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GRAFTING AND BUDDING FRUIT AND NUT TREES
BY HARVEY F. TATE

INTRODUCTION
Grafting, which includes budding, is the artificial process of

placing a part of one plant upon the roots of another with the in-
tention that they unite and grow. The art of grafting has been
practiced for centuries, and there have been many variations in
the methods employed. However, the use of certain methods
which are widely understood have proved most successful under
ordinary conditions, and now they are used almost entirely in
grafting fruit and nut trees. Each kind of plant should be propa-
gated by the method best suited to the characteristics of the plant
and which gives best results economically.

There are two general uses of grafting:
1. Top-working or changing the variety of an established tree.

Fruit growers often find it necessary to use some form of grafting
to change undesirable varieties to more desirable kinds. It may be
that a number of trees in the orchard have proved to be untrue to
name, or the grower may have set out trees that are later found
to be undesirable. Also, changes in market demand may bring
about needs for top-working—for example, a red apple on a
poorly colored one. The red sports such as Starking, Red Rome,
Red Staymen, Red Jonathan, and others can be top-worked on
bearing trees which are not profitable. Often a grower finds it
necessary to top-work a few trees in blocks of a single variety to
act as pollenizers fpr his orchard to give a better set of fruit. Also,
bridge grafting or inarching may be used to save trees which have
been injured by accident, rodents, or insect pests. In Arizona
there are many seedling pecans and black walnuts which can be
top-worked to the improved varieties.

2. Nursery propagation of fruit and nut trees. As fruit and nut
varieties rarely come true from seed, it is necessary that they be
propagated by either grafting or budding—that is, transferring
vegetative parts of a known variety to the growing limb or root
of the stock produced from seed and uniting these in such a
manner that a perfect union is secured. The method and vari-
ations in grafting are many, but generally they are divided into
two divisions—scion grafting and bud grafting or budding. The
name given to the process depends upon the particular method
employed and the vegetative parts used. The grafts and buds are
more successful when made between varieties of the same species.
It is important to remember that the cambiums of both the stock
and scion must be brought together in such a way that they are in
close contact and the growth which takes place will unite the two
parts as one.
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It is the purpose of this circular to discuss a few of the methods
of grafting and budding established by experience as those most
likely to be successful under average conditions.

TIME OF GRAFTING
The two main factors that determine the season of grafting are:

(1) buds must be mature, and (2) the bark must slip if the
method employed involves slipping of the bark. Cleft and whip
grafting is best done in early spring just when the buds begin to
swell. In other words, it should be done immediately before or
just as growth is starting in the spring. At this time the growth
processes are becoming more active and the bark is still tight,
which is a particular advantage in cleft grafting. If the scions
are inserted too early there is danger of their drying out before
the union is complete. Bark grafting and bridge grafting may be
done any time in the spring after the bark slips easily and may
be continued as long as dormant scions can be obtained. As a
general rule, for pecans and walnuts the best season for grafting
is within 2 to 3 weeks after the appearance of the first leaves of
the tree.

If the scions are cut in late spring and immediately grafted on
the tree, there is only a short time when all conditions are just
right. If they are cut early and properly stored, as described
below, the work can be carried on over a longer period of time.
Therefore, if very much grafting is to be done, it will be necessary
to collect and store the scion wood in the winter. On the other
hand, if only a few trees are to be worked, the scions can be cut
and inserted immediately.

SELECTION AND STORAGE OF SCION WOOD
It is very important that scion wood be properly selected and

cared for until needed. Scion wood should always be cut when it
is absolutely dormant. The scions should be made in bundles of
even length and carefully wrapped in heavy paper or cloth (they
should not be cut too long for convenience in handling), after
which they may be placed in cold storage (approximately 40
degrees F.) or buried in a horizontal position on the north side
of a building about 12 inches deep in a well-drained spot. It is
good practice to dip the cut ends of the scions in hot wax to seal
them before storing, although this is not necessary. If the wood
is to be kept in cold storage, it should be packed in moist peat or
sphagnum moss and wrapped in several thicknesses of paper.
Such packages of scion wood should be inspected at intervals of
3 to 4 weeks and the moss dampened if it has begun to dry out.
It is essential that the scions be kept cool and moist until time for
using. Plenty of scion wood should be collected at one time to
insure a plentiful supply of good scions at the time of grafting.

