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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) . .
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The iptroduction of Pt into naxsez;.sqiis',ﬁnﬁex a
variety of treatments has significaptly inmproved pine
seedling guaiity in comparison to seedlings with naturally
occuarring ectomycorrhizal fangi such as Zhelepbora
terrestris (Ehrha.) Fr. Marx et al.  {(1976) arﬁifieiaiiy
introduced inocula of Pt into soids eof a pursery in North
Carolina. £ After one.gréﬁing season, grosxth stimulation by
Pt ectomycorrhizae from vegetative inoculum wmas 140 perceant
on loblolly pine seedlings and approximately 100 percent on
¥irginia and white pine seedlingse., dIn a siasilar stady on
pursery plots in Georgia (Marx and Bryan, .1975), . inocula of
Pt were used to infest fumigated so0il and synthesize
ectomycorrhizae on loblolly pine seedlings.  dader a number
of éiffﬂrent aalch.aaﬁ tenperature zpndiiiﬂgs,.9¢'€0Egletelg
colonized roots of the loblolly seeddings during an eight
month growth period. The biomass prodaction of Pt
ectomycorrhizae was twice that of seedlings ectomycorrhizal
with maturally occurring fungi such as -F. terrestris. Hore
recently, Marx et al. (1978)  tested the effects of
fumigation on grosth and ectomycorrhizal develgpment of
loblolly pine seedlings. — They fomnd that dnocula of Pt, TI.

terrestris, and Cennoccum geophilam Fr.. {syn. C- gzaniforae

(Sow.) Ferd. and Winge) were @more gffgctiae in forming

ectomycorrhizae in fumigated soil than in nonfumigated soil.
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Vozzo and Hacskaylo (1971) and Harx and Artman {1928) also
reported the beneficial effects of seedlings inocalated wWith
Pt in the nurserya.

| Jnfortunately, limited information  is availabie
concerning the value of ectomycorrhizae to containerized
seedlings.  Containerized seedlings hawe only recently been
viewed as a valuable alternatiwe to conventional bare-roost
seedling productiona Containerization has a anumber of
advantages over bare-root production including nore
efficient ause of guality seed and flexibile seedling
production due to extended planting periods {Balmex, 1974).
Marx amd Barnett (1974) were the {£fizst &0 imoculate
containerized 10b1911y.9iae seedlings with Pt basidiospores.
In- a study published in 1977, BRuehle .and Marx investigated
the best combination of growing mediam, fertilization, aad
inacalafioa techniques for satisfaetory ectomycorrhizal
development on caataiﬁer—gxoia doblolly pipe seedlings..
Their results indicated that Pt has potential for widespread
use as a symbiont im <containerized prograas if the proper
combination of fertiiizer‘aaﬁ.groxing,mgﬁiam‘is used. Hoxe
recently, & number of studies have r@gazteﬁ suceessful Pt
iﬁﬂc&iation of a wariety of container—-grown tree species
{Riffle and Timus, 1982; BNavratil et al., .1881; Haronek and

Hendrix, 1980; Dixon et al., 19793 #olina, 1979)..
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Vegetative Pt inoculum has been . successinlly preduced
with industrial fermentation eguipment. HMacx et al. {1982)
recently reported that commercially produced incculium of Pt
was used to forp abundant ectonycoprhizZae gn <container-growa
seedlings of a variety of tree species. .

The value of Pt ectomycorrhizae, using both bare-root
and containerized seedliﬁgs, to the dmproved survival and

sites in a number of studiesa Results of a study conducted
on severely érode@ sites din the'ﬂQ§pg£wﬂa$ig. in Tennessee
showed that bare—rooted loblolly and Virgigpia pine seedlings
golonized with Pt were better adapted for rapid growth op.

these sites (Berry and Marx, 1978). . Nuesery—gsoun bare—-root

seedlings of loblolly and shortleaf  pine {Pinus echinata

Mill.) with Pt ectomycorrhizae  survived and grew .
significantly better than seedlings with I. tegrestris after
on an acid coal spoil in ?irginia,: Seedlings with Pt grown
on the Kentucky spoil had sigaificantly more N and less irap
{Fe)s S, #n, and Al in needlies than seedlings with T.
terrestris after three years {(Marx and Artsan, 1873).  HMore
recently, Berry (1982) - reported +that container-grows
i

seedlings of pitch x loblolly hybrid pine {P.. X Eigitaeda)

with Pt ectomycorrhizae grexy faster than seedlings with
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natarally Qccurriag ectonycorrhizae on coal - spoils in
Alabama and Tennessee. Seedlings with Pt also had lower
foliar concentrations of potentially toxic Mp.  Results of a
study by Ruehie et al. (1981) indicated that mycorrhizal
tréataent with Pt provided no consistent advaptage for
survival and growth of containerized  seedlings o) i
reforestation sites in Arkanssas and Oklaboma..  In the sane
study, bare-root seedlings with acﬁomgqur%izagﬂﬁgimed by Bt
showed increased survival aand growth over control seediingsa.
The confiictiag results of these recent studies suaggest that
more research is needed on ectomycorchizal container-grosn

seedlings plamted in various environmenis.

Heed Control

Establishing a closed pine stand may be a desirable way
to reduce or permanently stop erosion from bare sites..
However,  pines often reqaire up is,teg,yaa:s=af£g£ plantiag
to drop sufficient litter to fuliy protect a site {Duify,
1974) . . Hays and Bengtson {1978) isuggested that it is
gene:aliy'better. to establish a guick cover of herbaceous
plants after grading and to plant trees into +this cover,
ussally several months to a year later. Accoxdimg to Vogel
and Cartis (1978), plaanting of hgtﬁ trees .and herbacsgous

species is often desirable and is reguired in rTeclamation of
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surface-mine spoils in the East. The herbaceogus species
provide rapid erosion control; and the trees provide long-
tern coyer and contribute to the reestablishment of a forest
ecosystef.

Unfortunately, herbacecus co¥er usually competes with
planted tree seedlings, especially when the herbaceous cover
is established first. Competitive effects aze usually the
result of allelopathy, decreases in S8eil nutrienpnts; soil
moisture, aad inteasity and guali&g'ai'1i§§t {Klingsmam and
Ashton, 1975). These authors suggested that increased
seadlingﬂmartalitfvanﬂ slower growth ﬁaies:ia: t$g presence -
of herbaceous competition may result in incpeased
reforestation costs.  Oader gircamstagces where herbaceous
- cover competes with desirable tree species, the herbaceous
species can be considered as weeds.

The amount of ayaiiahle 80il moisture is  ussally the
most important »copsiﬁeratiﬁmviﬁv Q?ﬁiﬂaﬁigg‘tﬁﬁ, gifects of
vegetative competition. Grasses ig_gar&iCQlam»ﬁgplgtg root
zone moisture near young pines.  Greawes et al.. {19781)
reported that heavy staﬁﬁs of grass may ﬁﬁ@lﬁ&é moisture to
the point where conifer seedlings musk survive for several
mahths each year with minimum available moisture.

Grasses which deplete moistare early 4da the susmer

usually cause the nost seediingv mortality . (Newton aand
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Knight, 1981).  Elewen species of tree seedlimgs, inciuding
loblolly and Virginia pine, were imterplanted im stands .of

sericea lespedeza {Lespedeza cuneata {Dumont) 6. Domn)  on

kaolin clay strip-amine spoils in Georgia and South Carolina
{May et al., 1973). first year surviwal of all species was
below fifty percent and those that did survive grew Pooriya.
The authors hypothesized that competition £for moisture
infiﬁeac@d seedling surviyai,anﬂ growtha. .

Results of a study on coal spgils ip AaAlabama by
Bengtson -and  Mays (1978) indicated that grass coapetition
was more significant with respect to moisture thap nutrients
im  restricting ioblolly pime growth because . nutrient
concentrations in pine feliage were .similar on baxg and
grass-seeﬁeé plotsa.

In-a field study om coal mine spoils in Xentucky, Vogel
(3973}= measured the effect of herbaceous cover on tree
survival .and growth. In some plois grasses — K—-31 fescae

{Festuca arundinacea Schreba.) and weepisg loyvegzass

{Ezagostis curvnla Schrad.) ~—— alone or grass with legumes
— sericea lespedeza and Korean  lespedeza {Lespedeza
stipulacea Maxim.) — were planted with four tree species ——
Yirginia pine, loblolly pine, cottonwood (Populus deltoides
Bartr.) amnd sycamore {Platanus §g§i§§g§g§§§-§;§ In other

plots trees were planted without grasses or legumes.  After
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ikrea,growingAseasoas, the herbaceous wegetation {95 percent
grouad cover) had not sigaificantlg:ﬂegﬁgasgd.trgg sarvival,
bat had significantly inhibited tree growth. A cover of
grass alone suppressed tree growth the mnasta. It is
- interesting to note that during the fourth and f£ifth .years,
growth of trees in the grass plus legume plots exceeded the

growth of trees im the other plotss, I¥ mas assumed that the.

lespedeza was providing N which was deficient ‘ia the other
treatmnent plots. .

Bengtson et ai.. {1973b) - found that after three yeaxrs
of growth om a coal spoil din Alabama,  Jlobloily pines had
difficulty surviving when seeded with bermuda grass {Cyncdon
dactylon {L.) Pers.) and ¥-31 fescue. Although seedling
survival was still low, pines ylaat@@i@n§ year after grass
seeding were better able to survive grass conspetition.

Ruechlie {1580) reported that dense gn&és coyer caused
considerable martality of container-groun - pine sgedliggs,in
siudge—amended plots in . borzrow pits.. Resultis from a moue
recent study {(Ruehle £t al., 1981)  showed that dense weed
cover . caused considerable owvertopping and Cngeiitign ta
container-grown pimes but not to bare-root pines.  This
result suggests that the use of coaﬁaiagt—grnﬁn'seéﬁlings
may require intensive site preparation to reduce first year

weed competitiona
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Herbaceous vegetation is not necessarily detrimental to
tree seedling survival and growilh. .Stxathers and
Vimmerstedt (1965) reported that plaating both trees and
forage on mine spoils contributed to faster scil formation.
They also reported that herbaceous aﬂxér did not coapete
with the trees. Results of a study on spoil banks in
eastern Kestucky indicated that suzvival and gzggthvgi'fﬁine
and loblolly pines were not significantly affected by being
planted into a stand of established EK-31 fescue {Plass,
1968). 1In some cases, the amount of awailable nutrients may
be higher beneath herbaceous vegetationm through litter.
production and  increased nutrient cycling ({Greaves et al.,
1978b; VYogel, 1973) - These authors also .saggested that
legumes may increase total ¥ under their <canopies by
mitrogen fixation or by accumuiatiag large amounts of N-rich
litter din newly £formed crganiﬁ-:lagezs._‘ In addition,
temperature extremes, which can be fatal on strip-sige
spoils {Schranmnm, 1968), are moderated by the presence of
herbaceous cover {Richardson, 1958). .

