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Whip and Tongue Grafting
Tim Hartmann*

Grafting Background
Grafting is the process of joining two pieces of
material from two different plants together so that
they grow to form a single composite plant. The
bottom portion, or root system, is referred to as the
“rootstock,” or simply “stock.” The top portion, or
shoot system, is referred to as the “scion.” This form
of plant propagation combines the desirable fruiting
or ornamental characteristics of the scion and the
rootstock, which may offer unique advantages such
as pest and disease resistance, dwarfing ability, or
tolerance to challenging soil conditions. Rootstock
material can be propagated by sexual means (seed)
or asexual (cuttings or layers). However, the actual
process of grafting or budding is a form of asexual or
clonal propagation. As a result, new plants produced
by grafting will produce a scion that is a genetic copy
of the parent plant. Despite its unusual nature, grafting has been practiced for over 3,000 years, evidenced
by reference in the Bible as well as ancient Chinese,
Roman, and Greek texts. Often referred to as both
a science and an art, grafting requires a basic understanding of plant anatomy as well as good eye-hand
coordination and finesse.

The Anatomy of Grafting
Callus tissue is a white- or tan-colored mass of
undifferentiated parenchyma cells. These unique cells
are produced by regions where rapid cell division
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takes place, such as the vascular cambium. The vascular cambium is a thin layer of undifferentiated cells,
similar in function to stem cells in animals, that lies
between the xylem (wood) and phloem (bark). These
cells form in response to wounding and grow most
rapidly at mild temperatures and under high humidity. When callus cells grow together and unite, they
form a callus bridge. The callus bridge later differentiates into xylem and phloem that are necessary for
forming the vascular connections between stock and
scion. In order for a graft to be successful, the stock
and scion must be genetically and physiologically
compatible. Other key factors include properly executed cuts, alignment of the cambial layers, protection of the scion portion from desiccation, and callus
production by both the stock and scion.

Whip and Tongue Introduction
The whip and tongue
graft is a type of apical graft
that consists of making
long, slanted cuts with
shorter cuts on both the
scion and stock to form
“tongues.” Compared to
the traditional splice graft
or whip graft, these tongues
interlock and result in a
more secure fit of the graft
(Fig. 1). This improved
strength comes from the
compression resulting from

Figure 1. Successful 1-yearold whip and tongue graft
on pear (Pyrus spp.) with
original “zig-zag” cuts and
callus growth still visible.

rootstock that is to be used should either be dormant
or just resuming growth. Scion material should be the
same diameter as the rootstock (Figs. 3 and 4). Scion
material should be collected from healthy, 1-year-old
wood of known variety during the dormant season.
Collection of graft wood varies by species but is
generally done between January and late February
for temperate fruit in Texas. Wood can be stored in
a plastic bag with a source of moisture—such as a
moist paper towel—and refrigerated until it is used.

the natural elasticity of the wood. The additional cuts
used to create the tongues also expose more surface
area. This results in greater contact between the vascular cambium layers and improves the potential for
success. One disadvantage of this method is that it is
most appropriate when the rootstock and scion have
the same diameter. While it forms a very strong graft,
the whip and tongue graft can be somewhat difficult
for inexperienced grafters and is more likely to result
in injury.
The whip and tongue graft is commonly used
for fruit species such as apples, pears, kiwifruit, and
many other fruit and ornamental crops. This graft
can be performed on seedlings that are grown out in
field nurseries or home orchards as well as container-grown stock. This method may also be used for
bench grafting, in which a dormant scion is grafted
onto a dormant, usually bare-root, rootstock. Bench
grafting is used in the commercial nursery production of grapes, pears, and other fruit crops because of
its high efficiency.

Tools, Material, and Timing

Figure 2. Examples of common tools (hand pruners and grafting
knife) and materials (poly grafting tape, Buddy Tape, and rubber
band strips) used for performing a whip and tongue graft, along
with dormant scion material and bare-root stock.

