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Diseases of the Walnut in the Pacific
Northwest and Their Control1
By

P. W. MILLER2, C. E. SCHUSTER, and R. E. STEPHENSON

Persian (English) walnut (Juglans regia L.) in the PaTHE
cific Northwest is attacked by a number of diseases that affect
adversely growth of trees and quality and yield of nuts. Certain of
these diseases are caused by specific organisms and are commonly
known as parasitic diseases since the organism lives as a parasite on
the host plant. Other disorders result from unfavorable weather
conditions, unsuitable soil, or deficiency or excess of one or more
mineral elements in the soil; such are known as nonparasitic diseases. It is the purpose of this bulletin to provide the walnut grower
with information that will enable him to recognize these diseases and
to employ against them effective control measures where known.
These diseases are discussed in order of their economic importance.

DISEASES DUE TO SPECIFIC ORGANISMS
WALNUT BLIGHT

Walnut blight is the most widespread and destructive disease of
the Persian walnut in the Pacific Northwest. It causes greater annual crop loss than all of the other diseases of walnuts combined.
Cause and nature of the disease
Walnut blight is caused by the bacterial organism Xanthomonas
juglandis (Pierce) Dowson (Figure 1).
The leaves, nuts, catkins, buds, and shoots of current growth
are attacked. The disease first appears in the spring on the young
leaves as reddish-brown spots at the margins (Figure 2, A) or in
the tissues between the veins (Figure 2, B). On the stems, the disease causes black, slightly depressed spots (Figure 3, A), which

often girdle the shoots causing them to die back (Figure 3, B).
Young leaf and catkin buds, infected with blight turn dark-brown or
black and die (Figure 4). The disease is most serious and destructive on the nuts, however, where it causes black spots of varying size
which often result in the death of the nuts (Figure 5).
'Grateful thanks are due Dr. H. L. cra,ie for reviewing the manuscript and making
Plant pathologist and 'Horticulturist, respectively, Division of Fruit and Vegetable
crops and Diseases. Bureau of Plant Industry, Soils, and Agricultural Engineering, Agri.
helpful suggestions for its improvement.

cultural Research Administration, United States Department of Agriculture.
5Professor of Soils, Oregon Agricultural Experiment Station.
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Figure 1. Photomicrograh showing the walnut blight
bacterium. About 1500 x. Photograph by F. P.
McWhcrter.

B

A

Figure 2.

\Valnut blight infections on walnut leaflets: A: Marginal lesions.
in the tissues between the veins.
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B: Lesions

Figure 3.

%Valnut blight infections on twigs: A: Lesions on stem of twig.
an infection.

-

A

Figure 4.

B: Shoot girdled by

V

B

Buds infected with walnut blight. A: Infected leaf bud, denoted
by arrow. B: Diseased catlsin bud.
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Under Pacific Northwest conditions the pathogen lives over
from one year to the next primarily in diseased buds and to a lesser
extent in hold-over cankers on twigs of the previous year's growth.

The bacteria are disseminated by rain drip from these hold-over
sources of infection to the current growth where access to the tissues
is gained through minute pores (stomata). Prolonged and frequent
rains just before and during blossoming and for about two weeks
thereafter result in serious blight outbreaks as this is the period
when the nuts are most susceptible to infection. Infections that occur
after the nuts are about three-fourths grown are of little or no economic importance since they seldom reach the shell.

A

Figure 5.

B

Walnuts infected with blight: A: Lesion at blossom end of a young nut.
B: Lateral infections on mature nuts.

Control by spraying
Experiments carried on in Oregon over a 14-year period have
conclusively shown that spraying with a sufficient number of timely
applications of bordeaux mixture will give good control of this disease in orchards of grafted trees of a single variety. The number
of applications needed to control the disease varies with the season.

In years when rainfall is sparse during the infection period, one
properly timed application will control it, but if the rainfall is
"heavy" and prolonged during this period as many as three properly
timed applications are needed for satisfactory control. Since it is
impossible to predict the weather during the infection period, the
wisest course to pursue is to apply the maximum number of applications, which should be made in (a) the early preblossom stage, (b)
the late preblossom stage, and (c) the early postblossom stage of pistillate flower development. If it is found necessary to eliminate one
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of these applications, the early postblossom treatment should be the
one omitted, since it is important only in seasons characterized by
considerable rainfall after bloom. Omission of one or more applications from the spray program, hover. involves the risk of unsatisfactory control and is not recommended. Each spray application
should be completed just as soon as possiblewithin a three-day
period at the mostto forestall the possibility of the intervention of
a rainy period which, if it does occur before the application can be
completed, may result in the infection of the unsprayed portion of
the crop.

Detailed descriptions of the stages of pistillate flower development at which the applications should be made follow:
EARLY PREBLOSSOM APPLIcATION. This treatment should be made when
about 50 per cent of the buds have broken open and the longitudinally folded
leaves are beginning to separate from one another but before the blades of the
leaflets unfold (Figure 6, A). The immature pistillate flowers will not be visible at this stage unless the encircling, longitudinally folded leaflets are forcibly

parted.

LATE PREBLOSS0M AppLtcATxoN. This treatment should be made just before the majority of the pistillate flowers come into full blossom. The unexpanded pink or red tip ends (stigmas) of many of the pistillate flowers will be
visible at this stage in their development and the flowers will average about
inch in diameter or about the size of a grain of wheat (Figure 6, B).

EARLY POSTBLOSSOM A1'PLICATtON. The third spray treatment should be ap-

plied when about 50 per cent of the pistillate flowers contain tiny brown spots
in the expanded stigmatic surfaces but before they turn completely brown. At
this time, the young nuts will average about 3/16 inch in diameter or about the
1

AA

A

B

C

Figure 6. Stages
the development of the nut at which spray and dust applications have
been found eftective for the control of walnut blight: A: The early preblossom stage at
which time the first application should be made (the immature pistillate flowers are not
visible at this stage unless the encircling leaflets arc forcibly parted). B: The late
preblosscnn stage at which time the second application should be made (at this stage,
tile pistillate flowers are visible and average about the size of a wheat kernel). C: The
early postblossom stage at which time the third application should be made (at this
stage, tiny brown spots are visible in the expanded stigmatic surfaces).
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size of a common vetch seed (Figure 6, C). In a normal season there is
about a 10-day interval between the late preblossom and early postblossom
applications.

