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THE IMPORTANCE OF SITE QUALITY

Black walnut is very sensitive to soil conditions, developing best on deep, well-drained, nearly
neutral soils, which are generally moist and fertile. The better growing conditions are typically
located on the lower north and east facing slopes, stream terraces and floodplains. The quality of a
site is reflected in its site index rating. Site index is the number assigned which reflects how tall a
tree will grow in a certain number of years (usually 50 years). A walnut site index of 80 indicates that
location will grow a walnut tree to 80 feet of height in 50 years. Good walnut growing sites produce
more useable volume per acre than poor growing sites even where the same number of trees are
involved. And, the good sites do it in a shorter period of time.

Brinkman (1966) provides yield data in board-feet-per-acre from various sites (Table 1). The table
reveals that walnut on a site index 40 would take 65 years to produce 870 board feet of wood where
a site index 80 site could produce it in 25 years.

Table 1. Yields in board feet per acre of black walnut plantations in the north central region by
age and site index.* (Trees planted at a 10-foot spacing.)
SITE INDEX

AGE

(Years) 40 50 60 70 80
20 -- - - - 100
25 -- - 110 380 900
30 - - 360 1,000 2,200
35 - 200 810 1,930 3,760
40 - 400 1,400 3,300 5,670
45 170 780 2,160 5,100 7,860
50 250 1,200 3,100 6,500 9,820
55 400 1,700 4,150 8,010 11,750
60 630 2,250 5210 9,380 13,150
65 870 2,800 6,230 10,060 14,400
70 1,060 3,350 7,170 11,620 15,460
75 1,250 3,800 8,000 12,550 18,250

* Volume in board feet per acre (Scribner Rule) of trees 10 inches d.b.h. and larger to an 8-inch

top diameter inside bark.
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THE IMPORTANCE OF LIGHT

Another characteristic of black walnut which a landowner should know is that it is intolerant of
shade. In mixed forest stands it must be in a dominant or co-dominant position with other trees to
maintain itself. The intolerance to shade of black walnut is an important factor to consider in
several stages of management. If a woodland owner is trying to replant openings created in a natural
stand he must be aware that without an opening of at least 1/3 to % acre in size a walnut planting
will almost always result in failure. Even then, several years of controlling competing vegetation is
necessary.

Any trees which are overtopped by less desirable trees in the woodland must be released from
shading before they become deformed or are stunted to the point they are unable to respond
properly to release.

PROPER TREE SPACING

An important concept for the landowner to understand is that of proper spacing of trees within a
woodland. It is not practical to try to grow every tree to maturity so the best trees (crop trees)
should be selected at appropriate spacings and managed to improve their form and growth. When a
choice is possible, dominant and codominant trees should be favored over intermediate or
overtopped trees. Select the fastest growing trees as crop trees where quality form is acceptable.
External characteristics such as bark pattern often give a good clue to rate of growth. The reddish-
brown inner bark will be visible in the bark fissures on fast-growing walnut trees. Slow-growing
walnut trees tend to have flat, platy bark.

Trees that are low forked, have excessively large low branches, or are defective for any other
reasons should not be selected as potential crop trees although occasionally these trees may have
superior nut production qualities that will warrant their retention. Few woods trees produce large
nut crops however, because they do not have well developed tops.

Selected crop trees should have adequate growing space in order to maintain rapid growth.
Competing trees may be harvested for products, or simply girdled or injected with appropriate
herbicides. All vines should be removed from crop trees because they can stunt, kill or deform
desirable trees.

There are many rules of thumb or formulas used to determine proper tree spacing. One rule of
thumb commonly used is “the distance between two trees should be average of their inches in
diameter at breast height (d.b.h.) changed to feet plus a conversion factor of 8 feet.”” Example:
Trees 4 inches d.b.h. and 8 inches d.b.h. would have an average d.b.h. of 8+4)2 or 6 inches. Six
inches would be changed to 6 feet plus the conversion factor or 8 feet would then give a spacing of
14 feet between trees.

Another rule provides that enough trees should be removed each time a thinning is made to allow

the trees to grow about 4 inches in diameter before the tops become too crowded. On most sites
this will mean that tree tops should be about 10 feet apart after each thinning.
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Stocking levels and spacings recommended by Phares (1973), based on studies by Krajicek, for
high-quality veneer logs and good nut production on good sites are shown in Table 2.

It should be noted (Table 2), that if a major emphasis is placed on nut production, additional trees
must be removed to further maximize tree crown development. However, open grown trees tend
to retain their lower branches indefinitely. Trees that are drastically released from competition may
develop epicormic branches (sprouts from dormant buds along the trunk, commonly called water
sprouts). These sprouts must also be removed before they also become limbs which will downgrade
the log.

Table 2. Tentative stocking guidelines for growing high-quality black walnut on good sites.

Recommended stocking and spacing after thinning or
releasing for different product objectives*

Stocking and spacing
when crowns begin to Veneer logs Veneer logs and nuts
touch+
Average Trees per Spacing Trees per Spacing Trees per Spacing
stand d.b.h. acre between acre between acre between
(inches) (number) | trees (feet) (number) | trees (feet) (number) | trees (feet)
2 797 7 265 13 225 14
4 380 11 175 16 150 17
6 223 14 125 19 105 20
8 147 17 90 22 80 23
10 104 20 70 25 60 27
12 78 24 55 28 50 30
14 60 27 45 31 40 33
16 48 30 40 33 35 35
18 39 33 35 35 30 38
20 32 37 30 38 25 42
22 27 40 -- -- -- --
24 23 43 -- -

+ Obtained by using the following equation (Krajicek 1996): crown width in feet = 1.993 d.b.h. in
inches + 4.873.

*These values are based on the assumption that crop trees will grow 4 inches in diameter before
they again need to be thinned or released.

Many studies indicate that sawtimber-size trees do not respond as well to release and thinning as
smaller sized trees so when possible these practices should begin early in the life of the woodland.

CLEAR-STEM PRUNING

A cultural practice which can greatly increase the future value of young walnut trees is clear-stem
pruning. By the time a tree has reached 8 to 12 inches in diameter it is often too late for effective
pruning because there will not be enough clear wood produced over the pruning wounds to greatly
increase log value. Limbs should be removed before they reach 2 inches in diameter to keep the
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wound being too large for proper healing. A neat, clean cut should be made, preferably with a
pruning saw.

Pruning for clear log length can be started when the trees are about 10 to 12 feet tall (Schlesinger
and Funk 1977). Wider spacings in open stands will need pruning at an earlier age than more
crowded stands. It is recommended that no more than a third of the live crown be removed at any
one time. All pruning should be restricted to the lower half of the tree 3 trunk. Pruning too many
branches from the main crown of small trees can slow growth or cause top heaviness with wind
breakage resulting.

How high to eventually prune depends on the product objective and on the cost and difficulty of
pruning. I would recommend a minimum of 9 to 10 feet of clear butt log to meet minimum veneer
requirements. When nut production is a goal, a fairly large crown is needed and therefore the butt
log may be the only one pruned.

Current research indicates that the best pruning time is in the late dormant season, just prior to
spring growth. Some follow-up pruning will be needed to remove epicormic sprouts which will
develop from dormant buds around the pruning wounds. These sprouts should be removed as
soon as possible because they, too, will form knots in the wood.
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Companion Crop Recommendations for Planting with
Black Walnuts

H.E. Garrett and J.E. Jones!

The concept of planting trees in widely spaced rows and growing cash crops in the alleyways is a
special form of agroforestry called alley cropping. To be successful, the companion crop3
physiological requirements (i.e., light, water and nutrients) must be accommodated by the tree.
Black walnut3 (Juglans nigra L.) foliage and root system are unique and readily adapted to the
growth of companion crops. Black walnut is one of the latest species to break dormancy in the
spring and is, typically, one of the first to defoliate in the fall. Even with full foliage, it produces a
light shade within which many crop species can grow (Garrett et al. 1992). A black walnut3 root
system is also uniquely designed leading to reduced competition for soil moisture and nutrients
between the species and companion crop. Typically, young walnut produce a deep, penetrating
taproot which can extend to more than seven feet in the absence of physical barriers. Its long
branch roots are found close to the surface but most of the smaller branch and feeder roots turn
down sharply leaving a shallow zone near the soil surface for root development of companion
crops. When correctly designed, alley cropping with walnut can be highly profitable. Perhaps the
most important decision relative to profitability is the choice of companion crop.

COMPANION CROPS

Alley cropping with walnut can be designed to accommodate the biological requirements of most
companion crops from those requiring deep shade to those requiring full light. The creation of the
proper microenvironment and the timing of its creation are products of selecting the correct tree
spacing. In Missouri, there are many examples of crops that have been planted with walnut. The
most common, however, are conventional row crops, forages and specialty crops.

