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INTRODUCTION

Grafting ornamental plants carries with it a mystique and perception as one of the more difficult
forms of plant propagation. While it can be difficult at times, successful grafting is usually
predicated on a solid understanding of the basics, coupled with considerable practice.

My goal here is to discuss the basic steps and concerns relating to grafting woody ornamental
plants. Grafting, much like other forms of plant propagation, begins with a simple recipe. The
recipe serves as a guideline; however, each grafter must adapt the recipe to serve his or her
specific needs and objectives. This recipe will, more often than not, blend aspects of both science
and art to achieve the desired result. Propagation includes the sciences of botany and plant
physiology, as well as artistic skills honed by practice and experience over time. A grafter must
follow the science of horticulture to provide the necessary elements and conditions for plants to
grow and thrive. For example, he or she must also be an artist in the sense that each different
plant requires fine tuning the recipe to adjust for different conditions and objectives.

The single objective in grafting is to combine a rootstock (root system) with a scion piece
(shoot system) from the desired ‘mother’ plant — and have the resulting plant grow as one. This
seemingly simply activity has several elements critical to success. The most important
ingredients of the grafter’s recipe are: 1) a vigorous and healthy rootstock, 2) a vigorous and

healthy stock plant, 3) sound grafting technique, and 4) proper aftercare of the completed graft. If



the grafter is diligent in combining these four basic ingredients, then grafts will be successful.
ROOTSTOCK

The first consideration of grafting woody ornamental plants is the rootstock, occasionally called
understock. The rootstock will become the root system and the foundation of the subsequently
grafted plant. The rootstock and the scion, which will become the top portion of the plant, must
be compatible. Compatibility in the strictest sense means that the scion and rootstock are related
closely enough that the graft union will callus, heal and continue to grow as one plant. If the
rootstock is not compatible with the scion, the graft union will fail to heal, and the plant will die.
It is also possible that the graft union may heal initially, but fail at some point in the future. This
failure can occur quickly, or in some cases, may take years.

Some ‘compatible’ rootstock and scion combinations are better than others. In general, the
scion and rootstock must be the same genus and species. As a plant propagator, one must be
aware of the benefits and limitations of a given combination. Some rootstocks may be
compatible, but are poor choices nonetheless. Suckering may be a problem with a rootstock, or
perhaps the scion will under or overgrow the understock, causing an unsightly graft union. For
example, Corylus avellana cultivars can be grafted reliably onto Corylus avellana seedlings. The
combination is compatible, but C. avellana rootstocks will sucker unmercifully, causing
incessant maintenance issues for the life of the plant. Corylus colurna seedlings also provide a
compatible rootstock for C. avellana
selections. However, this combination also has limitations. C. colurna seedling rootstock will
overgrow the scion, sometimes causing an unsightly graft union. Under or overgrowth of the
rootstock or scion may simply pose an aesthetic problem. It may also cause structural or

functional problems. Some rootstock choices may tend to reduce the vigor of the scion, which



may or may not be desirable. Other rootstock/scion combinations may heal and seemingly grow
properly, but the rootstock may anchor into the soil poorly. Other rootstock concerns may be
cold hardiness, heat tolerance, and drought or moisture tolerance. Availability and/or cost of a
particular rootstock can also a concern to the propagator. All of these issues should be considered
when choosing the best rootstock for grafting the desired plant.

There are some exceptions to the ‘same genus, same species’ rule for compatibility. For
example, Acer rubrum cultivars grafted onto Acer rubrum seedlings are incompatible over time.
The graft union will heal, but tends to fail within several years. There are also no cultivars of
Quercus rubra. Q. rubra scions grafted onto Q. rubra seedlings will not survive; and
propagation by rooting cuttings for these plants is extremely difficult. The converse is
represented as well. Within the same genus, there are combinations utilizing different species.
Acer griseum can be successfully grafted onto A. saccharum. Cornus florida and Cornus kousa
may be grafted onto each other. Coyruls avellana, as mentioned above, works with C. colurna,
and Hamamelis species are compatible with other Hamamelis species (although some choices are
better than others with regard to suckering).