The extreme importance of timing the applications properly
cannot be overemphasized, for the success of the spray program depends more on proper timing than on any other one factor. Deferring the applications even for a day after the proper stage of blossom
or nut development has been reached may mean the difference between success and failure of the spray program.
Walnut blight is much more difficult to control in seedling
orchards than in those of a single variety of grafted trees. This is
because of the great variation in the blossoming periods of individual
seedling trees, which makes it extremely difficult to time the applications correctly. To reduce the incidence of infection in seedling
orchards to an insignificant amount it is necessary to "spot" spray,
that is, to spray the individual trees as they attain the proper stage
of development. This means that every tree in the orchard will have
to be kept under observation and sprayed when it is in the proper
stage. Since only a certain proportion of the trees will be found to
be in the correct stage of development at any one time, as many as
three trips through the orchard may be necessary to complete any
one spray application, the exact number depending on the extent to
which the trees vary in their blossoming periods. This procedure is
practicable only in small orchards since in large ones it is too timeconsuming and costly to follow. The only practical method of spraying large acreages of seedlings is to spray every tree in the orchard
when a majority of them are in the proper stage. While there will
doubtless be some blight on certain trees that were not in the proper
stage of development when sprayed, a considerable reduction in the
incidence of infection will follow. The use of three instead of two
preblossom applications will often result in a greater degree of control, particularly in rainy seasons. The additional preblossom treatment should be applied in the middle preblossom stage when the young
pistillate flowers are barely visible.
Under certain conditions, spray burn of immature walnut leaves
may follow the application of bordeaux mixture. Very young leaves
that contain reddish pigments are especially subject to injury. The

affected areas die and the subsequent growth of the uninjured portiQns frequently causes the injured leaflets to assume abnormal shapes
(Figure 7). As the leaves approach maturity, they become increasingly resistant to injury and at maturity are highly resistant. The

severity of spray injury can be reduced somewhat by the use of a
low-lime bordeaux mixture, such as the 4-2-100 formula, to which is
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added a summer oil emulsion1 at the rate of 1 pint to every 100 gallons of spray material. It is not necessary to add oil emulsion in the
postblossom application as the leaves are quite resistant to spray burn
by this time.

A

Figure 7.

B

Walnut leaflet and leaves showing bordeaux spray injury A: Leaflet showing
interveinal type of injury. B: Marginal injury on the leaflets.

Control by dusting
A properly followed dusting program will also give commercial
control of walnut blight. A copper-lime-sulphur-oil dust composed
of 20 per cent monohydrated copper sulphate, 40 per cent hydrated
lime, 10 per cent dusting sulphur, 20 per cent talc, 8 per cent diatomaceous earth, and 2 per cent light mineral oil is recommended for general use. In the event that the walnut orchard is interplanted with
filberts, the sulphur should be omitted from the foregoing formula as
under some conditions it is toxic to filbert foliage. The following
dust mixture is recommended in a mixed walnut and filbert orchard:
20 per cent monohydrated copper sulphate, 40 per cent hydrated lime,
28 per cent talc, 10 per cent diatomaceous earth, and 2 per cent light
mineral oil. The number of dust applications needed to control the
disease will vary with the season. In years when rainfall is "light"
'Specificstions: viscosity, 50-70 seconds Saybolt; sulphonstion test, not lower than 85.
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during the infection period, 4 properly spaced applications will give
satisfactory control. If the rainfall is comparatively "heavy" and
prolonged during this time continuing for a month or more after the
blooming period, as many as 6 properly timed applications will be
needed for satisfactory control. Since it is impossible to predict the
weather during the infection period, the wisest course to pursue is to
apply 6 applications, three of which should be applied before bloom
and three afterwards. The first application should be made in the
early preblossom stage and subsequent applications made at approximately weekly applications thereafter.
MUSHROOM ROOT ROT

Cause and nature of the disease
Mushroom root rot disease is caused by the fungus Arniillaria
mellea Fr., commonly called the "oak fungus" because the oak tree is
one of its favorite native hosts. The fruiting bodies of this fungus
consist of honey-colored or light brown "toadstools" or mushrooms

that appear in tufts or clusters about the base of infected trees in
October or November, though they may or may not develop depending on the extent to which the decay has progressed and on weather
conditions.

This disease attacks the roots, the root crown, and basal part of
the trunk of the tree. The first indication of its presence is usually
a poor growth of the tree attended by a premature dropping of the
leaves. Only one sector or part of a tree may be at first affected corresponding 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 root crown or main roots

of infected trees dark brown to black rootlike structures about the
thickness of the lead in a pencil will generally be found clinging
tightly to the bark (Figure 8, A). These rootlike structures, known
as "rhizomorphs," are very characteristic of this disease. Their irregular, right-angle method of branching and the white interior core
that can be readily separated from the thin, black, "crusty" covering
differentiate them from plant roots with which they may be confused.
The rhizomorphs are the chief means by which the fungus extends
from one spot or one tree to another.

The fungus gains access to the host tissues either through
wounds or by direct penetration of the epidermis by means of rhizomorphs that arise from rotten tree stumps or from buried, decaying
pieces of infected roots in the soil. The fungus grows through the
tissues and causes a general destruction of the invaded parts accompanied by a musty odor. There is frequently a concentration of the
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fungus mycelium in the cambial region (Figure 8, B). Eventually,
the main roots and root crowns of the tree are invaded and the tree
dies as a result of starvation due to girdling.
Control
Mushroom root rot is a very difficult disease to control as it is
generally not noticed until a considerable amount of the root system
and root crown is involved. If the disease is discovered while the
lesions are still small and localized, it is sometimes possible to save
the tree by cutting out all the decayed areas and painting the wounds
with bordeaux mixture. The soil should be thrown back from the
root crown and main roots, which should be left exposed to the air
and sunshine through the summer months to stop further progress of
the disease. This practice is also helpful in preventing infections on
these parts of the trees. The exposed parts should be covered up
with soil before winter, however, or cold injury may result.
r

A

B

Figure 8. The mushroom root rot disease of walnut: B: An infected root wth fungus
rhizomorplis on the surface. B: A walnut tree killed by mushroom root rot (note
fungus 'felt" (mycelium) in the cambial region).
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The Hind's black walnut (Jzsgla'ns hindsii) is more resistant to
mushroom root rot than the Persian walnut. In locations where the
fungus is known to be or is likely to be present in the soil, walnut
trees propagated on Hind's black walnut root stocks should therefore
be planted.

