Koster cuttings, placed them in peat and

perlite, In a greenhouse with intermittant mist. The cuttings
were pretty hard, but we had about 659, rooting.

MR. RADDER: Did you use current seasons wood and did
you wound the cuttings?

Mgr. WiLMs: Yes, we used current seasons wood. We
did not wound the cuttings.

MR. RADDER: What hormone powder‘did you use?
Mr. WiLMsS: We did not use any.
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VOICE: Why are you using cutfing-grafts?

MRr. WILMS: We have been using potted grafts for years
and with good success. But there is one problem. The roots
in the pot follow the pot and form a knot. And even on larger
Junipers, when you dig them up, you still find the knot with a
few large roots going out. We have trouble in transplanting.
With the cutting-grafts, we never put them in a pot. They go
right from the rooting medium out to the field just like a cut-
ting.

VOICE: You tried both Juniper stricta and Juniper Hetz.
Didn’t you find that Hetz gave the better root system?

MRr. WIiLMS: This we will have to find out. We haven’t
had them long enough.

MR. HARRY HOPPERTON: The understock will also regu-
late the height of the plant later on.

MR. WiLMS: Yes, when upright junipers are grafted on
Hetzt, the plants will not grow as fast, but they make nicer,
fuller plants with less trimming.

MR. HOPPERTON : In addition, the final height of the plant
is reduced.
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THURSDAY AFTERNOON SESSION
SECOND SECTION

iy

The second section of the Thursday afternoon session was
moderated by Mr. Charles Tosovsky, Home Nursery and Green-
house, Edwardsville, Illinois.

MR. CHARLES TosovsKy: The first paper in the' second
section will be presented by Dr. Leon Snyder, Department of
Horticulture, University of Minnesota, St. Paul, Minnesota.

PLANNING A PLANT INVENTORY FOR THE
TWENTY FIRST CENTURY

L. C. SNYDER
University of Minnesota
St. Paul 1, Minnesota

In planning a plant inventory for the future one must
understand the manner in which new cultivars are developed.
Each plant in nature belongs to a particular genus and species.
1. e. Pinus sylvestris (Scotch Pine), Pseudotsuga menziesii
(Douglas Fir) and Acer platanoides (Norway Maple). A spe-
cies may be defined as a group of numerous individual plants,
usually within definable geographical limits, all with so many
common characteristics transmitted by seeds without loss trom
from generation to generation, that the plants are considered
closely related and of a common descent. A botanical variety
is a group of individual plants. usually within a geographical
area, that differ from the type speciles in some important charac-
teristic. Both the species and the botanical variety breed rea-
sonably true from seeds. Individuals within a species are known -
to differ in such characteristics as form, color of foliage, color
of fruit, etc. Some of these individuals may be selected and
orown as cultivated varieties.

To distinguish between the botanical variety and the culti-
vated variety, a new name ‘cultivar’ has been proposed and 1is
rapidly gaining acceptance. A cultivar may be a selected clone
that must be propagated by vegetative means or it may be a line
or a line-hybrid. Every plant of a clone has evolved from one
parent plant by vegetative increase. A line 1s seed propagated
but maintained by rogueing the seedlings to a uniform standard.
A line-hybrid is also seed propagated but maintained by recon-
stituting a first generation hybrid by crossing two selected
clones or inbred lines.

Nurserymen and landscape architects have used seed propa-
gated species and botanical varieties rather extensively in the
past and still use them to a considerable extent. Most of our
street trees in the midwest are still seedling American Elm
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(Ulmus americana), Green Ash (Fraxinus pennsylvanica), or
Sugar Maple (Acer saccharum). Only recently have nursery-
men turned to the vegetative propagation of selected cultivars
of some of our important street and commercial trees.

Cultivars are by no means new to the nursey industry. We
have been growing selected: varieties of fruits, lilacs, mock-
oranges, peonies, iris, etc. for centuries. As early as 1771, the
Prince Nursery of Flushing, Long Island listed 42 cultivars of
the pear. !

It is of interest to note the manner in which new cultivars
have been introduced to the nursery industry and to the garden-
ing public. By far the greatest number of cultivars among our
woody ornamentals has been the result of the selection of superi-
or clones from natural or cultivated stands of species or botani-
cal varieties by observant plantsmen. Examples of this sort
are: Prunus wvirginiana ‘Shubert’ (Shubert Chokecherry).
Malus 10ensis ‘Plena’ (Bechtel Crabapple) and Acer platanoides
‘Crimson King’ (Crimson King Maple).

An ever increasing number of cullivars are the result of
plant breeding efforts. Selected parents are crossed and supe-
rior individuals are selected from the resulting seedling popula-
tions. Some of these plants may have two or more species 1n
their gentic makeup. Oeccasionally crosses may be made between
specles in two related genera. Sometimes a species name is ap-
plied to the individuals resulting from an interspecific cross, 1.e
Spiraea x bumalda (S. japonica x albiflora) and Philadelphus
x lemoinetr (P. microphyllus x coronarius). ‘Anthony Waterer’,
‘Crispa’ and ‘Froebelii’ are cultivars of the hybrid species,
Sviraea x bumalda. ‘Avalanche’, ‘Innocence’, and ‘Manteau
d’Hermine’ are cultivars of the hybrid species, Philadelphus X
lemoinei. When several species are used in the development of
a cultivar or when the male parent is unknown, the cultivar
name may follow the generic name, i.e. Malus ‘Flame’ and Rosa
‘Chrysler Imperial’ x Sorbaronia alpinag is an intergeneric hybrid
resulting from a cross between (Aronia arbutifolia x Sorbus
ariq) . |

The development of new cultivars in woody ornamentals is
in its infancy. Breeding efforts at our educational and research
institutions have been confined largely to edible plants: fruits,
vegetables, and cereal crops. Only recently have plant breeders
at these institutions been encouraged to turn their efforts to-
ward the improvement of ornamental plants and even now these
efforts are inadequately financed to accomplish very much.