When the net effect of herbaceous vegetation in a tree-
seedling environment is negative, the competing vegetation
must be controlled tg. release limited resources,
particularly available s0il moistuze, for the desired iree

species. . &Greaves et al.  (1978b) - pointed out that the
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competitive influence of vegetation depends om its stage of
development and growth habit compared to that of the
seedling.  Carpenter and Alpers ({1981) recommended that
successful reforestation of strip-mine sites containing
dense herbaceous vegetation regquired effective contrel of
the ground cover.  They found that water stress gf Zuropean
alder {Alnus glautinosa I.) seedlings wsas increased by
herbaceous vegetationa.

N¥onchemical methods of weed control tend to disturb
soils, and are of limited duratkiom (Newton and Xnight,
1981). . Selective weed control which does not physically
damage the site can be obtained using herbicides.  Greaves
et al.. (1978a) suggested that the objectives in releasing
conifer seedlings are to increase the amount of iight and to
decrease herbaceous competition for  soil moisture and
natrients. These objectives can often be achiewved without
_co&yleta eradication of herbaceous Cover; | therebdy
vﬂaiatainiag some degree of effectime‘exgsiqg.cqatrqla:
pine growth to chemical weed control -during the firﬁt few
years of plantation establisbment.  Haipes (1978) ewvaluated
loblolly pine seedling growth on plots where vegetation was
controlled using a variety of herbicides includipg simazisne,

paraguat, - 2,%-D, aad 2,4,5-Ta. Herbicide treatments wmere
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much more beneficial to seedling growth tham discing or
mowing treatments. . Atrazine ag@iigdzv@s a pzeplanting
treatment was evaluated for the ceontrol of perenpnial grasses
and the establishment of jeffrey pine {B. Jjeffreyi Grewv. and
Balf.) -and ponderosa pine {P. Qonggxngg.Laas.ﬁ transplants
in Nevada {Eckert, 1979). The atrazine treatment reduced
grass biomass by apn average of 72 percent over a three year
period and increased the average surwvival of transplants
from one percent on the control plots to 66 percent on the
treatnent ' plotsa High survival and -iasiéaﬁed.gxoaih of
these transplants ﬁithwlweea.cQQtnql;agxe:aitrihuﬁed to low.
sail'maisiure tension and increased ¥ accumulation through
the initial growing season and subseguent YearsS. T®o
stadies by HNelson: and coworksers {1981a  anpd 1981h)
denonstrated the benefits of weed contpel te loblolily pine
seedlings during the first three years of growths  In the
1981%1a study, seedlings with 100 pescent xeqé"cqatrgl for iaa
years using hexazinomne were 100 percent tailew, nearly 300
percent greater in ground line diameter, amnd 1200 percent
larger inm volume than trees in control plotsa The autkors
noted that significant gains in growth were also made after
one year.. Ia the 1981b staudy, grecﬁpitatiop keasurgﬁentS'
and plant moisture measuregents indicated that weeds

depleted the s0il moisture necessapy for maximum pine height
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developrent.  Heed control with hexazinope iaéreased pine
biomass by up to 12 times that on snsprayed plots.

Holt et alah‘ {1975) reported conflicting results froa
weed conirol experiments using cemhinati@aﬁqu sigazige and
atraziﬁe,_ One test site demonstrated a siganificaant response
of 1-0 loblolly pipe seedlings in h@ig@i‘igcramant apd stea
- diameter. Remeasurements afteﬁa - two growing sSeasons
indicated that the released seedlings maintained an increase
in growth over the untreated seadlings. <A sSecond test site
showed no reponse %o weed control because of high rainfall
and a lack of wegetatiwevﬁgvg1Q§@egt"ig control plots.

Besearch on the effects of glyphosate {trade nane,
Roundap) on tree—-seediing establishaent is_ Jlackinge.

-However, because of its nnnsglectigityg glyphosate offers
considerable promise for control of a wide wvariety of
herbaceous weeds. Glyphosate provides effective control of
perennial grasses and broadleaf weeds. Klingsman and Ashtoxn
{1975) and Newton and Xnight {1981 haﬁg presented relevant
information regarding this chemical.

Few reports are available coacersning the effects of
herbicides on- ectomycorrhizal fapgi..  Harx and Barnett
{1874) speculated that herbicides are generally selective
enough to be of ninimum harm %0 mycorxhizal fungi.  Smith

and Ferry (1979) preseanted rvesuits shich indicated that



26

simazine did not inhibit ectomycorrhizal development in
Scotch pine (P. sylvestris L.) and Austrian pine {B- nigra
Arnoid), and ii may, under some copditions, actually enhance
mycorrhizal formation. Iloba {1976) found that amitrole and
dalapon, applied at recommended rates, .adversely affected
ectomycorrhizal colonization of Scotch pine.. Kéllﬂﬁ and
South {1980) evaluated the effects of warious herbicides and
rates of application on growth of Pt in caulture. iheir
results indicated that Pt was dnpsensitive to all of the
herbicides tested at recommended application rates.. The
effects of glyphosate on. ectomycorrhizal colonization of
sﬁitﬂ, ioblolly, and Virginia prines are presently uanknown.
Results of nmost studies show that increased pine
seedling growth <can be obtained when gegﬁ competition is
.ﬂﬁntiﬂlleéa However, there hawve 'been sone ﬁﬂnflictigg
results regaréiagvueeﬁ ﬂéﬁtzoi. Further research is needed
to faliyieluciéaie the effects of hez&aceaas competition on
seedling establishment and growth on strip-pined sites. A
strong response 1o <chenical  weed control mpay provide
improved surwvivail and growt&v of pine sgeﬁ&iﬁgs on coal
spoils with dense herbaceous COVET Other - potential
benefits fron chewicai geed <control, particularly tae
enhancement of early fertilization effects, suggest further

investigationa. .
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Slow—Release Fertilization

The effectiveness of fertilizer applications in
promoting survival and growth of tree species depends, in
part, on the extent of- ﬁérbaceaﬁs"caﬁgﬂtitigg,Qa the site.
Bemgtson {1977) stated that there are .many situations where
N and P applied at ylanting-qx soon thereafter have proven
to be effective. But these sucecessiul ferkilizZation
applications were almost always accompanied by sSuccessfal
weed control. Bengtson {1977) alse 'gnxeﬁ -that weed
competition is greatly stimulated by applications ef sélable
fertilizers. Overfertilizationm, especially witkh N, may
result  in overtopping of tree seedlings by eXZcessive
development of herbaceous cover {(Mays and .Bengtson, 1978).
This  usually results in dincreased seedling mortality and
decreased growth. - Optimal response to fexkilization can be
expected when soil moisture is available for a large part of
the growing season. Tavorable respopses may ﬁggrgasebif
soil poisture is linited. .

The lack of N in spoil materials of aasieﬁn'coélgﬁiglds
has been reported by many workers incduding ﬁitﬁgarvgt al.
{1979) , Bennet et ala.. {1378)., Mays and Eaggtsg@ {31978},
Yogel {1975), Bengison et al.  (1973a}.y CzZapowskyj (1973},
Plass and Vogel (1973),and Vogel and Berg {(1973). Duriag

mining operations, surface layers ahich contain plant-
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available N are usually baried too dsegly to be availahle to
plants. .

Phosphorus ‘supplies are oftesn  maoderately to severely
deficient onfsirig—mineﬂ sites {(lcPFee et al., 1981; ‘ﬁittﬁﬁf
e£ ala,  18979; Mays and ﬁeﬁgtsea@v 1978; Bengtsan et al.,
1973; Czapowski, 1873; Plass and Vogel, 1973; JVogel and
Berg, 1973; Berg and May, 1969).  Plass and ¥ogel {1973)
Yirginiaa. . They found P concentrations wery low im 52
percent, low in 35 percent, and medium din 13 percent cf the
samples tested. |

Subsoil minerals on strip-mined sites wmsually contain.
potassiaa {(X) in sufficient amoznts to provide enough K
release from aétural weathering of speil for plant growtia. .
The literature contains little evidence that deficiencies in
secondaryb and micro-nutrients limit plant growth on mine
Sp0ilsa. Speoils of high.aqi&ity may have goptents of-
available Fe, Mn, A%, and znugaiag approach phytotoxic
levels (McFee et al., 1981; Bagnhisel .and Massey, 1969; Berg
and Vogel, 1968) . |

‘fertilizer applications to coal—-mine spoils and other
drastically disturbed sites have usmailily resulted in
enhanced tree seedling growtha I '@ﬁéﬁ%%@ﬂEQvaxygniments

conducted by Bengtson et al.. {1973a) ; iﬂhiciiy.piﬁg.seﬁﬁgd
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on  cpal—mnine spoil responded  dramatically to a N-P
fertilizer. This response was enhanced when mycorrhizal
inoculum iﬁv the form of fresh pine duff was added €0 the
spoil at the time of seeding. Zarger et al. {1873)
evaluated the effects of varying zTates of N and P aiagg and
in conmbination, QBI early growth of -0 Jloblolly pines
outplanted for one year on a rec&aimeﬁjcgalrmi@e speil ig -
northeastern Alabana.  Growth increases of as mach as 125
percent were observed wheam N and P were broadcast in
conrbination.

In a subsequent study, Bengison and Hays (1978)
reported that growth of established loblolly pine seedlings
on infertile sandstone—derived <coal Speil was greatly
increased by broadcast application of N-P fertilizera. in
contrast, ¥Funk and Kramer {13965)  reported that after two
years, white pine survivail was decreased and growth was
unaffected by fertilization pellets op strip-mimed lamnd in
Ohioca ,

Nore recently, ‘Bexry.aﬂd Marx {1984)  found that a 580
kg/ha application of commercial 10-%10—-10 fertilizer d4id not
imgro#é'lchlﬁliy seedling growth on a;bﬂﬁtﬂﬁ'yii in Soakh
Carolina.. It is ©f interest to ﬁbte. that in this study
loblolly seedlings gro%n on plots txaaieﬁwuit% dried sewage
sludge were significantly larger than seedlings grown omn

plots without the sludge.
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Mays and Bengtson (1978) indicated that stripg-minpe
spoils may be highly porous, low in <cation exchange
capacity, devoid of plant roots, and often lackiag much of
the fertilizer retention capacity of  naturail soils.
Conventional fertilizer sources may deach rapidly through
these disturbed soils.  Slow-release fertilizers offer a
potential solution to this prgblem.