Care should be taken not to injure the basal part of the trunk or
the main roots of walnut trees during cultivation, for such wounds
increase the chance of infection by providing an easy avenue of entry
for the fungus into the tissues.
Walnut orchards should not be planted on newly cleared land
where infected native oak trees formerly stood.
CROWN GALL

Cause and nature of the disease
Crown gall is due to the bacterial pathogen Agrobacteriuni tuniefacie'n.s (E. F. Sm. and Towns.) Conn.
The disease causes galls or enlargements either at the base of
the trunk or variously distributed on the trunk and branches. At the
root crown, the galls occur as large, irregular, dark brown to black

enlargements with more or less roughened, convoluted surfaces.
They may be located on only one side of the tree or they may extend
completely around the trunk. The galls are hard and woody. They
increase in size from year to year and persist for many years.
Along the trunk and branches the disease causes galls or swellings that may extend only part way or completely around the branch
or trunk (Figure 9). The surface of the gall is at first smooth, and
little, if any, change in color occurs; later, however, as the outer cells
of the gall decay, the surface becomes roughened, more or less convoluted, and dark brown or black. In some cases, the galls have a
concentrically ringed appearance due to the perennial extension and

progressive dying of the tissues from the center outward. The tissues of aerial galls are, for the most part, hard and woody.
The galls tend to rob the affected parts of nourishment, and they
interfere with sap flow, causing a stunting of the growth and a weakening of the tree. Wood-rotting organisms of various kinds may
gain access to the tree through partly decayed galls and may shorten
the life of the tree.
The overgrowths or swellings which commonly occur on grafted
Persian walnut trees just below the graft union should not be confused with the crown gall disease. Such overgrowths are not pathological but are due to the fact that the Hind's black walnut rootstock
grows at a faster rate than the Persian walnut top.

Figure 9.

The crown gall disease on trunk of walnut tree.
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Control
Crown gall is a difficult disease to eradicate once it has girdled
or almost girdled a tree. It is sometimes possible to remove the galls
while they are still small by surgical methods, but this method does
not always succeed. A good antiseptic solution such as bichloride of
mercury, 1 part in 1,000 parts of water, should be applied to wounds
left after removal of the infected tissues. WARNING: This solution
is deadly poison to man or animals if taken internally and should be
so labeled and kept in a safe place away from children.

After the cuts have had a chance to suberize or "cork over"a
process that generally takes from one to two monthsa good dressing
containing a fungicide should be applied to the wounds to prevent
the entrance of wood-rotting fungi. One of the most efficient and
inexpensive homemade wound dressings is bordeaux-linseed oil
paint made by adding raw linseed oil to one of the commercially prepared brands of powdered bordeaux mixture that does not contain
arsenate of lead.
Care should be taken in cultivating the orchard not to injure the
collar region or trunk since the presence of any wounds on the trees
increases the likelihood of infection.
All nursery stock should be carefully inspected before planting

and any trees that have galls or suspicious looking overgrowths
should be discarded.

Recent experiments carried on in California have shown that it
is possible to eradicate crown gall on almonds by painting the galls
with a mixture of sodium dinitro-cresol ("Elgetol") and methyl alcohol (20-80). The efficacy of this method for the control of crown
gall of walnuts is now being tested.
RING SPOT

Ring spot is a leaf disease of walnut due to the fungus Ascochyta juglandis Boltsh. This disease is characterized by the presence

of circular to irregularly circular brown spots from to 1 inch in
diameter in the tissues between the veins, involving the entire thickness of the leaf (Figure 10). Two or more lesions in close proximity may coalesce and involve still larger areas. On its upper side,
the central portion of the lesion is at first a light brown color; later it
becomes ashen gray. The lesion is somewhat depressed in the center
and slightly raised at the margins. The fruiting bodies (pycnidia)
of the fungus are generally borne on the upper side of the lesion.
They appear as small, pimplelike structures, barely perceptible to the
naked eye. The most distinguishing feature of this disease is the
presence of concentrically ringed ridges in the necrotic areas in a
more or less target-board effect, giving rise to the name "ring spot."

Figure 10.

The ring-spot disease of walnuts.
15
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On the lower side of the leaf, the spots are reddish brown to dark
brown and remain so throughout the course of the season.

The causal organism apparently overwinters primarily in old
infected leaves on the ground, from which the spores are spread during rainy periods in the spring.
This disease is of only minor economic importance in the Pacific Northwest, as it does not significantly reduce the functional leaf
area or cause premature defoliation. It is rarely seen in orchards

sprayed with bordeaux mixture for the control of walnut blightan
indication that this control program will also control this disease.
DOWNY LEAF SPOT
Downy spot is another

leaf disease of walnuts of
minor economic importance
that is occasionally observed
in the Pacific Northwest.

it

is

caused by the fun-

gus Mcrostroma jugicindis
(Bereng.) Saac.
This disease is characterized by the presence of
small, pale yellow or white,

angular or irregularly angular spots, from 1/16 to
3/16 inch in their greater

dimension (Figure 11).
The lesions have a white
"downy" appearance on the

under surface of the leaf,
giving rise to the name
"downy-spot."

The causal fungus apparently overwinters primarily in old infected leaves

on the ground. The spores
are spread during rainy

periods in the spring.
This disease is rarely observed in orchards regularly sprayed with bordeaux mixture, indicating

that this material may conirol this disease.

Figure 11.

The downy leaf spot disease of walnuts.
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WALNUT BLOTCH
Walnut blotch attacks the eastern black walnut (Juglans nigra),

the Hind's black walnut (J. hindsii), and the Persian walnut (I.
regia). In the eastern United States it is also found on the butternut
(J. cinerea).
It is a rare disease of the Persian walnut in the Pacific Northwest, having been found so far only near Bellingham, Washington.