It is also possible in some cases to cross over to a different genus within the same family. For
example, Hamamelis species and cultivars can be successfully grafted onto Parrotia persica, and
Fothergilla species and cultivars are also compatible with Parrotia persica. Chionanthus
virginicus is reportedly compatible with Fraxinus ornus and F. excelsior, although long term
compatibility is questioned (Dirr, 2009). Barnes (2008) recently reported that Pinus strobus
seedlings serve as a suitable understock for Cedrus atlantica cultivars. Grafters are well advised
to consult other grafters, seedling vendors, trade journals, and other references to determine the

best options when considering grafting compatibility. It is extremely important that grafters



recognize the benefits and limitations of grafted plants — keeping the ultimate consumer in mind.
Grafted plants that subsequently fail or produce suckers present an inferior product to the end
user.

In addition to being compatible with the scion, the rootstock must be healthy and vigorous.
This cannot be overstated. Any stress on the rootstock will adversely affect the subsequent graft.
I am amazed how poorly rootstocks are treated in some nurseries; and the grafters wonder why
grafting success is so elusive and/or inconsistent. These plants must benefit from proper growing
conditions, like any other crop in the nursery. They require a proper soil mix, adequate water and
nutrients, and to have any pests controlled as needed. This requires planning. The grafter must
know in advance which rootstocks will be needed at grafting time. Therefore he or she must
grow them a year or more in advance; or acquire them at sufficient size just prior to grafting.

I have found that for the best results, it is best to use established rootstock when grafting.
Rootstocks that have been bare-rooted just prior to grafting are under stress, and may yield
inferior results. I order seedlings from my vendors a year or more before I will need them. They
are typically received in February, potted into the appropriate size tree bands, grown that season
in the nursery, and then grafted that summer or more likely the following winter. The rootstock is
in my nursery for 10-12 months, allowing me to control the soil mix, pot size, water, nutrients,
pest control, shade and other aspects of production. Again, it is very important to tend the
rootstock throughout the growing season to ensure quality and vigor, while minimizing stress.

After several years’ experience, | have learned which size seedlings to order from my
seedling vendors to ensure that I will have the correct size rootstocks when I am ready to graft.
My goal is to have an established, well rooted rootstock comparable in size to the scion I will be

grafting.



STOCK (MOTHER) PLANTS FOR SCION PRODUCTION

The stock plant is an equally important ingredient of the grafter’s recipe. The scion piece taken
from the stock (mother) plant will become the top, above ground portion of the grafted plant. It is
important that the scion be healthy and vigorous. A healthy stock plant will usually provide
quality scions. Like rootstocks, stock plants should be grown and maintained in the nursery to
optimize vigor and health. This means superior growing conditions, adequate moisture and
fertility, and measures to control any pests and diseases present. The goal is to minimize plant
stress. Older or stressed stock plants will provide inferior scion material, and will adversely
affect the graft quality. Plants not maintained specifically for stock, often provide inferior scions.
The best way to ensure consistent, quality scion material is to maintain your own stock plants for
this purpose.

Another considerable advantage in maintaining one’s own stock plants is having access to
‘true to name’ scion material. Unknown and mislabeled plants are persistent in our industry. Too
often, plants of dubious or unknown origin are propagated, perpetuating the problem. If the name
of a plant can be verified, it can be advantageous to dedicate sufficient plants and space for use
as stock plants. I have found that plants in gardens (both public and private), arboreta, and in
nurseries are often mislabeled. If the correct name is even remotely in question, it should not be
propagated. Grafters must be extremely diligent in this realm. It is our responsibility as
propagators to keep cultivars clean and true to name. We do a disservice to the industry and the
end consumer if we are not extremely careful in this aspect of propagation.

