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INTRODUCTION

A detailed knowledge of.sucéééﬁianaiVﬁﬁeads~aﬁévthe a¢alagiea1
structure ‘of natural plant communities contributes meterially to
&um.::esrsfﬁl ‘silvicultuval practice and forest management, “ﬂais’- is
especially true in the south bécausefof‘the rapid growth rates and
high commereial value of the yellow pimes that ave :assee-ia'tgﬁ with
fhé successional ?atk@rn;”fﬁnﬂer'iﬁﬁaﬁsiVéfmanageﬁent iabiéllywping
will attain gréwﬁh‘ﬁates:af{ﬁéagiy“2‘51énfds.pér acre pér year and
Shovtleaf and Virginia pine 1.5 éaﬁds»par’acre per year (Korstian,
19@2}:'*Ehié-glﬂng»Wiﬁh‘paﬁenﬁiai\rata§i0ﬁ$~ofv30&5@.yéaas have made the
?éiiéﬁv?iﬁeﬁ tﬁe.iaééiﬁg'spaaies in‘ﬁhezSautharﬁ*?uly‘indugﬁﬁyi

Tﬁe‘genatal successional pattern of the upland Pledmont region has
been deseribed by Oosting (1942). Vawious early herbaceous plants are
?Q?iaéedbe-yine,whigh eventually gives way to the climax oak-hickory.
type. The piloneer pine s?ecieé are fast growing valuable commeveial
species but under natuval conditions they are rveplaced by the lowers
valued hardweods of the oak-hickory type.

4f§he=intansive management of a forest avrea requirves a knowledge of

the factors that affect the establishment of the species concerned;
also, the possible effect of changes in soil characteristics that would
influence the growth of the species of the successional pattern.

Secondary succession vesults from a complex series of environmental
changes and interactions that separately cannot be evaluated. The
diificuitiesiiﬁ measuring these effects can be seen in the conflicting

results of many experiments. Coile (1940) and others contend that
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factors other than soil changes are of primary importance in the
establishwent and,éavelapﬁeaz~¢f‘tha-ge&sndary'suezessicﬁél pattern,
On the other hand, Billings (1938), Auten (1939), and Minckler (1946)
have suggested that changes in soil a%har;eag:'i:éfismca play o primary
role in the‘davaiapﬁen; of each successional stage. This experiment
will attempt to determine the relative importance of changes in soil
charactevistics by maasuringiil} the re;ativa effects of soil ahaugés
associated with old-field Saméeésinnai stages upon the growth of Eh#ee
upland tree species, and (2) the relative effects afvvaryiug’moistﬁre

1&v¢13vupsn the growth of the same three Eree species,




i1

LITERATURE BEVIEW
. Plant succession is the replacement of one plant community by
another until the climax aaséeia%m Le veacheds Tn dons cases,
‘ngervaﬁiﬁﬂ hgé given vise fo ﬁﬁe idea that succession is caused by
environmental changes that favor imvaesion and development of new plant
souminitics: 1 place of those. aludady presant,

Although the envizonmental factors associated with plant develop-
unent are ;:i_mercms; some writers have suggested that ehanges in various
seil chavacteristics are of prominent importance in the development of
communities toward the climax association. Clements (1931), discussing
the influence of climate on climax commmity devela?manﬁ,'ﬁwatez "The
primary control of climate is expressed not only in the Gﬁrfespaﬁﬁing
climax, and its shifts in the concomitant movement of climaxes, but it
likewise initiates and sets a term to physiographic and soil changes that
direct succession and bring it £o a close in #ha.aiimag organism.”
Likewise, Billings (1938) veferring to physical soil changes assoeiated
with old-field succession, stated: "These causal factors in soil
change are conditioned by the presence of pine vegetation which in turn
is changed and eventually disappears because of its effect on its own
environment,"

Fine will not reproduce itself under the low light conditions
present under mature pine stands, and it is eventually succeeded by the
slower growing, lower valued hardwoods. Consequently, many of the
earlier studies have concentrated on the effect of el sad ietebaes

.B?Qﬁ~§iﬁe and hardwood vegensration.
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Kramer and Decker (1944) and Kozlowski (1949) compared the effects
nf]ﬂ@?@éus,;ighﬁ-intensities-énd maisﬁure.lavelﬁ upon the growth of
loblolly pine and oak seedlings. They found that loblolly pine seeds
iingaxwiﬁhwﬁacaadafy~naé&1es'@id-ﬁgt,xeach:maximﬁm~p§$ﬁQSyn£hetic rates
unﬁilighey,were exposed #o full sunlight. On the other hand, the ovak
3aeéiiﬂge;xeachad'maximum,ﬁhnﬁa$yatheti¢ rates at about one~third full
sunlight. They concluded that under low light iﬁtenéities pine geed-
lings did not produce enough.phatﬁéymthateitevgzamatﬁ?a&equat@ rooL
growth. This, in turn, lessened the pine seedlings' ability to compete
with the more vigorous hardwoods for the available soil moisture,

‘Bourdeau {1954}, experimenting with loblolly pine and oak seedlings
on gaod,aﬂdﬁpaér'fafeﬁ% sites, found that the pine could not produce
adaqﬁate root growth under low light intensities ¢o ﬁffé&fivéiy compete
for saii moisture during periods of dryness. Oosting and Kramer (1946)
compared lébialiy, shortleaf and Virginia pine growth under the forest
éana?y,yat the stand margin and in the ;pen.‘ They found that the pines
in the open and at the stand margin aaulé.auceéssfuily compete for soil
moisture, even during dry periods, while the saed&iﬁgs'uﬁ&ag’tha forest
canopy could not,

Kramer, Oosting, and Korstian (1952) compared the relative survival
of pine and hardwood seedlings under forest and open conditions, They
found the survival of pite to be best in the open and at the stand
margin but the oak survived hest under the forest canopy aadipéﬁre$t‘
in the open, Wenger and Eraﬁﬁﬁéil {1957) stated that: “Hardwoods thus

are distinctly superior fo pine in phntnéynthesi&—unﬁer all conditions
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of 1ight snd soisture," zzeiéi;ive- ~§ﬁ¢tasynﬁhezig'&ifﬁﬁégmaeé of pine
and fﬁﬁst hardwoods could be a major fackor in this stage of the
suceessionsl pattern, However, this does not ‘-e‘i%e?'laigﬁ' the relative
insbility of hardwoods o grow well on old fields. |

Minaklar (1946) and Minckler and Chapman (1948) recommended pinea
over hardwao&s for typ;aa& aid»fiezd planting sites in the-ﬁamﬁaal
Piedmont and southern Appalachian regions be&a&sa_ﬂf‘ﬁhe‘inahi&ity of
‘the hardwoods to survive and grow under old-field conditions, Minekler
(1952) and Ryker (1958) compared growth and suzvival of planteﬁ pines
. aﬁﬁ‘ﬁéﬁdﬁé@da on abandangd fieiés"in Southern Illinois, After five
years on poor sites, loblolly and shortleaf pine obtained average
heighi&'af‘% faét and'? feet respectively, while ye1i¢w~paﬁlar and
white ash averaged 4 feet and 3 feet. At the end of 11 years, average
heights were zé_an& 18 feet for loblolly and shortleaf pine and 6 and
4 feet for yellow poplar ané white ash, Although hardwood survival
averaged 90% after five years, it dropped to 47% 11 years later aﬁé~was
e%pécﬁeﬁ'to faii even lower as time progressed, |

Based upon 2 sﬁuﬁy'af ﬁhé‘camgaxati#é success of loblolly and
swestgum seedling on old-field éiaas, Bormann {1953}’ahsarvé& that the
pine was better suited for the old-field site due tot w ability of
the germinatmag yzne seed to withstend deying (2) sugerisr dﬁmught
endurance of the pine seadlmngs, and (3§ aﬁxlzty of the pine seedlings
to kolerate the wide- varxety of elﬁmflald aenditlans.

huten (1939, 19&1, 194p}~s@ﬁéxed gail ahangesvaaeuﬁwiﬁg uﬁdéﬁ ﬂidﬁ

£ield stands of shortleaf piﬁé;'blac&'leéusﬁ;‘aﬁ& sossafras. He
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.%@ﬁﬁ&én@&'ﬁh&tipi@ﬁéaz”égéci95-émﬁié'areaté'a move favorable envivon-
ment for the climsx species. He slso concluded that iit;eﬁ}ﬁ&gﬁaitiam,‘
organie maﬁﬁew‘inﬁ@xﬁmya?ian,Aané«iaayeasea in ?ﬂfosigyianﬁ infil~
tration rates were smong the more promiment factors in the soil changing
process, '

it seems appavent that ths large amaﬁuts of litter de?@éiteé _
éﬁngaiiy plus the %remeﬁdéﬁé,véit@e of root growth &e&e&o@e&.by the
@iﬁa-ataaé could have a signiﬁicanz;affeaa»upﬁﬁ the chemical, physical,
and hmﬁtxe properties of the soil,