True, much has been accomplished by hobbyists, commercial
plant breeders and government research workers in the improve-
ment of our annual flowers and certain specialty groups of
perennials such as iris, peonies, garden roses, daylilies, chrysan-
themums, etc. The popularity of these plants and the relatively
short period of time needed for these plants to come into bloom
have made the improvement of these plants a profitable ven-
ture.
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As we look to.the future, what improvements are needed in
our inventory of woody plants and whose responsibility should
it be to bring about these improvements. The rapid urbaniza-
tion of our population, the endless freeways, and the emphasis
on recreation with resulting parks and recreational areas are
creating needs for types of plant materials that do not now exist.
There 1s need for low compact shrubs for the modern home,
groundcovers for difficult slopes, narrow upright trees for nar-
row boulevards and screens, low globe headed trees for use under
wires and smaller ornamental trees for lawn and patio. At-
tention must be paid to disease and insect resistance.

To develop this inventory of plant materials will require the
best efforts of everyone concerned. Nurserymen will need to
keep an ever watchful eye for superior variations that occur iIn
nature and in cultivated plantings, Plant breeders and geneti-
cists at our research institfutions will need the support of their
administrations and funds at the local, state and federal level
will need to be increased for this purpose. We can all help by
informing our administrators of the need for this type of re-
search. . ,

There are encouraging signs that research efforts are being
directed to this task. Arboretums:and Botanical Gardens are
adding geneticists and plant breeders to their staffs. An ever
increasing number of Agricultural Experiment Stations are rec-
ognizing Ornamental Plant Breeding as an important area for
research. OQur New Crops Research Branch of the United States
Department of Agriculture has recognized the importance of
new ornamentals and a number of recent plant exploration trips
have emphasized ornamentals.

Gardeners are becoming more plant conscious. They are
becoming better informed through garden magazines, garden
programs and through visits to arboretums, botanical gardens,
and commercial nurseries. They are beginning to demand and
will continue to demand plant materials suited to their needs.

The isolation of superior cultivars alone will not be enough.
Practical means of propagating these cultivars and an education-
al program to acquaint the gardening public with their merits
will be needed. We have too many superior cultivars today that
are known only in arboretums and botanical gardens. Only 1t
all of us, nurserymen, plant propagators, research workers, gar-
den editors, horticultural extension specialists, and others en-
gaged in educating the gardening public work together can we
meet the challenge of better ornamentals for the future.

MR. CHARLES Tosovsky: Thank you very much, Dr.
Snyder. Our next paper is by Dr. L. C. Chadwick of Ohio State

University.
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NEW FORMS OF DECIDUOUS AND EVERGREEN PLANTS

L. C. CHADWICK
Ohvo Agricultural KExperiment Station

Woaooster, Ohio

In the very limited time allotted to this discussion 1 am tak-
ing the liberty of limiting it to ‘“Some Recommended Uncommon
Shrubs and Small Trees.” On the mimeographed list that is
being distributed, I have listed 75 different plants in this cate-
gory. There are several others that could be added that are
equally satisfactory for landscape purposes.

Before I show the slides and discuss some of these shrubs
and small trees let me comment briefly on the “Quality” of
plants. Quality is somewhat of an elusive term, but as it ap-
plies to ornamental plants for landscape purposes it should in-
clude the characteristics of 1) Hardiness, 2) Adaptability, 3)
Durability, 4) Requiring little maintenance, and 4) Possess good
habit of growth, outstanding foliage, attractive flowers and
prominent fruits.

With these points in mind, T will turn to the slides and pnlant
discussions. The following are comments about some of the
plants illustrated and discussed.

LLow SHRUBS — 114 -4 feet

1. Caragana frutex ‘tidy’ — Tidy Peashrub
Small, upright spreading shrub to 4 feet with fine tex-
tured foliage. Flowers bright vellow in May and June. A
good small shrub for dry, sunny situations.

2. Cotoneaster adpressa praecox — Early Cotoneaster
Low prostrate shrub to 2 feet with small, dark, glossv
green leaves, small pink flowers, and bright red fruit which
are larger than the species. A {fine shrub for: edging,
foundation planting, and rockeries.

3. Hypericum kalmionum — Kalm St. Johnwort

Small, upright shrub to 315 feet with bluish green
leaves. 1 to 2 inches long Leaves glaucous beneath. Flow-
ers vellow in July and August. One of the hardiest of the
Hypericums. Adaptable to sunny or semi-shaded situa-
tions.

4. Physocarpus monogynus — Mountain Hinebark

Small shrub to 3 feet with spreading and somewhat
arching branches, small leaves, and an abundance of small
pinkish white flowers. A soil tolerant shrub which will
do well in sunny or shady situations.

5. Viburnum opulus ‘Compactum’ —
Compact European Cranberrybush
A low, compact, rounded bush to 2 or 3 feet, with at-
tractive white flowers and red fruits. A superior plant to
the more common Viburnum opulus ‘Nanum’ which seldom
flowers or fruits.
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10.

L. SHRUBS -— 4 - 6 feet

Clethra alnifolic ‘Rosea’ — Pink Summersweet Clethra

Upright spreading shrub to 6 feet with glossy leaves
and pinkish white, fragrant flowers borne in terminal
racemes. Excellent shrub for moist, partially shaded
situations.

Cotoneaster multiflora calocarpa —

An upright spreading shrub to 6 feet with arching
branches, attractive foliage, handsome white flowers, and
red fruits which are produced very freely. A good shrub
for specimen and mass planting.

Hydrangea quercifolia — Oakleaf Hydrangea

An upright shrub to 5 feet with reddish tomentose
spreading branches, large, dark green leaves which are
whitish underneath, and with large panicles of white tlow-
ers. Reddish or purplish fall color. An excellent shrub
for planting in partial shade where bold effects are desired.
Syringa microphylla ‘Superba’ — Superba Littleleaf Lilac

A small shrub of upright growth habit to 4 or 5 feet
with small leaves and dainty pink flowers in late May. Use
in 'sunny situations and in well drained soil. A good addi-
tion to the lilacs for small specimen and border planting.
Viburnum dilatatum xanthocarpum —

Yellowberry Linden Viburnum

A vellow fruited form of the popular Linden Viburn-
um. A plant that may reach 8 feet but usually much
smaller. Upright, bushy in its growth habit, with attrac-
tive foliage turning bronzy red in autumn, white flowers 1n
May and the vellow fruits in September remaining on the
plant until early winter. Best used in sunny situations 1n
fertile soil.

