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SURVIVAL AND GROWTH OF PINE SEEBLINEGS

ON STRIP-MINED SITES
by
Stephen Hanley Schoenholiz

(ABSTRACT).

The effects of cultural treatments ircludiag
ectomycorrhizal vinoculation,‘ chemical weed control, and
slow-release fertiiization on survival, growth,
ectomycorrhizal colonization, and foliar nutrient levels of
container-grown white (Pinus strobus L.}, loblolly {P. taeda
L.), and Virginia pine {P-. wvirgianiana #Mill.) seedlings were
studied on a recontoured and a fiak bepch skrip-mine site in
southwestern Virginiaa., One~half of tie 'Seeﬁliags was

inoculated with Pisolithus tincigrius (Pers.) Coker and

Couch (Pt).. A 21 .g Agriform starter tablet was placed in
the s0il at a depth of 10 cm withisg 10-15 cm of weach
seedling in one-half of the plots at plantinga Glyphosate

again later in the growing season. .



First year survival mas not different between sites and
was not significantly affected by the cultural treatments.
Abundant precipitation and high seil moisture levels
the excellent first year survival. The combination of
chenical  weed control and fertilization significantly
increased the growth of all three species. . Pt dnoculation
enhanced seedling growth to some extent but high amounts of
matural ectomycorrhizal coloanization masked some of the
effects of Pt.  Levels of feliar nitrogen closely reflected
the effects of each treatment on seedling growth, indicating
that it Qas the growth—-limiting natpient for pine seedlings

on these strip-mined sitesa..
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INTRODUCTIION

‘Bituminous coal is an abundant snatural resource in
southwestern Virginia. The people of Buchanan, Dickenson,
Lee, Russell, Scott, Tazewell, and ¥ise zqagt&es'ifigaze.lg‘
depend on coal mining for their economic base.  The history
of - this rugged, mountainous region is characterized by
resource explaitatien',falloéaﬁ,by shiftss tCe ne¥ Tresgurces.
Agricultﬁre and lambering preceeded a@ining as squrces of
livlihood. . Relative costs and -axa%kabiiitgv of warious
energy sources indicate that it is reasonable to expect coal
will  continue to be mnined f£from ki&isaxegigg_ apntil it is
thoroughly depleted or until economic conditions no loanger
favor its extraction. A famture without coal as the economic
mainstay must be considered now. .

Over . thirty years of surface. mining hawe left a
patchuwork of dzasticaiiy distuarbed sites thoughout this
region of Virginiaa. brastically 4disturbed areas age those
where native vegetation and animal <omamunities have been
eliminated and most of the +tfopscil is lost, altered, or
buried  {Box, 1878). Host sites ace environnentally,

economically, and so0cially unproductive evena - wshen
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reclamation regulations are followed. Meeting regulation
requirements through the establishment of herbaceous cover
usually helps to impede erosion; however, the herbaceous
cover established on most mining sites is limited in teras
of realizing the full productive potential of the land.

There is a challenge to estabiish a balance betueen
resource utilization and conservation. Returning these
disturbed coal spoils into productive land for agriculture,
wildlife, water management, recreation, and peraaps
industrial and residential development will help to achieve
this Dbalance. Revegetation research on these disturbed
areas should pe oriented toward these gyoals. Mays and
Bengtson (1978) suggested that 1land of all kinds 1is too
valuable to allow disturbed areas to remain with no further
use or bepefit inr mind.

The Penn—-Virginia Resources Corporation 1is addressiag
some of the problems and potential solutions regarding
strip-mine reclamation through a cooperative
interdisciplinary project with Virgimnia fTech om contour
surface-mined land in #Wise Countya. This particular study
has been conducted to provide information for reforestation
efforts in the region.

On many disturbed sites reforestation is a justifiable

alternative for reclamation. fIrees cam be grown and managed



habitat depending on land-use objectives.  In addition, the
establishment of new forests generally enhances aesthetic
and en#iroamental gua:lity. ., In the past ﬁifty.”years,@ost
research has focused on tree species'! adaptability for
revegetation and stabilization of strip—mines {Plass, ‘39?5;
‘Geyer,  1973; HMiles et al., 1973; Czapowskyj, 1970;
£2apo&sk§j and McQuilkin, 19656).. 1iIn :;genexral, pimnes { Pinus
Spp~- . ) -have proven to be suitable because of their ability
to survive and  grow ia.haisé s0il enwiropments.  Houwewer,
each mine, or at least each mining region, is a unigue case
depending on local geology, miﬁigg practices, and edaphic
factors. . Besearch findings frosm cae,amga;dq_égt necessarily
hold for other areas because of the complex enviroanmental
factors involved. Bengtson et ai. . - {197%3a) =sphasized that
a slight change in a particular envirenmental parameter can
change an enviroament favorable for a certain species dnto
an»iahgsyitable.or toxic onea..

