












































most common is the "bark streak," a term
from gum naval stores operations. Bark
streaks are made by removing a 1-in-high
section of bark, horizontally around the
tree at stump height, generally for one-
third of the tree's circumference. With
slash pine, 1/3-circumference bark
streaks were tested by Bailey (1976},
Barker and Schmid (1976), Beers (1975},
Conley and Bailey (1977), Conley and
others (1976), Hertel and Williams
(1975), Joyce and others (1877), Roberts
(1976), Roberts (1978b), Roberts and
rPeters (1976), Roberts and Peters
(1977), and Squillace (1975). The same
wounding treatment was applied to lob-
lolly pine by Beers {1975), Conley and
others (1976), Marton (1975), Roberts
(1978b), and Stubbs (1978). Enos and
others (1978), Hertel and Williams
(1975), and Nix (1976) tested 1/2-
circumference bark streaks on slash
pine; Enos and others, and Nix, also

tested them on loblolly pine. Bark
streaks 1 in. in height have been the
rule, but Roberts and Peters (1977) com-—
pared streak heights of 1, 2, and 4 in.
on slash pine, and Roberts (1979b) again
compared 1- and 4~in. heights on that
gspecies.

Bark-streak wounds have been the
most popular method used, featuring
simplicity, rapidity and thus economy,
amenability for mechanization, good
results in oleoresin enhancement, and,
if limited to 1/3-circumference, less
hazard from bark beetles than most other
treatments. Bark streaks in excess of
1/3-circumference do not produce enough
additional oleoresin to offset the added
stress they cause the tree, and thus the
higher risk from bark beetles. And
streaks 2 or 4 in. high have shown no
advantage in oleoresin yield.

Therefore, we recommend 1-in-high
bark streaks, not to exceed cne-third
of the tree's circumference., This is
probably the most universally useful
method of any tested, although, as
discussed later, tree injectors have
certain advantages and drill holes are
highly useful for specialized purposes.
These three general methods have proved
to be the most useful. Bark streaks can
be made by hand with a bark hack (a gum
naval stores tool), or with a powered
chipping saw (Clements and McReynolds
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1977). More recently a cutting head
mounted on a small-track vehicle has
been devised for treating trees in this
manner (Mappin and Propst 1979).

ax frills, with or without her-
bicide application, were in early use as
a means of killing trees. This wounding
method has been used in paraguat studies
by Enos and others (1978), WNix (1976,
1977), Roberts (1975), and Roberts and
Peters (1976). The method is simple but
little more can be said for it; it takes
gsome skill and is extremely labor inten-
sive.

Drill holes have received guite
wide-spread testing. Holes with some
downward slope are drilled tangentially
into the bhole of the tree, paraguat
solution is placed in the holes, and
then they are usually corked. Depending
on the number and arrangement of holes,
which in effect are a chord of some
portion of the tree's circumference
bhecause they are drilled tangentially,
treatment can be tailored to affect
approximated 1/3-circumference, 1/2, or
whatever. With slash pine, varied
arrangements of holes have been tested
by Enos and others (1978}, Peters and
Joyce (1975), Peters and Roberts (1977),
Peters and others (1978, 197%), and
Roberts (197% ). Enos and others {(1978)
also used drill holes with loblolly
pine, as did Stubbs (1978}. In terms of
increased oleoresin, the drill holes
have shown no advantage over simpler
methods, such as the bark streak or tree
injector, and they are at least twice as
expensive {Stubbs 1978). Thus, they
cannot be recommended for paraguat
application except for stump treatment
{described later).

A variant of the drill-hole method
involves placing paraguat-impregnated
wooden dowels into the hole or holes
(Roberts and Peters 1977; Stubbs 1978).
oOr, cellulose plugs or other absorbent
material can be put into holes and then
saturated with paraguat solution (Enos
and others 1978; Roberts 197%a; Roberts
and Peters 1977). Neither version shows
any particular advantage in slash or
loblolly pines, and neither is recom-
mended.

