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Foreword
The owners of many of the older walnut orchards

in Oregon are faced with the problem of maintaining
productivity. Frequently their trees have been planted
too close together, and in patterns that do not lend
themselves to efficient thinning.

These old walnut orchards are subject to many
disorders. Crowded trees, together with improper soil
and other conditions, make an environment favorable
for the decline and eventual death of trees.

The research work on which this circular is based
was conducted cooperatively by the Division of Fruit
and Vegetable Crops and Diseases, Bureau of Plant
Industry, Soils and Agricultural Engineering, Agri-
cultural Research Administration, U. S. Department
of Agriculture, and the Oregon Agricultural Experi-
ment Station.

This bulletin tells of the conditions that cause wal-
nut trees to decline and die. It explains what the or-
chardist may do to check or prevent such losses.

Director
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MANY
of the oldest walnut orchards in Oregon are beginning

to decline. The evidences of this decline range from short and
slender shoot-growth and low yields to the death of the trees.

A number of different agents have been found causing the de-
cline and death of walnuts. Certain of these are parasiticthat is,
they are specific organisms that live on the trees and kill certain parts
of theln. Others, such as unfavorable weather, unsuitable soil, or
various adverse conditions, are nonparasitic.

Diseases Due to Specific Organisms
Mushroom Root Rot

Cause and nature of the disease
Mushroom root rot disease is caused by the fungus Armillaria

mellea Fr., commonly called the "oak root rot fungus" because the
oak tree is one of its usual native hosts.

This fungus attacks and causes the death of the roots, the root
crown, and the lower part of the trunk. The first indication of its
presence is usually a premature dropping of the leaves and the dying
of the small twigs. At first, only one sector or portion of a tree may
be affected. This portion corresponds to the side of the root system
first attacked by the fungus. Many years may elapse after the first
signs of the disease before the tree finally dies.

On examination of the collar region and main roots of infected
trees, dark brown or black, branching, cord-like "threads" about the
thickness of a shoestring, known technically as rhizomorphs, will
generally be found clinging tightly to the outside of the bark (Figure
1, A). These rhizomorphs may grow for several yards through loose
soil. They are the chief means by which the fungus spreads from
one spot or from one tree to another. If conditions are unfavorable
for their development, rhizomorphs may not form, but the disease
may be present without them.

'Plant pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau of
Plant Industry Soils, and Agricultural Engineering, Agricultural Research Administration,
United States bepartment of Agriculture.

2Horticulturist, Division of Fruit and Vegetable crops and Diseases, Bureau of Plant
Industry, Soils, and Agricultural Engineering, Agricultural Research Administration, United
Siates Department of Agriculture (Deceased 1948).
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A B
Figure 1. The mushroom root rot disease of walnut: A, an infected

root with rhizomorphs on the surface. B: a walnut tree killed
by mushroom root rot. Note white fungus "felt" (mycelium) in
the cambial region.

A cut through the bark of the roots or collar of infected trees
will reveal the tissues invaded with the white or cream-colored
myclia of the fungus that causes the rot. There is frequently a
concentration of white mycelia tinder the bark in the cambial region
which appears in the form of fan-shaped sheets of fungus growth
(Figure 1, B).
Control

The Hinds black walnut (Juglans hindsii) is much more re-
sistant to mushroom root rot than the Persian (English) walnut.
Accordingly, in locations where the fungus is known or likely to be
present in the soil, walnut trees propagated on Hinds black walnut
rootstocks should be planted.

Once the disease becomes well established in a tree it is very
difficult to control. If discovered while still localized, it is sometimes
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possible to prolong the life of the tree by removing the soil from the
collar and main roots, cutting out the cankered areas, and disinfecting
the wounds with an efficient sterilizing agent. The collar and main
roots should then be left exposed to the air and sunshine during the
summer and early fall to help stop further progress of the fungus.
To prevent possible cold injury the uncovered parts should be re-
covered with soil in the late fall.

Wood Rots
Wood rots caused by a number of fungi are another cause for

the decline and death of walnuts by parasites. The presence of
fungi in the tissues of the branches causes them to become weak,.
and if the fungi invade the trunk, the whole tree weakens, declines
prematurely, and eventually dies.

Most of the organisms causing wood rots are wound parasites
which get into the tissues through injuries made in pruning and from
other causes such as careless cultivation, cold, sunscald, and wind or
ice storms. Stubs of branches left in pruning are a common avenue
of entry. Pruning cuts should therefore always be made close to
the main branch or body of the tree to expedite healing. In removing
limbs, care should also be taken not to tear the bark. This danger
will be avoided if the branch is first cut nearly half through from the
under side and finished from above.

