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ABSTRACT.—Literature concerning the vegetative
propagation of chestnut by grafting, rooting cut-
tings, layering, and tissue and organ culture is re-
viewed. It is concluded that attempts to develop a
system of propagating desirable chestnut clones
should be continued. The most promising tech-
niques are concluded to be nut grafting, rooting
cuttings and tissue and organ culture.

In 1925, the United States Department of Agri-
culture at Beltsville, Maryland, instituted a
program to breed chestnut trees which would be
resistant to the blight fungus (Endothia parasitica
[ Murr.] P. J. and H. W. And.) ( Saucier, 1973). Four
years later the Brooklyn Botanical Garden started a
similar program, which was later continued at the
Connecticut Agricultural Experiment Station at
Hamden, Connecticut (Jaynes, 1972). Meanwhile, a
search for resistant American chestnut ( Castanea
dentata [ Marsh] Borkh), was being conducted by
various state and federal agencies. While neither
program has been completely successful, there are a
small number of residual trees which may have
genes for partial resistance, and there are several
hybrids which show some resistance and have good
form. Success in either of these programs will neces-
sitate the development of a practical technique for
vegetative propagation. The fortunate gene com-
bination will rarely occur and the genus Castanea is
generally self-sterile (Clapper, 1954), so the estab-
lishment of pure breeding lines would be difficult or
impossible. Therefore vegetative propagation is the
only alternative for the multiplication of desirable
trees.

Vegetative propagation can be accomplished by
grafting, rooting cuttings, layering, or the relatively
new procedure of growing plantlets through tissue
culture.

Grafting
Grafting has generally been more successful as a

means of propagating chestnut than layering or
rooting cuttings. Grafting consists of placing a twig
( scion) from the resistant plant into another
seedling or tree ( stock plant). The two grow to-
gether after a period of time, creating a new plant.
Splice, whip, cleft, and side grafts have been used
successfully in bench grafting, or grafting in the
greenhouse (Fig. 1). The splice graft is simplest and
seems to be the most effective ( Nienstadt and
Graves, 1955). This type of graft can also be used in
field grafting such as is done on stock plants in the
seedbed or the seed orchard (Jaynes, 1972). Mature
trees can be topworked using the veneer crown graft
( Nienstadt and Graves, 1955) (Fig. 2) or bark graft
( McKay and Jaynes, 1969).

The best time for scion collection is February or
March (Nienstadt and Graves, 1955). The scion
should be cut to 12 inches in length and stored in
nearly dry peat moss at 35-36 F in sealed plastic
bags (Jaynes, 1969). Field grafting should be done
when the leaves of the rootstock are mature to avoid
frost damage (Nienstadt and Graves, 1955).

Nienstadt and Graves (1955) recommend grafting
onto well-established stock plants. Park (1967),
however, grafted onto juvenile tissue of Japanese
chestnut (C. crenata Sieb. & Zucc.) with some
success. The rootstock consisted of newly germi-
nated seeds. The graft was made onto the epicotyl
( stem) which had at least four mature leaves. The



scions were either newly elongated shoots of mature
trees or epicotyls with four mature leaves.

Figure 2. Veneer crown graft. (Taken from Nien-
stadt and Graves, 1955).

A major problem associated with the grafting of
chestnuts is incompatibility between the rootstock
and scion. This is caused when the scion does not
make a completely successful union, and can be
compared to the rejection of a transplanted organ in
humans. This problem can be alleviated by choosing
the proper rootstock. McKay and Jaynes (1969)
recommend using seed collected from the variety
being grafted as a source of stock plants for Chinese
chestnut (C. mollissima Bl. ). The degree of success
in grafting hybrid scions was affected by the species
of rootstock, with no apparent pattern to compati-

bility ( Stairs, 1964 ). Morris reported that chinqua-
pin would accept almost any species of chestnut,
but appears to have a dwarfing affect on the scion
( Kains and McQuesten, 1967). Incompatibility is
probably genetically controlled, as indicated in
Park's (1967) study. In three trials using Japanese
chestnut rootstock and scions of three clones,
success was 0, 10, and 70 percent.