Cause and nature of the disease
This disease is caused by the fungus Gnonionia leptostyla (Fr.)
Ces. & DeN., the imperfect stage of which is Marssonina juglandis
(Lib.) Magn.
It attacks the leaves, young shoots, and nuts. On the leaves, it
produces numerous circular to irregularly circular, reddish brown to
grayish brown spots with grayish brown centers, from 1/16 to 3/4
inch in diameter (Figure 12, A). On the stems of shoots of current
growth the lesions appear as oval to irregularly circular, sunken,
light grayish brown dead areas with dark reddish brown margins
(Figure 12, B). Summer fruiting bodies (acervuli) of the causal
fungus are generally borne in abundance on twig lesions. Blotch is
most serious and destructive on the nuts where it causes depressed,
circular to irregularly circular, dead spots in the husk, not quite as
large as those on the leaves (Figure 12, C). If infection occurs when
the nut is very young, it does not develop normally and often drops
to the ground prematurely. If the disease is very prevalent, a serious reduction in yield may occur.
The causal fungus overwinters in old infected leaves and nuts
on the ground and in cankers on twigs of the preceding year's growth.
During rainy periods in the spring, the spores (ascospores) are forcibly ejected from fruiting bodies of another type (perithecia) which
develop in the old diseased leaves and nuts, and are carried by air
currents to the new growth where they induce primary infection.
Spores produced in acervuli in old twig lesions are also a source of
primary infection. Successive generations of summer spores borne
in primary and secondary lesions subsequently spread the disease.

Control
No experiments on the control of this disease have been carried
on in the Pacific Northwest. Investigations carried on in France,'
however, indicate that timely spraying with bordeaux mixture will
control the disease on the Persian walnut. Rankin2 reports that the
'Gard, M. Developpement des Maladies cryptogamiques our les Noyers en 1926. Annels des Epiphyties. 14: 152-162, 1928.
'Rankin, W. H. Spraying for leaf diseases of shade trees. Proc. Eighth Ann. Meeting
Nat. Shade Tree conf. 1932: 64.69 1932.

Figure 12.

'rue walnut blotch disease A, on a leaflet: B, on a twig;
C, on the nuts.
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Same disease on the leaves of the eastern black walnut and the butter-

nut has been controlled by three applications of bordeaux mixture
applied (a) when the leaves are unfolding, (b) when they are fullsized, and (c) abouf a fortnight after the second. Plowing under
the old infected leaves on the ground before the spores are shed in
the spring will also aid in the control of this disease.

DISEASES DUE TO MALNUTRITION OR ADVERSE
ENVIRONMENTAL CONDITIONS
BORON DEFICIENCY'

Symptoms of the disorder
The leaves, shoots, and nuts are affected by a deficiency of boron.

On the leaves, this disorder is characterized by the presence of
large, irregular, dark-brown spots between the veins, giving rise to a
condition called "scorch" by growers (Figure 13). Lesions due to
this disorder are most abundant on the terminal leaflet of the leaf.
Although the basal leaflets do not as a rule contain many lesions,
they are nevertheless affected, generally being the first leaflets of a
leaf to fall to the ground. In the more advanced stages, a twisting

or rolling of the affected leaflets frequently occurs, followed by
defoliation.

In addition to these symptoms on the leaves, elongated, leafless
shoots are frequently produced in the tops of the trees. In cases of
mild deficiency, a cluster of leaves may be produced at the tip and a

terminal bud formed in which case the shoot does not die back.
Under severe deficiency conditions, however, the shoots are either
leafless or contain only abnormal, misshaped leaves. In some cases,
many buds are produced, each subtended by short, rudimentary flattened leaf stalks. These buds may subsequently produce slender,

spurlike shoots each terminating in a conical bud with the base
slightly greater in diameter than the shoot. These more or less leaf-

less shoots do not mature properly, often drooping at the tip and
dying back before the end of the growing season, thus producing a
condition known as "snakeheads" by local growers (Figure 14). In
some cases, however, the shoots do not die back until winter. Under
severe deficiency conditions, all or practically all the shoots in the
top of the trees die back (Figure 15).

The nuts on trees growing in soils deficient in boron do not
"set" normally, many dropping off when they are about the size of
large peas.

A high water table during the winter months contributes toward
the development of these symptoms.
'For additional information on the use of boron in walnut orchards see Oregon Station
Circular of Information 363 by C. E. Schuster and R, E. Stephenson.

I
Figure 13. Leaf scorch of walnuts caused by deciency of boron.

20

DISEASES OF THE WALNUT AND THEIR CONTROL

21

Control
The incidence and severity of this trouble may be reduced by
the application of sufficient amounts of boron, in the form of borax
or boric acid, in such a way that the trees absorb it.
The boron may be applied in one of three ways, as follows:
(1) by soil applications, (2) by spraying it on the trees, or (3) by
injection or insertion of capsules of the dry chemical (boric acid)
in holes bored in the limbs.
The application of borax to the soil is the most practical effective
method, with spraying as second choice. The dry-chemical insertion

method is not recommended for general use as this method has
caused injury to the limbs by killing the wood and bark adjacent to
the holes. This method should only be used when it is desired to
make a quick test for boron deficiency.

Soil applications
In cases where the symptoms indicate a severe deficiency of
boron, the results of studies carried on to date indicate that for 18to 25-year-old trees from 4 to 6 pounds of borax per tree are required
to bring about an improvement from the diseased condition. If, however, a tree is small for its age the dosage should be decreased accordingly or a toxic condition may result. For 12- to 14-year-old trees
not more than 3 pounds of borax per tree should be applied. The
borax should be applied in February or early March. It should be

broadcast evenly beneath the trees, from near the trunk to beyond
the limb spread.

Spray applications
Boron may be applied in the form of a spray; however, a spray
treatment is not as lasting as a soil application. For applying as a
spray, a boric acid solution made by dissolving 2 pounds of boric
acid in 100 gallons of water should be used. To reduce foliage injury which often follows the application of a boric acid spray, it is
advisable to add 1 quart of summer oil emulsion to every 100 gallons
of the spray. Two applications of this spray mixture should be made
the first in the late preblossom stage and the second in the early
postbloom stage.