ﬁatriant studies by Chandler (1941, 19&4} Coile (1937); and
Eﬁtﬁf{1@$2a§‘1§52%} have shown tﬁaﬁ_mﬂre»than 2 ton aﬁ‘lzﬁzer'ms~dau
g@si@éﬁ per acre yéx year under wellestocked stands, Thist@uiéfamauak
to more than 100 pounds of mineral nutrients and 20-30 pounds of
nitrogen per acre per year. Lunt (1941) conducted lysimeter studies
ua&axtﬁﬁﬁtﬁeéﬁtarn hatdwood and conifer stands, He obeerved that the
bﬁl&:gﬁ'tﬁalnmt@ieut'maﬁeéiax‘iinelﬁéiﬁg nitrogen in various forms)
leached out of the A, hovizon was either taken up by woots or fixed in
the soil. Only a small portion leached deeper than four inches. In
2 comperison of nutrient contvibution of évezaﬁﬁfy’aﬁd understory |
vegetation, $6ﬁtﬁ~{1955);§¢uﬁﬁ'fha$‘li§ﬁaﬁ-ﬁfwasmmoﬁtﬁﬁdersﬁanyv&yeﬁiﬁs
such as dogwood, red bué;,aud,%ad~ma?iefeoataine&,mmxe.than twice as
much hutrient material on a per pound b@ﬁis as the pine overstory. Des
composition rates amﬁ iae¢zgaﬁ#§iaavvf §rganig'matﬁar also increased

with the increased density of these understory species,
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‘ .,f‘ygarganilgﬁsy,.whiia-stadying“avil faunafgapulatiaﬁsiuﬂdér
various forest types, found that the higher basic content of the

’ u#derstwry hardwoods brought about a change in the fauna populations

of the older pine stands, especially in the earthworm populations.
Fenton (1947) found that higher caleium contents of hardwood litter
increased ité~§a1atabi1iﬁy to members of the fauna population and

. therefore increased its raté of decomposition. Increased decomposition
and subsequent ovganic matter incorporation was found to resuli in a
change from the mor to the mu11~huﬁus type as described by Hoover and
Lunt (1952). |

Ihe‘ﬁémbinatiﬂn of organic matter incorporation, faﬁna activity,
and root growth may Significantiy affect physical soil properties
that could, in turn, affect tree growth,

Billings (1938} studied changes in physical properties of soil
under shortleaf Qiné stands on the North Carolina Piedmont, He observed
that only the upper six inches of soil was affected by the pine
succession. He also found that the soil became lighter and held more
water as the succession progressed due to addition of organic material,
formation of root chamnels, and inecreased activities of goil fauna,

Coile (1940) and Hursh (1944) found macropore space under old
pine and hazéwané,saaa&sfzo be nearly three times as great, and infile
tration rates ten to twenty times as great as that of the abandoned
fields, Coile (1940) attributed the majority of the increased infile
tration to tha.tremaﬁdnus number of root channels left by the trees

that had died during the development of the pine stand, Coile's



16

i

coﬁaiuaién is substantiated by Geiser (1952) who, in a later study in
Ohio, estimated the number of vertical fbbﬁlchanﬁeis in an oak stand
0 be mote than five thousand per acre and the total weight of all
rooks to be more than seven tons ?&? acre,

‘Microclimate is another important factor that is éiéeﬁeﬁ-by ﬁhé
closure of the canopy at the beginning of the pine stage,

Hursh {1947) and Greene (1953) observed:that the 0-2 inch soil
layer of abandoned fiei&s‘ﬁéré sﬁhﬁecta& to much greater extvemes of
temperature and moisture variation over a short peiiaé of time than
were the ﬁﬂﬂ?&f&bié-&nii depths under pine and hardwood stands,
Although best loblolly pine germination and Saedliﬁg growth was found
to oceur at soil temperatures of 68-779F (Barney, 1951), Borman (1952)
has’ pointed out that pine seedlings are mere>tolerantAto the high
temperaturve-low moisture extremes of old-field sites than arve hardwood
seedlings,

Coile (1940) has conducted the most comprehensive study of soil
changes aﬁséa&&te& with old=field ‘succession, He faund.&haﬁ, although
measurable so0il changes did occur during the sucﬁeQSidn, the changes
ogeurring during the'pzaseéaa of a given stage in the succession did
not bring about the development of a higher succegsional stage. Coile
decided that seed dispersal and rooting characteristics 6f'tha.p&rtiw
cular species were of greater sipnificance than soil changes during
the successional pattern. ﬁardeoé:Saeds were found to have a smaller
dispersion radius and were more susceptible to dessication than were

pine seeds, On the athez'hénd,fhardwnoé sea&lings were found to have
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more vigorois root gystems under shaded conditions than pine seedlings
dnter slutler sondiions: Me vighraus vouk sysbia v thotight to
enable the hardwood see&iingéuéﬁﬁbe a better competitor for soil
moisture and nutrients than the ié&s~vigax¢ﬁa»ginevaéééiingﬁ;

On the other hand; it has aigé'heamléhﬁmu»fhatkharéwga&'éﬂaéiimgﬁ
do nat grow wali on tyyieai G&dnfzaié ﬁxtas, and that they wzli grow
a&equataly on saiis ﬁhat have n@t haen ﬁagle&ed by agriaultuzai use
'@Kincklgr'and Chapman 1948, Minckler, 1946, 1952), ?he@eﬁoz&,,theaa
more recent experiments show the possibility of a‘maxe favorable
éﬁﬁi?ﬂﬁmﬁﬁﬁﬁ due to soil changes and interactions, for the growth of
haxdﬁm&é seedlings,

Although the presence of vegetative cover will Have a beneficial
effect on the moisture holding capacity of the soil (Metsz, 1948;
Southeastern Forest Experiment Station, 1949), the tremendous transpi-
vation potential of a fovest &ﬂaﬂﬁ’wili-ﬁanéJﬁo create a soil molsture
deficit during periods of low precipitation, This moisture deficit,
‘aeu@ieﬁ with the high amount of water loss from the surfaca'gaii,
suggests that seedlings growing in both types of environments will be
exposed to conditions of moisture stress for varying periods of time.

The relative avaiiahiiiﬁy'af'ﬁmiikmmist&re tﬁ glanﬁs~hasfﬁeaakﬁhe
subject of much Qéﬁﬁ?ﬁ?ex$y; ﬁQWaver; maéﬁfinveaﬁigataws now believe
that a5 the amount of soil moisture is veduced, moisture stresses are
increased, limiting the uptake of water by the plant and subsequently

reducing growth.
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. Keamer (1956) stated that the availability of soil moisture
depends largely Qﬁ its diffusion pressure ﬁﬁfi@iﬁ.}' Boil moisture
teﬁﬁimﬂviﬁ produced by gravitational, hyﬂzeﬁta@iﬁi ﬁﬁm@ﬁiﬁ; and
capillary forvces and can be expressed in atmospheres of negative
pregsure, ,3@r'a11:praatiaal.ﬁﬁ@gnses, this would be equivalent to
the diffusion pressure deficit, providing the salt content of the |
soil was not high. The diffusion pressure deficit increases as
moisture leaves tha\é@i%, and the pregsure gradient from vook to soil
decreases, The decrease in the pressure gradient causes a &saréasa
4 the amount of wage# absorbed, and, as the diffusion pressure de~
fieits of the soil and roots become equal, absorption stops.

Slatyer (1957) presented an explanation of ghe wilting point that
ﬁifﬁ@réﬁ‘ﬁaMEﬁhat,ﬁrum>Kﬁamar’ﬁ»ax@%&n&tiﬁm, He stated that as 2
plant depletes the soll water reservoir, the total soil moisture
stress increases, and the diffusion pressure deficit of the plant
must also imerease to maintain turgor pressure. ~T5a~gaagress£va in~
¢rease in stress will continue until the total soil moisture stress
reaches & level equiwéien%:tﬁ the osmotic pressure in the plant leaves,
At thie point, the %atal,ﬁaii moisture stress and the diffusion
pressure deficit are also equal and the turgor pressure is zero and
permanent wilting occurs, This Sﬂggeﬁﬁg that the permanent wilting
point is dependent upon the osmotic characteristics of diffezent plant
species in different habitats and has a potential range of 5200
atmospheres,

The views of Kramer and $latyer can be substantiated by the
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fiﬁd%ﬁgs é?‘ﬁany~é§§ari&ﬁﬁﬁgi ‘achaymﬂjex (1939) ﬁsund that transpan
razian rates of 1@&13&1y and $hﬁztieaf paﬂes deaﬁeasaﬁ as sﬂil
ﬁﬁiﬂtﬁfe &@créaseé untli the rat& at tﬁe calcuwatad w1it ng oo
&f&iﬁ1%ﬁi Was Qnif 15, 8 per aaﬁt of Ehah at Eaeiﬁ sayaa ty. Eﬁ%ﬁiﬁ Rt
{l%&i} thexvad that tr&nagiratmem of $&n§lﬁﬁﬂ¥¢ WQS nut affeefad

until appﬁﬂaimatﬁly twa~thiﬁés Qﬁ ahe availaale watax haﬁ been rawﬂved‘
B@ﬂmaaé and Shaw {19&3) feunﬂ that txans&xratéaa ratea af corn were
raﬁua&é agvsaii mmi&tﬂﬁﬁ'tEﬁﬁiﬁﬁﬁ«ﬁﬁ 342 bars under conditions favor+
ing ﬁigh?tﬁaaagixaﬁiﬂﬁ rates. Schnetder and Childers (1841) found

that transpiration and photosynthesis rates of potted apple trees at
Wiiting point dropped to 13% of the original rate at field capacity.

The effect of avaiia&ia mwistare on metabolic @rﬂcessas can also
be shown by the effect on the totzl growth of a plant, vé'iﬂViEW of
soll moisture regime experiments by Stavhill (1957) showed that of 80
papers deég@ibimg moisture regime investigation ﬁﬁieﬁpefimanﬁﬁ found
that plant growth showed a significant vesponse to different levels of
available moisture and 14 indicated no response. The greatest yield
was found to be associated with the wettest vegimes,

Wenger (1952) found that both height growth and total fresh weight
of aweﬁtgum, lablaliy pine and shaxtieaf pine decreased significantly
Wiﬁh decreasing available soil moisture.