Information concerning establishmenyt and growth of tree
seedlings on strip-mined lands in soubkhwesterm Virgipia is
very limited. Three pine species were chosen for this study
based on their ability to survive and grow in harsh soil

environments. . Virginia pine { P.. viggimiapa MNill.)} aad

eastern white pine { P sircbus L.) ape mative = to this



region. = Virginia pine grows wmell oaqugr'eraéaﬁ sites and
is a good source of pulpwood (Piass .and Burtog, 1967 )~
¥hite pine thrives on many different .sites apd, once
established, grous ragiély-, it is a valuakle source of
christmas trees and sawtimber. Southwestern Virginia is
West of the matural range of loblolly pine { P- tasda 1.):;
hpgeysr; doblolly pine has been planted on some coal 3§9i15
in this region. It is welatively .easy to estaﬁlish‘agﬁ
grows rapidly on many types of distupbed sites grgducigg
pulpwood and lumber (Plass and Eazﬁaa,-&?ﬁ?}u:

If the potential productivity of these sites is to be
realized, intemasive cultural treatments must be used to
promote seedling establishment and growyth.  Troeatments such
as ectomycorrhizal imoculation, chemical weed control, and
slow-release fertiiizatioa.shgaid‘geiy to achieve acceptable
survival and growth to meet desired productivity levels..

Although successful pine seedling establishment on
strip-mined sites iﬁ sonthwestern ¥irgipia has been reported
{ﬁarz and Artman, 1979), these disturbed sites present azn
array of problems for. {efa:%stati@a;, Failures in  pisme
seedling establishment are common om drastically disﬁurbgd
sites wunless the seedlings are colopized by appropriate.

ectonrycorrhizal fungi at Pplanting  time. . There is

substantial evidence that Pisolithus tinctorius (Pers.)




Coker and Couch {Pt)  iIs ecologically adapted to mime-spoil
conditions. Therefore, seedlings <colopized  with this
ectonycorrhkizal fungus should shew . dmproved surwival angd
growtha.

Surface-mine rTevegetation with deanse herbaceous cover
has generally been successial in . this region. This
vyegetation, however, tends to compete with desirable tree
seedlings for soil water, nutriepts, and light. kK Certain
herbaceous plants alse have ©been shown to have an
allelopathic effect on tree seedlings {Fisher, 1980; 4Larson
and Schwarz, 1980; Priestarfaad.PQnaiggtag, 15978; Gilmore,
1977; Walters and Gilmore, 1376; Reitveld, 1375).  JHhen
herbaceous wvegetation competes  sigpificantly wmith tres
seadlings, the competing vegetatiom <can Be <controlled to
release limited site resourcesa. . Little informatiom is
available on the effects of cheaical wueed contrel on
sarface—-mine reforestationa. .

A third problien freguently encountered din strip-aine

reforestation efforts is the lack of adeguate supplies of

available X nutrients, particularly nitrogen  {N) and
Phosphoruas {(P). Plant—available ¥ and P in the original

surface layers are often buried .deeply duzing wmining
operations.  PFertilizer applications .are usually desirable

to promote seedling establishment and gﬁgﬁth; chowever, the



effectiveness of these applications depends, in part, on the
extent of herbaceous competition. . dged competition can be
greatly stimulated by applications of soluble fertilizezrs
and over-fertilization may result in overtoepping of tree
seedlings by excessive developument of herbaceous cover {Hays
and Bengitson, 1978). .

Mays aand Bemgtson (1978) repaxtea that strip-mine
spoils may be highly perous, Jow 1im catiopn exchange
capacity, and often lacking auch of the fertilizer retention
capacity of natural S0ilSae Conventional fertilizer sources
may leach rapidly through these disturbed soils. Slow~
release fertilizer tablets offer a potential solution  to
this problenm. Tablets @laced‘ adjacent to sSeedling roots
provide maximum benefit for the seedling while minisizing
the effect on competing weeds.