In orchards where a blight spray program is being followed, the
boric acid may be combined with bordeaux mixture. In preparing
this combination spray, the bordeaux mixture should be made up
first, then the boric acid in solution and oil emulsion added in the
order named.

Figure 14.

Dieback of a walnut shoot of current season's growth
due to boron deficiency.
22
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Boron toxicity
Boron is toxic to walnuts when used in excessive amounts.
Boron injury is indicated by the occurrence of brown spots at the
margins which develop without noticeable yellowing in advance.
These dead spots later coalesce and produce a general marginal necrosis which may extend back toward the midrib (Figure 16). Severely
affected leaves generally drop to the ground prematurely. Caution

must therefore be exercised in the use of borax. After an initial

Figure 15.

Dieback of walnuts due to boron deficiency.

24
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soil application, it is recommended that no additional borax be applied the following year except in those cases where only partial control of scorch and dieback was obtained from the initial application,
in which case half the amount of borax previously used may be applied in February of the next year.
WALNUT GIRDLE ("BLACK LINE") OF GRAFTED WALNUTS
Walnut girdle has caused the decline and death of a large number of grafted walnut trees in Oregon in the past decade.

In its incipient stages, this trouble is indicated by poor shoot
growth and premature defoliation of a part or all of the tree. 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 17). The decline and death of the tree is caused by the development of a narrow,
dark brown layer of nonconductive tissue of a corky consistency at
the graft union, which eventually encircles the tree and breaks the
continuity of inner bark and sapwood between the black walnut rootstock and the Persian top, with the result that the supply of nourishment to the roots is reduced (Figure 18). This disorder occurs in
limb-grafted as well as crown-grafted trees. In the Pacific Northwest
it has so far been found only when the Franquette variety was grafted
on Hind's black walnut rootstocks or hybrids between that and some

other species of blackwalnut. The disorder has never been found
when Persian walnut tops were grafted on seedling Persian walnut
rootstocks.

Girdle is apparently of nonparasitic origin as no organism has
been found associated with its development. Its exact cause, however, is not definitely known. The theory that most nearly accords
with all the facts is that it is associated with the use of hybrid black
walnut rootstocks which are not always perfectly compatible with
the Persian walnut.
No satisfactory method for the control of this disorder has as yet
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 been attended with a limited degree of success but it must be done in the incipient stages of the disorder to succeed. The life of an affected tree

can sometimes be prolonged for a year or more by allowing the
suckers usually coming from the roots to grow.
Seedlings of the Franquette and other Persian walnut varieties
are being used as rootstocks instead of Hind's black walnut by some
propagators in order to avoid this trouble. While such a practice
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should prevent the occurrence of this disorder, it should be remem-

bered that the Persian walnut root system is very susceptible to
mushroom root rot, and trees propagated on that rootstock should be
planted only on land that is free from this disease. Unless the soil
is known to be free from this fungus, the Hind's black walnut is still
the best rootstock to use even though some loss of trees from its use
may occur.

INJURIES FROM SPRING FROSTS
The occurrence of severe late spring frosts or freezes may cause
injury to the young leaves, pistillate and staminate flowers, and young
shoots. Leaflets so affected turn brown and generally drop and the
young shoots die back. Pistillate flowers injured by frosts usually
drop to the ground. Catkins that have begun to elongate are more
susceptible to frost injury than dormant catkin buds. A very severe
frost, however, will kill catkins even in the dormant stage.
INJURIES FROM EARLY FALL AND WINTER FREEZES

Cold injury has caused the loss of many acres of walnut trees
in the Pacific Northwest. The greatest damage therefrom has taken
place in seasons when unseasonably low temperatures occurred before the tissues became fully dormant. For example, in 1935 a
large number of walnut trees in the Pacific Northwest, particularly
on the valley floor, were either killed or badly injured by the low
temperatures that occurred during the latter part of November and
the forepart of December.
The form and extent of cold injury varies greatly with the season. An early, severe fall freeze before harvest may cause injury
to the nuts in addition to injuring other parts of the tree. The pellides of nut kernels that have been frozen generally turn brown or
amber color and often become quite brittle after drying and separate
easily from the kernel. If the kernels contain considerable moisture
when frozen, they may shrivel up after they are dried. Sometimes
a cavity oriented in the direction of the long axis is left in the center
of the kernel on drying. As a rule, nuts that have been frozen are
not well sealed, and may be easily broken open by twisting the two
halves of the shell. In some cases, small cracks or breaks also appear
in the shell. The buds, twigs of the preceding year's growth, larger

branches, trunk, and root crown are also subject to injury (Figure
19). The roots and collar below ground are not ordinarily injured
except in cases where the earth has been removed. Buds injured by
freezing turn brown and the shoots die back. On the trunk, the
injury may take the form of a general killing or of a longitudinal
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splitting of the bark (Figure 20). Under certain conditions, the
sapwood and heartwood may also be longitudinally split open.

The tissues most subject to injury are the bark, the pith, and
the cambium. The wood (xylem) is not commonly affected. At
first, the injured tissues turn a light buff color; later, if badly damaged, they become dark brown or black and smell sour. As a rule,

the tissues on the south or southwest side of the tree are the most
severely injured. Under certain conditions, however, the north side

of the tree may be injured more. When the damage is severe and
extends completely around the trunk, the tree dies. The affected
trees may leaf out in the spring at the normal time and grow for
awhile, but then the foliage withers and dies. Shot-hole borers generally start working in the tissues of badly injured trees shortly after
the damage occurs and riddle the bark with many small holes. Many

growers erroneously attribute the death of cold-injured trees to
borers. Shot-hole borers never attack healthy or vigorously growing trees.

While cold injury is generally greatest in years when freezing
weather comes in the late fall or early winter before the tissues have
a chance to "ripen," it may occur even after the tissues become fully
dormant if the temperatures drop sufficiently low. Trees in low
vigor are more subject to damage from freezing during the dormant
period than vigorous ones. Any condition or combination of conditions in the environment that results in a general lack of vigor will
predispose the tree to cold injury. Among the predisposing factors
are adverse soil conditions, unfavorable orchard sites, poor orchard
management, excessive use of irrigation water 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 cold injury. While certain early varieties of walnuts and early seedlings generally escape serious damage from cold
injury, this freedom from serious injury is associated with early maturity and not with any inherent resistance.
While damage from freeze injury cannot be entirely prevented,
its severity can be mitigated by proper orchard management. The
trees should be kept in as healthy a condition as possible. Cover
crops should be grown annually to maintain the humus content of the
soil, and the soil moisture should be carefully conserved. The orchard
should not be irrigated too late in the season. The excessive use of
irrigation water late in the season may prolong the growing period,
thereby increasing susceptibility to cold injury. The practice of un-

covering the collar and main roots and leaving the parts exposed
through the summer to prevent possible collar or root infection by

Figure 16.

