TRENDS IN TREE PLANTING
ON MINE RECLAMATION SITES

By Rufus Allen, Research Forester, U.S. Forest Service

The following article is excerpted from a talk given by Mr. Allen at a
meeting of the Council for Surface Mining and Reclamation in
Appalachia, held in Madisonville, Ky. Mr. Allen joined the staff of
Northeast Regional Forest Research Experiment Station in Berea,
Ky., in 1961. He is currently conducting tree planting research on
reclaimed surface mines in western Kentucky.
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It would appear that after 40 years of research, we
in the forest service should know what trees to
plant on surface mines and how to plant them. If
all we want is trees just to say we have trees, the
above statement can be assumed to be true. How-
ever, if we are thinking in terms of high-value tree
species that will yield a high monetary amount in
return, then we're still back in the dark ages.

Many sites have been replanted successfully
with Virginia and Loblolly pine and several
species of hardwood, namely Black Locust. The
Loblolly pine grows well in Kentucky but is appar-
ently subject to ice damage and winter burn from
the extreme cold that we've had for the last 2 years.
Virginia pine is an excellent pulpwood species, but
will there be a market for it when it is matured?

And lastly, what are we going to do with the
thousands of acres of Black Locust? Most of the dis-
turbed areas in western Kentucky were hardwood
sites, as were most of the disturbed areas in the
surrounding states. It is natural then to reclaim
these areas to their original status. This has been
attempted on many areas over the years. Some of
these attempts have been notable successes, others
failures, and some just mediocre.

Overall, we have had about a 35% survival rate
on hardwood plantations since we started planting
hardwood trees several years ago. This rate even
extends to our newer studies, recently installed.
The notable successes in the past continue to
encourage us and to give us hope that we can con-
sistently get good results from present and future
plants.

What are some of the problems that face us on
getting good survival and growth of trees? Well,
first and foremost is the fact that mining spoil is not
agricultural or silvicultural soil as we know it. I
would say that many of our problems arise from
this fact.

I'm going to add another category, biological
factors. And under this I have the lack of micro and
macro organisms. Not only are these items prob-
lems in themselves, but their interaction problems
are many. In many cases we don't know the an-
swers because we don't even know the questions.
Willis Vogle, our range scientist in Berea (Ky.) has
found it necessary to fertilize a site in order to get
satisfactory grass and legume growth, but we in the
forestry picture have found that, most of the time,
the application of nitrogen and phosphorus is
detrimental to tree survival, if we apply them at
the time of planting. There are studies going on;
planting with fertilization before the fact, during
the fact and after the fact.
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Another subject that affects us is the problem of
allelopathy, the toxicity or inhibiting factors of one
plant on another. This problem is not new in litera-
ture, but it is new to us. At the present time there's
only one book on the subject in the English lan-
guage. Not only are these items problems in them-
selves, their interrelationships compound our
problems.

For instance, we know that some seeds are
allelopathic in the absence of micro organisms. We
also know that the presence of fescue grass inhibits
the germination of some pine seeds. We know that
crownvetch inhibits new root growth of year old
Red Oak seedlings. The allelopathic role is still not
completely understood, but some substances have
been identified that apparently are inhibiting
agents. One of these is in the realm of phenolic
compounds. Interestingly, our research geologist in
Berea highly suspects the presence of some phe-
nolic compounds in some spoils that he has ana-
lyzed. It is noteworthy to add that the difference
between allelopathy and competition is difficult to
separate scientifically. These factors that we've
just talked about form the basis of our tree plant-
ing research in western Kentucky.

The first of our recent plantations was estab-
lished in 1976 with the cooperation of the Pitts-
burgh and Midway Mining Company. This study
and a subsequent study established in 1977 are
much the same. Now we have more variables than
we had seasons to plant, so we made up. We used
Black Walnut, White Ash, Green Ash, Sycamore,
Sweet Gum, Cottonwood, White Oak and Yellow
Poplar. We wanted to test some of the seedlings
that we've had good luck with in the past and some
that we've had back luck with in the past. We also
wanted to test tree-grass competition at the same
time so we used control plots, fertilizer only plots,
fertilizer and legumes, and fertilizer with grass.
And we also used nurse trees as a nitrogen fixer.
We used Black Locust, European Black Olive, and
we also used both. We substituted for both in 1977.
We used Autumn Olive which is also an excellent
nitrogen fixer. And of course we had a control of
none. We used hardwood bark mulch, with control
trees with no mulch and, of course, trees with
mulch.