Another problem with grafting is its prohibi-
tively high cost. This factor alone eliminates
grafting as a means of mass-producing desirable
clones. Only in a situation where the final product
yields a rapid return and high price (ie., commercial
nut production), or the goal is preservation of de-
sirable germ plasm (ie., seed orchards), would graft-
ing be economically feasible.

One technique which might alleviate these two
problems is nut grafting. Moore (1963) first
described such a technique which he called nurse
seed grafting. In this method a seed is allowed to
germinate and grow until only the hypocotyl has
emerged. Then the seed is cut so that the hypocotyl
and radicle are removed. A knife is inserted into the
cotyledons and the scion, cut to a wedge on one end,
is inserted into this slit ( Fig. 3 ). Jaynes (1965)
reported 60-80 percent rooting success within 21
days in 453 grafts. Losses during a 2-week harden-
ing-off period reduced this figure to 38 percent
success. Of 4,384 grafts, success averaged 43
percent with some scion-nut combinations ranging
from 45-80 percent success (Jaynes and Messner,
1967). The main advantages of this technique are
the reduced time span since rootstock need not be
grown, timing is not critical, and less skill and time
are involved in the actual grafting.

Figure 3. Nurse seed graft. a) Two views of scion
prepared with wedge-shaped cut. b) Germinating
nut with a dashed line indicating cut that will go
through petioles. c) Shoot and root primordia
removed, with dashed line where knife-blade is
inserted into nut. d) Knife blade inserted in nut. e)
Two views of completed graft. (Taken from Jaynes,
1965.)

A similar technique,. called the inverted radicle
graft, was described for Japanese chestnut by Park
(1968). The seeds are allowed to germinate and the
radicle tip is cut off prior to root hair formation and
epicotyl emergence. Then the scion and radicle are
grafted as a normal cleft graft would be made (Fig.
4 ). Near 100 percent survival was reported in green-
house trials. Field success of 288 grafts averaged



55.2 percent when planted 7-8 cm deep. Survival
after the first growing season was not reported.
Obviously, this technique would require more skill
and time than nurse seed grafting.

Figure 4. Inverted radicle graft. a) The optimum
stage of the radicle to be used as stock. b and c)
The prepared radicle and stock. d and e) The scion
is prepared with a wedge-shaped cut. f) The com-
pleted graft. (Taken from Park, 1968.)

Rooting Cuttings
Rooting cuttings, or the forcing of root formation

on severed stem sections, would be a more practical
method of propagating chestnut than grafting since
the amount of labor would be less, the labor need not
be as skilled, and the time spent growing rootstock
is avoided. Unfortunately, chestnut is generally
difficult to root, apparently due to two factors.
Vieitez et al. (1964) found that European chestnut
(C. sativa Mill.) and C. mollissima contained little or
no endogenous indole-3-acetic acid ( IAA), a
hormone which stimulates root development. In
addition, C. sativa was found to contain salicylic
and hydroxyaliphatic acids, which appear to inhibit
rooting (Vieitez et al., 1967). The quantity of any
endogenous IAA-like compounds decreases with
age of the tree while the levels of rooting inhibitors
increase (Vieitez et al., 1966). Hence, younger plants
tend to root more easily. Vieitez also found that
placing chestnut cuttings under running water for a
period of five months allowed these inhibitors to be
leached out and stimulated rooting (Jaynes, 1972).
This extended time period, however, could be a
drawback in a mass-production system.

Experimentation with various hormone treat-
ments and collection times have met with varied
results. Pease (1953) ran separate experiments in a
rooting bed and -in a cold frame. In the rooting bed,
softwood cuttings of Chinese and American chest-
nut ( collected in the summer) which had been
soaked in a 60 ppm indole-3-butyric acid ( IBA)
solution for 24 hours rooted 80 percent in 70 days.
Cuttings which had been clipped in IBA: talc (1:200)
or left untreated failed to root. Cuttings collected on
June 9, July 24, and August 19, and treated with the
IBA soak, rooted 75, 100, and 67 percent, respec-
tively. In cold frame trials using cuttings collected
August 20 from ten- and three-year-old Chinese and