Slow-release fertilizer tablets were first developed in
the late 1950%s by Austin and Strand (1960).. Shazma {1973)
pointed out some of the advantages of + siow—release
and runoff, reduced chemical and biolegical immobilization
reactions im the soiil #hiﬂh resuit in  plant—unavailabie
ammonia volatilization and denitrificatioan, zeduced seedling
damage from high local concentrations of Salts, reduced leaf
burn from heavy rates of surface—-applied fertilizers, and
availability of nutrients during the entire growing sSeasona.

Urea-aldehyde condensation productis are a commonly used
form .. of slow-release fertilizer. . Agriform ﬁlqw—xgléase'
tablets {Sierra Chemical Company, Milpitas, CA) are is this
fertilizer groupa. They  contain area which reacts with
formaldehyde to form compounds which are sparingly soluble

in water {Sharma, 1979)a. .
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Berry (1979) used two sizes of Agriform slow-release
tablets and three levels of dried seﬁagg sludge to fertilize
ioblolly pine seedlings on a ssyverly exgﬁed; ;iniartiig site
in the Teanessee Copper Basim. ¥Whey  the seedlings  wmere
planted, fertilizer tablets or siudge were placed 8 cm deep
in: closing holes or slits created with a planting bar..
Survival was not affected by any ©0f the treatments.
However, the relative effectiveness ©f the &oeatments on
seedling wvolume was evident after. the second and thixd
SeasSOnsS. . At the end of thres seasons, the 28 gand 9 g
fertilizer tablets increased seediing volame 20 and 9 fold
over that of the 'uaferi:.ilized control .;se_‘,;eéi;i;ng.s,; ,xhex:aeés the
90,60, and 30 g slﬁﬁgé treatments increased wvolume by eight,
four, and three fold over control seedlings. . The author
enunerated the benefits of siii'agyli@ﬁtﬁags of nutrients
which include convenience on rugged terrain, Jﬂg.éest; and
minimal stimulation of competing vegetatiop. . ‘ ’

Hittwer et al. (1978) tested the effects of 9 g
fertilizer tablets and bark mulch on the survival and growth
of -three species of oaks (Quercus sSpp<) and Virginia pige
seeded on strip-mine spoils 1isn sountheastera Kentucky.  The
fertilizer tablets were placed approximately 2 cn away from
each seed spot at the time eiiplaatiag;, First—year survival

of all tree species was significankly improved by the
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combination. of mnlch and fertilizer.  First—year height
growth was significantly Stimﬂlaiaﬂ by the mulch and the
fertilizer treatments; and the <combination of treatments
resulted in an additional Vgxcxth: increase over the
indiﬁidﬂal.treatmepts,_

Considerable work has been done opn the dnteraction
betﬁeen'.fertiiizaticn and ectomycorrhizal develognent,
Schranp  {1966) applied different nuatrients to chlorotic
VY¥irginia pine seedlings on aat%ragite. spoils in
Pennsylvania.  After nitrate fertilizatiep, the seedlings
regained normal color, but this recovery was temperary.
This result indicated that seeﬂliggs;grayiﬂg - in substrates
low in N were dependent on ectomycorrhizal fungi Lo meet N

Kormanik et al.. A41977) - summarized tﬁg current
knowledge of the effects of P 1levels op- mycorchizal
developnent. High levels of soluble phosphates ig.tﬁg‘SQil
depressed mycorrhizal ﬂevelﬂgmeni; aad Jdovw levels adversaly
affected plant growtha. Plants grown im soils with low .
guantities of available phosphates showed heawvy mycorrhizal
development and grew nuch better than nonmycorrhizal ones. .
Little or no growth differences were observed betueen
mycorrhizal and nonsycorrhizal plapts when kigh 1levels of

soluble phosphates were added to growiang media. .
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The effect of combining fertilization and
ectomycorrhizal inoculation on tree growth was illustrated
by the following studies. Using severly eroded clay soils,
Berry and MNarx (1976)  ewvaluated the effects of Pt
inoculation and four 1levels of sewage sludge on the growkth
of shortleaf and loblolly pine seedlingsa.. Ail four levels
of siludge. sigﬁificaatly. increased growth of Dboth pizne
Speciesa. However, Pt increased seedling growth at omiy ome
sludge level for either species.  In this stady,  there was
no significant interaction between tha sludge and
mycorrhizal treatments. Marx et aim,. {1977a) olserved that
in nonfertiiized plots on a nger@statipn»sitg‘ in Filorida,
slash pine {P. elliottii Englemn.) seedlings with Pt survived
better and grew more thaa twice as fast as seedlings having
natuaral ectomycorrhkizae. In contpast, Pt ﬁiﬁ aoct improve
either survival or growth of slash QinewiaAiertiiiieﬂ plots.
Fertilizer alone substantially increased growth of slasha
pine regardless of initial ectomycorrhizal treaiment.

In a study by Harx and Aritman '{1§393 bare-pooied
loblolly and shortleaf pine seedliggs‘inacﬁlaigé ®with Pt had
significantly greater plot volune indices (PVI)1 than
SQedliags with naturally occurrimg ectomycorthizae during

three years of growth on am acid coal spoil din Keatucky. By

T PV¥I,cm3= {root collar ﬂiametex,cm}?.x height,cm X number of
seedlings sarviving per plota
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the second year, seedlings of both species with slow-release
fertilizer tablets and Pt imoculatign Had sigpificantly
greater PVI's than seedlings with .any other ' treatmpeat
combinationa However, the additiwve ~effect of the
fertilizer—Pt combination was not present for .  the lobioliy
seedlings after  the third yeara The fertilizZer—Pt
combination did  coatimme %o  significantly stipulate
shortleaf pine growth during the third year.

Walker et al..  {1982) msed fertilization and Pt
inoculation as treatments for Virginia pine and .lpbloily
pine seedlings omn a cgal-ﬁiae' spail .in  Jennessee. After
three years, Pt colomization had significantly incieased the
survival and growth of lobilolly pime irrvespective wof
fertilization; however, after two. years, ‘ﬁirgigia,yiae was
not significantly affected by Pt colonization.  Broadcast
fertilizer increased seedling growth but reduced survival
for both species irxrespective of Pt ipoculationa The poor
survival ﬂf fertilized seedlings was attribiuted to increased
herbaceous <competition aad an imbalance in. shoeot/Toot
ratios. In contrast to the resalts of  m&rx-an§ Artmaxn
{1879), Walker et al.  {1982) reported mo significant
additive effect of thg two treatments é@ PY¥Ia. This was
probably a result of the poor supvival of fertilized

seedlings. .
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The wariable results of fertilization-ectomycorchizae
experiments indicate that further reseazch is needed o
develop fertilization regimes that axe agmyatiﬁlg with other
cultaral £reatmants such as ectopycorrhizal inoculaticn and
weed cn#trol, Information copcerning the effects oﬁ't§e£e
cultural treatments on survival and gmowth of ¥irgiania aad

white pines, in particular, is lacking.



HBATERTALS AND HMETHOBS

Study Sites

~Som—— .

The +two study sites chosen for  this project =mere
located in ¥Wise County, Virginia on .strip-mined properties
owned _ and managed by the Peap=Virginia Resources
Corporation. , Seedling survival and growth sere evaluated on
both a recontoured and a flat bench site.

The recontoured site was located at 82° 437§ longitude
and 36°55'N latitude near the janction of Routes 603 and 23,
approximately 8 km West of Norton. This site, wxhich had a
western aspect, was mined and recontouired in 1979. It was
hydrosesded in Harch, 1880 with a;égmbiaakigg of £—3]
aiba L),
ladino clover {I. Iepens ladino L.), and annumal rye {Lolium

fescue, sericea lespedeza, red top {Agrostis:

pultifloram Lamka.) in mixture with 560 kg/ha of 10-20-20

fertilizer and 1681 kg/ha of wood fiber mulch.  Eighteen
plots were selected at this site in May, 1981.  Elevation
ranged from 580 to 610 m and the average slope of the plots
#¥as 38 percenta. .

The flat bench site was located at 82° 427¥ loagitade

and 37° 01'N latitude near BRoute 620, approximately 13 km

36
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Fast of the town of Nortona. Elevation raanged - fzxom 790 to

825 nma. The average slope of pilats on this site was less
than two §ercent_, The bench site mas egually divided

between two adjacent benches of similar age apnd site
conditions. The Jlower bench was nined im 1977 and
hydroseeded in 1978 with a  combination of K-31 fescue,
annual rye, red top, dadino <clovern, and red <clover
{frifolium pratense L.) in mixture with 409 kg/ha eof
16—27-14 fertilizer aaaf9354.1itera/ha of Conweb mulcha. ’The
u@@erAbaach:ﬁas piped in 31978 aﬁd hydroseeded in 1979 in the
same manner as the lower bench. Nine plots opr each bench
were selected in September, 1980.

The  <limate of Wise <County is characterized by
moﬂ@rately cold winters and relatively <ool saamers with
precipitation distributed evenly throughout the year. The
mean annual precipitation for Hise Comunty is 121 ¢cm {Tabie
Al1)., The growing season, ﬁefiﬁed as the period between the
average date of the last frost 4im Spring {(May 5) and the
ayerage date of the first frost 4imn Fall {(Octobker 9)  is 157
daySa | This is one of the shoptest growing seasons ia

Virginia.®?

2 Climatological Summary No. 20-44,; Hise, V.
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Plot Design -
On each of the two study sites thoee tree species {(B.

taeda, P. virginiana, and P. strgbus), and two fertilizer

treatments were evaluated in factorial combinatiomn. In
addition, t¥o mnmycorrhizal treatameants and two herbicide
treatments were imposed oan these combinatiors as split plots
{Table A2)a.

Each of the thirty-six 350 a2 (17.5 X 20.0 m}-.§iats
located at the two study sites was planted with 1386 trees of
one of the three species using a 1.25 X 2.5 m spacing.  In
addition, each plot was separated from adjacent plots by at
least 3 m on-all sides. Qf the 136 trees 91@nt§ﬁ;v 64 wmere
buffer trees and 72 were test trees. 'Bach plot was divided
into four split plots. This accomodated the aycorrhizal and
herbicide treatments.  The two ﬁgchngizal.txeaimaats,wera
alternated among the eight rows of each plot, whereas the
two herbicide treatments were randomly divided between two

halves of each plot {(Figure 2)a.