The scions are cut from last season's wood which has made a
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growth of 1 to 2 feet in case of apples and from 1 to 4 or 5 feet in
case of pecans or walnuts. The buds should be plump and mature,
as these are more vigorous and develop into strong growth. The
middle two thirds of the last season's twigs make the best scions.
Older wood may be used, but as a rule it is not satisfactory as the
buds are weak and make poor growth. Satisfactory results can
be secured if the scions are cut in late winter or early spring, but
it is important that they be absolutely dormant. Sometimes in
the late spring the scions can be cut and grafted immediately,
but the period is short in which the work can be done. Water
sprouts may be used for scions if they are well matured and
originated on the tree trunk above the graft.

TOP-WORKING
The process of changing the entire top of a tree from one

variety of fruit or nuts to another is called top-working. Trees
of any age may be top-worked, but the task is easier if the grafting
is done as soon as it is determined that a tree is unsatisfactory.
In large trees the cuts and resulting wounds are large which
require years for healing. The limbs selected for top-working are
studied with reference to the future framework and form of the
tree. Strong limbs well distributed around the tree and well
spaced so that no bad or weak crotches are formed should be
selected. It is well to select an upright branch in the center of
the tree for grafting as a future central leader. Limbs from 1 to
3 inches in diameter are best for grafting. Smaller limbs will
require special attention after grafting and larger ones require
more time to heal over. The younger the tree, the fewer limbs
have to be grafted, and, as a rule, they are of a more desirable
size. The limbs on which the grafts are to be set should be cut
fairly close to the trunk and at a place where the bark is straight
and smooth. In older trees where the main limbs are too large
for grafting, the scions should be set on well-spaced, vigorous
laterals. No attempt should be made to top-work all of a large
tree at one time, as sunscald may do considerable damage, espe-
cially in apples. Only a part of the permanent scaffold limbs
should be grafted in one season, leaving enough branches to
partially shade the limbs upon which the scions have been set.

However, excessive shading of the grafts results in weak
growth of the scions. The grafts should be made only in places
where they can make good growth. With mature trees it is
necessary that the top-working operations be extended over two
or three seasons. The branches which are left but which are to
be grafted or removed at another season are known as nurse
branches.

Due to cutting back the trunk and limbs any number of water
sprouts may spring up around the grafts. Many of these should
be removed by thinning. However, enough of them should be
retained to furnish shade for the grafted stubs for the first
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season. When the grafts have made sufficient growth to shade
themselves and the main scaffold limbs and trunk of the tree,
all old wood and water sprouts can be removed. At this time
the grafts can be headed back if necessary and double grafts
thinned out to the number desired for the formation of the per-
manent top.

BIEDERMAN BARK GRAFT

An improved method of bark grafting was developed by the
late C. R. Biederman, Hereford, Arizona, while experimenting
with the top-working of the native black walnut to varieties of the
English walnut. Formerly he lived in Oregon and planted one
of the first commercial orchards of walnuts on the Rogue River,
Soon after his arrival in Arizona Mr. Biederman began top-
working native black walnut trees to English walnuts by the
methods he formerly used but had no success. By carefully
studying the failure of the grafts to grow and experimenting with
different methods, he finally developed an improved type of bark
graft which is now known as the Biederman bark graft. He used
this method for years and top-worked nearly a thousand native
black walnut trees to improved varieties of Persian walnuts at his
home in Carr Canyon in the Huachuca Mountains.

This method has been used successfully by horticulturists and
orchardists for many years in top-working walnut and pecan
trees (see front cover). It is possible to use this type of grafting
on citrus fruits, apples (PL I), figs, olives, and stone fruits, but
there are other methods of grafting which are more commonly
used in propagating these fruits.

The best season for bark grafting is in the early spring within
2 or 3 weeks after the appearance of the first leaves on the tree.
At this time the sap movement is not so strong as to induce bleed-
ing but is sufficient to insure the bark's slipping easily when the
scions are inserted between the bark and the wood of the stock.
The grafting operations may be continued as late into the season
as dormant scion wood is available. The grafting operations may
be started as early as the latter part of March in the lower valleys
of Arizona and continued until the first part of June in the higher,
colder areas.