ROW CROPS

In an alley-cropping program, shade-intolerant row crops can be established in the alleyways and
grown until light, water, or nutrients become limiting from competition (assuming that
allelochemicals inhibitory to the crops in question are not produced by the trees). However, since
most row crops are shade intolerant, their light requirements must be planned for if they are to be
grown for an extended time period. In early research performed by Garrett and Kurtz (1983),
upland and bottomland sites were planted with walnut and the alleyways dual cropped with
soybeans (Glycine max L.) and winter wheat (Triticum aestivum L.). Trees were spaced 10 feet
apart within rows and 40 feet between rows providing 108 trees per acre. Soybeans averaged 24 and
32 bushels/acre on the upland and bottomland sites, respectively, during the first five years. Wheat
yields averaged 41 bushels on both sites during the same time frame. While wheat yields changed
little between years five and 10, soybean yields decreased by nearly 20%. Due to the percentage
change in yields, soybean production was found not to be profitable after the tenth year under the
conditions of this early work. While the percentage decrease in yield attributable to increased shade,
competition for water and nutrients or allelochemical inhibition is unknown, controlling the
competition through the pruning of tree roots or widening the spacing between tree rows can

1 H.E. Garrett, School of Natural Resources, University of Missouri, Columbia; Jim Jones, Hammons Products
Company, Stockton, MO.
102



extend the life of the cropping regime. Research in Indiana demonstrated a 62% vyield increase in
corn planted in the alleyways of 8-year-old black walnut from the severing of lateral roots growing
into the alleys (Jose et al., 1995).

Studies conducted in Canada on alley cropping black walnut have demonstrated relationships similar
to those observed in Missouri (Gordon and Williams 1991; Williams and Gordon, 1992).
Intercropping walnut with corn (Zea mays L.) soybeans, and wheat has shown that all can be
grown with no obvious inhibition from chemicals produced by the trees. Differences in tree growth
responses, however, have been found to be related to the intercrop used. Growth of trees during
the first few years was found to be best with corn followed by soybeans (Gordon and Williams,
1991; Williams and Gordon, 1992). Significant reductions in growth were associated with
intercropping with small cool-season grains. Differences in growth were believed to be related to
differences in soil moisture available to the trees early in the growing season when trees typically do
most of their growing. Soil moisture availability was least in the spring when cool-season grain crops
were used (Williams and Gordon, 1995). It is reasonable to assume, however, that if sufficient
spring rain occurs to recharge the soil profile, this would not be a problem. Moreover, in Missouri
and the midwest in general, cool-season row crops (e.g., winter wheat etc.) would seem to be better
suited for planting with walnut than warm-season crops. Since weed control is not a problem
during the winter and early spring, cool-season crops can be planted closer to the tree rows
resulting in less lost production. Also, assuming sufficient rainfall occurs, cool-season crops will
normally compete less with trees for water than warm-season crops and create fewer management
problems.

FORAGE CROPS

Many forage species, each with unique characteristics, may be used in walnut alley-cropping
practices. Selecting a suitable forage species for alley cropping, however, depends on many factors
including site conditions, characteristics of the forage, and management objectives. Each of these
factors is complex and multifaceted. Since most forage species are adapted to open fields and full
sunlight, landowners interested in establishing walnut and forages together must do so with an eye
to the future. During the early years, shade will not be a consideration. However, as the trees grow,
new microenvironments are established and forage species that are shade intolerant will soon
disappear. Therefore, shade tolerance is one of the most important characteristics to consider in
selecting a forage for growing with black walnut. Unfortunately, since forages are normally managed
under open conditions in the midwest, reliable data on their shade tolerance are lacking.
Fortunately, however, recent research by Lin et al. (1998) has demonstrated a number of cool-
season forages to be sufficiently shade tolerant to merit use in alley cropping practices (Table 1).
While most are untested with walnut, there is a reasonable chance that they would perform well.

Of all grasses, orchardgrass (Dactylis glomerata L.) is most often used in tree plantings in part
because it is commonly thought to be shade tolerant and is fairly shallow rooted which minimizes
its competition for water with the trees. Red clover (Trifolium pratense L.) is usually the legume of
choice. While tall fescue (Festuca arundinacea Schreb.) is also very shade tolerant, it is not widely
planted with walnut due to it3 deep and prolific rooting characteristics. Timothy (Phleum pratense
L.), because of the high quality hay it produces, could become an important companion species for
black walnut. In spring-early summer screenings, timothy yields were reduced by 0.33 percent at 50
percent shade. However, even with this reduction, dry matter yields were comparable to that of
many of the other cool-season grasses when grown under full sun. Moreover, in late summer-fall
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trials, yields at 50 percent shade were the same as those in full sun (Lin et al., 1995). Of the other
grasses showing shade tolerance, smooth-brome (Bromus inermis Leyss.) is especially prominent in
northern Missouri and could offer good opportunities for landowners interested in introducing
trees into their pastures.

Great interest has been expressed on the part of landowners in growing alfalfa (Medicago sativa L.)
as an alleycrop with black walnut. In Missouri 3 early trials, alfalfa has performed well under partial
shade conditions and would appear to be a viable candidate for planting with trees. However, it has
not been sufficiently tested as a companion crop with walnut to merit a recommendation. Alfalfa
produces an extensive root system which is more competitive for soil water than many other forage
species such as orchardgrass (Chamblee, 1958). Planting alfalfa with walnut could reduce nut yields
due to competition for water. Since the generation of income is an important consideration for all
landowners, the financial trade-offs of planting alfalfa or any other forage species with walnut must
be assessed before recommendations can be made.

The success of any tree/forage practice is directly correlated with the shade and drought tolerance
of the forage or forages selected for planting, forage value, the geometric pattern and density of the
trees, and the age of the trees. In designing practices, all factors must be considered. Since forages
vary in shade tolerance and value, financial gain will, in part, depend upon the ability of the
landowner to match the forage species with the correct light regime.

SPECIALTY CROPS

Many niche markets exist for a variety of specialty crops within any locale or region. Alley cropping
with walnut can be adapted to include many of these crops. With proper forethought and design,
landscaping and Christmas trees species can be grown either within the row (between the
permanent trees) or between the rows in the alleyways. Small fruits can be grown for many years
with the proper spacing of trees (Garrett et al., 1992). Plants which can be marketed for their
medicinal (botanical industry), ornamental, or food values also provide unique marketing
opportunities. Species that are light demanding can be established in the alleyways while those
requiring some shade can be planted within the row as shade develops.

If one is near a metropolitan area, growing shade-intolerant landscaping species in the alleyways
during the early years of a practice can prove to be highly profitable. A viable market, however, is a
prerequisite. One should first conduct a survey of the needs of local landscaping firms to determine
the market size and species needs before designing the practice. As the trees grow and begin to
shade the alleyway, emphasis can change from shade-intolerant to shade-tolerant species, such as
redbud (Cercis canadenis L.), dogwood (Cornus florida L.), spruces (Picea spp.), etc.

Many forest botanicals, such as floral greens, ginseng (Panax guinquefolium L.), goldenseal
(Hydrastis canadensis L.), mushrooms, etc., are highly valuable, in demand, and compatible with
black walnut (Carter, 1996). The fastest growing markets are those for flowers, mushrooms and
medicinal herbs. While the quality of many special forest products (i.e., ginseng, goldenseal, etc.)
decreases when they are produced under artificial shade, walnut creates a natural shade environment
permitting the maintenance of plant quality and value. Moreover, the microclimate requirements of
species requiring higher light intensities (e.g., Echinacea, Hypericum etc.), can be created in the
alleyways through the proper choice of spacing.
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Many specialty markets already exist while others are yet to be developed. Recent studies in the US,
that have continued earlier work in Germany, suggest an extract from the leaves of Ginkgo biloba
may have medicinal properties (Bricklin, 1995). Assuming such findings are proven correct, new
markets will open and Ginkgo foliage could be produced in wide alleyways between rows of black
walnut. The possibilities for growing intercrop species, when one looks at the special products
market, is almost unlimited but is regional dependent. Landowners should discern local
opportunities and select companion crops that best fulfill their goals and objectives and for which
markets currently exist or will soon come into existence.
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Table 1. Shade tolerance of some grasses and legumes with potential for Missouri agroforestry
practices.

Moderately Shade Tolerant ~ Very Shade Tolerant

Grasses

Kentucky Bluegrass
Poa pratensis L. yes

Orchardgrass ( Benchmark "and Justus j yes
Dactylis glomerata L.

Smooth Bromegrass yes to yes
Bromus inermis L.

Tall Fescue (KY 317and Martinj yes to yes
Festuca arundinacea Schreb

Timothy yes
Phileum pratense L.

Red Top yes to yes
Agrostis gigantea Roth

Reed Canarygrass yes to yes
Phalaris arundinacea L.

Legumes

Alfalfa (tody“and Vernalj yes
Medicago sativa L.

Berseem Clover yes
Trifolium alexandrinum L.

Ladino Clover yes
Trifolium repens L.

Red Clover yes
Trifolium pratense L.