Injury to a walnut leaf caused by an excess of boron.
U. S. Department of Açjriculture Bulletin 448.
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the "oak-root fungus" should be carried on judiciously as such a
procedure may predispose the trees to serious damage from freeze
injury. If it is found necessary to uncover the root collar and main

Figure 17. A grafted Franquette tree affected with walnut girdle. Note production of
suckers from the hybrid black walnut rootstock.

a

A

B

Figure 18.

Girdle of grafted walnut: A: Tangential section through the union showing
B: Radial section through the union:
a Persian walnut top, b black walnut root
break ("black-line") at the graft union.

Figure 19.

Collar rot of walnut resulting from cold injury.
29

Figure 20.

Cold injury of walnut resulting in a splitting of the bark of the trunk.
30
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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 weather.
The amount of damage to the trunks can be lessened somewhat
by painting them with a good exterior whitewash', the object being
to deflect the rays of the afternoon sun and prevent alternate freezing
and thawing. Heading the trees low is also an aid in mitigating
injury as the low branches shade the trunk and minimize fluctuating
temperatures.
Planting a windbreak on the north side of the orchard may also
lessen the extent of damage under some conditions.
Immediately after a severe freeze has occurred, the trees should
be examined to determine if the bark is split and loose as shown in
Figure 20. If so, it should be tacked down with large-headed, galvanized roofing nails to prevent the wood from drying out. Otherwise, the trees should be left alone as one can very easily do much
more damage than good by "blind" cutting. Many times, the discolored tissues will clear up after growth starts in the spring. It is

always best to let nature take its course. In no case should any
cutting be done until after the end of the growing season when the
dead areas are well-defined.

Splitting of the bark to prevent the spread of the so-called
"sour-sap" condition that often follows a severe freeze is also a bad
practice and should not be done.
SHRIVEL

Shrivel is characterized by a total or partial shrinking of the
kernel (Figure 21). The "skin" or pellicle of such affected nuts
generally turns brown or amber colored. Shrivel is apparently associated with one of several nonparasitic adverse conditions. It is
definitely known that a lack of sufficient available soil moisture during

the critical period for the filling of the nuts will cause a part or all
of the kernel to shrivel. The occurrence of extremely hot weather
during certain periods in the development of the nut will also cause
the kernel to shrivel and the "skin" to turn brown. A premature defoliation of the tree by certain leaf diseases may, under certain conditions, also result in a shriveling of the kernels. Freezing weather
just prior to and during harvest may likewise cause shriveling.
'A good exterior whitewash formula is as follows:
Quick-lime (do not substitute)
4 pounds
Skins milk
2
quarts
Water
2 quarts
Water slake the quick-lime; combine the skim milk and water and then add same to
the slaked lime while still warm; apply to trees with a brush.
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In California, a heavy infestation of aphides is said to result also

in a shriveling of the kernels. Observations in Oregon, however,
have failed to indicate that aphides are actively concerned in the production of shrivel under Pacific Northwest conditions.
If the cause is associated with insufficient moisture, the conditions can be controlled by providing the tree with supplementary mois-

ture by irrigation, or by proper orchard management and cultural
practices to conserve the soil moisture. Controlling leaf diseases will
also aid in reducing the amount of shrivel.

Figure 21.

Shrivel of walnut kernels.

SUNBURN

Extremely hot weather during the growing period may cause
injury to the leaves, branches, and nuts. Sunburn of the leaves results in the death of the marginal areas. The exposed parts of
branches where they receive the direct rays of the sun may also be
injured, causing the death of the exposed bark.
The occurrence of extremely high temperatures when the kernels
are in the "milk" to "early dough" stage may result in injury to the
fruits. In mild cases of sunburn only a yellowing or "freckling" of

the tissues on the side exposed to the sun occurs (Figure 22, A).
Small brown spots, not more than 1/16 inch in diameter, often occur
in the "skins" of the kernels, beneath these sunburned areas (Figure
23, A). In severe cases, the affected areas in the husk turn uniformly
brown or black (Figure 22, B) and the shell fails to develop further,
resulting in a thin-shelled or perforated condition. The pellicle or

"skin" of the kernels turns brown or amber color (Figure 23, B)
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and, in severe cases, the affected parts of kernels turn brown and
shrivel (Figure 23, C). The greatest amount of damage from sunburn generally occurs on the south and southwest sides of the tree.
While there is little, if anything, that can be done to prevent
sunburn if the temperatures go too high, the damage can be minimized somewhat by keeping the trees in a vigorous, thrifty condition
so as to encourage dense foliation which shades the nuts. In the

event that the damage from sunburn is severe, the crop from the
south and southwest sides of the tree should be kept separate from
the remainder in harvesting. Such a practice will result in a higher
average grade of nuts.
SHELL PERFORATION
Shell perforation is characterized by the presence of small holes
or thin spots in the shell of the nut. The spots may occur at any

B

A

Figure 22.

A

Injury to walnut caused by hot rays of the sun: A: Mild sunburn.
B. Severe sunburn.

B

C

Figure 23. Injury to walnut kernels caused by hot rays of sun: A: Spots in pellicle (skin")
of kernel due to mild sunburn. B: An amber.colored kernel due to more severe sunburn.
C: Cross section through a badly sunburned nut.
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place in the shell, but they are usually most abundant near the tip end
(Figure 24). While the kernels may not be affected, they are frequently exposed by the openings in the shell. Nuts affected with perforation are culls and must be
cracked before marketing.

Perforation is apparently associated with the occurrence of any
one of several nonparasitic adverse
conditions. It is definitely known

that severe sunburn is one of the
causal factors. It is apparently not
the only one, however, as this con-

Figure 24.