MEDIUM SHRUBS —- 6 - 10 feet

11.

12.

13.

Euonymus sachalinensis — Sakhalin Euonymus

Upright, spreading shrub to 10 feet with rather large
obovate leaves to 314 to 414 inches, turning reddish purple
in the fall. Fruit bright red, 5-angled and produced
abundantly in drooping clusters. A good plant as a speci-
men or for border planting.
Malus sargenti ‘Rosea’ — Rosy Sargent Crabapple

Low, horizontatly spreading tree-like shrub to about
6 feet high and 18 to 20 feet spread. Excellent habit of
growth, good foliage, and abundance of rosy pink flowers
in May and followed by many dark red fruils that persist
until winter. The best of the small crabapples and one ot
the best medium sized plants. Does well in average soil
and in sun or partial shade. Excellent as a specimen or
as a hedge plant.
Philadelphus ‘Mrs. Thompson’ —

Mrs. Thompson Mockorange
One of the smaller Philadelphus reaching a high of 6
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14.

15.

to 8 feet. Much better habit of growth than most ot the
Mockoranges, with low branches and good foliage to the
base of the plant. Flowers pure white in late May, single
and fragrant. Use in well drained soil and sunny situa-
tions, as a specimen or border plant.

Viburnum sargentt flavum —
Yellow Fruit Sargent Viburnum

An upright spreading plant to 8 to 10 feet with some-
what corky branches and thick, waxy, bright green leaves.
The leaves are lobed with the center lobe elongated and
essentially entire. Flowers white In cymes, produced In
late May to early June. Fruit yellow, differing in this
respect only from the species. An excellent shrub to use
in good soil and in sunny or in shaded situations.

Viburnum tomentosum ‘Roseum’ —
Pink Doublefile Viburnum
All plantsmen are familiar with the Doublefile Viburn-
um, Viburnum tomentosum, one of the real outstanding

shrubs. The Pink Doublefile Viburnum is similar to the
species in all respects except the flowers are rosy pink.

LLARGE SHRUBS OR SMALL TREES — 10 - 25 feet

16.

17.

18.

Acer buergerianum — Trident Maple

A small tree to 15 to 18 feet with rounded habit of
growth Leaves 3-lobed with the center lobe somewhat
elongated. Leaves dark green above glossy, and pale green
beneath. Excellent foliage turning reddish orange in the
fall. Hardy to 20° F. below zero in well drained soil. An
excellent small specimen tree.

Acer griseum — Paperbark Maple

An ‘excellent small tree to about 25 feet with rounded,
compact top. The cinnamon brown, papery bark 1s the
most attractive feature of this plant. The bark is parti-
cularly outstanding on the main trunk and large branches
and adds a very pleasing note to the winter scene. The
compound leaves are composed of 3-leaflets which are dull
to semi-glossy green and’ coarsely toothed. The Paper-
bark Maple is a hardy small tree that should be used much
more extensively as a speicmen plant.

Crataegus ambigua — Russian Hawthorn

A small tree to 12 to 16 feet with wide spreading
branches with bark that is mottled brown and green. The
leaves are deeply lobed, dark green and attractive, turning
bronzy red in the autumn. The flowers are white follow-
ed in the autumn by attractive red fruits. Crataegus ambi-
gua i1s one of the real good Hawthorns with good habit of
growth, attractive bark, good foliage and interesting flow-
ers and fruit. This plant is hardy to 20 and 25° F. below
zero and will do well in average soil. Use as a specimen
or border plant.
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19.

20.

21.

22.

23.

24.

Haomamelis mollis — Chinese Witchhazel

A large shrub or small tree to 25 to 30 feet with
densely hairv branches and large, rounded leaves, 4 to 6
inches long, densely hairy beneath. normally dark green
but becoming a beautiful orange vellow in the fall. The
flowers are golden vellow produced in late winter. The
Chinese Witchhazel will do well in sun or shade. It is one
of the most outstanding of the Witchhazels and should be
used in our landscape plantings much more often than it
has been in the past.
Koelreuteria paniculata fastigiata —

Upright Panicled Goldenraintree

This small tree 1s a narrow columnar variety of the
common Panicled Goldenraintree. The {foliage, flowers
and fruits are typical of the species; the variety differing
from the species only in habit of growth. An attractive,
narrow columnar, yvellow flowering small tree to 15 to 20
feet.
Malus, ‘Snowdrift’ — Snowdrift Crabapple

There are many excellent small to medium sized flow-
ering crabapples but I will mention only two of the newer
introductions. The Snowdrift Crabapple is quite upright
in its habit of growth, probably becoming about 25 feet at
maturity. It has an excellent habit of growth, attractive
foliage and a mass of beautiful white flowers that show a
little pink color in bud. The fruits are small, produced
somewhat sparingly and are reddish yellow in color. This
should be a type of crabapple that is adapted to street
planting. |
Malus, ‘White Angel’ — White Angel Crabapple

One of the most attractive crabapples is the newly 1n-
troduced White Angel cultivar. The plant is a small tree,
about 20 feet in height and approximately as broad as high
with a rounded head It produces a great abundance of
white flowers and small red fruits that persist until nearly
spring. One of the most beautiful of the small flowering
trees.
Pyrus salicifolia — Willowleat Pear

An upright small tree to 20 to 25 feet with somewhat
pendulous branches and narrow, grayish green leaves. The
yvoung leaves are especially attractive with an abundance
of white tomentum. The flowers are white, typical of most
pears and the fruits are usually less than an inch in size.
The Willowleaf Pear is hardy and does well in average soil.
It may be somewhat straggly when young but eventually
makes a small tree much superior to the Russian Olive
where gray foliage is desired.
Rhamnus frangule ‘truehedge’ —

Truehedge Glossy Buckthorn

The Truehedge Glossy Buckthorn is a narrow upright

cultivar of the species with similar bark, foliage, flower
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and fruit characteristics. It varies from the species in its
habit of growth, bhecoming a narrow column to about 12 to
15 feet but can be easily restrained to lower heights. It may
become a little leggy with the base sparsely branched and
with little foliage. It does, however, make a good narrow
plant for screen purposes.