Seedlipg apd Inocuilum Broduction for Ouatplantin

Loblolly, Virginia, and eastern white pine seeds were
obtained from the Virginia Division of Forestry. K Seeds of
all three species were soaked in distilled water for 36

hours, then bubbled in one percent hydrogen peroxide for 30
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minutes, drained, and s%éred in plastic bags at 2 €.  After
stratificatioa, germination was atvléaa& 5 -percent for ail
three speciesa.

Spencer—Lemaire Hillson root trainers ﬁexevﬁille&,siﬁh
a sterilized peat—-vermiculite mixtures £ Bach xoot trainer
cavity was seeded with 2-3 seeds betuween January bHth and
Janunary 8th, 1981. After germination, seedlings were
thinsned Jeaving the most vigorous seedling din each cavitya.

For the first four weeks seedliags ggxe: watered with
aygr@#imatély 15 =nml of tap water per .cavitylas needed to
maintaian adeguate moisture for wigorous growth. Heekdy
nutrient applications were then madeiaSm@niligeﬂ ~in Fabies
A3 ‘and Al.

Inoculam was  prepared in 250 petri dishes, gach
containing a mixture of 94§ cc wvermicalite, 8 cc -peat, and 60
ml Hagem  nutrient solution {TabléAaﬁ};v After autociaving
the plates and their contents for 15 minutes at 120 € and 20
psi, three Pt (strain VT,7163 myceliai pilugs {3-5 an
diameter) - were asceptically transferred te eac§ §lateu Pt
cultures were allowed to develop in  these 91ates at roon
tem@erataie for five useksa. .

In order to facilitate Pt incculus distribution to the
roots,  an  inoculum slurry of Pt mycelia and 30 liters of

distilled water was homogenized for 15 seconds 4in a ®aring
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blender., Thirty liters of water were .reguired to provide 10
ml slurry aliquots to one half of the seedlings.  Prior to
homogenization, all Pt growth was removed from the petri
plates, placed in an 80 mesh soil sieve, and rinsed with tap
water followed by distilled water {Nazx, 19639). The slurxy
was prepared at room itemperature and stored in sterilized
Nalgene containers at 2 C.

To inoculate the seedlings a smaéi.kple #as opeped in
the growth medium of each cavity by iaserting aa'aisabol—
flamed glass rod along the seedling stem to a depth of
a?@roximately 56 CBa . This was done to iacrease +the
probability that Pt hyphal fragmemts in the slurry would
come  in direct contact with the root system.. 4 10 =l
aliguot of inoculum slurry was a§§iieé £0 the sodl suriaée
of the cavity in the vicinity of the hole. The hole was
closed by gently tapping the surrounding soil sarface with
the glass rod.  Control seedlings were treated im a simpilarx
manner with 10 ml of distilled %atgnau

- In Jlate Hay seedlings were removed from the greenhouse
to acclimate them to outside temperaturesa.

Thirty-one uninoculated seedlings and 31 imoculated
seedlings of each species were destructively sampled and
evaluated for the presence of Pt.  This entailed removing

seedlings from the cavities, rinsing the roots with tap
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water to remove the growth medium, and observing the roots
under a dissecting @icrsscdpe, Ia .addition, the roots
exposed along the inside walls of 707 . sa&itiéﬁ - Were
inspected for Pt. This provided an estimate ‘gf the
percentage of uninoculated and inoculated seedlings
colonized #ith Pt or with other ectomycarrhizal fungi at the
time of outplanting. |

The seedlings were outplanted om .koth sites during Jume
8,9, and 10, 1981.  Three planting crews were statistically.
blocked as three replications to account for any variatiosa

in planting technigues ameggvtge;cﬁewsa

Irecatnents

Three treatments wmere implemented in this stady. These
included Pt ectomycorrhizal & ismoculation, slow—-release
fertilization using 20~10-5 Agriform fertilizer tablets, and
vegetative competition control  usipg BRoundup herbicide
 {Table A2)a.. |

‘The previously—-described incculation procedure was
designed to produace Pt ectomycorrhizae on opnpe half of the
seedlings of each species. The rosus in: each piot wuere
planted alternately with i@ccuiaiﬂ& seedlings and

uninoculated seedlings of a given species {(Figure 2).
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The second treatment entailed placing a 21 g Agxifora
tablet into the soil at a depth of 10 cm within 10-15 ca ©of
each seedling {Berry, 1979) in 38 of the .36 plots at the
sampe time the seedlings were planted.. This provided
species at both sites.. The fertilizer  tablets axe
formulated to supply sufficient N, P, and X for two years of
seedling growth while wminimizing the risk of *burning? due
t0o salt effects. The specific chemical formulation of these
tablets, as described by the manufacturer {Sierra Chemical
Company), 1is listed in Table Aﬁgf‘-@hg tablets are designed
tb,rﬁlease nutrients during the growismg season throngh the
actiwity of soil bacteria. As a contrel for feartilization
effects, seedlings in the remaining 18 plots wezre planted
without fertilizer tablets.

Roundup, with #41.0% isopropylamine salt of glyphosate
as the active ingredient, is a water soluble liguid which is
relatively mnonselective and is effectiwve on  pereanial,
annual, and biennial species of grasses and broad-leaved
'weeﬁs-{xlingsaan and Ashton, 1975)4 .  Ehese are the types of
vegetation which were observed on the tgo sites prior to
this study. Due to the dense siaﬁas of ' herbaceous
vegetation, discings of bench site plots were copducted on

February 27, 1981, and on Aprilk 31,; 1981.
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Sixteen days prior to planting, Roundup sas sprayed at
a rate of 1.5 liters/ha on one .randomly selected half va
each of the 18 plots at the recoptoured site (Fig. 2}
Roundup was applied at the sane rh&a to ope randoniy
selected half of each bench site plot opne  day priocr @ to
planting. A second application of Roundup was = sprayed at
the same Tate and on the same plot ‘halwes as described abowe
in Aunguast to maintain total control of vegetative

competition throughont the growing season.

Site Characterization
The two study sites were characterized by analyzing

physical and chemical soil parameters, soil poisture, aand

soil temperatare in each plot.. In addition, +he slope of
each plot and weekly precipitation were measureda in

average of three clinometer readings was used to estimate
the percent slope for each plot.

Preliminary soil samples collected within three 400 a2
areas at the recontoured site were air dried at room
temperature, dJground, and sieved through a 2 mm sScreen..
These samples were amnalyzed for available P and soil pHa.
Available P sas determined by the ascorbic acid method after
double acid {0.05 N HC1 and 0.025 N H2S04) extpactiom.  Soil
pH of each sample was determined wusing a glass electrode in

a 121 soil to distillied water mixturea.
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The high wariablility of available P within the sampled
areas suggested as many as 200 subsanmples per composite
sample for each  plot to maintain the error due to sampling
-at 10 percent (Tables A7 and AB8)..  Imn addition, the high
levels of available P which resukted from tkg double acid
extraction suggested the use of a sodiun bicarbonate
extraction for estimating available P. The low wariabilisy
of pH values within the sampled areas indicated only seven
subsamples per composite sample for each plot  to maintaia
the sampling. erroxr at 14 gexceﬁi,»gfahles.&g and A10}- -
Comsidering the time constraints, fimancial constraints, and
the intended wuse of the. so0il chracterization data ia this
"study, 15 subsamples per composite sample f@:‘aac@‘glgt wers
used to analyze the physical amnd chemical characteristics of
the soil.

One week prioxr to planting, 15 .s0il subsamples were
taken at random locations within each  plot to a depth of 20
Clia Fach set of 15 subsanrples was combiped into ose
composite soil  sample.s . Scil samples were dried at roonm
temperature, grouad, and sieved through a 2 @Bm Screeina.
Standard methods of aﬁalysis.ﬁurﬁemtly used - hy the Tree
ﬁutritionlﬂesearch Laboratory at Virginia Tech were used to
measure total organic matter {Broadbent, 1965), particile

size distribution {Day,1985), total ¥ {Bremmer, 1363), and
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s0il pH ({Peech, 1965) - . Availlabie P was detegsined
colorimetrically using the ascorbic acid method (Hataamke and
Olsen, 1965) following extraction with sqﬁiﬁm bicarbonate
{Olsen et al., 1954).  Total magnesiuam {(Mg), <calcium {Ca),
and K were determined by extractiopnp with 1 N anmonium
acetate adjusted to pH 7 and analyzed bf atomic absoxrption
spectrophotometry iJackson, 1953;,,

Because of the hiqh @erﬁgntagexqﬁ coarse fragments in
the soil the rcatine bulk density procedure. used at Virgdamia
Tech had to be modified. For each saaple, a volume of soil
wvas remnoved and returned to the laboratory for rock and soil
particle weight determination.  Bach hole resulting fron
s0il removal was limed with a plastiec bag and carefully
filled with clean, dry sand. The volame of each hgle was
estimated by measuring the yolume of sand reguired to f£ill
each hole. The wolume of rock ineach so0il sample was
determined in the laboratory by measuring the wvolume of
water displaced by the rocks.  The bulk density of the soil
size particles couild them be calcalated by dividing soil dry
weight by soil volume.

Potential vegetative <conpetition as indicated by
biomass per area was measured in September, 1981.  In three
0.25 m2 plots randomly located in the 'unsprayed half of each

plot, all of the wegetation above the soil surface was
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clipped and returned to the laboratory for dry =eight

bionass determination.

Climatic and Edaphic Factors

| Soil temperature was measured on a weekiy basis using
standard so0il moisture-temperature <ells and a moisture-
tem?érature alternating current ochmmeter. The cells contain
a small thermistor for temperature determination.  One cell
was placed in each plot at a.SOil'QQQ%Q of approximately 13'
Ch-. At both sites, a cell was placeﬁ;ip the sprayed half of
nine randomly selected plots amnd thg:ﬁgsggageﬁ half of the
remaining nine plots.

Soil sanmples were collected fax @@a§i£e££ic apalysis
from the sprayed and unsprayed halwes of each plot at-
intervals beginning in mid June and eading in late October.
EBach gravimeiric sample was a c¢oaposite of three subsamples
collected from the same areas im each plot hhnﬂﬂghpntrtﬁe
sampling perioda.

