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Black walnut seedlings suffered
root damage resulting from sub-
freezing soil temperatures during
overwinter storage in nursery- and
heeling-in beds. This problem can
be avoided either by mulching beds
in the fall or by winter storage of
bareroot seedlings in shipping
bags at 3° C.

In recent years, the demand for
quality black walnut (Juglans nigra
L.) has resulted in an increase in
walnut plantings throughout the
Midwestern United States. To en-
sure proper density and uniform-
ity, new plantations are establish-
ed with 1-year-old (1-0) nursery
transplants, rather than by direct
seeding. In Wisconsin alone,
150,000 to 300,000 black walnut
seedlings are distributed annually.

One of the limiting factors in the
production of 1-0 walnut seed-
lings is losses from root rot. Root
rots may be a problem both in the
seedbed during the growing
season and in overwinter storage
of the trees. Seedling root rot
caused by Cylindrocladium spp. is
a serious problem in nurseries in
the Southeastern United States
(1, 6), while Phytophthora citricola
Sawada is considered to be the
major root pathogen of walnut
seedlings in Indiana (3, 5) . So far,
in Wisconsin, seedling root rots
caused by these fungi, though
present, have not produced ex-
tensive damage (7).

In contrast, root deterioration of
black walnut seedlings during
overwinter storage has resulted in
heavy mortality in Wisconsin in
some years. Previous studies in
other States indicate that both en-
vironmental (8) and biotic agents
(3, 4 may be involved in storage
losses. The purpose of this study
was to evaluate several methods
of overwinter storage and to iden-
tify factors contributing to seed-
ling root deterioration during
storage.

Materials and Methods

One-year-old black walnut seed-
lings, raised at the Wilson State
Forest Nursery, Boscobel, Wis.,
were used in all studies. Seed-
lings were grown from open-pol-
linated nuts collected in southern
Wisconsin and northern lowa.
Fall-lifted seedlings were under-
cut approximately 20 centimeters
below the soil surface the first
week in November of each year.
Undercut seedlings were mech-
anically lifted, hand-graded, and
bundled into groups of 20 or 25
trees. Those trees that had a tap-
root of less than 20 centimeters in
length or a root system showing
discoloration were culled before
bundling. Spring-lifted seedlings
were undercut and lifted the first
or second week in April.

During the winter of 1980-81,
fall-lifted trees were stored either
in heeling-in beds or in heavy
paper shipping bags. The heeling-

in method consisted of placing
the bundled, graded seedlings in
trenches, 30 to 45 centimeters
deep, dug in the nurserybed. The
roots were covered with soil and
the seedlings stored in this manner
until they were lifted in the spring.
Five bundles of 20 seedlings each
were placed in a heeling-in bed
and then mulched to a depth of
40 to 60 centimeters with marsh
hay. Five other bundles were
placed in a heeling-in bed that
was not mulched. Other fall-lifted,
bundled trees were placed in
shipping bags and stored over-
winter in a large walk-in cooler at
3° C. The relative humidity inside
the bags remained above 90 per-
cent throughout the storage
period.

Several root treatments were
applied to bundled, bareroot
seedlings before bagging. Bundled
seedlings were root-dipped for 1
minute in a fungicide suspension
of benomyl (Benlate 50% WP at 6
g active ingredient/l) or captafol
(Difolatan 4F at 5 g active ingredi-
ent/l). Another set of untreated
bundles was placed into bags con-
taining wetted marsh hay. Bundled
seedlings not treated or root-
dipped in water only served as
controls. Each of the five treat-
ments was replicated in five bags,
with 20 seedlings per bag.

In 1981-82, the same treat-
ments were used except that each
treatment was replicated four
ti mes, with four bundles of 25



seedlings in each bag. Also,

another treatment was added. The
roots of four bundles were packed
with wetted marsh hay, then cov-
ered with corrugated paper. The
seedling tops remained exposed
during storage in the cooler.

When the bags were opened in
the spring, each bag was rated on
a 1-to-3 scale for the amount of
root and top mold present. Those
bags having little or no superficial
mold buildup on the bundled
seedlings were graded as 1.0;
those having a moderate amount
of molding were graded as 2.0;
and those having heavy mold on
both roots and tops were graded
as 3.0.