Rozlowski (1949) found that dry weight and size of the root systems
of paﬁteﬁ*b@ef@#@ oak andfl§ﬁialiy pine seedlings weve reduced when

subjected to a moisture stress slightly above their wilting ?éiﬁﬁa.
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Dickson (1962) grew four bottomland hardwood species (pin oak,
3yeam§ra, greén.asﬁ, and ﬁupeié‘gﬁm} under mﬁisture~¢oﬁditian$ ranging
from saturation to wilting point. fie found that as the intensity of
the soil moisture stress increased ﬁhere was a reduction in growth of

all species tested when compared to the well-watered condition,
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- DESCRIPTION OF THE STUDY AREA
v C Locati(m S

Prince Edward County is in the south~central part of Virginia.
Farmville, the county seat, is about 65 miles southwest of Richmond
and about 45 miles east of Lynchburg,

Prince Edward County has an average ammual rainfall of approxis
mately 40 inches, Although the vainfall is distributed well through-
out the year, November and June are the average driest and wattout
months respectively, Average annual temperature is 57.6° but sumer
and winter temperatures are usually subject to considerable variation.
The average reported frost<-free season is 191 days and the normal
—— gaasr;:i usually extends from i&?rﬁ 16 to October 24,

Physiography and Relief

Prince Edward County is an upland plain entirely within the
Piedmont gréviﬁce of the eastern United States (Fenneman, 1938). A
gently rolling topography is characteristic of the lower Piedmont.
Unbyoken slopes greater than 15 per cent arve uncommon. The County
iz wadevlain by mﬁtambrghase&»greéﬁambrian rocks of sedimentavy and
igneous origin, Lower Cambrian quartzites and triassic sediments
:.‘(Jénas and Watkins, 1932},

The granite, pneiss, and schist of the County support ridges
that gradually slope toward the streams, The more imporfant soil
series derived from these rocks i&ﬁlﬁ&a Cecil, Appling, Madison,

Lloyd, Durham, Vance, Helena, and Fluvana (Henry st al., 1958).
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Secil Soil

The Ceeil soils have formed in pavent matarial«darivéd‘ﬁrom
granite gneiss, mica gneiss, granite and mica schist, They are
widely distributed in tha:Pigémnnt regicn.af ?iﬁgiﬁiai the Carolinas,
Georgia, and Alabama,

iIn profile charaeteristics,'ﬁeﬁii soils typically have red ¢lay
B haxiz§ns and light colored sandy loam & horizons, These soils have
a high degree of horizon differentiation and are zeﬁreéeuﬁaﬁiﬁa'0§
thef%e&#ﬁallnw'ﬁedzalic Great Boil Gfﬁﬁpiv

The following general profile description applied o the typical
Cecil profile of a cultivated field:

Surface 80il ==

8 to 11 inches, yellowish-brown friable fine sandy
loamy weak fine granular skructure; a few angular
quartz fragments, The lowest part is reddish-yellow
and contains some clay,

Subsoil wé

11 o 54 inmches, red firm clay, sticky when wet;
moderate medium blocky structure) a few mica Elakes;
faint mottlings similar to those in the parent
material in the lower pave, |

Parent material w;

54 to 60 inches, mottled veddisheyellow and yellowish-brown
friasble clay loam; moderate madigm'subanguiax'ﬁiack structure,

60 inches %; soft decomposed sdhist,and granitic vock,
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 METHODS AND PROCEDURES

‘Part I. Old-Field Succession Study

Four seral stages representing the old-field successional
pattern on the Pledmont areas of Virginia and the Carolinas were
arbitrarily chosen for sampling in part one of the study. The
seval stages chosen were as followss

1. Abandoned fields - two to £ive years since subjaétec!

to agricultural use. |

2 Young pine stands « Virginia pine stands m;zé years

of age that had ffe;genéra‘léaci naturally on abandoned
£arm land and had formed closed canopies,

3. iﬁﬁﬂrﬁ ping stand « Virginia pine sﬁamizs 50-70 years

of age that had rag-.enémﬁeﬁ naturally on abandoned
- farm land, |

4. Climax cak~hickoxy sgtands.

Three -ﬁn:if‘em sites were located for each of the above successional
stages; two of tﬁe "ﬁima sites were 'x:‘a:zda;éxiy .ché.ém for the actual
sampling. All sites were located on moderately eroded G‘a‘c:ii fine sandy
loam soils with slopes of Ewo to five per cenk.

The soll samples used in i;h_e m@érimenf;'csnsis&ed of large cores
of undisturbed goil ecollected in number 10 tin cans (6 inches in
diameter and 7 inches high) according to the grmeclﬁfe" deseribed by
Clask (1961). o
| The open tops of the cang were pressed ,fimly against the soil

surface and the litter, grass, ete, cut with a knife. The cans were
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ﬁh@ﬁ.driVen £1u$h to the surface with a hammer and a two-inch thick
block of wood, Each can was then dug from the ground and the excess
soil shaved off the core bottom with a knife., The presence of rocks
and voots accounted for the loss of about one half of the cans;
however, an adequate number of usable samples were obtained from each
location, The most uniform samples from the two locations represent-
ing each seral stage were then pooled and 12 cang were randomly chosen
‘far uge in the experiment, Thus a total of 48 cans were used,

The experiment, conducted in a greenhouse to control moisture,
light, and temperature,was set up in a completely randomized design
with four observations for each of the 12 species-stage combinations,

The samples were revandomized every two weeks to reduce any
possible positional effects. In ovder to prevent excess leaching and
washing of the soil due to repeated waterings, the sample cans were
placed in aluminum cake pans and watered from below, Consequently, at
no time during the course of the experiment was soil moisture a limite
ing factor, |

Soil samples (representing the eight collecting sites) taken from
the sample cans at the conclusion of the experiment were used to de-
termine texture, organic matter conmtent, pH, catian exchange aap$¢ity,
exchangeable bases, total pﬁnﬁpﬁaﬁoﬁs, and total nitrogen, Soil
texture was determined by the Bouyoucos hydrometer method., Per cent
organic matter was determined by the Schollenberger wet combustion
method as deseribed by Wilde and Voigt (1955). Cation exchange

capacity was determined by the methods described by Rich {1962},



25

Exchangeable Ca, Mg, and K were determined by use of the flame
photometer. Total phosphorous was determined by the fractionation
method aﬁﬁlineﬁ by Chang and Jackson (1957). Total nitrogen was
determined by use of the Goleman niﬁrégan,gaa aﬁaiyzef; Results
of these analyses are shown in Table 1.

The tree gpecies used in the experiment were loblolly pine

(Binus taeda L,), Virginia pine (Binus

Virginisna Mill)), and

yellowspoplar fiirigdandtan,ﬁtii ifera L.). Seedlings of these

species were germinated in perlite and planted in the sample cans on
June 14, 1962, After establishment, the seedlings were thinned to
three healthy, wniform individuals per c¢an. Artificial light was
auppiiaé during the evening to insure a constant 16 hour photoperiod,
The experiment was started on June 20, 1962, and continued until
October 2, 1962, The total experimental period was 105 days.

Part I1. Moisture Stress Study

The Cecil soil used in part.éwé, or the moisture stress portion,
of the study was obtained from one of the old-field sites sampled in
‘yaﬁt»ena of the study. The soil was collected in bulk from the upper
six inches of the profile., The soil was then sieved through a one»
quarter inch mesh screen to insuve uniformity of samples for accurate
weight and soil moisture determinations.

Analyses-wgre'ma&e to determine the one-third atmosphere, and 15
atmospheres moisture values. Texture and per cent and organic matter
for the soil had been.pxeviausiy'éetermined in the soil analysis for

part one of the study. The one-third atmosphere moisture value was
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determified by using the suction plate apparatus described by Richards
and Weaver E19é3§; Tﬁé determination of the wiiting ?oinﬁ-@aé
appraxxmated at 15 atmc%pherea by use of the gxassuxe mambraae device
described by Richards (1941). .

The 9hysica1 9ropextzes of the Cecil soil are cutlineﬁ in ?abie 2,
mhe ana»third atmosphexa and 15 atm@sphera values cnrzas?oud wzth the
avarage,Values obtaiaad for sandy lcam @uzls by Eraa&faat and Burke
(1958). Although the permanent w¢i£ing values were not determzned;fcx
the species used in the experiment, the 15 atmospheres moisture value
was assumed £o represent #he permanent wilting point.

The tree species used were the same as the species named iﬁ
part one of the study. The seedlings weve txanaplaﬁteé into iﬁe
sample cans on June 15, 1962, Each sample can contained 3,459 grams
of Bvendey'SOil. The seedlings were watered daily to the caléulated
ana%ﬁhirﬁ(atmﬂsphexeimoisture ievel until ﬁh& roots of the seediiﬁgé
had completely permeated the soil., The seedlings were then thinned to
obtain three uniform seedlings per can. Artificial light was supplied
during the aﬁaniugs to insure a 16 hour day. The experiment was
started on August 1, 1962, and was terminated on October 2, 19623 a
period of 63 days.

The moisture regimes used were:

i, Qﬁe#;hizd atmosphere = return to calculated one~third

o atmosphere value daily. |
2. 50% « return to one-third atmasﬁhere'valﬁe»when 50% ox

more of the available water had been removed,
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Table 2, Physical properties of soil used for moisture stress study

.