S0il moisture retention curves wezre derived . for soils
from each site in order to relate percent moisture wvalues
from the gravimetric samples to water potentials {(Figurmes Al
and A2)~. The water retensigﬁ curves  were developed by
placing samples in a pressure plate and drying to five water
potentials: . -0.01, —-0.03, -0.18, —-0.30, =0.50; and —1.350

Pa) . .
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Heekly precipitation was recorded from mid June through
pid November using one rain gamnge at each site.. A measured
volume of mineral ©il was maintained in the gauges to

minimize evaporation between measurement datesa

ZIree Survival, Growth, and Nutrient Status

Initial percent survival and iﬁitial h§i§ht Wers
measured three weeks after planting. . in ‘late Nowvember,
1981, the final measurements of- Saﬁvixﬁl, oot .egoliar
diameter, and height were conducted.,

In late November, 1981, needie samples from @ac$>1iviag
test tree were collected vaad, composited by treatment
combination. The foliage samples were dried at 65 C and
ground in a Wiley mill to pass through a 20 mesh sieve. Ten
miliiters of 6 N HCl followed by dignitiom im a mnuffle
furnace were used to extract B, K, €a, and Mg from each
sample.  Extractable cation levels were determiped with aan
atomic absorption spectrophotometer and extractable P was
neasured  using the Murphy-Riley ascerbic acid techaigue
{¥atanbe and Olsen, 1965). Total foliar N was determined
using standard aicro-Kjeldahl procedures {Breaner, 1565).
in -addition, 12 seedlings 1in each  plot {three from each
split plot) were destructively sampled agﬁ retucned £o0 the

laboratory for detailed analyses. Boot systens of these
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seedlings were microscopically inspected for ectomycoerrhizail
colonization and root and shoet dry weights were recorded.
The needles from each seedling were analyzed fqrr?; ks Ca,

and Mg using the methods mentioned abowe.

Statistical Analysis

Fach statistical analysis was  conducted using
‘Statisticai Analysis System {SAS) prograns {Helwig and
Council, 1979).

Means and standard errors were calculated for fthe site
characterization data.. Percent slope wvalues were ROt
measured on the bench site becaase of ‘the lack yéﬁ.siﬁge on
all plots. Thus, a standard ernror mas pot calculated far
this parameter on the bench site.

Analyses of wariance Were performed asing fthe
statistical wmodel outlined in Table A2 to test for
significant differences in suxéigal, growth, ectomycorrhizal
colonization, and foliar nutrient lewels between the two
sites and among the three cultural treatments for each tres
species.’ The sites and cultural treatsents are all fixed
effects. Arcsin iraasﬁqrﬁatiags af survival and
coilonization were used ia the analyses of wariance.
Duncan’s HMultiple Range tesi was used .to compaze ﬁiff@iﬂgces

ANWORG BLADS.
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Analyses of variance were also used to test for
significant soil moisture ard soil .tgm@eratuxe“ﬁiﬁfeténcgs
between the  herbicide tieatments for each site.. Dupcan?®s
Multiple Range test was used {0 compare 4differences anong
meansS.

Correlations between the pexﬁentaée of seedling roet
éystems, colonized and growth xzespesse variakles ' mere
calculated using Pearson gradutt—mﬂgeah correlations {Helwig

and Council, 1979)..



RESHLIS

Site Characterization

The site characterization data .show four poteworthy
differences between the recontourped and - flat beach sites
{Table 1). The recontoured siig;haﬁv a relatively steep
slope and a clay loam soil texture whereas the bench site
was flat and had a 1loam soil texture.  Nuirient llewe%s
tended to be higher om the recontoured site.  Houwever;  the
organic matter lewel and pH were higher on tﬁé flat bench

Sitea. .

Initial Surwvival and Growth

Three weeks after planting, the trees smere measazed to
assess if there were initial differences in &height and
survival between the sites or amogng the culturpal treatments
{Table 2}. Besults of the initial . measurement iﬁﬁicaigd
that Virginia pine seedlings planted op the recontoured site
were significantly taller than those planted on the £flat
bench site. In addition, loblolly pine seedliangs inoculated
with Pt were significantly taller tham control seedlings.

No other species—-site or species—treatsent <combinations

51
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Table 1. Soil and site characterization of the recontoured and flat
bench sites!.

‘ Site
Site Parameter Std Flat Std
‘ : Recontoured Error Bench Error
Slope (%) 38 : 1.5 <2 -
Biomass (kg/ha) 3811 197 3878 - 475
Particle Size Distribution (%)
Coarse Fragments 49 1.5 43 1.5
Sand 12 0.5 29 1.1
Silt 21 0.7 16 0.7
Clay : 18 0.6 12 0.6
Bulk Density (g/cc). 1.3 0.06 1.4 0.04
Organic Matter (%) 1.2 0.06 1.8 0.16
pH 5.4 0.14 6.1 0.14
N (u mole/g)? 55.9 2.41 51.1 4,37
P (u mole/g)3 0.24 0.01 0.20 0.01
K (u mole/g)% 2.58 1 0.09  2.05 0.07
Ca (u mole/g) ' 15.22 0.96 14.37 1.22
Mg (u mole/g) 17.73 0.55 10.50 0.56

! Values are the means of measurements from 18 plots at each site.
2 Micro-kjeldahl digestion. -
3 Sodium bicarbonate extract.

% Cation levels are for ammonium acetate extracts.
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Table 2. Initial pine seedling survival and height measured three weeks
after planting.

Site and Cultural  White Pine Loblolly Pine Virginia Pine
Treatments Survival Height Survival Height Survival Height
(%) (cm) (%) (cm) ;(o/") (cm)
Mining Site
Recontoured 97al 5.1a 99a 9.2a 99a 7.3a
Flat bench 97a 5.4a 97a 10.0a 100a 6.5b
Fertilizer
Control 98a 5.4a 97a 9.6a 100a 6.6a
Fertilized 97a 5.1a 99a 9.6a 99a 7.1a
Weed Control
Control 98a 5.4a 98a 9.6a 100a 6.8a
Herbicide 97a 5.1a 98a " 9.6a 99a 6.9a
Mycorrhizal Inoculation
Control 99a 4.9a 97a 9.2a 100a 6.9a
Inoculated 96b 5.6a 99b - 10.0b 99a 6.9a

l For each site or treatment and spéc1es means within columns not
followed by the same letter are significantly different at the O. Oa
level according to Duncan's Multiple Range Test.
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caused significant differences in ipnitial growth. Initial
survival of ail species—site apd  species—treatment
combinations was greater . than 9& . percent. Bnipoculated
white and inocuiated loblolly  pine seedlings had
significantly higher surviwal than inoculated and

gninocualated seedlings, respectivelyv..

First Year Survival and Growth

First year survival and growth of +the +three pine
s§acies as affected by the mining sites and aycorrhizal
treatment are presented in Table 3. .  After one gzowing
season, sarvival and growth of all three pine species were
not sigaificantly different between the twe sites. Survival
ana growth of white and virginia pines were not
significantly affected by mycorrhizal inoculation; whereas
inoculation with Pt did significantly increase the awverage
height and diameter of loblolly pinea Although
insignificant, the favorable effect of inoculation mas also
kshouaf by increased yoiumes for . ali  three species.
Iﬁéculation of ‘white, lobloelly, and Vivgipnia pine seedlings
increased wvolume by .15, 20, and 19 percent, respectively. .

There was a synergistic fertilizer x  herbicide
interaction which significamtiy aﬁ&ec&éd;&he;gtgﬁth of ail

three pine species but did not sigpificantly influence their .
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survival (Table 4).  The average height, diameter, and
voiume of loblolly amd. Virginia pine  seedlings was
ﬁignificantly greater ﬁith;thgzccmﬁiaaiiQa,pf,ﬁertilizgr and
herbicide than with either fertilizer or herbicide alonea. .
The diameter and volume o0f white pine seedlings were also
significantly increased owver that of either f@;ti&ize: or
herbicide alone. #hite pine voluame ﬁaﬁliaﬁreasgﬁ by 62 and
79 percent, 1loblolly pine by 109 aad 317 pezcent, and
¥irginia pine by 149 and 330 percent over fertilization and
- herbicide alene,v respectivelya. For - all three species,
fertilizer alone tended to increase seedling wolume Rmore
than herbicide alone.  Figure 3 illustrates the rgiative~l
influence of each treatmeat alone, and in combinatiosn, on
loblolly  seedling volume.  Sismilar .relationships between
treatments and seedling volune existed  for white and
Yirginia pinea.

Although only the oven—dry root wseight of shite pizme
seedlings was significantly affected by mining site, oot
and shoot weights of all three S@ﬁaies‘u%ma higher on the
fiat Dbench site than oa the rezﬁatoureﬁ site {Table 5).
Boot and shoot weights on the bench site were .73 and 38, oH4
and 25, and 30 and 22 péfcent higher thagqugt and shoot
weights on the rTecontoured site for white, doblpidy, and

Virgiamia pine seedlings, respectively. Mycorrhizal
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Figure 3. Interaction of fertilizer and weed control on loblolly pine
seedling volume (cm3).
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~inoculation {did not significantly effect root or shoot

weights of amy species; howewer, it did tesd te increase
these weights, especially 4in loblolly and Virginia pine
seedlings. . Boot and shoot weights of inoculated seedlings
were 0 and 4, 6 apnd 8, and 32 and 21 percent greaier than
root and shoot weights of uninoculated wmhite, doblolly, and
Virginia pine seedlings, respectivelya.

Thﬂ’saﬁe.syaergistic fertilizer x herbicide interaction
which affected height, dianeter, -and wolame . growsth,
significantly iafluenced oven—dry root and shoot weights of
all three species {Table 6})a. The combination of fertilizer
and herbicide significantly imcreased root and shoot weights
over either fertilizer or herbicide alone.  H®hite pine root
weight was incieased by 61 and 51 percent, 1loblolly pine by
98 and 357vpercent,vaaﬂ Virginia pine 'hy 177 and 188 percent
over fertilization and herbicide alone, respectiwvely. #hite
pine shoot weight was increased by 56 and 395 perceat,
loblolly pine by 113 and 205 percent, and virginia pine by
106 and 173 percent over fertilization and hecbicide alone,
respectively. . Fertilizer alone tended to increase root and
shoot weights of Vipginia apd dobiolly pine more than

herbicide alone.
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Table 6. Effects of fertilizer and herbicide applications on first-
year oven—dry root and shoot weights of pine seedlings.