The 1977 study was installed to check the differ-
ences in planting years and the possible conse-
quences of different weather conditions. Follow-
ing the 1976 planting we had an extremely long dry
spell, about 6 weeks. We expected the worst. The
spring of 1977 was more nearly normal than that of
1976 and we expected better. But you never get
what you expect especially in silviculture.

In our study established in 1976 on the P & M
land we used White Ash, 1-0 stock and 2-0 stock.
We used 2-0 Black Walnut stock. I've never seen
such huge 2-0 stock in all my life. No wonder they
wanted to get rid of it; they knew they couldn’t
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plant it, so they gave it to us. But the Black Walnut
had tap roots about 3 feet long. You're not about to
plant something like that in a spoil, so we had to
trim down to about 6 inches. All we had left was
just a big thick carrot. But look at the survival —
65%. Now we don't know whether that holds true
today or not. We're going to check it this fall and
we're going to find out. But the 2-0 stock out-
survived the 1-0 stock. This was during a year that
we had 6 weeks of drought. I think we had excep-

again for Green Ash and White Ash. When we com-
bine the species we get a table of trend. This is the
trend that has been established over the years. As
we look at more and more data this trend falls right
along the same lines as what we read. As we get
more green ash and White Oak, we get more White
Ash and Cottonwood. Yellow Poplar is always, not
last, but it's up from the bottom. Black Walnut
seems to be a real excellent species to work with.
We get extreme variance in our Black Walnut.

tional survival.
The 1977 survival came down to about the same

Sometimes we'll get 212 % survival and sometimes
we'll get 65% survival. Why is this? Again, we can't
give an answer because we don't even know the
questions yet. As we will note from observing the
previous survival count, the trend has been estab-

Combining survival for 1976 and 77 begins to show a trend:

Species Fercent Survival lished.

Recent studies by Willis Vogle and others show
QrassAs 53 that Sycamore dies back after about five years.
White Ash 42 Some people's studies will show that Sycamore did
River Birch** 39 real good. Most of the time we found that Syca-
Sycamore 20 more died back and would just come back in the
Sweetgum® 20 same root stock year after year. Either the leader

dies or the entire stem dies.

YeNow-popiar 7 The only meaningful data on treatment effects
Black Walnut 16 that we can glean from our studies at the present
Cottonwood 16 time are on mulching and fertilizing. In both years
White Oak 12 the grass and legumes failed to germinate the first

year. So we couldn’t use this as an effect. But
**1976 study only mulching and fertilizing give a pronounced effect

*1977 study only
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shrubs and trees up to 25 ft. in
height. Tractor-mounted, trailer-
mounted, or truck-mounted units—
plus complete multi-purpose
landscaping machines that handle
a tremendous assortment of dirt-
handling functions in addition to
transplanting trees.
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cable directly underground with-
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Effects of muiching on survival:

Percent Survival
1976 1977

Species Mulched Unmuiched Mulched Unmulched
Green Ash 48 44 68 44
White Ash 35 23 62 49
White Ash (2-0) 50 32 — —
River Birch 42 35 - -~
Sycamore 13 14 30 24
Sweetgum — — 26 13
Black Walnut 52 43 8 3
Black Walnut (2-0) 70 60 — -
White Oak 34 29 24 5
Cottonwood 33 27 6 4
Yellow-poplar _9 _7_ 4 2

AVERAGE 38 30 28 18

on survival. In both 1976 and 1977 mulching the
trees increased survival. In the 1976 and 1977 stud-
ies we mulched alternate trees in every row. Evi-
dently mulching helped retain moisture and
reduce micro-site temperatures because survival
was increased for most species.