The most important tool for executing any graft
is a sharp knife. Grafting knives are sharpened or
beveled on one side. This enables them to make flatter
cuts, which results in greater surface area contact
between cut surfaces. While a variety of knives may
be used, the knife should be razor sharp. This results
in smoother cuts with minimal disruption to adjacent tissue. Sharp knives require less force for cutting
and carry less risk of accidental injury. A wide array
of materials can be used for sealing or wrapping the
graft. Common supplies include polyethylene budding or grafting tape, rubber band strips, Buddy Tape,
grafting wax, or tar (Fig. 2).
The whip and tongue graft works best for plant
material that is between ¼ and ½ inch in diameter,
although material as large as 5/8 inch may be used.
Rootstocks should be healthy and free of disease or
defects, such as cankers or wounds. Generally, the

Figure 3. Stock and scion
material with the same
diameter should be selected
before grafting begins.
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Figure 4. Joining stock and scion
material in the same manner in
which they are to be grafted is an
easy method to match stock and
scion diameter.

Optimum callus formation occurs under mild
temperatures. For this reason, whip and tongue grafting is typically done toward the end of the dormant
season in late winter or as rootstock growth resumes
in early spring. Grafting done in late spring or summer is often less successful due to high temperatures.
Grafting of dormant material using the bench graft
approach is typically done when dormant material
becomes available through early spring.

healthy buds. Cutting of the scion piece is made using
identical and complementary cuts. Note that when
cutting the scion piece, the second cut is made from
the pointed end at the bottom where the first cut is
formed. When possible, cuts should be made in an
internode region—the area between buds—of the
wood on both pieces (Figs. 9-12).

Making the Cuts
The first cut is
a long, gradual cut
angled at about 15- to
30-degrees, made
on the rootstock
Figure 5. First (long) cut being
(Figs. 5 and 6). The
made on rootstock.
length of this cut is
approximately 4 to 5 times
that of the diameter of the
wood. Depending on the
species and size of the material, this will typically be 1
to 2½ inches long. This cut
should be made with a single,
smooth draw of the knife.
The second cut is made about
one-third of the way down
Figure 6. First (long) cut
the top of the first cut toward
on rootstock completed.
the pointed end (Figs. 7 and
8). The cut should be made at an angle so that it is
between parallel to the original cut and vertical to
near the bottom of the first cut, with the grain of the
wood. This cut should be approximately half as long
as the first cut and forms the “tongue” on each piece.
Care should be taken to avoid splitting the wood at
this step.
As mentioned earlier, the scion material should be
identical or very close to the diameter of the stock.
The scion can be trimmed to size before the final cuts
are made. It should generally contain at least two
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Figure 7. Second (short) cut
being made on rootstock, while
taking care to brace one thumb
against the other.

Figure 8. Rootstock after
first and second cuts are
made.

Figure 9. First (long) cut being
made on scion, with the same
polarity maintained (buds
pointing away from cut).

Figure 10. First (long) cut
on scion completed.

Figure 11. Second (short) cut
being made on rootstock, while
taking care to brace one thumb
against the other.

Figure 12. Scion after first
and second cuts made with
the tongue readily visible.

While making these cuts, cutting away from
oneself is generally considered safer. However, many
grafters prefer to cut toward themselves. In the latter
case, care should be taken to brace one thumb against
the other to prevent accidental injury if one cuts
toward his or herself. It is also important to pay attention to the polarity of the scion wood, as grafts that
are done upside down will ultimately fail.
It should also be noted that the exposed vascular
cambial tissue can quickly die when exposed to dry
air for an extended period. Exposed tissue can be
lightly moistened with distilled water using a spray
bottle.

Figure 13. Joining scion and stock by forcing tongues together
while keeping edges of wood aligned.

Fitting and Sealing the Graft

Figure 14. Joining scion and stock by forcing the tongues
together while keeping outside edges of the wood aligned
(continued).