Fertilizer Herbicide White Pine Loblolly Pine Virginia Pine
Treatment  Treatment Root  Shoot Root  Shoot Root  Shoot

___________ g - - - - - ------
Control Control 0.57al 0.53a 0.70a 1.04a 0.58a 0.71a
Control Herbicide 0.61lab 0.56a 0.89a 1.25a 0.80a 1.04ab
Fertilizer Control 0.57a 0.70a 1.20a 1.7% 0.83a 1.38b
Fertilizer Herbicide 0.92¢ 1.09

2.38b 3.81c 2.30b 2.84c

! Means within columns not followed by the same letter are significantly
different at the 0.05 level according to Duncan's Multiple Range Test.
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Ectomycorrhizal Colonization

0f the inoculated seedlings, 4 percent of white, 26
percent of 1loblolly, and 23 percent of Wipginia pige
seedlings were colonized by Pt prior to .outplanting {Table
= . No: ' other ectomycorrhizal fungi wmere detected on the
inoculated seedlings, and no ectomycorrhizae of any Lype
were abseryeﬁ on the control seedlingsas

White pine was the opnly species with significant
differences betvween the two sites ip- Pt coloniZation ox -
colonization with other ectomycoxrhizal fungi after  the
first growing season (Table B8). There was siggificasntiy
greater éelonizatiaa of seedlings with both Pt and other
fungal species om the bench site.. The @eﬂceaiﬁgﬁ Qf
1ohl¢11y.§iﬁe seedlings colonized by Pt tended o be higher
oh -the bench site, wshile the reverse was irue for Virginia
pines . Loblolly and Virginia pine segedlings tended to be
more heavily colonized by gther ectonycprrhizal species o1
the bench site. These celonization trends resaited 4in a
tendency fﬂz,higﬁgr.:tqtal.calcnizatioa'fgﬁ.eaﬁb species om
the bench site. Total colopization on the bench site was
314, 43, and 41 percent greater than on the recontoured site
for white, lobloily, and ¥irgigia,@ines,:r@syeatixgig.,

The percentage of 1oblnliy a§ﬁ~¥;£gigia pine seedlings

colonized with Pt or with other ectgﬂycqrxéizai.sgﬁﬁies was
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Table 8. Effects of mining site and cultural treatments on the percentage
of pine seedlings colonized with ectomycorrhizal fungi.

Site and Trees  Trees Colonized Trees Colonized
Cultural Colonized With Other With Other
Treatments Species With Pt Species Species or Pt

% - - - - - - - - - =
Mining Site
Recontoured White pine 1al 12a l4a
Flat bench 10b 49b 58b
Recontoured Loblolly pine 18a 42a2 60a
Flat bench 25a 68a? 86a
Recontoured Virginia pine 22a 36a 56a3
Flat bench 17a 69a 79a3
Fertilizer
Control White pine 4a 29a 33a
Fertilized 7a 32a 35b
Control Loblolly pine 24a 56a 75a"
Fertilized 19a 54a 71at
Control Virginia pine 22a 56a 71a
Fertilized 17a 50a 64a
Weed Control
Control White pine 7a 21a 28a
Herbicide - 4a 40b 44b
Control Loblolly pine 21a S54a 69a
Herbicide 22a 56a 76a
Control Virginia pine 22a 36a 57a
Herbicide 17a 69b 78b
Mycorrhizal
Inoculation
Control White pine ia 29a 3la
Inoculated 10a 32a 42b
Control Loblolly pine 6a 62a 67a
Inoculated . 38b 47b 79a
Control Virginia pine 8a 58a 60a
Inoculated 31b 47b 75a

For each site or treatment and species, means within columns not

followed by the same letter are significantly different at the 0.05
level according to Duncan's Multiple Range Test.

w

Significant site x herbicide interaction occurred.
Significant site x inoculation interaction occurred.
Significant fertilizer x inoculation interaction occurred.
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slightly inhibited by fertilization ({Table 8).  Fertilized
white pines exhibited an opposite trend. |

Treatment with herbicide significantly enhanced nataural
colonization with ectomycorrhizal species other tham Pt in
white and Virginia pines resulting in significantly higher
total colopnization (Table 8). . Although rot significank, the
same trends were evident ip loblolly pine seedlings.

Inoculation significaptly increased the percentage .of
lobloliy and Virginia pines colopnizZed wmith Pt (Table 8)a
The presence of Pt was also detected on sone aninoculated
seedlings of all three species indicating the possibility of
natural Pt colonization. Uninoculated seedlings of lobloily
and Virgimia pine also had significantly higher colomizatioa
with other ectomycorrhizal fungi than inoculated seedlings. .
This resulted in 1o significant Jdiffereaces in total
colonization with Pt ox other f£ungal species  between
inoculated and aminoculated 1lobloldly and Vitrginia pine
seedlings.  Although not sigpificantly different, inoculated
ioblolly and . Virginia pine seedlings had  more total
colonization ~with Pt and other f£fungal species than
uninoculated seedlingsa. The total colonizatign . of
inoculated seedlings was 35, 18, and 25 percent higher than
uninoculated seedlings of white, 10&&@3&}, and ¥izginia

pine, respectively.
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The benefits of mycorrhizal colonization were evaluated
by correlating seedling growth response variables with the
extent of root <colenizattiop by ectomycorrzhizal fungie..
Significant correlation coefficients are preseanted in Tabie
9. . Loblolly and ?irginia pine roots colonized with Pt were
negatively correlated with colopization by other
ectomycorrhizal fungi. Pt colonization was sigpificantiy
correlated with root and shoot weight in white pine apd with
root coliar diameter and seedling volure in.loblelly pine.
Colonization with  other ectomycorrhizal species €as
’sighificaﬁtly correlated with root and shoot weight, zroot
collar diameter, and seedling volume in white pine, with
foliar P in loblolly pine, and with root weight aﬁé foliar P

in Virgiania pine.

Foliar Nutriest Leyels

Foliar N and P lewels in iobleldy, and N,P, and X
levels in Virginia pine, were significantly higher on the
£lat bench  site ({Table 10} » . No other significant
difiﬂreacés in foliar nutrients msere ﬁgtgcteﬂ":bgtﬁega the
two sites for any speciesa.

Inoculated 1loblolly @iné seedlings bhad sigpificantly
higher foliar P 1levels than ﬁni@gcn&ateﬁasg@diipgs; apd

inoculated white pine seedlings had significantly increased
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levels of K (Table 10).  Other foliar nutrient lewels for
the three species were not significantly affected by the
ectonycorrhizal treatnment. |

Although only Signiiicant fér.iﬁqliax X dn  ¥icpginia
pine, fertilization teaded to increase foliar lewels of N,7P,

and XK for all three sgecies {Table 10)s . In contrast, :levels

of Ca and Ng were higher in unfertilized seedlings of éal
three species.

Hierbicide applications  significantly increased foliar
levels of ¥ for ail three species and siggificantly
increased P,X, and Ca levels in white pine (Table 10}
Calcium levels were also enhanced by the  herbicide
applicatioas in loblolly pine seedlings.

Because of its signifieant  sgga;gistic. effect on
seedling growth, the effects of +&he fertilizer x herbicide
ihteractian on -foliar N and P were also evaluated. Foliar N
~levels in white pine seedlings wmere sigpificantly iigﬁgr
with the combination of fertilizer and herbicide +than with
either fertilizer or herbicide alone &ﬁablg 11).  Although
not significant, the same trend occurred in Jloblolly and
V¥irginia pine seediings. White pime foliar N was increased
by 36 and 58 percent, loblolly by 33 and 13 percent, and
Virginia pine by 15 amd 25,§£rcegt:n§e£ fertiligzaticn and

herbicide alone, respectively. Phosphorus Jdewels for the
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three species did not show <conclusive trends in relatiom to

the treatment combinationsa

Climatic and Edaphic Factors

The herbicide treatment indivectly caused a significasnt
~increase infyerbent soil moisture on the recontoured site on
four of six sampling dates, July 17, July 24, August 5, and
August 21 (Figure 4). In contrast, the percent soil
moisture contents were not sigaificastly different between
herbicide treatments at any of the .measured times on the
bench site (Figure 5).

In order. to correlate soil  meistuare levels with
seedling water stiess, the moisture ievels were cop¥eried to
water potential wvalues asing mneisture retention <curves
{Pigures A1 and A2). The herhicidavtrgaigg@t:again caused a
significant increase in soil water potential on the sanme
four sampling dates on the recontoured site (Figure 6).
Hater potential 1levels were not  significantly different
between herbicide treatments at any of the measured times on
the bench site (Figure 7). |

The herbicide t:éatm%nk.caﬂsaﬂ a significaat increase
in s0il temperature at a 15 cum dagthwng the regontoured site
on oaly ore of nineteen sampling dates, September 9 ;ﬁigaﬁe

8)a . 50il temygratare on  the fiat Dbench site was
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Figure 4. Soil moisture and weekly precipitation on the recontoured
site.
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Figure 6. Soil water potential and weekly precipitation on the
recontoured site.
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significantly higher on four of nineteen sampling dates,
Amgust 19, September 2, September 23, and -Noveamber 4 (Figure

9) w,
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Figure 8. Effect of herbicide on soil temperature at 15 cm.on the
recontoured’ site,
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DISCUSSION

Site Characterization

Most strip-mine soils whem dnditially established axe
relatively devoid of organic matter ({Mays and Bengtson,
- 19783 Vogel, 1975; Czapowskyj, 1973). Therefore,; the higher
levels of organic matter on the flat bench site as compared
with the recontoared site may :be attributed 1o earlier
hydroseeding which provided am additional year or twc -of
litter accumulation:and incorporation.

The higher soil nutrient  lewels foupd . on the
recontoured site can be explained by two :sglaiedmfactqrs,
fertilizationrap?licatiaﬁ and soil texture. Fexrtilizer was
applied to the recontoured  site at a hig@éx rate and ons
year later than it was applied to the flat heﬁéh.siig, In
addition, the finer—-textured soil of the recontoured site
had a better wcapacity to retain nutrients than the coarser-
textured s0il of the bench site.  Note that the recoptoured
soll had 50 percent more clay-sized particles and 31 percent
more silt-sized particles than the bench soil. Furthermore,
the bench soil had almost two and a half times = more sand-

sized particles than the recontoured site.