All wounds over one inch in diameter should be painted with
bordeaux-linseed oil paint after they have dried out. One pound of
commercial bordeaux powder mixed in 1 quart of raw linseed oil is
an excellent, inexpensive, and semipermanent wound dressing.

Nonparasific Disorders
Disorders caused by malnutrition or adverse
environmental factors

The most important nonparasitic agents operating to cause the
decline and death of walnuts in the Pacific Northwest are:

Girdle ("black-line") of grafted walnuts.
Boron deficiency.
Poor soil drainage.
Cold injury.
Insufficient soil fertility. -

Insufficient moisture.
Combinations of two or more of these agencies.



Figure 2. A grafted Franquette tree affected with walnut girdle.
Note production of suckers from the hybrid black walnut root-
stock.
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Walnut Girdle ("Black-Line") of Grafted Walnuts

Cause and nature of the disorder
In its early stages, girdle is indicated by short and slender shoot

growth and premature loss of part or all of the leaves. As a rule,
suckers from the black walnut rootstock appear at the same time or
shortly afterwards. The affected trees usually die in from 2 to 5
years after the first symptoms appear (Figure 2). The decline and
death of the trees are caused by the development of a dark brown
layer, up to one-fourth inch thick, of nonconductive callus tissue at
the graft union. This layer eventually encircles the tree and breaks
the union between the black walnut rootstock and the Persian scion,
with the result that the roots die from lack of food (Figure 3). This
disorder occurs in limb-grafted as well as in crown-grafted trees.

In the Pacific Northwest, only the Franquette variety grafted on
Hinds black walnut rootstocks or on a hybrid between that and some
other species of black walnut, has so far been affected. The disorder
has never been found when Persian walnut scions were grafted on
seedling Persian walnut rootstocks.

A B

Figure 3. Girdle of grafted walnut. A, tangential section through the
union showing break ("black-line") at the graft union. B, radial
section through the union. a, Persian walnut top; b, black walnut
root.
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Girdle is apparently of nonparasitic origin as no organism has
been found associated with its development. The exact cause, how-
ever, is not definitely known. The theory that most nearly accords
with all the facts is that girdle is caused by the use of hybrid black
walnut i-ootstocks that are not perfectly compatible with the Persian
walnut scion.

Control
No satisfactory method for the control of this disorder has been

found. Bridge-grafting has been tried but so far has not proved
successfuL Planting Persian seedling walnuts around the trees and
marching them into the trunk after they are established has met with
limited success when done in the early stages of the disorder.

Persian walnut seedlings of the Franquette variety are being
used as rootstocks instead of the black walnut by some propagators
in order to get away from this trouble. While such a practice should
prevent the occurrence of this disorder, it is well to remember that
the Persian walnut root is very susceptible to mushroom root rot and
should be planted only on land that is free from the fungus causing
this disease. Unless the soil is known to be free from this fungus,
the Hinds black walnut is still the best rootstock to use even though
some loss of trees from girdle may occur.

Boron Deficiency

A deficiency of boron is one of the more important nonparasitic
causes of the decline of walnuts in the Pacific Northwest.

Symptoms
The leaves, shoots, and nuts are affected. On the leaves this

disorder is characterized by the development of large, irregular, dark-
brown spots between the veins. This condition is called "scorch" by
growers (Figure 4).

Lesions from this disorder are most abundant on the terminal
leaflet of the leaf. Although the lower pair of leaflets on the leaf do
not, as a rule, contain many lesions, they are the first leaflets to fall.
In the more advanced stages, a twisting or rolling of the affected
leaflets frequently occurs, before the leaflets drop off.

In addition to these symptoms on the leaves, long, leafless shoots
are frequently produced in the tops of the trees. In cases of mild
deficiency of boron, a cluster of leaves may be produced at the tip of
the shoot and a terminal bud formed. If this happens, the shoot does
not die back. When the deficiency is serious, however, the shoots are
either leafless or produce only misshapen leaves. In some cases, many



Figure 4. Leaf scorch of walnut caused by lack of boron.
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buds are produced, each with short, rudimentary flattened leaf stalks
adjacent (subtended) to them. Each shoot terminates in a cone-
shaped bud with its base slightly greater in diameter than the shoot.

These more or less leafless shoots do not mature properly. They
often droop at the tip and die back before the end of the growing
season, thus producing a condition known by the growers as "snake-
heads" (Figure 5). In some cases, however, the shoots do not die
back until winter. When the lack of boron is severe, all, or nearly
all, of the shoots in the tops of the trees die back.

Boron-deficient trees are generally light producers since the nuts
do not "set" normally and many drop off when they are about the
size of large peas.

