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Abstract .-- Field survival of

shortl eaf, slash, and loblolly pine

seedlings planted with benonyl incorporated in the packing nmedi umwas markedly

inFrovpd over that of controls with cl
palustris M11.) and short!eaf pine (P.el
difficult to store, had greater nagnitudes of

I oblolly and sl ash pine seedlings.

sl urry packi ng nedi um Longl eaf pine (Pinus
ttll Engl em) seedlings, which are nore

response than the nore easily stored

| NTRCDUCTI ON

Cl ay-benonyl (Benlate® 3 nixture used as a
root dip treatnent at the tinme of planting provi -
des systemic protection of |ongleaf pine (FINUS
palustrl_s MIIl.) seedlings from brown-spot disease
(Scirrhia acicola (Dearn.) Siggers). Protection
shoul d | ast for at least one year in the field
(Kais and Barnett 1984; Cordell et al. 1984; Kais
et al. 1986a, 1986b). This treatment has resulted
in inproved survival and early height growth (Kais
1985; Kais and Barnett 1984; Kais et al. 1986b).
Benonyl is a very effective fungicide that is
recormended for a nunber of other uses in con-
tai ner and bare-root nursery seedling production
(Barnett and Brissette 1986; Sutherland 1984).It
al so has the advantage of having no phytotoxic
effect on nycorrhizal devel opnent; in fact,
seedl i ng devel opnent is enhanced by benonyl use
(Pawuk and Barnett 1981).

Recent tests have shown that |ongleaf pine
seedling storage may be dramatically i nproved by
the incorporation of benonyl into the clay slurry
used for seedling packing (Barnett and Kais 1987).
Early results have stimulated additional testing
and extension of the technique to other species.
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METHODS

Three studi es are underway by the Southern
Forest Experiment Station to evaluate the effect
of fungicides on storage of southern pine
seedlings. In study 1, |ongleaf pine seedlings
froma single seed lot were lifted in January 1985
frombeds at the Ashe Nursery in M ssissippi.
Seedlings were divided into two sublots for two
storage periods (1 and 3 weeks), and five root
packing material treatments were applied for each
storage period: (1) clay slurry control, (2) clay
slurry, with a benonyl dip added at the time of
planting, (3) clay slurry with benonyl added at
the time of packing, (4) peat noss control, and
(5) peat noss conbined with a benonyl dip treat-
nment. Benonyl was applied as a 10-percent m xture
of Benlate® WP50 with kaolinate clay. This
resulted in an approximate 5-percent a.i. of beno-
nyl in the clay slurry or dip. A 10-percent dilu-
tion of benonyl in water was used as a dip prior
to packing with peat noss for treatnent 5.

In study 2, longleaf pine, loblolly pine (P.
taeda L.), and shortleaf pine (P.echinatamil.)
seedlings fromthe Ashe Nursery were lifted in
January 1986 and divided into three sublots for
three storage periods (0, 3, and 6 weeks). Two
root packing treatnments were applied to each of the
three sublots: (1) clay slurry control and (2)

10- percent Benlate® WP50 and clay slurry nixture.

In study 3, two seedlots (Florida and
M ssi ssippi) of slash pine (P.elliottiEngel m) and
three (A abama, Louisiana, and north
M ssissippi) of loblolly pine were lifted at the
Ashe Nursery late in the season (March 9, 1987)
and subdi vided for two treatnments (0 and 6 weeks)
The dosage rate was reduced to one-fourth the rate
of the earlier test, i.e., a 2.5-percent mxture
of Benl ate® WP50 and kaol i nate clay. The control
was a clay slurry.



In all tests, seedlings were packed in Kraft
pol yet hyl ene bags (350 per bag) and stored at
35°F. Seedlings of the O week treatnent were
planted within 3 or 4 days, while the other
pl antings were made after 3 or 6 weeks of storage
Seedl i ngs were machine planted at 5- by 5-foot
spacings in 2 rows of 50 seedlings; there were 4
replications. Study 1 was outplanted on two
different sites in central Louisiana. Only one site
was used for the other two studies. Seedling
survival was measured in June and Decenber of the
sanme year followi ng planting. Study 1 was al so
nmeasured for survival and height after 2 years in
the field.

Differences in survival were tested for
significance at the 0.05 |l evel by anal yses of
vari ance. Duncan's Multiple Range Test was used
to eval uate treatnent neans.