80
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Survival and Growth

Sone_.pi the cultural treataents om the &wo sites
 significantly affected first year pime seedling survivaia
In: fact, first year survival for all three tzeatments on
both sites was excellent.  This sas:ggphakly. dse to ampile
and well-distributed raipnfall duxzing the growming .season
{Pigures 4 and 5). . Soil moisture lewels can e 1iaiiiag to
seedling  growth, especially whepe substantial herbaceous
competition exists (Newtom and Knight, 1981; Bengtson and
Nays, 1978; Greawves et al., 1978b; Hay et al., 1973)..
However, rainfall levels were adeguate ta’ﬁaia%aig so0il
water—potential 1levels above —1.5 ¥Pa for adl but one
sampling date during the growing sSeasona. . Therefore, the
seedlings rarely, if ewer,  experienced moistuze stress
conditions during the first grgyin@’seasog-

Despite the slightly higher scil nutrieat lewvels on the
recontoured site, the average height, diameter, wolume, ioot
weight, and shoot weight of all three species tended to be
higher on the bench site which had a higher rate ¢f naturail
ectomycorrhizal colonization.  Marx {1977a) showed  that
ectomycorrhizal coloanization is stimulated by 1low soil
nutrient levels. In addition, better drainage amnd aeration
of the <coarser soils on the bench site aay have a&iéﬁa&

greater = Toot elongation and stimulated amaycorrhizal
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dev&iopmg&t._ It is well-docunented that ectomycorzhizae
increase  the capacity for nutrieant and ﬁater‘»absgrptiog
{(Walker et al., 1982; Duddridge et ail., 1980; Harley; 187383
Smith, 19743 Bowen ané Theodorau, 1967) which iﬁ%iniﬁ conild
account for the observed giowth diﬁigtgaces-,‘ |

The benefit of Pt inoculation  to ségdligg. growth was
eyident eyen though Pt colonization was not .very prevalent
and wvolonization with other native ectomycorrkizal fungi
occucrred. | Loblolly and Virginia pine seedlings, which
showed greater increases in saeﬂiingvxglaﬁg; Troot weight,
percentages of seedlings cginnizeﬁ with Pt than white pine. .
Berry .{1982), ®alker ekwai.; {1982}, Ruehle {3980), and Harx
and Artman (1979) have reported similax growth improvenent
of Pt-inoculated seedlings on distarbeﬁ:sites in the South. .

Chemical weed control generally tended £@' increase
seedling growth; however, it 4did gotfsigniﬁicaaily increase
growth unless it was used in combipation with ferxtilization.
The lack of a strong effect of herbicide on seediling grﬂéth
may be attributed to the wegalar aadaahﬂndaat‘p&gcigiiatiq&
which occurred throughout the growing _season on both sites..
This also suggests that the effects of competing vegetation
on 1light and nputrient availability were not limitigg ®o

- first-year-seedling growth. . The apount of awvailable soil



83

moisture is often the most important considezatioms in
evaluating the effects of wegetation competitiop. If soil
moisture had been less available, it is likely that the
. effects of the herbicide on seedling growth mould have been
dramatic considering the presence of substantial herbaceous
vegetation on both sites. . .catpgatax and Alpers (1981),
Eckert (1979), Haines (1978), aand Yngél»i39333,haxg.xﬂgcftﬁd
striking seedling responses to smeed control on densely
vegetated sites. |

Fertilization alone showed a fendeancy %0 increase
seedling growth more than the herbicide treatment alone.
This ‘suggests that during the iaibiaiggxoging'seasaﬁi when
s0il moisture was not limiting, a lack .of soil fertility was
probably limiting seedling growth.  Newmertheless, the BOSL
substantial growth stimulatiog'actsrzeﬁ sﬁgﬁé}festiiiﬁer and
herbicide wmere conbined. . The slouw-release fertilizer
appeared to be effective in gtggiﬁigg seedlings with
adeguate nutrients and, at the sanme time, not stiamulating
unwanted herbaceous competition during the initial year of
pine seedling establishment.  The benefits of fertilization
to early seedling growth in this study are similar - to the
- findings of Béxry.(197§) and Marx and Artman {(1879).  The
improved ;seediiag growth of all three species with the

combination of fertilizer tablets and wmeed control suggests
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that both treatments axe important in circamventing

potential nutrient and moisture deficieacies on these sites.

Ectomycorrhizal Colomnization

The ectomycorrhizal colonization data fron the
destructive samples showed surprisingly Jlarge nambers of
seedlings colorized wmith indigenous ectomycorrhizal fungi on
vthe t®w0 sites (Table 8)a. Marx (1877a) suggested - that
drastically disturbed sites tend to be deficient 'ia native
ectomycorrhizal species which are ecologically ada;ted t0
harsh conditions. The results of this study indicate that
on these two sites propagules of iandigenous eatgmgccﬁ&hizai
species were successful ir colonizing sSeedlings of all three
s?eciesﬂ,

The ‘percentage of uninoculated and ineculated seedlings
colonized with Pt increased by the enﬁ'pfﬁthe first growiag
season iadicating that Pt was probably one of +the patiwe
fungi on these two sites.  Other ectoaycorrhizal fungi were
not evident when seediiag root systems were examined prior
to outplaanting. Evidence regarding the benefits of
ectomycorrhizal inoculation with Pt on these sites is ot
conclusive coasidering the fact that less than 40 percent of

the seedlings of any species were colopized mith Pta



85

Fertilization did not sigpificantly inhibit
ectomycorrhizal coloaization for any «©f the pine species. .
In fact, it significantly dincreased . the total nupmber of
white pine seedlings colonized with Pt or othexr

~ectomycorrhizal speciesa.. The literature goptains reportis

mycorrhizal formation (Dixon et al., 1979; Harx, 1977a; Marx
2t ala, 1977b) - The slow-release fertilizer ' tablets
apparently :ny?iﬂeﬁ sufficient guantities of nutrienis
without excessively increasing rhi@ﬁsghare fertility.

Chemical weed control did not sigpificantly affect the
aumﬁer"of-treés colonized with Pt.  Howewver, it stipulated
sufficient coloaitatian. by other fungi +to result in
increases in total ectomycorrhizal colemnization.  The lack
of dense vegetatiom where herbicide was applied probably
increased the,incideace of wind-borne .spores ©of aycorrhizal
fungi 1aaﬁiﬁg in yrbzimity to the seedlings. . In aﬁ&itiog,
the guantity of 1light was increased where vegetation was
controlled. High 1light inteansity stimmlatgs ectomycorthizal
formation {Marx, 1977a). .

Smith Jand Ferry {1979) repazted that simazigpe
" stimulated mycorrhizal development  dn Scotch ~ pine and
Austrian . pinea The &iréct effpcts 95 glyphosate on

mycorrhizal fungi of conifer seedlings is unknown.  Perhaps
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Toot growth was stimulated safficiently by the herbicide
treatment to resuit in nore faworable  colomiZation
conditions. Another explanati§n~fq:‘tﬁg‘stimulaquy;eifects
~involves the influence of glyphosate on the soiil
microbiological balancea. The survival of @mycoprhizal
symbionts is often ipfluenced by the presence of
antagomnistic soil microorganisms {Marx, 1980).  HMycorchizal
davelo?meﬁt could be stimulated if some of the antagopistic
microorganisms were semsitive to glyphosate.

Competition within the thizosphere yas‘eyidgxi fieom the
negative correlations betwega the percentage o0f a root
system colonized with Pt and cglgpizatiqg with other
ectomycorrhizal fangi (Table 9)a. The significantly lower
nunber of inoculated loblelly and Virginia pine seedliangs
colonized by other ectomycorrhizal fungi indicated that if
Pt vas present, conditions for colonization by other fungi
were ﬁei favorable. The colomization of uninoculated
seedlings with indigenous fungi probabldy .masked most of the
well-docunented growth @ex&fitﬁ attributed to Pt
colonizations . |

Since less than 40 perceat of the seedlings of auny
species were colonized with Pt it was not possible to
accurately evaluate the effects of Pt on seedling gxcﬂtﬁg

However, the seedlings which were destructively saaspled



87

provided data which reflected the relationships between the
extent of ectomycorrhizal colonization and growth .responsesa.
?3@, lack of correlations between the percentage of
individual root systeams cclonized by gctqaycqrx@izai fungi
and growth response variables is notable especially where Pt
" yas involved. The strong relationship between
e%tomycorrhizal5celonizatisa and P a@ta&é is_weli+ﬂecﬂmentgﬂ
in the literature {Ford, 1982; Harley, 1978; Smith, 1974;
Bowen and Theodorou, 1967). . However, oaly the correlation
between colonization with other ectomycorrhizal species and
foliar P levels in loblolly axnd ¥irgiaia pine seedlings was
significant {(r=.47% and .625 for lgbloiij-aaﬂ Yirginia pine,
- respectively). .

The general :dlack of significant cpr;elatigps between
the percentage of groots colonized and growth response
variables suggested that the ﬁerti&izeﬁk.aﬁﬁ herbicide
treatments might have superceded the effects of aycorrhizal
colonization. . The extent of colonization was more strongly
correlated with growth response og unfertilized plots than
on fertilized plots (Table 211).  Howewer, differences
between anfertilized and fertilized seedlings were probably
not sufficient to fully explain the lack of sdignificant
correlatipas betueen the extent of <woot colaniZation and

growth. Correlation apalyses xhich accounted for  the
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herbicide treatment indicated that the berbicide did not
 affect the relationship ©between the percentage of roots
colonized and growth (Table A412).

As previously mentioned, iaﬁﬁniatign appeared to
.improve seedling growth; ha§e¥er, the correlation analyses
did mnot conclusively support this selationship. ‘,Et is
possible that the_mostr important growth wariable ipv this
system was not inciudeé.ia thesé analyses., - Foliar analysis
of needle samples collected from each +tree in the field and
composited by treatment combination suggested that N may be
the limiting nutrient on these sites (Tables 10 and 31},
Bnfortunately, there was insufficieant plant tisé&e;figm the
destructive sanmples to conduct a foliar amalysis of Ne
There pay have been a strong ©Delationship between tihe
percentage of roots colonized and the lewel of N ig the
seedling bfaliage which <c¢ould account for the apparent

improvement in seedling growth on these sites.

Foliar Nutrient Levels

The interpretation of foliar aubtrient levels ip this
study is difficult because of the lack of refgxeace
standards for young conifer seeﬂxingx growing on strip-
mines. Nevertheless, many of the edaphic influences and
seedling growth trends were reflected in the fgliar natrient

levels.
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The significantly higéet valaes for fcliar ¥ and P of

joblolly and Virgiaia' pine seedlings wop the bench site can

be attributed to a combination of the higher nuaber of
seedlings colonized w&ith ectomycoxrhizal fungi and +to the

presence of dense stands of N—-fixing sericea lespedeZa prior.

to the study. In contrast, the recontoured site was
Qredomihantly vegetated with K=31 fescus. ‘Tha

ectomyorrhizae may have improved N :and P uptake and the
incorporation of sericea into the s0il prior to t&akstuﬁy
may have provided additional N.  Bengtson .and Hays (1978)

reported that sericea was capable of improvimg the N status
of loblolly pines planted on coal—-mine :spoil. The tendency
- for better seedling growth oa‘the bench site corpelates well
with the  higher N and P foliar levels {Tables 10 and 11)..
Foliar N and P values on the .Trecontoured site were at
loblolly pine threshold levels of 1.2% N :and 0.10% P {Berry
and Harx, 1980; Bengison and Mays, :1978; Wells 2t ala.,

1973). . Potassium, Ca, and lg levels on both sites were welil
above critical lewvels for Jloblolly pine (Beagtson and HNays,

1978; Wells, 1970). .