A high water table during the winter contributes to the develop-
ment of boron deficiency symptoms.

Control
Boron deficiency may be reduced by the application of adequate

amounts of boron in the form of borax or boric acid in such a way
that the trees absorb it.

Boron may be applied in one of the following ways:
By soil applications.
By spraying solutions of it on the trees.
By injection or insertion of capsules containing crystals

of boric acid into holes bored into limbs.

The application of borax to the soil is the most practical and
effective method of supplying additional boron. Spraying a solution
of boric acid on the trees may be used in some cases to advantage.
The insertion method is not recommended for general use, as the
boric acid injures the limbs by killing the wood and bark around the
holes. This method should be used only when it is desired to make
a quick test for boron deficiency. If there is such a deficiency, inser-
tion of boron into a limb will cause that limb to come back to normal-
ity, while the remainder of the tree will still show the symptoms of
boron deficiency.

Soil applications
Results of studies carried on to date indicate that for 18- to

25-year-old trees, from 4 to 6 pounds of borax per tree is required
to bring about an improvement where symptoms indicate severe
boron deficiency.

If a tree is small for its age, the dosage should be decreased
proportionately or the borax will be toxic (poisonous) to the tree.
For 12- to 14-year-old trees not more than three pounds of borax



Figure 5. Dieback of a walnut shoot of current sea-
son's growth caused by lack of boron.
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per tree should be applied. The borax should be broadcast evenly
beneath the trees, from near the trunk to beyond the limb spread,
in February or early March.

Spray applications
Boron may be applied in solution as a spray to the trees, but

the effects are not as lasting as are those from a soil application.
A boric acid spray solution is made by dissolving 2 pounds of

boric acid in 100 gallons of water. To reduce foliage injury, which
often follows the application of boric acid solution, it is advisable to
add 1 quart of summer oil emulsion to every 100 gallons of the solu-
tion. Two applications of this mixture should be made, the first in
the late preblossom stage and the second in the early post-bloom
stage.

In orchards where a walnut blight spray program is being fol-
lowed, the boric acid may be combined with bordeaux mixture
4-2-100. In preparing the spray material, the bordeaux mixture
should be made up first. Then the boric acid, dissolved in enough
water (the proportions given above are best), is added to the bor-
deaux. The oil emulsion is added last.

Boron toxicity
Boron is toxic (poisonous) to walnut trees when too much is

applied to the soil. Boron injury is indicated on the leaflets by the
occurrence of brown spots at the margins. These spots develop
without noticeable yellowing in advance. The dead spots later run
together and produce dead tissue along the leaf edges generally. The
dead tissue may extend back toward the midrib.

Severely affected leaflets generally drop to the ground prema-
turely. Caution must therefore be exercised in the use of borax. It
is recommended that after the first soil application no additional borax
be applied the following year except in those cases where only partial
control of scorch and dieback was obtained from the first application.
In such cases, the same or half the amount of borax previously used
may be applied in February of the second year.

Cold In jury
Cold injury has caused the loss of many acres of walnut trees

in the Pacific Northwest. The greatest damage from this cause has
taken place when unseasonably low temperatures occurred before
the trees became fully dormant. For example, in 1935 a large num-
ber of walnut trees in the Pacific Northwest on the valley "floor"
were either killed or very badly injured by the low temperatures that
occurred during late November and early December.
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Figure 6. Collar rot of walnut resulting from cold injury.

All of the above ground or exposed parts of the trees are subject
to injury. The collar and roots are not ordinarily injured except in
cases where the soil has been removed.

The form and extent of winter injury varies greatly with the
season. It may take the form of bud killing only, or the twigs of the
preceding year's growth may be affected. The collar, branches, and
trunk are also subject to injury. There may be longitudinal splitting
of the bark of the trunk and under severe conditions a general killing
of the bark (Figure 7).

The tissues most subject to injury are the bark and the cambium.
The wood (xylem) is not usually affected. At first, the injured tis-
sues turn a light buff color; later, if they are badly damaged, they
become clark brown or black and smell "sour." The tissues on the
south or southwest side of the tree are usually the most severely
injured, but under certain conditions the north side of the tree may
be injured most.

When the damage is severe and extends completely around the
trunk, the tree dies. Affected trees often leaf out in the spring at
the normal time and grow for awhile; then the foliage withers and



Figure 7. Cold injury of walnut resulting in a splitting of the
bark of the trunk.
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dies. Shot-hole borers generally start working in the tissues of badly
injured trees shortly after cold damage occurs. The borers riddle the
bark with small holes. Many growers mistakenly attribute the death
of cold-injured trees to borers, but shot-hole borers seldom attack a
healthy or vigorously growing tree.