Striate Lespedeza (Kobe yes

Kummerowia striata Thumb
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Ground Covers To Maximize Ease Of Management,
Tree Vigor, And Ease Of Harvest

J. W. Van Sambeek, H. Gene Garrett and James E. Jones

Van Sambeek: Research Plant Physiologist, USDA Forest Service, North Central Forest
Experiment Station, 1-26 Agriculture Building, University of Missouri, Columbia, MO 65211-0001
Garrett: Professor, School of Natural Resources, 1-30 Agriculture Building, University of Missouri,
Columbia, MO 65211-001

Jones: Director of Forestry and Land Management, Hammons Products Company, 105 Hammons
Drive, Stockton, MO 65785.

Orchard floor management planning needs to be begin before the walnut trees are planted —long
before the trees mature and start producing nuts. Decisions such as number of trees per acre,
spacing between and within row, and ground cover management between and within the row are
needed before the trees are planted in order to accommodate equipment, future cultural practices,
and planning for a sustainable forest operation. Important objectives for whatever system is chosen
are to provide the walnut trees with a uniform amount of water and nutrients through the growing
season at the acceptable cost, to provide for frost and pest control without significant
environmental damage, and to provide the necessary space to efficiently operate equipment for
ground cover maintenance and nut collection.

On a deep, well-drained site suited for acceptable growth of eastern black walnut, the orchard
management system should provide many of the following benefits through the growing cycle: a)
provide a cover to decrease soil erosion and nutrient leaching below the root zone, b) keep soils
cool to delay spring budburst and reduce damage by late killing frosts, c) allow air movement
through the orchard to minimize frost pockets, d) remove excess soil moisture that has
accumulated during the dormant season, e) reduce dispersal of airborne disease spores that affect
walnut leaves, f) minimal competition for soil moisture and nutrients during the growing season, g)
improve soil organic matter and nutrient cycling, and h) facilitate mechanical harvesting of nuts in
the fall.

The ideal orchard management system provides an effective ground cover during the dormant
season to minimize soil erosion and delay walnut budburst and flowering, abundant spring growth
to remove excess soil moisture to enhance walnut root growth and increase soil organic matter
when incorporated, sufficient root growth to firm the soil for operating equipment when spraying
or performing other cultural activities, minimal competition for soil nutrients and water during the
summer when nuts are developing, and minimal above ground biomass in the fall to impede
mechanical harvesting of fallen nuts. Mechanical harvesting is likely to use equipment to sweep
fallen nuts into windrows followed by some type of cleaner to separate the nuts from leaves, twigs,
and other trash raked into the windrows. As with most things, no one ideal orchard management
system meeting all the above criteria exists; however, systems do exist that meet many of the above
criteria.

Orchard floor management systems can include 1) complete cultivation, 2) complete chemical weed
control, 3) sod culture, and 4) sod culture with strip weed control. The following section describes
each management system and some advantages and disadvantages of each system.
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Complete cultivation. This system involves periodic cultivation of the entire orchard floor from late
spring through nut harvesting. The major advantage is minimal competition from other plants for
soil moisture and nutrients during the growing season. Periodic tillage also reduces surface
evaporation of soil moisture by disrupting the capillary rise of soil moisture to the surface.
However, it should be noted that potential evaporation rates from bare ground, even when
periodically tilled, can still be almost as great as from orchard floors covered with lowing growing
vegetation. A major disadvantage with complete cultivation is that the shallow feeder roots in the
upper soil layers are repeatedly cut or injured. Another major disadvantage is that complete
cultivation should be limited to level ground unless other conservation practices are used to
minimize soil erosion.

Complete cultivation is usually the most expensive management system because it must be
periodically repeated during the year, requires more time, and uses larger tractors than other
systems. Complete cultivation normally requires square planting designs to facilitate cultivation in
both directions where wide equipment can limit the number of walnut trees planted per acre and
reduce selection gains from thinning. The larger tractors needed for cultivation can also lead to
more soil compaction and reduce water infiltration. In addition, during periods of heavy rainfall,
cultivation on a timely basis may not always be possible. This can be especially critical in the fall
when the soil surface needs to be tilled and leveled to facilitate sweeping fallen nuts into rows for
mechanical harvesting. A cultivated orchard may require harrowing and floating to make it level
along with rolling with a cultipacker or other equipment to firm the soil surface.

A modification of the complete cultivation system adaptable to eastern black walnut orchards is the
late fall planting of cool-season annuals to establish a ground cover during the winter. Diseased
walnut leaves can be incorporated during cultivation or covered by the ground cover to restrict
dispersal of fungal spores in the spring. Establishing a winter ground cover has the added advantage
that it can be incorporated the following spring to improve soil tilth and water infiltration rates. Use
of annuals legumes such as hairy vetch or crimson clover have the added advantage that they are
efficient nitrogen fixing plants that can be expected to provide as much at 100 pounds of nitrogen
per acre when incorporated as a green manure crop. If the legume top growth is not harvested, it
could provide up to nearly half the annual estimated 200 pounds of nitrogen per acre need to
sustainable nut production in walnut orchards. Most winter annuals can be seeded in the fall as part
of an operation to prepare the orchard floor for mechanical harvesting of the fallen nuts. It is
generally recommended that winter legumes be planted about one month prior to the first frost
date. Winter annuals such as hairy vetch, subterraneum clover, and crimson clover are good
choices because they do not produce abundant height growth until the following spring.

The use of climbing winter annuals like hairy vetch could significantly reduce the number of
cultivations needed the following year. In the spring, hairy vetch will climb, overtop, and kill most
weeds in the spring before it produces seed and dies. If not incorporated, the dead hairy vetch vines
form a dense mulch across the planting. The mulch layer effectively shades the soil preventing new
weed seeds from germinating and reduces the amount of soil moisture normally lost through
evaporation from bare ground. Because hairy vetch is an efficient nitrogen fixing legume, the
summer decomposition of the roots and mulch slowly provides a rich source of nitrogen and other
nutrients to the walnut trees. In some areas, a foliar disease kills the vines before seed pods are
formed. In these areas, the hairy vetch mulch needs to be incorporated by cultivation in late
summer to prepare the seedbed for reseeding and mechanical harvesting of fallen nuts.
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Complete chemical control. This system uses various chemicals to control weeds during the
growing season and harvesting period rather than cultivation. This system causes less compaction
because it can use small tractors and other equipment with floatation tires to spread the weight of
equipment over a larger surface than equipment for complete cultivation. Under complete chemical
control, walnut roots are left undisturbed and can grow into the more fertile upper zone of the soil.
Major disadvantages include the limited number of herbicides currently registered for use in walnut
orchards, their expense, and their persistence in the environment. In addition, during periods of
heavy rainfall, it is not always possible to apply herbicides when weeds are at their most susceptible
life stage. Surface runoff can also be a problem in orchards where weeds are continually controlled
with herbicides, especially if the orchard is also irrigated with sprinklers.

With complete chemical control it may be advisable to establish a cool-season annual in the fall to
protect the site from soil erosion during the winter. In addition, the ground cover would hold or
recycle nutrients in the upper soil layers especially leachable nutrients like nitrate nitrogen. The
advantages of using annual legumes over annual grasses for complete chemical control are not as
great as when the ground cover can be incorporated. For annual legumes more than three-fourth
of the fixed nitrogen is found in the above ground parts. After herbicide application in the spring it
Is unclear how much of this nitrogen will enter the soil and how much will be lost as volatile
ammonia during decomposition. The dead vegetation from either annual legumes or grasses
following herbicide application would effectively mulch the soil surface and should reduce the
emergence of other weeds that may not be more susceptible to herbicides.

Sod culture. Under this system, the orchard floor is maintained with existing weeds or a planted
cover crop. The covercrop maybe planted grasses, legumes, or weeds. Sod culture offers several
advantages over both complete cultivation and complete chemical control. The permanent cover
allows nearly year-long access to the orchard for cultural practices such as pruning, thinning, and
spraying. Because sods can be maintained with small tractors and inexpensive mowers, sod culture
Is less costly than discing or use of herbicides for weed control. The system is well designed for use
on rolling terrain typical of cover sites where some of the best walnut growth occurs. Rolling terrain
provides for better air movement through the walnut orchard thus reducing the incidence of frost
damage to the new spring growth and developing flowers.