The foliar analysis showed that all three of the
cultaral treatments increased foliar N (fable 10). This

correlates well with the stimulatony effect of the cultaral

treatments on seedling growth. Levels of P, X, Ca, and Hg
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were abovwe critical 1lewels fox all species-treatgent
combinations. Fertilization significantly <decreased the
concentration of Ca in the needles of loblolly and Virginia
pine and Mg in the needles of all three species.  This may
be the result of a dilution effect caused by greater tree
growth and needle weight of fertilizZed seedlings. The
herbicide treatment probably dincreased £oliar K through its
‘stimmlatory effect on nycorrchizai colonization.
Faurthermore, the lower ¥ levels in unsprayed seedliings may
reflect the competition of herbaceous wegetation for soil

nutrients. The relatively weak response of seedlings to

mycorrhizal inoculatiom is reflected by the slightly aigher
N levels of inoculated seedlings. Apparentiy, &N uptake by
indigenous ectomycorrhizal fungi masked the benefits of Pt.
Althomugh only significant for white pine seedlings, the
effect of the fertilizer x hgrbiciﬂe inkeraction oan foliar N
and P supports the suggestion that N 1is the limitigg
autriént.on these sites.  All P valunes were above critical
levels %nown for loblpilly pine.. The benefit of the
combination ©of fertilization and cheaical weed conticl to
seeéiiag growth is reflected in the,reiatiwelg high fceciiar N
levels. Furthermore, seedlings of all +three species
receiving neither fertilization nor herbicide wmere at or

below the critical lewvel for foliar N {ZFable 11).
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Climatic and Edaphic Factors

The demnse cover of herbaceous uwegetation on these
reclaimed sites had the potential. tqﬂgzagiég significant
competition for socil moisture. Greaves et ala {1978%)
suggested that the amount of available soil meisture during

portions of the growing season is usually the':limitiqg

factor where vegetative competition is involvedds . Gn the
recontoured site, the herbicide:  treatsent caused a

 significant increase in soil moisture aad soil water
potential levels; howewver, the water potential levels on the
'ﬂnS§rayed halves 0f plots rarely peached generally-accepted
st{esé levels {-1.5 HNPa).This was probably due to adequate
precipitation throughout the growing sS2as0m.

Despite the relatively saarsg te;tmrgﬁef-sqi&s on the
bench site, moisture did not appear tg be a gromth-limiting
factor as evidenced by similar soil smater-potentials oam the
sprayed and unsprayed plots. Three related factors account
for : thisz  First, there was asple and wmeil-distributed
yiecigitatioa throughout the growing sSeasop.. Second, there
was a compaction layef.a§yroximatgly 20 ¢m belaw the soil
surface at the bench site. This is a . conmon OCCULENCE O
strip-mined sites which are often exposed to repeated passes
with heavy eguipment.  The layer was tqc_ﬁgeQ  to affect

first-year root penetration of seedlings; homever, it did
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tend to restrict drainmage. ©On numerous occasions throughout
the growing season, staading uatéﬁ, was observed on some of
the plots. Third, the flainess of the bench site restricted
surface draimage. -

Soil temperature extremes can be fatal on.strip-mine
spoils (Schramm, 1966). Richardsom (1958) reported that the
presence of herbaceous cover modepated temperatare exirenses
on <oal spoils. Soil temperatures in this study wene
significantly increased as a result of the herbicide
treatment omn: only one of the saﬁgligg dates 901 the
recontoured site and on onply four of the sampling dates on
the bench site. The high soil adis%&re_ieyeis probably
buffered soil temperature fluctuations. Since the herbicide
had a beneficial effect on seedling growth, it cam be
suraised that soil tesperatures did not reach critical
levels. Although soil teaperaturses at 15 cm showed meekly
fluctuations, it may have been more informative to meﬁsune
soil teaperatures closer to the suxrface, where gieaterx

extremes in temperature probably occurred.



" SUHMARY AND CONCLUSIONS

Abundant precipitation and high soil moisture devels
throughout the initial growimg season on both study sites
probably accounted for the excellent f£first year sarvival of
all three species.  High soil moistare levels may have also
accounted for the insignificant effect of the three cultural
treatments on first year seedling survival.

Seedling growth was not siganificantly affected by
varying conditions between the two sites. However, .growkh
parameters, ectomycorrhizal colonization with dinddigenous
fungal species, and foliar nutrieant levels inéicéteﬁ ihai
seedlings on the bench site mere ’mﬂza ?igéﬁous after one
growing season. The fact that the recontoured site had
slightly higher soil nutrient 1lewels than the bench site
prior .  to this stuady, suggests  that the edaphic ({soil
Q@istare, temperature, texture, nutrients, pH, and bulk’
density) and biotic (herbaceous vegetation and mycorchizal
fungi) factors influencing tzee‘.saeﬁling growth on these
reclaimed strip-mined sites were very compleX.

Seedling growth was enhanced to a2 small extent by Pt

inoculation. But successful colonization with ecologicailly-

33



94

adapted nmative ectomycorrhizal fungi, d4in combination with

low inoculation success, dilunted much :0f the widely-reported
benefits of Pt to pine seedlings gmowimg im harsh
environnents. Pt \colanization #AS not essential for
seedling survival and vigorous growth on these sites.
Chemical  weed contrel ajlone and Silow—-release
fertilization alone teaded to increase seedling growth;
however, the most significant growth stimulation of alil
- three pine species occurred where fertilizZer and herbicide
were combined« This suggests that these cultaral treatments
improved the nutrient and moisture status of the seedlings.
Levels of <foliar N closely refiected the effects of
each +treatment on seedling growtha. This ipdicates that

available socil N was the growth—limiting nutrient op these

" two sSites.
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Table A2. Main effects, interactions, and error terms used for survival,
growth, ectomycorrhizal colonization, and foliar nutrient level ‘
hypothesis testing.

Source! df
Main Plot R 2
F 1
RxF (Errora) 2
Main Plot S 1
SxF 1
SxRxF (Errorb) 4
Sub Plot H 1
HxF 1
HxS 1
Hx S xF 1
HxS xRxF (Errorc) 8
Sub Plot I 1
IxF 1
IxS 1
I xH 1
I xS xF 1
IxHxF 1
I xHxS 1
I xHxSxF 1
IxHxSxRxF (Errord) 16
1R = Replication; F = Fertilizer; S = Site; H = Herbicide;

Mycorrhizal Inoculation.
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Table A3. Nutrient application schedule for seedlings.

Date

Application

1/8/81 - 2/13/81

2/20/81

2/27/81 - 5/1/81

5/6/81

5/7/81 - planting

Water with tap water as needed (15 ml/seedling).

Water with nutrient solution. Supplemental
watering with tap water as needed.

Water with nutrient solution + Fe once/week.
Supplemental watering with tap water as needed.

Flush cavities with water.

Water with tap water as needed (15 ml/seedling).
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Table A4. Nutrient sources and application rates.
Elemental
Nutrient Source Application Rate
mg/seedling/wk
N (1\?1114)2504 & KNO3 0.50
P H3P04 ‘0.32
K KNO 0.42
3
Fe GreenolR 0.18
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Table A5. Modified Hagem nutrient solution.

Ingredient Quantity

Malt Extract . 5.0 g

Dextrose 5.0 g

KH2P04 ' ' 0.5 g
MgSO4-7H20 0.5 g

FeCl3 (1% solution) 0.5 ml

Biotin (5 ug/ml) 1.0 ml

Thiamine HC1 (1 mg/ml) 1.0 ml

Distilled Water to 1000 ml

H3P04 *  adjust pH to 5.0

Modess (1941).
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Table A6. Agriform fertilizer tablets - guaranteed analysisl.

Ingredient Percentage

Total Nitrogen (N) - ' 20.0
% water soluble N
13% water insoluble N

Available Phosphoric Acid (P,0.) ~10.0
Soluble Potash (K,0) 5.0
Calcium (Ca) 2.6
Sulfur (S) 1.6
Iron (Fe) 0.35

! Derived from ureaformaldehyde, calcium phosphate, potassium sulfate,
calcium sulfate, and ferrous sulfate. Potential basicity: % or 45.4
kg calcium carbonate equivalent per ton.
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Table A7. Available soil phosphorus values of preliminary samples®.

Area 1 - Area 2 Area 3
——————————— u moles/g - - = - - - = - - - -
0.543 1.281 1.893
1.212 3.693 3.146
0.634 2.276 1.512
1.503 2.006 0.390
1.138 4.630 0.650
0.646 1.549 1.818
0.485 2.375 0.257
0.743 2.137 0.512
0.565 2.618 1.861
0.692 2.189 0.345
x 0.816 2.475 1.238
s2 0.344 0.994 0.956

! pouble acid extract.

2 § = Standard deviation.
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Table A8.l Sampling intensity based on the variability of soil phosphorus
values-.

Percent Sampling Error
Area 10 20 30

= - number of samples - - -

1 60 15 7
2 55 14 7
3 200 50 23

! petermination of sampling size based on: N = t252  where
-
X

n = sample size, t = t value from Student's t distribution, S2 =
variance of preliminary sample, S§-= standard error of the mean.
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Table A9. Soil pH values of preliminary samples.

Area 1 Area 2 Area 3

5.82 6.39 6.70

6.40 7.78 7.11

5.40 7.19 6.21

6.21 6.94 4.94

6.08 7.81 5.16

5.59 6.62 6.37

5.54 7.10 5.12

5.94 7.04 5.25

5.70 6.99 6.22

5.72 7.04 5.08

x 5.84 7.09 5.82
st 0.32 0.44 0.79

!} § = Standard deviation.
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Table Al10. Sampling intensity based on the variability of soil pH
values!.

Percent Sampling Error
Area 10 20 30

- - number of samples - -

1 2 1 1
2 2 1 1
3 7 2 1

1 Determination of sampling size for soil samples based on soil pH
variability: 0= t2S2  where n = sample size, t = t value from
= =5
Sx
Student's t distribution, S$? = variance of preliminary sample,
S; = standard error of the mean.
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