The scion wood should be cut while dormant from wood of the
past season's growth. It is necessary that the wood be dormant,
mature, and carry plump, well-developed buds. The scion wood
should be selected from trees which bear good crops of high
quality nuts or fruit and from trees that are free from infectious
plant diseases. The wood may be kept in good condition by pack-
ing in moist peat or sphagnum moss and stored as described under
top-working. Where only a few trees are to be grafted, it is not
necessary to cut and store the scion wood, as it may be cut directly
jfrom the desired trees in early spring and used immediately.
Especially is this true in top-working native walnuts with im-
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To insert the scion, a vertical
cut 1 to 1V2 inches long should
be made through the bark at
the top of the stock. The bark
on each side of the cut should
be loosened slightly at the top

Plate II.-Biederman knife. witii the point of the knife.
Holding the bark open with
the point of the knife, the tip

of the scion can then be slipped between the bark and wood
and pushed into place. The final step is to tack the bark of
the stock snugly to each side of the scion at the top of the cut,
allowing the nails to pass through the edges of the scion, thus
closing the small openings made by inserting the scion and to
assist in holding it in place. Each scion should be inserted as soon
as it is prepared to prevent drying of the cambium cells. The
number of scions used varies from one to four or five depending
on the size of the stub. On large cuts seVeral scions are used to
assist in healing over the wound, and these are removed later to
prevent crowding.

As soon as all the scions are placed they should be firmly tied in
place by wrapping six or eight strands of cotton twine over the
full length of the scarf and tying in a hard knot (Fig. 1,E). All
cut surfaces should be thoroughly covered with wax. The scion,
including the buds, should be completely covered with a brush
wax (p. 19), especially the upper end, to prevent evaporation
and drying of the scion before the union is complete. The top of
the stub should be covered with a thick coat of brush wax, and
it should extend down the sides for 3 or 4 inches. During waxing
operations the wax must be kept in a liquid state but not hot
enough to burn when brushed on the back of the hand.

After the tying of the scions in place and the waxing are com-
pleted, a strip of wood should be nailed to the side of the stock
and allowed to extend 5 or 6 inches above the scions to support
a paper bag which should be inverted and tied over the completed
graft for shade and protection. Four to six small holes should be
torn in the corners and sides of the paper bag for ventilation.

If several different varieties of scion wood are being used in
top-working it is well to label each tree stating the variety used
and the date of grafting.

After shoot growth has started from the scion, the paper bag
should be removed and the strings cut to prevent strangulation.
No attempt should be made to remove the strings, as this would
probably open cut surfaces on the graft. Rewaxing may be nec-
essary at this time to fill cracks which have developed. The paper
bags should be replaced and left there until the new shoots re-
quire more space for growing. When the new shoots have grown
about 12 inches, they should be given some support to prevent
their being blown out by heavy winds. Strips of wood may be



10 EXTENSION CIRCULAR NO. 106

tied or nailed to the stub and allowed to extend from 2 to 4 feet
above the shoots, to which the new shoots may be tied. Soft
twine is best for tying, and the tie should be loose to allow for
the growth of the shoot

CLEFT GRAFT

The cleft graft is the method of grafting most commonly used
in top-working bearing fruit trees. Mature trees may be top-
worked, but the difficulty increases with the age of the tree and
the size of the branches. Trees from 2 to 4 years old may be
entirely top-worked at one time, but with older trees only about
one third or one half of the branches should be grafted in one
season and the remainder worked over in the following year
or two. In selecting the branches to be grafted, those which may
be grafted near the ground should be chosen; otherwise the head
of the new tree will be too high. It is advisable not to graft limbs
larger than 4 inches in diameter. On very large limbs the grafts
should be placed on secondary branches. It is not necessary to
graft every branch but several wellrspaced limbs should be
worked over to form the new top. For small trees three or four
grafted branches will be sufficient, but for older trees six to eight
branches should be worked over.

The limb or trunk to be grafted should be cut off squarely with
a fine-toothed saw. The cut should be made at a point where the
wood is smooth, free from knots, and straight-grained for at
least 4 inches below where the limb is cut off. The cleft is made
with the blade of a special cleft grafting tool just deep enough
to accommodate the scions. The cleft should be started carefully,
making a clean cut at the edges before the wood splits, thus
giving a clean cut surface in which the scions may be set. In
grafting into limbs the chisel should be put in such a position that
the scions when inserted will be in a horizontal rather than a
vertical plane. If the cleft is vertical the lower scion will grow
into the one above. This does not apply to grafting in the main
trunk. The tool is then removed and the point of the tool forced
into the center of the cleft to act as a wedge in holding the cleft
open while the scions are inserted.

The scions are usually cut from three to four buds long for
top-working. The top of the scion should be cut off about % inch
above the top bud. The lower part of the scion should be made
wedge shaped, the cut starting just below and to one side of the
bud. The wedge should be from 1% to 2 inches in length, and the
side under the bud should be a little thicker than the opposite
edge and should be blunt on the lower and front end, rather than
drawn to a long, fine point (Fig. 2,A,B). It is essential that the
cut surface be smooth and even.