The major disadvantages to sod culture are that additional water and nutrients that must be applied
to maintain both the walnut trees and the covercrop. This is especially true if the covercrop is
harvested as in alley cropping situations. Although the information is limited, we know some
perennial ground covers like tall fescue or smooth bromegrass produce toxic exudates that can slow
the growth of walnut. In addition, many of the grasses are bunch grasses and do not form a tight
sod, thus making it more difficult to sweep nuts into windrows for mechanical harvesting of fall
nuts. Conversely, we also know that black walnut produces toxic root exudates that could limit the
growth of groundcovers. Most plants have been shown to be sensitive to juglone at high
concentrations in laboratory studies. High juglone concentrations could be expected to occur
during summer dry periods under conditions of low available soil moisture. Evidence suggests that
there are a limited number of soil microorganisms capable of breaking down juglone. Orchard soils
with good aeration and high levels of decomposing plant residues favor growth of these
microorganisms; thus, juglone should not be a problem when selecting groundcovers for nut
orchards on deep, well drained walnut sites.
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A promising sod culture system current being tried in the central part of the eastern black walnut
range is a mixture of Kentucky bluegrass and Dutch white clover. Bluegrass can be found invading
many plantings and can be expected to form a thick sod from which fallen nuts can be sweep into
windrows. Dutch white clover is also a low creeping legume that spreads by stolons which grow
along the surface of the soil. White clover is an excellent nitrogen fixing legume and during
decomposition of roots and aerial parts will release nitrogen to the grass and walnut trees. Estimates
of nitrogen-fixing ability of white clover in grass pastures are reported as high as 225 pounds of
nitrogen per acre. Both Kentucky bluegrass and Dutch white clover flower early in the spring and if
left undisturbed should remain relatively dormant through the summer minimizing competition
with the walnut trees for moisture and nutrients. Because the growing points of both species are
close to the ground, a bluegrass-white clover sod can be mowed close to the ground with a flail
mower in the fall. Flail mowers are more efficient than rotary mowers for scalping the groundcover
close to the ground to prepare the orchard for sweeping mechanical harvesting of fallen nuts.

Most perennial legumes such as birdsfoot trefoil, red clover, alsike clover, and alfalfa lack shade-
tolerance and are poorly adapted to mowing with flail mowers. In addition, they may produce too
much above ground biomass on the orchard floor if fallen nuts are to be sweep into windrows for
mechanical harvestings. Warm-season legumes like serecia lespedeza and perennial soybeans should
not be used because their most vigorous period of growth is during the summer when soil moisture
is likely to be limited.

Sod culture with strip weed control. This orchard management system combines sod culture
between the tree rows with use of a weed-free zone within tree rows. The weed-free zone is usually
a 6 to 8 foot wide strip in the tree row maintained with herbicides. Sod culture with strip weed
control takes advantage of many of the benefits of the three previous systems. Sod culture with
strip weed control is adaptable to rolling terrain if tree rows are planted on the contour. Sod culture
with strip weed control is easily adapted as an agroforestry practice for orchard establishment. In
the past, winter wheat, soybeans, and sorghum have been successfully grown between the rows of
trees planted 22.5 to 40 feet apart. With the latter spacing, agricultural crops have been grown
between the tree rows for six to twelve years before plantings were converted to a permanent sod.
Strip weed control is usually done in the spring or the fall using a combination of pre-emergent and
post-emergent herbicides. Recent studies have shown that herbicide applications in combination
with liquid fertilizers will increase nut production while similar applications in the spring are no
more effective than using herbicide mixtures only.

Sod culture with strip weed control may allow walnut growers to use grasses such as tall fescue and
smooth bromegrass. Grasses sods have been shown to significantly reduce elongation of tree roots
in response to toxic chemicals and/or low nitrate nitrogen availability. Several demonstration
plantings have shown that periodic cultivation to remove a tall fescue sod between alternate rows of
walnut trees was as effective as complete removal of the tall fescue sod to rejuvenate tree growth.
Strip weed control using herbicides within the tree rows maybe equally effective, but remains to be
tested. It is important to emphasis that most studies show walnut trees in grass sods grow slower
than trees with sods from native plant populations (weeds). Conversely, trees in sods of planted
legumes frequently grow faster than trees with sods with a mix of native grasses and forbs.

Several more environmentally friendly alternatives using herbicides for strip weed control exist;
however, their effectiveness in walnut orchards has not been evaluated. Cultivators with rotating
tines have been developed that mount to the side of a tractor for cultivating around trees. With
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these cultivators, the weed free zone is rather narrow and they are not very effective on weeds more
than 6 to 10" tall. Mulching with a 3 to 4" deep layer of compost, yard wastes, or wood chips will
effectively suppress most weeds. These materials can provide a slow, steady supply of nutrients into
the root zone under the trees. The major disadvantages to mulching are the amounts of labor
required to apply and maintain the strips and fallen nuts cannot be harvested by sweeping into
windrows. Recently, woven plastic or polypropylene fabrics have been developed that have
functional life expectancies of 10 years or more. Although rainfall and liquid fertilizers can penetrate
these woven fabrics, they also act as a mulch reducing surface evaporation of limited soil moisture
during the growing season. The major disadvantage to woven fabrics is the high initial cost and lack
of mechanical equipment for installing fabric in established nut orchards.
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Black Walnut Nutrition

Felix Ponder, Jr., USDA Forest Service, Jefferson City, MO
James E. Jones, Hammons Product Company, Stockton, MO
H. E. “Gene’”Garrett, University of Missouri, Columbia MO

Abstract: Information on soil and leaf nutrient concentrations for black walnut are of value only
when they are properly sampled, accurately analyzed, and the results correctly interpreted.
Guidelines for interpreting soil and leaf analyses and leaf symptoms are presented along with
recommendations for correcting nutrient deficiencies or the imbalance of one or more nutrients.

The importance of nutrition in old field plantings of nut bearing trees is well recognized. Black
walnut is found naturally on deep, moist, well-drained, and aerated soils that have good structure
and are near neutral in pH. However, many walnut plantings are established in residual soils that
may be eroded and highly leached. Restoring these soils to the productivity capacity required by
black walnut could involve a large investment of time and nutrient management. Excess or
deficiency of nutrients can cause an imbalance, which can result in abnormal growth and low nut
production. ldeally, the soil3 optimum nutrient-balance should be adjusted prior to planting.
Broadcast nutrient applications without mixing in existing plantings can be effective; but, depending
on the nutrient 3 mobility, it may require more time for the beneficial effects of some to be realized
than for others.

The elements essential for normal growth of walnuts and other green plants have been categorized
as major elements, which are required in large amounts, and minor elements, which are required in
small amounts. Black walnut requires large amounts of carbon (C), hydrogen (H), oxygen (O),
nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), and magnesium (Mg), and smaller
amounts of sulfur (S), iron (Fe), manganese (Mn), boron (B), zinc (Zn), copper (Cu), and
molybdenum (Mo).These elements are considered essential because their absence can be
demonstrated to cause injury, abnormal development, or death to the plant.

DIAGNOSING NUTRIENT NEEDS

One objective for looking at nutrient needs diagnostically may be to determine why a tree or stand
exhibits poor growth and/or foliage or other organ abnormalities such as discoloration or unusual
development. Another may be to determine the occurrence of nutrient deficiencies that inhibit nut
production. Preventing nutrient disorders is easier than correcting them. It may take several years to
correct deficiencies or imbalances. During this time losses in growth and yield continue.

Nutrient needs may be estimated (1) by using leaf appearance to identify nutrient deficiency
symptoms, (2) by comparative analysis using both soil and leaf analyses, (3) by soil analysis, and (4)
by leaf analysis. The appearance of the leaves can sometimes provide the first clue to which nutrient
or nutrients are deficient. Nutrient deficiency symptoms for black walnut have been documented
(Hacskaylo et al. 1969). They used color photographs to show leaf deficiency symptoms of N, P, K,
Ca, Mg, S, Fe, and Mn. A detailed description of each deficiency symptom is provided in Table 1.
Although nutrient deficiencies may manifest themselves in quality characteristics of the leaf,
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symptoms for a deficiency of one or more elements may be similar to the deficiency symptom of
another element. For that reason, leaf symptoms for some nutrient elements such as B, Cu, and Zn
have not been included in Table 1. Also, some deficiency symptoms can result from toxicity or
nutrient imbalances rather than insufficiency in the soil. The grower should be careful not to
mistake injury caused by equipment, insects, pathogenic diseases, herbicides, and pesticides for a
deficiency symptom. These agents may produce symptoms that are almost identical to those of
malnutrition. Visual deficiency symptoms should be confirmed by leaf mineral analysis.

The comprehensive approach to diagnosing nutrient needs is to analyze leaf samples from trees or a
stand that exhibit satisfactory growth and nut yields and corresponding soil samples from the soils
in which the trees are growing. The levels of nutrients in the samples are then used as standards to
compare other trees or stands of trees and soils. Comparative analyses serve to provide a range of
values. The analysis is of the most value when the tree's nutritional differences may be related to
some aspect of soil. However the greatest unreliability of comparative values may be expected when
values are extrapolated from one growing location to another or from a tree or stand at one stage
of development to another of a different age or stage of development.

Leaf Analysis

The leaf is very sensitive to changes in the plant's nutrient supply. The leaf is the food producing
organ of the plant and a place of intense metabolic activity. The reliability of the results obtained
from leaf analysis depends to a large degree on how and when samples were collected. The
concentration of leaf nutrients varies with the time of the year (Table 2), the position of the leaf on
the shoot, and with the position of the leaflets on the leaf. Collections should be made between
mid-June to mid-July. However, some authors suggest collecting leaf samples as late as early August
(Phares and Finn 1971, McHargue and Ray 1932). Concentrations of N and P decrease over the
growing season while Ca increases. Calcium concentration decreases from basal to apical leaves on a
shoot and from basal to apical leaflets on the leaf. Therefore, the sampling procedure should be
standardized. For example, select one or two pair of leaflets from the mid-portion of mature black
walnut leaves for the sample rather than from the apical or basal end only. Also, select a date to
annually sample the same trees, leaves from the same branches, and position on the branches.