As the bark streak was borrowed
from gum naval stores, s0 were most
tree-injection methods taken directly or









their Pinex Program, Hercules, Inc., has
developed a drilling head that also
places paraquat solution in the holes
(Fajans 1980},

Paraguat Concentration and Amount

Tests have included virtually the
entire gamut of possible paraquat solu-
tion strengths, ranging from 0.22 per-
cent (Enos and others 1978) to 24
percent {(Roberts 1976), which is the
undiluted concentration as sold by the
manufacturer. Bvaluation of paraqguat
solution concentrations must include
hazard of bark-beetle-caused mortality
as well as ocleoresin yield.

From published information it is
difficult to determine the effect of
paraquat concentration on yield, bhecause
of variation between tests in wounding
methods, treatment durations, and other
factors. Concerning slash pine, Drew
(1976) applied 2 and 8 percent paraguat
to 1/3~circumference bark streaks.

After 12 months, the 2 percent paragquat
was nearly as affective in oleocresin
enhancement as the 8 percent; however,
after 24 months Joyce and others (1977)
reported for the same study that 8 per-
cent paraquat was more effective in
oleoresin accumulation, but 33 percent
of those trees were dead. Roberts
(unpublished data) tested 0.5, 2.0, 4.0,
6.0, and 8.0 percent paraguat used with
either a 1/3-circumference bark streak
or a tree injector (1-1/4 in. blade,
wounds spaced on 4-in. centers). After
12 months, for both wounding methods the
0.5 percent paraquat concentration
resulted in significantly less oleoresin
yvield than the rest. With the injector,
2 percent was as effective as 8 percent
paraguat; howeveyr, with the bark=-streak
method, oleoresin vield increased with
paraquat concentration. Averaging
together the oleoresin data from both
wounding treatments, 8 percent paraguat
induced about 12 percent more oleoresin
than did 2 percent. But this study also
indicated that in order to keep insect-
caused mortality below 10 percent, the
tree injector should not be used with a
paraguat concentration higher than 2
percent, nor should the bark streak bhe
used with a solution concentration
higher than 4 percent.

Also with slash pine, Roberts and
Peters (1977) found 2 percent paragquat
to be as effective as 4 percent after 1
months, and mortality was negligible
with both. Peters and others (1978)
compared 0.5 and 2 percent paraquat, an
after 19 months found oleoresin enhance
ment over controls to be about 76 per-
cent for 0.5 percent paraguat and about
104 percent for 2 percent paraquat. To
determine whether severe wounding would
produce practicable increases in cleo-
resin in 3 months without need of an in
secticide spray {(one half the treatment
cost; Stubbs 1978), Roberts (1979b) com
pared paraquat concentrations 1, 2, and
4 percent., The 2 percent solution pro-
duced somewhat higher yield, but the
difference over the other two concen-
trations was not statistically signifi-
cant.

When the above information as well
as other published reports is considerec
the efficacy of higher strength paraguat
solutions in producing additional ocleo-
resin appears to have been overrated.
All the oclecresin yields discussed here
are on a whole-tree basis, while many
reports in the paragquat literature give
oleoresin data for only the basal 5 or
10 ft. From these latter reports it
often appears that higher concentrations
give higher yields for the basal sec-
tions, and theyv may do so, but most suct
comparisons are confounded by increased
wounding. We know of no published
information that shows paraguat con-
centrations of less than 2 percent, wher
applied to the tree bole (root treatment
is another matter), to be comparable in
oleoresin enhancement to 2 percent or
greater concentrations, if the treatment
duration extends more than 6 months.
Similarly, concentrations of 6 or 8 per-
cent may be superior to lower concen-
trations 1if treatment durations exceed 1
year. But 1f paraquat solutions of 6
percent or more are to be profitable, 90
percent or more of the trees have to
survive. Due to the bark beetle hazard,
slash pine should not be injected with
paraguat concentrations higher than 2
percent; for the bark streak we recom-
mend not more than 4 percent, and 2 per-
cent is certainly safer,

Working with loblolly pine, Nix
(1977) tested 2 and 8 percent paraguat
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