The effects of these three cuitural treatments on early
survival :and growth of white, Virginia, and leblolly pisge
are not well documented for coal speils in-. southwestern
Virginiaa. Furthersore, the interactions among these
treatment have not been thoroughly studieds  The purpose of
this research was to investigate the effects of these
cualtural tzeatpents and a variety of edaphic facters on gige

seedling survival and growth on twg strip-mined sites in



southwestern Virginia.. The following objectives wmere

astablished: |

n guantify the survivali and .growth of Pinus
virginiana Mill., Pinus strobus L., and Pinys taeda L.

on strip-mined lands in southwestern ¥Virginia.

{2) evaluate the effects of ectomycorrhizal
inoculation, <chenical weed control, and slow-release
fertilization om the survival and growth of 2.

virginiana, P. strobus, and P. taeda.

{3) identify the edaphic factors affecting survival and

growth onm a receatoured site and a flat bench site. .



LITERATURE REVIER

The principal areas of investigatiocen regarding
reforestation of surface—-mined lamis have been %the search
for species tolerant to disturbed-land conditions and the
development of appropriate <caltural practices for  tree
establishment (Paone et al., .1978).. This stady was
established to evaluate three cultural treatments used for
establishing pine seedlings on  .strip-mine spoils already
supporting herbaceocus growth —— ectomycorrhizal inoculation,
chenical weed coatrol, and slow-release fertilizatio.
Relevant literature concerning these ihiee ireatments is

sunnarized belova

Ectomycorrhizal Inoculation
Mycorrhiza is the term used for a wide ramge of
symbiotic associations between the fime feeder roots of

plants and highly specialized root-inhabiting fungi {(Marx,

1980) . Anatonically, mycorrhizal feeder rogts can  be
separated  into three alasses. - ectomycorriizae,

endomycorrhizae, and ectendonycorrhizae. Ectomycorrhizae

are the predominant <class occurring in forest tree species
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throughout the world. The assoceciation is characteriZed by
the fungal hyphae growing . iaternally around the primary
cortical cells of the roots forming the Hartig net which may
completely zreplace the middle 1lamellae between cortical
cellsa This Hartig net is the major distipguishing feature
of ectomycorrhizae {Kormanik et al.s, 1877)..

Plants with abundant ectomycorrhizae have an i@cxgasea,

physiologically active, root-fungus surface area for
nutrient and water absorption. . This increase in surface

area is due to the wmulti-branching morphology of most
ectomycaxrhizae and from the extensive wegetative growth of
- fungal SYthngt hyphae 'iate the sSo0il {Marx, 19773 ). .
Extemsion of " hyphae into su:rouﬁéiag‘sgil ASsSUres mpaximun
nutrient and water absorption by the host plant.

It is well-established that ' ectomycorrhizal roots
increase phosphate uptake {Ford, 1982; Harley, 1978; Smith,
1974; Bowen and Theodorom, 1967).  However, Xormamik ét ala
{1877) - pointed out that although it dis genexally accepted
that . absorption of ‘otger nutrients is enhanced By
other macro- and sicro-nutrients by ectomycorrhizal plants
have been guite wvariablea. These amthors hypothesized that
differential - nutrient auptake may - reflect  the relatiﬂé

concentrations of elements 4in the soid. If an eienent is
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deficient and limiting pilant growmth, ~dt wili probably be
found ia higher concentrations 4in ectomycorrhizal plants
than in ponectomycorrhizal plants.. Marx {(1977a) «Teported
that ectomycorrhizal fungi also help deconpose certain
complex pinerals and organic substances in the soil and
transport nutrients froa +these materials to ithe plant.
Staﬂi@s'by Walker et al. . (1982), Duddridge et al.. (1980},

and Safir et al., {1971 and 1972) showed that improwved water

uptake was positively correlated with mygorrhizal
colonization.
Ectomycorrhizal fungi promote  the growth and

development of plants in a numnber of othexr ways.  Feeder
roots colonized with ectomycoxrrhizal .£ungi have 1incieased
longevity (Marx and ﬁarneit, 19743 Bowen and Theodorou,
1967).  Furthermore, ectomycorrhizae may detex infectica of
feeder roots by root pathogeans, which axre coamon in pany
tree nurseries and forest soils, through the ngdactioa of
antibiotics {Marx, 1873) . ‘The  fungal maptie  is also a
mechanical barrier to cortical cell infection by these oot
pathogens (Marx, 1973; uarx,  1969). Slankis (1973)
suggested that ectggyéqxrhizae are involwed in the synthesis
and stimulation of growth kbzmanes withip the host plant.
Ectoaycorrhizal fungi '?zpvide hmsixiglagts witk auxins,