While cold damage is generally greatest in years when below-
freezing weather occurs in the late fall or early winter before the
tissues have had a chance to "ripen," it may occur even after the
tissues become fully dormant if the temperature drops sufficiently.

Trees in low vigor are more subject to damage from freezing
temperatures during the dormant period than vigorous ones. Any
condition or combination of conditions in the environment that re-
sults in a general lack of vigor makes the tree more subject to cold
injury. Among these conditions are unfavorable orchard sites, ad-
verse soil conditions, poor orchard management, excessive use of
irrigation water particularly during the latter part of the season, and
abnormally heavy yields the preceding season.

There are no varieties of the Persian walnut growing in Oregon
that are resistant to winter injury. Certain varieties of walnuts, and
some seedlings that mature the crop of nuts early, usually escape
serious damage from cold injury. This freedom from serious injury
is because of early maturity and not because of any naturally super-
ior resistance.

While cold injury cannot be entirely prevented, its severity can
be minimized by proper orchard management. The trees should be
kept as healthy as possible. Cover crops should be grown annually
to maintain the humus content of the soil. Soil moisture should be
carefully conserved. The orchard should not be irrigated too late in
the season. Excessive use of irrigation water late in the season may
prolong the growth of the trees and thereby increase their suscep-
tibility to injury.

If it is necessary to uncover the collar or crown and main roots
to prevent mushroom root rot infection or to slow up the progress
of the disease after infection has occurred, the uncovered parts should
be recovered with soil in the late fall before there is any possibility
of freezing vveather.

The amount of damage to the trunks may be reduced somewhat
by painting them with a good exterior whitewash, the object being
to deflect the rays of the afternoon sun and so prevent alternate

'A good exterior whitewash formula is the following:
Quicklime (do not substitute other forms) 4 pounds
5kim milk 2j quarts
\Vater 2ti quarts

Water slake the quicklime; combine skim milk and water and add to the slaked lime
while still warm. Apply to trees with a brush.

WALNUT TREE DECLINE AND Loss 15
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freezing and thawing. heading the trees low also helps redtice
injury because the low branches shade the trunk and minimize fluc-
tuation in temperature. A windbreak on the north side of the orchard
may also reduce weather damage under some conditions.

Immediately after a severe freeze has occurred, the trees should
be examined to determine whether the bark is split and loose. If
injured, it should be tacked down with large-headed galvanized roof-
ing nails to prevent the wood from drying out. The trees should
otherwise be left alone. The farmer can easily do much more clam-
age than good by "blind" cutting. Many times the discolored tissues
will clear up after growth starts in the spring. In any event no cut-
ting should be done until the end of the growing season when the
dead areas are vell-defined. Splitting the bark to prevent the spread
of the so-called "sour-sap" condition that often follows a severe
freeze is bad practice.

Poor Soil Drainage

Walnuts will not thrive in a waterlogged soil or on land having
a high water table through most of the winter. The roots of a
walnut tree normally make quite extensive growth during the winter
months in western Oregon, but if the soil is water-soaked this growth
is held back or entirely stopped. Water fills the air spaces which
normally occur between soil particles and thereby reduces the avail-
able oxygen supply. Without oxygen the roots cannot grow and
function.

In a waterlogged soil the root system is not extensive enough to
provide for the needs of the trees and as a result they decline and
many of them eventually die. The vigor of those trees that do
manage to survive is often so low as to render them subject to dam-
age from cold injury, shot-hole borers, or other adverse agencies.

In some cases it is possible to drain the soil by laying in tile.
In most cases, however, there is no practical remedy for poor soil
drainage.

Insufficient Soil Fertility
A lack of the various nutrients needed for growth and fruiting

is one of the important factors associated with the decline of walnuts.
Fertile soil is absolutely essential to the continued growth and

fruiting of the walnut. Not only must all the elements needed for
growth and fruiting be present in the soil in available forms and
adequate amounts but they must also be present in balanced pro-
portions.
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Figure 8. A Franquette walnut tree growing in shallow soil
over bedrock. Note flat-headed type of tree growth.

The deeper the soil the greater is the reserve of plant food ele-
ments available for the trees. There should be from 8 to 10 "effec-
tive" feet of soil for walnuts being grown without irrigation. Less
than this effective depth cannot maintain a mature walnut orchard in
regular, heavy production (Figure 8).

The effective depth of a soil - is the depth to which the roots
can grow in it. If the roots can grow to a depth of only 3 feet, the
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effective depth is shallow regardless of what is below. Root penetra-
tion is stopped not only by rock or gravel, but also by an impervious
hardpan, a high water table, or poor aeration.