At the time of grafting, the stock plant, and in turn the scions, should be dormant. This allows
the graft union to heal, or callous, before the scion breaks dormancy. If the scion becomes active

and tries to push new growth before the union has healed, it will fail because there is no path for



water and nutrients to pass from the rootstock to the scion. If the grafting is done during the
winter months, this presents no problems. Scions should be cut when temperatures are above
freezing. The sooner the scions are grafted, the less likely it is that they will be exposed to
problematic conditions, such as desiccation. If they are to be stored for any length of time;

scions should be labeled, refrigerated above freezing, and kept reasonably moist (but not wet).
The goal is to prevent desiccation, but avoid rotting. Mold is a concern, so use of fungicide is
advisable if storage for more than a week or two is anticipated. If you use a household
refrigerator, keep in mind that most newer units are ‘frost free’; and the air in them tends to be
very low in humidity. Scions will deteriorate rapidly if not checked frequently, and high moisture
levels maintained. Under ideal conditions, scions may be stored up to 4-5 weeks. The quality will
decline rapidly beyond this time frame or under less than ideal conditions.

If the grafting is done during the summer months, the scions should be collected after the
most recent flush of growth has hardened off and the terminal buds have been formed. I collect
them in the morning, and graft before the heat of the day. My experience with summer grafting is
limited, but [ would venture that short term storage of scions is possible in a cool, damp
environment. However, I think long term storage would be risky at best.

Scions should be collected from the most recent season’s growth. I cut all of a new
shoot from the stock plant, leaving only a pair of buds in the case of opposite buds, and
one or two buds if the buds are alternate. This hard pruning will provide the largest, most
vigorous scions for grafting, and also ensure heavy new growth for the following year’s
grafting. If scion material is smaller than desired or otherwise inferior, do not hesitate to go into
second-year wood. The larger size of the second-year wood scions often trumps smaller, first-

year cuttings that may prove inferior. When collecting scions, it is sometimes difficult to



ascertain if the wood has hardened off completely. This is especially true of smaller scion
material on older plants. Second-year scions can mitigate this problem.

GRAFTING TECHNIQUE

The primary concern when grafting is to optimize the cambium to cambium contact

between the scion and the rootstock. The exposed cambium layer on the scion and rootstock is
thin (only a few cells thick), so it is important to align the scion properly with the rootstock, and
to ensure maximum surface to surface contact at the microscopic level. The first aspect is
achieved with repetitive practice cutting scions and rootstocks, and the second goal is met by
using a sharp knife.

It is difficult to teach the actual grafting technique with written or even visual instructions.
The goal is to make a clean, uninterrupted cut. Ideally, the grafter will learn this from another
grafter, with sufficient time and practice available to master the process. When teaching others to
graft, [ have found that I can show the student the cutting motions and the desired result, but they
must ultimately learn how to handle the knife and achieve the desired result with their own
unique motion and technique. Each grafter I have observed seems to have a slightly different
technique of cutting the scion and rootstock, while achieving comparable end results. I strongly
recommend that the prospective grafter find a mentor to work with, as grafting takes much
practice, and the many aspects of grafting, with regard to before and aftercare, can be best
discussed and understood while working side by side.

In addition to the mechanics of grafting, the grafter must learn to properly sharpen their
knife. This is indeed an art. It takes time and practice to learn to do it properly so the edge
remains sharp and the angle consistent. I discourage the use of one knife by more than one

person, as each may sharpen the knife at a slightly different angle, and the ‘feel’ of the knife may



change. Grafting knives are beveled on one edge, unlike most pocket knives which are beveled
on both edges. For this reason, left and right handed knives are available. Carbon steel knives are
somewhat easier and quicker to sharpen, but tend to dull more readily. Stainless steel knives
maintain the edge longer, but may be more difficult to sharpen initially. I have found Tina brand
knives to be superior to others, and they offer much more comfortable wooden handles as an
added benefit. Victorinox offers excellent stainless steel knives; however, the plastic handles
tend to be less comfortable. I use a Tina 605 and Tina 606 for bench grafting, and a Victorinox
for t-budding and chip budding in the field. I have also known of grafters using single-edge razor
blades and hobby knives which are disposable or have disposable blades respectively.
Ultimately, the individual must decide which is best for the given application.