25. Symplocus pariculata — Asiatic Sweetleaf

The Aslatic Sweetleaf is a large shrub or small tree to
30 feet or more but most often is within the 8 to 12 feet
range. It 1s slow growing but makes an attractive rather
stiff, wide spreading plant evencually. The leaves are 2 to
3 inches long, bright green in summer and reddish yeliow
or purple in the fall. The flowers are small, white and
fragrant but not particularly outstanding. The most at-
tractive characteristic of the plant 1s the abundance of
small bright blue fruits produced in the fall. 1t is, per-
haps, the most outstanding shrub or small tree that we
have with blue fruit It is hardyv, does well 1n sun or par-
tial shade and is worthy of much more extensive use in the
landscape, either as a specimen, as a border plant or for
hedge purposes.

MR. CHARLES Tosovsky: Thank you very much, Chad.
The final paper of this afternoon’s session i1s by Roy Nordine,
from the Morton Arboretum.

ORGANIZED AND UNIFORM TESTING AND EVALUATION
OF NEW CULTIVARS

Roy M. NORDINE
The Morton Arboretum

Lisle, Illinois

My remarks and development of this topic will be limited
to the geographical area of the Eastern region of our Society.

Instead of proposing a program with definite forms and
plans to implement a testing program, I will review brietly the
past, present and future of work with woody ornamentals.

A tremendous amount of effort by many agencies and in-
dividuals has been devoted to testing woody ornamentals. New

programs and new areas for future development appear each
vear.

One of the leaders in the introduction and dissemination of
new plants has been our Department of Agriculture. In 1898
a separate section was created in the Department for the intro-
duction of plants new to this country. This section is now call-
ed, “New Crops Research Branch.” Mr. C. O. Erlanson is the
director. This agency has brought 1n more than 285,000 new
plants to date. Most of these new introductions are agricultural-
lyv economic plants, grains, grasses, forage, fiber, oil, vegetable,
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nuts, fruits ete. But there have been many ornamental plants,
both annual, perennial and woody.

In recent years the Department of Agriculture has cooperat-
ed in a plant exploration program with Longwood Gardens. This
Soclety has enjoved reports of these trips by John Creech to
Japan, Walter H. Hodges to Australia and Fred G. Meyer to
southern Europe.

The Plant Introduction Station makes every attempt to
propagate these new introductions and make them available to
interested and responsible agencies. Some of the seed that John
Creech collected on a trip to Nepal in the fall of 1962 has appear-
ed as plants on dissemination lists this fall. About two years
after the station has sent out a plant, a questionnaire about the
performance of this plant is distributed to all recipients. This
information is then gathered and filed and should be available
to all interested parties.

In 1961 the Society visited the Plant Introduction Garden
at Glen Dale, Maryland. Other stations are located at Chico,
California; Miami, Florida; Savannah, Georgia; Experiment,
Georgia; Ames, Iowa; Geneva, New York and Pullman, Wash-
ington. A number of substations are scattered around the coun-
tryv, each containing a plant collection of material from the par-
ent station at Glen Dale.

In 1945 the station at Ames, Iowa, initiated a project for
testing woody ornamental and shelter plants in a 12-state area
known as the North Central Region. This includes the area
from Michigan to North Dakota and from Ohio to Kansas and
Missouri. Performance records are maintained and reports are
published after a plant has completed a five year record. Of a
total of 153 trees and shrubs in regional trials, 55 plants have
been reported on in the three reports published to date. Mr.
Albert Dodge gave us a report of these trials at our annual meet-
ing in 1962.

Every state has an agriculture experiment station, and many
stations contain an area maintained by the State University
Department of Horticuture. These areas vary 1n size and de-
velopment from small collections of woody plants, used primarily
for study purposes to large, well labeled collections. A few have
arboretums. A few examples are as follows:

Rutgers University maintains in the agriculture station an
arboretum of 25 acres, containing plants in 400 genera and
2000 species and cultivars These plants form a collection
of 100 hedges, 50 small size trees and some taller shade
trees, 65 Taxus selections, vines, Rhododendrons and Aza-
leas and an orchard and trials of American Holly. There
are plans for a larger development of area and services.

In 1948, Auburn University in Alabama began a collection
of woody ornamentals 1n a new area that has grown to in-
clude 300 species and cultivars, and all labeled with a plas-
tic, laminated label.
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The Virginia Polytechnic Institute at Blacksburg has an
arboretum of 60 acres containing 2,600 clones and about
500 labeled trees and shrubs.

On the grounds of the Ohio Agriculture Station at Wooster
is the Secrest Arboretum of 75 acres. In 50 years this
station has tested nearly 1300 species, varieties, hybrids
and clones. This Arboretum also contains several collec-
tions under the management of the Ohio State University.
Of special interest is a collection of 125 Taxus selections,
that began 1n 1942, and a collection of 90 Flowering Crab-
apples.

On the campus of Michigan State University at East Lan-
sing there 1s a collection of 3218 species and varieties of

woody plants. In the year of 1959 there were added 273
new specles and varileties in 64 genera.

The University of Wisconsin has a new research farm at
Arlington, Wisconsin. In cooperation with their state
nursery assoclation they have on trial and test 91 various
species and cultivars. This will be expanded.

The University of Minnesota has a new arboretum of 150
acres and recently acquired 97 additional acres. They
have planted about 1400 species and cultivars from 147
genera of woody plants. In 1962 there were added 361
specles and cultivars.

For thirty vears the University of Kansas maintained at
Manhattan and three substations a collection of 4000 trees
in 180 species, plus 20 clonal varieties, 380 deciduous
shrubs and 50 broadleaved evergreen shrubs. The shrub
collection has been moved twice 1n five years for new
buildings.

All of these 1nstitutions make frequent and annual reports
on the performance of the plants under observation.