RESULTS

Study 1. --The outplanting site had a
consi derabl e influence on |ongl eaf pine seedling
survival after two grow ng seasons. Heavier grass
and woody conpetition as well as greater brown-
spot incidence occurred on site 1. Neverthel ess
treatnent effects followed the sane trends on both
sites. Both length of seedling storage and
packi ng- medium treatnents significantly affected
seedl i ng performance. Survival of seedlings that
had undergone 3 weeks of storage was markedly
lower than for the 1-week storage period (fig. 1).
The effect of storage varied greatly dependi ng on
packi ng- nedium treatments, and for both sites
there was a storage X packing treatnent interac-
tion.
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Figure 1.--Survival of |ongleaf pine seedlings
stored 1 and 3 weeks with various root
packi ngs 2 years after outplanting (Study 1.)

The clay-slurry and peat noss controls had
consistently |ower survival than any of the beno-
nyl treatnents when stored 1 week (fig. 1). The
magni tude of treatnent difference was nuch greater

for the 3-week storage treatment. The clay-slurry
treatments averaged 19, 33, and 79 percent sur-
vival for the control, benonyl dip at planting

and the cl ay- benonyl slurry, respectively. The
peat noss control averaged 64 percent, three tinmes
that of the clay-slurry control. The addition of
benonyl to the peat noss treatnent inproved sur-
vival by 13 percentage points.

Study 2. --Longleaf, loblolly, and shortl eaf
pi ne seedlings receiving clay-slurry control and
clay-benonyl treatnents were planted after storage
periods of 0, 3, and 6 weeks. Response after 1
year varied by species. Longl eaf pine seedlings
had the | owest survival regardl ess of treatnent
and benonyl inproved survival after all |engths of
storage (fig. 2). In contrast, survival of
| obl ol Iy pine seedlings was al nost 100 percent
regardl ess of treatment or storage. Survival of
shortl eaf pine seedlings wthout storage (0-week
storage period) averaged 99 percent, but after
being stored for 3 and 6 weeks, survival of the
controls dropped to 83 and 36 percent, respec-
tively. Benonyl-treated shortl eaf seedlings main-
tained the same | evel of survival even after
storage (fig. 2).

Study 3.--The loblolly and slash pine
seedlings lifted later in the season (March 9)
were planted within 1 week (0-week storage period)
and after 6 weeks. These seedlings were treated
with the clay slurry and a cl ay-benonyl slurry at
one-fourth the rate used in the slurries of the
other studies. After 3 nonths in the field, there
wer e marked di fferences between packing treat -
nments. Loblolly pines stored 6 weeks averaged 23
and 87 percent, respectively, for the clay and
cl ay-benonyl treatnents (fig. 3). Conparative
treatnents for slash pine averaged 9- and
88- percent survival
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Figure 2.--Survival of longleaf, loblolly, and
shortl eaf pine seedlings stored for 0, 3, and
6 weeks with two root packings 1 year after
outplanting (Study 2). Nunerals above bars
represent nunmber of weeks stored
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Figure 3.--Survival of loblolly and slash pine
seedlings stored for 0 and 6 weeks with two

root packings 3 nonths after outplanting (Study

3). Nureral s above bars represent nunber of
weeks stored.

DI SCUSSI ON

Results of all three tests showed a very
positive response fromthe incorporation of beno-
nyl into the clay slurry used for seedling
packi ng. The root dip in benonyl followed by
seedling storage in peat noss foll owed the sane
trend. Prelimnary pathol ogi cal evaluations indi-
cate that benonyl is controlling pathogenic
m croorgani sns that reduce seedling quality after
storage of 3 or 6 weeks. Survival of |ongleaf
pi ne seedlings, which are the nost difficult of
the southern pines to store, is inproved by beno-
nyl treatment even when the seedlings are
outplanted within 1 week. The second greatest
response was with shortleaf pine. Mjor inprove-
ments in shortleaf pine survival occurred with 3
to 6 weeks of storage.

Loblolly pine seedlings lifted in early
January survived wel |l without benonyl treatnent.
However, when loblolly and sl ash seedlings were
lifted in March and stored for 6 weeks, seedlings
that received benonyl treatnment were able to be
stored satisfactorily. Those without such treat-
nment showed a | arge decrease in survival
Addi tional studies are underway to eval uate the
nmechani sns i nvolved in deterioration of seedlings
during storage; other studies are underway to
determne the effect of date of lifting on
seedl i ng storage
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