three-year-old American chestnuts, rooting was
54.5, 50.0, and 20.0 percent, respectively. Doran
( 1957) treated cuttings collected in late June from a
ten-year-old Chinese chestnut with Hormodin No. 2
(300 ppm IBA), Hormodin No. 3 (800 ppm IBA),
and no hormone. Rooting success was 25, 17, and 0
percent, respectively. Jaynes and Messner (1967)
report an effective method using sprouts of C.
dentata. These are taken just as the leaves are
nearly or fully expanded and cut to 12-20 cm in
length. The cuttings are lightly wounded at the base
and dipped for 1-2 seconds in 5,000-8,000 ppm IBA
in 95 percent ethanol. These are placed under an
intermittent mist in peat: perlite (3:1). Rooting
success of certain clones can be 75 percent in 3-8
weeks. Huff slightly modified this technique by
using a 3-4 second dip in a solution of 5,000 ppm
Rootone in 70 percent isopropanol. Cuttings taken
from a hybrid in September rooted 92.3 percent in
eight weeks. Cuttings from the previous year's
growth rooted 66.7 percent and the buds leafed out
(Jaynes, pers. comm. ).

From these reports it is evident that treatment
with rooting hormones is essential. The time of
collection, method of applying hormones, and con-
ditions of the rooting environment are also critical
factors. Jaynes (1976) reports that there is clonal
variation in rooting and survival. One important
point about these reports is that, while rooting
success may be good, the ability to overwinter is
either not mentioned or is said to be poor. Moore
(1963) reported that forcing buds into growth after
rooting was a problem. The cuttings must undergo a
dormant period in which many are lost. Thor
( pers. comm.) reported a similar phenomenon.

Various other rooting techniques have met with
limited success. Bretz ( 1949) reported success in
limited trials of rooting leaf-bud cuttings of hybrids.
These cuttings consisted of the leaf blade, axillary
bud, and a shield of stem tissue. They were collected
in May and June and received either no hormone
treatment or treatment with a "hormone dust."
Once again, dormancy after rooting was a problem.

Trials with root sections of C. sativa were not
successful. Landaluce (1952 ) reported bud forma-
tion on 2 percent of the sections. Another method he
tried was to girdle a stem at ground level. This
stimulated adventitious bud formation. These buds
were then broken off with pieces of the roots. This
method, however, would destroy the parent plant
and so is not very practical.

A similar technique used in Europe with C. sativa
and tried with success in Connecticut with C.
dentata is stooling. This method consists of cutting
the parent plant to the ground in winter, and cover-
ing the shoots which emerge in the spring to half
their height with soil. When the mound is 6-8 in.
high, no additional soil is added. The following
winter the shoots are cut from the parent, whether
rooted or not, and treated as nursery stock ( Nien-
stadt and Graves, 1955). The European method is
different in that a steel wire is loosely fastened to



the sprouts. Then sandy loam soil mixed with peat
moss and of pH 5 is mounded to 6 in. above the wire.
As the sprout grows, the wire girdles it and roots
form above the girdle. If treated properly, the
parent plant can be stooled for several years. The
disadvantages of stooling are its high cost and
strong clonal response to rooting (McKay and
Jaynes, 1969; Solignat, 1964).

Another technique used with American chestnut
is the buried-inarch. In this method a 6-in.-deep hole
is dug around a well-established tree. About 2 in.
above the ground, upward diagonal cuts are made in
the tree. The scions are cut to 6-8 in. and wedged on
the top. The wedged end is then fitted into the tree,
the graft union is wrapped and waxed, and the lower
end of the scion is covered with soil. At least one
bud is left exposed on the scion ( Fig. 5). Due to a
drought year, initial rooting results of only 36
percent were reported, but rooting of 50 percent
might be expected. This method is costly and de-
pendent on favorable climatic conditions. It has an
advantage, though, in that the age of the scion
appears to be less important (Jaynes, 1962).