Additional reports can be cited of other plant collections at
various state universities and to Include the many that have
plans for future projects. The substation at North Platte, Ne-
braska has started a collection of woody plants that will tolerate
the arid condition of the western great plains. The University
of Nebraska i1s discussing with their state highway department
a project, “The Collection, Propagation, Culture and Evaluation
of Plant Materials for Windbreaks, Snow Control, Noise Abate-
ment, Safety and Landscaping on Highway Right-of-Ways.”

And then there are the many arboretums of all sizes scat-
tered in all regions of our country. The sum total of their
woody plant collections would be enormous. Many of the arbo-
retums that are not limited by planting space maintain an active
interest in all new plants as they appear. New arboretums are
being formed and others are expanding, both in acreage and

number of collections. Most arboretums have some sort of pub-
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lication in which their activities are reported and added to the
literature. All arboretums are interested in disseminating plant
material to interested parties.

A great deal of credit 1s due to the many nurserymen who
have developed new clones through observation and selection.
The most notable recent example is the improvement in shade
trees. A few nurserymen have the opportunity to travel abroad
and have introduced some excellent plant material. A growing
number of nurseries maintain their own test and trial plots from
which superior selections are frequently made.

We cannot fail to mention the many articles about. note-
worthy plants that appear in the American Nurseryman. The
long series of papers by C. E. L.ewis are very informative and
the present series by Donald Wyman in sorting out the more
worth while species in each genus is invaluable.

Nor can we omit the various organizations that are formed
in the interest of one particular group of plants. There now
are societies for Roses, Camellias, Rhododendrons, Boxwood,
Holly and Magnolia. Each plant society has an active program
for the promotion of its particular genus and annually contri-
butes performance reports for the literature. The American
Rose Society has a most elaborate and thoro program for screen-
ing, testing, announcing and publicizing their product. This 1s
accomplished through a separate group known as the “All Ameri-
can Rose -Selections Inec.”. Many other valuable reports on the
performance of plants have been contributed by the various state
and local horticultural and garden club societies.

All of this effort is duplicated through similar agencies and
groups 1n the country to the north, namely Canada.

The word “new’” in the title as applied to woody ornamen-
tals can have two meanings. It can mean a plant that 18 new -
to the literature or to commerce, as a hybrid, selection, clone,
cultivar, ete., or it can be an old plant that becomes “new’” when
first tried in a new area. Plants that are brand new or only
recently created by being hybrids or selections do not appear 1n
any great quantityv. During the twelve years from 1948 to 1960
when all nurserymen were requested to register any new plant
with the American Association of Nurserymen’s office in Wash-
ington, about 400 new plants were so recorded. This does not
include Camellias. John Wister has recently listed about 90
new cultivars of lilacs that have appeared in the years 1953 to
1963. The first Plant Patent was issued on August 18, 1931 to
a climbing rose called “The New Dawn,” the number of patented
plants to date is 2282. Excepting roses and camellias, only a
small number of this large group of patented plants are woody
ornamentals. Several of the earlier patents are no longer avail-

able.
In the North Central States trials conducted by the Plant

Introduction Garden at Ames, Iowa, 153 different species and
cultivars have been under test in their twelve state area. Of this
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number 37 were brand new plants within the past twenty years.
While 116 forms were old in the literature but brand new to the
areas where they were being tested. At the Wisconsin Research
Farm at Arlington there are 91 various kinds of plants on trial.
Twenty-three are new 1In their origin, less than twenty years
old, while 68 lots are new to this area. In both test trials, plant
and flower bud hardiness and- tolerance to both soils and rain-
fall are the most important facts to determine.

A well conducted, conservative nursery in a neighboring
state is very pleased to have discovered, in the near-by wood-
land, an ash with outstanding purple fall color. This tree 1s
native to all parts of their state and the species is conspicuous
each fall by its purple fall color. In the eyes of the nursery-
men it is a new plant and will probably be marketed as such.
Incidentally, the tree is White Ash, Fraxinus americana.

Who can say how many years are required to evaluate shade
and street trees? Arnold Arboretum has reported on a few.
Holden Arboretum has now begun a collection. The last Bul-
letin of the Morton Arboretum reported on 124 different lots
that have been added to a plot begun in 1955. Of this number
29 are new plants during the past twenty years. All of these
trees must go through their normal life span to be properly
evaluated.

A program for evaluating woody ornamental plants could
have tremendous value to the industry and the buying public.
There are numerous problems involved in creating and estab-
lishing such a program, problems such as permanent organiza-
tion, propagation, distribution, test areas, scoring methods and
sheets, awards, publicizing results ete. This program should
include the entire continent and is of such scope we cannot dis-
cuss all the implications in the few minutes allotted, or 1n a re-
gional meeting of our society. At the business meeting ot the
society I will enter a motion for a committee to be selected to
consider this topic and report back to the society at our next
annual meeting.

PRESIDENT MAHLSTEDE: I would like to thank our after-
noon speakers and moderators for the fine job that they have
done. We will adjourn until 8:00 p.m. this evening when we
will have the reports from the recorders of the round-table dis-
CUSS1ONS.

(The session recessed at 5:15 p.m.)



THURSDAY EVENING SESSION
December 5, 1963

The Thursday evening session convened at 8:00 p.m. in the
Crystal Room of the Sheraton-Jefferson Hotel. Summaries of
the round-table discussions held Thursday morning were pre-
sented by the recorders. Tom Pinney, Jr., Evergreen Nurseries,
was moderator.

MR. ToM PINNEY, JR.: I believe that this is the first time
we have had a round-table discussion at a Plant Propagators’
Society meeting. I know that some of you wanted to go to all
three meetings. Since that was not possible, we have recorders
who took notes during the meeting and now they will summarize
the morning’s discussions. The first report will be on storage
and care of cuttings, grafts, and established nursery stock. Jack
Hill will give the report.

STORAGE AND CARE OF CUTTINGS, GRAFTS, AND
ESTABLISHED NURSERY STOCK

Moderator: Dr. JOHN P. MAHLSTEDE
Recorder: JACK HILL

We had tremendous interest and everyone had something
to contribute. We had a little difficulty keeping on the track
since it seemed that we slipped out of storage and i1nto the prob-
lem of overwintering.