A perforated nut.

dition develops to a greater or less
extent on the nuts on certain seedling trees every year regardless of
varying environmental conditions.
In such cases it would almost appear as if this condition is an inherent characteristic.
Perforated nuts have also been
collected from trees in poor vigor,

indicating that faulty nutrition may also be associated with the development of this condition.

In California, perforation is attributed largely to the work of
the common walnut aphis (Chromczphis juglandicola (Kalt.)). Ob-

A

Figure 25.

B

Hail injury to walnuts: A: Hail injury spot in husk.
shell beneath hail injury.

B: Spot in
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servations made over a period of 14 years, however, have failed to
indicate that aphides are concerned to any significant extent, if at all,
in the production of perforated nuts in the Pacific Northwest, as is
shown by the fact that nuts on trees badly infested with aphides have
not consistently developed this condition.

Where perforated nuts occur annually on particular seedling
trees, top-Working the trees over to some standard variety, such as
the Franquette, has resulted in the control of this condition. Otherwise, about all that can be done is to keep the trees healthy and growing vigorously.

HAIL INJURY
Hail during the growing season may cause injury to the leaves
and nuts. Holes may be torn in the leaves. In severe hail storms,
the leaves may even be knocked off the trees.
Hail spots on the nuts may be of varied shapes and sizes. Young
nuts that have been severely injured may drop. If the husk is not
punctured, the nuts "stick" on but are often malformed. The injured

areas are sunken and brown (Figure 25, A). The shell beneath the
injured areas may also be involved (Figure 25, B).
ZINC DEFICIENCY
Zinc deficiency in walnuts is indicated by a yellowing or mottling of the tissues between the veins (Figure 26). This disorder is
of minor importance in Oregon, having been found only in southwestern Oregon.
Zinc, in the form of zinc sulphate, applied as a spray or soil
amendment, will reduce chlorosis due to a deficiency of this element.
WOODPECKER INJURY
Woodpeckers, particularly the red-breasted sapsuckers, cause

limited injury to walnut trees in Oregon.

In the course of their

feeding these birds drill small, circular holes in a more or less regular

pattern up and down and around the branches or trunks of trees.
The holes generally extend to the wood and are often bored close
together and arranged in whole or partial rings around the branches
or trunk (Figure 27). Besides interfering with the flow of sap
these holes provide avenues of entry for wood-rotting fungi and overwintering places for insect pests. In some cases, the damage is so
severe as to cause girdling and subsequent death of the branch or tree

Orchards that are adjacent to brush or timber are more
likely to be injured by woodpeckers than those with cleared areas
attacked.

surrounding them.
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There are three general methods of combating woodpeckers:
(a) to scare them away by frightening devices, (b) to repel them by
the use of repellent preparations, and (c) to kill the birds with gun
or poison.

Among the repellents that have been used with limited success
to prevent these birds from revisiting the site of their original depredations and accentuating the injury are: whitewash, heavy fish glue,
lime-sulphur concentrate, and dilute carbolineum paint.
It is more effective, however, to kill the offenders either with a
gun or by poison. Powdered strychnine alkaloid is generally used to
poison these birds. Two methods of applying this poison may be
used as follows
Method A: Mix thoroughly
ounce of strychnine alkaloid with
1

pint of honey or other thick

sirup.
brush

Apply with a small paint

just above the rows of

fresh punctures made by the sapsucker.

iViethod B: Place a small quantity of powdered strychnine alkaloid directly into each fresh hole
with a point of the small blade of
a pocketknife.

Strychnine is deadly poison
to man or animals if taken internally and should be so labeled and kept in a safe place
away from children.
In this connection it should
be

remembered that

wood-

peckers and red-breasted sap-

suckers are migratory birds
and are therefore protected by
national law even in those
states which have no state laws
protecting them. It is therefore necessary to obtain a

license or permit to kill these
birds.

Figure 26.

chiorosis of walnut leaflet caused by a
deficiency of zinc,

MOSSES AND LICHENS IN
WALNUT ORCHARDS
There are a number of kinds
of mosses and lichens that

grow on walnut trees in the

DISEASES OF THE WALNUT AND THEIR CONTROL

Figure 27.

37

Injury on trunk of walnut tree caused by woodpeckers.

Pacific Northwest. Although none of these are parasitic, they may
harbor injurious insects of various kinds and may perhaps interfere
with the normal functioning of the bark. Mosses and lichens should,

therefore, not be allowed to become too abundant on the trees.
Where orchards are regularly sprayed for the control of walnut
blight, special sprays for moss control are not required, as the
spray regularly employed for the control of this disease is also
effective for the control of moss, especially if the limbs and trunks
are saturated. Where the orchard is not regularly sprayed, however,

it is necessary to apply special sprays at 4- or 5-year intervals to
keep mosses and lichens under control. Sometimes an abundance of
mosses and lichens indicates lack of vigor or retarded growth from
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other Causes, in which case other measures will be required to bring
the trees back to a normal condition.

Walnuts may be sprayed for the control of moss at any time

during the dormant period. There are a number of spray materials
that will kill mosses and lichens. Liquid lime-sulphur and bordeaux

mixture are two of the most effective materials for this purpose.
Lime-sulphur acts more quickly than bordeaux mixture, but bordeaux
mixture is preferable because it has a more lasting effect in keeping
the trees free from mosses and lichens. A relatively strong concentration of bordeaux mixture, as the 10-10-100 or 12-12-100 formula,
is more efficient than weaker strengths though weak concentrations
will kill mosses and lichens on trees sprayed at regular intervals. If
lime-sulphur is used instead of bordeaux mixture, a 12-100 solution
(12 gallons of 32° Baumé concentrated liquid lime-sulphur added to
water to make 100 gallons of material) should be employed.

IMPORTANCE OF PROPER ORCHARD MANAGEMENT
There is a direct relationship between the incidence of certain
diseases and tree vigor. Vigorous, thrifty trees can often resist infection by many organisms that habitually live on or in weakened
plants, whereas a tree in poor vigor will succumb to attack. It is
therefore important to keep the trees in a vigorous, thrifty condition.
The trees must be properly spaced in the orchard if they are to be
kept vigorous. The distance between trees should not be less than 50
feet. In general, fhe farther apart they are planted the easier it will
be to maintain them in a thrifty condition. Proper cultivation and
cover cropping will also aid in maintaining proper vigor. The orchard should be disked or plowed in the spring as soon as the ground
is workable. Subsequent cultivations in late spring should be made,
if necessary, to keep down weed growth and conserve moisture. The
orchard should not be irrigated too late in the season as late irrigations force a late fall growth which causes the trees to be susceptible
to injury by cold.