The problem of nutrient supply is very often aggravated by the
fact that the walnut orchard was planted on land that had been
cropped for decades with very little, if aliy, organic matter or chemi-
cal fertilizers applied to the soil to replace that removed by the crops.
In such cases the available mineral nutrient supply was at a low level
when the young trees were planted, but was present in amounts suf-
ficient to provide for a fairly good growth of the small trees. With
an increase in the size of the trees and the ever-increasing annual
demand for greater amounts of the plant food elements, this low
level of plant nutrients sooner or later becomes inadequate. It cannot
supply the needs of the trees for vigorous, productive growth. The
leaves become smaller and smaller and turn yellowish green, and the
shoots are short and slender. These are symptoms of a shortage of
plant nutrients. Eventually, decrease in yield, reduction in growth,
and dieback of twigs result.

Trees decline sooner if planted close together. (See cover pic-
ture.) Trees in the first orchards in the Pacific Northwest were
planted not more than 32 feet apart, though commercial orchards
were more often set at 40 feet. These orchards are now at an age
at which the supply of nutrients is not sufficient to maintain 27 trees
on an acre of soil in vigorous and productive condition.

When trees are set farther apart, they attain a larger size before
exhausting the available supply of plant food elements. Eventually
there is a deficiency of nutrients even in those orchards with the
greatest planting distances. This condition can be remedied only by
reducing the number of trees per acre or by adding extra plant nutri-
ents to the soil.

In many cases, taking out trees is the only permanent remedy.
It may be necessary to remove as many as one-half the total number
of trees. If the orchard has been planted on the square, the usual
method is to take out every other diagonal row of trees. As a rule it
requires about three= years of good culture after the removal of the
trees before the yield of the orchard is approximately equal to what
it was before the orchard stand was thinned.

In some cases, the trees may show indications of malnutrition
before they seem too crowded. In such cases, thinning the stand will
not help. Adequate fertilizer must be added to the soil to remedy
matters.

With few exceptions, where experimental work has been done
on walnut orchard soils, nitrogen is the most-lacked element. In a
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few cases, boron is most lacking. Other elements such as sulphur
and phosphorous may also be lacking, but not to the same extent as
nitrogen. Nitrogen must be included in any fertilizer used in the
walnut orchard.

Commercial fertilizers have been used successfully for walnut
trees and cover crops. These should supply 100 pounds of nitrogen,
135 pounds of phosphorus (as' P205), 50 to 120 pounds of sulphur,
and 100 pounds of potash (as K20) per acre. A heavy application,
but it seems to be necessary to bring the trees back to normal growth
and production.

The use of such fertilizers may delay the need forthinning the
stand of trees, but eventually it must be done because of the in-
creased growth brought about by the fertilizer.

Cover crops in walnut orchards are needed to supply and main-
tain usable and available organic matter. From the nutritional stand-
point, the aim in growing cover crops is not so much to increase the
supply of organic matter in the soil as it is to have a supply of fresh
material breaking down in the soil and releasing nutrients that are
usable by the trees. With good cultural practices the increase of
organic matter in the soil by the growing and turning under of cover
crops will be negligible, but that practice will provide an annual supply
of available nutrients.

In old orchards, cover crop growth is often so poor that it does
not pay to grow any cover crop unless the fertilizers mentioned
above are used. Advice as to the best cover crops to grow and the
commercial fertilizer to use on the various soils on which filberts are
grown may be obtained from county agents.

Insufficient Moisture

Lack of soil moisture during the dry season is another important
cause of the decline of walnuts. To take care of the needs of the
trees during the dry summer months, unless they can be irrigated,
large quantities of water rhust be stored in the soil during the rainy
season. If the soil is relatively shallow and the organic matter con-
tent low, the amount of water stored will not be enough to take care
of the needs of the trees during the summer months. The deeper
the soil into which the roots grow, the greater the amount of water
that can be stored. Closely spaced trees will use up the stored mois-
ture earlier in the season than properly spaced trees.

Where the soil does not hold enough moisture, additional water
must be added by irrigation or else the number of trees must be
reduced.
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As irrigation can be used in only a few of the orchards, the only
remedy for the other crowded and weakened orchards is to thin the
stand--of trees. Even if there are enough nutrients in the soil or if
the trees are aided by the use of fertilizers, a shortage of moisture
in the soil would prevent the trees from using the nutrients. Mois-
ture and nutrients are intimately associated and both must be in good
supply.

Effect of Combination

Any combination of two or more of the foregoing adverse con-
ditions will accelerate the decline of a walnut orchard.