cytokinins, gibbe:ellias, and grggth&xgg&lating‘B vitanins.
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increased hormonal lewvels within the hoest: plant could.
siganificantly infianence growth and development.
Ecicmycarrhizal fungi are abuandant  in so0ils of natural
for@sté.: Conseguently, regenerating .seedlings usually
develop ectomycorrhizal assnciatiqnsfig recently harvested
forests. , in. contrast, pine reforestatiom of adverse,
drastically disturbed sites usually fails . unless seedlings
are colomnized by ectoumycorrhizal fungi at plantiag timauf
Some : of the first observations and  studies of
ectoaycorrhizae on surface-nine spoils were rgpgrigd by
Schramm {1966). He concluded that early ectomycorrhizal
several tree species on anthracite speils in Pennsylvania.
Since Sﬁhrammﬂs work y npumLrous other . reports opn £the
occurence of Pt on coal speils anﬁ;otggx adyerse sites have
heenvgublishgd (Medve et al., 19773 #apx and Barnett, 13574
Hile and  Heanen, 18653 Lampky and Petersony 1863).

Pisolithas tinctorius was  the domipant ectomycorchizatl

- fungus on pime roots im strip-mined coal speils in Kenbtucky,
Virginia, Alabanma, Peansylwania, Tennessee, Indiana,
Missouri, and Chio. Marx and Artman £1973) _suggested that
if Pt is frequently associated with pines .growing on adverse
site such. as coal  spoils, it can be assumed that Pt

ectomycorrhizae contribute to the health of seedlings on
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these sites.. A worldwide distribution and broad host range
are additional chraracteristics of Pt {#Marx, 1977b).

Harx and Artman (1973) noted that the poor performance
of nursery seedlings after outplanting on many coal speils
may be partially due to the fact that the fangal symbiont on
their zoots at planting cannot tolerate adverse spoil
conditions. . There is evidence tia% Pt is ecologically
adapted to extremes in spoil conditions freguently occurring
on strip-mines. Studies by Marx et al. . {1870), Harx and
Bryan (1971), and Schramm {1966) desonstrated that piage
seedlings ait& Pt have increased tolerance to extremes in.
soil acidity, high sulfar {S), aluminam {(Al), and nangapese
{Mn) levels, and high soil temperaturves. This ability of Pt
to tolerate adverse soil conditiqgs:@aphahly aceounts for
vthe;variahle.:esgense of pines to Pt op high and iow guality
reforestation sites..  Marx et ale., {1977a) repgrted that
more growth stimulatiom due to the presence of Pt occurred
or 1ow guality sites than on better guality sites where
nonmycorrthizal control seedlings grew well. .

Marx et al. (1978) showed that lack .cf ectomycorrhizal
fangi in former ' treeless areas wcould be circumvenited by
introducing ectomycorrhizal fangi iﬁxo nursery soiils in the
form- oiiﬂuff or the upper layer of wmineral .soil from a

mature forest.  This method wmas reliable, but costly, and
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potentially dangerous because of the possibility of
imtroducing harmfunl pathogens.. Efficient  experimental
procedures have been developed ko artificially inococalate
fumigated nursery soils with pure caltares of Pt in oxrder to
forr abundant Pt ectomycorrhizae on both bare-rooted and
containerized pine seedlings {(Buehle, 1980; Hazx and Acrtman,
1978; Marx et al., 1978; Ruehle and Marx, 1977; Marx et ala.,
1976; Marx and Barneti,; 1974). Production of either a pure
culture of Pt  vegetative mycelia im a aiztare of .
vermiculite, peat noSs, and nntrient substirate oOr
basidiospores mixed with a carries such as vermiculite are
used to inoculate nursery soils. ;ﬁﬂstrmgth§ﬁs'qu.cnl£arigg
- wegetative inoculum of Pt follow the basic procedures of
Marx and Bryam {1973).

The main factors influencing susceptibility of tree
roots to ectomycorrkizal colonization ars photesynthetic
potential and soil fertility. High 1ight intensity and low
soil fertility eaﬁaqge mycoerrhizal development {Marx,
1977a) - . Roots growing rapidiy because ©f high soil
fertility were not highly susceptible to colonization (Marx
et al., 1977b). In additioa, factors directly affecting the
mycorrhizal fungus, such as exiremes in soil temperaturse,
PpH, and moistdrﬂ, and presence of aatagagistic soil
microorganisms car affect surwvival of the symbiaont &Eaxk,

1980) . .















































































