Further studies were conducted
in 1981-82 to determine the ef-
fect of mulching and storage
method on the incidence of root
rot. Three adjacent plots (13 m 2)
were established in a portion of
the walnut nurserybed in late
October. Trenches were dug be-
tween the rows of seedlings, and
16 bundles (25 trees/bundle) of
fall-lifted seedlings were heeled-
in per plot. One plot was then
mulched to a depth of 40 to 60
centimeters with marsh hay. The
second plot received no mulch. A
sturdy polyethylene tent, support-
ed by a wooden framework, was
built over the third plot. The sides
of the tent were open: that there
was no impairment of air move-
ment through the plot. The pur-
pose of the tent was to prevent
snow deposits, thereby simulating

conditions in the bed during
winters without snow cover.

Soil temperatures in each plot
were monitored by thermistors
buried 13 centimeters beneath the
soil surface. Minimum and maxi-
mum temperatures for 5-day in-
tervals from November 28, 1981,
through April 3, 1982, were re-
corded with a CR 21 data logger
(Campbell Scientific, Logan, Utah).

Fall-lifted, bundled seedlings
were also stored in bags at 3° C or
at —2° C. In the case of frozen
storage, bags were held 2 months
at 3°C before placement at —2° C.
Four bags, each containing four
bundles of 25 trees, were placed
at each storage temperature.

All trees were examined the first
week in April. The incidence of
root rot and overall appearance of
the trees after storage were re-
corded. For some treatments,
seedlings were outplanted in the
nursery. Seedling survival was re-
corded in August 1982.

Results

During the winter of 1980-81,
there was no accumulation of snow
on the nurserybeds. Seedlings that
were left over winter in the beds
and then lifted in April had exten-
sive root rot. Surveys of the seed-
bed showed that 60 percent of the
seedlings had complete taproot
mortality, and many of the remain-
ing trees had varying degrees of
root deterioration. When pulled
from the ground, injured roots

were rubbery and discolored. The
cortex of rotted roots was water-
soaked and light brown to black.
The discoloration never extended
beyond the root collar region. This
was in sharp contrast to the pearl-
white cortex of healthy roots. Iso-
lations were made from the rotted
tissue, but no fungi or bacteria
were isolated consistently. Be-
cause seedling mortality in the
nursery was so high and the identi-
fication of healthy trees was so un-
certain, the entire stock of over
150,000 black walnut seedlings
was condemned.

Fall-lifted seedlings placed in
heeling-in beds without mulch also
had a high percentage (75 percent)
of root rot and a low survival rate
(14 percent) after outplanting
(table 1). Mulching of the heeling-
in beds reduced root rot incidence
to 7 percent. Seedlings that were
bagged and stored at 3° C had
almost no root rot. Root treatments
before bagging had no influence
on the incidence of root rot. How-
ever, one problem associated with
bag storage was the epiphytic col-
onization of roots and stems by
fungi during the winter. When the
bags were opened in the spring,
we noted a sparse, unsightly cov-
ering of mycelium on the roots,
but roots were still sound and the
superficial mycelium did not affect
seedling survival after outplanting.
Both the benomyl and captafol
root-dip treatments prevented
molding on the roots and
reduced molding of the stems.



Root treatments of bagged seed-
lings in 1981-82 gave results simi-
lar to those in 1980-81 (table 1).
Almost no root rot was found in
any treatment; however, the
molding of bagged seedlings was
heavy in the no-dip and water-dip
treatments. Molding was pre-
vented by root-dip treatments with
benomyl or captafol.

In the winter of 1981-82, the
entire nursery was covered with
snow from the first week i n January
to the second week in March.
Snow depths ranged from 22 to 38
centimeters. Spring-lifted seed-
lings that had been mulched with
marsh hay or had snow cover sur-
vived the winter in excellent con-

dition (table 2). Samples taken
throughout the seedbed showed
less than 1 percent of the seed-

lings had discolored roots. These
appeared to be carry-over infec-
tions of P. citricola during the
growing season. Root rot was not
found in those heeling-in plots
that had been covered by snow or
hay and snow.

Soil temperatures in both the
mulched and nonmulched plot
with snow cover were similar (fig.
1). Soil temperatures dropped to
the freezing point in early Decem-
ber. In the nonmulched plot,
minimum temperatures dropped
to —4.5°C in mid-December, but
then increased as snow cover ac-
cumulated on the plot. Soil temp-
eratures remained constant and
near 0° C in both the mulched and
nonmulched plot throughout
much of the winter.