Leaflets should be placed in paper bag. If plastic bags are used, precautions should be taken to
prevent leaves from molding. Select leaves from branches around the upper half of the crown.
Leaves that are dirty or have been injured by insects, disease or other factors should be discarded.
Collections should be delayed several days after heavy rains because some of the nutrients may be
dissolved in the rainwater. A sample of 10 to 20 leaves from each tree should be adequate for most
analyses. After leaves have air-dried for several days, they may be sent to a plant test laboratory for
analysis. When equipment is available, leaves can be oven-dried and ground before sending them to
the laboratory for analysis.

Interpreting Leaf Analysis

The literature on black walnut fertilizations trials was recently summarized (Ponder 1997). He
concluded that the lack of long-term fertilization studies affect efforts to satisfactory diagnose and
prescribe adequate fertilizer recommendations. Also, many of the published results that showed a
response to fertilization did not include data on soil and leaf analyses (Geyer et al. 1979, Stringer
and Wittwer 1985, Jones et al. 1993). Thus, while there may have been an increase in the supply of a
limiting nutrient that resulted in the growth and/or nut yield response, the impact of the nutrient
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application on soil and leaf nutrient concentrations for trees in the studies are not known. Leaf
analyses are usually able to detect these kinds of dilution effects.

The key factor in the successful use of leaf analysis to detect nutrient deficiencies is having reliable
information on leaf composition values that are associated with deficiency and optimum growth
and yield. Such information is very scarce. However, limited, some information is available on black
walnut leaf composition (McHargue and Ray 1932, Phares and Finn 1971, Ponder 1976, Maeglin et
al. 1977).

Phares and Finn (1971) were the first authors to compile a list of tentative critical black walnut leaf
composition values based on their research and other published reports (Table 3). Phares and Finn
(1971) used good growth as the primary criterion for selecting the critical nutrient levels, but
subsequent research has shown that these critical levels are applicable for increasing nut yields
(Ponder et al. In press).

Fertilization application rates to correct deficiencies based on leaf symptoms and leaf analyses are
not presented. Deficiencies should be corrected using recommendations based on soil analyses.

Soil Analysis

Attempts to relate tree growth and nut production to soil-nutrient analyses has had limited value.
Tree performance is neither consistently nor highly correlated with soil analyses. Similarly, soil
analysis is not highly correlated with leaf analyses. There are two major reasons for this. One is the
difficulty in determining meaningful values for availability of a particular nutrient to the tree; thus
any method of extracting an element from the soil is arbitrary in comparison to what actually
happens in the root environment during nutrient uptake. Most chemical extractions will give
different values, depending on the soil properties.

The second reason is the variability in the root distribution of a given tree. It can vary considerably
with soil type. However, regardless of the limitations of soil analyses, they are necessary to fully
understand the nutrient status of the tree. Tentative soil nutrient standards are presented in Table 4.
Knowledge of soil nutrient levels can be essential in correcting imbalances and heading off future
problems. The upper foot of soil should be sampled in a grid or other systematic pattern so that the
origin of the sample can be identified. By keeping the 0 to 6 inch depth separated from the 7 to 12
inch depth for the analysis, the manager can look at the vertical distribution or movement of
nutrients, especially applied P and lime. If trees are on the site, both soil and leaf samples should be
from the same area. Also, consistently collect samples from the same trees and from the same local
spot on the ground. This will reduce sample variation and increase the reliability of the data from
the analysis. Based on test results, recommended nutrient applications can then be made in the
tested area.

pH

Maintaining the proper pH is important in any fertilization program. The effects of soil pH on
plant growth are indirect, very complex, and may vary with soil types. Alteration of plant growth
occurs because others factors are changed in the soil as pH changes (Thomson and McComb
1962). For example, ammonium nitrate applications can decrease soil pH resulting in a decrease in
Mg, Ca, K, and P concentrations in the soil. The decrease occurs during leaching as those of
hydrogen and aluminum replace ions of these nutrients on the soil particles. Soil pH has a direct
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effect on the soil 3 microbial activity and this activity is important in the breakdown of organic
matter and the subsequent release of N and P.

The pH should be maintained between 6.0 and 7.2. The pH should be corrected during site
preparation and tested periodically to detect any change in pH. Lime is usually added to raise the
pH of most soils to the desired level. The amended pH can be expected to last from 3 to 5 years.

Continued applications of acid forming fertilizers such as ammonium nitrate can result in nutrient
imbalances. However, maintaining high soil pH (above 7.2) can reduce the availability of zinc.
Nitrogen applied with P often increases the concentration of P in the plant, but the increase varies
with the type of N as well as with soil conditions. Although the imbalance of nutrients in the soil is
somewhat understood, the impact of nutrient imbalance on the growth and nut production of black
walnut is not.

Maximum P availability to plants is realized between a pH of 6.2 to 6.7. The movement of P in the
soil is relatively slow compared to other nutrient elements. Consequently, both growth and nut yield
responses may require several years. For example, improvements in the amount of growth was
noticeable in young trees during the first summer following treatment, but mature trees were much
slower in showing a response (Seer 1960). Some of the difference in response time could also be
attributed to physiological differences associated with the age of the trees. Seer (1960) reported that
English walnut nut yield and kernel percentages were significantly improved by an application of
superphosphate. The response from a single application of P can last several years. Also, depending
on the soil P levels, infection levels of the beneficial mycorrhizal forming fungi may be affected. It
appears that high soil nutrient levels, especially P, suppress mycorrhizal formation. These beneficial
fungi have the ability to inhabit roots and improve P nutrition of the plant. Unless soil P levels are
excessive, normal mycorrhizal development should compliment root uptake of P (Ponder 1984).

Cation Exchange Capacity (CEC)

The balance of cations [H, K, Ca, Mg, and sodium (Na)] can be important for adequate nutrition.
For soil with a CEC of 5 to 10 meq/100 g soil, the following percentage base saturations are
suggested: 65 to 75 for Ca, 10 to 15 for Mg, 2.5 to 7 for K, and 0 to 5 for H and Na. Despite the
interrelationships between K, Ca, and Mg ratios, less than optimum for these elements probably
will not seriously affect yields unless the ratio of one of these elements to another is very wide (Mills
and Jones 1996). For example, Ca deficiency is not likely unless the ratio of Ca:Mg is less than 2:1
and Mg deficiency is not likely until the ratio is greater than 20:1.

Lime when applied as dolomitic lime also supplies Mg. Calcite lime does not supply Mg. Although
the effects of K, Ca, and Mg on other elements are less than the effects on each other, the
concentration of these elements in the soil and leaf are affected by and have an effect on other
elements.

Recommendations given by the testing laboratory will explain the fertilizer rate to use to raise the
soil nutrient level to the acceptable range. The laboratory may also explain which fertilizer to use.

TIMING NUTRIENT APPLICATIONS

Fertilizer applications to correct deficiencies should be made when black walnut can make the most
efficient use of the nutrients. The most inefficient time to apply N is in the winter when roots are
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less active and least able to absorb it. Losses from leaching and dinitrification can also occur at this
time. Phosphorus is very immobile. It requires several years to move short distances in the soil
profile, and can be applied at the manager 3 convenience. When convenient, shallow disking the soil
following P fertilization can decrease the time it takes for P to become available for plant uptake.
Lime can also be applied at any time. Although not tested as a recommended practice, black walnut
should benefit from split applications of fertilizer. Important nutritive sensitive events are occurring
in black walnut throughout the growing season. Flower initiations occurs in late summer; diameter
growth, fruiting, and fruit maturation begins in the spring and continues over much of the summer.
Jones et al. (1993) reported that late summer fertilization increased nut production by 32% over
spring fertilized trees and by 34% over unfertilized trees. Split applications of N are recommended
on sandy soil to reduce leaching losses.

Black walnut nut yields in response to early spring fertilizations should not be expected to be
evident until the second year after fertilization; however, leaf N concentrations will show a response
in the current year 3 foliage (Ponder et al. In press). Careful annual testing of soil and leaves will be
the best guide to determining how often to apply fertilizers.

SOIL and PLANT ANALYSIS LABORATORY

Most leading state universities that have agriculture programs maintain and operate soil and plant
testing laboratories. However, many of them probably do not make fertilizer recommendations for
black walnut, but they do make recommendations for growing non-irrigated corn. The
recommendation for non-irrigated corn should be adequate for supplying the nutrient needs for
black walnut. The Soil and Plant Analysis Laboratory in Madison (University of Wisconsin, Soil and
Plant Testing Laboratory, 5711 Mineral Point Road, Madison, W1 53705, phone 606/262-4364) can
analyze soil and plant samples and make recommendations for walnut based on the soil 3 pH and
their organic matter and nutrient content (Parker et al.1992). Request that the testing laboratory
provide both test results and recommendations in units that you understand (ie., Ibs/ac not ppm).
The form containing the results and recommendations will usually have an explanation for the tests
and conversion factors that can be used to make appropriate unit changes as part of the
interpretation. Visit with personnel at your Natural Resources Conservation Service office, County
Extension office, District Forester office or local University Extension Forester 3 office for help in
locating a testing laboratory or any other help and suggestions for your trees.
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Table 1. General description of deficiency symptoms for various nutrients in black walnut leaves.'