The type of graft used will depend on the plant and the grafter’s preference. The modified
side veneer graft has become more popular in the last decade or so, and for most
deciduous woody plants, it is now the graft of choice. The traditional veneer graft is usually the
first choice for conifers. Again, the prospective grafter will benefit from learning the specifics
from an experienced grafter rather than text with or without photos.

Longer stem cuttings produce multiple scions. The stems are usually cut into individual scions
each with two sets of buds if opposite and two to three buds if the bud arrangement is alternate.
Dwarf or more compact plants with close internodes may have multiple buds on each scion.
Larger scions will produce more vigorous grafts. This is due primarily to the ability to use larger
rootstocks. The larger scions will come from the base section of the stem cutting obtained from
the stock plant. Although the graft may be more vigorous, the plant may require pruning and/or
staking in the first year to maintain a single stem. This is because the large, basal scion has been

cut, essentially removing the leader and forcing lateral branches to form. Terminal sections of the



stem cutting will provide a scion with terminal buds which can be advantageous with some
plants. However, a scion from the terminal section of a stem cutting is smaller, and may require
smaller rootstocks or lack the heavy push of new growth the larger scion provides. The smaller
rootstock and reduced flush may result in less vigor in the subsequent graft. Choosing the best
scion for the graft requires experience and an understanding of how the new plant will continue
to grow in the nursery in the season(s) to follow.

Once the graft is completed and secured with a budding rubber or similar tying material, it is
important to prevent the scion from drying out as the graft union heals. In dormant, winter grafts,
the union is typically coated with a sealant. Doc Farwell’s and Clark’s Tree Kote are often used.
Summer grafts are placed under mist systems or tented in a high humidity environment. Winter
grafts will heal in three to four weeks, give or take, and summer grafts more quickly — one to two
weeks.

GRAFT AFTERCARE

Initially, the objectives in graft aftercare are to reduce stress and provide the best environment
possible. This means controlling heat, humidity, and any pests that may appear. Cooler
environments will slow the graft healing process, while grafts will callous more quickly in
warmer environments. Summer grafts will heal quickly, but care must be taken not to keep them
too moist once the graft has healed. Excessive moisture is detrimental to grafts just as it can be to
other crops is production. They should be weaned from the mist and acclimated back into the
nursery environment as soon as the graft union has healed. Winter grafts don’t necessarily
benefit from additional heat to expedite healing, but it is usually advantageous to keep the graft
above freezing at night. Daytime temperatures should not exceed 24 °C (75 °F). Too much heat

can force the scion to break dormancy before the union has healed properly. In my nursery
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during the winter grafting season, I allow nighttime temperatures to drop to 3 °C (38 °F) in the
propagation house, and the exhaust fans are set to vent the houses at 8 °C (65 °F).

Transition into nursery production is the secondary goal. The timing of this procedure
depends on the weather, but generally the winter grafts remain in the propagation house
until the threat of frost has passed. Since the grafts have been in a propagation house, they will
have broken dormancy earlier than plants in cold frames; therefore late frosts can be a concern
for many species. Once the threat of frost has passed and the first flush has hardened off a bit,
grafts are shipped to my customers or potted into larger containers. They are moved outside into
uncovered or shaded cold frames. Summer grafts are weaned from the mist, and then are placed
outside in cold frames. They will then remain there until the following spring when they are
either shipped to customers or potted up.
SUMMARY
Grafting is but one tool in the plant propagators toolbox. However, it can be an extremely useful
one in certain situations. Some plants simply do not root in economical percentages, or have
enough commercial value to justify tissue culture. Grafting may also serve a purpose when
cutting material is available to the propagator out of season for rooting cuttings. For these
reasons, grafting will remain a valuable option for plant propagation.

For the grafter to be successful, he or she must have a solid, proven recipe. This includes: 1)
strong, vigorous rootstocks, 2) healthy scion material from healthy stock plants, 3) a sound
grafting technique, and 4) diligent aftercare of the completed graft. With a complete
understanding of these basics and plenty of practice, the grafter can enjoy the science and art of

grafting.
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