Property

Range

Mean®

- 1/3 atmosphere
15 atmospheres
Sand, %
Bile, %
Clay, %

Ocganic matter, %

15.31-15.57
b4t 51
62-66
13.!.@;{20«&
13.6-17.6
1416

15.40
448
65

19.7

15.3

#A11 values are the mean's of four observations.
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3. 15 atmospheves » return to onesthivd atmosphere value

when tha~ca1¢ulateék15 atmospheres value had been reached,

The amount of avaiiaﬁie wa£az.was determined by weighing the can
plus soil each day, These weights were used to indicate when and how
much water was needed to veach the desired moisture level for the _
start of a new cycle,

This part of the ewperiment was veplicated four times in a
ﬂcmpietely randowized design. Ehe.sampla cans were rerandomized
every two weeks to reduce possible positional effects on the seedlings.

At the conclusion of each experiment, the seedlings from the
sample cans were carefully washed from the soil and the following data
were collected:

1, Height growth during the experiment

2, Doy weights of roots and Cops

3. Shoot/root ratios of the dry weights

4. BExtent of voot and root hair development

5. General observations on mﬁrtaiiﬁy,*appaa%anﬁe, and calar‘

The data obtained were statistically analyzed to test differences
bﬁtweeﬁ,v&wiablaﬁ. The variables tested were tree species and sucs
cessional stages in part one; tree species and moisture levels for
part twe. Differences between mean values were $separated by using the

Duncan Multiple Range test,
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RESULTS

The vesults of each segaraﬁé experiment are given below, The
differences in growth of the three species was evaluated sepavately
based upon the following critevia: total dry welght, height graﬁ%h;'
dvy weight of shoots, dry weight ﬁf'ﬁeaﬁa; aa& ﬂry-waight shaaifféaé
ratios, . . o
Effects of Successional gg_ggﬁ oo Total Dy Weight

The effect of successional Sﬁagas ﬁn'tha dry weight production
of the species concerned is 1llusgrated in Fig, 1,

| The greatest ampunt of dyy weight production for yellowspoplar

wag produced in soils taken from the old-field site (Table 3), The
amount of dry material produced in the cans taken from old-£ield site
was significantly greater (1% level) than that produced by yellow
poplar in cans taken from éil other sites, Yellow-poplar dry weight
production in soils from the 10w2§»year pine site was highly aignifi&‘
cant 1% level) from yaliawa#ﬁplar gseedlings grown in soils framvtha
50-70 year piﬂé and the hardwood stands. No éigniﬁicant differences
in yaiiawgpoyiar dey weight production were found between the 50-70
year pine and the hardwood sites.

o significant differences in total dry weight production of
loblolly and Virginia pine seedlings were obtained for any of the

four gites (Table 3).



3

‘Table 3. Individual differences in the mean total dvy weights
“produced by ‘three species grown on goils from four

succeszional 3?;&0&&«} 2/

) oF | 10120
Means 1.84 L0z

weor  neh - .

YP 10-20 12 0.8 e

Ya 10420 0,59 | L. o 0.43%
i@b 10420 | 0,56 - 1.28% “ N 0. LG
Lob Bwid 6.6 1.28%% 0.46%:
Lﬁ& 50-70 0.3 1,508 | 0, 68%%
tob OF B 0.31 1w 0.71%%
Va oF 0.22 1,6 0804
Va 50-70 | 0,19 1,658 0,830
Ve Hud 0.17 L7k 0,85
¥P 50-70 0.16 1.68%% 086k
v Ed os Lo 'a agi

il Yf? Yail@wﬂpeplar, Lob - Loblolly pine; Va - Virginia pine;
OF « ﬁlcl field; 10-20 » 10420 ye&r pine; 50-70 « 50<70 year pine;
I'ﬂvufd ~ Hardwood

Efﬁew values in grams for four observations of each treatment.

*Bisnificant at 5% level

#%Significant at 1% level
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[[] Yellow Poplar
B Loblolly Pine

Virginia Pine

DRY WEIGHT (GMS.)

TOTAL

14

50-70 Year Climax
Pine Pine Hardwood

SUCCESSIONAL STAGE

Old-field

Fig, 1. The relationship of total dry weight preﬁsm;imluﬁ three
tree species to successional stages in the Virginie Piedmont.
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Effects of Succesgional Stage on Shoot Growth

Effect on height

Browth. The greatest height growth for all species
wag generally associated with thé sﬁiiﬁ.taken from the old-field, and
10«20 year pine sites (Fig. 2).

Greatest height gréwth for yeliawwpaplaf accﬁrxeﬁ in cans taken
from the 10-20 year pine and old-field sites (Table 4), Differences
in height growth between thase;sifegbwere,nat signifiﬁantg however,
both were significantly greater {ii’ieval} than the height growth of
yellow-poplar seedlings grown in soils from the 50-70 year pine and
Jhazdwood sites,

Maximnm.haight growth for loblolly pine was assoclated with
soils from the 16;26 year pine spite, Height growth produced by lob-
loily pine seedlings in cans taken from the 10-20 year pine gite was
significantly greater (1% level) than the height growth of loblolly
seedlings grown in cans from thé remaining three sites (Table 4).
Height grawﬁh produced in cans from the harﬁwncé site wasraignifisaatly
greater at the 5% level when compared with the old-field site. Wo
gignificant differences were obtained from a comparison of loblolly
height growth produced in soils from the old field and 59Q7@ year pine
sites. |

virginia pine grown in soils from the 10-20 year pine site pro-
duced significantly greater (5% level) height growth than seedlings
of the same species grown in soils fxém the other three sites (Table &).
Yo significant height growth differences were obtained from comparisons

of the old field, 50-70 year pine, and hardwood sites,
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Table 4, Individual differences in the mean height growth values of
i;ibm{% species grown on soils from four mmassinﬁal smga&ygi
‘Lob ey ¥ Lob  Va Lob
1020 or 10-20 Hwd 10-20 5070
Means 10,55 9 85  8.32 6.35 6.12 4,82

Lob 10-20 10.55 = >ﬁé‘ - '*;-' *? -
YP-OF 9.85 .70 0 - - - -
¥P 10-20 8,32  2.23 1453 . %; - -- “;
Lob Bwd  6.35  4.20% 3,508 1,97 #? o -
Vo 10-20 6,12 A3 3,73 2,20 .23 e -
Lob 50-70 4,82 5,73 5,03 3.50% 1,53 1.30 s
Lob OF 48 6.7 56T 404 217 196,64
s OF 2,30 8.25% 7,55 6,02 4.05%  3.82% 2,52
Va 50-70 - 2,20 8,35 7,659  Glzw 415 3,02 2,62
Va Hud 1,75 8.80%  §,10%¢ 657w 4.G0%  4.537% 3,07
YP Hud 152 9.03k 8.3 6,80k GBI L.GOME 3,308

7‘x?ﬂ*z 5,000 4,974  3,67%

P 50-70 1,15 9,40%%

3’; ¥e - Yellmnpsglaf* Lob « Ls:sb}.ally pme,l Va = Virginia pine;
OF = 01d field; 10420 - 1020 year pine; 50-70 « 50-70 vear pingg
Hud « Hardwood

vyﬁem values in em. for four observations of each Ereatment.

#Significant at 5% level.

#hSignificant at 1% level.
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Effects on dry weight of shoots. Meximum dry shoot weight for yellow-

‘poplar oceurred in cans taken ﬁram_éhe old-field site. Yellow-poplar
shoot weight for this site was significantly greater (1% level) than
the shoot weights of the y@liawwgaglay-sa#d%iﬂga grown in soils from
the vemaining three sites (Table 5). Shoot weights of the yﬁilﬂw;
poplars grown in the 1&#2& ﬁine solls were graaﬁar‘flﬁ»levﬁi} than
the yellow-poplar shaa&:waighﬁé-ffﬁm’£ha 56;?6 year pine site and

the hardwood site, bgt'na\siggifiaagt'éiﬁﬁexeneea were found between
the 50;70'yaar pine and havdwood sites,

| Mo significant éifﬁgreﬁﬁaa in dry shoot weights were obtained for
the loblolly seedlings grown in soils from the four sites (Table 5).

The shoot weights of Virginia pine seedlings growm in cans from

the 10-20 year pine site were significantly greater (5% level) than
corresponding weight$'9roéuaeﬂ by xhe‘?ixginia pine seadiings in soils
from the old field and havdwood sites (Table 5). WMo significant
differences in Virginia pine shoot weights were obtained from come

parisons of the old field, 50-70 year pine, and hardwood sites,

Effect of Successional Stage on Dey Weight of Roots

ihepéxeagest root growth produced by the three species was
generally assaﬁiaged,wiﬁh‘ghewgaiis taken from the sié;ﬁieié and 10-20
‘year pine sites.