Nutrient Most apparent deficiency symptoms

N Leaflets and rachis small. Leaflets yellow to yellowish-green, veins yellow. Leaflets have a rough,
crinkly appearance. Number of leaflets reduced.

P Leaflets and rachis small. Yellowish rachis. Chlorotic areas on the leaflets between veins. Lateral
leaflets exhibit bronzing. Number of leaflets reduced.

K Leaflets light yellowish green with marginal yellowing, especially at tips. Rachis yellow-green to
yellow. Leaves small. Number of leaflets reduced.

Ca Leaves very small. Leaflets have chlorotic areas and patches of light green to yellow. Terminal
leaflet has tip burn. In extreme case, leaf loses most green coloring and appears bleached.
Number of leaflets reduced.

Mg Leaf size about normal. Some small chlorotic areas. Leaflets yellow-green to light green. Veins
remain green. Number of leaflets normal.

S Leaves are small. Leaflets pale green to almost bleached white. Veins near base of leaflet darker
green than other leaflet tissue. Rachis is green to purple. Number of leaflets normal.

Fe Similar to sulfur except less reduction in leaflet size and veins remain green especially adjacent to
the mid-vein. Leaflet surface smooth. Number of leaflets normal.

Mn Leaf size about normal. Rachis is brownish, basal leaflets show bleaching along margins, and

overall leaf color is yellow-green. Number of leaflets normal.

1Hacskaylo et al. 1969.

Table 2. Mean concentrations of N, P, K, Ca, and Mg in leaves from young (first sampled at age
eight) black walnut trees at different times of the growing season for two years.*

Date Nutrient element _
Sampled N P K Ca Mg
Percent

First_year
June 11 311 0.32 1.07 1.96 0.51
July 6 291 0.25 0.97 1.97 0.42
August 11 2.84 0.24 1.02 2.36 0.44

Second_year
June 11 3.52 0.25 0.98 1.28 0.37
July 6 3.02 0.20 0.80 161 0.36
August 11 2.73 0.21 0.83 2.15 041

1Ponder et al. 1979.
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Table 3. Tentative leaf composition standards and reported leaf composition levels for black walnut.

Nutrient Phares & Finn® McHargue and Roy” Mills and Jones®
Percent
Nitrogen 2.00 - 2.60 2.18 2.47 - 2.98
Phosphorus 0.10-0.25 0.32 0.16-0.24
Potassium 0.75-1.30 2.45 1.32 - 1.47
Calcium 0.50-1.10 2.68 1.90-2.01
Magnesium 0.15-0.45 0.47 051-0.64
Sulfur 0.05-0.25 0.05 0.15-0.16
--------------------- Parts per million

Manganese 30- 80 110 207 - 274
Iron 40 - 100 78 69 - 129
Zinc 15- 50 26 33- 55
Boron 20- 50 - 66 - 81
Copper 5- 10 11 10- 12
Molybdenum 0.05-0.10 - 0.10-0.30

1Phares and Finn 1971, sampled in mid-August.
2McHargue and Ray 1937, sampled in August.
3MIills and Jones 1996, sampled in summer.

Table 4. Tentative soil range for pH, organic matter, N, P, K, Ca, and Mg levels for
suitable black walnut sites.!

Analysis
pH Organic matter N P K Ca Mg
(%) (%) Ibs/a
6.5-7.2 2.0-35 0.25-0.3 60-80 225-275  2000-30002 3000-4000%  250-5002 375-6003
1Parker et al. 1992.
2Sandy soil
3Silty soil
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Insects Pests Of Black Walunt

Marc J. Linit
Department of Entomology
University of Missouri
Columbia, MO 65211

Black walnut, Juglans nigra L., is an indigenous tree species that grows over a large portion of the
United States east of the 100th meridian. It is a component of many of the eastern forest types but
Is seldom abundant. It occurs as a minor species in a few forest types and is generally found
scattered among other trees. Pure stands are rare and usually found on the edge of the forest
(Fowells 1965). In its native habitat, black walnut has few important insect enemies. The
establishment and management of black walnut plantations, especially in the Midwest, have
increased in recent years. Will the plantation landscape change the dynamics of insect herbivore -
black walnut interaction? If so, what does this mean for the resource manager or land owner?

According to Marshall (1989), the reference book Insects of Eastern Forests (1985) lists sixty-five
species of insects affecting the genus Juglans and black walnut (Marshall 1989). Kearby (1975)
collected 62 species of insects associated with black walnut plantations in Missouri, and Nixon and
McPherson (1977) listed approximately 300 species from plantations in southern Illinois. Many
species of insects are associated with black walnut; however, few are pests of importance.

Marshall (1989) discussed the importance of insects affecting the growth and quality of black walnut
trees. He presented information on numerous species of insects but suggested that relatively few
should be of concern to black walnut growers. Among those that cause concern are the following:
walnut shoot moth (Acrobasis demotella Grote), ambrosia beetle (Xylosandrus germanus
(Blandford)) and periodical cicada (Magicicada spp.) because of their impact on wood quality; the
walnut shoot moth, walnut caterpillar (Datana integerrima Grote & Robinson), fall webworm
(Hyphantria cunea (Drury)), oystershell scale (Lepidosaphes ulmi (L.)) and ambrosia beetle because
of their impact on tree growth. The black walnut curculio, Conotrachelus retentus (Say), an insect
which impacts nut production in black walnut plantations (Linit and Necibi 1995) should be added
to this list.

The propagation of black walnut outside the forest, its evolutionary home, changes the dynamics of
insect-plant interactions. Establishment of a black walnut plantation results in a concentration of
plant resources and increased plant apparency. In addition, plantation management practices may
affect the survivorship of insect herbivores and their natural enemies, especially those which
overwinter in the soil. How insect herbivores react to this new landscape will depend upon the
interaction of the insect life history and management decisions made by the land owner. Below,
four types of insect herbivores that feed on black walnut; a nut feeder, a defoliator, a shoot borer,
and a sucking insect are examined. Aspects of their biology and plantation management decisions
which may influence their success in a plantation environment are discussed. Control
recommendations for several insect pests of black walnut are presented in a Purdue University
Cooperative Extension Publication appended to this article.
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The black walnut curculio develops in the nuts of black walnut and butternut. Nuts are produced
in abundance on an irregular basis. The female curculio deposits an egg within a developing nut.
The larva hatches then feeds within the nut causing it to drop prematurely (Blair and Kearby 1979).
The pupal stage and the overwintering adult stage occur within the litter layer or soil. The
abundance of the curculio is determined by the availability of nuts during the previous year ( Linit
and Necibi 1995). This relationship can be expected to hold as new walnut varieties are developed
to increase the nut bearing capacity of the tree. Growers are not likely to experience outbreaks of
the curculio but as nuts become more abundant in black walnut plantations the abundance of the
curculio is likely to increase. Mowing or harvesting of ground vegetation within the plantation may
be disruptive to the curculio life cycle and may prove to be a valuable pest management tactic (Linit
and Necibi 1995).

The walnut caterpillar is the most destructive leaf feeding insect that occurs on black walnut. The
female deposits a mass of eggs on the underside of leaves, often along forest margins or in forest
openings, or on open grown trees such as ornamentals or trees in plantings (Farris and Appleby
1979). The larvae feed on leaves of several species in the Juglandaceae including walnut, butternut,
pecan, and various species of hickory. If leaves within a tree become scarce the larvae will scatter in
all directions in search of a new host. In a diverse plant habitat numerous non-host plants exist and
larvae may have difficulty locating a suitable host. Larvae searching for additional foliage in a black
walnut plantation need only find the next tree. The walnut caterpillar has many characteristics of an
eruptive species, thus, occasional outbreaks should be expected. Walnut caterpillars pupate in the
soil during late summer. Therefore, manipulation of ground vegetation may provide opportunities
for management of this defoliator.

The walnut shoot moth is the most destructive shoot borer on black walnut. Females deposit
single eggs on the undersides of walnut, hickory or pecan leaves in early summer. The young larva
feeds on the lower epidermis of the leaves on which they hatch. In late summer, the larva
constructs a hibernacula, located at the base of terminal bud or lateral buds, in which to overwinter.
The larva emerges from the hibernacula at bud swell and feeds on the expanding bud. The larva
bores into the elongating shoot and tunnels through the pith, destroying the shoot. The mature
larva leaves the shoot and pupates in the soil (Kearby 1979, Martinat and Wilson 1979). Kearby
(1979) suggested that total shoot loss in a black walnut plantation due to the shoot moth may be
only 1 to 5 percent a year. While the annual incidence may remain low, deformity due to a shoot
dieback may permanently reduce the value of the tree.