In contrast, soil temperatures in
the bare-ground plot had great
temperature fluctuations through-
out the winter (fig. 1). Soil temper-
atures dropped to —14°C in Feb-



ruary. Trees overwintered in this
plot had a high incidence of root
rot (table 2). An average of 74
percent of the fall-lifted seedlings
in the bare-ground heeling-in bed
suffered root mortality.

Seedlings that were bagged and
stored at 3°C or —2°C had no root
rot (table 2). It was noted that, in
all treatments, some seedlings
had discoloration of the taproot
where it had been cut upon lifting.
This discoloration did not extend
above 1 or 2 centimeters from the
base of the root.

In the 1981-82 experiment, 3.5
percent of all seedlings had dis-
coloration of the stem. These
seedlings were found in all stor-
age treatments, indicating that the
damage occurred before fall lift-
ing. No fungi or bacteria were
isolated consistently from the
discolored areas.

Discussion

In past years, overwinter stor-
age of black walnut seedlings in
nurserybeds or heeling-in beds re-
sulted in extensive root rot. Our
results indicate that root deterio-
ration during overwinter storage in
Wisconsin is caused principally by
cold temperature damage to the
roots. In both years, root damage
was confined to those seedlings
stored outdoors in nonmulched
plots. Soil temperatures at a depth
of 13 centimeters in the non-
mulched areas often dropped be-
low —10°C during January and
February.



Young (8) found that bareroot
walnut seedlings, exposed to
—12°C for 30 minutes, developed
root rot during overwinter storage.
He also found a high incidence of
root rot in both mulched and
nonmulched heeling-in beds in
sandy soil in an lowa nursery. This
is si milar to the results we ob-
tained in Wisconsin. It is still not
known whether the roots are in-
jured by low temperatures or by
fluctuations in temperatures in the
nurserybed, which may result in
freezing and thawing of root tissue
during storage.

Our results suggest alternative
methods for storage of black wal-
nut seedlings during the winter
months. Root rot can be avoided
by mulching the beds in the fall to
a depth of 20 centimeters with
marsh hay. Other mulches also
would be suitable. Spring-lifting of
mulched beds and immediate dis-
tribution of seedlings are recom-
mended where cold storage facil-
ities are not available. Because
Wisconsin is located along the
northern limits of the geographic
range of blackwalnut, some loss in
nursery stock should be expect-
ed. Trees that are susceptible to
early frost or are not winter-hardy
will be killed. We believe that the
stem discoloration found in
1981-82 probably was caused by
an early frost in the fall, since a
biotic agent was not isolated and
the damage was found in all treat-
ments. However, Green (2) has
reported a discoloration of walnut
stems caused by Phomopsis

elaeagni and has suggested that
this pathogen maybe responsible
for top damage previously ascribed
to frost injury. Further studies and
isolations should be made to con-
firm the cause of tip dieback in
Wisconsin.

We believe that the best method
of storage in Wisconsin is fall-lift-
ing and storage of seedlings in-
doors at a constant temperature.
Moreover, fall-lifting and cold
storage may be more convenient
for nursery managers, enabling
them to avoid the spring rush in
lifting other tree species. Bareroot
seedlings can be stored in sealed
shipping bags at 3°C throughout
the winter with little or no root rot.
Seedlings dc; develop epiphytic
molding during storage in bags,
but it does not appear to affect
survival. Both the benomyl and
captafol dips prevented molding
of the roots. Green and Plourde
(4) previously reported reduction
in molding by the use of captafol.
While molding did not affect sur-
vival, it was unsightly and could re-
duce the marketability of bagged
seedlings. Top molding could also
be prevented by wrapping the
roots in wetted straw and corru-
gated paper, but leaving the tops
exposed.

Results from frozen storage
experiments at —2° C are promis-
ing. Seedlings stored below freez-
ing had no root rot or superficial
mold. Survival after outplanting
was also very high. Frozen storage
might eliminate the need for fun-
gicide dips to prevent molding.

Care should be taken to avoid
fluctuating temperatures. Previous
experiments (7) have indicated
that cold storage at —5°C results
in a decrease in survival over seed-
lings stored at 3°C.
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