?e1le§;gap1ar produced the greatest amount of dry root material
in the cans taken from the éid;fialﬁ site. BRoot production for the
yellow-poplar seedlings grown in soils from the old-ficld site was

found to be significantly wore (1% level) than that of the yellow=poplar
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Table 5. Individual differences in the mean shoot dry weight

yalues of three species grown on soils from four

successional stages= 11 2/’ :

¥ b il I.ﬁb Lob  Ya
oF 10-20 Hud 10-20 10-20
Means ~ 0.96 0,58 0,41  0.40 0,39

e

tH

or . AR
YP 10-20  0.58  0.38% o - "
Lob Hud 0.41 ﬁ,.s;fsf& 017 - .... ik
Lob 10-20 0,40  0.56% 008 001 - .
Va10-20 0.3 057 0.9 002 0,01 <
Tob 50-70 0,22 0. 036w 019 0.8 0,17
Va 50-70 0,20 076 0.8k 021 0,20  0.19
Tob OF 0,20  0.76% 038 0,21  0.20 0,19
Ve OF 0,12 0.8 046 0,206 0,208 0,27
Va Hud 0,09 087 0.49W  0,32%  0,31% 0,308
P Buwd 0,08 0,58 0. 5@% 0.33%  0.32%  0.31%
¥® 50-70 0.08 0.89% ﬁsﬁ 0. 33* 0.32%  0.31%

3"! i Yellow-«;;rmpiarg Lob = namally pine; Va « Vz.srgmia pine;
OF = 01d field; 10-20 - 10-20 year pine; 50«70 = 50-70 year pinej
fwd - Hardwood.

«gf Mean values in erams for four observations of each treatment,

#Significant at 5% level,

#Bionificant at 17 level.
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seedlings grgwn in soils ﬁroﬁ:all ofher sites (Table 6). Root weights
of yellow~poplar seedlings grown ia th&‘lﬁézﬁ'yéar §inﬁ\s£§€ soils were
significankly greater (1% level) théﬁ_yali@@Qaniax seedlings grown
invthe 5ﬂa?ﬂ year pina amé the haraweaé'séiis, but the latter sites
were not significantly different.

Greatest dry root weight production {f{é&‘fiablaliy and Virginia pine
seedlings oceurred In the cans taken fxqm~the~1ﬂ;29 year pine site, but
the differences between sites within eaéh_Speaies-wexa‘ﬁat significant.
{Table 6).

Effect of Successional Stage on Dr

y=Weight Shoot/Root Katios

The largest shoot/foot ratios éxcd&ceé by‘ihe pine species were
associated with soils from the 10-20 year pine siﬁas while yellow-
poplar showed little variation with respect to site (Fig. 3).

No significant differences were found bagwaén‘méén shoot/root
ratio values for yellow-poplar sesdlings grown in soils from the four
sites (Rable 7).

mha'iargasﬁ shact/weat ratios for loblolly seedlings were produced
by the seedlings grown in soils from the'iOézﬁ ?aar pine, and hardwood
sites, The mean ratio values for these sites were not éignifiaanziy
different from each other, but they were highly significant (1% level)
when compared to the mean ratio values of the loblolly seedlings gﬁawﬁ
in the old fiaiﬁ and 50-70 year pine sites (Table ?}. The old field
and 50-70 year pine sikes were not significantly ﬁiffexéﬁ#.

wha»latgesg shoot/root ratios produced by Virginia pine seedlings

were associated with the cans taken from the 10«20 year pine site;.
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Table 6, Individual diffeverces in the mean yoot dry weight values
of three species grown on soils from four successional

stage s«y .%/

ﬁﬁ 1@»2@

pee) | 0.87 . . “

TP 10-20 0,44 R .

Va 10-20 0.20 0.6 0. 24
fiob 10-20 0.16 0.7 oo
Lob Hd 0.15 oz 0.9
tob 50-70 0.13 | 0, Thtox | a,gy&%
Liob-0F 011 0. 765 } 9"'?33 i
‘ﬁfaﬂF | 0,10 @7?% | ‘ |  o.su
v 50-70 0.09 0,78 0,358
Va ﬁmﬁ 0,08 0.,79%% R
¥P 5070 6,08 0. 790 0. 36w
¥ Hd 0407 0. 3@% gLk

/ TP - ?ellw-»peplaw Lok = Eﬂbiﬁi‘iy pine; Va ~ Virginia pine}
OF « Sid iaiﬂ" 10-20 - 3;%3»2{3 year pine; 50-70 = 50-70 year pineg
Bud » 3‘!&1‘&\?&'@0@&
'gfﬁEan=va1ues in grams for observations of cach treatment,
#Significant at 5% level.

*#Sigaifiwanﬁ,ah 1% level,
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Table 7. Individual differences in mean shoot/rook ‘xé?;,i:ag for
seedlings of three species gr‘.mg on goils from four

1/2/

successional &tagea'* -

Lob Lob Lob Lok Ya
10-20 Hwd oF  50-70  10s20
Means 2,72 2.62 1,91 1.83 1.78

1ob lﬁ;?ﬁ 2.72 S - e .m S
Lob Hd 2..652; ':a.w Q; - aa i
Lob OF 1.91 061 O —e e es
Tob 50-70  1.83 0,89  0.79% 0,08 4 o
Va 1020 1.78 0.9 084 0,13 005 =
YP 10-20 1,56 1.8k 1,08% 0,37 029 0.2
Va oF 1,36 L.36M  L2GW  0,55% 047 0,42
Va 50070 191 LA 131 060F  0,52¢ 0,47
¥P OF 126 1.4 LISRE 0,67%  0.59%  0,54%
Va Hed 1,24 LA 1,38%%  Qu67%  0.59%  0.54%
P Hud 1,10 1.62% 1526k 0.81%  1.73%  0.68%
mm 1,02 Hw w@% @.ata:éw% lSE.% | a.mé%a

: 3‘1 ¥P » Yellowspoplary Lob = mmny pines Va » Virginia ping}
OF » 01d field; 10-20 - 10-20 year pine; 50-70 < 50-70 year pine;
Bud » Hardwood,
2/ Mean walues For Fouy mbwwaﬁim&i of each treatment.
%@ignificant at 5% level.

#¥gignificant st 1% level,
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The ratios produced in soils from this site were greater (5% level)
than the ratios of the Virginia pine seedlings grown in soils from
the old field and havdwood sites (Table 7). Shoot/root ratios of
the Virginia pine seedlings grown in cans taken from the old field,
5070 year pine, and hardﬁoadfsitea wers not sigﬁificéatly different,
Effect of Molsture Stress on Total Dry Weight

The effect of increasing soil moisture stress on the éry weight
production of yellow-poplar and the pine species is illustrated in
Figs 4.

The yellowepoplar 1/3 atmosphere moisture regime produced signié
ficantly wore dry weight (1% level) than the other two treatments
(Table 8), Total ﬁzy'Weighi-@fﬂﬁhe 50% vellow-poplar treatment was
significantly greater than the yeilﬁéQp@plar 15 atmospherss treatment.

o éignifiean; differences were obtained between any of the
Virginia and loblolly pine tyeatmengs (Table 8).

Effect on height Wﬁ_ Height growth of yeiliaw'-‘-‘zwpiar decreased
with increasing soil moisture stress while the pine species showed
little significant variation (Fig., 5). |

Mazimum height growth of yelicwép@plaf was‘pwcﬁu¢ed in association
with the 1/3 atwosphere regime, Height growth comparisons for all
yellow~poplar areaémﬁﬁts ware.gigﬁiﬁiaaﬁt at the 1% level (Table 9).

Ho significant diffevences were found between the three loblolly

pine treatments at the 1% level; however, the height growth production
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Table 8., Individual difforences of mean total dry weight values

of three species subjected to three moistuve ﬁ;}agimasgs@j |

1/3 50% 15
Yeans - b.Th 3.37 . L.si

P 1/3 hth —
P 50% 3.37 1,570 e e
P 15 1.61 3,130 1.76% o
Lob 50% 0.51 b, 2505 2.86%% 1,100
Va 15 0.4k 450 2.95%% L
tob 15 0.43 b, 310 2 ,;wééé Y 1.18%k
Lob 1/3 0.42 b 3aw 2.95% 1,199
¥ 1/3 0.35 4, 30%% 3,02%¢ 1.26%H
va 50% 0.31 z“,afssséée: 3,06%% ww

w‘i’? Yellow-poplar: Lob = Lnblel&y pine; Va = Virginia pine;
- 1/3 - 1/3 astmosphere; 50% ~ 507% available water; 15 - 15 atmospheves.

w"x&:{aaa values in grams fczz:‘ four observations of each maaf:m@am
%Significant at 5% level.

: ﬁv‘ﬁigﬂiﬁiamﬁ at 1% level,



D Yellow Poplar
B Loblolly Pine

Virginla Pine

1

TOTAL DRY.WEIGHT (GMS.)
N
T

; | 3%

/3 Atmosphere 50% Available HZO 15 Atmospheres

MOISTURE REGIMES

Fig: 4. The relationship of three moisture regimes to the total
dry weight production of three tree spevies.
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Individusl differences in the mean height growth values

of three s@aai&a subjected to three molsture regimess

1!3!

FE

H

Means

,:??
- 1/3
16,05

ye

50%
12,42

15
Gy 35

 Lob

50%
5,12

¥P 1/3
¥P 50%
¥R 15

Lok 50%

Lob 1/3
Lob 15
v}va /3
Va 50%
§é~15

16.05

12.42
6.35

5,12

4.60
3.50
2,45
1.90
1.?@

9,70k

10,930
11,454

13,600

1435%

10, 72%%

1.23

1,75

2,95
3.,90%
L L5

0.52
1.62
2.67
3.22%
3420

Zi?? Yellamupaglax* Lﬁh Leﬁlglly pine; Va - Virginia pine;
/3 - 1/3 atm@sghare; 50% - 50% available moisture; 15 » 15 atmos-

pheres,

{ﬂﬁaakvaiuas in om, far fﬁdﬁ vbservations s§ each treatment.