The wedge-shaped scions are then ready to be inserted into each
side of the cleft in the stock with the wide edge of the scion out-
ward. An effort should be made to insert the scions so that the
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cambium layer of the scion and
stock are practically continuous
(Fig. 2,C2). Very often the bark
of the stock is thicker than that
of the scion, in which case the
scion should not be set flush with
the outer edge of the stock but
set in slightly so that the cambi-
um layers will be in contact. The
scion should be tilted at a slight
angle to insure cambial contact
in at least one place.

The scion should not be set
any deeper in the cleft than the
top of the bevel cut. If the stock
does not hold the scions firmly,
the sides of the cleft should be
drawn together with a strong
cord, but this cord should be cut
as soon as growth begins in or-
der to prevent girdling.

After the scions are in place,
the wedge of the grafting tool
should be carefully removed so
that the cleft will clamp the
scions in place.

If the stump is large and there
is danger of the pressure crush-
ing the scions after the cleft-

grafting tool is removed, a small wedge-shaped twig may be
driven into the center of the cleft to lessen the pressure on the
scions. The top of the wedge is cut off level with the trunk.

The final operation is to thoroughly cover all cut surfaces of
both stock and scion with a good brush wax (p. 19) to prevent
the parts from drying out before the union is made. Care should
be exercised in waxing so that no air holes remain in the wax
at the angle where the scions meet the stock. The cleft between
the scions and top of the stock should be thoroughly sealed,
and wax should be painted down both sides of the stub to seal
the cleft at least an inch below the split surface. The tip or
upper end of the scions should be covered with wax. On small
branches it is good practice to cover the cleft with waxed cloth,
then wax over this. The wax should not be too hot when applied
to open cuts (p. 20).

It is a good practice to cover the graft and waxed surfaces with
a paper bag to lessen evaporation of moisture from the scions
and stock. In a week or 10 days after growth starts the bag
should be removed.

Figure 2.—Cleft graft: A and B,
scions trimmed for cleft grafting.
They are cut wedge shaped at the
lower end, with the outer edge
slightly thicker than the inner; C,
cross section of cleft graft: (1)
scion set incorrectly, no cambium
contact, (2) scion set correctly to
secure cambium contact; D, scions
in place and ready for waxing.
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Figure 4.—Root graft: A, stock
and scion properly prepared; B,
stock and scion fitted together; C,
wrapped with waxed string.

carried into a shed or barn, and
the work is done at a table or
bench. The whip or tongue
graft as previously described is
commonly used. A type of man-
ufactured adhesive tape can be
used on piece-root grafts of
apples. If the edges of the tape
are overlapped so that the graft
union is completely covered,
waxing is not necessary. The
root grafts may be stored m cool,
moist sand or planted in the
field. They should be planted
deep enough so that only one bud
is above ground.

BRIDGE GRAFT
Bridge grafting is used to re-

pair damage done to trees by
rabbits, rodents, or mechanical
injury where the bark is partly

or completely girdled (PL III). Very often the tree can be
saved if the injured area is bridged over. It is a form of bark
grafting in which both ends of the scions are grafted into the
tree. This work can be done any time during the growing season
when the bark of the injured tree will slip. Water sprouts or long
1-year terminal growths make good scions, and these should be
gathered while still dormant and stored in moist sphagnum or
peat moss in a cool place to keep the scions dormant until needed.
Scions should be set at 2- to 3-inch intervals over the injured area.

The injured area on the tree is prepared by cutting away all
torn and dead bark to live, healthy tissue. If there is danger of
any disease being present the wound should be disinfected with
corrosive sublimate, potassium permanganate, or Bordeaux paste.

The scions selected should be long enough to reach over the
injured area to healthy bark on either side, and extra length
should be allowed so that the scions will be slightly arched at
the middle when they are in place. Water sprouts growing from
below the injured area may be grafted in above the wound (see
Inarching, p 14). Both the upper and lower ends of the scion
should be cut wedge shaped, but the cut on one side should be
about twice as long as on the opposite side. A T cut should be
made in the bark above and below the injured area, and then the
wedge-shaped ends should be slipped under the bark with the
longest cut surface next to the wood of the tree. If the bark is
thick, it may be necesary to make two slits in the bark the width
of the scion apart. Then this strip of bark can be slightly raised,
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the same species. Budding is used mainly in propagating young
trees, and grafting is used principally in top-working old trees.
Stone fruits and nut trees, such as peaches, plums, cherries, and
pecans, can be propagated more successfully by budding than
by grafting. On the apple and pear both methods can be used
with good results. Also budding may be used in top-working
old trees; by budding on water sprouts vigorous new growths
are sometimes placed in old wood. Oftentimes spring grafts fail
to grow and a number of new shoots grow out around the stub;
two or three of the more vigorous sprouts may be selected and
budded in early fall.