Like the walnut shoot moth, the ambrosia beetle can affect the growth and form of young black
walnut trees and can also affect log quality. The beetle creates galleries within the wood of infested
trees. During gallery construction, the beetle introduces a fungus that will stain the wood. Ambrosia
beetle attacks on seedling or sapling age trees can result in form damage. If the terminal leader dies
back, a new terminal shoot develops causing a sweep or crook in the future log. If killed back to the
root collar, these young trees may produce multiple sprouts. Weber and McPherson (1984) found
that the ambrosia beetle preferentially attacks slow growing seedlings and saplings and may not
attack larger trees. They also reported that the impact of attack on young trees may be minimal
because the trees have time to recover and produce quality logs prior to harvest age. Chemical
control of the ambrosia beetle is not practical because the insect spends most of its life within the
tree protected from chemical sprays. Weber (1982) recommended the use of cultural practices, such
as the selection of appropriate planting sites and weed control, to maintain vigorous growth of
black walnut seedlings and saplings as a deterrent to ambrosia beetle attack.
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Piercing-sucking insects, such as scale insects and aphids, insert their mouthparts into the
vascular tissue of twigs and feed on the vascular fluids. The oystershell scale is one such insect. Eggs
are deposited and overwinter under the adult female scale. First instar larvae, called crawlers,
disperse to new host trees and attach themselves to a twig on a suitable host. The scale has a wide
host range including many fruit and hardwood trees grown in forests or as ornamentals. Heavy
infestation can result in branch dieback. Many piercing-sucking insects have characteristics of
eruptive species and occasional outbreaks should be expected.

The life history characteristics of an insect herbivore determine its ability to rapidly increase in
abundance and thus its capacity to attain outbreak densities. The spatial and temporal occurrence of
outbreaks is greatly influenced by biotic and abiotic factors such as parasitoids and predators,
climatic conditions and resource availability (quantity) and quality. The establishment of black
walnut plantations will influence a host tree - insect interactions. The implications for management
of insects feeding on black walnut are not always obvious. Understanding the impact of resource
concentration, through plantation establishment, on insect herbivores, and the biological
interactions between insect life histories and plantation management practices should facilitate pest
management decisions in a plantation landscape.
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Managing Insect Pests of Nut Trees

By Clifford S. Sadof & Ricky E. Foster
Ext. Entomologists at Purdue University

Insect and mite pests of nuts are best managed when sound Integrated Pest Management (IPM)
principles are used. These include proper identification of the pest, selection of the appropriate
management tactic and proper timing and placement of control measures. In this article, we provide
information to help you implement this approach for pests of Pecans and Walnuts.

Monitoring plants for pests is critical for a successful IPM strategy. Plants can be inspected visually
for pest presence and pest activity at least once every 2 weeks. Some pests such as codling moth
and hickory shuckworms have traps available that can help you time your pesticide application.
Several pests of these crops; such as mites, aphids, and scales can be controlled by conserving the
natural enemies in your nut grove. This is best accomplished by reducing conventional pesticide use
or by choosing a biorational material such as Bacillus thuringiensis to control caterpillars.

Do not pasture dairy animals or livestock in groves that have been treated with insecticide. Be sure
to read the label and to follow all restrictions concerning Pre-Harvest Intervals (PHI), re-entry
times, and maximum seasonal dosages. Some of the materials listed are Restricted Use Pesticides
(RUP) and can only be used by licensed applicators.

WALNUT INSECTS

Insect Treatment Comments
CODLING MOTH Cultural Practices Plant later blooming varieties when
Cydia pomonella (L.) available.

Pinkish-white caterpillars (1
long) with brown heads feed in
walnut husks. Feeding by first
generation caterpillars on small
nuts causes premature drop.
Second generation feeding
discolors nuts as stem end.

Sanitation

Monitoring

Insecticides

Bacillus thuringiensis

OR
Ambush 25W at 12.8-25.6
0z. per acre.

OR
Asana XL 9.6-19.2 oz. per
acre.

Remove and destroy fallen nuts and debris
in fall.

Place pheromone traps in trees in May.
Make first insecticide application 7-10 days
after first moths are caught. Repeat 10 days
later. Repeat as before when first moths of
second generation occur in July.

Do not apply after husks open
Many brands available. 0 day PHI.

Apply up to 102.4 oz per acre per season.
RUP. 1 day PHI.

Apply up to 38.8 oz per acre per season.
RUP. 21 day PHI.
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Walnut Insects (continued)

INSECT

TREATMENT

COMMENTS

CODLING MOTH (cont))

OR
Diazinon 50W or 50WP at 6 Ibs
per acre, or Diazinon AG500 at 3
qts per acre.

Guthion 2S, or 2L at 6-8 pts per
acre, or 35W at 4.25-5.68 Ibs. per
acre.

OR
Lorsban 4E at 4 pts per acre, or
50W at 4 Ibs per acre.

OR
Pounce 3.2EC at 8-16 0z per acre.

OR
Sevin XLR, or 4F at% qt per 100
gal or 80S at 2 Ibs per acre.

OR
Supracide 2E 2 pts per 100 gal

Do not apply after husks open.

Up to 3 applications per vyear.
RUP. 30 day PHI.

Up to 3 applications per year. 14
day PHI.

Apply up to 64 oz per acre per
season. RUP. 1 day PHI.

General use insecticide. 0 day
PHI.

Up to 3 applications per vyear.
RUP. 7 day PHI.

WALNUT HUSK FLY
Rhagoletis completa (Cresson)

White maggots (3/8°) feed in
husk which can soften, turn black
and stain nut meats. Nuts can
shrivel during heavy infestation.

Cultural practices

Sanitation

Insecticides

Ambush, Asana,
Pounce.

Guthion, or

OR
Malathion 57EC at % pt per gal.

Plant later blooming varieties
when available.

Remove and destroy fallen nuts
and debris.

Apply in late July and repeat in 2
weeks. Mix with Staley3 bait.
Write: A.E. Staley Mfg. Co., 2200
Eldorado St.., Decatur, IL 62525

Same as for coding moth.

0 day PHI.

WEEVILS, CURCULIO
Conotrachelus spp.

Reddish-brown  snout  nosed
beetles (1/2°) leave crescent
shaped scars in husks when

females drill holes and lay eggs.
Creamy-white grubs feed in
kernels. Two species are present in
Indiana.

Sanitation

Insecticides

Remove and destroy fallen nuts
and debris in fall.

No insecticides are labeled at this
time.
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Walnut Insects (continued)

INSECT TREATMENT COMMENTS

CATERPILLARS: Monitoring Inspect trees for white egg masses

Walnut Caterpillar on leaf undersides in July and for

Datana integerrima (G & R) groups of caterpillars in late July
and August.

Hairy reddish-brown caterpillars

with fine yellow stripes running | Insecticides Spray when and where caterpillars

along body, which feed in groups
and defoliate branches. One
generation per year.

Bacillus thuringiensis

are found. Do not apply after
husks open.

Many brands are available. Most
effective when caterpillars are
small.

OR
Diazinon Same as for codling moth.
CATERPILLARS: Monitoring Inspect trees in May and June for
Fall Webworm webs of the first generation on
Hyphantria cunea (Drury) branch tips. Repeat in late July and
August.
White haired caterpillars feed in
webbed masses on branch tips and | Insecticides Same as for walnut caterpillar.

remove foliage. Two generations
per year, one starting in mid-May,
and the second in late July.

APHIDS: Black margined, dusky
veined walnut aphid, giant bark
aphid, and walnut aphids.

During heavy infestations, leaves
become sticky from aphid
excrement. Black sooty mold
grows on fungus to shade leaves.
This reduces quality of nut meats.

Biological control

OR
Ambush,  Asana, Malathion,
Diazinon, or Lorsban

OR

Thiodan 2 C.O EC at 3-4 qts per
acre..

Aphids are attacked by a number
of parasitess and predators.
Reducing the  number  of
insecticide applications will help
conserve these natural enemies

Same as for codling moth.
Do not apply after husk split.

General use insecticide. 0 day
PHI.

MITES: European red mites
(ERM), two spotted spider mites
(TSSM)

ERM=Panonychus ulmi (Koch)
TSSM=Tetranychus urticae (Koch)

Spider mites feed on leaf
undersides and cause them to
appear bronzed and webbed.
ERM overwinters on tree and
TSSM overwinters on weeds. See

E-42 “Spider Mites on
Ornamentals”” for more
information.

Dormant application of 3%

superior oil (not for TSSM).

Monitoring

Apply when trees are dormant,
temperatures are above 40° and
there is no danger of freezing. For
30 days, do not follow with
application of Morestan, Sevin,
Cygon, Captan, Folpet, Pyrene, or
sulfur compounds.

Inspect plant leaves for mites and
webs.
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Walnut Insects continued

INSECT

TREATMENT

COMMENTS

Continued Mites:

Late spring, summer application
of 1% superior oil.

OR
Vendex 50WP, or 4L at 4-8 oz per
100 gal.

OR
Morestan 25WP at 1-1.5 Ibs per
acre.

Be sure leaves have fully
expanded. Follow precautions for
dormant application. 0 day PHI.
Do not apply after husk split.