One of the first subjects was the storage of hardwood cut-
tings. Most members reported that their hardwood cuttings
were made in the October - November period and that they were
stuck 1n April. However, a few members reported putting the
cuttings out in the fall. They overwintered either covered or
mounded with soil.

For storage, the medium should be moist, but not wet. The
medium could be peat moss, fresh sawdust or sphagnum moss.
The temperature which seemed to do the best was 34° F. In
subsequent discussion it was worked out that 32° F. = 1° F. was
actually the optimum temperature.

The question of crown gall came up. It was concluded that
the crown gall did not come from the medium in which the cut-
tings were stored, but came 1n with the cuttings. It was sug-
gested that a dip to kill the bacteria could be used, but the best
solution was to obtain clean stock. Somone then pointed out
that really crown gall never hurt the plant — it was on]v the
Nnursery mspector who was concerned.

A comment which was not directly related to the dlscussmm
but nevertheless interesting, was that hardwood cuttings stuck
on an oblique in the ground rather than straight up and down
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seemed to root better. Next, we moved on to the subject of soit-
wood cuttings. Almost no one would admit that their work
schedule was so poor that theyv had to store softwood cuttings.
However, it was concluded that 32° F. seemed best.

The storage of rooted cuttings to free bench space has good
possibilities. The cuttings were stored in common or controlled
storage with temperature ranges of 34 -35° F. and 28 - 32° F.
Some stored their cuttings jelly roll fashion with the roots In
sphagnum and polyethylene and the tops out. A storage period
of 6 - 8 weeks worked out very well.

STORAGE OF POTTED MATERIAL

A number of people commented on what you might call the
“edge effect” experienced in overwintering in the North. It
consists of the deterioration of plants along the edges of the bed,
especially on the south and the west, suggesting that it is due,
not so much to the cold, but to the differential heat caused by
the absorption of solar energy on the south-west side.

One suggestion which seemed to give good results was to
stack the container on their sides and cover the whole pile with
marsh hay. I wondered if this might lead to a problem of dry-
ing since the cans would be on their sides and it would be diffi-
cult for moisture from rain or snow to enter. A less successful
attempt was the construction of a sawdust mound on the south-
west side. After the first rain and freeze, the mound became a
solid dam. The ground sloped in such a way that the whole
area stood in water and everything was lost. The moral of that
story is do not use a form of winter protection which will block
natural drainage.

Next, we discussed storage of balled and burlapped mate-
rial. KEveryone in this room is aware of the reasons for the
storage of balled and burlapped stock, the first of which would
be the reduction of the acute labor problem in the spring of the
vear when everybody wants their stock at once. A second rea-
son would be to reduce the amount of winter injury to the top
of the plant. We have investigated this problem and have had
rather indifferent results. Some years we have had good re-
sult and other years, under nearly the same conditions, we lost
nearly everything in storage.

MRr. ToM PINNEY, JR.: Thank you, Jack. We will have
time for questions after we have heard from the other two rec-
orders. Next, we have Dr. Fred Lanphear who will summarize

the discussion on the round-table on sanitation and propagation.
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SANITATION AND PROPAGATION — METHODS AND MATERIALS

Moderator: JAMES WELLS
Recorder: F. O. LANPHEAR

The round-table discussion on sanitation and propagation
provided some useful and interesting information for the many
that were present. As might be expected, the sanitation prac-
tices varied considerably among the propagators. One example
that illustrates this was the difference in frequency of changing
the rooting medium; varying from changing with every batch ot
cuttings to using the same medium for 20 vears. In relation to
the differences among propagators it was pointed out that those
on the West Coast are known to be much more concerned with
this problem and practice sanitation much more extensively than
most propagators in the East.

The discussion centered around certain key points which J
will now attempt to summarize. One of these was the use oi
various chemicals as disinfectants in the various propagation
steps. There appeared to be considerable use of Morton Scil
Drench and Pano Drench either as a drench for the ronting
medium or for the cuttings themselves. Some apphied these ma-
terials to the medium prior to inserting the cuttings, others ap-
plied them immediately after sticking the cuttings, and some
continued to apply them on a weekly basis. Other chemicals
that were mentioned for possible use as disinfectants were Chlo-
rox and Purex. It was pointed out that for certain disease prob-
lems such as Rhizoctonia on Rhododendron cuttings, more spe-
cific chemicals such as oxyquinoline sulfate, sold as “Scnox,”
might be used.

Another topic that received considerable attention was the
use of wvarious fungicides on the cuttings prior to sticking.
Rather than drenching the cuttings with the materials mention-
ed previously, some used Captan or Fermate with apparent suc-
cess. The Captan was either mixed with the talc containing
IBA or applied as a solutiony, The availability of certain com-
mercial products, such as Hormo-Root, containing both the root
promoting substances and fungicides was noted.

An interesting problem that was raised in relation to the
use of these chemicals is “what effect does continual application
of these materials to the rooting or growing medium have on
plants or to the people applying them?” It was pointed out that
many of these materials particularly mercury compounds, with
repeated usage might attain toxic levels to plants or even hu-
mans. Roses were mentioned as being particularly sensitive to
mercury. Another after-effect of chemicals was noted from
spraying stock-plants of camellias with “Cygon’ for scale con-
trol. Cuttings taken from the sprayved stock plants did not root
as readily.

The use of chemicals was not, however, considered the only
approach to sanitation. As was suggested, the use of chemicals
do not substitute for good management. Practices that were
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considered useful by some were (1) removal of dead leaves and
debris that accumulate during the rooting process, (2) general
clean-up of the entire propagating house annually, and (3) mix-
ing meaia on a clean concrece surface.

The importance of the environment on the diseases and
their control was illustrated with the problem of basal rotting
cf Tazrs. If the maedium temperature was maintained betwezen
60 to 70° F.. veryv little basal rot was observed; however, In-
creasing the temperature to 80 and 90° F. resulted in a much
greater incidence of the basal rot. It was also noted that ade-
quate light and proper manipulation of other environmental
factore might be of definite value in preventing many disease
problems.