SPRAY AND DUST MATERIALS AND METHODS
SPRAY AND DUST MATERIALS

Bordeaux mixture
Bordeaux mixture consists of a mixture of copper sulphate, quick

(caustic) or hydrated lime, and water in varying quantities. The
proportion of each ingredient used is indicated in the formula. The
quantity of copper sulphate is always given first in the formula, that
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of lime next, and that of water last. For example, the concentration
recommended for the control of walnut blight is 4-2-100. A 4-2-100
bordeaux mixture would contain, therefore, 4 pounds of copper sulphate, 2 pounds of quick (caustic) lime or an equivalent 3 pounds of
hydrated lime, and 100 gallons of water. If the spray tank holds
400 gallons, 4 times these quantities will be required to make up the
quantity according to formula. Several methods of preparing bordeaux mixture are in vogue. Regardless of the method used, it is
important that at least one of the ingredients be highly diluted before
the other is added. The "two-package" or so-called "instantaneous"
method of making bordeaux mixture has a number of advantages
not possessed by the stock-solution method. No extra equipment is
necessary; it is economical in the use of labor; and time is saved.

In preparing bordeaux mixture by this method, the spray tank is
filled about half full of water, and the requisite amount of hydrated
lime added with the agitator in motion. Then the powdered bluestone is slowly added, pouring it into a stream of water flowing from
the source of supply to the spray tank through a trough. The tank is
then filled with water.

Dusts
Factory mixed dusts are more effective as a rule than homemixed ones as the factory preparations are more uniformly mixed.
If oil is incorporated in the mixture as recommended, the dust must
be factory mixed as special equipment is required for this process.
Some dusting machines have "hoppers" with "self-mixing" devices. These contrivances, while not as efficient as factory mills, will

do a fair job of mixing and may be used as an alternative. When
used, oil should be omitted from the dust mixture.
In making up a copper + lime + sulphur dust, the monohydrated
copper sulphate should be placed in the "hopper" first, followed by
the requisite amount of lime, and the two should then be thoroughly
mixed before adding the sulphur and inert ingredients.
THE SPRAY MACHINE
Portable power spray machines capable of developing from 500

to 600 pounds pressure per square inch and having a capacity of
from 20 to 26 gallons per minute are recommended for spraying walnut trees.
Large spray tanks holding 300 to 400 gallons will reduce the
number of tank-loads needed to spray the orchard thereby expediting
the application of the spray.
The so-called "broom" gun consisting of four or more nozzles

mounted abreast on a crossbar which is fastened to an aluminum
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barrel or lance with the cut-off in the basal casting, is recommended

for use in spraying walnut trees (Figure 28). The length of the
barrel can be varied according to the height of the trees. The use of
this spray gun not only results in better coverage but also reduces
-

¶y

1.
I

the time required to spray the trees thoroughly. Moreover, with this gun faulty
spraying due to inexperienced help is reduced to a minimum since the operator cannot wrongly adjust the type of spray coming from the nozzle.
Spraying from a platform or tower built

on the tank of the sprayer will oftentimes
be found more efficient than spraying from
the ground; particularly will this be the
case in orchards containing trees more than
40 feet high (see cover illustration).
THE DUSTING MACHINE
A high-velocity dusting machine capable

Iof developing an air velocity of from 150
Figure 28.
type of gun
that has been found to be
very efficient in spraying
walnuts in Oregon.

to 185 miles per hour is more efficient for
dusting walnut trees than low velocity machines.

The duster should be equipped

with an efficient feed mechanism that will
"feed" the dust evenly into the air current. Dual, manually controlled outlets will expedite the application of the dust.
If the terrain is level or fairly so, the tractor may be used to furnish power to run the duster. If the orchard is located on steep hillsides, however, an engine-driven type of dusting machine is more
efficient.

APPLYING SPRAYS AND DUSTS
If satisfactory control is to be obtained, the spray or dust mater-

ials must coat the nuts evenly during the period for infection. It is
essential, therefore, that the materials be thoroughly applied.
To obtain good coverage, the trees should always be sprayed or
dusted from two sides. The spray or dust machine should be drawn
along one side of the tree row and back along the opposite side. It is

impossible to do a good job of spraying or dusting from only one
side of the tree.
While it is possible to spray when it is slightly windy, it is impossible to do a good job of dusting when the wind is blowing. The

dust should therefore be applied in late evening or early morning
before the wind starts blowing. Applying the dust in late evening
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is preferable to dusting in early morning as the air currents tend to
rise in the morning in fair weather while in the evening their direction is reversed; as a consequence the dust tends to hang in the trees
for a long time.

The foliage should preferably be moist with dew at the time
the dust is applied to permit the copper sulphate and lime to react and
form a precipitation membrane that will not wash off.

While it is important to coat the trees thoroughly with spray,
they should not be oversprayed or drenched, or foliage injury may
result.

SUMMARY OF PROGRAM FOR THE CONTROL
OF WALNUT BLIGHT
The schedule given below has been prepared to meet maximum
requirements. Under some conditions, the full program may not be
required. Consult your county agent or experiment station for modifications to meet local conditions.
Time of application

Materials to use and concentration

Early preblossom

Bordeaux mixture 4-2-100 +
Summer oil emulsion, I pt.-l00

(See Figure 6, A)

or

Copper + lime + sulphur + oil dust
(20-40-2)

Middle preblossom

Copper + lime + sulphur + oil dust
(20-40-10-2)

Late preblossom

Bordeaux mixture 4-2-100 +
Summer oil emulsion, 1 pt-lOU

(See Figure 6, B)

or

Copper + lime + sulphur + oil dust
(20-40-10-2)

Early postblossom
(See Figure 6, C)

Bordeaux 4-2-100
or
Copper + lime + sulphur + oil dust
(20-40-10-2)
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