The pieces are pushed together so that the two
“tongues” interlock. Care should be taken to avoid
applying too much force when pushing the pieces
together, which can result in the splitting of the wood
(Figs. 13 and 14). As mentioned earlier, the vascular cambium layers of the stock and scion must be
aligned. For the whip and tongue technique, this is
usually accomplished by taking care to line up the
outer edges of the bark of each piece (Fig. 15). If the
scion is smaller, line up the edges on one side so that
the cambial layers are aligned—two pieces typically
fit together better on one or the other side (Fig. 16).
While a perfectly executed whip and tongue graft
will fit together in a nearly perfect fashion (Fig. 17),
less-than-perfect grafts may also be successful, even
if they result in overlap (Fig. 18). That being said, the
more cambial contact, the better the chances are that
the graft will be successful.
The graft union area should be sealed to prevent
desiccation. This can be done by pouring grafting wax
or tar over all areas that contain cuts. Alternatively,
the graft union can be wrapped with polyethylene
budding or grafting tape, parafilm, or Buddy Tape
(Fig. 19). Additionally, rubber bands may be used to
apply added pressure to further secure the graft. The
bark of the scion serves as a natural barrier to prevent

Figure 15. Properly adjoined stock and scion with outside edges
of wood aligned.

Figure 16. Example of imperfect fit, with the stock diameter larger
than that of the scion. Outside edges are aligned on one side.

Figure 17. Well-executed graft
with outside edges aligned
and minimal overlap of
outside tongues.
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Figure 18. Example of imperfect
graft fit resulting in extensive
overlap of outside tongues.

Figure 19. All exposed cuts (on stock and scion) should be
completely wrapped.

Figure 20. Scion pieces with an exposed cut on top should be
sealed to prevent desiccation.

Figure 22. A successful
graft on kiwifruit
(Acintidia chinensis), as
indicated by the presence
of extensive callus bridge
formation between the
stock and scion.

moisture loss, and therefore the entire scion is typically not wrapped. However, the fresh cut on the top
of the scion is usually sealed for most species in order
to prevent drying out (Fig. 20). Note that this does
not need to be done if the scion piece naturally ends
in a terminal bud.

even in the absence of a graft union. Such shoots rapidly wilt and die because they lack the necessary vascular connection to provide water to the scion. The
presence of copious amounts of callus tissue formed
between the scion and stock is the most reliable sign
that the graft was successful (Figs. 22 and 23).

Checking Grafts
A successful whip
and tongue graft union
will typically form
within 2 to 4 weeks,
depending on the species, rootstock growth
rate, and temperature.
New shoots growing
from the scion portion
may indicate that the
graft was successful
(Fig. 21). However,
scions may sometimes
produce shoot growth

Figure 23. An unsuccessful graft on
kiwifruit, as evident by the absence
of callus formation between the
stock and scion, lack of scion
shoot growth, and apparent dead
condition of the scion.

Aftercare of Grafted Plants
Ideal temperatures for graft union formation is
between 78°F to 80°F with high relative humidity.
This is accomplished by grafting during the relatively
mild temperatures of spring and wrapping or sealing
the grafts to retain moisture. In the case of bench
grafting, many commercial propagators will hold
grafted plants in callus chambers to provide these
conditions. This is often accomplished by using large
open rooms with high-pressure fog to provide near

Figure 21. Vigorous shoots
produced from pear grafts that
were performed approximately
4 weeks earlier.
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100 percent relative humidity. Alternatively, benchgrafted plants may be placed in large boxes filled with
moistened, but not saturated, wood shavings that
cover the entire plant. Thermostat-controlled heat
mats placed under the box can be used to maintain
proper temperature, along with a thermometer for
monitoring. Grafts may also be placed in polyethylene bags with slightly moistened peat moss. For
both of these setups, sealing the graft is not necessary
because of the highly humid environment that is
created.
Plants that were bench-grafted are held in callusing chambers until graft formation is evident. Subsequently, they can be planted in the field, but are more
commonly transplanted into nursery pots where they
are allowed to grow for an additional season. Such

plants may require the provision of partial shading or
intermittent overhead misting until the new shoots
arising from the scion can harden off.
Plants that were grafted in the field usually require
no special aftercare other than providing adequate
irrigation and fertilizing as growth resumes. With
any grafting system, sucker shoots that arise from the
rootstock portion of the plant must be removed. Failure to remove sucker shoots will result in decreased
scion growth or, ultimately, death of the scion and
reverting back to the rootstock. While this specific
technique tends to produce some of the strongest
graft unions, plants grafted in the field may benefit
from staking during the first season so that the new
graft is supported.
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