And finaily, a question of commercial importance, “to what
extent do all the sanitation measures improve your chances of
success in the propagation phase?”’ 1In one case, drenching juni-
pers with Morton Soil Drench was estimated to decrease basal
rotting 25 to 40Y,. Many believed that definite improvement
would be obtained with good sanitarv procedures. The state-
ment that seems to summarize the opinion of most on this ques-
tion was that the cost of precautionary sanitary measures was
small In comparlson to the cost of losses that could be Incurred
from a serious disease problem.

MR. ToM PINNEY, JR.: Thank you, Fred. Now for the
final report, Wayvne Lovelace will summarize the discussion on
cost control Iin propagation

COST CONTROL IN PROPAGATION — LOWERING COSTS

Moderator: GEORGE ROSE
Recorder: WAYNE LOVELACE

Our discussion group opened bv asking, “What is meant by
ccst control 1n propagation?”

Does this mean to produce smaller cuttings, grafts, or seed-
lings, or to crowd more cuttings into a given area, or to produce
cheaper, easier to grow varieties. It could mean to use cheaper,
less experienced help, or to use cheaper, more easily worked
understock regardless of the quality of the resulting plants, or
to increase the volume of propagation to cut the cost of the in-
di‘]fidua] item and then hope that the material produced can be
sold.

We concluded that cutting the cost of propagation 1s only a
very small part of the answer to production cost control.

The following points were presented to be of prime con-
sideration along with actual propagation costs.

1. Change in consumer demand.

2. Change in marketing procedures and outlets.

These enter into cost control much more than trving to pro-
duce a plant cheaper than your competitor.
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The following discussion proceeded concerning the change
1In consumer demand.

We must determine what the man on the street wants and
what he will want in the next five years. We must examine
ourselves and see if we have changed with our consumers. In
these rapidly changing times we can no longer grow just what
dad grew, or what is easy, or what we like.

There are, however, a few constants in our favor, as Martin
Van Hof indicated. Our customers will always demand quality
in our product. Charles Tosovsky suggested that the trend ap-
pears to be toward the small sized plant unit. He feels that a
large volume of plant sales will be to the working class consumer
who, now more than ever, has leisure time to spend gardening.
They want a lower cost item and are willing to wait for 1t to
ogrow.

Don Hartman agreed and indicated that as an industry we
will have to produce on a volume basis to remain competitive.
He further pointed cut that this will mean a more concentrated
production as a means of cost cutting.

Hank Skinner commented that the change in consumer
demand has to be created by those of us selling the product.
Sam Lambo agreed that we must educate the public as to what
they want. He currently determines his customer demands by
traveling, keeping abreast of new plant materials, working close-
ly with landscape architects and observing current trends such
as the Japanese influence. Dave Dugan commented that we
should observe today’s teenagers — their likes and dislikes. A
short time in the future they will be our consumer.

Our second main point discussed was the change in market-
ing procedures and outlets.

Tom Pinney, Jr. stated that analyzing our markets largely
comes down to educating ourselves through our various assocla-
tions and all means available to make good decisions. He fur-
ther stated that we must understand the market and just where
we are going. Wae should then get an edge on the market. By
this he meant to have various channels into different markets
along the production route in case the original market no longer

looks good.
Moderator Rose asked, “How can we look to a future mar-

ket ?”

Hank Skinner stated that prior to producing a plant much
time and effort must be spent on studying previous market ac-
ceptance. His marketing procedures include previous stock
records, customer acceptance on a small scale and examining
whether he can produce the item cheaper than he can buy it.

Ed Davis commented that the key to profits 1s production
control. They look to past records of plants produced and sold,
along with customer trends and plant shortages combined with
what other producers are doing.

The question was asked, “How many present are producing
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items that do not pay?”’ There was virtually a 1009, show ot

hands.
The following reasons were given for producing these items.

1. There is a small customer demand.

2. They are easy to grow. ‘

3. The grower just liked the item.

Don Hartman commented that by keeping general areas of
cost accounting they have been able to eliminate some of these

1tems.
Hans Hess stated that nurserymen will have to pool re-

sources in given areas to promote and develop their markets
and get our share of the American dollar. His remarks were
echoed by Case Hoogendoorn.

Moderator Rose in closing stated that 89, of the nation’s
farmers produce 859, of the total farm product. The remain-
ing 90 - 959, produce but 15%, of the total production. If the
current trend continues 2,000 farmers who have not kept abreast
of various cost cutting procedures and current markets will go
out of business Iin the next 10 years.

This points to the necessity of gauging our markets as a
propagation and production cost.

MR. ToM PINNEY, JR.: 1 certainly want to thank Wayne,
Fred, and Jack for the fine job they have done In summarizing
the morning’s round-table discussions. Are there any questions?

MR. AART VUYK: Do you notice a difference in rooting
between cuttings taken from the field with normal fertilization
and those grown in containers with a high level of fertilization?

MR. JACK HirLL: Although we have not done a detailed,
statistical study, we find that cuttings taken from plants grown
in containers invariably root better than similar cuttings taken
from field grown plants.

MR. AART VUYK: In regard to storing rooted cuttings, we

have had good success by placing the cuttings in a heated cold
frame. It has just top heat, not bottom heat. The tempera-

ture 1s kept at about 40° F.

MR. AL LOWENFELS: Is there any benefit from dipping
hardwood cuttings in a root promoting substance before or after
storage?

MR. JOHN ROLLER: You do get a stimulation, but on easy-
to-root plants, you sometimes run into a problem. The roots
start to come out in storage and dry-out during planting or are
broken off. So yvou have to be careful about the type of cutting
vou treat.

MRr. JAMES WELLS: In Holland, very good results were
obtained with hardwood cuttings of Laburnum Vossi which had
been treated with a Captan-hormone dip before being stuck in

the field in the fall.

MR. ARIE RADDER: Is there anyone who has any informa-
tion about storage of B. and B. stock?
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MR. JACK HILL: I can comment on the experience of an-
‘other nursery which has had excellent results. It does not seem
to matter when the plants are brought in — whether it is in fall
or just before freeze up. The plants are placed in a barn and
are arranged so the foliage does not touch. The balls are packed
in moist shingletoe, with care that the shingletoe does not get
into the foliage. During warm periods in the winter the doors
are opened and the area is aired out. We have tried similar
techniques and had not been successful. To emphasize the ex-
ample I have given, the customers specifically ask for stored
stock.