Up to 2 applications per season.
14 day PHI. Do not apply after
husk split.

Kills adults and eggs. 30 day PHI.
Do not apply after husk split.

SCALE INSECTS: There are
several species of scale that attack
walnuts. Most important is the
oystershell scale.

Lepidosaphes ulmi (L.)

Crawlers, the mobile (1/16”) stage
of oystershell scale are present
from mid-May to June and again
during the 3rd week of July.

Apply 3% concentration of

superior oil in dormant season.
OR

1% application of superior oil.

OR
Biological control

See Mites.

When crawlers are active. Follow
restrictions outlined for dormant
applications.

Scale insects are attacked by
several predators and parasites.
Reducing insecticide applications
can help conserve these beneficial
insects.

INSECTICIDE TRADE NAMES AND COMMON NAMES

Trade Name Common Name
Ambush permethrin
Ammo cypermethrin
Asana esfenvalerate

Bacillus thuringiensis

Bacillus thuringiensis

Cygon dimethoate
Cymbush cypermethrin
Diazinon diazinon
Guthion azinphosmethyl

Lorsban chlorpyrifos
Malathion malathion
Morestan oxythioquinox

Pounce Permethrin

Sevin Carbaryl
Supracide Methidathion
Thiodan Endosulfan

Vendex Hexakis

*Read and follow all label instructions. This includes directions for use, precautionary statement (hazards to
humans, domestic animals, and endangered species), environmental hazards, rates of application, number of
applications, reentry intervals, harvest restrictions, storage and disposal, and any specific warnings and/or
precautions for safe handling of the pesticide.
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Leaf Spot Diseases Of Black Walnut

Manfred E. Mielke* and Michael E. Ostry?
*Forest Health Monitor Specialist, ?Research Plant Pathologist
USDA - Forest Service, St. Paul, Minnesota 55108

Growing black walnut in plantations can aggravate disease problems, especially leaf diseases. Factors
that lead to infection and increased disease incidence and severity are high humidity (>98%), free
moisture on leaves (rain, dew, fog, or from irrigation), low light intensity, and temperatures around
21° C. There are four common leaf diseases of black walnut, microstroma white mold, bull? s-eye
leaf spot, mycosphaerella leaf spot, and walnut anthracnose. The most common and most serious
of these is walnut anthracnose. All but microstroma white mold can cause premature leaf loss
resulting in reduced growth, increased susceptibility to other diseases, and reduced quantity and
quality of nuts.

All of these fungal diseases have a similar biology. Primary infections occur in the spring, May
through early June, from ascospores emerging from fruiting bodies on overwintered leaves on the
ground. Once primary infection occurs, lesions appear on leaves within a couple of weeks.
Subsequent secondary infections occur on leaves throughout the summer by wind-dispersed spores
(conidia) produced in these lesions. Production of spores increases gradually during July and reaches
maximum numbers in August. The infected, fallen leaves serve as the reservoir for next year? s
inoculum, completing the annual life cycles of these fungi.

Microstroma White Mold -

Microstroma white mold (or downy leaf spot), caused by Micrcostroma juglandis, is more unsightly
than damaging. This disease does not kill the leaf and is not known to cause defoliation. The effect
to the tree is minimal, probably resulting in a minor reduction in photosynthesis. Symptoms are a
yellowish discoloration on the upper surface of the leaf (fig. 1), and a whitish growth on the
underside of the leaf, often concentrated along the veins (fig. 2).

Bull 3-Eye Leaf Spot -

Bull3 eye leaf spot (or zonate leaf spot), caused by Grovesinia pyramidalis (asexual state =
Cristulariella moricola) causes leaf spots and premature defoliation. Maple, hickory and many
common weeds are also infected. Symptoms are unique in that the dark lesions on leaves are
rounded and have concentric white rings, giving the spot a target-shaped appearance, hence the
name bull 3-eye leaf spot (fig. 3).

Mycosphaerella Leaf Spot -

Mycosphaerella leaf spot, caused by Mycosphearella juglandis (asexual state = Cylindrosporium
juglandis) causes leaf spots that are angular, reaching a maximum size as large as 4mm in diameter
(fig. 4). By midsummer, as lesions increase from secondary infections, affected trees look chlorotic
or yellow. Coalescing lesions produce a vein pattern or a leaf scorch symptom. By late summer,
severely diseased leaves fall, especially in dry weather.
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Walnut Anthracnose -

The most serious and widespread leaf disease of black walnut is walnut anthracnose, caused by
Gnomonia leptostyla (asexual state = Marssonina juglandis). The disease results in leaf spots ranging
in size from a few mm to 1.25 cm in diameter. Dark spots first appear on the leaf blades and
petioles in the spring (fig. 5). The older leaves in the lower and interior portions of the tree crown
are most severely affected, show the most chlorosis and are the first to show premature leaf fall.
The leaves infected early in the year are most important for photosynthesis during the critical
period of nut formation and severe infections cause reduced yield and nut crop failure. The fungus
may infect the nuts directly (fig. 6), causing nut meats to shrivel and darken.

Adjacent trees in plantations may exhibit varying levels of infection, indicating existence of natural
resistance to anthracnose. This resistance is highly heritable, with provenances from the relatively
arid western edge of the natural range of black walnut (Kansas and Oklahoma) being most
susceptible. This is likely due to the limited natural selection for anthracnose resistance in this
region.

When evaluating differences among cultivars in susceptibility to anthracnose one must take into
account the nut load (William Reid, personal communication). Non-fruiting shoots have more
leaves and the terminal leaves are younger. These younger leaves have fewer anthracnose lesions
because they matured later in the season after the primary infection period for the fungus had
passed. Thus, a tree producing a large quantity of nuts will look more susceptible to anthracnose
than a tree producing few or no nuts.

CONTROL

Most of the research on control and management of foliar diseases of black walnut has been
directed against walnut anthracnose, although many of the methods available to growers probably
would be effective against all the walnut leaf diseases.

Cultural management is the best approach to minimizing the impact of leaf diseases, particularly in
plantations. First, plant only seedlings known to be resistant to disease. Presently, growers are at the
mercy of nut collectors when planting seedlings. It is incumbent on nurseries to only sow nuts from
known sources, preferably from resistant trees within the region where seedlings ultimately will be
planted. Avoid shipping seedlings from the western area of the natural range of black walnut to
other regions. In established plantations, growers should observe which seedlings exhibit symptoms
and select against the most susceptible individuals during thinning operations.

Most cultural practices should be directed toward reducing free moisture on leaves. Dense stands
are more susceptible to disease because of increased humidity, caused by reduced wind flow
through these stands and the resulting increase in free moisture on leaf surfaces. Thinning improves
drying of leaf surfaces and reduces leaf shading between trees thereby reducing incidence and
severity of disease. Also, UV light kills spores.

Plantations should be oriented in long rows perpendicular to the prevailing winds in spring and
summer as this has been shown to promote leaf drying. Spores are spread by wind, gravity, and
probably insects, so avoid planting small trees under or downwind from large infected trees. Ponds,
lakes and streams release heat gradually on cool nights, so establishing plantations near bodies of
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water, particularly on the lee side, lessens dew formation on leaves. Avoid establishing plantations in
cold seeps or small openings since this leads to increased dew formation. Avoid overhead irrigation.

Weeds also contribute to higher relative humidity in and around seedlings, so preventing leaf
diseases is one more reason growers should control weeds either through cultivation or herbicides.
Cultivation after leaf fall has the added benefit of incorporating infected leaves into the soil, thereby
promoting their decomposition. Depending on the crop, intercropping may contribute to increased
humidity. Growers will have to weigh the risk of increased potential of leaf diseases versus the
benefits of intercropping.

Interplanting autumn olive, hairy vetch, crown vetch, or serecia lespedza may reduce infection by
increasing total foliar nitrogen and by preventing primary infections due to increased
decomposition of fallen black walnut leaves thereby lowering ascospore production.

April and June applications of nitrogen have been shown to reduce infection as well as increase
growth of trees. However, ? High rates of nitrogen stimulate non-fruiting shoots to grow late into
the summer well after the infection period. These leaves give the tree a healthy appearance and
mask the defoliation of older leaves? (William Reid, personal communication). Soil application of
ammonium sulfate, ammonium nitrate, and urea all are effective, although foliar application of urea
is not. The addition of phosphorus and potassium has been shown to diminish the benefit of
nitrogen fertilizer.

Direct control using fungicides can be effective, although the availability of suitable materials is in
question. Benomyl has been shown to be the most effective of all the fungicides tested, however, it
no longer carries a black walnut label. Only Syllit (Dodine)is registered for nut crop use. For
landscape use, Botran, Daconil, Nova and Ziram have a black walnut label. Since the status of all
agricultural chemicals are always under review, contact your local extension agent for the latest
information.

Since infections can occur anytime during the growing season, timing of applications presents a
problem. A practical approach is two applications, the first applied the last week in May to prevent
the primary infection by ascospores, and the second applied the first week of July to inhibit
secondary infection by conidia.
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