*Significant at 5% level,

w*hSignificant at 1% level,
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[] Yetiow Popiar
18.0 KX Loblolly Pine
8.0 M - Virginia Pine
__14.0F
o 12.0F ]
=
£ 10.0F
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% eor
=
© 6.0
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T 4.0p
2.0
0.0
I/3 Atmosphere 50 % Available Ho0 . 15 Atmospheres

MOISTURE REGIMES

Fig. 5. The relationship of three moisture regimes to the height
growth of three tvee species.
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for the 1/3 atmosphere and 50% treatments were éignifiaantzy‘greagar
(5% level) than that of the 15 atmospheres treatment (Table 9).

| No aignifiaant differences were obtained for height growth of

- Yivginia pine subjected to the three treatments (Table 9). |

‘,ggfegg,gg_ﬁﬁy,Waigha. The maxioum dry weight production for yellow-

poplar was asgociated with the 1/3 stmosphere treatment (Table 10).
Dry weight production decveased progressively fraﬁ the 1/3 atmosphere
to the 15 akmospheres trestment. Statistical comparisons showed that
all yellow-poplar treatments weve significantly different at the 1%
level,

No significant differences weve obtained between any of the
loblolly and Virginia pine treatments (Table 10).

Root production for yeilﬂwu?syiar increased through the treatment
series 15 stmospheres, 50%, and 1/3 atmosphere while the pine species
showed no significant yeaction to the treatment levels,

Yellowspoplar produced meximum dey root weight Whén gubjected to
the 1/3 atmosphere moisture treatment. Dey weight production decreased
progressively from the 1/3 atmosphere £o the 15 atmospheres treatment
{Table 11}y, All yeilaﬁ*paglﬁf treatments were highly significant from
each other at the 1% level,

Loblolly and Virginia pine showed no significant diffevences in

dey weight production between any of the treatments (Table 11).
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Table 10, Individual diffevences in the mean shoot dry weight
values of three species subjected to three moisture

coginest/ 2/

Means a z@ 1.65 0. @a

¥ 1/3 2,20 . e
¥e 50% 1.65 0,55 . | .

w15 0.88 R

Lob 50% 0.3 Laew 13w 0. 54
V213 0,29 191 1.36%% 0,598k
Lok 35 0.28 1,925 1,374 0. 50%#
 Lob 1/3. 0,25 1, 95 1949§§ 0,630
Va 1/3 0.20 2,00 1,45 0.68%
Va 50% 0,19 2,018% 1%% 0. 60

i’?? Yellow-poplar; Lob « Lublaily pine: Va - Vizginia pine
1/3 = 1/3 atmospheve; 50% - 50% avaiia&le molsture; 15 « 13 atmos-
pheres,
éﬁ%ﬁaaa values in grams for faux observations of each treatment,
*Significant at 5% level.

%*Sigﬂiﬁicaﬁt at 1% level.
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Table 11. Individusl differences in the mean wook dry éyeighﬁ
vaiues'af~ghrée‘specieﬁisﬂbjeﬁta& to three moisture

?agimﬁaéﬂél

1/3 50% 15
Means 2.5 1.72 0,73

w3 s e " -
Y 50% 1.72 0,829 “- -
P15 0.73 1818 0.99 -
Lob 1/3 0.17 2,57 1,554 0.56%
Lob 50% 0.17 2,379 155 0, 56%
Va 1/3 0.15 2.39%% 1.57%% 0.58%
Ya 15 045 2.39% 1,578 0,58%
Lob 15 0.14 2 4l 1,580 0.59%
Va 50% 0,12 2. 42%% 1;6@*& 0,61

1/?? Y&liﬁv»peplaﬁ* Lob = Lmb%oliy pine; Va - Virginia plme;
1/3 + 1/3 atmosphere; 507 » 5&% availabie moisture; 15 = 15 atwmos
pheres, .
~§iﬁaan values in grams for four observations of each tr&atm@at,
#*Significant at 5% level,

**sigmifiaant at 1% level,
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~Weicht Shoot/Root Ratios

P O A

Effects of Molsture Stress on Br

The effect of increasing soil moisture stress upon the shoot/root
ratios of the three species is illustrated in Fig. 6.

?hevyailuwééogia: produced the smallest sﬁeatfruat ratios of the
three species, and tha,yellaw;gaﬂiar 1/3 atmospheve treatment had the
smallest ratio. The 15 atmospheres yellow-poplar txaaﬁmanx showed
the largest ratio. No significant diffevence was obtained between
the yellow-poplar 1/3 and 50% treatments; however, the 13 astmospheres
treatment ratios weve greater at the 5% level than the 1/3 atmosphere
freatment ratios (Table 12).

The largest ratios for the loblolly pine seedlings were assaéiagaﬁ
- with the 50% and 15 atmospheres treatment (Table 12). Although these
treatments were not significantly different from eaaﬁ other, both were
different at the 1% level from the 1/3 atmosphere troatment,

Virginia pine also produced the largest rvatio in agsociation with
the 15 atmospheves treatment. The 15 atmospheres ratio was significantly
different from the 1/3 atmosphere treatment (1% level) and different

from both the 1/3 atmosphere and 50% treatments at the 5% level (Table 12).
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Individual differences in the mean dry weight shoot/

root ratics for individual seedlings of three species

subjected to three moisture vegimes=

112/

Means

Lob tob ?a‘ Lob

- 50% 15 15 1/3
1.95 1.94 1.84 1.48

Va
50%
1.45

Ya

1/3

15
1.28

Lob 50%
Lob 15
Va 15
Lob 1/3
Va 50%
Va 1/3
¥P 15
¥? 50%
P 1/3

1.95

1.94

1,84
1.48
1.45
1.31
1.28
1.06
0.88

0.01 s o i
0011 5.1{} e -

0.47%  0.46%  0.36% -

0.50%  0.49%  0.39% 0,03
0.6k 0,63  0.53% 0,17
0.67% 0,66%% 0.56% 0,20
0.89%% 0,88%% 0,78%% 0,36

z‘w “1.@6% 0.96%% 0,60%

o
)
-ion:
—_—

e

G.17
.39

o

0.25

L
e

>y .

R

0.22

0.57% 0.43% D,40%

1/,

¥F » Yellow-poplar; Lob - Lab;clly'pine, ?a;w Virginia pine;

1/3 « 1/3 atmosphere; 50% - 30% availsble moisture; 15 -~ 15 atmose

pheres,

2/

= Magn valuaa for four observations of each treatment,

#8ignificant at 5% level.

**Significant at 1% level.
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D Yellow Poplar
B Loblolly Pine

Virginia Pine

SHOOT/ROCT RATIOS

I/3 Atmosphere 50 % Available H,0
" MOISTURE REGIMES

Figs 6. The relationship of three moisture regimes to the shoot/root
ratios of three tree species, ' T
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DISCUSSION

The study was directed primarily toward the relative effect of
changes in soil characteristics on seedling growth as demonstrated by
growth variations of species grown in soils taken from progressive
successional stages ranging from abandoned fields to the climax oak~
hickory stage, The scope of this experiment did not include evaluation
of the physical and chemical changes sépaxaﬁaly and their individual
correlation with growth differences exhibited by the species involved,

Perhaps the most important factor illustrated by this experiment
ig the highly significant inkteraction betwsen the species and the soils,
One species may grow the best in soils taken from one succegsional
stage and grow the least in soils from another stage. The total dry
weight graph for yellow-poplar and other species in Fig. 1 {llustrates
this interaction. For example, yellow-poplar grew the best in soils
taken £rom the oldefields and poorest in soils fram}the climax hard-
wood forest; whercas lobloily pine exhibited the best growth in climax
hardwood sites, Growth of yellow-poplar increased through the
successional series hardwood, 50-70 year pine, 10-20 year pine, and
old-field, while growth increased for loblolly pine through the series
old-field, 5070 year pine, hardwood, and 10-20 year pine. Growth of
Virginia pine increased through the series hardwood, 50«70 year pine,
old-field, aﬁﬁvlaﬁzolyear pine.

1f early juvenile height growth is an indicator as to which
species will have the competitive a&vantagé on a glven area, it iz

obvious that, other envirommental factors except soll being equal,
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yellow-poplar could become the éamiﬂaﬁ& gieﬁﬁeé sp@niaﬁ‘aa.aﬁ
 abandoned field. Loblolly pine, on the other hand, wQuidihéﬁé a
distinet competitive éﬁ?antage~év§a,#hafcﬁhar two sgéaies.dmring
iaﬁéﬁ‘stage$rﬁf the succession, | | |

The excellent growth produced by yellow=poplar in the soils
taken from the old-field and young pine stages tends to substantiate
the findings of Coile (1940) and Bormann (1953) who found that factors
other than soil ahagaaéerisiiﬂawwéra xespéaﬁiaievﬁax‘éhe inikial |
~dominance on abandomed sreas, Coile observed that, from the stand-

point of mineral soil chavactevistics alone, #he abanéeﬁ¢d-£ieié$‘
‘wauiéfgrébably be move favorable for growth of all seedlings %eaéuse'
of lower carbon/nitrogen ratios, aﬁ&, ghus; the gassibiiiﬁy mfym@r&
| ayailable nmitrogen. |

‘$in¢a'ﬁhe experiment was conducted anéer gfaeﬂhéﬁse g@ﬁdiﬁiéaﬁg
variable environmental factors such as~£empezature and nmoisture
’«m%ﬁe controlled, Other important factors such as seed dispersal,
resistance of seed to dessication, and damage by rodents could also
contribute to the success or fallure of establishment ef‘seeﬁiings on
abandoned areas. It is probably a combination of these factors that
prevent domlnance by hardwood gpecies on abandoned field sites,