MRr. ToM PINNEY, JR.: Jack, do you feel that differences
in relatively humidity could explain the differencs in results?

JACK HIiLL: I am certain that relative humidity is impor-
tant, but I feel our humidity was as high as in the successful ex-

ample 1 described.
The session adjourned at approximately 10:15 p.m.
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FRIDAY MORNING SESSION
December 6, 1963

The session convened at 9:20 am. in the Crystal Room,
Sheraton-Jefferson Hotel. Professor J. C. McDaniel, moderator.

SPEAKER-EXHIBITOR SYMPOSIUM

MODERATOR MCDANIEL: The first speaker this morning,
Dr. Jake Tinga, Virginia Polytechnic Institute, Blacksburg, Vir-
ginia is unable to be with us. Mr. John McGuire will read the

paper.

HOW TO MAKE TWO DOLLAR PLANTS IN FOUR MONTHS
WITH LARGE CUTTINGS

J. H. TINGA AND CHARLES HAYES, JR.
Virginia Polytechnic Institute

Blacksburg, Virginia

During the summer of 1961 and 1962 pilot experiments in
the use of large cuttings were made in the mountains of Virginia.
As a result of these experiments a larger project consisting of
1,000 three gallon cans were established near Norfolk, Virginia.
This was to test the theory that large saleable plants could be
produced in one season, If the unrooted cutting was stuck in
the media in July. and if the plant could be moved to the land-
scape site in October, then no moving or handling would be nec-
essary, thus decreasing labor costs.

The experiment was all under one mist system which was
controlled by the balanced arm and screen wire mechanism. The
mist was on when the screen wire weight was dry. It did not
usually operate at night or in cloudy weather.

The first variable was the rooting media. There was not a
significant difference between rooting results of the four fol-
lowing mixtures: (1) half bank sand and half German peat,
(2) half bank sand and half Canadian peat (this peat was much
more fine and dusty than the former), (3) half coarse Perlite
andthalf German peat, (4) half coarse perlite and half Canadian
peat.

The next variable was the plant species. Three cuttings of
24 to 36 inch length were cut from the mother plant, knife
wounded by a tangent cut 3 inches long, dipped in Hormodin 1
powder and stuck into the media of one can. In other words
there were three large cuttings placed in a 3 gallon can so as to
appear similar to a mature plant. The problem was to estab-
lish a good root system. The plants were stuck during the
month of July. Two months later, the quantity of mist was
tapered off slowly for 30 days. Four months after sticking the
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cuttings, they were examined with the following results.

(1) Ilex crenata rotundifolia

200 containers: In 94 percent of the cans, media was well
covered with roots filling the 3 gallon can except for the top 2
inches. New growth had begun. Six percent of the cans had
smaller root balls of 4 to 6 inch diameters.

(2) Ligustrum lucidum

200 containers: In 92 percent of the cans, the root ball ex-
tended from side to side of the can. In six percent of the cans
the root ball was from 4 to 6 inch diameter. In 2 percent of the
ans, the root ball was 2 to 4 inch diameter, apparently a posi-
tion effect caused by not enough mist. The Lucidum were well
berried. In one quarter of the lot the berries were removed.
This did not affect the rooting results.

(3) Ilex cornuta burfordi

200 cans: In the first group of 160 cans the root ball size
was 4 to 6 inches in 82 percent, 2 to 4 inches in 13 percent and
0 to 2 inches in 5 percent. These were heavily berried branches
when they were stuck. There was quite a variation i1n berry
drop in the group. Some dropped 759, of the fruit and some

plenty of red berries.
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dropped only 25°,. But all cans had fruit on in October. A
factor in increasing the sales appeal was the presence of red
berries in October.

The last group of 40 cans was from a mother block that had
been exposed to salt spray mist. A big storm blew salt spray
5 miles inland from the ocean. Although the branches looked
acceptable at the time large cuttings were made, only 3 percent
of them made acceptable root growth. This hlghhghts that the
prior condition of the foliage is very important in the subsequent

rooting.

(4) Pyracantha coccinea grabert

200 cans: In the first group of 160 three-gallon cans, the
root system was “heavy” on 36 inch cuttings. 1in 42 percent ot the
cases. As you know, the Pyracantha does not make much of a
root ball. In 26 percent of the cans, there was ‘“medium” root
system, in 18 percent there was a ‘“light” root system. (Six
major roots of 6 inches long was a light root system). In 199,
there was little or no rooting response, The previous year there
had been 879, heavy rooting from a different mother block. We
examined the mother block of these cuttings and found that
there was a large variation in the vigor of the individual mother
plants. This probably was reflected in the rooting response of

these 36 inch cuttings.

(5) The final group of large cuttings to be reported on was:
Juniperus chinensis pfitzeriana, 24”7 ; Mahonia aquifolium, 24" ;
Abies Cunninghamia lanceolota, 18”7 ; Azalea ledifolia alba, 157;
and Forsythia varigata, 24”7,

Some cuttings in each group rooted and produced a top
erowth that was outstanding in each case, showing that it was
possible and practical, but the group did not root uniformly well.
The reason for this will be investigated next year.

Three plant species that failed were Raphiolepsis, Pitto-
sporum and Juniperus horizontolis.

Summary :

(1) Large cuttings- rooted well for several species. The
vigor of the wood was much more important than the age of the
'lwood. Some 3 yvear old Pyracantha and Holly wood rooted easi-
y.

(2) There was no difference 1n the media of the three gal-
lon containers, but there was a difference in weight of the
finished plant. Peat and sand weighed 30.5 pounds. Peat and
Perlite weighed 19.1 pounds.

(3) It will take a large mother block of well grown plants
to supply the “truck load of brush” that went into this experi-
ment. We are drawing the preliminary conclusion that it is
easier to grow quality plant tissue on a vigorous mother plant
than on a newly rooted cutting. It 1s possible to grow a large
root system on these plants in one season.
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Figure 2. Four month old Malhonia Figure 3. Four month old Pyracan-
with large flower cluster (single cut- (hha with fruit and good root ball on
ting — rvoots fhilled the can.). inverted can,
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