Late summer or fall is considered the best time to do budding,
when the buds of the current season's growth have fully matured
but before wood growth has stopped. The stock should be in
growing condition so that the buds can easily be slipped into place.
The buds selected should be mature, well formed from the current
season's growth, and of the variety of fruit desired. Mature buds
taken from the central two thirds of the growth of vigorous shoots
are better than buds from the base or tip growth. The bud sticks
are cut from the shoots and the leaves trimmed off, leaving a
very short stub of the petiole for convenience in handling the
bud during the budding operation. The bud sticks are then
wrapped in moist cloth to keep the buds fresh until used. In
budding seedling trees the lower leaves are rubbed or trimmed
off giving a smooth place on the bark for a working surface.
Usually budding work on seedlings is done as near the ground
as convenient to work. In top-working old trees the buds are
placed in an outside position or on top of the limbs; 1-year-old
wood is best, but older wood may be used. The older the bark,
the less likely the buds are to grow; also buds that heal in are
very difficult to force into growth.

The method of putting the buds on the stock has little to do
with the success as long as the cambium or growing layers of
the stock and buds are brought together. The two methods most
commonly used on fruit and nut trees will be described.

SHIELD OR T BUDDING

A T cut is made in the stock to receive the bud. The vertical
cut about an inch long is made first. Next the knife blade is
rolled across the stem at the top of the vertical cut, forming a
T. The corners of the cut may be lifted a little with the knife edge
to allow the buds to slip in place easier.

A bud is removed from the bud stick in the shape of a shield.
The knife should be started about % inch below the bud, cutting
through the bark and a little of the wood and upward to about
% inch above the bud and out again (Fig. 5,a,b). The bit of wood
cut out with the bud is sometimes removed, but ordinarily it is
disregarded. The bud is now inserted into the T cut and pushed
firmly into place. If the bark at the top of the shield projects
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shoot is 12 inches or more in length, at which time all growth
except the new shoot should be removed from the stock to allow
full development of the shoot into a strong 1-year-old tree which
will be ready for planting in the orchard by fall.

PATCH BUDDING

The patch bud is commonly used in propagating thick-barked
trees, such as pecans, walnuts, other kinds of nut trees, and
Kingan mulberries. It is a modified form of the annular ring
budding. This type of budding can be done only during the active
growing period of spring and again in late summer, when the
sap is flowing moderately. If the sap is flowing too freely, the
bud will "drown out," but if there is too little sap the bud will
dry up. As a rule late summer budding has been the most suc-
cessful in Arizona. The budding should be done at a point where
the stock is from % to 1V2 inches in diameter, where the bark is
relatively smooth, and where no bud has. grown before.

Plate IV.—Double bladed budding knife.

With a budding knife (PL IV) two parallel cuts across the
stock about 1 inch apart should be made. A vertical slit should
be made on the right to connect the ends of the horizontal cuts,
taking care to cut through the corners to prevent hanging when
the bark is lifted out. The bark should then be carefully lifted
until free and pressed back in place. The bud is prepared in a
similar manner except that vertical slits are made on both sides
of the bud to connect the horizontal cuts (Fig. 6,A,B). The bark
should then be quickly removed from the stock and the rectangu-
lar patch containing the bud taken from the bud stick and
promptly inserted in the exposed place on the stock. The bud
should fit snugly in its new location and should be held in place
by bringing the flap back over the patch and cutting it to make
it fit on all sides (Fig. 6,C). The bud patch should then be wound
carefully with a y4-inch strip of waxed cloth, winding from the
bottom, leaving a tab about 1 inch long, and continuing upward
until all cut edges are thoroughly covered, but leaving the bud
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point paraffin (60 degrees C.) should be used. In the cooler parts
of the state the ordinary "parawax" is sufficient

A paraffin brush wax may be made from the following formula:
Paraffin 5 pounds
Rosm 1 pound
Linseed oil 3 fluid ounces

Sometimes beeswax alone is used as a brush wax, but in locali-
ties where there are bees, they may remove the wax, thus al-
lowing the grafts to dry out before the union is complete.

As the brush waxes are being used they should be kept in a
complete liquid state but not so hot that they will injure live
tissue. They should not be hot enough to burn when brushed on
the back of the hand.
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