The failure of the yallﬁwagﬁgiar»aeeéiings to grow in the soils
taken from the mature pine and the climax havdwood sites iz diffieult
to explain, Although little is hnown of the actual g@nwtﬁ rates and
characteristics of seeﬁiiugé grown in undisturbed forest seils, it

would seem the mull humus type present on these sites would favor
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seedling growth when light and moisture are ﬁét limiring. WNutvient
analysis of the tops of the seadiinga‘grewn in the maturg«giae and
climax hardwood soils showed them to be extremely lw in phasphorous
when compared to the phosphorous acnta%ﬁfgi the yellow~poplar seede
lings grown in soils from thgkgléaﬁieléa and yguﬂg pine stages
(Appendix Table 11). T&é»tatal soil phosphorous analysis (Table 1)
showed 1ittle differences in the phosphorous content of all the sites;
however, $iané’it is known that phosphorous availability in acid
soile decreases with time (Rusgell 1961), it is possible that the
phosphorcus present in the soils from the later successional stages
was less available to the yellow-poplar seedlings. Physieal and
chemical soil factors other than phosphorous may have influenced the
growth of the yellowspoplar seedlings in the old pine, and hardwood
soils, however, the yhas?hax@us deficiency of the seedling tissue
seemed to be the most readily apparent answer for the lack of growth,
Loblolly pine produced the best growth in soils taken from the
ywumgv§ine,-mazurev§ima, and hardwood sites, and least growth in the
sbandoned field soils, However, since survival of scedlings growing
in later successional stages would depend upon their ability to com-
pete with established vagata#iﬁa.fér water, loblolly pine would still
be at 2 disadvantage. Fig. 3 shows the shoot/root ratio relationships
of loblolly pine and the other species for each of the successional
stages. It heaﬂmaS‘aﬁpaﬁeat that the unbalanced shoot/root velations
Shipkiar loblolly pine on the ﬁauﬂg pine and hardwood sites would be

a detriment to 1ts chances of survival if moisture became limiting
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and root competition became severe. The lag in the growth of the
j;gbie:?i;iy pine seedlings grown in the abandoned field soils is not
clearly understood; aiﬁ&@ﬁgh‘;he ﬁeaéiiagg seemed to have a mors
favorsble balance in their ratio of tops to zoots. The degree of
mycorrhizal infection was nuch lower in the pine seaﬁiiagé grown in
abandoned fiaid soils than that of the remaining three sites, This
nay have had some aﬁfe@t»uyaarﬁhé\ﬁaﬁragiﬁg‘ability‘ﬂf the seedlings,
Vivginia pine grew well only in %aiig»takaﬁ fw@m the young giﬁé
stands. Apparently the soil conditions existing in the young pine
stands were generally favorable for growth., All speecies grew well in
these soils while there was a wide variation in growth by species in
soils from the remaining stages. WNutrient levels were no higher than,
and generally lowevr than é:ﬁaﬁ. of the remaining sites, so the éxzf&maiiam
must lie in a greater availability of one or more of the nutrients,
possibly phosphorous since the fops of all species growing in i;hé young
pine soils were somewhat higher in phosphorous (Appendix Table 11).
The inability of the“#izginia.?ima‘seaélinga to grow well in the
shandoned field soils is not elearly understood since Virginia pine
is the pioneer species in the avea from which the soil samples were
taken. Although the balance between shoots and roots was more favors
able on all soils than that of loblolly pine, thavgaﬁﬂxai~gzaw£h,ané
appearance of the Virginia pine seedlings was poor compared to the
1oblolly pine s&e&liﬁgs. The degree of mycorrhizal infection was also

less in Virginia pine gseedlings than the loblolly.
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-lﬁhérﬁeiative response of thé S§@$i$$ to varying deprees of soil

molsture stress was éeﬁgasﬁx&gé@fﬁn ﬁha-saeanﬁ,pﬁasa ﬁfvﬁhe experivent,

The velationship between dry weight preduatién aﬁé:avaizabie
moisture is illustvated in_?ig, 4, Growth of yeliﬁwwgmgia% seedlings
was @iﬁﬁely sarzaiated'with‘avaiiaﬁia‘mgistura:hmt the pines showed
an erratic %ahaviaz. Growth increased for y@llgwwéagiar through the .
@raatmﬂnxlsaries i5 aﬁmmspheraa,;ﬁﬂ%, and 1/3 atmosphere, while the
growth of loblolly pine inagﬁaaed.tﬁzﬁagh{the-se?igs 1§fatm@sgheraa,
1/3 atwosphere, and 50%. Virginia pine showed little seasitivity to
any of the treatments. 7

Barly height growth is an‘iﬁmartani.faatnx'ia,tha subsequent
growth anﬁ,saxvival'tw‘&eadiings. Since the tailgst seedlings re~
eeive the most @igha,’;hey.ﬁmuiﬂ.hgva a definite aampetiﬁivé ads
ventage over surrounding seedlings., Since early height growth is an
jmportant criteria for survival, it is appavent why yellow-poplar is
commonly found on the moist but well-drained cove azeaarmhefa.axtreme
moisture stress conditions are Zeagliikeiy’ﬁﬁ oceur, |

Explaﬁéticn of the vesponse of loblolly and Virginia pine
seedlings to the varying degrees aﬁ:méis&uﬁe Stﬁes$ ereates something
of a grﬁblgm, For all practical purposes, the Virginia pine seedlings
did not grow and the loblolly seedlings grew only slightly at the 1/3
atmosphere and 50% levels. In no case did growth of the pines
approach that of the yellowspoplar, These results are in dizect cone
trast with the findings of Wenger (1952). Wenger found that loblolly

and shortleaf pine seedlings grew best when subjected to the well
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watered condition and poorest under thQAWiitiﬁg“geiﬁt regime, and
undex all conditions the helght growth of the pines was greater than
that of sweetgum seedlings gxcwm ﬁmﬁar~simi1aw moisture conditions,

It is possible ﬁ&ai-thé initial shock of transplanting affected
the cotyledon sﬁag@ pine seedlings more than the cotyledon stage
yellow-poplar seedlings (although both were nearly the same age and
sizé and subjected to the same conditions) and, as a result, the pine
seedlings did not exhibit ﬂaﬁmai_grswtﬁ p§t$é3ﬁ$~§ﬁ§er the treatument
conditions,

The roots of the seedlings of both pine sgeeiés appeared healthy
and wers well distributed throughout the sample cans, vihus the lack
of growth of the pine seedlings must be attributed to factors other

ghan root development.

A direct velationship exists between the root éystams and shoot
gystems. & reduction in the size of the root Eysﬁam-teﬁﬁs to cause a
corresponding reduction in the size of the tope due to a reduced water
supply; a small shoot system temds to veduce the size of the root
system due to the reduction of the carbohydrate supply. The most
efficient shoot/rvoot ratio in respect to balanced growth varies with
the environmental conditions and with the hereditary growth patterns
of the individual species. The ?&na geedlings produced consistantly

highey ahaatirs@t ratios than yéiiﬁwa?byiax seedlings; however, the

seedlings of all three species produced the smallest shoot/voot ratios

in sesociation with the 1/3 atmospheve regime.



ﬁﬂ~intﬂ$@$§iﬁg-a33ﬁﬂiatiaﬁ'W&Q-ﬁbﬁﬁﬁ'tﬁ exist between increasing
moisture stress and the shoot/root zatios of both pine epecies and
yellowspoplar, Shoot/voot ratios of all species imaraasaﬁ significantly
as the severity of the moisture stress increased (Fig. 6). 4 similar
increase in the shoot/root ratios of sycamove seedlings with increasing
molsture stress was obtained by Bickson (1962),

 Wenger (1952) observed tbﬁglzablalzy anﬁ.éhatﬁlaaﬁ pine shoot/
éﬁcﬁ ﬁatiasxcﬁaagéé véry little as mﬁisﬁﬁﬁﬁrSﬁfﬁﬁﬁ incveased. It |
would appear that sm increase in the shoot/root ratio would be a des
triment and would decrcase the species resistance to iamfaﬁsimg
moisture stress,

Many experiments have shown that growth is ﬁigﬁifiaamtiy reduced
before the wilting point is reached (Martin, 19403 Kazlawéki, 19494
Dickson, 1962), This was found to be true for yellow-poplar, but
loblolly and Virginia pine demonstrated no significant response to

varying molsture regimes,
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SUMMARY AND CONCLUSIONS

Seedlings of three uplaend tree ﬁgéaies*myeilew»yaglar* ioklolly
pine, and Virginia pine--were grown in intact soil samples taken im
gallcn cans from four stages of the aeaaaéary successional patgern"
common to the southeru Piedmont area of Virginia. All arveas sampled
were Located on Ceeil fine sandy loam soils that were yniform with
wésgeet~tﬁ-aiepe,,aspecz, and degree of erosion.

The successional stages sampled weve:

1. Abandoned fields (two to five years since subjected to

agricultural use), |

2, Young pine stands (Vizginia pine sﬁands 1020 years of

age that have regenerated naturally on abaﬁd@ne&{faﬁm
land and have fowmed a closed canopy).

3, Mature pine stands (Virginia pine atanﬂs 50-70 years of

age that have regenerated naturally on abandoned farm
land),

4, Climax osk-hickory stands,

Light, temperature, and moisture were controlled in the greenhouse.
Therefore, the growth of the seedlings would indicate the favorability
of soil ¢hagges.for~grawth‘ef one or more of the species.