We used about a bushel of mulch for every tree.
This is about 4 inches thick and reaches out to

Fertilization effects on species survival:
Percent Survival
1976 1977

Species Fertilized Unfertilized Fertilized Unfertilized
Green Ash 38 61 61 64
White Ash 26 46 62 63
Sycamore 14 16 29 35
Sweetgum — — 24 30
Black Walnut 43 54 6 13
White Oak 31 44 14 20
Cottonwood 25 38 5 5
Yellow-poplar _6 i 5 5

AVERAGE 26 39 50 56

about 15 inches from the center of the pile or the
seedling itself. In the earlier study of 1976 we had
used about half this much mulch and, within a
year, it had flattened out and almost deteriorated.
We can go back to the ones where we used 4 inches
of mulch and it does look substantial, even today.
Fertilization

We have found in the past that addition of nitro-
gen and phosphorous fertilizer has decreased sur-
vival. In some studies we have found this decrease
to be significant. The decrease in survival, due to
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fertilizer, effects hardwood as well as pine seed.
This effect has also been found on whole fields and
forest sites as well as surface-mined lands.

Fertilizer rate was 400 pounds of 18-46-0 and 100
pounds of 0-0-60. In an early study on bush les-
pedeza, the decrease in survival was thought to be
from the common phosphate. We found that dical-
cium and triple-super phosphates significantly
reduced survival. After studying data and survival
results from the past several decades, we come to
the conclusion that we haven't really increased
survival over this period.

We have several thoughts along this line. One
thought is that perhaps our planting crews are
becoming less efficient. If the crewman is paid by
the ceiling, his thoughts are on quantity rather than
quality. If he gets paid by the hour and a minimum
wage, he thinks he's just doing a job that's not very
important. Since our desired end result is good re-
forestation, tree planting is a very important part
of the total picture.

Another thought is of the conditions under
which we plant with our present technology,
expertise and species adaptation. These are
becoming less conducive to survival than they
were several decades ago. For instance, studies of
30 years ago showed evidence that survival was
greater on ungraded spoil than on spoil compacted
by grading machinery. Also, at that time, over-
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burden removed was not as deep as it is now.
Maybe our increase in expertise is just keeping
pace with the increase in adverse spoil conditions,
hence no net increase in seedling survival.

This spring, with the cooperation of AMAX
Coal Company's Ayrgem and Pittsburgh and Mid-
way's Colonial mines, we installed a study that's
combined the old with the new. We plowed the
planting areas with a disc harrow or chiselplow.
We did use both the chiselplow and the disc har-
row. We used the chisel plow on P & M Colonial
Mine and we had to go with the disc harrow on the
Ayrgem mine because there was old log grass that
clogged the chisel up and lifted it right out of the
ground after about 10 feet. We had to go to the disc
harrow to get the job done. After we plowed it
once, we plowed it again 90 degrees from the first
direction. Then we called on our most experi-
enced personnel to plant with planting hoes and a,
I'd say relatively new in design, planting bar.

We also used our tractor with an auger operated
from the power takeoff to mechanically dig the
planting holes. Half of these holes was backfilled
with spoil and the remaining half was backfilled
with top soil from a forest. As nearly as possible we
simulated the loose spoil conditions of yesterday,
along with some of the planting methods, tech-
nology, and expertise of today. We did have some
problems with the auger. We broke one universal
joint and we broke one shear pin. What really gave
us a problem was that the point on the end of the
auger would hit a small rock right dead center.
That rock wouldn't move and neither would the
point.

We mulched every other row of trees with hard-
wood bark mulch and we did not fertilize. We used
Black Walnut as a starting species because of its
potentially high value and the trouble we've had
with survival in the past. We also interplanted
Autumn Olive as a nitrogen fixture.

In the past few years much work has been done
and knowledge gained in successfully inoculating
the seedlings with mycorrhiza. Most hardwoods
have endomycorrhizal associates rather than ecto-
mycorrhizal. The research of endomycorrhiza is
much different, more difficult. The isolation,
growth, inoculation, testing and reinoculation of
species is time consuming. Ectomycorrhiza has
visible and collectible spore forms. On the other
hand, most of the endomycorrhiza have no visible
or collectible spore forms and is not evident on
visible inspection of the roots.

Our microbiologist at Berea has been attempt-
ing to isolate endomycorrhiza from high value
hardwoods grown in a natural forest in the nurs-
ery and on surface mine plantations. At present he
is growing these associates in quantity for inocu-
lation. In the spring of 1979 we hope to install a
study in the western coal fields with hardwoods
inoculated with different endomycorrhizal fungi.
Our last study concerns planting methods. We have
a hundred extra Black Walnut trees that we can
sacrifice each year and study their roots for mycor-
rhiza and their tops for nutrient growth and the
presence of essential nutrients and toxic ele-
ments. WTT