Figure 5. Buried-inarch technique. 1) Upward
diagonal cut made in the stock plant. 2) Scion cut
to a wedge on top. 3) Graft union is formed and
scion is buried. 4-6) Scion is removed after roots
and shoots form. (From G. Bazzigher. 1968. Die
selektion Endothia-resistenter Kastanien and ihre
Vermehrung. Schweitz. Beitr. Dendrol. 16/18:29-
38.)

Layering
Ground and air layering ( forcing root formation

on stems while on the parent plant) have also been
tried with chestnut with varying results. Landaluce
(1952) reported negative results using a ground
layer on young plants of European chestnut.
Sprouts on older stumps responded with 20 percent
rooting success. Girdling and hormone applications
were not beneficial.

In later work, Vieitez (1953) reported successful
air layering of European chestnut. Carrying out the
operation in the spring is best. Hormones were
applied in a lanolin paste. The branch was then
covered with moist sphagnum moss, and the layer
was covered with plastic and tied at both ends. Of
the hormone treatments tested 10mg/g IBA, 4mg/g
IAA and 2,4-dichlorophenoxyacetic acid (2,4-D),
and 5mg/g IAA and NAA with 1mg/g 2,4-D re-
sulted in the best rooting. Care was recommended in
using 2,4-D and 2,4,5-trichlorophenoxyacetic acid
(2,4,5-T), since toxic responses were noted. The
roots formed were thick and non-fibrous, except in
the IAA-2,4-D treatment, and generally not suit-
able for transplanting.

In another study using ground layers of European
chestnut, Vieitez (1955) reported very good success
in rooting. Once again the hormones were applied in
a lanolin paste. Then the branches were covered
with moist sphagnum moss and soil. The best time
for layering was from the end of May to the begin-
ning of June. Moderately fast growing plants
formed more roots on vertical branches than
branches bent to the ground. The best hormone
treatments were 10mg/g IBA and 5mg/g IBA and
NAA with lmg/g of the dimethylamine of 2,4-D.
Both of these treatments yielded 100 percent
rooting and the roots were fibrous and of good
quality. Using the dimethylamine of 2,4-D reduced
the toxicity of this hormone. Vigorously growing
stump sprouts responded favorably to all hormone
treatments. Fibrous root production in 100 percent
of the layers occurred using 12mg/g IBA with or
without 0.1mg/g 2,4-D or its triethanolamine. The
major emphasis of this research was on the response
to hormones, so attempts to transplant these layers
were not reported.

As with grafting, the major drawback of layering
for mass production of desirable chestnut clones is
the high cost due to the numerous man-hours re-
quired. Also, a large number of stock plants would
be required to produce an adequate number of off-
spring. Loss during transplanting might also be a
problem.

Tissue and Organ Culture
The use of tissue and organ culture as means of

vegetatively propagating tree species is presently in
the basic stage of research. These techniques are
now being used for limited commercial production of
many horticultural plants. However, extending the
technique to the commercial production of hard-to-
root tree species may be more difficult.



Basically, this method involves the aseptic
removal of a piece of tissue (cambium) or an organ
(apical meristem, epicotyl, etc), which is then placed
in a sterile environment and supplied with all the
necessary minerals, carbohydrates, and vitamins.
Growth and differentiation can be controlled by the
use of the proper levels of nutrients and hormones,
and the proper light and temperature regimes
(Fig. 6).

The trend has been to start cultures on a medium
containing adequate nutrients plus a cytokinin (a
hormone which stimulates bud formation) with or
without an auxin (a rooting hormone). Then the
culture is transferred to fresh medium with a limit-
ing nutrient content and either lacking hormones or

with a cytokinin. This technique has resulted in
plantlet formation in the poplars (Populus)
( Venverloo, 1973; Winton, 1970, 1971; Wolter,
1968), pines (Pinus) ( Sommer, et al., 1975), spruces
(Picea) (Campbell and Durzan, 1976), Douglas-fir
(Pseudotsuga menziesii) (Mirb.) Franco (Cheng,
1975), hemlock (Tsuga) (Cheng, 1976), and Ameri-
can elm (Ulmus americana L.) (Durzan and Lopu-
shanski, 1975).