Yellow-poplar produced maximum height and dry weight groweh in soils
ﬁa&éﬂ‘ixam.ghe abandoned field and young pine sites. Total dry weight
of yellow-poplar was significantly greater than that of the pines, but
loblolly pine equaleé\yeiiswagégiaxAin height growth in soils taken from

the young pine site. Poorest yellow-poplar growth was abtaiﬁaﬁlig,soiis
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taken fkom.the~ma£aza pine, and hardwood sites, Tissue analysis of
the tops: of these seedlings vevealed an extremely low phosphorous
content, Thevefore, the lack of growth of yellow-poplar on these
gites could be attributed to & #hesyhotau&-deiieiancy, From the
standpoint of soil characteristics alone, the early stages of the
successional pattern seem to favor growth of yel&aw«ﬁaglar.

Loblolly pine seedlings grew best in soils taken from the young
~?ine,‘anﬂ‘hadeced'sitasg.and least in soils taken from the abandoned
fields, The loblolly pine seedlings grown in the abandoned field soils,
although smaller, héﬂ a more favorable balance between tops and roots
than the loblolly seedlings grown in soils from the other stages, The
large shoot/root ratios produced by the loblolly seedlings in the young
pine, and havdyood soils would probably detract from any possible ad-
vankage they cbtained in rapid early height growth.

Virginia pine seedlings grew best in soils taken from the young
pine and abandoned field sites, and least in soild taken from the mature
pine and hafdwua&'sites.' Alﬁhﬁugh.beat,grOWthéqf Virginiavpina seed;
lings was cbtained in soils taken from the earlier successional stages,
the growth of yellowspoplar seedlings, in the seme soils, was signifi-
cantly greater than that of Virginia pine, -

The effect of soil mcisture~¢saﬁiﬁiuns upon the growth of the three
syegieS‘wgs’&atagminad in‘thé second phase of the experiment,

The three speciesw-yellow-poplar, loblolly pine, and Virginia pine-s
were planted in gallon cans of sandy loam soil and subjected to varying

soil molisture regimes,



The differvent soil moisture regimes were:
1. 1/3 atmosphere (return to 1/3 atmosphere moisture level
daily), |
2. 50% {feﬁara to 1/3 aﬁmésphara‘mnigture when S0% ng more
of the available water had been removed). |

5. 15 atmospheres (return to 1/3 atmosphere moisture level

when the 15 éﬁm@spheres.m@istﬁxe-cﬁa&aﬂé had been reached,

The apeaiés reaction to the diffevent moisture regimes were an
indication of their reaction ko various upland soil moisture conditions.

Growth of yeiiawagagiar’was directly correlated with the avail-
abiligy of soil moisture. Height growth and total dry weight pro-
duction increased significantly through the treatment series 15 at-
mospheres, 50%, and 1/3 atwosphere as soil moisture stress degreased,
Optimun sige em.xditicms for yai’lcﬁ-?&?laf should be on well watered but
well drained aveas where extreme moisture aenﬁitians dﬁ not oeeour,

801l moisture availability had no signiﬁicanﬁ affect on the growth
of loblolly and Virginia pine seedlings. Growth 55 both species was
generally poor for all treatments and ig is haliﬁvad §ha£ some factor
other than the growth habits of these pine Seeﬁliﬁgs wag responsible
for the lack of differeﬁces among treatments,

,Ali'tbxee species exhibited increasing shoot/root rvatios with ine
creasing soll molsture stress. The differences between the ratios at
the 15 atmospheres and 1/3 atmosphere moisture regimes were signifi- |

cant with all species but more striking in the pines,
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Changes in the chavacteristics of soils associated with the
secondary successional pattera of the southern Pledmont avea of
Vicginia are the result and not the cause of the successive change
of daminanﬁ species, Environmental factors such as light, temperature,
and moisture, plus other factors such as species tolerance, seed
dispersal, and resistence to dessication are probably the dominant
factors in determining the successionsl pattern of a&aﬁ&cmé& fields in

the Virginia Piedmont.
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Table I, Amslysis of variance of height growth of three species

grown on soils from four successional stages

e
pats s

gﬁﬂxc@ ﬂ-o f; 8§ sq Egu 3. F

Stages 3 236,04 78.68 18,82
Species oz e 46,70 1,7
St. = Sp. 6 | 157,37 26,23 . 6.28
Error 36 150,69 4.18

Total 47 637,51

Table II. Analysis of variance of total dey weight of three speecies

grown on soils from four successional stages

|
;
|

Stages 3 2,98 0.99 11.7%
Sﬁaeieﬁ‘ 2 2,10 1.05 12.50
8t. x Sp. 6 5,56 0,93 11.07
Brror 36 3.02 0.084

i‘ot’ai &7 13.66
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Pable II1. Analysis of variance of shoot dry weights for three

species grown on soils from four successional Stages

Source de £4 8. 8. M. 8. P

Stages 3 0.98 0.33 11,00
Species 2 0.50 0,25 8.33
St. % Sp. 6 1.64 0.27 9.00
Ereor 36 1.04 0.03

Total 47 4,16

Table IV. Analysis of wvarzlance of root dey welghts of three

species grown on soils fvom four successional stages

Stages 3 0.59 0.20  10.00
Species 2 0.60 0.30 15.00
st. x Sp. 6 1.19 0.20 10.00
Error 36 0.65 0.02

Total &7 3.03




Table V. Analysis of variance of shootivoot ratios of three

specles grown on soils from four successional stages

it

Source de £.

Stages 3 2.77 0.92 7.67
Species 2 9,77 4.98 41,50
St, % Sp. 6 1.27 0.21 1.75
Erzox 3% 4,15 0.12

Total 47 18.16
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Table VI, Analysis of veriance of height growth of three species
subjected to three moisture regimes

Boroe d. £. 5.8 M. s, .

el
i
il

Moisture 2 92,95 45,48 12,20
Species 2 598,24 299,12 78.51
M, x 5p. & 105,95 26,49 6.95
Eetor | 27 102,90 3,81

Total ‘ 35 900,04

Table VIL. Analysis of variance of total dey weights of three

species subjected to three moisture regimes

Sﬁﬂmé d- £. $¢ 8. }it 8. E‘

Moisture 2 6.19 3.10 10.33
Species 2 91.94 45,97 153,23
M. % Sp. % 13.63 3.41 11.37
Ereor 27 7,99 0.50

' Total 35 219,75
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Table VIII&. Apalysis of vaviance of shoot dey %@eighté. for three

species subjected to thres wolsture regimes

Source a, £, 8. 8. M, 8. ¥

i
£
i
i
24

Moisture 2 0,98 0,49 87
Spesies 2 13,90 6.95 115,83
i,  Sp. 4 2,57 0.64 10,67
Error 27 - 1.62 0.06

Total 35 19.08

Table IX. Analysis of variance of voot dry weights for thres

species subjected to three moisture zegimes

Souzee de £o 8. 8. M, 8. F

Redatues 2 2.26 1.13 11.30
Rinte s 18.34 9.17 91.70
He % fp A 4,35 1.09 10.90
Error 27 2.82 0.10

Total 15 27,78
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‘?ahléﬂgé Analysis of vavisnce of shookiroot ratios of seedlings

of three species subjected to three moisture regimes

Moisture 2
Species 2
M. % Sp. &
Error 27
Total 35

1.29
3.14

2,22

6.56

0.64
1,57
0.05
.08
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ABSTRACT

The primary objectives of this study were to determine the
yalativg ﬁﬁfEﬁta of (1) changes in soil chavacteristics associated
with old-field succession and (2) available moisture upon the growth
of three upland tree species. |

Two mouth old seedlings of yellowspoplar, loblolly piné, and
Virginia pine were transplanted into undisturbed coves of soil taken
from locations representing the old-field successional pattern ou the
southern Piedmont rvegion of Virginia, The successional stages sampled
were abandoned fields, 10-20 year old pine stands, 50-70 year old
pine stanés, and ¢limax oak-hickory stands. All gites were located
on Gecil fine sandy loaswm soils,

The experiment was conducted under greenmhouse conditions.

Height growth and total dry weight production for yellow-poplar
were significantly greater im soils taken from the old-field and
young pine sites, Little or no growth was observed for yellow-poplar
seedlings grown in soils taken ﬁ&ﬁm the mature pine and climsx havdwood
sites,

Loblolly and Virginia pine seedlings produced significantly greater
height growth in soils taken from the young pine sites; however, na'
significent differences in total dry weight production were obtained
for these species on any of the four sites, The greatest degree of
mycoxrrhizal infection for all éyﬁaias wag associated with the latter
successional stages while the seedlings grown in the abandoned field

soils showed the least mycorrhizal imfection.



The effect of available moisture upon the growth of ﬁhe three
species was determined by subjeeting 3 month-old potted yellow-poplar,
ioblelly pine, aﬁdrﬁirginia‘piné geedlings to three moisture regimes.
The moisture vegimes were 1/3 atmosphere, 50% available moisture, and
15 atmospheres. | |

Height growth and dvy weight ?rﬁdugtiun for yai&ow~§eplar decreased
significantly through the treatment series 1/3 atwosphere, 50%, and 15
atmospheres, | |

| The pine species exhibited genevally poor growth and showed ne
significant reactions to éha-m@i&ture treatments,

?hé dry-waight shoot/root ratios éf all specles became signifis
cantly 1argen as the molsture stress innrﬁasad from the 1/3 atmosphiere

treatment fo the 15 atmospheres treatment,