There have been few reports concerning the tissue
culture of chestnut. Jacquiot (1947) was first to
report successful culture of C. vesca Gaertn. Gau-
theret (1959) states that Jacquiot also reported that
myo-inositol stimulated "bud" formation in chest-
nut tissue cultures. Chestnut has also been cultured

Figure 6. Tissue culture method. a) Sterile culture
hood. b) Desired tissue is excised. c) Culture flask
is flamed for sterilization. d) Tissue is placed in
culture flask. e) Flask is plugged with cotton. f)
Cultures are grown in a growth chamber in con-
trolled temperature and light.



for the purpose of studying host-pathogen inter-
actions (Durbin, pers. comm.; Van Alfen, pers.
comm.). Hu (1977) reported the effects of various
levels of kinetin, a cytokinin, on the morphology of
callus tissue derived from stem apices of C. dentata.

Attempts to vegetatively propagate American
chestnut in tissue culture are being made at the
Division of Forestry, West Virginia University. In
callus derived from cambial explants of mature
stems, possible "meristematic" regions developed
but failed to form shoots (Keys, 1977). Later
attempts using epicotyl tissue from seedlings which
were grown in darkness ( etiolated) were promising.
"Bud-like" growths developed on these sections,
but failed to develop into shoots.

If successful, the major disadvantages of this
method of propagation is the difficulty in trans-
ferring the plantlets from agar culture to soil. The
root systems on many plantlets are of very poor
quality. A second disadvantage is the large initial
investment in supplies, equipment, sterile facili-
ties, and growth chambers, since most places are
not properly equipped for tissue culture work.
Trained personnel are also required.

However, the advantages of tissue culture, if a
workable system is developed, far outweighs the
disadvantages. Theoretically, thousands of
plantlets of a desirable clone could be produced from
small amounts of tissue. Therefore harm to the
parent plant is kept to a minimum. The time span
for plantlet production would be shorter and the
space required would be less than for grafting or
layering. In addition, there is chance for mutation in
culture (which could be advantageous or detri-
mental).

CONCLUSION
A review of the literature reported here suggests

that grafting, inarching, stooling, and layering are
not suitable techniques for commercially propa-
gating chestnuts. The number of plants, time, and
trained personnel required prohibit their use.

The most promising methods at this time are nut
grafting, rooting cuttings, and tissue culture; how-
ever, each method has problems which must be over-
come if they are to be practical. Results with nut
grafting have been good. The skill required is less
than for other techniques, and clonal effect is less
important. The major problem now is the difficulty
in successfully transplanting from the propagation
frames, or overwintering in outdoor frames. Root-
ing cuttings is an even more desirable method, but
dormancy after rooting has been a problem. Perhaps
the use of the various hormone treatments used by
Vieitez on ground layers, or the application of a
cytokinin, would overcome this problem. If a work-
able system can be developed, tissue and organ
culture appears to us to be the most desirable
method. Large numbers of plantlets could be pro-
duced in a relatively short time. Differentiation into
plantlets must be achieved, however, before this
work can proceed any further.

In considering the commercial propagation of
chestnuts, it is important to consider the potential
market as well as the potential techniques. Nut
growers, homeowners, and possibly wildlife
managers would be interested in such trees. But
convincing public and private foresters of the eco-
nomic advantages of replanting chestnut on large
acreages now occupied with other valuable species
may be more difficult. Many people would like to see
chestnut trees thriving once again in our forests.
But such replanting would be difficult and costly.
Therefore, replanting programs would be most
feasible on marginal quality sites such as strip mine
spoils or poorer sites which are unoccupied or where
only low-value species are now growing. Chestnut
would probably do as well or better than most
species which could be planted on such sites, since it
is known to grow well on poor sites. Small land-
owners who have an interest in chestnut may want
to replant their land with this species. Many such
landowners have expressed an interest in such a
program.

As was previously stated, some system of vege-
tatively propagating chestnut must be developed if
any of the research being done to develop disease
resistance is to have any value to the public. As in
any research of this type, there are problems which
need to be overcome. The situation with the propa-
gation of chestnuts is certainly not hopeless, and
may even border on the promising side. Therefore,
attempts to develop a propagation technique for
chestnut should be continued.
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